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Al in
Drug
Discovery

“Artificial intelligence is

attracting significant
attention and investment for
drug discovery. At least 97
relevant start-ups and 28
pharmaceutical companies
use Al in some way. But not
all applications are equal.
Companies that combine
domain expertise, deep
learning, and proprietary

data stand apart.”

AAPS BRIEF

Christopher McCurdy, PhD, explains how the incorporation of 3D
printing technology, made a reality with the approval of the first
3D-printed pharmaceutical by Aprecia, increased the research and
interest around 3D-printed formulations, and now, highly
sophisticated tablets are being developed.

BuccAL FiLMS

Robert Davidson and Jessica Rousset explain how buccal
administration further represents a better alternative to injections or
tablets for those patients who have difficulty swallowing.

TRANSDERMAL DELIVERY

Hayley Lewis and Mahmoud Ameri, PhD, assessed Strat-M, full-
thickness, and dermatomed ex vivo skin on percutaneous delivery
of zolmitriptan from innovative drug-coated dermally applied
microprojections that target the epidermal/dermal layer for fast and
efficient delivery.

ARTIFICIAL INTELLIGENCE

Liran Belenzon and Simon Smith counter skepticism about Al with
concrete data on recent exponential progress, provide examples of
companies applying these advances to drug discovery, and show
how those combining domain expertise, deep learning, and
proprietary data are excelling.

EXECUTIVE INTERVIEW

Sameer Navalgund, Global Director at JRF Global, shares his
perspective about the on-going trends, current status, and some of

the upcoming biggest challenges in the contract services industry.
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To Commercialization.

A Powerful Solution

For Your Potent Projects.

At Metrics Contract Services, our development
scale potent handling capabilities are regarded
as state of the art.

Now, we've increased our capacities to
commercial scale, as part of our $80-million
facility expansion.

This new facility has been custom engineered
to handle highly potent compounds and
mitigate cross-contamination risks. Plus, it’s
been deliberately designed to meet a diverse
array of safety and regulatory requirements.

Learn more about our potent services
and see how we can take your potent product
from concept to commercialization.
MetricsContractServices.com/potent.
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Injectors

T BRIEF

“Like all drug delivery devices, a
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ERAPEUTIC Focus

James Sapirstein, RPh, says in the ongoing search for a
cure to hepatitis B, experts now believe that combining

p . 4 8 different drugs into a single regimen can work together
against HBV and will be the most likely way to achieve

a cure.

INICAL TRIALS

62 BriaCell Therapeutics: Recognizing the
Power of Targeted Immunotherapies

ident and CEO

Rosamund Round says most companies know they

Bpeutics, discusses the value of need to make trials more patientfriendly, but few
argeted immunotherapies in the biopharmaceutical have access to the tools and methodologies o
industry. transform their protocol design process. Fortunately,

thoughtfully applied common sense practices can
create better patient experiences and more robust
trials.
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ContraVir Pharmaceuticals Announces Completion of Phase 1 With CRV431

ContraVir Pharmaceuticals, Inc. recently announced that the
primary endpoints of safety and tolerability were met in a single
ascending dose (SAD) study of CRV431 conducted in the United
States.

Subjects in the study were treated with escalating doses of
CRV431 administered as a single dose. In addition to a favorable
safety and tolerability profile, pharmacokinetic (PK) profiling
demonstrated CRV431 exposure levels that are anticipated to be
efficacious in future HBV patient studies.

“We are extremely pleased with the PK results in this study in-
dicating good exposure to CRV431,” said James Sapirstein, Chief
Executive Officer of ContraVir. “The positive results from this trial
support the continued development of CRV431 in a Phase 2 clin-
ical efficacy study. Continued progress of our CRV431 clinical pro-
gram allows ContraVir to drive toward its goal of participating in
a curative regimen for Hepatitis B in a streamlined development
program as announced earlier this year.”

As a firstin-class host targeting candidate medicine, CRV431
is expected to complement other anti-HBV viral agents. CRV431
is a non-immunosuppressive analog of cyclosporine A (CsA) whose
primary biochemical action is inhibition of cyclophilin isomerase
activity, playing a key role in protein folding. Other viruses such
as HIV-1 and HCV, similarly use cyclophilin for their replication. In
pre<linical studies, CRV431 has shown potential in experimental

models to complement current hepatitis B treatments by reducing
multiple markers of infection including HBY DNA, HBsAg, HBx,
HBeAg, and HBV uptake by cells. Studies have also demonstrated
that CRV431 reduces the progression of fibrosis in an animal
model and also reduces both the number and size of liver tumors
in a hepatocellular carcinoma (HCC) model.

ContraVir is a biopharmaceutical company focused on the
development and commercialization of targeted antiviral therapies
with a specific focus on developing a potentially curative oral ther-
apy for hepatitis B virus (HBV). The company is developing two
novel anti-HBV compounds with complementary mechanisms of
action. TXL, a direct acting antiviral (DAA) nucleotide analog lipid
prodrug of tenofovir (TFV), is designed to deliver higher hepatic
intracellular concentrations of the active tenofovir species (tenofovir
diphosphate) while reducing concentrations of tenofovir outside
the liver, causing fewer off-target toxicities and side-effects.
CRV431, the other anti-HBV compound, is a hosttargeting antiviral
(HTA) next-generation cyclophilin inhibitor with a novel chemical
structure that optimizes the selective index against HBV. In vitro
and in vivo studies have thus far demonstrated that CRV431 re-
duces HBV DNA and other viral proteins, including surface antigen
(HBsAg), while offering additional benefits to mitigate liver dis-
ease. For more information, visit www.contravir.com.

ProMach Acquires FLtecnics, Leading Manufacturer of Horizontal-Form-Fill Seal

Pouch Packaging Solutions

ProMach continues to expand its global footprint and flexible
packaging product line with the acquisition of FLtécnics of Girona,
Spain. ProMach'’s relationship with the European horizontal form-
fill-seal pouch provider began in 2014 when it began to sell and
support FlLtécnics products in the North American market.

“Five years ago, we saw a growing need in the North Amer-
ican marketplace for a single source provider of a full range of
flexible packaging solutions,” said Mark Anderson, ProMach
President and CEO. “We have invested in this space through
product development, acquisitions, and strategic partnerships with
companies like FLtécnics. They are a technology leader in the hor-
izontal form-ill-seal pouch space and we are excited to invest in
their continued product development to bring new innovations
and new technology into the global marketplace.”

ProMach’s Flexibles business line provides a wide variety of
flexible packaging machinery solutions, including bags, pouches,
sachets, stickpacks, and more from numerous product brands for
a wide range of industries. In recent years ProMach has increased
its focus on markets outside North America, particularly the Latin
American and European marketplace, resulting in double-digit an-
nual growth of international sales. The addition of FLtécnics helps
ProMach strengthen its global position in the fastgrowing stand-
up pouch market.

“Over the past 5 years the flexible packaging market has
continued expanding not just in North America, but all over the
world,” says Mr. Anderson. “The global stand-up pouch market,
in particular, is showing highly favorable tailwinds for continued

strong growth over the next 5 years, which makes taking the next
step fo bring Fltécnics fully into the ProMach family of product
brands a natural fit.”

Fltécnics manufactures innovative servo-controlled carrousel
and walking-beam horizontal formill-seal machines capable of
packaging 400 pouches per minute for the food, liquid, cosmet-
ics, chemical, and pharmaceutical industries. Formats include flat
pouches, stand up pouches, spouted pouches, zipper pouches,
Velcro pouches, three side seal pouches, and more.

FLtécnics leadership, sales, engineering, and customer serv-
ice staff are joining the ProMach Flexibles team. Current FLtécnics
CEO Mateo Lara and COO Pablo Pizarro will continue leading
the product brand as Vice President & General Manager and Vice
President of Operations, respectively.

“ProMach and Fltécnics have demonstrated tremendous suc-
cess working together these past four years,” says Mr. Lara. “This
will be a seamless transition for our team and our customers and
we look forward fo introducing ProMach solutions more deeply
into the marketplace.”

“We're enthusiastic about this opportunity to expand our
sales and service further into the global market,” adds Mr. An-
derson. “Our customers receive bestin-class solutions for their
unique environments and ProMach can also provide integrated
turnkey systems upstream and downstream of the pouch machines
for complete packaging lines.”
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Inovio Develops Novel H3N2 Influenza DNA Vaccine; Generates Cross-Reactive Re-
sponses & Provides Complete Protection Against Lethal Preclinical Challenges

Inovio Pharmaceuticals, Inc. recently announced its SynCon
vaccine approach using a collection of DNA antigens generated
broadly protective antibody responses against the most deadly
strains of the H3N2 influenza viruses from the past 50 years and
provided complete protection against heterologous lethal chal-
lenge in a preclinical study.

Study results were published online in the journal, Human
Gene Therapy, in an article by Inovio and its collaborators enti-
tled, A Synthetic Micro-Consensus DNA Vaccine Generates Com-
prehensive Influenza-A H3N2 Immunity and Protects Mice Against
Lethal Challenge by Multiple H3N2 Viruses. This work was sup-
ported by a grant from the US National Institutes of Health. Inovio
is currently in discussions with third-party funders to support further
development of the company’s technology with its advantages in
promoting global human health.

Throughout the 2017-18 flu season the commercially avail-
able H3N2 vaccine efficacy was reported low due to the mis-
match between the vaccine and circulating H3N2 viruses. In some
populations the vaccine showed only 13% effectiveness, which
contributed to a much greater rate of pneumonia and flu-related
deaths. In a pursuit of overcoming the antigenic diversity of H3N2
viruses, Inovio developed a collection of H3HA DNA antigens
and demonstrated broad, functional antibody responses against
H3 viruses in mice. Vaccination was also capable of inducing ro-
bust CD4 and CD8 T cell responses, which are reported to be
critical for prevention of disease in the elderly population. Addi-

tionally, all (100%) vaccinated mice survived when infected with
10 times of the lethal viral doses from two of the H3N2 virus
which circulated during the 1968 and 1982 outbreaks, highlight-
ing the strong protection afforded by Inovio’s H3HA vaccine.

Dr. Laurent Humeau, Inovio’s Senior Vice President, Research
& Development, said “This study is a step towards conquering the
diversity of the H3N2 flu viruses that has vexed researchers for
years. In this preclinical study, Inovio demonstrated that its Syn-
Con method of antigen design is capable of providing protection
against multiple H3N2 strains.”

Earlier this year Inovio reported that its synthetic vaccine ap-
proach using a collection of synthetic DNA antigens generated
broad protective antibody responses against all major deadly
strains of H1 influenza viruses from the last 100 years including
the virus that caused “Spanish Flu” in 1918 in multiple animal
models including mice, guinea pigs and non-human primates. Ac-
cording to CDC, H3N2 hits people harder than other seasonal
flu strains and can be especially deadly among vulnerable groups
like the elderly and children. Researchers still aren’t sure why, but
they've found that a flu season involving the H3 virus is generally
more virulent — with more hospitalizations and flu-related deaths
— than seasons involving mostly HIN1 or influenza B viruses.
Furthermore, the H3 part of the commercially available vaccine
doesn't just work poorly in older adults. Last year adults aged 18
to 49 got very little protection—13%—from the H3 component.

Thermo Fisher Scientific to Launch Global Customer Solution Centers

Thermo Fisher Scientific Inc. recently announced its intent to
open multiple Global Customer Solution Centers. The new Global
Customer Solution Centers will focus on meeting and exceeding
the demands of scientists in food, beverage, pharmaceutical and
biotech laboratories by developing critical workflows and inte-
grated solutions that help advance chromatography and mass
spectrometry worldwide.

With the scientific community determined to overcome key
challenges such as global food security and the need to develop
novel therapeutics faster, each Customer Solution Center will serve
as a unique hub for scientists, customers and regulatory bodies
to collaborate with Thermo Fisher subject matter experts. By bring-
ing together leading minds and instrumentation, the network of
sites will focus on training, support and the development of next-
generation workflows and integrated solutions designed to in-
crease productivity, ease-of-use and return on investment for
customers.

“The announcement of the Global Customer Solution Centers
demonstrates our commitment to helping scientists push research
and technology to the next level,” said Jakob Gudbrand, Presi-
dent, Chromatography and Mass Spectrometry, Thermo Fisher
Scientific. “Our network of sites will create hubs around the globe
for scientists, collaborating organizations and regulatory bodies
to work together and develop workflows that will make the world
healthier, cleaner and safer.”

“Our research team is confronted with real-life problems
within the biopharmaceutical industry every day,” said Christian
Huber, Professor and Head of the Christian Doppler Laboratory

for Innovative Tools for Biosimilar Characterization at the Univer-
sity of Salzburg, Austria. “The analytical tools we develop have
significant potential of eventually being implemented in routine
analytical workflows for quality control. Our cooperation with the
new Thermo Fisher Bio/Pharma Customer Solution Centers offers
the possibility of employing the latest workflows for molecular
characterization based on cutting-edge high-performance liquid
chromatography and mass spectrometry.”

“In India, the Food Safety and Standards Authority of India
(FSSAI) establishes science-based standards for articles of food
and regulates their manufacture, storage, distribution, sale and
import to ensure availability of safe and wholesome food to the
country’s 1.3 billion citizens,” said Pawan Agarwal, Chief Exec-
utive Officer, FSSAI.

“The collaboration between the FSSAI and Thermo Fisher at
the Food Safety Customer Solution Center in Delhi will help us
build new workflows for food safety testing, train our food centers
of excellence and help build capacity and expertise in the re-
gion,” said Bhaskar Narayan, PhD, Advisor of Quality Assur-
ance, FSSAI.

The inaugural phase of this new global strategic initiative will
be marked by multiple Customer Solution Center openings in lo-
cations across the world including India and China, followed by
additional centers in the U.S. and Europe. Thermo Fisher Scientific
Inc. is the world leader in serving science, with revenues of more
than $20 billion and approximately 70,000 employees globally.
Our mission is to enable our customers to make the world health-
ier, cleaner and safer.
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Molecular Templates Announces Agreement With Takeda for Joint Development

of Protein-Based Oncology Therapy

Molecular Templates, Inc. recently announced an agreement
with Takeda Pharmaceutical Company Limited for the joint devel-
opment of CD38-argeted engineered toxin bodies (ETBs) for the
treatment of patients with diseases such as multiple myeloma. The
lead development candidate is a CD38-targeted ETB that resulted
from a previous discovery collaboration between the two compa-
nies.

The parties developed preclinical stage ETBs targeting CD38
under the prior discovery collaboration. Takeda and Molecular
Templates will further develop the ETBs for the treatment of multiple
myeloma under this new license, development and commercial-
ization agreement.

“This collaboration builds on Takeda's deep history and com-
mitment to the study of blood cancers, including multiple
myeloma,” said Philip Rowlands, PhD, Head, Oncology Thera-
peutic Area Unit at Takeda. “Throughout our research collabora-
tion with Molecular Templates, we have seen the promise of its
ETB platform for the discovery and development of new therapies.
As we expand our relationship and continue to explore next-gen-
eration modalities, our hope is to bring forth new and important
treatment options for patients.”

Under the terms of the agreement, Takeda will make an up-
front payment of $30 million and Molecular Templates is eligible
to receive development, regulatory, and commercial milestone
payments of up to $632.5 million if Molecular Templates exer-
cises its co-development option or $337.5 million if Molecular
Templates does not exercise or opts out of its co-development op-

tion. Takeda has also agreed to pay royalties on sales of the com-
mercial product developed through the collaboration. Molecular
Templates and Takeda will share equally in the development costs.

“We have worked closely with Takeda’s scientific team since
October 2016 to develop CD38-targeted ETBs with substantial
improvements over our own internal program, MT-4019,” said
Eric Poma, PhD, Molecular Templates’ Chief Executive and Scien-
tific Officer. “Takeda’s expertise in multiple myeloma and strong
antibody capabilities allowed us to develop CD38-targeted ETBs
that, of the ones tested to date, are the most potent ETBs we have
created with our platform. We look forward to moving this pro-
gram into the clinic.”

Multiple myeloma cells widely express the CD38 protein,
making it an increasingly important target in the development of
therapeutics for multiple myeloma. CD38-targeted ETBs recognize
the protein and deliver a modified bacterial toxin that enters the
myeloma cells and destroys them through the enzymatic and irre-
versible destruction of ribosomes. Unlike other CD38-targeted
therapies, ETBs are not reliant on the body’s own immune system
for effectiveness, offering the potential of broader and deeper re-
sponses.

Molecular Templates is focused on the discovery, develop-
ment and commercialization of next-generation immunotoxins
called Engineered Toxin Bodies (ETBs) for the treatment of cancers
and other serious diseases. For more information, visit
www.mtem.com.

Evonik Completes Multi-Million Dollar Expansion of its CMO Capabilities for API

& Advanced Intermediates

Evonik, a global CMO leader for APl and advanced inter-
mediates, recently announced the completion of a 3é-million euro
expansion of its contract manufacturing capabilities in the US and
Europe. A series of advanced technologies, including high-po-
tency APl (HPAPI), fermentation, mPEGs, and continuous process-
ing, have been introduced or enhanced at multiple Evonik
production sites throughout the past year.

“Our mission is to help our customers bring to market inno-
vative molecules with complex manufacturing processes, and in
this context, global scale, expertise and flexibility matter,” said
Dr Jean-Luc Herbeaux, SVP and Head of the Evonik Health Care
business line. “Evonik will continue to be a leader in advanced
technologies that make the industrialization and commercializa-
tion of these highly specialized products possible.”

At its facility in Hanau, Germany, Evonik has recently com-
missioned a new modular cGMP continuous processing plant, a
pilot plant for the custom synthesis of highly pure PEGs and
mPEGs for pharmaceutical applications, as well as a cGMP suite
for the small-scale production of HPAPI and ultra-HPAPI.

