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Recipharm, Medspray & Resyca Enter Exclusive License Agreement to Develop
Nasally Delivered Drug Products Using Proprietary Soft Mist Technology

Recipharm recently announced an exclusive license and col-
laboration agreement with Medspray and Resyca to develop soft
mist nasal delivery devices for single and combination drug prod-
ucts. This collaboration extends the successful partnership be-
tween Recipharm and Medspray, which resulted in the joint
venture, Resyca; a company which is developing soft mist inhalers
utilizing Medspray’s nozzle technology to achieve high lung doses
and less degradation of biological active pharmaceutical ingre-
dients.

Under the terms of the agreement, Resyca gains exclusive
rights to Medspray’s proprietary spray nozzle technology for use
in nasal devices and combination drug products. This collabora-
tion enables Resyca to provide all aspects of turnkey solutions for
both oral and nasal inhalation, leveraging soft mist technology.

Han van Egmond, CEO at Medspray, said “Extending this
agreement involves combining our cutting-edge nasal technology
with Resyca’s product development capabilities. This collaboration
with Resyca will enable us to bring innovative solutions to the mar-
ket that will redefine the landscape of nasal drug delivery.”

It is anticipated that the enhanced collaboration will result in
breakthroughs in the nasal delivery of fragile biological formula-
tions, such as mRNA vaccines for pandemic applications.

“We are thrilled to enter into this extended strategic partner-
ship with Medspray,” said Remko Beimers, CEO at Resyca. “This
move aligns perfectly with our mission to pioneer advancements
in aerosol drug delivery systems. The exclusive licence from Med-

spray will significantly strengthen our position in the market, al-
lowing us to bring innovative and effective soft mist nasal delivery
devices fo patients worldwide together with our pharma cus-
tomers.”

Recipharm, as a key player in the pharmaceutical CDMO in-
dustry, recognizes the potential impact of this collaboration on
the advancement of nasal drug delivery. “We are proud to be as-
sociated with Medspray and Resyca in this landmark licensing
agreement,” said Chris Hirst, President, Advanced Delivery Sys-
tems at Recipharm. “As a CDMO committed to driving innovation,
we look forward to supporting both companies in bringing their
pioneering soft mist nasal delivery devices to the market to im-
prove patient experience and expand what is possible via the
nasal delivery route.”

Recipharm is a leading Contract Development and Manu-
facturing Organization (CDMO) in the pharmaceutical industry
employing almost 9,000 employees. Recipharm offers manufac-
turing services of pharmaceuticals and biologics in various
dosage forms, production of clinical trial material and APIs, phar-
maceutical product development and development and manu-
facturing of medical devices. Recipharm manufactures several
hundred different products for customers ranging from big
pharma to smaller research and development companies. The
company operates development and manufacturing facilities in
France, Germany, India, Israel, Italy, Portugal, Spain, Sweden,
the UK and the US and is headquartered in Stockholm, Sweden.

Artelo Biosciences Announces Publication of New Peer-Reviewed Preclinical
Research Demonstrating Effectiveness in Treating & Preventing Oxaliplatin-

Induced Peripheral Neuropathy

Artelo Biosciences, Inc. recently announced new research
published in the peer-reviewed Journal of Pain. The research ar-
ticle, titled Discovery and preclinical evaluation of a novel in-
hibitor of FABP5, ART26.12, effective in Oxaliplatin-induced
Peripheral Neuropathy, highlights Artelo’s preclinical asset,
ART26.12, and its potential ability to treat and prevent Oxali-
platin-Induced Peripheral Neuropathy (OIPN) in a series of sep-
arate studies.

ART26.12 is a Fatty Acid Binding Protein 5 (FABP5) inhibitor
in development for the treatment of chemotherapy-induced pe-
ripheral neuropathy (CIPN), a type of neuropathic pain caused
by chemotherapy as well as non-chemotherapy cancer treatments
such as immunomodulating drugs. Oxaliplatin (OXA) is a com-
monly used platinum-based antineoplastic agent that causes ox-
aliplatin-induced peripheral neuropathy (OIPN) in up to 98% of
patients treated with OXA, oftentimes resulting in treatment dose
reduction, cessation of anti-cancer treatment prematurely, or can
result in a painful persistent peripheral neuropathy even after
chemotherapy is stopped.

“In preclinical safety studies, ART26.12 has shown minimal
off target effects, high oral bioavailability, and a NOAEL (no-ob-
served-adverse-effect-level) of 1000 mg/kg/day administration,”
said Andy Yates, PhD, Senior Vice President and Chief Scientific
Officer at Artelo. “We are highly encouraged by the four research
studies presented in this paper demonstrating ART26.12, our
patented and novel treatment approach to inhibiting FABP5, was
effective in treating and preventing the painful condition of
OIPN.”

According to Coherent Market Insights, the global neuro-
pathic pain market is estimated to be valued at $7.6 billion,
demonstrating the need for an innovative therapy that has the

potential to provide non-opioid pain relief. Artelo has conducted
multiple pre-clinical studies in painful neuropathies, including di-
abetic neuropathy, paclitaxel-induced peripheral neuropathy, and
OIPN, the latter two of which has no FDA-approved treatment.
The company previously reported a positive pre-IND (investiga-
tional new drug) meeting with the Food and Drug Administration
(FDA) and anticipates filing the IND for ART26.12 in the first half
of 2024.

Fatty Acid Binding Proteins (FABPs) are a family of intracellu-
lar proteins that chaperone lipids including endocannabinoids
and fotty acids. FABP is overexpressed and associated with ab-
normal lipid signaling in a number of pathologies. ART26.12,
Artelo’s lead FABP inhibitor, is a potent and selective inhibitor of
FABP5 being developed as a novel, peripherally acting, non-opi-
oid, non-steroidal analgesic, with an initial clinical study planned
for chemotherapy-induced peripheral neuropathy (CIPN). Beyond
ART26.12, Artelo’s extensive library of small molecule inhibitors
of FABPs have shown therapeutic promise for the treatment of
certain cancers, neuropathic and nociceptive pain, and anxiety
disorders.

Artelo Biosciences, Inc. is a clinical-stage pharmaceutical
company dedicated to the development and commercialization
of proprietary therapeutics that modulate lipid-signaling path-
ways, including the endocannabinoid system. Artelo is advancing
a portfolio of broadly applicable product candidates designed to
address significant unmet needs in multiple diseases and condi-
tions, including anorexia, cancer, anxiety, pain, and inflamma-
tion. Led by proven biopharmaceutical executives collaborating
with highly respected researchers and technology experts, the
company applies leading edge scientific, regulatory, and com-
mercial discipline to develop high-impact therapies.
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Alcami Announces Acquisition of West-Coast Based Pacific Pharmaceutical

Services

Alcami Corporation recently announced it has completed the
acquisition of Pacific Pharmaceutical Services, Inc. (PPS), a pre-
ferred provider of cGMP pharma storage and services.

“The Pacific Pharmaceutical Services acquisition is part of our
highly intentional strategy to supercharge the capabilities of our
pharma storage and services business with locations that best
serve biotech and pharma clients across the country,” said Bill
Humphries, CEO of Alcami. “With its strategic West Coast loca-
tion, we can better address bicoastal market needs, improve ma-
terial safe-guarding from natural disasters with multi-location
facilities and support multi-center clinical trials. Adding PPS to the
Alcami family cements our status as the US CDMO for West Coast
projects as we continue to focus on the stability and security that
matters most in storage of preclinical and clinical materials.”

In addition to the acquisition of PPS, Alcami is strategically
expanding its central North Carolina pharma storage and service
footprint with the opening of a new 65,000-sg-ft facility co-lo-
cated near the Research Triangle Park’s biotech and pharma hub.
Combined with the acquisition, this additional expansion under-
scores Alcami’s focus on its comprehensive pharma storage and
services business.

With its hallmark of personalized, responsive customer care,
PPS offers key controlled storage and material management so-
lutions (controlled temperature storage from room temperature
down to cryo temperatures and material aliquoting) as well as
clinical labeling and support for most development lifecycle
stages spanning from pre-clinical to early clinical trials. PPS also
provides clinical distribution and material management across
various conditions. PPS founder Scott Chadwick will continue with
the company in the role of General Manager and Site Head.

“I'm proud of the business we built, and look forward to part-
nering with Alcami. Combining forces enables us to offer clients
even more solutions with the same agile, flexible approach that
continues to make us successful,” Chadwick shared.

PPS’ clients will benefit from immediate access to Alcami’s
comprehensive service offerings ranging from analytical devel-
opment and testing to full drug product development and man-
ufacturing of both sterile fill-finish and oral solid dose. Similarly,
Alcami’s extensive client base will have access to PPS’ West Coast
cGMP pharma storage capacity and support services, ensuring a
seamless experience across the Alcami network of laboratory,
pharma storage and manufacturing services.

Alcami is a contract development and manufacturing organ-
ization headquartered in North Carolina with over 40 years of
experience advancing products through every stage of the devel-
opment lifecycle. Alcami serves pharmaceutical and biotech com-
panies of all sizes for small molecules and biologics, providing
customizable and innovative solutions for analytical development,
clinical to commercial sterile and oral solid dose drug product
manufacturing, packaging, microbiology, cGMP biostorage, en-
vironmental monitoring, and pharmaceutical support services. Al-
cami’s private equity ownership includes GHO Capital, The
Vistria Group, and Ampersand Capital Partners.

Founded in 2010, Pacific Pharmaceutical Services, Inc. is a
GMP-certified warehousing provider for pharmaceutical and
biotech companies with operations in Reno, Nevada. Key services
include cGMP storage (controlled room temperature to cryo stor-
age) and material management. In addition, it offers clinical la-
beling and distribution for early phase clinical trials.

Kindeva Drug Delivery Acquires Summit Biosciences, a Specialized Nasal Drug
Development & Manufacturing Organization

Kindeva Drug Delivery recently announced it has acquired
Summit Biosciences Inc., an intranasal drug delivery contract de-
velopment and manufacturing organization (CDMO), from its
founding family shareholders. Established in 2009, Summit has
an extensive track record of innovation in the unit dose nasal
spray market. The acquisition of Summit enhances Kindeva's ex-
isting drug delivery capabilities by adding a new drug delivery
platform, further expanding Kindeva's ability to serve biopharma
customers across a wider range of complex drug-device combi-
nation products (pulmonary, injectable, fransdermal, and nasal).

“Nasal drug delivery is becoming a preferred dosage format
for a growing number of indications, as it allows users to non-in-
vasively administer medications in an acute or emergency set-
ting,” said Kindeva CEO Milton Boyer. “Summit brings a
differentiated understanding of how to effectively formulate drugs
for nasal delivery and the capability to manufacture them at com-
mercial scale. This addition not only fits Kindeva's ambition to be
a global leader in the drug-device combination products CDMO
market, but also expands the toolbox we can offer our customers
to help improve patient outcomes and experience of care glob-
ally.”

Departing Summit Chairman and CEO Richard D. Cohen
added “Joining Kindeva strengthens our ability to deliver best-in-
class nasal product development and manufacturing. Under

Kindeva's leadership, our dedicated and talented workforce will
further drive our founder’s vision of increasing the availability of
nasal drug-delivery options.”

Summit’s 55,000-sqg-ft cGMP facility in Lexington, KY, adds
to Kindeva's global manufacturing footprint of nine development
and manufacturing facilities across the US and UK. The facility is
approved by the US FDA and European Medicines Agency (EMA)
and features specialized laboratories and integrated manufac-
turing operations with a long track record in bringing intranasal
medicines to market.

Kirkland & Ellis acted as legal counsel to Kindeva. Frost
Brown Todd acted as legal counsel, and Bourne Partners served
as the exclusive financial advisor, to Summit.

Kindeva is a global contract development manufacturing or-
ganization (CDMO) focused on drug-device combination prod-
ucts. The company develops and manufactures products across
a broad range of drug delivery formats, including pulmonary and
nasal, injectable, and transdermal. Kindeva’s service offerings
span early stage feasibility through commercial scale drug prod-
uct fill-finish, container closure system manufacturing, and drug-
device product assembly. Kindeva serves a global client base from
our nine manufacturing, research, and development facilities lo-
cated in the US and UK.
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Evaxion to Develop Tailored Novel Cancer Vaccines Based Upon a New Untapped

Source of Al-Discovered Targets

Evaxion Biotech A/S recently announced an expanded com-
mitment to developing tailored cancer vaccines by targeting a
novel category of Al-identified tumor antigens, named Endoge-
nous Retroviruses (ERVs).

The new treatment opportunity may broaden the applicability
of cancer vaccines. Through the new vaccine targets, ERVs, treat-
ing patients unresponsive to conventional cancer immunotherapy
may become possible. With the elevated focus on this ground-
breaking therapeutic concept, Evaxion has initiated preclinical ac-
tivities with a goal of generating Proof-of-Concept data by the
second half of 2024.

Evaxion’s Chief Scientific Officer, Birgitte Reng, said “With
our intensified focus on ERV cancer vaccines, we aim to expedite
the development process to deliver treatment solutions to cancer
patients who, until now, have been deemed unresponsive to im-
munotherapy. The ERV cancer vaccine targets represent a prom-
ising breakthrough that could significantly broaden the horizons
of cancer vaccine applicability and marks a significant step for-
ward in our commitment to improving healthcare through inno-
vative and Al-powered approaches. We are already seeing
significant interest in ERV-based vaccines and look forward to fur-
ther underpinning the significant potential by these Proof-of-Con-
cept data.”

Recent insights info these exciting opportunities were pre-
sented by Evaxion at the last American Society of Hematology
(ASH) Annual Meeting.

ERVs are remnants of ancient viruses lying dormant in our

genome. ERVs are often overexpressed in cancer but not in
healthy tissue, making them visible to the immune system and
hence promising targets for cancer vaccines. Al-Immunology is
crucial in allowing the identification of therapeutically relevant
ERV tumor antigens from genomic patient tumor data.

Al-Immunology is a scalable and adaptable artificial intelli-
gence technology platform at the forefront of vaccine discovery
for infectious diseases and cancers. By integrating the collective
power of proprietary Al models PIONEER, EDEN, RAVEN, and
ObsERY, the platform can model the complexity of the patient’s
immune system. Al-Immunology advanced computational mod-
eling swiftly and uniquely identifies, predicts, and designs vaccine
candidates, revolutionizing the landscape of immunotherapy by
offering a holistic and personalized approach to combat fast-
evolving pathogens and malignant cells.

Evaxion Biotech A/S is a pioneering TechBio company based
upon its Al platform, Al-lmmunology. Evaxion’s proprietary and
scalable Al prediction models harness the power of artificial in-
telligence to decode the human immune system and develop
novel immunotherapies for cancer, bacterial diseases, and viral
infections. Based upon Al-Immunology, Evaxion has developed a
clinical-stage oncology pipeline of novel personalized vaccines
and a preclinical infectious disease pipeline in bacterial and viral
diseases with high unmet medical needs. Evaxion is committed
to transforming patients’ lives by providing innovative and tar-
geted treatment options.

Ensysce Biosciences Announces FDA Breakthrough Therapy Designation Granted

for PF614-MPAR

Ensysce Biosciences, Inc. recently announced receipt of no-
tice from the US FDA that it has granted Breakthrough Therapy
Designation (BTD) for PF614-MPAR. A next-generation opioid,
PF614-MPAR represents a major scientific innovation, as it is what
we believe to be the first product with oral overdose protection in
any drug class.

BTD is a rarely used designation, having been granted to
fewer than 300 drugs. It is designed to expedite the development
and review of drugs that are intended to treat a serious condition
where preliminary clinical evidence indicates that the drug may
demonstrate substantial improvement over available therapies.

Prescription overdose deaths in the US remain at a crisis
point and the latest figures from the Centers for Disease Control
indicate almost two overdose deaths per hour. Safer opioids to
treat severe pain while providing protection against abuse and
oral overdose are vital to reverse this tragic trend and Ensysce is
forging the way with two new opioids in clinical development.

PF614-MPAR is designed to provide optimal pain relief at
prescribed doses yet limit accidental or intentional overdose by
“shutting down” opioid release if too much active drug is con-
sumed. PF614-MPAR could herald a new class of treatment for
the most severe forms of pain and could save lives if approved,
as each capsule contains built-in protection against both abuse
and overdose which plague traditional opioids.

Dr. Lynn Kirkpatrick, Chief Executive Officer of Ensysce Bio-

sciences, said “We are highly encouraged with the receipt of
Breakthrough Therapy Designation by the FDA based on the data
we generated in our Phase 1 study, PF614-MPAR-101, that
demonstrated our approach can provide protection from taking
too many opioids orally. This is unique for the opioids class. We
previously received Fast-Track Status for PF614, and this recogni-
tion of BTD for PF614-MPAR highlights the advancement we have
made with our approach to treating severe pain. BTD facilitates
our ability to expedite our programs through the approval
processes in an efficient manner, with rolling review of both pro-
grams. We believe our goal of bringing the “next generation” of
analgesics for severe pain to those in need is becoming a real-
ity.”

The primary intent of BTD is to develop evidence needed to
support approval as efficiently as possible. The designation pro-
vides all the features of Fast Track designation including acceler-
ated approval and priority review along with infensive guidance
involving senior managers on an efficient drug development pro-
gram.

Ensysce Biosciences is a clinical-stage company using its pro-
prietary technology platforms to develop safer prescription drugs.
Leveraging its Trypsin-Activated Abuse Protection (TAAP) and
Multi-Pill Abuse Resistance (MPAR) platforms, the company is de-
veloping unique, tamper-proof treatment options for pain that
minimize the risk of both drug abuse and overdose.
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Vaxxinity Announces Collaboration on Space Medicine Research With University

of Central Florida

Vaxxinity, Inc. recently announced a collaboration with the
University of Central Florida (UCF) to advance space medicine
research. The research, funded by a grant from the State of
Florida, aims to further the development of Vaxxinity’s active im-
munotherapies to prevent and mitigate muscle and bone wasting,
which are well known health challenges related to long-term
spaceflight, and which share biological mechanisms implicated
in highly prevalent age-related diseases.

“If humanity is to become a spacefaring species, solving fun-
damental problems related to space travel and living are table-
stakes. Vaxxinity is all-in on developing and commercializing
these solutions, and working with the State of Florida and UCF,
collectively, we strive to promote both healthy aging and ensure
humanity can become multi-planetary, brave low gravity expo-
sure, and be of the stars,” said Lou Reese, Executive Chairman
of Vaxxinity. “The support for this research from the State of
Florida exemplifies a commitment to pioneering solutions in the
fields of space travel, as well as longevity and age-related dis-
eases.”

Research will include studies to assess the effects of Vaxxin-
ity’s active immunotherapies on undisclosed proteins implicated
with bone and muscle growth through in vitro and in vivo exper-
iments, and animal models established by UCF.

Vaxxinity’s platform is designed to harness and selectively
activate the immune system by overcoming immune tolerance,
stimulating the production of antibodies against endogenous tar-
gets. The company will provide materials including candidates

derived from its platform to support the collaborative research at
UCF.

“UCF was born as a university fo support the space program,
and the College of Medicine is continuing that mission, working
to bring back to Earth the secrets that space medicine research
can reveal,” said Dr. Deborah German, Vice President for Health
Affairs and Dean of UCF’s College of Medicine. “We look for-
ward to collaborating with Vaxxinity on this research and applying
their unique technology to benefit the aging population on our
planet and future space travelers. The research we are doing tar-
geted towards space-based physical challenges is directly trans-
latable to issues faced by humanity here on Earth. We know what
we do for tomorrow will yield results for today.”

Vaxxinity, Inc. is a purpose-driven biotechnology company
committed to democratizing healthcare across the globe. The
company is pioneering a new class of medicines aimed at dis-
rupting the existing treatment paradigm for chronic disease, in-
creasingly dominated by monoclonal antibodies, which suffer
from prohibitive costs and cumbersome administration. The com-
pany’s proprietary technology platform has enabled the innova-
tion of novel synthetic peptide immunotherapy candidates
designed to bring the efficiency of vaccines to the treatment of
chronic diseases, including Alzheimer’s disease, Parkinson’s dis-
ease, migraine, and hypercholesterolemia. The technology is also
implemented as part of a COVID-19 vaccine program. Vaxxinity
has optimized its pipeline to achieve a potentially historic, global
impact on human health.

Akoya Biosciences’ Technology Enables Queensland Spatial Biology Centre to
Revolutionize the Diagnosis & Treatment of Cancer & Other Diseases

Akoya Biosciences, Inc. recently announced the newly estab-
lished Queensland Spatial Biology Centre (QSBC), located in
Brisbane, Australia, is using the PhenoCycler-Fusion spatial biol-
ogy platform as the core technology to revolutionize the way can-
cer and other debilitating diseases are diagnosed and treated.

The PhenoCycler-Fusion platform facilitates the understand-
ing of the cellular compositions, neighborhoods, and functional
states that are present in complex diseases, and that next-gener-
ation therapeutics may be able to target. Bringing a new level of
clarity to this complex biology will help explain why individual pa-
tients have varying degrees of success in terms of their response
fo treatment.

“Akoya’s industry-leading spatial biology platform is en-
abling our experts to rapidly map the presence, location, pheno-
type, and interaction of millions of cells,” said Professor John
Fraser, Clinical Director and co-lead of the QSBC. “This ability
represents a significant leap forward in the effort to more accu-
rately diagnose a wide range of diseases, map pathways for
highly personalized treatment, and ultimately improve patient
outcomes.”

With multi-slide automation, the PhenoCycler-Fusion system
enables researchers to generate ultrahigh-plex spatial phenotyp-
ing data for larger and more complex samples at unprecedented
speed and scale. Studies conducted using the platform reinforce
the value of single-cell ultrahigh-plex spatial phenotyping as a
powerful tool for defining spatial tissue signatures associated with

therapy response and resistance.

“We are extremely excited to be an integral part of this im-
portant initiative,” said Brian McKelligon, Chief Executive Officer
of Akoya Biosciences. “The QSBC has brought together a remark-
able group of researchers, clinicians, pathologists, and compu-
tational biologists who are unrelenting in their commitment to
leverage the enormous power of spatial biology. Their passion is
inspiring and we look forward to supporting them with the most
advanced spatial biology solutions.”

The hospital-based QSBC initiative is led by the Wesley Re-
search Institute in conjunction with other medical and research
organizations. Among the benefits of this network of organiza-
tions is access fo an extensive biobank of curated patient tissue
samples that are amenable to deeper tissue and cellular annota-
tion through the QSBC. The Centre also collaborates with labo-
ratories at Harvard Medical School, Yale University, and St. Jude’s
Children’s Research Hospital in the areas of protocol develop-
ment, assay optimization, and data analysis.

“Spatial biology is revolutionizing the pathology field by en-
abling deeper biology and clinical markers to be measured from
a single tissue section,” said Dr. Arutha Kulasinghe, QSBC Scien-
tific Director and co-lead. “Digitizing tissues is likely to lead to
new fields in spatial informatics and data analysis where machine
learning and predictive biomarkers can be rapidly developed and
deployed to personalize therapies.”






FORMULATION FORUM

Lipid Nanoparticles — Carriers for

Nucleic Acids Delivery

By: Shaukat Ali, PhD, Sr. Director, Scientific Affairs & Technical Marketing,
and Jim Huang, PhD, Founder & CEO, Ascendia Pharmaceuticals Inc.

INTRODUCTION

Nucleic acid therapeutics has emerged as a new class of potential
drugs for targeting and treatment of various diseases. In recent years,
there has been a considerable interest in finding the appropriate
technologies to formulate nucleic acids intfo an appropriate and
bioavailable dosage form, especially mRNA." This continued inferest in
nucleic acid encapsulation for vaccines stems from their ability to induce
anfigen expression and adaptive immune responses from encoded
antigen safely and effectively. As a result of the introduction of life-saving
Covid 19 vaccines for severe acute respiratory syndrome coronavirus

(SARS-CoV-2), Spikevax (Moderna) and Comirnaty (Pfizer/BioNTech), and
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shaukat.ali@ascendiapharma.com

Jim Huang, PhD
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the launch of small interfering RNA (siRNA) as a polyneuropathy drug by
Alnylam, the industry is renewing interest in the next generation of lipid
nanoparticle technology for the delivery of mRNA therapeutics for
cancers, anti-inflammatories, and rare diseases, among others.? With
modern synthetic technologies, mRNA can be produced at a large scale
by an enzymatic manufacturing process, making nucleic acids more
affordable for larger populations with unmet medical needs.? As shown in
Figure 1, the innovation in LNP technologies has made it possible for the
commercial launch of several small molecules, peptides, nucleic acids,
and biologics to the market.®

Due to their complex structure, encapsulation and delivery of nucleic

acids by LNPs in an efficient and effective manner creates challenges and

Evolution of LNP Enabling Technologies (Blue Arrows) & New Drugs & Vaccines (Red Arrows)




FIGURE 2

Lipids Used for Encapsulation of Nucleic Acids in LNP Carriers

opportunities for the pharma industry. For
instance, these lipid assemblies have been
proven to be ideal vehicles for intracellular
delivery of mRNA due to their inherent abilities
to protect the delicate nucleic acids from
degradation under aqueous and  nuclease
environment.*” However, the encapsulation of
mRNA intfo LNPs warrants a closer scrutiny
because every component of LNPs, especially
cationic lipids, plays a crucial role in protecting,
delivering, and stabilizing these large
macromolecules.?

This following describes the role of
individual components in aggregation, packing,
stability, efficacy, and potency of nucleic acids,
the understanding of which is important to
better and  smarter

achieve designed

formulations, and robust scale up and

manufacturing of LNPs.

STRUCTURE OF LNPS WITH
NUCLEIC ACIDS

To design a robust lipid nanoparticle, a

comprehensive  understanding  of  lipid

components is required. LNPs used in

encapsulation of negatively charged nucleic
acids are typically composed of four
components, all of which are synthetic in nature

as shown in Figure 2.

The formulation compositions of mRNA
LNPs are composed of four lipids.’ For example,
the SPIKEVAX® formulation by Moderna for each
0.5-mL dose contains: 50 mcg of nucleoside
modified messenger RNA: mRNA and total lipid
content of 1.01 mg (SM-102, polyethylene
glycol [PEG] 2000 dimyristoyl glycerol [DMG],
cholesterol, and 1,2-distearoyl-sn-glycero-3-
phosphocholine [DSPC]).

While, COMIRNATY® by Pfizer for each 0.3-
mL  dose contains: lipids (0.43 mg
[(4-hydroxybutyl)azanediyl) bis(hexane-6,1-diyl)bis
(2-hexyldecanoate), 0.05 mg (polyethylene glycol
2000)-N,N-ditetradecylacetamide, 0.09 mg 1,2-
distearoyl-sn-glycero-3-phosphocholine, and 0.19
mg cholesterol].

For ONPATTRO® (Patisiran), each 1-mL

dose contains 6.2 mg cholesterol USP 13.0 mg
[62,92,28Z7,31Z)-heptatriaconta6,9,28,31-
tetraen-19-yl-4-(dimethylamino) butanoate (DLin-
MC3-DMA), 3.3 mg 1,2- distearoyl-sn-glycero-3-
phosphocholine (DSPC), 1.6 mg «-(3'-{[1,2- 2
di(myristyloxy)propanoxy] carbonylamino}propyl)-
w-methoxy, polyoxyethylene (PEG -C-DMG)]. The
details of formulation compositions of these
products are outlined in Table 1 and are
published elsewhere.'

Most of the ingredients used in the
marketed drugs are also listed in the FDA
inactive ingredient database. However, how
these lipids are distributed within the complex
nanostructured LNPs has been debated.''? It is
obvious the negatively charged nucleic acid is
complexed with positively charged ionizable
lipids (as a lipoplex) and is entrapped within
the LNPs. For LNPs designed with
helper phospholipids, such as di-stearoyl
phosphocholine and cholesterol, these lipids
are distributed asymmetrically to create an outer
stable monolayer boundary, whereas the
pegylated lipids are situated outside for
providing steric stability of the core surface.
Efforts are still being made by researchers to
design better and smarter ionizable lipids to
nucleic acid

yield greater stability and

13,14

fusogenicity. Likewise, several of the
PEGylated lipids are discovered aiming at
sterically stabilized LNPs with longer circulation

time in the blood without being opsonized.

TABLE 1

Formulation Compositions in FDA-Approved siRNA & Vaccines
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lllustration of an mRNA-Encapsulated LNP

Unlike larger mRNA, it is believed siRNA nucleic
acid is encapsulated within a spherical
multilamellar structure in which the nucleic acid
is sandwiched between bilayer assemblies.”
Cryo-EM and small angle X-ray scattering could
shed some light on the packing of nucleic acids
within the LNPs; however, because the mass
density contrast is not appreciably distinctive
enough to resolve RNA from the lipid
components, attempts are still continuously
made to identify the RNA within the lipid
nanoparticles. Brader, et al (2021) used a
cationic dye (thionine) as a contrast agent in
cryogenic electron microscopy (Cryo-EM); they
found the chemical microenvironment of mRNA
appears to be located within solvent-filled
cavities and fully associated with lipids (Figure
3)." According to a recent study, it appears the
LNP interior is composed of electrostatically
neutral inverted micelles in which nucleic acid is
surrounded by the ionizable cationic lipid and
other lipid components, whereas the surface of
the LNP is composed of a hydrophilic shell
containing the PEG-lipid."”

McKenzie et al (2023) used ionizable lipids,
for example, Dlin-MC3-DMA (MC3), to design
mRNA-encapsulated LNPs.'® In this method, the
authors used a microfluidic mixer to control the

nanoprecipitation of lipid and mRNA in acidic

buffer followed by the pH adjustment step with

phosphate buffer that yielded stable LNPs with
80-250-nm diameters in size and encapsulation
efficiency of > 80%. Different ionizable lipids
have been used to design LNPs for encapsulation
of mRNA." Jayaraman, et al (2012) prepared
stable LNPs from a composition composed of ionizable
lipid/DSCP/Cholesterol/DMG-PEG-2000
(50:10:38.5:1.5), with an N/P rafio of 4 (N being the
ionizable amine and P being the phosphate associated
with mRNA)."” The PEGylated lipids and helper
phospholipids are in the range of 1%-2% and
8%-12%, respectively. The typical Helper
phospholipid used is DSPC (1,2-distearoyl-sn-
glycero-3-phosphocholine) that can help to yield
highly stable LNPs. DOPE (dioleoyl-sn-glyecro-3-
phosphatidyl ethanolamine) is also used to form
a cone fluidic structure as opposed to a
cylindrical stable structure of DSPC. The
percentage of ionizable lipid could range from
40%-50% to create stable LNPs and promote
fusogenicity for transfection efficacy. There are a
few case studies to identify novel ionizable lipids
to stabilize mRNA-encapsulated LNPs at subzero
and nonfrozen conditions.” COVID-19 mRNA
vaccines are stored in freezing conditions with
added sucrose to provide additional stability.
Other studies tried to optimize the mRNA

nucleotide composition to help stabilize the LNPs

by using lyophilization technology.”'

MECHANISM OF RNA RELEASE
AND IMMUNE RESPONSE

lonizable lipid nanoparticles (iLNPs) are
composed of cationic lipids with amino moiety as
the head group, PEGylated lipid, and the helper
lipids, including phospholipid and cholesterol,
which provide the stability of the outer layer core.
The amino head group of the ionizable lipids are
typically tertiary amine with a pKa of 6.2-6.9.
The ionizable lipids available commercially are
MC3 and ALC-0315 in the Comirnaty vaccine
(Pfizer/BioNTech), and SM-102 in the Spikevax
vaccine (Moderna). All these lipids are
protonated at an acidic pH but are neutral at
physiological pH. Their structures are such that
they help LNPs to fuse with endosomal
membranes while being recognized at the cell
surface due to their positive charge. As shown in
Figure 4, once LNPs are endocytosed into the
cell, they release mRNA into cytosol via
endosomal scape, which instructs the cell to
produce spike proteins that in turn triggers the

immune response and produces the antibodies

to fight the viruses.®

MANUFACTURING LNPS

Because these amphiphilic lipids can
spontaneously aggregate into LNPs in aqueous
solution, the process to make LNPs only requires
direct mixing of lipid (organic) and nucleic acids
(aqueous solution) by agitation that results in
encapsulation of negatively charged mRNA.
Hydrophobic fatty acid chains and polar
headgroups help create the lipid assemblies that
can further be sized into desired particle sizes.
Top down and bottom-up approaches are
commonly used for generating these particles.
Top-down approach requires high shear and
high energy in which the lipid (dried film) is
hydrated and homogenized in aqueous buffer to
yield o desired particle size. The bottom-up
approach, such as nanoprecipitation, requires

the ethanol injection that results in the formation



mRNA by Cell

Mechanism of Producing Antibodies Through Endosomal Uptake of LNP-

of nanoparticles, but this method suffers from

uncontrolled  particle  size  due to
inhomogeneous mixing.” To alleviate such
challenges, microfluidic mixing is highly sought
after for generating desired particle sizes with
uniform size distribution under the laminar flow
conditions. This technique is fast and easy to
scale up for manufacturing of large batches of
LNPs. Precise control of mixing through T-
junction or staggard herringbone mixer or ring
mixer prevents premature premixing and results
in uniform particle size distribution with low
polydispersity under precisely controlled
temperature and flow rate.” Shepherd, et al
(2023) developed a microfluid chip method (so-
called SCALAR) for producing the LNPs with
throughput of >17 L /h at commercial
manufacturing scale compared to >10 L/h
device available commercially by Precision
Nanoassemblr.* Based on silicon and glass
substrates, these chips (each 100 mm in length)
are solvent compatible, stable at higher
temperature (>500°C) and pressure (100
pounds per square). Designed and fabricated
with arrays of 256 parallel mixing units, this
microfluidic device yields precisely well-defined
potent and robust mRNA-LNPs. Using SCALAR
256x chip and PolyA as substrate (@ mRNA
substitute), Shepherd, et al demonstrated the

formation of LNPs (composed of ionic lipid D-

Lin-MC3-DMA:DSPC:Cholesterol:DMG-PEG
2000; 50:10:38.5:1.5) in high throughout
production with uniform particle size (ca. 70
nm by intensity-weighted average), low
polydispersity index (PDI), high encapsulation
efficiency, and comparable in vivo data in
mice.”