At its facilities in Tippecanoe, IN, and Hanau, Germany,
Evonik has increased its asset footprint and added additional ca-
pacities to support the small, medium or large scale production
of HPAPI. In addition to being the world’s largest HPAPI manufac-
turer, Evonik is now able to run several HPAPI projects in parallel
down to an exposure level (OEL) of 5ng/m3.

At its facility in Slovakia, Evonik has recently invested in a
new, flexible pilot plant for downstream processing. It is the sixth
plant in a worldwide network to support microbial fermentation
projects from strain development through to commercial manufac-
turing.

Dr Andreas Meudt, VP and Head of Exclusive Synthesis at
Evonik, said “Advanced technologies will continue to be deployed
across our global network in response to emerging customer
needs. In parallel, our commitment to quality and regulatory ex-
cellence will continue to drive all business activities. The fact that
our Tippecanoe facility in the U.S. has now recorded six consec-
utive FDA inspections without a Form 483 is an indication of how
we can provide customers with peace-of-mind.”

Evonik is one of the world leaders in specialty chemicals. The
focus on more specialty businesses, customer-orientated innova-
tive prowess and a trustful and performance-oriented corporate
culture form the heart of Evonik’s corporate strategy. They are the
lever for profitable growth and a sustained increase in the value
of the company. Evonik benefits specifically from its customer
proximity and leading market positions. Evonik is active in over
100 countries around the world with more than 36,000 employ-
ees. In fiscal 2017, the enterprise generated sales of 14.4 billion
euros and an operating profit (adjusted EBITDA) of 2.36 billion

euros



Beta Bionics Secures
$50-Million Financing
for Bionic Pancreas

Beta Bionics, Inc. recently announced it
has so far raised $50 million of a Series B eq-
vity financing. The round was led by Eventide
Asset Management, LLC, the advisor to Even-
tide Mutual Funds. Eventide was founded in
2008 with a vision to provide high perform-
ance, value-based investments that are so-
cially responsible. RTW Investments, LP also
participated, along with Series A investor,
Novo Nordisk A/S. Strategic partner
Zealand Pharma A/S, developer of a stable
and pump compatible glucagon analog,
called dasiglucagon, previously committed
$5 million to the round. Funds will be used to
support ongoing product development of the
Beta Bionics’ commercial-generation bionic
pancreas technology for use in its insulin-only,
glucagon-only, and bihormonal configure-
tions.

Beta Bionics is developer of the ilet
Bionic Pancreas System, which is currently de-
ployed in home-use clinical trials in adults and
children with type 1 diabetes (T1D), as previ-
ously announced in May and July 2018. The
iLet consists of a dual-chamber, autonomous,
infusion system that mimics a biological pan-
creas. Embedded in the system are clinically
tested mathematical dosing algorithms driven
by lifelong machine learning to autonomously
calculate and dose insulin and/or glucagon
as needed, based on data from a continuous
glucose monitor. Designed with simplicity of
use, the ilet requires only body weight for ini-
tialization and then proceeds to au-
tonomously  control  the  individual’s
blood-glucose levels, and to continuously
adapt to the individual’s everchanging insulin
needs.

The ilet bionic pancreas system is a
pocket-sized, wearable medical device that
autonomously controls blood-sugar levels in
people with diabetes. The mathematical dos-
ing algorithms integrated into the ilet were li-
censed by Beta Bionics from Boston University
and were refined over years of clinical re-
search to incorporate lifelong machine learn-
ing technology that adapts continuously to
each person’s unique insulin requirements. In
previous home-use and outpatient studies in
adults and children with T1D, these algo-
rithms demonstrated dramatic improvements
in glycemic control relative to the standard of
care. These improvements included significant
reductions in blood-glucose levels, in hypo-
glycemia, and in intersubject and intrasubject
glycemic variability (New England Journal of

Medicine. 2014, 371:313-25; Lancet Diabetes and Endocrinology. 2016,
4:233-43; Lancet. 2016, 389:369-80).

The ilet is initialized by entering body weight only and does not require the
patient fo count carbohydrates, set insulin delivery rates or deliver bolus insulin
for meals or corrections. The ilet is effectively three medical devices in one. It
can be configured as an insulin-only bionic pancreas, a glucagon-only bionic
pancreas, or a dual-hormone bionic pancreas. The glucagon-only configuration
may be helpful in rare, chronic, low-blood-sugar conditions, such as congenital
hyperinsulinism (CHI) and insulinoma syndrome. Beta Bionics is committed to ob-
taining regulatory approval and commercializing all three ilet configurations.

Beta Bionics is a for-profit Massachusetts public benefit corporation founded
in 2015 to commercialize the ilet, a revolutionary bionic pancreas that is driven
by mathematical dosing algorithms to autonomously control glycemia in people
with diabetes.
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VistaGen Therapeutics Acquires
Worldwide License of Phase 3-
Ready CNS Drug Candidate

VistaGen Therapeutics, Inc. and Pherin Pharmaceuti-
cals, Inc. recently announced the signing of a license agree-
ment granting VistaGen exclusive worldwide rights to
develop and commercialize PH94B nasal spray, a Phase 3-
ready drug candidate for as-needed (PRN) treatment of So-
cial Anxiety Disorder (SAD).

Pherin’s firstinclass proprietary compounds called
“pherines” are synthetic neuroactive steroids that engage
nasal chemosensory receptors which, in turn, inhibit nerve
circuits mediating behavioral and physiological effects of
anxiety. This mechanism of action, the rapid onset of effi-
cacy, and the excellent safety and tolerability profile shown
in multiple previous clinical trials, including a pilot Phase 3
feasibility study for evaluating the safety and efficacy of
PH94B, make PH94B a novel product candidate for the
acute, intermittent and long-term treatment of individuals with
SAD.

An estimated 12.1% of US adults experience SAD at
some time in their lives. SAD is characterized by excessive
anxiety about scrutiny or evaluation by others that leads an
individual to avoid social situations and/or performance.2
SAD affects social, academic and work life, and often pres-
ents with other anxiety disorders, MDD and substance use
disorders, and the onset of SAD generally precedes that of
other disorders.3 Currently, selective serotonin reuptake in-
hibitors (SSRIs) and selective serofonin-norepinephrine reup-
take inhibitors (SNRIs) are FDA-approved for treatment of
SAD, but they take weeks to months to work, must be taken
chronically and present numerous side effects.

VistaGen has also acquired an option from Pherin to li-
cense an additional CNS neuropsychiatry-focused product
in Phase 2 development. In connection with the consumma-
tion of the license and option agreements, VistaGen issued
to Pherin $2.25 million of unregistered common stock
(1,630,435 unregistered shares).

PH94B was developed from proprietary compounds
called pherines. Administered as a nasal spray, PH94B acts
locally on peripheral nasal chemosensory receptors that trig-
ger rapid activation of the limbic system areas of the brain
associated with SAD. This mechanism of pharmacological
action, the rapid onset of efficacy, and the excellent safety
and tolerability profile shown in clinical trials make PH94B
an excellent product candidate for the acute intermittent and
long-term treatment of individuals with SAD.

AV-101 is an oral, non-opioid, non-sedating NMDA re-
ceptor glycine B antagonist with potential to be a new at-
home treatment for major depressive disorder and multiple
CNS indications with high unmet need. AV-101 is currently
in Phase 2 clinical development in the United States. ELE-
VATE is VistaGen's ongoing Phase 2 clinical trial designed
to evaluate the efficacy and safety of adjunctive use of oral
AV-101 for MDD in individuals with an inadequate response
to standard antidepressant therapy with either an FDA-ap-
proved SSRI or SNRI. The FDA has granted Fast Track des-
ignation to AV-101 for development as a potential
adjunctive treatment of MDD.



Biothera Pharmaceuticals
Announces Immuno-Oncology
Clinical Trial Collaboration
With AstraZeneca

Biothera Pharmaceuticals, Inc. recently an-
nounced a clinical collaboration with As-
traZeneca fo evaluate whether the combination
of Biothera’s Imprime PGG and AstraZeneca's
durvalumab (IMFINZI) can decrease tumor vol-
ume in patients with primary untreated locally ad-
vanced head and neck cancer prior to surgical
resection. Imprime PGG is an innate immune trig-
ger that activates anti-cancer T cells. Durvalumab
is a human monocolonal antibody that blocks the
immune checkpoint protein, programmed death-
ligand (PD-L1), and allows activated T cells to at-
tack tumor cells.

Under terms of the agreement, Biothera and
AstraZeneca will collaborate on a non-exclusive
basis to evaluate the combination of the two
drugs in head and neck squamous cell carci-
noma, in the neoadjuvant setting. Biothera ex-
pects to initiate the randomized Phase 2 study in
the second half of 2018. Biothera will sponsor
and fund the study, and AstraZeneca will supply
durvalumab for the study. The trial will be con-
ducted at several clinical sites, including Sanford
Health, one of the largest nonprofit healthcare
systems in the US. Completion of patient enroll-
ment is expected in 2019.

“We are pleased to work with AstraZeneca
in hopes of addressing the high unmet clinical
needs of patients with head and neck cancer,”
said Barry Labinger, Biothera Pharmaceuticals’
President and Chief Executive Officer. “Previous
clinical and preclinical studies demonstrated that
Imprime PGG consistently repolarized the im-
munosuppressive tumor microenvironment and in-
creased T cell infiltration and activation, which
we believe will have a synergistic effect with dur-
valumab’s targeting of PD-L1.”

Durvalumab, a human monoclonal antibody
directed against PD-L1, blocks PD-L1 interaction
with PD-1 and CD80 on T cells, countering the
tumor’s immune-evading tactics and inducing an
immune response. As part of a broad develop-
ment program, durvalumab is being investigated
as monotherapy and in combination with im-
mune-oncology, small molecules, and chemother-
apies across a range of tumors and stages of
disease.

Imprime PGG is a Phase 2 cancer im-
munotherapy that has been shown in preclinical
studies to enhance the efficacy of anti-cancer im-
mune responses in combination with immune
checkpoint inhibitor, tumor-targeting and anti-an-
giogenic antibodies.

Biothera Pharmaceuticals is a privately held clinical stage immuno-oncology
company developing Imprime PGG. In addition fo its collaboration with As-
traZeneca, the company has clinical research agreements with Merck to evaluate
Imprime PGG and KEYTRUDA (pembrolizumab), Merck’s anti-PD-1 therapy, in
Phase 2 studies in advanced melanoma, metastatic triple negative breast cancer
and head and neck squamous cell cancer; Genentech to study Imprime PGG in
combination with TECENTRIQ (atezolizumab) and AVASTIN (bevacizumab) in
metastatic colorectal cancer; and The Big Ten Cancer Research Consortium,
which is evaluating Imprime PGG and KEYTRUDA in a Phase 1b/2 trial in po-
tients with non-small cell lung cancer.
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IMV Announces Phase 2 Basket Trial in Collaboration With Merck

IMV Inc. recently announced it has expanded its clinical pro-
gram with a Phase 2 basket trial evaluating its lead candidate,
DPX-Survivac, in combination with low- dose cyclophosphamide
and Merck’s anti-PD-1 therapy, KEYTRUDA (pembrolizumab) in
patients with select advanced or recurrent solid tumors.

“The clinical data from our recent ASCO meeting presenta-
tion demonstrated for the first time the unique potential of DPX-
Survivac to generate solid tumor regressions in ovarian cancer,”
said Frederic Ors, Chief Executive Officer, IMV Inc. “We are de-
lighted to expand our clinical program and collaboration with
Merck across multiple cancer indications, and look forward to in-
vestigating the potential added benefit of combining DPX-Survivac
and KEYTRUDA.”

The open-label, multicenter, Phase 2 basket study will evalu-
ate the safety and efficacy of the immunotherapeutic combination
agents in patients with bladder, liver (hepatocellular carcinoma),
ovarian, or non-small cell lung (NSCLC) cancers as well as tumors
shown to be positive for the microsatellite instability high (MSI-H)
biomarker. Investigators plan to enroll more than 200 patients
across five indications at multiple medical centers in Canada and
the US. IMV expects to initiate trial enrollment in the 4th quarter
of 2018.

The American Society of Clinical Oncology (ASCO) defines
a basket clinical study as a trial that investigates the effects of a
drug regimen in multiple tumor types that share a common mo-
lecular target, regardless of where the disease originated.

This is the third clinical trial evaluating the combination of

DPX-Survivac, low- dose cyclophosphamide, and pembrolizumab
in advanced recurrent cancers. Two ongoing investigator-spon-
sored Phase 2 trials are evaluating this combination in patients
with advanced ovarian cancer and diffuse large B-cell lymphoma
(DLBCL).

DPX-Survivac is the lead candidate in IMV's new class of im-
munotherapies that programs targeted T cells in vivo. It has
demonstrated the potential for industry-leading targeted, persist-
ent, and durable T cell activation against cancer. IMV believes
this MOA is key to generating durable regressions in solid tumors.
DPX-Survivac consists of survivin-based peptide antigens formu-
lated in IMV’s proprietary DPX drug delivery platform. DPX-Sur-
vivac is believed to work by eliciting a prolonged cytotoxic T cell
attack on cancer cells presenting survivin peptides.

Survivin, recognized by the National Cancer Institute (NCI)
as a promising tumor-associated antigen, is broadly over-ex-
pressed in most cancer types, and plays an essential role in an-
tagonizing cell death, supporting tumor-associated angiogenesis,
and promoting resistance to anti-cancer therapies. IMV has iden-
tified over 15 cancer indications in which the over-expression of
survivin can be targeted by DPX-Survivac.

DPX-Survivac has received Fast Track designation from the
US FDA as maintenance therapy in advanced ovarian cancer, as
well as orphan drug designation status from the US FDA and the
European Medicines Agency (EMA) in the ovarian cancer indica-
tion. It is currently being evaluated in multiple Phase 1b/2 clinical
trials.



Telix Completes Acquisition of Atlab
for Prostate Cancer Program

Telix Pharmaceuticals Limited recently announced comple-
tion of the acquisition of Atlab Pharma SAS. The option to ac-
quire Atlab for the consideration of $10 million (in cash or
shares, at Telix's election) was previously disclosed in Telix’s
IPO prospectus. As part of the acquisition, Telix has renegoti-
ated Atlab’s material background intellectual property licenses,
notably with BZL Biologics LLC. BZL is the holder of a portfolio
of patents originating from Professor Neil Bander’s laboratory
at Weill Cornell Medical Centre (WCMC, NY).

PSMA is a cell surface antigen that is has relatively little
expression in normal tissues and represents a validated and
highly promising target for a range of therapeutic strategies,
particularly radiopharmaceuticals. PSMA expression has been
deftected in a limited range of normal tissues, including benign
prostatic epithelium, renal proximal tubules, small bowel, and
the brain (a subset of astrocytes). However, these tissues gen-
erally express PSMA at levels 2 to 3 orders of magnitude lower
than that observed in prostate cancer.

Antibody-directed cytotoxicity (whether via targeted radi-
ation or other therapeutic strategies) offers several advantages
over small molecule or peptide-based delivery approaches.
Normal tissues that express PSMA are highly polarized to the
apical/luminal aspect of the benign prostatic glands, renal
tubules, and small bowel, basement membrane and epithelial
tight junctions, and therefore form substantial barriers to circu-
lating antibodies. PSMA expression by astrocytes is similarly
sequestered behind the blood-brain barrier. Consequently, an-
tibodies to PSMA are functionally tumor-specific, whereas smalll
molecule PSMA ligands excreted via the renal tubular lumen
are not. As a result, small molecule and peptide therapies tar-
geting PSMA have shown significant offtarget effects not seen
with antibodies, which may limit their utility outside of the sal-
vage (“end of life”) patient population.

The hu)591 (humanized) mAb is the most clinically-ad-
vanced anti-PSMA antibody, with experience in several hun-
dred patients for imaging and therapy, both as a “naked”
antibody and with a wide range of diagnostic and therapeutic
payloads. Almost 200 patients have been treated with 177Lu-
huJ591 at different dosing levels and in combination with other
standard care therapies, including androgen deprivation ther-
apy in the metastatic castrate-resistant prostate cancer (nCRPC)
sefting. In over a dozen clinical trials, huJ591 has demon-
strated excellent immunogenicity, safety, tolerability and effi-
cacy, including with repeat dosing.

TLX591 is a “bestin-class” anti-PSMA radiopharmaceutical
based on a re-engineered and optimized form of the huJ591
antibody. Telix has engineered the biological properties and
production characteristics of huJ591 to deliver enhanced clini-
cal performance and lower manufacturing cost. TLX591 com-
bines the superior therapeutic efficacy of antibody-based
pharmaceuticals with the hematologic toxicity profile of rap-
idly-clearing small molecules targeting PSMA. TLX591, like
huJ591, does not target normal tissue PSMA expression or
demonstrate the typical exocrine gland uptake that may limit
the utility of small molecule PSMA radiopharmaceuticals out-
side of the salvage (or “end of life”) therapy setting.
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Personalized Medicines tor Oral Drug Delivery

Devices: Definitely NOT Your Father's Tablets

s we near the end of 2018, I'm as excited as I've ever been

about new pharmaceutical science technologies on the

horizon. Concepts like how to use machine learning and Al
technology to truly personalize medicine are starting to become a
reality. GSK's ATOM project aims to transform drug discovery and
development going from validated target to humans in 1 year or
less. When successful, this will revolutionize the pharmaceutical
industry.

Another exciting technology that has the potential to create
a paradigm shift in the pharmaceutical sciences is 3D printing. The
incorporation of 3D printing technology was made a reality with the
approval of the first 3D-printed pharmaceutical, Aprecia, by the
FDA in 2015. This increased the research and interest around 3D-
printed formulations and now, highly sophisticated tablets are being
developed with the ability to combine multiple drugs with separate
release profiles in a single formulation. The potential for true
personalized medicine is within close reach. These are definitely
NOT your father's tablets. ..