Hengelbrock, et al (2023) used the
continuous manufacturing process for LNPs
encapsulated with mRNA through microfluidic
mixing (using a T-mixer) that meet the
specifications and critical quality aftributes of
the products with a high encapsulation
efficiency (ca. 88% EE),consistent particle size
(ca. 71 nm), and low polydispersity index of
0.004.” These aftributes are aligned with the
target profile (ca. 66-93 nm and 88% EE) of
Pfizer’s Comirnaty mRNA vaccine. The scale up
manufacturing requires a T- or Y-mixer that
allows for rapid mixing of lamellar flow liquids
into a turbulent flow at the mixing point with a
Reynolds number of 11,000.% By changing the
lipid composition and the flow rate ratio
between the two phases (organic/aqueous), the
size of LNPs can be controlled. For typical
mRNA encapsulation, one part of lipid solution
is mixed with three parts of aqueous phase.
Downstream tangential flow filiration (TFF) is
used to concentrate the LNPs to remove
ethanol, residual lipids and

any non-

encapsulated nucleic acids, and to neutralize
the formulation to the target pH of 7.4. The
authors demonstrated that for LNPs generated
by the continuous T- or Y- mixing modes, those
formulations meet the quality critical attributes
of mRNA vaccines with particle size of 71 nm
and EE of 88%. This continuous process can
significantly save time and costs.

Other manufacturing devices applied for
large-scale production of LNPs include the
impingement jet mixer (IJM), which involves
mixing of two fluids at a high-velocity stream,
resulting in effectively homogenization at
infense shearing forces. This process has now
been used in manufacturing COVID-19
vaccines. For instance, Knauer utilizes [IM
system, which allows the mixing of lipid solvent
solutions with an mRNA aqueous solution at
400 pounds pressure with a controlled flow to
effectively force the two fluids to mix. Pfizer has
also used this method successfully to
significantly increase the vaccine productivity to
100 million doses per month.” Thus, IJM is a
unique manufacturing process for producing
uniform, robust, and stable LNPs for drug
delivery applications. Maeki et al (2023) used a
microfluidic design comprising five layered
microchannels created in parallel stacking
glass-iLiNP (invasive lipid nanoparticle) devices
to achieve mass production.? This iLiNP device
efficiently produces lipid nanoparticles with 20
to 60 nm sizes at a flow rate of 20-50 ml/min
in a confinuous mode as the NanoAssemblr’s
microfluidic commercial device.

LipidSol® by Ascendia Pharma is an LNP
platform technology that provides different
process methods, such as microfluidics, thin
high pression

film hydrating, extrusion,

homogenization, nanoprecipitation, and
emulsification/double emulsification to make
LNPs for various therapeutic modalities with
both hydrophilic and lipophilic properties.*
Coupled with lab-scale screening and cGMP
sterile manufacturing capabilities, Ascendia is

leading the way in design, development, and
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manufacturing of LNPs for novel therapeutics
for treatment of cancers and infectious and

many other rare diseases.

SUMMARY

LNPs offer an innovative drug delivery
method for targeting certain tissues with mRNA
lipoplexes composed of ionizable lipids varied
in their structures and properties. This will open
the doors for numerous opportunities in drug
delivery of biologics due to efficient
encapsulation and greater protection of the
nucleic acid within LNP cargo.” As a result of
such technologies, many new and innovative
drugs are undergoing clinical studies for
delivery of mRNA for cancer vaccines and

immunogenic therapeutics.*

For example,
mRNA-4150 and mRNA-5671 vaccines are
undergoing the clinical phases for treatment of
specific melanoma cancer and non-small cell
lung cancer, respectively.’' Likewise, there are
many other clinical studies with mRNA ongoing
for development of several therapeutics in LNPs
for cancer vaccines and for treatment of
infectious diseases.* As we continue to search
for targets, it is our understanding that LNP-
mRNA technologies hold a greater promise for
future drug development in finding the cures of
life-threatening diseases.

Supporting the development of mRNA
technologies for innovative medicines for unmet
medical needs, CDMOs with the right expertise
and in-house capabilities will play a key role in
providing the greater flexibility in manufacturing
of modern medicines.” More specifically,
CDMOs offering a one- stop solution with end-
to-end services from formulation, process
development to ¢cGMP manufacturing with fill-
finish capabilities will accelerate the drug

development process to market. ®
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1. DEMAND FOR COMPLEX
INGREDIENTS

Dr. Paul
Quigley,
Principal
Research Fellow,
Drug Substance,
Quotient

Sciences

As promising treatments for onco-
logical, chronic, and rare disease in-
dications, the demand for more
complex and potent active pharma-
ceutical ingredients is on the rise. This
is reflected in the global HPAPI mar-
ket, forecast to be worth $81.8 billion
by 2028 with a compound annual
growth rate of 9.27%, up from $26.9
billion in 2023." These complex potent
materials provide enhanced therapeu-
tic efficacy at low concentrations.
Consequently, when harnessing com-
pounds with increasing potency and
complexity, only low quantities are re-
quired in final formulations. As the
chronic and rare disease patient pop-
ulations tend to be small, contract
development and manufacturing or-
ganizations (CDMOs) — traditionally
built for large-volume manufacturing
— must adapt their capacity to cater
to smaller-volume needs. This flexibil-
ity is key to maintaining a competitive
market advantage and meeting the
ever-evolving needs of the industry. As
the pharmaceutical industry moves to-
ward new molecular entities (NMEs)
such as HPAPIs and new modalities,
the need for these products to be
made at accelerated rates to meet in-

dustry demand has been growing. In

addition, the current financial con-
straints impacting the biotech industry
mean production processes need to

be particularly cost-efficient.

2. A SAFER & RESILIENT
SUPPLY CHAIN
FOR GREENER
MANUFACTURING

Felix Solamo,
Senior Global
Director, Field

Applications
Scientist from
Purolite, an

Ecolab Company

At CPhl
Barcelona 2023, industry demon-
strated continued commitment to ad-
dressing the myriad of challenges
within the biopharmaceutical industry,
including the need to ensure security
of supply and hurdles in meeting
growing  market demand  for
bioprocessing materials. Ensuring un-
interrupted access to critical biopro-
cessing materials is  essential.
Innovative technology in this area
promises to revolutionize bioprocess-
ing purification by widening the win-
dow of operation for the elution of
antibodies at a higher pH. Market de-
mand for bioprocessing materials re-
mains strong, driven by the growing
pharmaceutical sector’s demand for
high-quality resins. A focus on security
of supply, strategic partnerships, cut-
ting-edge technologies, and a keen
understanding of market dynamics
will continue making a significant im-

pact in the industry.

Dr. Michael
Quirmbach,
CEO &

President of

CordenPharma

As we look ahead to 2024, there
will be industry commitment to inno-
vation, sustainability, and customer-
centric solutions. This was evident at
CPhl in Barcelona where key take-
aways on the agenda included supply
chain resilience and diversification,
which are critically important topics.
Industry’s ability to support a resilient
supply chain and drive innovation with
greener manufacturing processes will
be highly valued, as the whole world
continues to face geopolitical chal-
lenges and sustainability concerns. To
that end, there will be increased par-
ticipation in the Science-Based Targets
initiative (SBTi), which is committed to
reducing global emissions by evaluat-
ing and setting science-based reduc-
tion targets that reflect an ongoing,
proactive approach to environmental
responsibility. In addition, utilizing
green technologies, such as innovative
methods for recycling solvents,
Supercritical Fluid Chromatography
(SFC), and continuous manufacturing
demonstrates a commitment to
environmental, social, and gover-
nance (ESG) manufacturing processes,
which is increasingly essential in the

life sciences.
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3. ADVANCED
TECHNOLOGY

Ramesh
Jagadeesan,
PhD,

Vice President,
Analytical
Development,

Recipharm

The ever-evolving drug develop-
ment landscape, which is enhanced
by investments, novel technologies,
patent expiries, collaborations, and a
supportive regulatory environment,
presents several key considerations as
we move into 2024. As technology
continues to advance and analytical
capabilities progress, there is a need
for more specialized and innovative
testing.

Providing insight into specific
characteristics, part of harnessing cus-
tomized analytical testing is identifying
the right techniques to use at the right
time to get the most insight. The adop-
tion of automated robotic systems in
laboratories boosts efficiency, reduces
errors, and increases productivity, and
barcode-based management systems
streamline inventory management

and improve drug safety.

Joon Yoon,
Senior Data
Scientist,
Samsung

Biologics

Bringing in unprecedented effi-
ciency may be to my knowledge one

of greatest impacts Artificial Intelli-

gence has had on drug development.
Any in silico automation, from an ac-
ademia perspective, can be consid-
ered a work assisted by Al technology.
Drug developers had wanted to find a
way to reduce the so-called “search-
ing space,” a pre-filtered range of
drug combination to be considered in
a wet-lab, in the pre-Al era in order to
minimize and get a practical iteration
number of experimental trials to find
a compound with drug-like properties.
The advent of Al in the early 2000s
then enabled developers to reduce the
searching space thanks to the ad-
vances in computational power, which
made the calculations/computations
possible for reliable multimodal pre-
diction models. The reduced search-
ing space from testing a near-infinite
number of drug-combinations to tens
of thousands not only has empowered
drug screening with the cost of rea-
sonable time and budget, but also has
made it easier to optimize the drug
development process. Furthermore,
with Al in hand, drug developers have
become capable of predicting drug
responses, helping them save a signif-
icant amount of development time.
The biopharmaceutical industry now
has enough drug development data
incorporated into an Al system that
predicts chemical reactions and alerts
which genetic modification could alter
drug response. The Al-based drugs, or
at least the drugs that were screened
using Al, will soon become the norm

in the near future.

4. SUSTAINABLE
PACKAGING &
ENVIRONMENTALLY
FRIENDLY PRODUCTS

Chris Hirst,
President,
Advanced
Delivery Systems
Business Unit,

Recipharm

Innovation is essential as the in-
dustry considers pressurized metered
dose inhalers (pMDIls) and their re-
lease of hydrofluorocarbons (HFCs)
into the atmosphere upon actuation.
Given that existing HFC propellants
have carbon footprints that are no
longer acceptable to any of us, the
transition to propellants with a lower
global warming potential (GWP) is a
priority for the pharmaceutical indus-
try.2 As a result of the Kigali Amend-
ment to the Montreal Protocol, the
introduction of legislation aims to
phase down HFC use and promote
the move towards low-GWP alterna-
tives.? In fact, the phase down of HFC
use is accelerating in certain regions
such that the availability of HFC-134a
and -227ea in inhalers is likely to be
impacted. As a result, pMDI develop-
ers must navigate existing regulations
and changing legislation, to effectively
transition to low-GWP propellants in
order to maintain patient access to this
familiar and life-saving method of

drug delivery.



Marcelo Cruz, Vice President Business Development & Marketing, Tjoapack

The pharmaceutical packaging sector played a significant role in addressing issues experienced
by the wider industry, such as supply chain disruptions and regulatory hurdles during CPhl this year.
The industry’s resilience and commitment to innovation were evident in the face of these challenges,
along with the desire to enhance drug packaging solutions for safety, sustainability, and security.

We discussed innovations in packaging materials, labeling, and serialization to combat counterfeit-

ing and improve patient adherence. Reflecting on the learnings of CPhl, the outlook for the global
pharmaceutical sector remains promising as we move into 2024. Advances in smart packaging technologies such as
Radio Frequency Identification (RFID) and QR code integration will enhance traceability and ensure the authenticity of
pharmaceutical products. RFID is being used increasingly to streamline the packaging process via a unique chip that
processes information, such as the number of units or location. Overcoming challenges to ensure sustainability will con-
tinue to be a focus, with eco-friendly packaging materials and reduced waste solutions gaining traction. Personalized
medicine and collaboration between pharmaceutical developers and their packaging partners will be key to harnessing

these trends to drive growth over the next 12 months.” &
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Samsung Biologics: Exploring The
Evolving Biopharma Landscape

Biologic development and manufacturing is a rapidly growing sector requiring
Kevin Shorp ample investment and attention to meet rising demands. Advancements in
technology, growing understanding, and strategic approaches have shifted the
Senior VP & Head biopharmaceutical industry to better position itself to meet growing demands with
of Sales innovative thinking.

Somsung Biologics Drug Development & Delivery recently interviewed Kevin Sharp, Senior Vice
President and Head of Sales for Samsung Biologics, to discuss the evolving
biopharma space, exploring current challenges, and the demand for sustainable

solutions.

Q: The biologics market is rapidly evolving, what are some of the current

trends shaping the biologic landscape?

A: The biggest shift in biologics is the modalities currently in development. As
antibody-based therapies have risen to be the most important therapies in the
biologics space, our understanding of biologics, how to manipulate and tailor their
production through strategies such as cell line development, and the impact they
have on the body have been extensively studied, paving the way for new drug
products.

Innovative thinking has already led to the design of powerful advanced
therapeutics, such as bispecific antibodies (BsAbs), fusion proteins, and antibody-
drug conjugates (ADCs). We are seeing a drive toward developing these novel
materials, which often provide enhanced performance, with improved efficacy and

binding specificity compared with monoclonal antibody counterparts. As a result,
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specificity by simultaneously binding two targets. BsAbs have
shown promise for treating severe cancers, such as multiple
myeloma, non-small cell lung cancer, and cervical cancer, and
the number of novel DPs like BsAbs entering clinical trials is
expected to increase further. In addition to BsAbs, ADCs, which
are formed when an antibody is attached to a cytotoxic payload,
are commonly used as cancer treatments.

Utilizing these complex biologic products for treating
complicated diseases, such as chronic and rare disorders, is on
the rise. As a result, we will see more of these novel treatments
entering the drug market. However, the complexity of these
materials means the processes used in their production are
complex, necessitating experience and expertise to overcome
any issues that may arise and successfully produce biologic

therapeutics.

Q: How are technological advancements shaping biologic
manufacture, and how can CDMOs offer support to help

overcome potential challenges?

A: Digital technologies are advancing quickly, and industries
must be quick to keep up with it or risk falling behind. This is no
different when it comes to the development and manufacture of
biologic drug products. The advancements in manufacturing
efficiency and productivity as a result of technological advances
can lead to a significant competitive market advantage. In a
highly regulated industry, these technological advancements
also provide regulatory compliance benefits, helping to ensure
product quality through cutting-edge sensors and efficient data
management.

Using data management systems such as cloud-computing
platforms can ensure accurate, complete, and reliable data
throughout drug product manufacture and life cycle, allowing
for informed decision-making at every stage and easing
collaborative  efforts.  Although helping to streamline
development and manufacturing, the data hosted on digitized
systems is at risk of cyber attacks. Effective cybersecurity must be
in place to safeguard all sensitive data from cyber threats, in line
with regulations. Encryption, multi-factor authentication, access
controls, and continuous monitoring can all be leveraged for
data protection. Deciding upon a trusted cloud-computing
provider reduces the burden, and with built-in security, data
safety is assured.

Contract development and manufacturing organizations
(CDMOs) that have many of these data management systems

already in place can support biotechs in optimizing data

management and information flow during their outsourced
This

development, saving fime and cost.

projects. can help significantly streamline overall

Q: Why do you believe the biologic industry is currently
experiencing capacity shortages, and what steps can be

taken to overcome them?

A: There are many factors currently contributing to capacity
issues in biologic manufacturing; the primary reason being shifts
in demand for drug products. Expansion of a commercialized
drug products, repurposing pre-approved drugs for alternative
treatment uses, or the approval of a new drug to market can all
lead to significant changes in demand.

Meeting the growing demand for biologics isn't as simple

as providing more space for manufacturing. Producing a

biologic can be complex and requires dedicated capacity

featuring specialized equipment and facilities, including the use
of sterile processing lines for parenteral therapeutics.

The industry is adapting to try and address this capacity shortage

by:

e Harnessing technological advancements like automation and
cloud computing to increase productivity.

e Utilizing innovative technologies like single-use systems or
continuous manufacturing to enhance scalability and
efficiency.

e Prioritizing efficiency to increase drug product output without
significant changes to bioprocessing infrastructure.

e Designing manufacturing sites with consideration for the
future, such as flexible and modular solutions for easy scaling
and reconfiguration to continuously adapt to the market

demands, seamlessly expanding as demand increases.

Intfroducing these changes in-house or partnering with a
CDMO that has both capability and flexibility can help to meet

evolving demands in capacity.

Q: Why is it important to carefully consider the location of
a CDMO facility?

A: Partnerships and outsourcing are integral to biologics
production. Being strategically placed geographically for these
partnerships can help increase supply chain efficiency and ease
collaborative efforts. Biopharma hubs have well-established

supply chain networks, helping participants to navigate the
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procurement of essential materials and equipment cost-
effectively, and with ease, for the efficient manufacture of drug
Established

movement of raw materials, intermediates, and final drug

products. transport links allow for efficient

products to and from a site, easing transfer logistics.

Q: Why is there such a demand for speed in the industry
at the moment, and what changes are being made to meet

these demands?

A: To deliver life-altering treatments to patients faster, there is a
need for developers to deliver essential therapeutics to market at
speed. Demand for shortened timelines to market is also driven
by investors who require demonstrations of a return on
investment (ROI).

An integrated development strategy provides a holistic
understanding of the developability of a complex biologic.
Implementing the right development strategy will allow the drug
products most likely to reach Investigational New Drug (IND)
filing and Biological License Application (BLA) to be quickly
identified. The following features must be included in a
successful development strategy to enable streamlined drug
production:

e Taking into account the impact early decisions will have on
stages further down the processing line.

e Relying heavily on free-flowing information for all aspects of
development - from data on drug candidate performance to
information on operations - among all teams and sites
involved in the project.

e Understanding the developability risks of complex projects to
identify potential risks early, allowing for rapid
implementation of solutions.

e Using a developability platform, to score candidates based
on their developability criteria and provide quantitative data
to highlight the candidates with the highest likelihood of
progressing through development and manufacture
successfully.

e With a comprehensive understanding of the molecule early in
development, biologics developers can mitigate risk and
gather essential information needed to initiate processes

further down the development and manufacturing pipeline.

Q: Why is sustainability such an important goal in the
industry, and what are the biggest challenges preventing

companies from reaching their sustainability targets?

A: Following the Paris Agreement in 2015, businesses
throughout the healthcare industry have made commitments to
limiting global warming to 1.5°C above pre-industrial levels.
Sustainability is a focus across the globe, and to reach the Paris
Agreement target, the biopharma industry must look at its
operations and establish goals to minimize its greenhouse gas
(GHG) emissions.

There are many hurdles hindering progress toward
sustainable solutions. The biopharma industry is highly
regulated, and any changes to a manufacturing process to
reduce emissions will result in process re-validation.

The supply chain is the largest contributor to carbon
emissions in the industry, accounting for more than 50%. The
complexity of a supply network makes it hard to successfully
navigate and decarbonize, with every part of the supply chain
contributing to a company’s overall carbon emissions. Reaching
sustainability goals relies heavily on communicative
collaboration between supply partners, aiming to introduce
sustainable systems, such as renewable energy and clean
transport, across the entire supply chain.

Making use of the resources available can help guide
companies to reach their sustainability goals. The Sustainable
Markets Initiative (SMI) task force has outlined a number of
actions that healthcare stakeholders can enforce as part of their
decarbonization initiatives. Establishing and disclosing these
sustainability goals and progress year after year can provide
confidence the industry is doing its part in the sustainability

initiative. @



DRUG DISCOVERY

Overcoming Traditional Challenges: Innovative
Chemoproteomics Strategies to Revolutionize

Drug Discovery

By: Ping Cao, PhD, and Irene Yuan, MSc

ADVANCING DRUG DISCOVERY: NEW STRATEGIES
FOR ENHANCED EFFICACY AND SUCCESS

In the realm of drug discovery, two primary approaches take
center stage: Phenotypic Drug Discovery (PDD) and Target-Based
Drug Discovery (TDD). Each approach offers unique advantages
and has contributed significantly to the development of novel
therapeutic agents.

PDD involves the identification of compounds that can mod-
ify the disease phenotype without prior knowledge of the specific
molecular target. Instead of focusing on a predetermined target,
PDD screens potential drug candidates based on their ability to
elicit o desired therapeutic effect in cellular or animal models.
This approach allows for the discovery of drugs that may act
through previously unknown mechanisms, opening up opportu-
nities for uncovering new pathways and molecular interactions.

TDD aims to find drugs that can interact with a specific target
molecule that is believed to play a crucial role in the disease
process. TDD relies on a profound understanding of the under-
lying biological pathways and molecular targets associated with
the disease. By precisely targeting a known molecular player, TDD
offers the advantage of increased specificity and reduced off-tar-
get effects, potentially enhancing the drug's safety and efficacy
profile.

Both PDD and TDD offer distinct advantages, and in recent
years, researchers have increasingly recognized the value of in-
tegrating these approaches in a complementary manner. This in-
novative hybrid strategy combines the strengths of both PDD and
TDD, leading to more effective drug development processes. It
allows for the identification of novel compounds through pheno-

typic screening while simultaneously gaining insights into their

underlying targets through subsequent investigations.

In this confext, BridGene's Chemoproteomic platform
IMTAC™ (Isobaric Mass-Tagged Affinity Characterization) has
emerged as one of the most powerful technologies to seamlessly
merge the benefits of PDD and TDD. By utilizing IMTAC, re-
searchers can efficiently analyze the interactions between poten-
tial drug compounds and cellular proteins, allowing for the
identification and validation of target molecules associated with
specific phenotypic responses. This technology empowers scien-
tists to explore new avenues in drug discovery by bridging the
gap between phenotypic screening and target identification.

The IMTAC platform consists of three key components:

1. Designing and synthesizing a high-quality library of covalent

small molecules.

2. Screening against the entire proteome of live cells: The
heart of the IMTAC platform lies in its unique capability to
screen the designed small molecules against the entire pro-
teome of live cells. The small molecules will selectively bind
to structurally matching protein pockets and form covalent

bonds.

3. Qualitative and quantitative mass spectrometry analysis:
This analytical prowess enables the identification and char-
acterization of the interacting proteins. Moreover, it quanti-
fies the binding strengths of these interactions, offering
valuable insights into affinity and selectivity, critical factors in

successful drug discovery.

Through the integration of these three key components, the

IMTAC platform revolutionizes drug discovery by providing re-
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searchers with a comprehensive under-
standing of the proteome's interactions
and responses to covalent small mole-
cules. This information opens new doors
for the development of highly targeted and
effective therapeutics, offering a promising
path toward addressing unmet medical
needs and improving patient outcomes.

In a remarkable step toward advanc-
ing drug discovery, BridGene and Takeda
Pharmaceuticals have joined forces in a
substantial collaboration aimed at imple-
menting a cutting-edge drug development
approach that combines PDD and TDD.
This strategic partnership is particularly fo-
cused on tackling the complexities of neu-
rodegenerative diseases, signaling «a
shared commitment to revolutionizing
therapeutic interventions in this critical
area of medicine.

This forward-thinking partnership be-
tween BridGene and Takeda Pharmaceu-
ticals not only represents a significant
advancement in drug discovery, but also
showcases the commitment of both organ-
izations to addressing the challenges

posed by neurodegenerative diseases. By

harnessing the potential of PDD+TDD
strategies, the collaboration endeavors to
pave the way for novel and more effective
therapeutic solutions, bringing hope to pa-

tients and their families.

The human proteome comprises
more than 20,000 proteins, with approxi-
mately 12,000 proteins having been iden-
tified as playing a role in human diseases
and are therefore considered potential tar-
gets for precision treatment. Despite this
large number, approximately 10% of the
protein targets have been targeted by
drugs approved by the FDA in the past few
decades. In essence, a substantial majority
of potential drug targets within the human
proteome still lack corresponding thera-
peutic interventions. Many of these targets
are often deemed “undruggable” due to

their structural or functional characteristics,

presenting significant challenges in de-
signing small molecule drugs that can se-
lectively bind and modulate their activities.
Several common reasons contribute to the
classification of certain targets as “undrug-

gable,” including:

Lack of Binding Sites: Some targets lack
well-defined binding pockets that can ac-
commodate small molecule ligands,
thereby restricting the feasibility of tradi-

tional drug binding approaches.

Protein-Protein Interactions or Transient
Nature: The pockets of certain targets may
exhibit transient or dynamic properties,
complicating efforts to capture and stabi-

lize them using small molecule drugs.

Traditional drug discovery techniques
typically rely on screening small molecule
libraries against a purified protfein in a
non-cellular environment. However, these
methods may prove ineffective in targeting
proteins with shallow or transient pockets.
Moreover, purified proteins may not fully

represent the dynamic protein interactions

Key components to the IMTAC™ platform include a well-designed covalent small molecule library along with live-cell
screening, which allows for quantitative mass spec analysis leading to new drug development.



The IMTAC platform combines cutting-edge technologies, including covalent chemistry, chemical proteomics, and

quantitative mass spectrometry.

and structural complexity of the target
within living cells. Consequently, tradi-
tional approaches often fall short when it
comes to discovering drugs capable of ef-
fectively engaging “undruggable” targets.

BridGene's revolutionary Chemopro-
teomic platform, IMTAC, stands at the
forefront of drug discovery, offering a
transformative solution to the long-stand-
ing challenge of targeting “undruggable”
proteins. Through IMTAC, researchers can
unlock unprecedented opportunities for
developing therapeutic agents against a
wide array of elusive targets. The platform
boasts significant advantages that pave
the way for groundbreaking advance-

ments in drug development:

Efficient Discovery of Small Molecule Lig-
ands for “Undruggable” Targets: IMTAC
employs a dual strategy to tackle two main
types of “undruggable” targets. For targets
with shallow protein pockets, the platform
utilizes covalent small molecules, expertly
designed to form robust bonds with these
challenging sites. For targets with tempo-
rary or transient pockets formed within

live-cell environments, IMTAC leverages

live-cell screening to identify ligands capa-
ble of engaging and modulating these dy-
namic targets. By skillfully combining these
unique approaches, IMTAC opens a gate-
way to discovering small molecule ligands
with remarkable potential for modulating

the activity of “undruggable' targets.”

Exploration of Targets With Unknown
Structures in Living Cells: IMTAC empow-
ers researchers to venture into uncharted
territory, enabling the pursuit of targets
with unknown structures. By probing the
entire proteome within living cells, the plat-
form provides an exceptional opportunity
to unravel the intricacies of protein inter-
actions and cellular responses. Simultane-
ously, IMTAC offers critical insights into the
properties of molecules, such as their cel-
lular permeability, activity, and selectivity.
This multifaceted information equips re-
searchers with a comprehensive under-
standing of the drug candidates' behaviors
in living systems, accelerating the path to
identifying potential therapeutic leads.
Through BridGene's IMTAC platform,
the pursuit of “undruggable” targets tran-

scends previous limitations, ushering in a

new era of therapeutic interventions. By
harnessing the platform’s unparalleled ca-
pabilities, researchers gain the means to
confront diseases associated with chal-
lenging targets, instilling hope for patients
and their families. With each successful
discovery, the boundaries of drug develop-
ment are pushed further, heralding a

transformative future in medicine.

Covalent drugs have emerged as a
highly promising therapeutic strategy, ad-
dressing the limitations faced by traditional
non-covalent drugs, particularly when tar-
geting challenging “undruggable’ pro-
teins.”

To better understand their distinct
mechanisms, envision non-covalent drugs
as ships, gracefully docking into a harbor
(protein pocket) that perfectly accommo-
dates their shape. This docking disrupts

the harbor's traffic, modulating its signal-
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ing and controlling the associated disease.
However, like ships that can sail in and out
of the harbor freely, non-covalent drugs
interact transiently with target proteins,
limiting their sustained effects. In contrast,
covalent drugs present a game-changing
paradigm. When their ship docks into the
protein pocket harbor, their covalent war-
head forms an enduring covalent bond
with a specific amino acid adjacent to the
pocket. This bond acts like a steadfast an-
chor, preventing the ship from leaving the
harbor and ensuring prolonged target en-
gagement.

This unique mechanism confers sev-

eral transformative advantages:

Higher Biochemical Efficiency: Covalent
drugs' irreversibility translates into higher
biochemical efficiency, leading to potent

and sustained effects on target proteins.

Stronger & More Persistent Effects: The
stable covalent bond enables prolonged
target modulation, resulting in stronger

and more persistent therapeutic outcomes.

Reduced Dosage & Frequency of Admin-
istration: Covalent drugs often require
lower doses and less-frequent administra-
tion due to their enduring impact, poten-

tially minimizing side effects.

Separation of Pharmacokinetics and
Pharmacodynamics: Covalent bonding
allows for a clearer separation between
drug clearance from the body and its
pharmacological action, optimizing thera-

peutic potential.

Potential to Prevent Drug Resistance: By
irreversibly modifying target proteins, co-
valent drugs can thwart the development

of drug resistance, a formidable challenge

in fraditional non-covalent therapies.

Additionally, many target protein
pockets are relatively shallow and lack the
necessary features to effectively accommo-
date non-covalent drugs. These targets are
often referred to as “undruggable” for
non-covalent drugs. However, covalent
drugs offer a groundbreaking solution by
forming enduring covalent bonds with
these elusive pockets, acting as steadfast
anchors to regulate target signaling. A no-
table example is KRAS G12C, a historically
“undruggable” target due to its shallow
in 2013, Professor

Shokat's publication in Nature demon-

pocket. However,
strated the successful targeting of KRAS
G12C with a covalent drug, subsequently
leading to the industry’s development of
covalent drugs against KRAS G12C.
Covalent drugs also possess unique
advantages for targeting other types of
“undruggable” targets, including:
Protein-Protein Interactions: covalent
drugs can disrupt protein-protein interac-
tions by covalently modifying one of the in-
teracting proteins, thereby interrupting the

interaction and modulating cellular signal-

ing.

Disease-Driving Mutant Proteins: covalent
drugs can exploit unique binding pockets
or altered conformations present in dis-
ease-driving mutant proteins, allowing for
the development of covalent inhibitors with
specific activity against these mutants.

Redox-Regulatory  Proteins: covalent
drugs can specifically target and modify
the cysteine residues within redox-regula-
tory proteins, thereby influencing the redox
state of the protein and modulating its ac-

tivity.

Enzyme Activation or Alteration: covalent
compounds are well-suited for activating
or altering the activity of enzymes in
emerging therapeutic modalities that in-
volve intervention in gain-of-function sce-

narios.

BridGene stands at the forefront of
covalent drug discovery and development,
leveraging proprietary covalent libraries
for IMTAC screening and covalent PRO-
TACs. Our expertise empowers us to un-
lock new therapeutic possibilities and
revolutionize drug development with cova-
lent drugs and covalent PROTACs, pushing

the boundaries of medical advancements.

IMTAC offers a distinct advantage by
enabling the simultaneous exploration of
the entire proteome, sefting it apart from
other drug discovery technologies that typ-
ically focus on individual targets. This
unique capability allows IMTAC to rapidly
discover a large number of small molecule
ligands for diverse targets.

To date, IMTAC has successfully iden-
tified small molecule ligands for over
4,000 proteins, with approximately 75% of
these targets lacking known ligands prior
to the discovery.

This extensive coverage includes tra-
ditionally “undruggable” proteins, such as
transcription factors, epigenetic regulators,
splicing factors, and E3 ligases. These
4,000 proteins represent a valuable re-
source for the development of small mol-
ecule inhibitors, allosteric modulators, and
the application of protein-degradation

technologies to create degraders that im-



pact protein activities.

Moreover, the broad spectrum of disease
areas impacted by these 4,000 proteins spans
oncology, immunology, CNS disorders, and
more. This vast potential offers an exciting op-
portunity for collaborative efforts with other
pharmaceutical companies to co-develop po-
tential therapeutics. Leveraging IMTAC's small
molecule ligands, our partners benefit from
streamlined lead optimization, allowing fo-
cused efforts on enhancing clinical efficacy,
safety, and other critical parameters. This col-
laborative approach significantly expedites the
drug development process, ultimately acceler-
ating the delivery of new and effective treat-

ments to patients in a shorter timeframe. ¢

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

Chief Commercial

Officer

Resilience

How Resilience Is Bringing Forward Thinking
to Disrupt the Biomanufacturing Landscape
to Increase Access to Medicines

While many biopharmaceutical companies are built to fulfil a need, Resilience was built
to serve innovation. Founded during the COVID-19 pandemic in 2020, it was clear that
there was a need to revolutionize the CDMO space with a refocus on the foundations of
biomanufacturing, a reprioritization on manufacturing technology development, and a
redefinition of partnership. This defined the mission of Resilience today — increasing access
to complex medicines across the world.