Using 3D printing technology, tablets can be created with a
simple structure fo address some clinical/formulation needs or
sophisticated structures, such as compartments with various geometric
shapes to modulate the release rate, mode, and onset time.

3D-printed tablets have been created using powder binding
(as exemplified by Aprecia) or fused deposition modeling (FDM)
3D-printing technologies for manufacturing or personalized
medicine. Using powder binding 3D printing technology, tablets are
created with a highly porous structure for fast disintegration. In
contrast, using FDM technology, Triastek has fabricated tablets that
provide unique pharmacokinetic (PK) profiles for controlling the
release rate (zero order or variable kinetics), release mode
(pulsatile, immediately or constant release), and onset time. The
incorporation of multiple APIs with multiple PK profiles really opens

the door for personalized medicines.

Application of FDM 3D printing technology will also
revolutionize the formulation development process. Using the
processing parameters of excipients and the precision
manufacturing of tablets by 3D printing, the release profiles of tablet
can be predetermined. Therefore, the tablet can be designed to
generate specific release profile to meet clinical needs. A
“formulation-by-design” approach has been realized by Triastek
using FDM 3D printing technology, which allows the formulation
process moving away from traditional formulation by trial method.
The formulation-by-design approach gives preclinical and clinical

trial formulation a predictable and accelerated development time.

e 3D printing in pharmaceutical tablet application is a new
direction for the tablet manufacturing that has been used for
more than 150 years.

e FDM 3D printing is capable of fabricating unique architecture
within a tablet.

¢ Formulation-by-design using FDM 3D printing technology
represents a paradigm shift in the formulation development of
pharmaceutical products.

e 3D printing pharmaceutical manufacturing has its advantage
over the traditional tablet manufacturing method but will co-exist
with  traditional pharmaceutical manufacturing  for  the
foreseeable future.

e 3D printing technology for individualized medicine or
personalized medicine has great potential but will not be
broadly implemented until regulatory aspects of this technology

in place.

In closing, we live in an exciting time in which truly
personalized medicine is possible. These advancements in
technologies can in turn positively affect patient compliance, patient

outcomes, and most importantly, improve global health.
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BUCCAL
FILMS

THE BUCCAL REGION - AN ADVANTAGEOUS
ROUTE FOR DRUG DELIVERY



application and good accessibility com-
pared to the nose, rectum, and vagina.’
Also, the rapid cell turnover in the buccal
mucosa reduces the risk of tissue damage
or irritation.® While the sublingual mucosa
is more permeable, vascularized and thin-
ner than the buccal mucosa, the surface of
this mucosa is smaller, constantly washed
by the saliva, and the shear exerted by the
tongue makes it difficult to maintain the
dosage form in contact with the sublingual
mucosa.” For all of these reasons, the
cheek mucosa is a preferred site within the
oral cavity for the administration of con-
trolled-release systems that need to adhere

for an extended period of time.®

Site Limitations

Enhancing the rate of absorbance
(Mg/mm?/s) or permeability of the buccal
tissue is often necessary to compensate for
the limited surface area available. The use
of permeation enhancers (ie, substances
that reorganize the epidermis or epithelial
structures or open up the intercellular tight
junctions) is very important in this area.
Macromolecules are more complex to de-
liver through the mucosa due to enzymatic
degradation of the saliva and poor perme-
ation across the buccal epithelium without
chemical- and electrical-based permeation
enhancement.? The improper use of perme-
ation enhancers can cause safety concerns
as far as local tissue irritation but also as
a result of an undesired bolus effect that
pushes up the concentration of drug in the
blood to levels that are not safe.

An dlternative strategy for ensuring
higher absorbance of poorly soluble or
permeable drugs into the tissue is to in-
crease the dwell time in the mouth. As with
permeation enhancers, increasing the
dwell time can cause tissue irritation as

well as patient discomfort and requires

careful evaluation of both immediate and
long-term effects on tissue integrity and
functionality. Increasing the dwell time in
the oral cavity can further be challenging
as the drug can be rapidly eliminated due
to the flushing action of saliva. As a result,
repeated and frequent doses may be
needed, unless the dosage form creates a
strong bond with the absorbing mucosa.
Research is needed to quantify how much
salivary flushing affects the efficiency of
oral transmucosal delivery from different
drug delivery systems.

Human factors are important to take
into account when developing a buccal
product. Given that the buccal mucosa ex-
tends from the upper and lower spaces be-
tween the cheeks, lips, and gums, the
precise location where the patient places
the dosage form may affect the adherence
and absorption of the drug, and these
human factors implications can affect inter-
patient variability. How the dosage form is
placed can cause additional complications

when the dosage form is designed for uni-

HARD PALAT

directional release and has a specific ad-
hesive side to be placed against the inner
cheek. Lastly, when and what the patient
eats, drinks, or smokes can further affect
the absorption of the drug through the mu-
cosa.

The risk of dislodgement and patient
variability due to saliva stimulation can be
minimized if the drug is administered over
night for example, when the patient is not

eating or speaking.

Buccal Dosage Forms

Although the buccal mucosa is only
now being extensively studied as a novel
drug delivery route, its potential for drug
delivery has been known to mankind for
centuries. Native Americans introduced
chewing tobacco to European settlers in
the 1500s, and coca leaves were chewed
8,000 years ago by Peruvian foragers.
The buccal mucosa has been targeted
using conventional dosage forms, such as
tablets, troches and lozenges, and mouth

washes and sprays, with several such
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products currently on the market. The chal-
lenge is in holding these dosage forms at
the site of absorption, dosing precision (lig-
vids) and discomfort (tablets). Tablets have
the potential to separate from the mucosa,
be swallowed, and then adhere to the wall
of the esophagus causing a choking haz-
ard, especially for children and the elderly.

More advanced drug delivery systems
include films, patches, bilayer tablets, hy-
drogels, and tapes along with the use of
micro- and nano-particulates are being de-
veloped to overcome the limitations of con-

ventional dosage forms.

Mucoadhesive films are a preferred
dosage form for buccal mucosa adminis-
tration given their flexibility, comfort,
palatability, and adjustable size. They
have demonstrated improved patient com-
pliance compared to adhesive tablets. 0.1
In contrast to liquid, gel, and ointment for-

mulations, mucoadhesive films stay in con-

STRATIFIED

SQUA ]
EPITHELIUM

tact with the mucosa longer, cover a larger
surface area, and therefore provide more
accurate drug dosing.'? Indeed, mucoad-
hesive films can be designed through care-
ful material selection to maintain extensive
adhesive contact with the mucosal mem-
brane, prolonging the retention time of the
delivery system for increased total drug ab-
sorption. Furthermore, mucoadhesive films
are well suited for local therapy, protecting
oral wound surfaces from infection for ex-
ample.’?

Film compositions are designed to
achieve the following physical properties:
bioadhesive strength, tensile strength, pli-
ability, flexibility, and extended disintegra-
tion. These properties are critical to
achieve the target drug- release profile, po-
tient acceptability, and compatibility with
commercial manufacturing  processes.
Achieving the target specifications of buc-
cal polymeric films is highly dependent on
the type and concentration of the selected
polymers and the dose of active ingredi-
ents being delivered.

As discussed here, even with a

strongly adhesive film, the salivary flush

will cause part of the film to dissolve in the
oral cavity and be swallowed. Dual- layer
films with an occlusive backing layer have
been designed to drive unidirectional drug
release and absorption into the buccal mu-
cosa and can deliver high doses of active
ingredient. While such designs can im-
prove buccal absorption, they present sev-
eral drawbacks. They can lead to user
error in their application, the occlusive
layer can dislodge and become a choking
hazard, and lastly, the complexity of scal-
ing up a duallayer film drives up manufac-
turing costs.

Taking these constraints into consider-
ation, CURE Pharmaceutical’s approach to
buccal film development with CUREfilm
leverages the inevitable salivary flush of a
single layer film to create better drug-re-
lease profiles. We design our products to
combine the fast onset bolus effect of buc-
cal delivery with the extended release of
Gl delivery to achieve an overall pulsatile-
or sustained- release profile. Indeed, with
buccal delivery, blood levels can peak
quickly, and a shorter half-life can mean
the effect wears off rapidly. Also, if deliv-
ering high doses of a drug solely buccally
(eg, over 100 mg), the local tissue concen-
tration could be too high and damage the
tissue. A single layer approach is prefer-
able as it minimizes costs and user error.

To create a buccal CUREfilm, a care-
fully selected blend of polymers, perme-
ation enhancers, and lipids are combined
to optimize adherence, drug diffusion, and
permeation through the mucosa. Lipids
play a crucial role in solubilization and sta-
bility of active ingredients. They help drive
hydrophilic compounds through the mu-
cosal epithelium and promote trans-cellular
transport of lipophilic compounds through
the epithelium to reach the blood vessels.

Nano-particulation of the active ingredient



can provide an additional arrow in
the formulator’s quiver to increase the
rate of absorption.

To achieve sufficient gastric pro-
tection and efficient intestinal release
of the portion of drug that is swal-
lowed, drug particles can be fully or
partially encapsulated, enteric coated,
or cross-inked to polymers, such as
chitosan, prior to their incorporation
into the film matrix. Other strategies in-
clude liposomal or micellar formation,
cocrystallization, and the use of
gelling or swellable polymers.

This dual strategy can be very
useful for combination drugs with dif-
ferent metabolic profiles in which one
drug is prepared for buccal absorp-
tion (ie, if it has a high first pass ef-
fect), and the other is prepared for

release in the Gl.

The actual design and construc-
tion of an oral film capable of effective
therapeutic delivery can be challeng-
ing and requires the creation of new
technologies. As a result of these inno-
vations, buccal films are now a com-
mercially viable dosage form that can
solve many problems faced by the
pharmaceutical industry, patients, and
their caregivers. They will be able to
replace daily injections, such as apo-
morphine shots taken by patients suf-
fering from Parkinson’s disease. They
can improve the bioavailability of
drugs, such as cannabinoids, poten-
tially lowering their dose and psy-
choactive side effects. When rapid
symptom relief is needed, they can de-

liver a bolus effect. They are a conven-

ient alternative to unpalatable liquids
for children and hard-to-swallow pills
for the elderly.

Given the important unmet market
needs they address, the rate of adop-
tion of oral films has been high. In-
deed, the global market was valued at
$2.1 billion in 2017 and is antici-
pated to expand at a CAGR of 13%
during the forecast period from 2018
to 2026.14 This commercial growth of
oral films, including buccal films, re-
flects the pharmaceutical industry’s in-
creased focus on patientcentered
innovation in the development of new
medicines and the improvement of old
medicines — where patient experience
drives drug delivery design, which in

turn improves patient outcomes.
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Parameter Mean Zolmitriptan (%) Mean Zolmitriptan (%)
Dermatomed Skin StratM®

| Demis | 050004 | -~ |

Epidermis | o43#006 [ -~ |
| StratumComeum | 043%004 [ -~ |
| SufaceWash | 257109 | = - |
| StratM®Extracon | — |  3976%19.75 |

Ti Arra 3.27 + 0.36 52.79 + 29.28
Total Recovery 92.35+2.48 103.1+9.2

Mass Balance Results as percent of applied dose (%)
of zolmitriptan into and through ex vivo human der-
matomed skin and Strat-M® membrane over 5 hours
from a single application. Mean * SE for skin (n=3
Donors with 3 replicates/donor) and Mean * SD (6

replicates) for the membrane. (Results adapted from
Reference 11)




Franz cell experiments are typically
employed to evaluate both in vitro
bioavailability and bioequivalence of top-
ical semisolid formulations and transder-
mal systems. One critical use of Franz cell
experiments is to optimize formulations to
improve percutaneous delivery.'# Conse-
quently, drug permeation through ex vivo
skin should provide an estimate of in vivo
percutaneous absorption. Nevertheless,
the absence of a vascular system in an ex
vivo environment signifies that the distance
from the stratum corneum to its boundary
with the receptor media may contain an
additional unstirred barrier to drug perme-
ation for some molecules. In an in vivo
model, the distance is 200-400 pm from
the stratum corneum to the dermis, where
the greatest amount of drug is systemically
absorbed via the capillaries.’> Therefore,
a crucial characteristic of an ex vivo per-
cutaneous absorption experiment is a judi-
cious consideration of the membrane
utilized to model in vivo skin conditions.'4

To assess the influence of the skin
model on microprojection mediated deliv-
ery, fullthickness skin (0.70 + 0.09 mm
thickness), dermatomed skin (0.46 + 0.09
mm) and Strat-M® (0.30 + 0.01 mm thick-
ness) were used. Figure 2 compares the
percutaneous absorption of zolmitriptan
through fullthickness and dermatomed ex
vivo human skin over a period of 5 hours.

The absorption of zolmitriptan from
the two skin sources are significantly differ-
ent. The time to maximum flux was much
slower with the full-thickness skin in con-
trast to the dermatomed skin. The time to
maximum flux and the shape of the curve
for the full-thickness skin substrate are in
stark contrast o what has been conveyed

by Kellerman, et al ¢ in a Phase 1 clinical

Adhesive Dermally-Applied Microarray (ADAM) Zolmitriptan (a) 5 cm?
adhesive backing with microprojection array (3 em?) in applicator ring;
(b) applicator ring press fit onto the bottom of the applicator; and ap-
plicator; (c) 60x magnification of zolmitriptan coated microprojections
(725 microprojections/cm? and length 340 pm), Zolmitriptan coated at
1.9 mg/3cm? array; and (d) front view of an individual zolmitriptan
coated microprojection (250x magnification). (Figure taken from Refer-
ence 11)
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matomed skin. (Results adapted from Reference 11)

study of ADAM Zolmitriptan, where the
median Tmax was 20 minutes.' The dis-
tinction between the time to peak flux is
that with in vivo skin, the apices of the mi-
croprojections are near to the capillary
plexus of the dermis. This allows for fast re-
lease of drug into the blood stream com-
pared to fullthickness in vitro skin that
lacks the blood flow and results in the drug
having to diffuse through the full dermis to

the receptor solution. Utilization of der-

matomed skin, where the lower region of
the dermis at the capillary bed has been
removed, is a better in vitro skin model be-
cause when the drug reaches that area, it
finds the receptor solution rather than the
capillary blood flow, which, in either case,
provides sink conditions. The results show
that the use of dermatomed skin resulted in
the greatest extent of intracutaneous deliv-
ery in comparison to full-thickness skin. The

data indicate that the diffusion of zolmitrip-

tan across the full-thickness skin demon-
strates how the dermis, without capillary
flow, will result in a rate limiting step in ab-
sorption of microprojection facilitated drug
delivery'” attributable to the increased dif-
fusional path length associated with the uti-
lization of full-thickness skin.!7.18

Figure 3 compares the percutaneous
absorption of zolmitriptan through Strat-M®
synthetic membrane versus dermatomed ex
vivo human skin over 5 hours.

The Strat-M membrane and the der-
matomed skin permeation curve profile are
analogous. However, the peak flux for the
Strat-M is considerably lower than that of
dermatomed skin. This singularity of low
absorption across artificial membranes has
been reported elsewhere and was associ-
ated with the high elasticity of the artificial
membrane that causes the microprojec-
tions to retract, which means that the mi-
croprojections do not reside within the
created conduits.® Similarly, adsorption of
the zolmitriptan to components of the syn-
thetic membrane, ca 40% of the applied
dose recovered in the membrane versus
<1% in the epidermal and dermal layers
of the dermatomed skin, may also be a
contributing factor. As a result, the use of
Stra-M membrane inaccurately represents
the absorption in vivo and can lead to a
significant under estimation of the drug re-
lease profile.

Table 1 shows the mass balance of
1.9 mg ADAM Zolmitriptan that was ap-
plied to dermatomed skin and to Strat-M
membrane. For dermatomed skin, the total
recovery was 92% with total absorbed
zolmitriptan of 85%. Negligible amount of
drug was found on the stratum corneum
and on the titanium array post administra-
tion. In contrast to the skin data presented
in Table 1, the amount found in the recep-

tor media for the Strat-M condition was ap-



proximately 11% of the nominal 1.9-mg zolmitriptan dose. Most of the dose
resided on the titanium array (ca 53 %), and the remainder was on the sur-

face or within the StratM membrane (ca 40%).

This study, the first to be conducted with microneedles coated with
zolmitriptan, verified the effect of in vitro experimental conditions on the rate
and magnitude of permeation of ADAM zolmitriptan. The outcome of the in-
vestigation indicates that artificial membranes such as Strat-M should be uti-
lized with caution when assessing drug release from coated microprojections
that are intended to deposit their drug locally via dissolution. Dermatomed
skin may be a more representative measure of in vivo performance, not only
for drug-coated metallic microprojections, but also a more representative ap-
proach for most in vitro absorption studies with this delivery system. The re-
sults of this study will further inform investigators with respect to modeling
the in vitro performance of other formulations and their desired delivery pro-
file, which can be used as a tool for screening prior to advancing to studies

in humans.
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car revolution).” The success came in part
from advances in machine learning.

In 2011, IBM once again stoked peo-
ple's hopes (and fears) about the potential
of AL8 Its Watson system combined natural
language processing algorithms to answer
questions on Jeopardy! and beat the
world's top players. Watson needed 90
servers to do it.” But unlike with Deep Blue,
fewer critics denied it some claim on some
form of intelligence.

But IBM's dominance of Al news was
shortlived. In 2012, University of Toronto
researchers changed the conversation —
and the dominant algorithms.'® Competing
on a benchmark image classification task,
their "AlexNet" system achieved unprece-
dented improvement. It did so using layers
of connected artificial neurons running on
graphics processing units (GPUs). Once
confined to the margins, this approach,

called deep learning, took center stage.