With a sustainable network of high-tech, end-to-end manufacturing facilities supported
by a team with decades of experience, Resilience is a technology-focused biomanufacturing
company dedicated to providing solutions to ensure the treatments of today and tomorrow
can be made quickly, safely, and at scale. Drug Development & Delivery recently interviewed
Syed T. Husain, Chief Commercial Officer of Resilience, to discuss how the company

became an industry-leading service provider in less than four years.

Q: Resilience was founded in 2020; tell us a little about the company's history -

where did you come from?

A: Resilience was formed during the COVID-19 pandemic in 2020. During that time, it was
clear that there was a need for a new type of biomanufacturing partner. Biomanufacturing
had generally not kept up with the ability to develop the new, complex medicines of the
future. Our world faced the challenge of rapidly developing new treatments for emerging
threats and scaling up biomanufacturing during the pandemic. These factors were, and still
are, crucial for our country’s health, economy, and national security. And that's the reason
why Resilience was founded.

We responded to two major problems — serving as a biomanufacturing powerhouse for
process and analytical development, drug substance, and drug product across established
(Biologics, Vaccines) to emerging (Nucleic Acids, Cell and Gene Therapy) modalities, as well
as focusing on the development of next-generation manufacturing technology platforms to

keep up with essential product developments and increase access to complex medicines. We



also focused on how a partnership in Pharma and Biotech, and

with  Governments/NGOs, is actually constructed. We
considered the attitudes, behaviors, and mindset of a true
partner with aligned incentives versus a transactional
relationship.

Our mission was not only to develop cutting-edge next-
generation manufacturing technologies but also to develop
business models that redefine the partnership that could be
formed between the service provider and an innovator.
Throughout the process, we were fortunate to receive funding
and become backed by prominent VC firms ARCH Venture
Partners and 8VC, along with industry veterans as our founding

executive team, which have made it all possible.

Q: You’re a young company; how do you infuse
operational experience and excellence in an organization

that's only existed for 3 years?

A: The founders of Resilience took a methodological and
deliberate approach to building the company, with exceptional
underlying fundamentals. The infrastructure featured a mix of
existing CDMOs, pharma carve-outs, and green/ brownfield
builds. There was a focus on ensuring that the company
originated from a multitude of talents and experiences because,
typically, when companies are formed, they're kind of starting
from scratch, whereas we were able to provide embedded
experience from day one.

The talent brought on board purposefully comes from
diverse backgrounds — pharma and biotech, CDMO, product
development, manufacturing, and established and emerging
modalities. Resilience took this purposeful approach with its
people because our founders knew that they would be at the
heart of what makes biomanufacturing possible.

The other key element the company decided upon was to
invest upfront in digital, quality, and operational systems. Our
leaders recognized the importance of offering platforms that
serve as a foundation for an integrated operational and quality
network. We ensured the rapid stand-up of our manufacturing
capacity was supported by interconnected modular platform
technologies. When you look at the company's early years, it
began by ensuring we had a solid foundation before we rapidly

grew with customer projects.

Q: What sets Resilience apart from traditional CDMOs?

A: The acquisition of each of our manufacturing and

development facilities that created what Resilience is today

enabled our client’s instantaneous access to high in-demand
capabilities in established and emerging modalities. With our
initial mission in mind, we have upgraded digital, quality, and
capacity at our sites across North America. This approach has
begun to expand internationally as well.

We chose to make investing in digital a priority to maximize
operational performance and customer delight. Meaning that
the enhancements we've carefully considered for each of our
biomanufacturing facilities were done with a purpose in mind —
to serve our client’s needs. These three pillars point to what
differentiates us in the pharma and biotech community: our end-
to-end capabilities that support diverse development and
innovative technologies, and a

manufacturing  needs,

distinguished business and partnership model.

Q: How does Resilience fit into the CDMO space?

A: Resilience has built a strong reputation as a development and
manufacturing service provider, which allows us to serve
customers efficiently and enhance access to complex medicines.
In addition, our differentiation is directly linked to the next-
generation technologies we currently have in development and
business models that genuinely form an aligned incentive
partnership that befits our partners and, most importantly, the
patients they serve. While we're a CDMO in practice, we
consider ourselves a standout partner in the industry based on
our innovation, cutting-edge technologies, non-standard
offerings, and unique viewpoint on how contract partnerships

should function.

Q: How is Resilience revolutionizing the way medicines

are made?

A: Our mission is to create a healthier world by increasing
access and affordability to medicines and therapies. Our vision
is to become the most trusted biomanufacturing partner through
operational and quality excellence. Our strategy is to serve
customers with reliable, technology-enabled, end-to-end
biomanufacturing solutions for complex medicines using flexible
business models unique to Resilience.

We're changing the status quo of contract development and
biomanufacturing by creating processes and platforms that
allow our team to make novel therapies quickly, safely, and at
scale. Collaboration is also at the heart of what we do — with
leaders across different industries working together to improve
the way complex medicines are made, making it possible for

more patients worldwide to get the medicines they need. ¢
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SPECIAL FEATURE

Outsourcing Analytical Testing: Al Could
Transform Analytical Labs

By: Cindy H. Dubin, Contributor

Largely driven by the complexity of biologics, biosimilars and personalized medicine development, the global pharmaceutical
analytical testing outsourcing market is expected to reach $15 billion by 2030, almost doubling in growth from $8 billion in 2022."
Stringent regulatory guidelines and specialized capabilities are also contributing to bio/pharma companies seeking to outsource an-
alytical testing providers.

Some of these specialized capabilities include artificial intelligence (Al), which requires a depth of expertise and provides access
to large quantities of high quality data. Industry insiders say the potential of Al to increase reproducibility and accuracy has the
potential o transform analytical labs in the future. For example, Al can automate and streamline chromatography analysis by enabling
property predictions of unknown samples based on previous data.? The result is a reduction in time and labor required to analyze

chromatography data and improve accuracy and reliability. The promise that Al holds in the pharma sector has experts valuing the

Scientists working in MilliporeSigma’s
contract testing analytical development
lab in Rockville, MD.



market at $6.7 billion in 2030, up from
$1.56 billion in 20223

This exclusive annual report from
Drug Development & Delivery presents
how today’s leading analytical testing
service providers are taking advantage of
Al and other types of automation and in-

novative technologies.

Adare: Robust Technologies for
More Efficient Drug Development

Personalized and tailored drug treat-
ments escalate the complexity of drug de-
velopment significantly, often demanding
a departure from traditional methods used
in conventional development. Analytical
testing, therefore, plays a pivotal role in
ensuring that these novel treatments meet
the diverse and specific requirements of
the medication. An example of this is a
specialized device that Adare is currently
working on with a customer. This device
enables precise and adjustable dosing,
even outside standard dose ranges, such
as administering a 35mg dose when only
25mg and 50mg tablets are available, ex-
plains Mike Markham, Associate Director,
Analytical Sciences, Adare. This flexibility
also allows doctors to modify dosages
without issuing new prescriptions.

“Achieving such precision demands
robust analytical testing, focusing on the
exact particle size and shape that is crucial
for the device's functionality,” he says.
“Our formulation scientists are employing
highly controlled methods, particularly in
analyzing particle size with greater accu-
racy than usual.”

This need for robust analytical testing
is amplified by the multiple active ingredi-
ents contained in the formulation, with half
used for immediate release and the other

for extended release. This necessitated en-

hanced testing procedures in both mate-
rial characterization and chemistry, as
each APl needed precise control. “This ex-
emplifies the increased robustness and
specificity often required in analytical fest-
ing during the development of personal-
ized and tailored drug treatments,” says
Mr. Markham. “The demands of pharma-
ceutical development are ever-growing,
and analytical testing is evolving o meet
those demands.”

One of Adare’s strengths is mastering
available technologies, then thoughtfully
applying them to overcome customers’
challenges, says Jason Brown, Analytical
Science Manager, Adare. For example, the
company recently utilized a unique micro-
dissolution apparatus for a kinetic solubil-
ity study. “This specialized tool, not
commonly found at CDMOs, enabled us
to swiftly assist the customer in selecting
the optimal salt form for their drug devel-
opment.”

Mr. Brown says that this not only high-
lights Adare’s technological capabilities,
but also underscores the importance to the
industry of understanding and innovatively
utilizing existing technologies. “As impor-
tant as new technologies like Al are, just
as important — if not more so — is gaining
a deep understanding of technologies that
already exist and applying them in unique
and novel ways that benefit sponsors and
their patients,” Mr. Brown says.

As a result, he says, in the future, an-
alytical labs in the bio/pharma industry
are expected to increasingly integrate ro-
botics and artificial intelligence. Al in par-
ticular will be instrumental in data workup,
especially for tasks like chromatographic
data interpretation and data summariza-
tion. “We have been exploring these inno-
vations and will continue to do so, but we

also greatly anticipate ongoing advance-

ments in automation, online collaboration,
remote operations, and paperless work-
flows. These developments, though less
headline-grabbing than Al or robotics,
have already significantly streamlined
daily operations in analytical labs. We
foresee these advancements continuing to
evolve, further reducing operational fric-
tion and shaping the future of analytical

lab environments in a meaningful way.”

Catalent: Digitization & People
Create High Quality Data

Catalent has supported the pharma-
ceutical and biotech industry with inte-
grated and stand-alone large-molecule
analytical services. One example is a cus-
tomer that recently came to our Research
Triangle Park, NC, site because a CRO
had been working with a validated clEF
method on the Maurice to look at charge
heterogeneity. Over the course of 18
months of developing and validating
the method and testing stability samples,
it was found that the method was not
reproducible.

“The CRO could not find a solution to
make the method more reproducible, so
the customer brought the method to Catal-
ent o troubleshoot it and make it more ro-
bust,” explains Joe Nawrocki, Associate
Director, Catalent Biologics. “We accepted
the challenge and purchased a Maurice
instrument capable of CE-SDS and clEF.
With the instrument currently being on-
boarded, we were able to take the method
and accomplish the customer’s need in
just one month. Once we complete the on-
boarding of the Maurice instrument, we
will perform method validation and stabil-
ity testing.”

Luke

Mercer, Bioassay Manager,

Catalent Biologics, says that while plat-
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form analytical methods continue to have
their place, there is increasing need for
molecule-specific analytical development
to support treatment advances. This fo-
cused evaluation and optimization, when
done properly, results in well-designed
methods that provide robust data to
progress these innovative treatments to
patients. The use of robotics allows the
standardization of these setups to mini-
mize some of the human variables that are
always present. This can result in less vari-
ability across test occasions.

“Digitization of all processes has been
underway for years and continues to ad-
vance,” says Mr. Mercer. “We will continue
to see advancements in this area to allow
more instruments interfaced. People will
always have a key role in analytical labs,
but with a goal to simplify their workday.
Through more efficient digital and instru-
mentation design, we will allow analysts
flexibility to have more time outside the lab

while still generating high quality data.”

Cyclolab Ltd.: Facilitating the
Separation & Analysis of
Challenging Contaminant Pairs

Cyclolab is an all-around cyclodexirin
research and development company, op-
erating as a CRO for cyclodextrin-related
services including:

* development of products (pharma, cos-
metic, food, agricultural industries);

* offering custom synthesis of cyclodex-
trins, fine-tailored for certain guest mol-
ecules (like Sugammadex) or purposes;

* performing pilot-scale cGMP-compliant
manufacturing of cyclodextrins to be
used as APIs or excipients in clinical
studies or cyclodextrin-enabled formu-
lations for the same purpose; and

* all analytical tasks related to the above,

under GMP (method development, val-
idation, stability studies for formulation
ingredients (APIs, cyclodextrins) and

final products as well).

One of Cyclolab’s main activities in-
volves the synthesis of Sugammadex
(SGM) impurities. SGM is a gamma-cy-
clodextrin derivative, indicated for the re-
versal of neuromuscular blockade initiated
by the administration of rocuronium or ve-
curonium. “The intellectual property rights
for this molecular entity have either re-
cently lapsed or are approaching expira-

says Dr. Erzsébet Varga, Head of
HPLC Laboratory, Cyclolab Lid. “Conse-

tion,

quently, multiple manufacturers have ap-

proached us seeking assistance in their

respective developmental endeavors.”

Given the extensive array of potential
reaction pathways, a multitude of impuri-
ties can arise during the process. In the
absence of precise information regarding
these impurities, it becomes challenging to
determine the optimal reaction pathway.

Cyclolab’s analytical department suc-
cessfully assisted its partners in the follow-
ing areas:

* Identification of unknown impurities
through a comprehensive approach
involving High-Performance Liquid

Chromatography-Mass Spectrometry

(HPLC-MS) and Nuclear Magnetic Res-

onance (NMR): Initial analysis includes

HPLC-MS examination of the sample

with unidentified impurity followed by

the assessment of the mass spectrum.

“Subsequent to spectrum analysis, our

validation process extends to NMR stud-

ies to corroborate structural details,”
she explains. “It is crucial to emphasize

that NMR measurements demand a

sample of adequate quantity and qual-

ity for accurate analysis. To meet this

prerequisite, we employed one of our
HPLC equipped with an automated
fraction collector, ensuring the precise
and efficient collection of samples for
subsequent NMR investigations.”

* Development of an HPLC method de-
signed for the effective separation of
critical pairs: The structural characteris-
tics of SGM may lead to the formation
of isomers and racemic compounds
during the production process. Dr.
Varga says: “Utilizing our extensive in-
ventory of over 100 HPLC columns, we
are well-equipped to facilitate the sep-
aration and analysis of challenging
contaminant pairs.”

* Analysis of products from alternative
manufacturers: Given the uniqueness of
these impurities, their presence enables
the identification of possible starting
materials and reaction pathways. This
information can also assist manufactur-

ers in making informed decisions.

“Presently, Cyclolab offers more than
30 Sugammadex-related impurities, ac-
tively aiding manufacturers in navigating
the challenges encountered during the for-

mulation/development process.

Daicel: Partnering Approach with
Generic Peptide Manufacturers
Successful development of a generic
peptide drug product requires a high level
of technical expertise, a deep understand-
ing on regulatory requirements, and excel-
lent planning. Similar to small-molecule
generic medicine, peptide generic medi-
cine has fo be bioequivalent fo the inno-
vator drug and ensure the same biological
effect with proper safety and efficacy.
However, it can be challenging to prove

the sameness for synthetic peptide drugs



against the reference listed peptide drugs
of rDNA origin. Several governing guid-
ances are now available such as: FDA
Guidance for Industry: ANDAs for Certain
Highly Purified Synthetic Peptide Drug
Products that refers to listed drugs of rDNA
origin, May 2021; USP general chapter
1503: Quality Attributes of Synthetic Pep-
tide Drug Substances; EMA guidelines on
the Development and Manufacture of Syn-
thetic Peptides, October 2023.

“It is very difficult for mid-size generic
peptide drug manufacturers to equip
themselves with advanced analytical infra-
structure and expertise to fulfil the criteria
for successful regulatory filings, and part-
nering with a specialized analytical CRO
is more efficient in many aspects,” says Dr.
Ch. Lakshmi Narayana, FRSC, Managing
Director, Daicel Chiral Technologies India.

Japan-based Daicel Corporation es-
tablished an Indian subsidiary in 2008
and, in turn, developed an analytical test-
ing facility in Hyderabad, India, which has
a track record of successful inspections by
the US FDA in 2016, 2019, and 2023.

“Daicel has rich experience, expertise
and knowledge in designing analytical
studies for DMF and ANDA filings of both
small-molecule drugs and peptide drugs,”
explains Dr. Narayana. Daicel analytical
include

packages for peptide drugs

method development, method validation,
aggregation studies, orthogonal methods
for related substances by HRMS, primary
and higher order structure characteriza-
tion, bio-identity tests by cell-based bio as-
says, and E&L studies. Further, Anand
Khatavkar, Senior Director, Sales & Mar-
keting, adds Daicel’s expertise in synthe-
sizing well-characterized, high-quality
peptide impurity standards is an advan-
tage for generic peptide drug manufactur-
ers partnering with Daicel.

Both Dr. Narayana and Mr. Khatavkar
say that generic peptide drug manufactur-
ers partnering with Daicel are privy to a
range of analytical testing with faster turn-
around and quick synthesis of peptide im-
purity standards, together with timely

updates and transparent communication.

ICON plc: Faster Data Turnaround
is a Differentiator

ICON offers true one-stop-shopping
experience that includes on-site manufac-
turing and release of dosing drug product,
a co-located clinical unit, and analytical
testing facilities that cover all types of sam-
ples, including chromatographic and lig-
and-binding assays.

At ICON, multiple test facilities

around the globe conduct clinical studies

across all phases of development. This is
currently demonstrated by analysts oper-
ating analytical equipment from remote
offices via secure networks, mainly for
data processing. “Quality Control labora-
tories responsible for the analysis and ul-
timately safety of our manufactured
medications are equipped with identical
UPLC systems at several locations in both
Europe and the United States to enable
flawless communication across our oper-
ations,” explains Suzanne Jansen, Head of
QC Laboratory, ICON plc.

When it comes to focusing on techni-
cally challenging aspects, various auto-
mated sample pipetting robotics are
employed globally that allow high-volume
consistent workflows. “Pipetting robots are
taking over the performance of repetitive
lab activities and this approach indeed
works very well for standard work with
large numbers of samples,” she says.
“ICON does, however, value the impor-
tance of hands-on lab activities, especially
when it comes to the highly specific needs
of our clients who require a flexible ap-
proach from our analysts, with the ability
to rapidly change strategies when
needed.”

Pharma/biopharma companies are
always looking for faster proof-of-concept
data, which enables them to invest in the
successful compounds and kill those that
are not effective or safe. However, clinical
trial designs of early-phase studies have
become more complicated over the last
couple of years to include multi-purpose
protocols. Ms. Jansen explains that both
PK and PD parameters are monitored
throughout the clinical trial and serve as
input for the intended dose for the remain-
ing cohorts of the clinical trial. Tailoring the
dose of the IMP is, therefore, essential for

meeting the endpoints of the clinical trial.
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“Adaptive doses can be realized by
on-demand manufacturing and pharma-
ceutical analysis,” she says. To allow the
dose to be adapted, a dose range and/or
concentration needs to be manufactured
and analyzed. The analytical method re-
quires validation (or bracketing) of all pos-
sible doses in advance of the trial. PK/PD
data may show that the formulation is not
suitable for the drug substance used and
lead to a non-linear bioavailability or an
unexpectedly low or high bioavailability. A
new formulation may then be needed,
which calls for a rapid turnaround of the
manufacturing method and analysis.

“The future analytical laboratory must
be specialized in this quick turnaround,”
she says. “The ability to serve the client
with high quality analysis within a short
timeframe will become the differentiator

between pharmaceutical laboratories.”

Lifecore Biomedical, LLC: Pivoting
Toward Technologies That Reduce
Turnaround Time

Lifecore predicts there will be a need
for higher throughput, which is leading the
company to pivot toward more plate-
based assays, automation options, and
rapid microbiological testing technologies
to reduce turnaround time. “Growth in the
biologics market will result in greater need
for cell-based assay capabilities and the
development of platform methods,” says
Jessica Raddatz Hensley, Quality Control
Director at Lifecore. “In addition, the de-
velopment of alternative technologies for
pyrogen detection is a new area of focus
for the industry.”

Lifecore’s analytical testing team re-
cently identified unexpected degradation
of a client’s development-stage product

through our comprehensive stability serv-

ices program. The assay and impurity
data the analytical team provided allowed
Lifecore to assist the client in optimizing
their formulation to extend the shelf life of
their product.

“We used our experience in handling
viscous formulations to develop a biobur-
den test method for a client whose previ-
ous contract lab was not able to work with
their material successfully,” she describes.
“Lifecore’s microbiologists also overcame
challenges posed by the viscosity and tur-
bidity of the sample to develop a kinetic
chromogenic endotoxin assay that has
greater sensitivity than the gel clot method-
ology used previously.”

Anticipating that the regulatory focus
on data integrity controls will continue to
increase, Lifecore Biomedical is prioritizing
investment in electronic laboratory infor-
mation management systems and auto-
mated data transfer from analytical
equipment. “The investment in paperless
technology will also provide the enhanced
transparency clients are seeking, allowing
us to have more data and metadata read-
ily available for custom reporting,” says

Ms. Raddatz Hensley.

Lonza: Systems to Enable Remote
Access for Data Analysis

Lonza recently deployed Native lon-
ization MS (mass spectrometry) linked to
Protein A affinity chromatography. Titer by
protfein A is a well-established and robust
method, deployed for many programs.
This method was developed to generate
structural information on bispecific assem-
bly alongside titer. The combination al-
lowed high throughput screening of clones
for both assembly and titer simultaneously,
directly from the culture supernatant.

“The outcome of this innovation is

that we can deliver additional key informa-
tion to support decision making without
extending timelines,” says James Graham,
Director, R&D, Protein and Process Analyt-
ics, Lonza.

Historically, MS data processing has
limited productivity, often taking longer
than sample preparation and data acqui-
sition combined. To that end, he envisions
a future where systems will enable remote
access for data analysis and effectively de-
bottleneck a task that previously relied on
the availability of a limited number of
physical workstations. Remote analytical
technologies are predominantly based
around instrument control and, critically,
data processing. This includes chromatog-
raphy data systems, and more recently has
become very important for processing of
high-resolution mass spectrometry.

Robotics are currently in use for sev-
eral analytical platforms. Predominantly,
they are used for sample preparations, but
in some cases also for end-to-end execu-
tion of analytical procedures, resulting in
higher standardization and cost savings.
This also allows scientists to focus on the
development of new methods that are re-
quired for new molecular formats, rather
than rote execution of platform methods.
Machine Learning models are now being
developed and used to improve cell lines
and processes.

“We at Lonza believe analytics will be-
come far more integrated into the overall
process,” he says. “Scientists should be
able to generate robust analytical results
quickly and easily by themselves, at the
point of need, rather than having to hand
off samples and information to a different
department. This change requires both
method simplification and substantial lev-
els of automation.”

This is already the case within the



R&D organization, he adds, where analyt-
ical instruments are sitting alongside
bioreactors for at-line testing. “In the fu-
ture, the role of analytical scientists will be
much more focused on method develop-
ment/transfer and oversight of the analyt-
ical platforms. Therefore, analytical labs
will focus on more advanced applications
and instruments, rather than containing

banks of HPLCs for routine testing.”

MedPharm: Increasing the
Robustness of IVPT Experiments

In vitro penetration/permeation test
(IVPT) is a well-validated tool for the study
of the pharmacokinetics of topically-ap-
plied drugs. The model uses excised
human skin mounted in specially designed
diffusion cells that allow the skin to be
maintained at a temperature and humidity
that match real-use conditions. The prod-
uct/formulation is applied to the skin’s sur-
face, and the compound is measured by
monitoring its rate of appearance in the
receptor solution underneath the excised
skin. This model also allows the amount of
the drug and metabolites within the differ-
ent layers of the skin to be measured (i.e.,
epidermis or dermis). Additionally, this
model has the potential for carefully con-
trolling many of the variables involved in
topical application, like dosing volumes,
humidity, temperature, drug stability, skin
thickness, etc.

According to Dr. Jon Lenn, Chief Sci-
entific Officer at MedPharm, the most
common commercially available diffusion
cell systems are tedious and manual,
which take hours to set up, require scien-
tists to manually sample at designated
time intervals (sometimes in the middle of
the night), and require constant monitoring

to ensure air bubbles are not introduced.

“To combat these challenges, we de-
veloped a fully automated diffusion cell
system (MedFlux-HT®) that uses peristaltic
pumps, robotic sampling rails, optimized
fluidics, and computer-controlled sample
collection,” he explains. “The modification
in the fluidics and automation of the sam-
pling has allowed sample collection to
occur simultaneously across 96 diffusion
cells at 15-minute increments, which is not
technically feasible with the commercial
systems. The system has transformed the
analytical testing to ensure accuracy of
highly lipophilic drugs at sub-nanogram
levels and a better characterization of the
pharmacokinetics of topically-applied
products.”

In addition, the system has a fully in-
tegrated transepidermal water loss (TEWL)
instrument that measures the integrity of
the skin’s barrier across 32 diffusion cells
simultaneously taking multiple readings
each minute. The TEWL ensures the accu-
racy of the data by allowing for skin that
is damaged or has a defective barrier to
be removed prior to experimentation.

Dr. Lenn says that MedFlux-HT is
routinely used for R&D and regulated IVPT
experiments during formulation develop-
ment and optimization, and generic prod-
uct approval in lieu of clinical trials. He
says: “This system has decreased the work-
load by about 80%, increased efficiency by
several hundred percent, and increased

the robustness of IVPT experiments.”

MilliporeSigma: Evolving
Workflows for More Vigorous
Personalized Drug Testing
Robotic technologies represent a
growing industry trend because they en-

able faster initiation of analytical testing

and deliver consistent performance with

low error rates. MilliporeSigma is integrat-
ing these technologies intfo its contract test-
ing services and currently employs robotic
technologies across laboratories for virol-
ogy, immunology, molecular, and more.

According to Brian Woodrow, Global
Head of Operations for Product Charac-
terization at MilliporeSigma, analytical
testing teams: employ robotic pipetting in-
struments in cell culture activities to in-
crease accuracy and volume consistency
from well to well; apply Machine Learning
(ML) technology for automated cell count-
ing and cell confluency determination; and
utilize Artificial Intelligence (Al) for auto-
mated cell monitoring, aiming to eliminate
variability with manual cell confluency de-
termination, reduce lab time, and increase
cell count accuracy.

He says: “This all contributes to en-
hanced data reproducibility and increased
efficiency for cell-based assays.”

Looking ahead, analytical testing in
the future will need to re-work workflows
and become more robust to drive high
throughput, one-off testing for personal-
ized medicine. Fundamentally, personal-
ized medicine involves developing a single
drug tailored to a patient’s needs.

“This demands rapid turnaround and,
often, specialized testing,” he says. “Our
teams are determined to help realize the
promise of personalized medicine by driv-
ing adaptation of testing approaches. We
continuously apply operational excellence
principles to conduct step-by-step deep
dives into workflows across our laborato-
ries that offer analytical testing for person-
alized therapies. From lab operations to
report writing, quality assurance and
more, we seek opportunities to optimize
processes, improve turnaround time, and
further specialize offerings.”

Based on current industry needs, Mr.
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Woodrow is certain that small molecules
will continue to be relevant, while medicine
based on biologics will thrive. Many bio-
logic-based therapies demand faster turn-
around time — within weeks or days —
before administration to patients.

“Time does not allow for retests, as
patients are scheduled for injections of en-
gineered therapies within a pre-set time-
frame,” he says. “Therefore, analytic
testing providers must achieve two key per-
formance indicators: on-time delivery
(OTD) and right first time (RFT). These
measures will become more decisive in the
move from bulk-based to personalized

medicine.”

PCIl: New Technologies Will Enable
ESG Manufacturing

New technologies, artificial intelli-
gence, robotics, and automation will play
a significant role in the future state of
analytical laboratories. The focus will be
on less lab-to-lab, scientist-to-scientist, sys-
tem-to-system variability ensuring accu-
racy and consistency from one fest to
another, as well as faster data analysis to
support formulation development and
process optimization studies.

“Currently, Artificial Intelligence tech-
nology in analytical laboratories is not well
established,” says Lauren Parry, Director of
Analytical Services at PCl’s high potent
manufacturing facility in Wales, UK. “Au-
tomation is certainly on the increase from
automatic pipettes through to dissolution
and HPLC autosamplers as standard.”

She says this means the equipment
can perform the analysis without the sci-
entist around, which provides more con-
sistency in the test execution and less
scientist-to-scientist variability as well as al-

lowing the scientist to work on a separate

state-of-art sample preparation lab.

Analyst meticulously examining a sample in Recipharm’s

task in parallel. However, in the develop-
ment phase of a product, observing how
a finished product behaves in a dissolution
vessel, can be value adding.

While solutions, samples, and system
set-up do need to be performed on site
within the laboratory, it is possible to con-
trol HPLC instrumental analysis remotely
through software. This includes system
purging, column equilibration, system suit-
ability execution, and launching of data
analysis. The analysis can be monitored
remotely and data processing of the ac-
quired data can also be performed once
the analysis is complete.

“The future analytical laboratory will
be fully digital with end-to-end connected
instrumentation capable of measuring,
trending, and reporting of data with Al so-
lutions to detect errors and resolve real-
time without user intervention,” says Ms.
Parry. “New technologies will form part of
the Environmental, Social, and Corporate
Governance utilizing alternatives to plas-
tics and single-use consumables and re-

newable solvents.”

Recipharm: The Future Lab
Combines Automation &
Technological Innovation

Recipharm embraces innovation and
incorporates cutting-edge technologies
into its laboratory practices, with an initial
focus on incorporating robotics into its
workflows. All analytical tools have been
upgraded, swapping out manual work for
automated processes.

The company’s analytical processes
predominantly rely on chromatography,
such as high-performance liquid chro-
matography (HPLC), ultra-performance
liquid chromatography, and gas chro-
matography, supported by suitable soft-
ware. Automated sample preparation
techniques help to accelerate the analysis
of samples compared with manual
sampling and dramatically improving
productivity.

“Automating these analyses enabled
remote monitoring during the pandemic,
allowing us to summon a limited number
of analysts to the lab in a staggered man-
ner to perform essential wet lab tasks like
sample and standard preparations,” ex-
plains Ramesh Jagadeesan, PhD, Vice

President, Analytical Development, Reci-



pharm. “The valuable experience gained
from navigating these unforeseen chal-
lenges continues to inform our approach
in the current scenario.”

Another example of how robotics has
influenced Recipharm'’s analytical technol-
ogy is its automated robotic diffusion sys-
tem for in vitro release testing (IVRT) of
semisolid dosage forms. The system auto-
mates sampling, improves time efficiency,
increases consistency, and prevents acci-
dental contamination, ultimately making
analytical testing more efficient.

Combined automation techniques,
such as robotics and Al solutions, will
allow analytical systems to perceive mis-
takes or non-ideal conditions and make
real-time corrections. As exemplified in a
client project, Recipharm adopted innova-
tive approaches in equipment design and
integration. Dr. Jagadeesan explains: “We
were approached by a sponsor to produce
a method for low-dose dissolution testing
of an active corticosteroid component in a
topical solution. As this was not compatible
with traditional dissolution methods, we
had to devise a new approach. Chal-
lenges stemmed from first adapting the
traditional United States Pharmacopeia 2
dissolution apparatus for small volumes
and developing an HPLC method with the
capability to detect very low concentra-
tions. In making these customizations, we
could test with smaller sample volumes
and reduce receptor fluid volume, leading
to a higher concentration for quantification
via analytics.”

The future analytical lab envisages
advanced instruments for intricate proj-
ects, necessitating the integration of multi-
ple instruments with diverse working
principles for immediate results. Analytical
labs need to adopt more automation tech-
niques and utilize technological innova-

tions to speed up projects. Recently,

Recipharm has provided analytical serv-
ices related to the reverse engineering of
a reference-listed drug (RLD) with an
aerosol formulation. The client wanted to
develop a generic formulation and wished
to submit the Q1 and Q2 details to the
FDA for approval. Dr. Jagadeesan says
Recipharm sourced three different lots of
RLD samples from the US market and an-
alyzed them using a method developed in-
The
quantified (£5%) and the client submitted

house. excipient content was
a complete report within a very short fime.

“Fast-tracking therapeutics is a com-
mon goal that helps expedite time-to-mar-
ket and allow patients to receive vital

medicines sooner,” he says.

Stevanato Group: Mechanical and
Closure Integrity Testing for
Optimal Packaging

Pharma companies often choose a
readily available drug container in a bid
to accelerate the time to market for their
drug product. But they risk encountering
problems at the last minute if they have not
thoroughly vetted the container right at the
start.

“One of our US customers used a Ste-

vanato Group’s Technology Excellence
Center (TEC) to evaluate a range of glass
and polymer syringes and elastomer stop-
pers to identify which container combina-
tion was optimal for their unique drug
product,” says Alan Xu, Product Manager,
Analytical Services, Stevanato Group. “The
TEC was able to perform a range of me-
chanical and closure integrity testing to
identify which syringe combinations were
strong candidates — and which ones
should be dropped from the evaluation.”

Root-cause analysis is also a key serv-
ice offered by Stevanato Group’s TECs —
for example, identifying unknown fibers or
components. Breakages and other quality
issues are a constant challenge for
pharma companies, so evaluating poten-
tial root causes with TEC's glass fractog-
raphy or forensic service has been crucial,
Mr. Xu says.