EXPONENTIAL GROWTH IN
PERFORMANCE & PAPERS

Since then, progress has been expo-
nential. In 2016, Google's DeepMind
used deep learning in AlphaGo to beat
top player Lee Sedol at Go.'" A year later,
it unveiled AlphaGo Zero, which taught it-
self to play Go, and beat AlphaGo.'? An-
AlphaZero,

top-ranked chess program.’® Processing

other variant, beat a
power used in AlphaGo Zero was
300,000 times greater than in AlexNet.'4
It doubles every 3.5 months for the largest
neural networks.' Performance on tough
tasks such as image classification is keep-
ing pace. Machines went from subhuman
to superhuman in 5 years.'®

This time, the hype seems justified.

And drug discovery isn’t immune. In fact,

there have been more papers on Al in

drug discovery this decade than all prior
years combined.!” As recently as 1997,
there were 36. Last year, there were 552,
a greater than 15x annual increase in a
decade.

And the advances aren’t only in re-
search. Start-ups and established compa-
nies are commercializing them. By our
count, there are now at least 97 start-ups
using Al for drug discovery.'® We have
also identified 28 pharmaceutical compa-
nies that have disclosed using the technol-
ogy.'?

Nor is this all vaporware. In addition
to Healx, other companies have now pro-
gressed treatments discovered in silico.
Companies with Al-driven therapies in trial
BioXcel,

Lantern, and Recursion.2024 Many others

include BenevolentAl, Berg,
have licensed promising compounds to

pharma partners for development.

COMPLEMENTING ALGORITHMS
WITH SPECIALIZED DATA &
KNOWLEDGE

Deep learning is driving this process,
but not alone. For one thing, deep learning
benefits from lots of data. The benchmark

database for image classification, for ex-

ample, contains more than 14 million im-
ages.?> Whereas a human child can point
to a cat after seeing one example, today's
machines cannot. They need thousands.
For specialized applications, this data
often doesn't exist. And if it does, often not
in a format that's good for machine learn-
ing. Today's Al-driven drug discovery start-
ups
specialized data. So they've invested in

wouldn't  be possible  without
amassing it.

Along with deep learning and data,
domain expertise has been essential. Tech-
nology start-ups whose leaders lack health-
care experience tend to underestimate
their challenges.?¢ These include not only
technical hurdles, but also regulatory and
cultural hurdles. As start-ups get more spe-
cialized, their need for specialized domain
expertise does too. “Healthcare” is too
general a domain if your focus is oncol-
ogy. Oncology is too general a domain if
your focus is immuno-oncology. And on it
goes.

Healx is a great example. Its domain
is repurposing and combining drugs for
rare diseases. Expertise in this domain
comes from leadership including drug dis-
covery veteran Dr. David Brown, who is
the co-inventor of Viagra, one of the most
successful repurposed drugs of all time.?

Deep learning powers Healx's platform,



HealNet, which predicts novel disease-
drug relationships.28 Data comes from pub-
lic sources, such as research papers and
clinical trials. But also proprietary sources,
such as rare disease advocacy groups.?
Combined, Healx's domain expertise,
deep learning technology, and data assets
have proven potent. In July 2018, investors
recognized its potential with a $10-million
investment.3°

But Healx is far from alone. The trend
amongst start-ups using Al for drug discov-
ery is to increase specialization. In April,
for example, MIT spin-out ReviveMed re-
ceived $1.5 million in seed funding.?' Its
focus is metabolomics. Its founder is a do-
main expert, computational biologist Leila
Pirhaiji. Its competitive advantage is a pro-
prietary metabolomics database and part-
nerships to grow it. Another example is
CytoReason, whose founder is Shai Shen-
Orr, a leader in the field.32 Its focus is sys-
tems immunology, and its competitive
advantage is a proprietary dataset includ-
ing experimental data. The list goes on. En-
visagenics for RNA.3? BioAge for aging.34
The future isn't IBM Watson designing
everyone's drugs. It's the combination of
specific expertise, technology, and data to

solve specific problems.

Of course, if you're familiar with the
concept of the "long tail," none of this
should be surprising.?® Low-cost digital
technology is famous for allowing niche
businesses to thrive. But there's more to this
story.

Combining domain expertise, deep
learning, and data isn't only trendy. It's a

mandate. Without domain expertise, com-

panies suffer. They don't understand the
problem space or the drug discovery
process. And they can be overconfident in
technology's power to overcome non-tech-
nical challenges. This includes regulatory
hurdles, privacy constraints, and the often
slow pace of healthcare.

Without deep learning, it's too hard
to extract value from large biological
datasets. The larger and more feature-rich
they are, the harder it gets.

And without such data, you can’t max-
imize deep learning’s potential. It's like fill-
ing a swimming pool with a few inches of
water. Proprietary data is particularly im-
portant. Processing power and data stor-
age are commodities. Software libraries
for deep learning are free and open
source. Large, free biology datasets are
downloadable for all. Proprietary data is
key to building and sustaining a competi-
tive advantage. We learned all of this first-
hand early in 2018.

At BenchSci, we decode the world’s
biological data to reduce the time, uncer-
tainty, and cost of biomedical research.
We use machine learning to read scientific
papers and extract data on reagent use.
Researchers can search BenchSci instead
of PubMed when selecting reagents.
Rather than using keywords, due to ma-
chine learning, they can search by protein
or gene. And then they can filter by tech-
nique, organism, tissue, and 13 other op-
tions. Using BenchSci, researchers can
select antibodies up to 24x faster. And
they can shave months off an R&D pro-
ject's timeline.

But as we learned, such product-mar-

ket fit is only the starting point for investors.
In early 2018, we met with 30 venture
capital firms to raise a series A investment.
These days, they see a lot of Al compa-
nies. And their feedback was unanimous.
If an Al start-up has technical expertise but
no domain expertise, they should get it. If
they use machine learning but not ad-
vances in deep learning, they should apply
them. And if they use only public datq,
they should develop proprietary sources.
And, for good measure, a data feedback
loop: using data to build a product that
gathers data. Only then do they have a
shot at big success.

We were lucky to pass these tests.
Our CSO, Tom Leung, felt the pain of se-
lecting reagents doing cancer research.
He and our science team bring domain ex-
pertise. Our CTO, David Chen, applies his
neuroscience background to develop ma-
chine learning advances. He and his team
provide the deep learning. And our data
comes from public sources, vendors,
closed-access publications, and platform
use. There's the proprietary data, and a
data feedback loop for good measure.
Only by clearing the hurdles could we
earn investment. This included investment
from leaders in Al, such as Google's Al-fo-

cused venture fund.3¢

But startups and investors aren't the
only ones to have noted the importance of
these factors. So have the world's largest
pharmaceutical companies. Now they're
reorganizing their business around do-
main expertise, data, and deep learning
too.

Novartis CEO Vas Narasimhan, for

example, is remaking the company around
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"medicines and data science."s” Novartis
restructured its Global Drug Development
(GDD) IT infrastructure, connecting dis-
parate datasets. This includes 20 years
worth of data from clinical trials. With the
first phase of its project complete, it's now
looking to apply machine learning. "What
if we were to combine all our data sets to-
gether, access the data, and make it spe-
cific to disease areas so that scientists can
ask the questions they weren't able to ask
before2" said Achim Plueckebaum, Global
Head of Drug Development IT, in a recent
interview.38 Jay Bradner, Head of the No-
vartis Institutes for BioMedical Research
(NIBR), leads a similar charge.®® He re-
ports that 4% of NIBR's 6,000 scientists
are now data scientists.“0

GSK is
revamp.#! John Baldoni, SVP, Head of In-
Silico Drug Discovery Unit, has a rallying

undertaking a similar

cry. He wants to go from target to treat-
ment in 12 months (versus 6 years). Once
again, domain expertise, data, and deep
learning play a central role. GSK hired
Chief Data Officer Mark Ramsey from
Samsung. He led the consolidation of
2,500 distinct structured data sources.
And GSK established partnerships with
start-ups that leverage deep learning in dif-
ferent domains. Several intend to find new
uses for GSK's now-consolidated propri-

eftary data.

So, whether you work in a start-up or
a large pharmaceutical company, the
trend seems clear. This time, the hype over
Al seems justified. But not everyone will
reap equal benefits. Emerging winners
have a few things in common. They focus

on specific applications and are experts in

their domain. They apply deep learning
advances fo extract value from large, fea-
ture rich datasets. And they develop pro-
prietary, domain-relevant datasets, often
with feedback loops.

If this sounds like your company, you
have a good shot at success. If not, get in-
spired! Researchers are already using Al
to develop drugs in months, not decades.
For hundreds of thousands of dollars, not
billions. And with Al, progress is exponen-
tial. Processing power for the largest neu-
ral networks will double in 3.5 months. So

what are you waiting for2
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Typically, drug discovery is a large segment for the CRO industry. If the
CRO industry is categorized by the therapeutic area, then oncology,
diabetes, tuberculosis, cardiovascular diseases, infectious diseases,
central nervous system-related disorders, and respiratory diseases take up
a larger pie of the industry services. However, innovative technologies,
including the organ-on-chip, are increasingly attracting a lot of attention
and efforts, and the CRO industry can contribute significantly to these
newer trends. Sameer Navalgund, Global Director at JRF Global, shares
his perspective with Drug Development & Delivery about the on-going

trends, current status, and some of the upcoming biggest challenges in the
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"|RF Global operates in multiple geographies with a diverse customer base. There-

fore, there is no single strategy; it depends on the geography and customer we serv-

ice. However, to answer the question in a comprehensive manner, | would say the

key areas of strategy are innovation, growth, and sustenance.”

Q: Can you describe the current status of the contract

services industry? What trends are you seeing?

A: For the past few years, the CRO Industry has undergone a lot
of activity related to mergers and acquisitions. Historically, the
CRO market was fragmented, but these increased merger and
acquisition activities have led to some consolidation. | expect to
see similar trends for some time. Earlier, some of the declining
growth in the pharma/biopharma industry market had affected
the CRO industry. Due to shrinking growth rates, some
pharma/biopharma companies needed to lower their drug
development costs. Therefore, many of them looked at various
cost-saving options, including outsourcing. This trend is
expected to increase in the nearterm. Typically, drug discovery
is a large segment for the CRO industry. If we categorize the
CRO industry by the therapeutic area, then oncology, diabetes,
tuberculosis, cardiovascular diseases, infectious diseases,
central nervous system-related disorders, and respiratory
diseases take up a larger pie of the industry services. In my
opinion, these trends will continue in this direction for some time
to come. Newer technologies, including the organ-on-chip, will
also continue to atfract a lot of attention and efforts, and the

CRO industry can contribute significantly here as well.

Q: What do you believe are some of the biggest

challenges in the contract services industry?

A: For some time now, the HR departments in the majority of
industries have to operate in a VUCA world, where VUCA
stands for Volatility, Uncertainty, Complexity, and Ambiguity. In
my opinion, the science equivalent of it is UVCB (Unknown or
Variable composition, Complex reaction products, and
Biological materials). Understanding the nature and properties of
such compounds that are presented by the customers to the
CROs is one of the biggest challenges. In some cases, “it feels
like they expect a lab to help them resolve the issue while they
don’t know the problem,” as a CRO colleague would put it

mildly. | believe this will continue to be a challenge, and a

deeper understanding between the customer and the CRO would
help resolve this to a larger extent. Rather than working as a
customer and vendor, we will have to work as partners. In terms
of the business challenge, to keep the staff motivated with
challenging work, we believe using a grow-sustain model at the
appropriate time, continuing innovating, and ensuring timelines
are met with quality will be the biggest challenges facing the

contract services industry.

Q: Can you provide our readers some history of the

company and an overview of your business today?

A: JRF metamorphosed in the 1980s from erstwhile Phospho
laboratory with the vision to serve the nation by providing
quality services in the field of Research & Development. It
received ifs very first accreditation in 1987 from the then NCTCF
(today’s DST - Department of Science and Technology,
Government of India). Initially, the focus areas were toxicology
and agrochemicals. Over a period of 4 decades, it has evolved
in a global organization with operations on four continents and
customerfocused business interests throughout the world. Today,
JRF Global serves a diverse spectrum of customers from pharma/
biopharma to specialty chemicals and agrochemicals with

expertise in toxicology, chemistry, and biology-based services.

Q: What does JRF Global offer when it comes to contract
research services, especially in Drug Discovery and

Development ?

A: JRF, as a leading CRO, offers a variety of services to the
pharma/biopharma industry. As a part of our Drug Discovery
and Development Services programs at JRF Global, we offer
early ADME, efficacy models, impurity profiling, exploratory
PK/TK,

characterization. JRF Global’s IND-enabling safety evaluation

toxicology, and metabolism and  metabolite

expertise also encompasses a wide range of services starting

from impurity profiling; genotoxicity; safety pharmacology (for in
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vivo CNS, CVS, & respiratory and for in vitro hERG assay); a
special mention is for the dog telemetry and whole body
plethysmography and modified Irwin test for rodents and non-
rodent repeat dose toxicology by multiple administration routes
like oral, dermal, parenteral, ocular, and inhalation;
reproduction toxicology; and carcinogenicity during the

preclinical stage of drug development.

Q: Are there particular services that distinguish JRF
Global? Why do pharma/biopharma companies choose to
work with JRF Global?

A: In my opinion, all the services at JRF Global are distinguishing
When it

pharma/biopharma companies, | can broadly classify JRF

factors for all of our customers. comes to

Global’s distinguishing factors in the following areas:

Scientific human resource, know-how, experience, and
training: Our teams, led by PhD scientists provide guidance to
support pharma companies’ submissions. JRF Global’s scientific
teams have hundreds of “man” years of experience in
conducting chemical characterization as well as preclinical
studies, specifically focused on proving data for the safety and
efficacy of the compounds to assure the regulatory bodies, to
receive the permissions for firstin-man trials. We strive to ensure
these teams remain updated about the recent developments by
actively participating in various conferences, seminars, and
training programs. Many of our valuable customers have
successfully submitted their INDs to the FDA, EMA, and other
regulatory bodies throughout the world.

Laboratory infrastructure: We believe in having updated
and state-ofthe- industry laboratory infrastructure. Technology
and automation are the keys to work for the future. This keeps us
ahead in ferms of various developments in the scientific fields.
We strive and keep ourselves abreast with modern technology,
equipment, and their use. We are proud to have one of the best
animal houses as well as excellent breeding facility for select
species. We are also working very rapidly for SEND

compliance.

Quality: JRF Global’s Quality Assurance Unit ensures that all the
efforts of the organization are in compliance with the required
regulations. This team actively follows any change in the
guidelines and standards, and then makes the required change

at JRF Global using our change control and management

processes to implement them. However, this does not mean that
it's the QAU that is responsible for the quality, it is the
responsibility of all “JRFians” collectively, and we work hard to

make it a part of our “muscle memory’, if | may say so.

Timelines: These are the most critical for IND submissions and
hence, JRF Global has adopted innovative system for
accelerated IND evaluation and submission summary reports, as
well as audited draft reports in order to enable customers to plan
their submissions in advance. JRF Global’s custom-built software
and data-bases help in tracking and ensuring that customers
receive all inputs intime. The project management and business
development teams are the Customers’ Ambassadors at JRF

Global, and they ensure these customers’ needs are met and

addressed.

Innovation: At JRF Global, we have dedicated teams to
research and develop new assays, fests, methods of analysis,
and molecule synthesis, and continually review new scientific
developments in the pharma/biopharma space. Upon successful
completion, these teams implement and teach other colleagues
these newer and modern services that help our
pharma/biopharma customers. | call this JRF Global’s Innovation

center. These teams are the (new) pathfinder for us.

| can add an example here. With an increasing demand for
respiratory therapeutics, it has become an imperative subject to
assess the safety of the fest ifem or device before they are used
for therapeutic indications. JRF Global’s Inhalation Toxicology
Facility is designed to provide contemporary capabilities for
conducting exposure of experimental animals under the Good
(GLPs),

capabilities for conducting exposure of experimental rodents

Laboratory  Practices providing  contemporary
under GLP. Each protocol for such studies is approved by the
Institutional Animal Ethics Committee (IAEC). The nose-only
equipment allows for higher density of rodents exposed in
parallel. Over the years, JRF Global has acquired enormous
experience of handling different types of chemicals. More than
a thousand inhalation exposure studies have been completed in
compliance with GLP and submitted to several regulators
throughout the world, and our studies are well-received by

global regulators.



Q: What is JRF Global’s business strategy?

A: JRF Global operates in multiple geographies with a diverse
customer base. Therefore, there is no single strategy; it depends
on the geography and customer we service. However, to answer
the question in a comprehensive manner, | would say the key
areas of strategy are innovation, growth, and sustenance.

| strongly believe in innovation to maintain JRF Global’s
competitive advantage. Our research and development teams
strive to innovate new methods, ways, and tests for a variety of
matrices and active ingredients by multiple chemical and in-vitro
biological experimentation. This helps JRF Global create new
services to cater to diverse customer needs. These additional
services bring in growth in terms of services offered, sectors of
industry served, and newer technology investments. The last bit
is the growth path we take by driving various strategic initiatives
to their logical conclusions. As an organization, | also look at
strategic acquisitions that will augment the capacities and
capabilities of JRF Global. JRF Global strives to serve with
timeliness and quality that gains us the confidence of our
customers, and they work with us for longer term duration.
Sustenance of the organization for serving our customers over a
period of time is essential as they may get regulatory or other
queries, and JRF Global would be supporting them to answer
those queries. Therefore, sustenance is an important piece of the

strategy for us.

Q: What is the typical JRF Global customer?