Preparing for FDA submissions is an-
other critical service offered by the TECs —
evaluating whether glass container per-
formance has changed over time, for ex-
ample. “Several of our customers have
requested validated testing in anticipation
of follow-up questions from the FDA, so
having the data early brings peace of

mind — both in terms of characterizing the
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product and also being able to respond to the FDA in a timely
manner.”

Concentrating a variety of different services under one roof
— as Stevanato Group does - is a trend that is likely to continue
in the future. “Offering multiple services as a one-stop-shop
provider reduces logistical overheads and the time between tests,
as well as the risk of confounding variables,” says Mr. Xu. “The
drug product, drug container, and drug delivery system can all
be analyzed in the same place and benefit from economies of
scale, particularly when it comes to automated testing.”

Automating services such as data collection, tracking sam-
ples, environment monitoring, equipment maintenance, and cal-
ibration schedules allow laboratories to minimize scheduling
issues and keep projects running smoothly. Laboratory Informa-
tion Management Systems (LIMS) and electronic lab notebooks
are becoming increasingly popular to centralize traceability.

Combining multiple tests to be run by the same machine is
also starting to happen — to minimize the human element of shift-
ing samples from machine to machine and reducing total sam-
ples needed, he says. There are already automated drug delivery
device testing machines, for example, that simultaneously test and
record multiple performance features, ranging from activation
force to sound to dose accuracy. “This is set to become common-
place in the future, as it delivers faster throughput and more con-

sistent results.”
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DRUG DEVELOPMENT

Using a Novel Deep Cyclic Inhibition Mechanism
to Treat Broad Range of RAS-Mutant Cancers

By: Ben Zeskind, PhD, MBA

INTRODUCTION

In recent decades, there has been significant progress in
the treatment of a wide range of cancers, with new immune-on-
cology therapies including programmed cell death protein 1 (PD-
1) inhibitors reaching the market and several key regulatory
approvals of new targeted therapies including both mitogen-ac-
tivated protein kinase kinase (MEK) inhibitors and KRAS G12C
inhibitors.’ Targeted therapies have rapidly advanced to stan-
dard-of-care for freatment of many solid tumors, demonstrating
clinical efficacy as monotherapies or in combination with other
agents.!34 While representing significant advances in care for
millions of patients, they also are associated with tolerability is-
sues and drug resistance and are limited to use in specific or
small subsets of patients.2> Most importantly, they do not address
a primary challenge in the treatment of cancer that continues to
elude drug developers — the ability to safely target and kill tumor
cells while sparing healthy cells.

There remains a substantial need to enhance and improve
upon current treatment approaches and to broaden the thera-
peutic activity of cancer therapies to make them appropriate and
effective options for more patients. Next-generation therapies will
require novel approaches in drug delivery and targeting, some
of which may be counterintuitive to conventional treatment pro-
tocols, to be able to safely and effectively address underlying can-
cer-causing mutations and create better outcomes for more

patients.

TARGETING RAS MUTATIONS

In several types of cancer, including pancreatic, melanoma,
colorectal, and non-small cell lung cancer, tumors can be driven
by mutations of RAS or RAF genes in the mitogen-activated pro-
tein kinase (MAPK) pathway.® Activating mutations of RAS or RAF
genes in the MAPK pathway are observed in approximately 30%
of all cancer patients, and inappropriate or abnormal activation
of this pathway is observed in up to 50% of all tumors and rep-
resents one of the most highly used signaling pathways in oncol-
ogy.®” In aggressive solid tumors of the pancreas, skin, lungs,
and colon, mutations in RAS or RAF genes are even more com-
mon.8 For example, approximately 40% of lung cancers and ap-
proximately 90% of pancreatic cancers are due to RAS or RAF
genetic mutations.®8

The most common types of RAS genes — KRAS, HRAS, and
NRAS - encode proteins that play an important role in cell sig-
naling.3¢ When RAS genes are mutated, cells grow uncontrollably
and evade death signals. RAS mutations also make cells resistant
to many available cancer therapies.> Currently, RAS-selective in-
hibitors each target single specific RAS mutations that drive dif-
ferent cancer tumors, including the most common KRAS G12C
mutation.® They are also typically designed to sustain target en-
gagement 24/7 to shut down the MAPK pathway chronically.35
But treatment based on this chronic inhibition strategy can yield
undesirable side effects given that healthy cells also rely on the
MAPK pathway, and patients can become resistant to drugs that
are specific to a single mutation, as the constant selective pressure
against, say, KRAS G12C can cause tumors to mutate again and
become reliant on a different mutation in KRAS. Researchers at
Immuneering are working to address the question: rather than

targeting individual RAS mutations and treating chronically, is it



possible to achieve broad therapeutic ac-
tivity in a way that focuses on malignant
cells while minimizing damage to healthy

cells?

A NEW APPROACH BASED ON
DEEP CYCLIC INHIBITION OF THE
MAPK PATHWAY

Immuneering’s journey began with a
counterintuitive observation from the com-
pany’s proprietary informatics platform.
First-generation inhibitors of the MAPK
pathway were effective in reversing dis-
ease-associated gene expression changes
at early time points, such as 3 hours and
6 hours post-administration, but by 24
hours were amplifying disease-associated
transcriptomic changes. These observa-
tions led the company to conduct extensive
research, the results of which support the
notion that tumor cells and healthy cells

need the MAPK pathway, but in different

ways.? Tumor cells need continuous MAPK
pathway signaling to grow and divide,
whereas healthy cells can tolerate more
moderate or sporadic levels of MAPK sig-
naling. In other words, tumor cells need
the MAPK pathway like we need air (a con-
stant supply), and healthy cells need the
pathway like we need water (on a more in-
termittent basis). Thus, healthy cells likely
can go several hours without “water,” or
MAPK signaling. The company’s observa-
tions strongly support further assessment
of a unique and counterintuitive approach
to patient dosing known as deep cyclic in-
hibition (DCI).

The concept of DCl is to focus thera-
peutic infervention more against tumor
cells than healthy normal cells by deeply
cycling and disrupting the MAPK pathway
in a rapid series of on and off cycles in-
stead of aiming for 24/7 chronic disrup-
tion. This novel approach has two essential

goals:

1. Hit the tumor hard with pulses of inhi-
bition to break tumor addiction to the
MAPK pathway — reaching levels of
pharmacokinetic (PK) C,,,, many fold
higher than traditional “chronic” ther-

apeutic approaches.

2. Quickly drop off to a near-zero drug
trough or drug level (before the 24-
hour mark) to give healthy cells an op-
portunity to reset and restore

homeostatic MAPK pathway signaling

- enabled by features including a short

therapeutic half-life of approximately

two hours.

This two-step process is repeated at
least once daily in an ongoing cycle. All
the action happens behind the scenes
based on the drug’s chemical structure, so
for patients, it is a very simple matter of
taking the drug orally once or twice a day.

Earlier generation cancer therapies

are designed to have a long half-life to en-
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sure 24/7 suppression of the MAPK path-
way. Designing therapies to have a shorter
half-life is essential to support the DCI
process — it enables high peak drug expo-
sures (or Cpq,) that can then swiftly drop
to near-zero drug troughs. Patients essen-
tially experience a daily “drug holiday.”
While this may seem counterintuitive com-
pared to currently available treatment ap-
proaches, DCI has the potential to target
and kill cancer cells more effectively by
limiting adaptive resistance, a process
where cells upregulate compensatory
pathways in response to drug-related ac-
tivities, while improving drug tolerability.
A very important consideration re-
lated to DCl is the potential to broadly tar-
get a range of RAS mutations including
KRAS, HRAS, and NRAS. This contrasts
sharply with most current therapies that
target only one specific RAS mutation.3:56
The DCI approach targets MEK (a key pro-
tein kinase in the MAPK signaling pathway)
downstream of RAS and thus could have
broader potential applications in treatment

of some of the most challenging tumor

types.

The DCI approach has been modeled
extensively in preclinical research using
animal models, proprietary humanized 3D
tumor growth assays (3D-TGAs), pharma-
cogenomics modeling, and in vitro and in
vivo models to assess safety and efficacy
along with optimal patient populations for
treating different RAS-mutant cancers. Re-
searchers at Immuneering leveraged more
than 100 tumor models, including 75 dif-
ferent models displaying various RAS mu-

tations.’® Immuneering assessed whether

DCl was an optimal therapeutic approach
for a range of cancers, including pancre-
atic, lung, colorectal, melanoma, thyroid,
sarcoma, breast, ovary, liver, and neurob-
lastoma, among others. Targeting this
range of fumor models was essential to
determine which types of cancer may be
addicted to the MAPK pathway and re-
sponsive to the DCI mechanism of action.
Data from preclinical studies showed the
company’s lead product candidate, called
IMM-1-104, resulted in comparable to
greater tumor growth inhibition versus
standards of care and was well tolerated.

Building on this research, Immuneering
recently announced the first-ever use of
DCI in humans. Positive initial PK, phar-
macodynamic (PD), and safety data from
a Phase 1/2a clinical trial of IMM-1-104
were presented at the American Associa-
tion for Cancer Research (AACR) Annual
Meeting in April 2023 showing that DCI
has potential applications across a num-
ber of RAS-mutant solid tumors.!" The
Phase 1/2a clinical trial was designed to
evaluate the safety, tolerability, PK, PD, and
preliminary efficacy of IMM-1-104 in pa-
tients with RAS-mutant advanced or
metastatic solid tumors, including pancre-
atic, colorectal, lung, and melanoma. Re-
sults from the trial presented at the AACR

meeting included the following:

* Significant PK C o levels (the plasma
concentration of therapy) observed with
IMM-1-104 of >2,000 ng/mL (or ap-
proximately 1-UM drug free-fraction at

160 mg once daily oral dose).

* >90% PD inhibition of phosphorylated
extracellular signal-regulated kinase
(PERK) with IMM-1-104 compared to
pre-treatment baseline for patients at
the third dose level (160 mg once daily

oral).

* A median plasma half-life of 1.94
hours observed with IMM-1-104 across
the first three dose levels evaluated (40
mg, 80 mg, and 160 mg once daily
oral), in patients with pancreatic and
colorectal cancer with different RAS mu-
tations, including KRAS-G12D, the most
common mutation present in pancreatic

cancer.

e IMM-1-104 was well tolerated with no

dose limiting toxicities.

Immuneering announced completion
of the dose escalation portion of the Phase
1/2a trial of IMM-1-104 in June 2023,
achieving this important milestone ahead
of the company’s original timeline.'? Ad-
ditional safety data are now expected in

early 2024.

The company’s second development
program IMM-6-415 has also demon-
strated preclinically the potential to
broadly target MAPK-dependent cancers
regardless of the underlying mutation in
RAS or RAF. IMM-6-415 is designed to tar-
get RAS- and RAF-mutant tumors through
DCI of the MAPK pathway, with an accel-
erated cadence enabled by an exception-
ally short therapeutic half-life. While
IMM-6-415 has a shorter half-life (about
20 minutes in mice) than IMM-1-104
(about 2 hours in humans) it is still shown
to inhibit RAS- and RAF-mutant tumor
models. Despite their design differences,
the goal of IMM-6-415 and IMM-1-104 is
the same — to deprive cancer cells of the
continuous pathway signaling they need to

rapidly grow and divide while providing



healthy cells with the intermittent signaling
they need to function.

Promising preclinical data highlight-
ing the therapeutic activity of IMM-6-415
were presented at the AACR-NCI-EORTC
International Conference on Molecular
Targets and Cancer Therapeutics in Octo-
ber 2023.'% Researchers at Immuneering
assessed IMM-6-415 alone and in combi-
nation with encorafenib, a BRAF inhibitor
approved for the treatment of melanoma
and certain types of colorectal cancer, in a
series of preclinical models of RAS- and
RAF-mutant disease. Results showed the

following:

e >60 humanized 3D-TGA models, in-
cluding 30 BRAF class I-mutant fumor
models, showed a high sensitivity pro-
file for IMM-6-415 in a wide range of
MAPK-driven tumor types, including
models of RAS- and RAF-mutant dis-

ease.

* As monotherapy, IMM-6-415 demon-
strated anti-tumor activity in over 50%
(34 of 66) of the 3D-TGA models
tested, including 30 BRAF mutant pre-
clinical models in which 19 (63%)

showed activity.

* Monotherapy treatment with enco-
rafenib or IMM-6-415 displayed supe-
rior tumor growth inhibition (TGI)
compared to binimetinib in melanoma

and colorectal BRAFY4%% tymor models.

* IMM-6-415 in combination with enco-
rafenib achieved greater TGl in vivo
than encorafenib plus binimetinib in
BRAFV60F  colorectal  cancer and
melanoma tumor models. For refer-
ence, the combination of encorafenib
plus binimetinib was recently approved
by the US FDA for the treatment of
adults with BRAFY60F metastatic non-

small cell lung cancer.™

These data suggest that DCI of the
MAPK pathway with an accelerated ca-
dence is active in tumors caused by RAS
and RAF mutations and further support the
potential of IMM-6-415 as monotherapy
or in combination regimens to treat solid
tumors. Immuneering anticipates filing an
investigational new drug (IND) application
for IMM-6-415 in the fourth quarter of
2023.

THE FUTURE OF CANCER
TREATMENT

By challenging the conventional 24/7
inhibition paradigm, DCI has the potential
to redefine the freatment landscape for
RAS- and RAF-mutant cancers. It offers a
novel and potentially more effective ther-
apeutic strategy with improved tolerability.
As with all new approaches in the treat-
ment of cancer, support must be deeply
rooted in data. The DCI mechanism is
supported by extensive preclinical and now
clinical data demonstrating its potential to
be translated on a larger scale.

Immuneering’s progress in under-
standing the DCI mechanism can also
present opportunities to rethink treatment
methods in other areas. The approach is
not limited to MEK inhibition. It could po-
tentially be applied to additional targets or
pathways that: 1) are inappropriately acti-
vated in a disease state; 2) demonstrate a
biologic addiction to sustained signaling;
and 3) allow the DCI cycle to align with
underlying disease biology. Immuneering
will continue to follow the data to expand
and optimize the potential of DCI to play
a role in treatment of a broad range of

cancers in the years ahead. ¢
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CLINICAL TRIALS

The Power of Al in Overcoming Patient Diversity

Challenges

By: Isaac Bentwich, MD

INTRODUCTION

Clinical trials continue to be a major stumbling block in the
drug discovery and development life cycle. A stumbling block so
overwhelming, current pharmaceutical practices do not even pro-
vide a 50% shot of success. In fact, clinical trial success rates do
not even top 10%; there is an abysmal 90% failure rate for novel
drugs in clinical trials, meaning only 1 out of every 10 drug can-
didates. There is no question the novel drugs that manage to
work their way through to market make a critical impact, but
those life-changing — and often life-saving — drugs are too few
and far between.

The following explores why patient diversity is such a chal-
lenge for clinical trials, where that pain is often felt the most, some
of the regulatory, technological, and industry changes already
underway fo solve the clinical trial gap, and where artificial intel-

ligence (Al) changes the future of patient diversity.

THE ROOT ISSUE

Clinical trials serve as the primary pre-market evaluation
step for novel drugs that have made it through the time- and cost-
intensive preclinical phase. Unfortunately, the traditional drug de-
velopment process puts novel drug candidates at a significant
disadvantage before they even make it to clinical trials. Still over-
whelmingly tied to the faulty animal/mouse model, the data used
to advance novel drug candidates into the clinical trial phase re-
lies on animal studies.

In the words of Nobel Laureate Aaron Ciechanover, MD,
DSc, “One of the main problems in drug development is the

model that we are using — the mouse. We are not mice, so what

works in animal-based trials is not a proper indicator of what will
work for people.”

Yet despite the incredible failure rate consistently demonstrat-
ing its limitations, animal models have reigned as the preclinical
kings for 80+ years due to animal testing requirements man-
dated by outdated regulations. Even predictive models based on
mice that show promise at predicting lethal doses of drugs strug-
gle to effectively screen for likely side effects. Some studies have
even compared the variations by animal species for predicting
compounds’ metabolic behavior in humans. There are simply too
many critical differences in the organ systems as well as the com-
position, expression, and catalytic activities of drug-metabolizing
enzymes to effectively extrapolate data from animal models to

humans.

THE PRIMARY PATIENT DIVERSITY PAIN POINT

For the drug candidates that make their way to trial, patient
diversity is the primary pain point. And much like the limitations
of relying on animal models in the preclinical phase, the diversity
dilemma has been a decades-long issue. Early clinical trials often
relied solely on white male participants, and the problem is not
going away. Worse yet, this is a global issue; an in-depth study
of trials across 29 countries between 1997 and 2014 found that
participants were almost 90% white. Yet, racial/ethnic minorities
are 1.5 to 2 times more likely than whites to suffer from major
chronic diseases.