A: Our customers come from varied backgrounds and
businesses. Some of them are brilliant studio companies with lots
of ideas, innovators, generic companies, domestic, and large
multi-national conglomerates. So the range is very wide and so
are the associated challenges with respect to their expectations.
We treat each and every customer for their individuality and
uniqueness. We work with them and provide tailor-made
solutions. One common aspect in this diversity is their
expectations for their studies to be done on time and with higher
quality. This keeps us on our toes in terms of project deliveries

and quality of output. We do justice to meet their needs.

To view this issue and all back issues online, please visit
www.drug-dev.com.
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US Sales 2016
Total: $1.4B

Us Sales 2026
Total: $9.9B

veloping AD. The launch of aducanumab,
the firstin-class amyloid-beta (AB)-targeting
immunotherapy, will be a key driver of AD
market growth, as its sales are projected
to peak at $3 billion by 2026. Moreover,
subsequent immunotherapy and BACE in-
hibitor launches, as well as an increase in
the global prevalence of AD, will continue
to strengthen the sales growth.

The combined AD and MCI popula-
tions in the 7MM are expected to reach
approximately 48 million people by 2026,
which represents an annual growth rate of
2.3% from 2016. In the 2016 base year,
34.5% of market share ($1.1 billion) was
attributed to mild AD, which generated the
highest sales out of all AD severity groups.

Immune

Inhit

By the end of the forecast period, Global-
Data anticipates MCI will contribute the
largest share, with sales attributed to this
group reaching almost $6.8 billion (46%)
by 2026 due to the introduction of DMTs.

The treatment of dementia and symp-
toms associated with AD has stayed rela-
tively stagnant for some time. The treatment
of AD is only offered through the manage-
ment of symptoms, and no drug is avail-
able to slow down, halt, or reverse the

process of neurodegeneration, which

causes the symptoms associated with AD.
The most commonly prescribed treatment
across all severity groups is Aricept
(donepezil), while for severe AD alone,
Namenda (memantine) is the treatment of
choice. Although these two drugs are the
standard of care across the 7MM, sales for
these products are slowly declining, with
their patents expired in most of the 7MM
and physicians and patients observing lit-
tle symptomatic benefit.

Since the launch of Namzaric
(donepezil + memantine) in the US in
2016, its sales have steadily increased
and are expected to continue growing,
with peak sales forecast to be $574.1 mil-
lion in 2025, when its patent is expected
to expire. Although Namzaric's sales are
expected to drop from that point, with
generic versions rapidly becoming avail-
able, overall sales during the forecast pe-
riod are expected to grow at a CAGR of
26.3%, the highest growth rate of all the
branded AD drugs. It is currently unclear
whether Namzaric is going to be launched
outside of the US.

Throughout the 2016-2026 forecast
period, a number of pipeline products are
expected to enter the market. The most
promising of these is aducanumab, an AB-
targeting immunotherapy being developed
by Biogen. It is expected to reach the mar-
ket by 2020, after which it is forecast to
reach global sales of $3 billion, becoming
the highest-selling drug for AD. Verubeces-
tat and lanabecestat are BACE inhibitors,
a novel drug class that has been shown to
interrupt the AB production pathway, and
are predicted to launch at similar times in
2020. Verubecestat and lanabecestat are
forecast to yield $492.1 million and
$552.9 million in global sales by 2026,
respectively. Although sales of BACE in-

hibitors are forecast to be significantly



lower than those of immunotherapies due
to the large expected price difference,
BACE inhibitors are expected to be pre-
scribed widely due to their simple oral ad-
ministration and more affordable cost.

In addition to immunotherapies and
BACE inhibitors, a range of drug classes
are also aimed at modifying the disease;
these include PPAR-gamma agonists, RAGE
inhibitors, calcium channel blockers, and
tau aggregation inhibitors. With rapidly
improving AD clinical trial designs and
biomarkers incorporated into the trials,
drugs targeting additional novel targets

are likely to emerge.

Despite significant advancement in
AD research, physicians interviewed by
GlobalData identified a number of key
clinical and environmental unmet needs in
the field. They include drugs with disease-
modifying mechanisms of action, improved
control of symptoms, and lack of biomark-
ers for early diagnosis.

The lack of DMTs remains a significant
unmet need. The current competitive land-
scape in AD offers medications that are
aimed at treating the symptoms of the dis-
ease, which are modestly effective and pri-
marily off patent, leaving ample room for
new entrants into the AD market. Despite
the past failures, knowledge in the field
has rapidly improved, and many of the
physicians interviewed agreed that the first
DMT for AD will most likely be approved
within the next 5 to 10 years. The need to
prevent the onset of AD has prompted sev-
eral different research collaborations, such
as the Dominantly Inherited Alzheimer’s
Network Trials Unit (DIAN-TU). Significant

Current Level of
Attainment

Relative
Importance

Unmet Need & Opportunity in AD, 2017

and

opportunities remain for small-
medium-size companies as well as institu-
tional research teams to collaborate to
gain insights for their drug development.
Moreover, there are opportunities for com-
panies to enter licensing deals, as many
are looking to expand their product port-
folios while smaller companies look to gain
access to the facilities and resources that
larger manufacturers offer.

The symptomatic relief offered by the
current treatment options is limited, and off-
label products, such as sedatives and an-
tipsychotic medications, can be dangerous
in elderly patients. Given the multitude of
symptoms associated with AD, and be-
cause caregivers offen experience great
difficulties caring for patients when they
are agitated or demonstrating behavioral
issues, symptomatic treatments are a vital
part of AD treatment regimens. Because
symptoms such as agitation are still poorly
treated, opportunities remain for drugs that
can target these poorly targeted symptoms.
Opportunities for symptomatic drugs are
likely to remain because there are many
FDA-approved drugs that can potentially
be repurposed for AD, and symptomatic

drugs will continue to be prescribed as ad-

ditional treatments even when DMTs be-

Futur
Attainment

roduct or Initiative
o Meet Need

come available.

As the focus of AD pharmacotherapy
shifts fo the early stages of the disease, bio-
marker development has become an in-
creasingly important area of unmet need,
both environmentally and clinically. AD
presents a diagnostic challenge in that po-
tients remain asymptomatic while the un-
derlying pathologic changes begin to take
place. Amyloid positron emission tomogra-
phy (PET) imaging is, at present, the fur-
thest developed biomarker for AD, and this
satisfies the unmet need to some extent.
However, the need for simple, inexpen-
sive, and non-invasive tests remains, and
current imaging tools need to be refined so
that their sensitivity and specificity can be
improved. Great opportunities remain for
the development of diagnostic methods
through cerebrospinal fluid (CSF) analysis,
blood-based tests, and medical devices,
which will make early diagnosis accessible
both for patient enrollment in trials and for

clinical treatment.
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Physicians interviewed by GlobalData were cautiously optimistic about future drug development in the
AD therapy area. There was a common optimism toward the main mechanisms of action currently
being explored, namely AB-targeting therapies, including immunotherapies and BACE inhibitors. How-
ever, most KOLs also showed concerns due to the current lack of evidence:

"I still think this story holds a lot of promise. | wouldn't want to say I'm optimistic, that
would be crazy given the field has seen so many setbacks. However, amyloid-ar-
geting therapies are still showing encouraging results.” - OUS Key Opinion leader

“In my opinion, aducanumab is the most promising in development. I've seen very
encouraging early phase data o support the view that aducanumab is highly effective
at clearing fibrillar A in the brain and maybe that in doing so, has some cognitive

benefits.” - OUS Key Opinion Leader

"I think it's a good chance to try some preventative treatment with asymptomatic peo-
ple, but | think that the design of the trial will be very difficult because we don't know
if asymptomatic treatment will develop Alzheimer's disease and for how many years
do we have to do this kind of treatmente” - OUS Key Opinion leader

“[BACE inhibitors] are only going to really work at the very earliest part of the disease,
so in the symptomatic phase they may not work, just like solanezumab.” - OUS Key

Opinion leader

Although DMTs are considered to be the “holy grail” of AD treatments, physicians also expressed the
importance of symptomatic treatments. Future treatments will most likely be a mix of drugs, and future
trials will involve head-to-head comparisons of drugs in different classes in very early stage AD popu-
lations.

“The future of Alzheimer’s treatment is ‘chemo.” It's going to be a cocktail of drugs;
not a single one.” - US Key Opinion leader

“[Drugs in different drug classes] will be used in combination, definitely... Alzheimer's
is much more complex than anyone had expected. .. Four to five mechanistic com-
pounds could be used together in later stages.” - OUS Key Opinion leader



The series of trial failures of high-pro-
file AD drugs has cast doubts over the fu-
ture of AD drug development. However,
many factors continue to drive drug devel-
opment in AD. For instance, an increasing
number of predictive biomarkers will pro-
mote early diagnosis and the use of phar-
macological treatment overall, increasing
the demand for new treatments and sec-
ondary prevention. Recent changes in the
FDA approval process for AD drugs means
that the FDA approval no longer requires
the demonstration of functional improve-
ment, and only requires improvements in
cognitive symptoms in AD patients. Al-
though post-approval studies are likely to
be required, the change has lowered a
high hurdle o reaching the market, encour-
aging research efforts in the field.

There are a number of barriers that
make drug development in this therapy
area a significant challenge. For instance,
the recent failures have reiterated the im-
portance of enrolling early stage AD pa-
tients, and current evidence points to the
fact that the majority of the drugs in devel-
opment, particularly those targeting AB,
are not going be effective in symptomatic
patients with MCl or AD. With the absence
of robust biomarkers that accurately iden-
tify patients that will develop AD, enroll-
ment of large numbers of preclinical AD
patients in clinical trials is extremely diffi-
cult. Moreover, high therapy costs are in-
creasingly becoming scrutinized globally,
posing a challenge for manufacturers de-
veloping expensive and innovative drugs,
such as immunotherapies. However, with
the lack of treatment options and many

countries seeing rising healthcare costs

from aging populations and age-related
conditions, such as dementia, payers are
likely to make exceptions for AD treat-
ments, if it is given that their efficacy and
safety have been demonstrated.

Many interviewed physicians expect
prescribing patterns in the AD population
to change significantly in the near future.
As new drug classes enter the market and
DMTs become available, multiple products
currently in the late-phase pipeline are ex-
pected to be prescribed in combination.
Therefore, future clinical trials are likely to
focus on understanding the combinatory
effect of drugs rather than finding a single
cure for AD, as it was initially anticipated
by the AD community. In addition, clinical
trials will increasingly enroll preclinical in-
dividuals as patient identification becomes
more robust with improvements in imaging
and genetic tests becoming widely acces-
sible, making it easier for patients to enroll
themselves into trials. Given the need for
AD trials to accurately track and monitor
patients over a long duration, future trials
are likely to incorporate multiple imaging
and CSF/blood-based biomarkers rather
than the solely using psychiatric assess-
ment tools as endpoints. Regardless of
when the first DMT will become available
for AD, AD drug development will continue
to evolve as the focus shifts to the early AD
population and the use of combination

treatment.

To view this issue and all back issues online,
please visit www.drug-dev.com.
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are designed to administer small drug vol-
umes (1-2 mL) in under 15 seconds. Prac-
tically speaking, humans have a finite
ability to self-inject over long periods of
time with traditional delivery devices, as
fatigue and the ability to hold the injection

device in place waver.

Wearable injectors (Wls) are delivery
systems that adhere to the body to admin-
ister larger volumes (more than 2 mL) of
drug subcutaneously over an extended pe-
riod. For more than a decade, numerous
pharmaceutical and medical devices com-
panies have led development efforts to
bring WIs to market, including BD Liber-
tas™ large-volume wearable injector (Fig-
ure 1). While there is variability amongst
products, all WIs provide a reservoir for
the medication, a cannula for delivery to
the tissue, adhesive to fix the device to the
patient’s skin, and a drive system to deliver
the appropriate drug volume.

Wis effectively address the volume
and viscosity challenges of prefilled sy-
ringes and autoinjectors, allowing highly
concentrated drugs to be diluted into
larger volumes and administered over
longer periods of time (minutes rather than
seconds) without saturating the SC space.
Although the potential benefits of these de-
livery systems are numerous, perhaps the
most notable is the ability to self-administer
high-volume, high-viscosity drugs in a non-

clinical setting (Figure 2).

Like all drug delivery devices, a suc-
cessful WI must be designed to meet the
needs of a variety of healthcare stakehold-
ers. Most importantly, the WI must meet
patients’ needs for simplicity in the non-clin-
ical setting. However, Wls must also meet
the pharmaceutical manufacturer’s needs
for a solution that offers proven, well-inte-
grated components that fit into existing
fill /finish processes. This is a significant re-
quirement that demands partners with ex-
perience in producing drug delivery
devices.

As a leader in delivering high-quality
medical devices for more than 100 years,
BD can leverage its broad experience to
effectively meet these requirements and in-
troduce new drug delivery systems. BD’s

extensive expertise in medical device de-

velopment, primary containers, and nee-

dles allows for the seamless addition of a
WI to any pharmaceutical partner’s port-

folio.

BD Libertas is a pre-assembled, fully-
integrated, mechanical WI designed to de-
liver 2-10-mL doses of high-viscosity
biologics of up to 50 cP. BD Libertas’
unique design and interface were in-
formed by extensive preclinical and clini-
cal research, resulting in a WI with

minimal steps and litle complexity.



"like all drug delivery devices, a successful WI must be designed to

meet the needs of a variety of healthcare stakeholders. Most impor-

tantly, the VI must meet patients’ needs tor simplicity in the non-clinical

setting. However, WIs must also meet the pharmaceutical manufac-

turer's needs for a solution that offers proven, well-integrated compo-

nents that fit into existing fill /finish processes. This is a significant

requirement that demands partners with experience in producing drug

delivery devices.”

Simplicity in Design

Unlike other WIs, BD Libertas does not
require user assembly or filling, signifi-
cantly reducing the potential for human
error and contamination. Devices that re-
quire user assembly and filling introduce
the potential for dropping (and breaking)
the primary container, incorrect assembly,
touching aseptic areas, and increasing pa-
tient and caregiver confusion. Conversely,
BD Libertas comes completely pre-assem-
bled and ready-to-use out of the package,
eliminating the greatest source of contam-
ination: human interaction.

This convenient presentation is en-

abled by a unique fluid transfer valve built

into the injector. The valve enables the pri-
mary container to be filled, assembled,
and packaged in a standard Class 8 man-

ufacturing facility (Figure 3).

PIONEERING INJECTION
RESEARCH

BD has conducted rigorous preclinical
and clinical research to ensure effective SC
delivery of large-volume injections. The
Translational Sciences Center of Excellence
at BD Technologies has partnered with BD
Pharmaceutical Systems to provide in vivo

testing of BD Libertas. This collaboration

FIGURE 3

BD Libertas™ has a uniqué:fluid tfansfer
valve built in, enabling the'peimary container
to be filled, assembled, and packaged in a
standard Class 8 manufacturing:facility.

provides valuable insights to directly im-
pact device design, and offers early infor-
mation on performance in a living system
that is not easily replicated on the bench.

Approximately 40 preclinical studies
were conducted fo characterize the tissue
response to large-volume SC deposition,
investigate effects that could influence pa-
tient perception of the device, and opti-
mize design and system components.
These studies evaluated the device per-
formance across a broad range of injec-
tion conditions that pharmaceutical
manufacturers may need to deliver their
molecules (eg, varying viscosities, flow
rates, injection times, or body locations).
One extraordinarily valuable aspect of in
vivo testing is the ability to develop a
model that is a good predictor of human
outcomes. With rigorous preclinical test-
ing, BD can quickly gain the information it
needs to understand delivery dynamics
and device footprint, and optimize device
performance before moving on to human
testing.

BD has used this extensive preclinical
research to inform four in-human clinical
studies. Two of these studies were specific

to BD Libertas design component optimiza-

tion, while the remaining were large-vol-
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ume injection studies that employed a sur-

rogate system to mimic BD Libertas deliv-
ery. Through these clinical studies, BD
gained a comprehensive understanding of
the large-volume SC injection experience
across a variety of injection conditions and
valuable insight into patient acceptance
and preference. It's important to provide
the best possible experience for end users.
Optimizing performance early saves time
in the development process and gives a
much better understanding of users’ needs,

sooner.

Paired with these novel innovations
and capabilities, BD leverages the tech-
nologies it already delivers to pharmaceu-
tical manufacturers by the millions every
day. The BD Libertas incorporates BD
Neopak™ primary container technology
and employs the same cannula technology
found in BD's world-class needles. BD Lib-
ertas was purpose-built to provide a com-
plete solution, anticipating both patient

and manufacturer needs.

A mechanical drive system, like that
found in BD Libertas, provides a robust, in-
dustry-tested method of delivering medica-
tion. Purely mechanical systems provide
reliable and known mechanisms for admin-
istration, which may help to reduce risk
and increase reliability. In contrast, electro-
mechanical devices typically require
pumps, which may introduce technical
complexities and unknown sources of
error.

Moreover, purely mechanical devices
may deliver more comfortable injections
compared to electromechanical devices,
as they are responsive fo tissue back-pres-
sure. As fluid diffuses into the subcuta-
neous space, pressure in the tissue slowly
builds, which may induce pain at the injec-
tion site. When this occurs during mechan-
ical delivery, the device responds by
naturally slowing the medication delivery
toward the end of the injection, reducing
the potential for pain. Conversely, electro-
mechanical devices are designed to de-
liver medication at a constant delivery rate
regardless of tissue back-pressure.

A final advantage of purely mechani-
cal devices is simply the absence of elec-

tronics from the core device. This is

particularly beneficial when it comes to de-

vice disposal.

BD offers the ability to adapt several
aspects of the BD Libertas device, includ-
ing the look and feel and injection volume,
while keeping the core footprint standard-
ized. The WI will be available in two vol-
ume formats, 2-5 mL and 5-10 ml, both
housed within a similar device design.

BD Libertas’ design features customiz-
able outerfacing components, enabling
further flexibility without impacting the
functionality of the device. For example,
grip and button colors can be changed to
reflect branding. The device's outer cover
can also be modified with components that
contain enhanced functionality. In this way,
any BD Libertas device can be easily mod-
ified or upgraded as needed, without any

changes to the core device module.

The BD Libertas design is future-
proofed to meet evolving industry trends.
More developers are looking to enhance
the injection experience by incorporating
“smart” features and connecting with the
digital health ecosystem (Figure 4). Al-
though a limited number of commercially
available drug delivery devices currently
have smart features, connected devices
are poised to become the norm throughout
the next 5 to 10 years.”

BD believes that smart devices should
encompass both local and global connec-
tivity: local, in that a smart device should

help facilitate better interactions with indi-



vidual users, and global, in that the device
should enable communication with others
about its state and usage. BD has taken
this approach in the development of BD
Libertas, while also recognizing that not
every situation requires the same degree
of connectivity.

BD Libertas was designed from the
outset with the capacity for smart features,
simply by adding a smart module to the
core device. In this way, one platform can
accommodate both local and global con-
nectivity for the same molecule or across
molecules within one customer. BD Libertas
truly offers a platform solution for pharma-

ceutical companies

Wearable injectors present a robust
solution to the challenge of delivering SC
injections of increasing dosing volumes
and viscosities in non-clinical settings. In-
troducing robust, innovative technologies
will allow more patients to enjoy the con-
venience of injecting at home. In addition,
the ability to accommodate new formula-
tions with higher volume and/or viscosity
will enable less-frequent injections, im-
prove the patient experience, and poten-
tially increase adherence to therapies.

However, bringing new injection tech-
nologies to market introduces complexities
that pharmaceutical companies must con-
sider as they select the right wearable in-
jector platform  for their portfolio.
Experience in providing prefillable injec-
tion technologies, delivering well-inte-
grated primary container and device
systems, and working with partners who
understand the infricacies of delivering
drugs info the subcutaneous space all help
to increase peace-of-mind for pharmaceu-

tical companies in bringing combination

products to market.

BD Libertas represents the newest ad-
dition to BD's platform of integrated device
components to support the development of
combination products to enable a variety
of options for delivering self-administered

biologics.

BD Libertas™ is a product in development;
some statements made are subject to a va-

riety of risks and uncertainties.
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ANTIBODY DRUG
CONJUGATES

INTRODUCTION

Summary Table:
Global Market for Antibody Drug Conjugates, by Region, Through 2021
(S Millions)

North America 4638 538.6 588.6 1,963.4 27.2
Europe 2195 379.5 395.0 1,160.9 24.1
Asia-Pacific 152.8 214.7 244.5 733.6 246
Emerging markets 805 106.3 NEN 2120 22.4
Total 916.7 1,239.1 12418 4,169.9 255
Source; BCC Research




24.1%. Improving economic conditions, a
demand for better healthcare facilities, and
increasing R&D activities will support
growth in the Asia-Pacific region (24.6%).

The market for ADCs is analyzed
broadly according to the following cate-
gories: target antigen, payload, mono-
clonal antibody, linker, breast cancer,

lymphoma, and other cancers.

Choice of the appropriate target anti-
gen is a critical parameter that affects the
efficacy, therapeutic window, and toxicity
profile of ADCs. It is crucial that antigens
have high selectivity for the tumor cell to
limit toxicity and off-target effects. Based
on antigen, the market for ADCs is evalu-
ated according to the following targets:
CD30, HER2, and other key antigens for
ADC development that include CD19,
CD22, CD25, CD33, CD54, CD74, and
LIV1. The global market for ADCs targeting
other such antigens is expected to reach
$1.2 billion by 2021.

CD30, the target of Adcetris, is the
characteristic marker of classical Hodgkin
lym-
phoma, and embryonal-cell carcinoma. Its

lymphoma, anaplastic large-cell
restricted expression on normal cells
makes CD30 an attractive candidate for
targeted therapy. Adcetris is being evalu-
ated broadly in more than 45 ongoing
clinical trials. The global market for CD30-
targeting ADCs is poised to reach $1 bil-
lion by 2021, increasing at a CAGR of
14.9%.

HER2 appears on the surface of some
breast cancer cells and is also implicated
in ovarian cancer. The increasing inci-
dence of breast cancer is one of the major

factors affecting growth of the market for

HER2-targeting ADCs. Kadcyla, which tar-
gets the HER2 antigen, is being evaluated
in seven Phase lll clinical trials, as well as
in earlier-stage trials. The market for HER2-

targeting ADCs was valued at approxi-
mately $822.6 million in 2016.

A cytotoxin, often called a payload,
is designed to induce target cell death
when internalized and released. Based on
mode of action, payloads fall into three
categories: antimitotic, DNA inferacting,
and transcription inhibitors. Antimitotic
payloads include maytansinoids and auris-
tatins. DM1 and DM4 are the most widely
used maytansinoids in ADC clinical trials.
Monomethyl auristatin-E and monomethyl
auristatin-F are important members of au-
ristatins. Kadcyla and Adcetris both con-
tain antimitotic payloads, DMT1 and
monomethyl auristatin-E, respectively.

Antimitotic and DNA interacting are
the two classes of payloads that are most
widely used to design ADCs. When strati-
fied by payload, antimitotic is the leading
segment in the global ADC market. DNA
interacting payloads include calicheam-

CC-1065

carmycins. The segment for ADCs with

icin, analogs, and duo-
DNA interacting payloads is expected to
reach $983.7 million by 2021. Transcrip-
tion-inhibiting agents include amatoxins,
which are small bicyclic peptides that bind
to RNA polymerase Il and lead to cell
apoptosis. Research is underway to under-
stand the use of amatoxins as ADC pay-
loads. Transcription-inhibiting payloads

are still in the preclinical phase of develop-

ment.

A monoclonal antibody that is highly
selective for a tumor-associated antigen
with restricted or no expression on healthy
cells is an essential component of an ADC.
To maximize efficacy, the antibody should
target a well-characterized antigen with
high expression at the tumor site and low
expression on normal tissue. Based on
type of antibody, ADCs can be catego-
rized into those containing a murine,
chimeric, humanized, or human mono-
clonal antibody. Although early ADCs
used murine monoclonal antibodies, their
immunogenicity has restricted their use in
ADC development. Murine monoclonal an-
tibodies have been replaced with chimeric
antibodies that have a human constant re-
gion and a murine variable region.

Kadeyla and Adcetris are both
chimeric antibody-containing ADCs. Ex-
pected regulatory approvals for extended
indications will further increase the sales of
chimeric antibody-containing ADCs during
the forecast period. This segment of the
market could reach $1 billion by 2021 at
a CAGR of 14.9%. However, most ADCs
that are currently in use or in clinical de-
velopment use either humanized or fully
human antibodies. Humanized antibody-
containing ADCs led the market in 2015
with $770.2 million in sales and are ex-
pected to grow at a CAGR of 30.6%
through 2021. ADCs with human antibod-

ies are still under development.

Linkers, which enable covalent attach-
ment of the cytotoxic agent to the mono-
clonal antibody, play an important role in

development of safe and effective ADCs.
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"Despite the high cost of ADCs, the market is growing steadily. There are myriad factors

fueling the industry. For example, manufacturers of branded drugs dread patent expiration,

which opens the door to low-cost generic versions that compete with their product. Once

that profit is eroded by a generic, the company must make up for the loss of sales through

a new or existing product. ADCs are considered atfractive because, in most cases, they

include an already-marketed drug. Moreover, the chemical complexity of an ADC makes

its reproducibility a difficult task for generic manufacturers. In this manner, ADCs provide

added patent and profit protection to manufacturers.”

The maijority of ADCs in clinical develop-
ment use a limited number of chemical link-
ers. The mechanism of drug release is an
important consideration in linker selection.
Cleavable linkers are mostly cleaved from
the payload in endosomes or lysosomal
compartments via a variety of mechanisms,
including acidic degradation, protease
cleavage by cathepsin B, and thiol-disul-
fide exchange reactions. Conversely, non-
cleavable linkers  require complete
lysosomal proteolytic degradation of the
antibody, generating a toxic payload with
charged lysines or cysteines.

Based on type of linker, the market for
ADCs is analyzed by those with cleavable
or non-cleavable linkers. Kadcyla belongs
to the non-<leavable and Adcetris to the
cleavable linker category. Most of the
ADCs in development have been designed
using cleavable linkers. ADCs with cleav-
able linkers comprised approximately 62%
of the global ADC market in 2015. ADCs
with non-cleavable linkers had $519.2 mil-
lion in 2016 sales. The market for ADCs
with cleavable linkers is anticipated to
grow at a CAGR of 30.6% from 2016 to
2021, while the segment of ADCs with
non-cleavable linkers is expected to in-

crease at a CAGR of only half that
(14.9%).

BREAST CANCER

Breast cancer is the most common
cancer in the world. According to the
American Cancer Society, approximately
14% of breast cancers overexpress the
HER2 protein. The discovery of the role of
HER2 in breast cancer and consequent de-
velopment of HER2-targeted therapies has
dramatically improved clinical outcomes
for women with both early stage and ad-
vanced HER2-positive breast cancer.
Breast cancer held 61.3% of the global
ADC market in 2016. With its one ap-
proved ADC (Kadcyla), breast cancer was
the largest revenue-generating category by
type of malignancy.

The efficacy of Kadeyla in treating
metastatic disease is well recognized, and
its use in early setftings is anticipated. Its
high efficacy and lack of side effects have
made Kadcyla a successful therapy for
HER2-positive breast cancer. Kadeyla is ac-
tively being evaluated in combination with
other drugs to treat early stage and
metastatic breast cancer. Apart from the
further investigative studies of Kadcyla,
there are several ADCs for breast cancer
in development by other companies. The
market for ADCs targeted against breast

cancer was valued at $822.6 million in

2016 and is expected to grow at a CAGR
of 19%.

LYMPHOMA

Lymphoma is the most common blood
cancer. The two main forms are Hodgkin
and non-Hodgkin lymphoma. The CD30
antigen, the target of Adcetris, is ex-
pressed by both these types of lymphoma.
There are also other lymphomas that ex-
press the CD30 antigen on the surface of
malignant cells. Adcetris, which is ex-
pected to undergo high double-digit
growth, is going to be very effective in
these histologic types, which are the sub-
ject of further investigations.

The market segment for lymphoma
ADCs is expected to reach $1 billion by
the end of 2021. lymphoma held 38.7%
of the global ADC market in 2016. The
North American market for this category
of ADCs is expected to grow at a CAGR
of 18.2%. Projections are made on the
basis of anticipated FDA approvals for Ad-
cetris’ additional indications. The high in-
cidence of non-Hodgkin lymphoma is
another factor driving growth of the mar-
ket. The European market accounted for

$55.8 million in 2016 sales. ADCs to treat



lymphoma in this geographic region are
expected to increase at a CAGR 15.6%
through 2021.

OTHER TYPES OF CANCER

ADC:s to treat other malignancies such
as ovarian cancer and acute myeloid
leukemia are in various phases of develop-
ment. All types of cancer except for breast
cancer and lymphoma are aggregated in
this segment. The global market for ADCs
to treat these other cancers is expected to
reach $1.2 billion by the end of 2021.
Among geographies, North America is ex-
pected to account for the highest sales,
which will mainly be driven by the ex-
pected FDA approval of several ADCs in

the next few years.

ANALYSIS OF MARKET
OPPORTUNITIES

Despite the high cost of ADCs, the
market is growing steadily. There are myr-
iad factors fueling the industry. For exam-
ple, manufacturers of branded drugs
dread patent expiration, which opens the
door to low-cost generic versions that com-
pete with their product. Once that profit is
eroded by a generic, the company must
make up for the loss of sales through a
new or existing product. ADCs are consid-
ered attractive because, in most cases,
they include an already-marketed drug.
Moreover, the chemical complexity of an
ADC makes its reproducibility a difficult
task for generic manufacturers. In this man-
ner, ADCs provide added patent and profit
protection to manufacturers.

The targeted nature of ADCs has

prompted the development of new forms of

chemotherapeutics that are too potent to
be used systemically, for example, may-
tansinoids. These compounds are highly
potent, antimitotic agents. The cytotoxic
agent maytansine was evaluated as a sin-
gle agent in various types of tumors, but
dose-limiting toxicities resulted in the dis-
continuation of all clinical trials. The con-
jugation of maytansinoids (specifically
DM1 and DM4) to antibodies has signifi-
cantly decreased the systemic foxicity re-
ported in patients. Kadcyla is an example
of an ADC that uses DM1.

Because of their specificity, biologics
(especially monoclonal antibodies) have
gained a lot of importance as a targeted
therapy. The success of Kadcyla and Ad-
cetris (and development of biologics in
general) has given investors confidence in
the field and encouraged researchers to
focus on improving ADC designs. The num-
ber of ADCs in clinical development has
increased from 33 in 2013 to roughly 60
at the end of 2016. Today, innovative
ADC development continues as scientists
work on stable linker technologies, more
potent payloads, and better target selec-
tion.

Naturally, the upside of ADC develop-
ment is accompanied by challenges. For
one thing, ADC manufacturing facilities re-
quire high capital investment and extensive
specialized training of operators, driving
a trend toward the use of mostly contract
manufacturers for ADCs. Only a few con-
tract manufacturing organizations have the
capability to perform all of the different
steps required in the manufacture of ADCs.
Thus, one key strategy is collaboration
among contract manufacturers to create a
one-stop shop for ADC developers.

Also, because developing an ADC is
a complex process (which is considered a

benefit in the context of generic competi-

tion), it makes them risky to produce and
test. Careful patient selection is thus an-
other requirement. To deliver the most clin-
ical benefit, ADCs must be used with
companion diagnostics to determine if a
patient’s form of cancer has the target anti-
gen for which the drug was designed. Tar-
gets must also be selected carefully to
minimize offtarget toxicities. Ultimately,
challenges in ADC development are
trumped by the vast rewards associated
with their use for treatment of cancer, re-
sulting in a remarkable market gain of $3

billion over the next 5 years. #

This article is based on the following
market analysis report published by
BCC Research: Antibody Drug Conju-
gates: Technologies and Global Mar-
kets (PHM161B) by Shalini Shahani
Dewan.

To view this issue and all back issues online,
please visit www.drug-dev.com.
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Knowing what we now know about
other viral diseases, researchers believe
that a cure for hepatitis B may be possible
through the full eradication of the virus
from the body (similar to hepatitis C) or
what is known as a “functional cure,”
whereby viral levels are minimal, and any
negative effects are eliminated with contin-
vous therapy by combining drugs with
complementary mechanisms of action. If
the latter sounds familiar, it's because this
approach is the breakthrough that trans-
formed HIV from a certain death sentence
to a manageable disease.

While still considered by the medical
community to be one of the largest pan-
demics in the world, treatment of HIV has
come a long way in a relatively short pe-
riod of time. The earliest confirmed case of
HIV in the US was in 1968, suggesting
that HIV and AIDS (acquired immunodefi-
ciency syndrome caused by HIV) was pres-
ent in the US before 1966.

What we know is that hepatitis B isn't
a new disease. Researchers recently pub-
lished findings in a science journal an-
nouncing they successfully reconstructed
genomes from Stone Age and Medieval
European strains of the hepatitis B virus.
The recovery of the ancient virus' DNA in-
dicated that hepatitis B was circulating in
Europe at least 7,000 years ago. Yet
today, scientists are continuing to develop
treatments and look for a cure.

Comparatively, it was just a year after
AIDS was discovered, that researchers
found HIV to be its cause and that the
spread of the disease was due to people
not knowing that they were infected with
the deadly virus, much like it is today with
hepatitis. Just two years later, multidrug

therapies became widely available, and

US Sales of Approved HBV Drugs (2014)
Compared to therapies for other diseases, only eight have been cleared by the US FDA to treat chronic HBV.
These are the leading branded products currently in use based on most recent data (2014).

death rates began to decline. Highly active
antiretroviral therapy (HAART), like Com-
bivir, became the new treatment standard
and saw the death rate decline by nearly
47 %.

Today, there are more than 20 differ-
ent options available, and the US FDA con-
tinues to clear new HIV medical products.
And while not totally eradicated, a 2017
study has indicated that persons living with
HIV who are being treated with antiretro-
viral therapy can reduce the virus to un-
dectable levels in the blood that cannot
transmit HIV to partners during sex. This
brings us to the rationale that the same ap-

proach to HIV could work for hepatitis B.

Currently, there are eight FDA-cleared

drugs for the treatment of chronic HBV, in-

cluding interferon-alpha, pegylated inter-
feron-alpha, lamivudine, entecavir, telbivu-
dine, adefovir dipivoxil, tenofovir
alefanemide, and tenofovir disporoxil fu-
marate.

Despite these discoveries, a critical
limitation of current therapies is the inabil-
ity to achieve control of the infection in the
vast majority of patients without lifelong
treatment. This limited antiviral efficacy of
currently approved HBV treatments high-
lights the need for new therapeutic tools for
treating chronic HBV and underscores the
need for combination therapy with new
classes of agents.

Lamivudine, for example, often results
in resistance development, with a 20%
chance after 1 year and 70% chance after
2 years. Adefovir, on the other hand, has
a much lower rate of resistance develop-
ment, but has a lower level of potency

against HBV.

Various combinations of treatment
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Hepatitis B Virus
The complex nature of the hepatitis B virus requires new strategies to attack the virus on multiple fronts.
While singular-drug therapies may help keep the disease at bay, they do not provide a cure. In the ongoing
search for a cure to hepatitis B, experts now believe that combining different drugs into a single regimen can
work together against HBV and will be the most likely way to achieve a cure.

have respective advantages and disadvan-
tages, with none being ideal. Nucleoside
analog (NA) therapy has advantages over
interferon (IFN) therapy, including fewer
side effects and easier administration.
However, IFN therapy has the advantage
of decreased frequency of resistance, and
higher rates of HBeAg loss, but also disad-
vantages of high cost, limited patient re-
sponse, and administration by injection
with frequent side effects.

The drive to find meaningful combina-
tion therapy for the treatment of chronic
HBV infection stems from the generally ac-
cepted principle that a functional cure

should address the following:

e Reduction of HBY DNA

¢ Reduction in the production of viral
proteins, including both s- and e-

Antigens and protein X

e Reduction/elimination of cccDNA

e Stimulation of the immune response

Exemplifying this strategy is ContraVir
Pharmaceuticals, a small biopharmaceuti-
cal company that is developing two novel
anti-HBV compounds with complementary

mechanisms of action.

ContraVir's HBV pipeline consists of
two drug technologies. The first, tenofovir
exalidex (or TXL™) is the prodrug of a
well-established anti-HBV nucleotide ana-
log, tenofovir, marketed by Gilead as
Viread®, which has been primarily devel-
oped to reduce HBV DNA.

The second, CRV431, is a cyclophilin
inhibitor with a unique chemical structure
that allows the cyclophilin inhibitor to have

a wide therapeutic index; in other words,

a drug that is highly potent against HBV
while providing the potential for minimal
toxicities.

The mechanisms of action of TXL™
and CRV431 are distinct and complemen-
tary to each other, inhibiting viral replica-
tion at multiple different points in the HBV
life cycle. In clinical and preclinical stud-
ies, each drug has demonstrated unique
properties that represent important ad-
vances in the treatment of HBV. However,
layering CRV431 on top of TXL™ is a strat-
egy that offers the potential to address this
need for a combination therapy to target
multiple stages of the HBV life cycle.

TXL™ is an antiviral drug that directly
targets replication of the virus. It is de-
signed to deliver high intracellular concen-
trations of the active antiviral agent of
tenofovir. TXL™'s novel structure results in
decreased circulating blood levels of teno-
fovir, lowering systemic exposure, and
thereby reducing the potential for renal
and bone side effects.

According to the World Health Or-
ganization (WHO), the likelihood of devel-
oping a chronic hepatitis B infection is
highly dependent upon the age when the
infection occurs. The WHO reports that
80% to 90% of infants infected during the
first year of life develop chronic infections
and that 30% to 50% of children infected
before the age of 6 develop chronic infec-
tions (less than 5% of otherwise healthy
adults will develop chronic infection).

Knowing that chronic HBV infection is
associated with significant morbidity and
mortality if left untreated, the FDA granted
Orphan designation for TXL™ for the treat-
ment of Chronic Hepatitis B infection in the
pediatric patient population. It is the only
HBV treatment granted this designation for
this group, and underscores the clinical im-

portance of treating HepB in venerable



chronically affected patients.

A new optimized formulation for TXL™
was recently announced, which will allow
for more efficient, predictable, and precise
delivery to the liver — where the virus re-
sides. The next trial will characterize the
pharmacokinetic profile of the new formu-
lation in HBV patients and will indicate the
target dose to be advanced into a Phase
3 registration clinical development pro-
gram.

CRV431 has shown potential in ex-
perimental models to complement current
hepatitis B treatments by reducing multiple
markers of infection including HBV DNA,
HBsAg, HBeAg, binding of HBx, and HBV
active uptake by cells. Studies have also
demonstrated that CRV431 decreases the
progression of fibrosis in an animal model
and also reduces both the number and size
of liver tumors in a hepatocellular carci-
noma (HCC) model. These latter two find-
ings offer the potential to not only reduce
the virus, but also minimize the impact of
the virus on the downstream development
of liver diseases.

Additionally  and
CRV431 is composed of a unique chemi-

importantly,

cal structure that is known to be a highly
pofent “hosttargeting” antiviral drug with
a high selective index against HBV. The
hepatitis B virus relies upon its host allow-
ing the virus to propagate and thrive. An
important host protein is called “cy-
clophilin,” and this protein participates in
many steps of the HBV life cycle. CRV431
offers the potential to disrupt this important
part of the HBV propagation cycle.

The safety and antiviral activity of
CRV431 is built on a robust set of clinical
data from chemically related cyclophilin in-
hibitors. Due to its immunosuppressive
properties, naturally  occurring  cy-
closporine A has been used for more than

30 years in the field of organ transplant,

and cyclophilin inhibitors, such as al-
isporovir (developed by DebioPharm and
acquired by Novartis), have achieved clin-
ical safety and efficacy against hepatitis C
virus. CRV431 has undergone extensive
medicinal chemistry to shed its immunosup-
pressive activity and optimize its potency
and target selectivity, which significantly in-
creases ifs therapeutic window for treating
hepatitis B.

Finally, pursuant to the acceptance of
the Investigational New Drug (IND) appli-
cation by the FDA and an agreement of an
accelerated clinical program for CRV431,
ContraVir recently announced the com-
mencement of its Phase 1 in healthy volun-
teers.

These very significant developments
serve fo differentiate ContraVir as one of
the few companies with two oral anti-HBV

assets in clinical development.

Overall, we believe the HBV market is
poised for exceptional growth. As in HIV,
it is going to take a combined effort to re-
duce or eliminate the threat that HBV has
on society.

The drive to find meaningful combina-
tion therapy for the treatment of chronic
HBV infections stems from the generally ac-
cepted principal that a functional cure
should address the reduction of HBY DNA;
reduction in the production of viral pro-
teins, including both s-and e- Antigens and
protein X, the reduction or elimination of
cccDNA, and stimulation of the immune re-
sponse.

This is a team effort. Researchers must
continue to explore and master the science
behind the disease, regulators need to be
assured that developed treatments are safe

and effective, and payors have to be will-

ing to work with regulators and physicians
to keep disease screening and treatment
costs manageable so everyone has access
to the cure.

Whatever the outcome, we know we
are close to finding a cure for hepatitis B
and believe we are at the dawn of a very
bright future for HBV patients. It is no
longer a question of if or how, but of

when.

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

is CEO of ConfraVir
Pharmaceuticals, with more than 30 years
of pharmaceutical industry experience. Mr.
Sapirstein was the founding CEO of Tobira
Therapeutics and also CEO of Alliqua prior
fo joining Contravir. Prior to Tobira, Mr.
Sapirstein was the EVP — Metabolic and
Endocrinology af Serono Inc. He served in
the Global Marketing group at Gilead,
beginning in 2000 where he led and
developed the global markefing strategy for
its flagship HIV drug, Viread®, and played
a key role in the development of the drug
combination strategy that resulted in
Gilead's acquisition of Triangle’s nucleoside
portfolio. That acquisition ulimately led fo
the launch of Truvada, Gilead's multibillion
dollar combination HIV drug. He also spent
his first 17 years in the large
pharmaceutical company arena, where his
last position was the Director of Infernational
Infectious Diseases Marketing at Brisfol
Myers Squibb.
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BriaCell

BriaCell Therapeutics:
Recognizing the Power of
Targeted Immunotherapies

Bill Williams, MD
President & CEO

BriaCell Therapeutics

Dedicated to enhancing the lives of cancer patients who are facing limited
therapeutic options, BriaCell Therapeutics Corp’s mission has been to develop novel
immunotherapies, as the most cutting-edge technology to fight cancer.
Immunotherapies have become the forefront of the cancer treatments because they
use the body’s immune system to destroy the cancer cells, offering higher levels of
safety and efficacy than chemotherapy, with less likeliness of recurrence. Drug
Development & Delivery recently interviewed Dr. William “Bill” Williams, MD,

President and CEO, to discuss the value of targeted immunotherapies in the

biopharmaceutical industry.

Q: What are the current limitations in the
immunotherapy space, and why do you
believe an “off-the-shelf” approach is

ideal?

A: Immunotherapy takes advantage of the
patient’s own immune system in fighting
cancer. Immune responses all start with an
antigen (which is something, usually a
protein, recognized by the immune system)
encounfering an antigen- presenting cell.

These antigen-presenting cells take up the

antigen and process it. This processing
usually involves breaking the antigen up into
small pieces (peptides for a protein antigen).
These peptide antigens are then bound to
molecules called HLA molecules. Structurally,
this is like a hot dog (peptide antigen) fitting
into a hot dog bun (the HLA molecule). This
complex of peptide antigen bound to HLA
molecule is then displayed on the surface of
the antigen- presenting cell. There it can be
recognized by the antigen receptor on a T

cell, also known as the T cell receptor. T cells



are white blood cells that coordinate the immune response. Our
bodies have billions of T cells with different T cell receptors.
When a T cell has a T cell receptor that binds to a peptide
antigen — HLA complex, that T cell is stimulated. In the case of a
cancer antigen, that T cell would be stimulated to attack the
cancer. There are different types of T cells. The major subtypes
are CD4+ “Helper” T cells and CD8+ “Killer” T cells. The CD4+
T cells recognize peptide antigens bound to Class II HLA
molecules, while the killer T cells recognize peptide antigens
bound to Class | HLA molecules.

If T cells recognize a cancer antigen, they should be
stimulated to attack the cancer. However, cancers have several
strategies to avoid immune attack. One strategy is to shut down
the T cells by making a molecule called CTLA4. CTLA4 works to
deactivate both helper and killer T cells. This is a so-called
immune checkpoint, as during normal immune responses (eg,
when fighting an infection), CTLA4 is expressed late in the
immune response to cool off the immune system after it's work is
done fighting off the infection. Cancer cells will sometimes
express CTLA4, or stimulate its expression on other cells, to stop
the immune system from attacking the cancer. Yervoy
(ipilimumab) works by binding to CTLA4 and preventing it from
shutting down the immune response. Another mechanism is for
the cancer to express another checkpoint, called PD-L1 or PD-L2.
These molecules can be expressed on the cancer cell and can
bind to a molecule on CD8+ killer T cells called PD-1. This will
shut off the killer T cells. This immune checkpoint has been the
subject of great interest with several drugs currently available
that bind either to PD-1, such as Keytruda (pembrolizumab) and
Opdivo PD-L1,

(atezolizumab), Bavencio (avelumab), and Imfinzi (durvalumab).

(nivolumab) or to such as Tecentriq
These current immunotherapies are known as checkpoint
inhibitors. Because they work by releasing suppression of the
immune system, they are prone to side effects. Immune
checkpoints are typically used to prevent development of
autoimmune diseases, where the immune system attacks normal
tissues of the body. Because the current checkpoint inhibitors, as
well as others in development, do not distinguish cancer-specific
immune responses from any other immune response, they can
lead to the development of autoimmune diseases. Thus, use of
these agents can cause inflammation of the intestines
(enterocolitis), liver (hepatitis), skin (dermatitis), nerves
(neuropathy), and glandular system (endocrinopathy). This is
because checkpoint inhibitors work by taking the “foot off the
brakes” of the entire immune system.

Ideally, the immune response should be directed toward

the tumor and not the rest of the body. Such a targeted immune

response has been attempted using so-called “therapeutic cancer
vaccines.” However, these have generally not been successful.
One exception is a personalized medicine called Provenge
(sipuleucel). Provenge works by taking antigen-presenting cells
from a patient, stimulating them, and charging them with
prostate-specific antigen (PSA). These are then given back to the
patient where they induce an immune response specific for
prostate cancer. Provenge prolongs survival in prostate cancer
patients but suffers from the drawback that each dose of the
treatment has to be manufactured for each patient. This is time
consuming, very costly, and difficult to generalize. Ideally, it
would be best to generate a targeted, personalized immune
response against the cancer with an agent that is more readily
available, or offthe shelf. This would combine the success of the
personalized approach with the ease of administration with an
offthe-shelf drug. Such an agent, which puts the “foot on the
gas” of the immune response, but in a targeted way only against
the cancer, should also readily be combined with checkpoint

inhibitors, which have a complementary mechanism of action.

Q: How does your signature immunotherapy drug work?

A: Our immunotherapy works by inducing an immune response
specific for breast cancer and personalized to the patient. Bria-
IMT™ was developed by Dr. Charles Wiseman at Saint Vincent's
Medical Center in California. Dr. Wiseman was treating a
patient with metastatic breast cancer, and he obtained a piece
of her cancer. He took this into the laboratory and developed a
cell line called SV-BR-1. He then would take some of the SV-BR-1
cells and irradiate them, so they would not grow and used these
to immunize patients with breast cancer against their tumors. He
devised a regimen to boost the immune response. This included
some low-dose cyclophosphamide to reduce immune
suppression and local injections with granulocyte-macrophage
colony stimulating factor (GM-CSF) to boost the response. He
treated 14 patients with this regimen and had better clinical
outcomes than expected. Dr. Wiseman then decided to engineer
the cell line to directly express GM-CSF. He dubbed this SV-BR-1-
GM, aka, Bria-IMT. He treated an additional 4 patients with
Bria-IMT in with

cyclophosphamide to reduce immune suppression and followed-

irradiated conjunction low dose
up with local interferon alpha to help boost the response. They
all did well in general, but one patient in particular stood out.
She had metastatic breast cancer that had initially responded to
chemotherapy but then she relapsed. The cancer had

metastasized to the lungs, soft tissues, and bones. After 5
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After 5 treatments over 3 months, the cancer had shrunk, and
then after a total of 7 treatments over 5 months, the lung and soft
tissue metastases had disappeared, the breast tumors had gotten
much better, and the bone metastases also improved. At that
time, the study only allowed 5 months of treatment, so the
treatment stopped. She relapsed several months later, and this
included spread of the breast cancer to the brain (brain
metastases). She was treated again and responded a second
time, including disappearance of the brain metastases. Further
analysis showed that she matched with Bria-IMT for HLA type.
HLA molecules were mentioned earlier. These are the molecules
that bind antigenic peptides and present them to T cells. HLA
molecules are known to be “polymorphic.” That means that they
are different in different patients but shared by some patients.
This is an inherited trait similar to eye color. Eye color can be
different in different people, but it is also shared by some people.
HLA molecules are like that: they are different in different people,
but it is also shared by some people. When people get tissue
transplants (like kidney transplants), they are matched for HLA
type. So immunologically it makes sense that the patient with the
best response matched Bria-IMT at HLA because the same HLA
type that is recognized by cancerfighting T cells on Bria-IMT
would also be present on the patient’'s own cancer. The antigen-
HLA complex recognized by T cells on Bria-IMT would stimulate
cancer-specific T cells. These would then recognize the same
antigen-HLA complex on the patient’s own cancer and attack it.
This explains why the patient with the HLA match with Bria-IMT
had the best clinical response.

BriaCell is using this information to innovate. We are
modifying the HLAtype of the SV-BR-1 cell line, so we will be
able to match more patients. Currently, the HLA types expressed
on Bria-IMT match at one HLA allele to ~50% of the population,
and match at two alleles for ~20%. (An allele is a version of a
gene. For example, each person has two copies of each gene,
one from their mother and one from their father. For eye color,
they might have inherited a gene for blue eye color from their
mother (the blue eye color allele) and the brown eye color allele
from their father. We have determined that with eight different
Class | HLA types (or alleles) and seven different Class I HLA
alleles, we can single match >99% of the breast cancer
population and double match ~90% of the population. BriaCell
is developing SV-BR-1 cell lines that will express GM-CSF (as
Bria-lMT does) along with interferon-alpha to stimulate the
immune response. We will engineer these cells to express 15
different HLA dlleles. These cell lines will be pre-manufactured,
irradiated, and frozen in a state that will allow them to be

shipped directly to clinics where they can be thawed and used

to inject patients directly. This will allow us to match the cell line
to the patient, providing personalized immunotherapy that is off-
the-shelf (Bria-OTS™).

Q: What has earlier proof-of-concept studies shown and

current Phase I/lla data shown?

A: | mentioned some of the early clinical studies earlier. Briefly,
Dr. Wiseman treated four patients with the Bria-IMT regimen and
had one remarkable responder who matched Bria-IMT at some
HLA types. More recently, we treated an additional six patients
in 2017. These patients all had very advanced breast cancer.
The treatment was safe and well tolerated, and we had an
additional remarkable responder. This patient had breast cancer
that had spread to the liver and to the lungs. She had 20
different breast cancer metastases in the lungs. She also had
failed seven prior rounds of treatment with eight different agents.
In spite of this, all 20 of her lung metastases shrank and most
completely disappeared with Bria-IMT treatment. She also
matched Bria-IMT at two different HLAtypes. This is very
This

study is ongoing, and more patients are being treated. So far,

important confirmation of our HLA-matching hypothesis.

treatment has been safe and well tolerated. We expect
additional data to be available later this year on at least 12

patients.

Q: Why does BriaCell believe combination therapy is key?

A: Combination therapy has shown great promise for
immunotherapy for some diseases. This includes combinations of
two checkpoint inhibitors, both working by essentially “taking the
foot off the brakes” of the immune response. But the side effects
of autoimmune disease may also worsen for the combinations.
Bria-IMT and Bria-OTS are designed to put the “foot on the gas”
of the immune response in a targeted way, just targeting the
cancer. So, when combined with checkpoint inhibitors that take
the foot off the brakes, this should produce a very potent immune
response against the patient’s cancer without worsening the

autoimmune side effects.



Q: Your team is exploring HLA-typing? What can that offer

patients?

A: HLA typing offers the chance to have patients treated with
Bria-OTS, which will be personalized and tailored to induce to
most potent immune response against the cancer. But the cell
lines used will be pre-manufactured and stored in the frozen
state, which offers the convenience of an offthe-shelf therapy.
Contrast this with the recently developed CART therapy. This
therapy requires that patients have white blood cells removed
and then manipulated in tissue culture, and then infused back
into the patient. This process takes approximately a month, is
very expensive, and has to be repeated for each treatment. The
same is true for Provenge (mentioned earlier). Or approach
circumvents these logistical and cost problems by using cell lines
that grow easily in tissue culture at low cost and are pre-
manufactured. The HLA typing personalizes the process, so you

still get an immune response tailored to the patient.

Q: What is the timeline for your breast cancer drug?

A: Bric-IMT is in Phase lla testing now and could progress on to
a registration study as early as 2020. This would mean filing a
licensing application with the FDA in 2022 and marketing
approval as early as 2023. These are aggressive timelines but
are feasible given the large unmet need in advanced breast
cancer and the progress we have made in manufacturing. The
Bria-OTS cell lines are being developed with the goal of
initiating GMP manufacturing later this year and introducing
them into the clinic in 2019. We anticipate ~2 years for Phase
I/lla testing to establish the safety of the new cell lines and
preliminary efficacy. We would then negotiate with the FDA the
design of a pivotal registration study, which would likely take ~1
year to recruit, 1 year to run, and 6 months to compile the data
for filing with the FDA. Assuming accelerated review, Bria-OTS
could be approved é months later (~2025).

Q: What will your team be doing with checkpoint

inhibitors? Protein kinase C Delta?

A: Our team is in conversation with multiple large- and medium-

size pharmaceutical companies to perform additional
combination studies with other checkpoint inhibitors. This
includes approved drugs (Keytruda, Opdivo, Yervoy, Tecentriq,

Bavencio, and Imfinzi) as well as other drugs in earlier stages of

development. We hope to run additional combination therapy
studies, so we can best evaluate the combinations that will have
maximal benefit for the patients.

The protein kinase C delta (PKC3) program is separate
from Bria-IMT and Bria-OTS. This program is based on the
observation that ~30% of all cancers have mutations in a gene
called RAS, and mutated RAS can drive these cancer cells to
grow and proliferate. Many pharmaceutical companies have
tried to make a RAS inhibitor, but to date, none have been
successful. However, cells that are transformed by RAS mutations
appear to become “addicted” to PKC signaling. This appears
to be because PKC? acts on RAS to prevent it from being broken
down and degraded. When PKC® is inhibited in a RAS-
transformed cancer cell, the RAS is degraded, and the cells stop
growing and die. BriaCell has licensed PKC inhibitors that are
small molecule drugs. These are potent and selective inhibitors.
They have shown activity against a number of RAS-ransformed
cancers in pre<linical studies, including pancreatic, colorectal,
lung, and breast cancer as well as melanoma. We are perfecting
the drug-like properties of our molecules and hope to introduce

them into the clinic within the next 2 years.

Q: How do you stack up to other immunotherapy

companies?

A: BriaCell is markedly undervalued compared with other
immunotherapy companies at a similar stage of development.
BriaCell is in Phase lla clinical testing, with cutting-edge
technology, developing an off-the-shelf approach to personalized
immunotherapy. But our valuation is far below other companies
at a similar stage of development, and even below the value of
many immunotherapy companies that have not yet entered the
clinic. BriaCell has an experienced management team, is
involved in over 10 drug approvals, and is establishing proof-of-
concept for a large number of drugs. This experience will ensure
that Bria-IMT, Bria-OTS, and PKC® inhibitors will be properly
developed to reach the finish line. This should benefit a large
number of cancer patients as these promising drugs become

available. ¢

Drug Development & Delivery October 2018 Vol 18 No 7

[-.]
(%]



Drug Development & Delivery October 2018 Vol 18 No 7

(-
(-]

Technology & Services

SHOWCASE

CDMO SERVICES

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

PARENTERAL DELIVERY DEVICES

< BD

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

PLATFORM TECHNOLOGY PRE-FILLED SYRINGE DOSE SOLUTIONS

CAPTISOL

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

pan and U.S. sites, Catalent provides
entific support and manufacturing of
hble treatments. As a leader in sterile
, Catalent offers a customizable
pd syringe products, innovative fill-
ish processes, and specialty
plivery vehicles including auto-
jectors. With the acquisition of Cook
armica LLC, Catalent has been able

expand its capabilities with
tegrated biomanufacturing capacity
d expertise in sterile formulation
d fill-finish across liquid and
ophilized vials, pre-filled syringes
d cartridges. With an annual
ringe-filling capacity of more than
DO million units, Catalent offers its
briners access to specialized
echnologles that ensure extreme precision for safer, more accurate dosing.
Its expertise in process design, scale-up, quality assurance, validation and
regulatory support provides efficiency and support across virtually any sterile
dosage form. For more information, contact Catalent Pharma Solutions at
(888) SOLUTION or visit www.catalent.com.



echnology & Services
SHOWCASE

FuLL-SeErvicE CDMO

DIFFERENTIATED INJECTABLE DELIVERY

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

SUPER REFINED™ EXCIPIENTS ENTERIC COATINGS

CRODA

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

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.

NeW O1d { d d . d td
advanced combination polymer solution for enteric coatings to reduce
processing complexity, lower preparation times and save costs. EUDRAGIT®
FL 30 D-55 combines the respective benefits of two existing polymers with
well-accepted monographs including EUDRAGIT® L 30 D-55: the gold
standard for enteric coatings since 1955. Being highly flexible, plasticizer-free
and able to be sprayed with a smooth, fast and no-stick process, it is ideal for
microparticulates and other dosage forms that require excellent adhesion. As
a single product, preparation times can be reduced by up to 70%. With only a
thin film able to provide reliable enteric protection, it creates options for higher
drug loadings. Formore information, contact Evonik at AAPS (booth 2127) or
email healthcare@evonik.com
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Technology & Services
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SELF-EMULSIFYING DELIVERY PHARMACEUTICAL-GRADE OILS
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Gattefossé self-emulsifying drug delivery systems (SEDDS) are a simple and
efficient solution for the delivery of poorly soluble compounds, and as of late
for oral peptide delivery. Scientists have successfully developed SEDDS for
delivery of Leuprorelin, Desmopressin, and Insulin, which has a MW of 5.8
KDa. This is made possible by hydrophobic ion-pairing of the peptide
molecules and subsequently cloaking them with SEDDS formulations using
Gattefossé excipients. SEDDS solubilize the peptides in the digestive tract
while protecting them from enzyme degradation and glutathione reduction.
Suitable excipients for effective peptide delivery include Labrasol® ALF,
Gelucire® 44/14, Labrafil® M 2125 CS, and Peceol™. Solid SEDDS are also
possible using processes such as granulation and hot melt extrusion. For more
information, visit Gattefossé at https:/bit.ly/2xaa5BU.

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.

Gattefossé offers USP/NF-grade high-purity vegetable oils by ADM-SIO in the
USA and Canada. Suitable for oral, topical, and other routes of administration,
SI0’s pharmaceutical-grade Soybean Qil IV, Olive Qil IV, and Sesame Oil IV-1
are highly refined by a process that removes impurities and yet preserves the
natural antioxidants of the raw material. This ensures clarity, reduced
pigmentation (lighter color), and most importantly, a higher stability throughout
the product’s shelf-life guaranteed 3 years after date of manufacture. SIO
high-purity oils are ideal for solubilization of poorly soluble and/or sensitive API
in capsule, soft gel, and injectable dosage forms. For more information,
contact Deandra Wolfe of Gattefossé at dwolfe@gattefossecorp.com.

CONTRACT DEVELOPMENT & MANUFACTURING LoNzA PHARMA & BIOTECH

LONZQ

Pharma & Biotech

At Lonza Pharma & Biotech we provide contract development and
manufacturing services that enable pharma and biotech companies to bring
medicines to patients in need. From the building blocks of life to the final
drug product, our solutions are created to simplify your outsourcing
experience and provide a reliable outcome, at the time when you expect it.
Our extensive track record includes commercialization of pioneering
therapies and manufacturing of a wide variety of biological and chemical
drugs. We continuously invest to solve not just the current, but also the future
challenges. Together, we can bring your next medicine to life. For more
information, visit Lonza Pharma & Biotech at http://pharma.lonza.com.



Technology & Services
SHOWCASE

Capsule Delivery Solutions, part of Lonza Pharma & Biotech, launches the
new Capsugel® Colorista™, a high-quality capsule based on an all-
colorants™ formulation. This new capsule contains a broad selection of
colorants suitable for use in major markets, allowing pharmaceutical
customers to have access to a wide array of colors, and is available in both
Vcaps® Plus (HPMC) and Coni-Snap® gelatin. Colorista™ capsules meet the
demand of pharmaceutical developers who look for solutions that cut down
on development time, while giving them flexibility to progress with technical
development before the final commercial color decision is taken. To learn
more  on  Colorista™,  visit  https://www.capsugel.com/

biopharmaceutical-products/colorista-capsules.

eed 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.

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.

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

INTRODUCTION FIVE STEPS TO OPTIMIZE STUDY PROTOCOLS FOR
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tific rigor (ie, generating sound and com-
prehensive data to demonstrate safety and
efficacy) and feasibility for patients (ie, de-
signing a trial within the logistical and
practical reach of the maximum number of
people), companies can use the following

five tools:

No. 1 - Create an Accurate Profile of the
Target Patient

Researchers spend months establish-
ing eligibility criteria for clinical trial par-
ticipants to ensure a study can answer
precise scientific questions. To make a frial
patient centric, it's also necessary to dedi-
cate sufficient time to understanding pa-
tients’ everyday lives and the parameters
that affect their participation.

Having a detailed profile of a trial’s
patient population (and understanding
who they are as individuals) can inspire
improvements to the protocol that can
make the difference between success and
failure. Key issues that must be addressed

include:

e Demographics of the patients in the
study and how that may impact their
habits. Are they elderly and may have
difficulty leaving home? Are they young
adults who can travel easily? Or, are
they small children who must be super-

vised by parents?

¢ Type of treatment being tested may im-
pact motivation. For example, is it cura-

tive or palliative?

* Payment. Will the costs of participating

in the trial be reimbursed?

¢ Real life impact. What is life like with
this disease? Do patients have routine,
frequent doctor appointments and/or

hospitalizations, similar to trial site visits

Patient Burden Analysis — Leveraging specialist nurse feedback to understand patient visit burden
and ways to make participation easier for them.

or interventions? Or do they have very
few medical interventions, making trial-
related testing and procedures more out

of the ordinary?

An accurate patient profile is a good
starting point when shaping trial design,
providing an opportunity fo explore what
has the biggest impact on participants. For
example, if given the option, how would
they weigh up a choice between a lower
visit burden or fewer invasive procedures?
By profiling the patient, we can begin to
explore such sensitive areas to create a
truly patient-centric approach. We're shift-
ing the discussion from purely answering
the scientific question of “Does this patient
fit the eligibility criteria2” to “How would
the practicalities of study participation im-
pact their decision to join and remain in a
trial2 And how can we minimize the geo-
graphical, financial, and practical barriers

to participationg”

No. 2. - Survey Patients & Caregivers for
Insights

Pharmaceutical companies can survey
patients, caregivers, and nurses/physi-
cians about key aspects of a study to
gauge how it may be received. Eliciting
such feedback seems like common sense,

but incorporating patient and caregiver

needs, views, and experience is a rela-
tively new approach in this context — and
one that has shown great value.

For example, one company designing
a study in young children with severe
epilepsy worried that the three 72-hour
hospital visits required in the protocol
might take too high a foll on very young
patients. They surveyed caregivers to find
out, on average, how many times in a nor-
mal year their children were admitted to
the hospital and for how long. The results
were surprising. Parents said their children
wound up in a hospital about three to five
times per year on a routine basis — and
that most visits lasted at least 3 days. The
company concluded that the trial protocol
did not place an undue burden on these al-
ready very sick patients and their families
as the visit burden was similar to standard
of care. Because the required hospital vis-
its were needed to conduct a critical test,
the company followed the protocol as
planned. But the survey uncovered a differ-
ent problem: parents reported that caring
for their other, healthy children was the
biggest challenge of epilepsy-related hos-
pitalizations. To address that, the company
explored plans to work with sites to offer
flexible visit timing to simplify for parents

the process of securing childcare.
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No. 3 - Seek an Unfiltered Reality Check
on the Web

There has been an explosion of open

online forums, tweets, and blogs where pa-
tients share stories about their disease and
treatment options. “Listening” to the web
through search terms, and dipping info on-
line chatter can give companies unfiltered
insight into what really matters to patients.
Patient stories capture, often poignantly,
what it’s like to live with a disease in non-
medical terms and may inspire new ap-
proaches and ideas.

For example, one company develop-
ing a treatment for Crohn’s Disease read
a number of blogs written by the children
of Crohn's sufferers and got a deeper per-
spective on how frightening the disease
can appear to them. Crohn’s patients can
become alarmingly thin and weak, and
their children may worry that their parent
will not survive. If their parent is hospital-
ized, some stay with relatives for extended
periods, which can cause fear and upset.
The high volume of stories from the chil-
dren and caregivers of Crohn'’s patients on-
line indicated that the whole family is
highly involved in treatment decisions.
Therefore, to optimize recruitment, the
company tailored its educational materials

to help facilitate a joint decision-making

process around trial participation.

In a recent Alzheimer’s Disease (AD)
study, an analysis of web postings re-
vealed that far more online chatter about
AD came from caregivers than from pa-
tients. Therefore, an important component
of the recruitment and retention strategy
was to engage and educate caregivers by
explaining the objectives of the study to
them and treating them as partners. The
web analysis also revealed that AD patient
advocacy groups (PAGs) are very active
online and are a trusted source of informa-
tion and support for caregivers and pa-
tients. The company thus knew it would
need to leverage existing relationships with
PAGs, as well as forge new ones, in addi-
tion to high online visibility to meet its re-

cruitment goals.

No. 4 - First Quantify, Then Mitigate, the
Study Burdens

Most patients have never participated
previously in a clinical trial. Although they
may know a lot about living with their dis-
ease, they are inexperienced in planning
clinical research logistics. So, while you
can learn a lot from patients, you need to
probe further.

Nurse specialists with deep experi-

ence at high-volume/high-performing in-

vestigative sites are among the most astute
judges of the burdens a clinical trial can
impose on patients. Their analysis of the
potential benefits and challenges of study
participation is a valuable resource. Ques-

tions they can answer include the follow-

ing:

How does the burden of this study com-

pare to the standard of care?

® What could be changed to make it eas-

ier for patients?

® How long will each visit last?

® What information will be most useful to
support patients in learning about and

participating in this study?

Recently, a team of nurse specialists
drawn from a network of top research sites
helped make a protocol more patient
friendly by nixing several planned patient
questionnaires. Looking at the number,
length, and scope of these questionnaires,
the nurses predicted patients would balk at
answering so many questions so often dur-
ing the study. In this case, the solution was
to prune some of the trial’s exploratory
endpoints, which cut down on the number
and length of the questionnaires.

However, even experienced clinical
staff can misunderstand the issues that
worry or, conversely, motivate a patient.
For example, in a recent osteoarthritis
study, a large majority of experienced
nurses who were surveyed about the trial’s
design said that the inclusion of home nurs-
ing visits in a protocol (versus visits at the
investigative site only) would have no im-
pact on a patient’s willingness to partici-
pate in a study. In contrast, a patient
survey asking the same question showed

patients viewed home visits as a positive



benefit. The survey didn’t capture enough
data to explain the reasons for this discrep-
ancy, but it is possible the nurses’ re-
sponses were based on how attractive
home visits were from their perspective as
caregivers rather than from the perspective

of a patient.

No. 5 - Simplify & Standardize Informed

Consent

A typical informed consent form is no-
toriously long and can include a lot of ter-
minology that is unfamiliar and, to most,
incomprehensible. Recruitment and refen-
tion can be improved by simplifying the in-
formed consent process and making the
core document more comprehensible. One
way to communicate complex information
simply is to break the elements of a study
into short (no more than 1 minute) video
modules.

For example, a recent trial enrolling
5-to 11-year olds in the United States and
South Africa had a complex schedule of
events, including two mandatory overnight
stays in the hospital. Patients and their par-
ents needed a clear explanation of the
trial’s procedures and expectations to pro-
vide informed consent. So, the pharmaceu-
tical sponsor developed an animated
video (translated into the local languages)
that explained the study’s activities, and
showed how the drug worked. By provid-
ing the information in this way, parents
and children gained a good understand-
ing of what study participation would
mean for them. With this tool, enrollment
for this trial completed 5 months ahead of

schedule with no dropouts.

Optimizing a trial protocol for patients
is always preferable and, with a bit of care
and thought, most often achievable within
the normal trial planning timeline. And po-
tient centricity is achieved not in isolation
of the doctors and nurses who routinely
care for the patients but rather in collabo-
ration with them. Investing care and
thought can yield big rewards. It also may
prompt positive changes to a protocol, or
validate the existing plan. In either case,
elevated recruitment and retention levels,
and happier trial participants, is worth the

investment.
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is PAREXEL's Patient
Centricity lead and spends her time
devoted fo simplifying the patient joumey in
clinical frials. Focused on the reduction of
geographical, financial, and practical
barriers fo study participation, she is excited
by the indusiry shift foward a fruly patient-
cenfric approach. Her first job in an
oncology clinic at Massachusetts General
Hospital sparked her passion for putting
patients at the center of clinical research
planning and implementation. Subsequent
roles in patient recruitment in both the
pharma and CRO industries have enabled
her fo innovate and explore better ways fo
communicate with patients. This includes
addressing literacy and health literacy,
exploring fechnological advancements, and
constantly scanning the environment to help
generafe new ideas to make clinical trial
parficipation more accessible and

convenient for patients.
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audience Is Important.

| them
IS paramount.

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

We never lose sight that branding a technology or service is
more engaging when you make a real connection with people.
Our formula blends the "human factor” into each of our brand-
building strategies.

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

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