The dearth of diversity creates major gaps in the resulting
clinical trial data as those trials typically fail to properly represent
the individuals most affected by the specific disease or condition

the drug was intended to treat. The groups who likely stood the



best chance to benefit from the drug,
whether by a combination of age, biolog-
ical sex, race, sexual orientation, or other
risk factors like medical history or environ-
mental conditions, were woefully under-
represented in many trials. If a trial
underrepresents certain groups by design
or mere oversight, the resulting knowledge
gap severely limits the ability to pinpoint
optimal treatments, fully understand po-
tential risks, and properly determine safe
use cases.

Disappointingly, the disconnect be-
tween trial participants and future patient
demographics still runs rampant today.
Recent studies continue to confirm that
white participants are overrepresented in
all types of clinical trials, and the lack of
diversity extends to sex, age, efc. as well
(Figure 1). Despite decades of advance-
ments in our understanding of the need for
patient diversity in trials, advocacy efforts,
and regulatory changes to try to make trial
data more representative of the long-term

treatment demographic, most clinical trials

still fail to meet patient diversity demands.
According to Raeka Aiyar, PhD, of The
NYSCF Research Institute, “Many minori-
tized populations have been excluded
from research. And as a result, we have a
biased understanding of disease and
treatments that do not work for everyone
who needs them. A black woman is 22%
more likely to die from heart disease than
a white woman, and 71% more likely to
die from cervical cancer,” she continued.
“Before COVID, less than 5% of NIH
funded respiratory research reported in-
clusion of racial or ethnic minorities.”
When researchers actively try to re-
cruit a more diverse trial set, they still often
find members of minority groups — be it by
age, race, ethnicity, or gender — are more
reluctant to participate. Often it is driven
by a lack of awareness in underinsured
populations. Access, resource, and visibil-
ity limitations aside, fears of discrimina-
tion, unethical treatment, exploitation, job
loss, or financial ramifications also con-

tribute to inadequate participation. Re-

gardless of the cause(s) of the continued
lack of diversity in clinical trials, the rami-
fications are far-reaching and life-threat-
ening as some freatments can be rendered
ineffective or deadly when that demo-
graphic group is not included in trial data.
Biological differences can change how pa-
tients will respond to certain drugs or ther-
apies — making a treatment more or less
effective, or even more or less toxic, for
one group than another.

The absence of diverse research im-
pacts patients and treatments in many
ways; asthma is one easy-to-understand
example. “In the Bronx, we talk about
‘ABCD’ being the priorities in terms of
healthcare: asthma, blood pressure, can-
cer, and diabetes,” noted John Greally,
PhD, DMed, Montefiore Hospital, Albert
Einstein College of Medicine, in the same
NYSCF webcast. “The treatment of asthma
using the standard bronchodilators that
relax the muscles of the airway and pre-
vent spasm work much better in some an-

cestry than others. The non-responsiveness
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to albuterol, which is our first line treat-
ment, is about 47% of people who identify
as African American and 67% of Puerto
Rican kids. It's about 20% for people who
are Northern European white. Unless we
study [diverse groups], we're not going fo
understand where we could be doing
harm with these sorts of medications.”

Perhaps a silver lining for the future of
drug research and development, the pan-
demic confirmed the need for clinical trial
diversity and health equity, making it a
medical and media priority. In response to
the continued lack of diversity, the FDA is-
sued draft guidance for the industry, fo-
cused on developing plans to enroll more
participants from underrepresented racial
and ethnic populations into US clinical tri-
als. Adding to the regulatory push, the
omnibus spending bill was enacted (Public
Law 117-328) requiring diversity action
plans for the clinical trials used by the FDA
to decide whether drugs are safe and ef-
fective. The National Institutes of Health
even recently released its Minority Health
and Health Disparities Strategic Plan
2021-2025, which focuses on improving
diversity and inclusion in NIH-funded re-
search through updated clinical trial poli-
cies and guidelines. Trial diversity has
come to the forefront of the clinical ap-
proval process.

While the pandemic disproportion-
ately affected racial and ethnic minority
groups, Black or African American, Amer-
ican Indian or Alaska Native, Hispanic or
Latino, and older adults were underrepre-
sented in early U.S.-based vaccine clinical
trials. However, due to the intense public
scrutiny and shockwaves of change the
pandemic created throughout the medical
research community, clinical trial sponsors
eventually saw an increase in diversity

among participants as a result of the pan-

demic. As researchers adopted a decen-
tralized model that allowed for remote
assessments and community-based re-
cruitment, it eliminated the need for trial
participants to be within close proximity to
the testing center, which is a primary bar-
rier for many minority groups.

As evident during the height of the
pandemic, fully embracing recent ad-
vances in the pharmaceutical arena can
push life-saving treatments info circulation
faster. However, patients should not need
to wait for the next global health crisis.
Plagued by low patient access pools for tri-
als and regulatory roadblocks, rare dis-
eases certainly don’t elicit the same
urgency for review and approvals as pan-
demic treatments and vaccines.

When considering the patient diversity
challenge in clinical trials, rare disease tri-
als top the list. If finding strong, diverse
trial patient pools for common health con-
ditions like asthma, diabetes, or choles-
terol concerns is tough, imagine the
hardship of a diverse trial set that properly
accounts for child/minority group repre-
sentation for rare diseases.

According to the National Organiza-
tion for Rare Disorders (NORD), an esti-
mated 350 million people worldwide have
a rare disease. That includes 25-30 million
Americans — half of whom are children.
Taking an average of 5 years to reach an
accurate diagnosis, many patients are
then left with no options or hope as only
10% of rare diseases even have an FDA-
approved treatment. Rare diseases gener-
ally receive inadequate funding and have
even longer development and approval
timelines, so life-saving treatments are ei-
ther seriously delayed or never reach the
market due to the extremely high cost and
trial constraints. NORD’s Rare Disease

Video provides additional information, in-

cluding the often overlooked fact that ALL
pediatric cancers are considered rare
diseases.

At the start of 2023, we marked the
40th anniversary of the Orphan Drug Act,
which drove a push to develop and ap-
prove more than 550 drugs and biological
treatments for 1,100+ rare disease indi-
cations since its inception, and the fifth an-
niversary of the Memorandum of
Understanding Between the US Depart-
ment of Health and Human Services, FDA,
and NORD. However, much like how out-
dated regulations drove the continued re-
lionce on animal-testing models, rare
diseases cannot be left behind in the next
era of drug development innovation. As
our scientific knowledge evolves, so must
our laws and our practices.

Unfortunately, federal mandates con-
tinue to threaten rare-disease break-
throughs, and minority groups face added
treatment access barriers, occording to
Jenifer Ngo Waldrop, Executive Director of
the Rare Disease Diversity Coalition.
“What little federal funding goes toward
rare-disease research often flows to con-
ditions that primarily affect white Ameri-
cans. For example, compare cystic fibrosis
(CF), a lung disease with an outsized im-
pact on white Americans, with sickle cell
disease (SCD), which disproportionately
affects Black Americans. The overall num-
ber of Americans with SCD is three times
higher than the number with CF. Yet, a
study found that government funding be-
tween 2008 and 2017 was nearly $2,000
higher per person for CE"” Waldrop stated.

Looking at Figure 2, the lack of pa-
tient diversity in rare disease trials is stark
— compounding the challenge for minority
groups suffering from rare diseases. It is
time to reshape rare disease drug discov-

ery and development by embracing new



technologies and answering the call of pa-
tient-driven advocacy to accelerate future

drug development.

WAYS Al CAN FILL THE
DIVERSITY GAPS

Since the FDA Modernization Act 2.0
was signed into law, a shift in the drug dis-
covery and development model has
begun. As the FDA no longer requires an-
imal testing on drugs in development, the
pharma industry is beginning to embrace
valid non-animal drug testing methods
and technologies. Furthermore, the House
and Senate recently pushed for broader
FDA integration of non-animal ap-
proaches and requested periodic reports
on the progress of the removal of any re-
maining barriers to integrating non-ani-
mal methods.

The current technology transition will
correct the root issue of the faulty animal-

testing model and extend well beyond, into

all aspects of trial data. Advances in artifi-
cial intelligence (Al) are primed to rapidly
disrupt the entire drug development
process by ensuring more expansive, di-
verse, and accurate trial data earlier in the
process — helping to get new, safe drugs to
patients sooner.

So how exactly can Al help overcome
patient diversity challenges and speed up
the introduction of safe drugs? Let’s focus
on four primary elements — trial site selec-
tion, patient recruitment and retention,
stem cell diversity, and patient-on-chip

platforms.

Site Selection

Clinical trial site selection has always
been challenging, but global crises like the
pandemic and war in Ukraine created new
obstacles. The need to still ensure trial par-
ticipants accurately represent a diverse
global population despite unpredictable
setbacks infinitely complicates the process.

As manual search and curation of

sources are painfully slow and inefficient,

Natural Language Processing (NLP) can
quickly integrate advanced searches, sys-
tematically analyze potential sites, and
condense the selection timeline. To remove
discriminatory biases, Al can help identify
sites that will provide access to diverse, rel-
evant patient populations if properly
trained using a mix of clinical trial meta-
data, medical and pharmacy claims data,
and patient group membership data. Cre-
ating the proper cohort composition often
depends on the site selected; cognitive
computing has been effectively used to
match trial cohort sites at the Mayo Clinic.
To remove discriminatory biases, Al can
also be taught to consider which sites
minimize enrollment and participation
barriers.

Another option when site selection
challenges seem insurmountable, espe-
cially with rare diseases, is to consider de-
centralized clinical trials (DCTs). DCTs
often invite more diversity as they allow
more flexibility and reduce transportation

barriers as some components of the trial —
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be it drug delivery, imaging, electronic sur-
veys, and remote patient monitoring (RPM)
— take place remotely rather than at a pri-
mary trial site. Al could improve the patient
experience in DCTs through reinforcement
learning, computer vision, and Al models
designed for temporal data to improve
user interfaces and engagement as, de-
spite the added flexibility, DCTs place more
responsibility on participants and short-
comings in digital health user interfaces

can put retention at risk.

Patient Recruitment and Retention

Once a site is selected, Al can ease
core clinical trial design headaches — from
patient recruitment to patient monitoring
and retention. Recruitment is a costly, time-
intensive exercise, but doing it correctly is
well worth the investment, as under-en-
rolled or unfinished trials create a ripple
effect of additional costs and lost opportu-
nity.

Unfortunately, 86% of trials do not
meet enrollment timelines, almost one-
third of Phase 3 trials fail because of slow
enrollment and 40% of patients become
non-adherent 150 days into a clinical trial.
Al, in combination with wearables, sen-
sors, and/or video monitoring solutions,
can alleviate some of the tedious, patient-
driven self-monitoring tasks like disease
diaries and logging while also collecting
more reliable data. In the years ahead,
generative Al tools will become part of the
clinical trial toolkit to automate the patient
identification/eligibility process, personal-
ize recruitment messaging, and track pa-
tient care and progress — ensuring diversity

along the way.

Stem Cell Diversity

The science behind stem cell develop-

ment and usage has significantly evolved.
The ability to create miniaturized organs
called organoids, representing a specific
patient profile, is rapidly becoming more
common, reliable, and affordable. Due to
the massive cost reduction in developing
human-induced pluripotent stem cells
(iPSC), thousands of patient-specific stem
cells and organoids can be created with
ease, while disease models based on
human iPSCs have also advanced.

But what does this mean for patient
diversity and where does Al fit in2 Stem
cells, or more specifically the organoids or
full patient-on-a-chip organ systems devel-
oped from the stem cells, hold the key to
unlocking clinical trial diversity.

“Increasing the diversity of stem cell
biobanks presents a key opportunity to en-
sure disease research captures the full di-
versity of humanity and benefits all
communities in need,” Dr. Greally told the
NYSCF. “What we can and should do in
terms of research is to try to bring the
same amount of genomic insights to all
populations so that we can provide the
same care to everybody, no matter their

ancestry.”

Patient-on-a-Chip Platforms
Patient-on-a-Chip platforms combine
the power of Al and stem cell science. In-
tegrating machine learning with patient-
on-a-chip technology, interconnected
miniaturized versions of human organs
created from stem cells, provides a more
accurate model of how a specific drug will
react in the human body. An advanced pa-
tient-on-a-chip platform can test known
drugs on thousands of genomically diverse
patients-on-a-chip. To optimally train the

machine learning, the known drugs (clini-

cally safe ones and unsafe ones) must be

tested on hundreds or thousands of differ-
ent individual patients-on-a-chip.
Advanced Bio-Al platforms can solve
the core clinical prediction challenge —
predicting, before expensive clinical trials,
which drug candidates will work safely in
the human body. Whether to determine
drug toxicity or treatment viability for a
specific patient in a personalized medicine
approach or to build an entire clinical pre-
diction platform on specific, yet diverse,
patient profiles, this is arguably the most
powerful application of Al in terms of clin-
ical trial viability and patient diversity.
These clinical trials-on-a-chip capture the
full spectrum of drug responses, so the
data generated can be used to train an Al
model to not only accurately predict if a
drug is safe, but also for whom. Al-pow-
ered patient-on-a-chip platforms create
access to a diverse trial participant pool
without the geographic or social con-
straints that may limit conventional clinical
trial models. To start, this is most helpful in
the preclinical trial phase as it weeds out
the drug candidates that won't work while
providing a more diverse data set to con-
fidently move certain candidates forward

into the clinical phase.

Al has the ability to support patient di-
versity efforts. Its application at various
stages of the drug discovery and develop-
ment life cycle will provide tremendous on-
going benefits to stakeholders throughout
the drug ecosystem. However, the most im-
portant benefit is to potential patients.
While applicable to all ailments, rare dis-

ease patients will benefit most from Al’s



ability to better predict clinical safety and
efficacy without animal trials from a di-
verse data set, significantly accelerating

new drugs’ path to market. ¢
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SUPPLY CHAIN

VISIBILITY

New Tracking Technologies Driving Improvements
to Reduce Drug Shortages, Expedite Recalls,

Protect & Inform Patients

By: Tracy Nasarenko, MBA

INTRODUCTION

Supply chain issues continue to plague the healthcare indus-
try, creating delivery delays and product shortages that can inter-
rupt and seriously compromise patient care. Imagine cancer
patients, for example, having to stop chemotherapy before the
prescribed course of treatment is finished because the necessary
drugs are unavailable. If you know someone in this predicament,
you're not alone.

Drug shortages in the US are at an all-time high, with no re-
lief in sight. Solutions are urgently needed to improve supply
chain visibility — the ability to “see” where products are located at
any point in fime during their life cycle — to infuse product stability
and help ensure necessary supplies are available when and
where they are needed.

To that end, healthcare industry leaders have been working
together to upgrade existing supply chains with long-term, sus-
tainable solutions. New technologies are being leveraged along
with industry standards to enable full visibility across the entire
supply chain, tracking products all the way from manufacturer to
end user. Among them are new, advanced data carriers — capa-
ble of holding vast amounts of product information within a tiny
footprint on a product label - including two-dimensional (2D)
barcodes and improved radio-frequency identification (RFID)

tags.

DIGITAL IDENTIFICATION IS THE CORNERSTONE
OF TRACEABILITY

Unique product identification is the first building block for
track-and-traceability. Encoding a standardized, digital identifier
on the product label marks that item and differentiates it from all
others. For pharmaceuticals, the identifier is a National Drug
Code, embedded in a standardized GS1 Global Trade ltem
Number® (GTIN®). The US FDA's Drug Supply Chain Security Act
(DSCSA) requires the product identifier plus serial number, lot
number, and expiration date to be included in a 2D barcode (eg,
GS1 DataMatrix) on unit-level pharmaceutical product packag-

ing. Homogeneous cases must include either a 2D or linear (eg,



GS1-128) barcode.

GS1 US, a not-for-profit information
standards organization, supports these ef-
forts by providing a system of standards
for identifying products, locations, and lo-
gistic units, thus enabling supply chain
stakeholders like manufacturers, whole-
sale distributors, and dispensers to meet
the DSCSA requirements. The standards-
based data enables interoperable, elec-
tronic exchange between trading partners,
required by the FDA to meet the final
DSCSA deadline of November 27, 2023.
(The FDA recently announced an enforce-
ment delay until November 27, 2024).

DSCSA is aimed at improving drug
traceability and is primarily focused on
trace-back to swiftly address issues that
could potentially affect patient safety. If a
product is suspected to be or deemed ille-
gitimate, understanding the journey of a
product at the serialized unit-level enables
the identification of vulnerable points
within a supply chain where counterfeit
drugs can be inserted. Additionally, en-
abling fast identification and pinpointing
the location of products that are recalled,
withdrawn, or expired facilitates quick,
precise removal from the supply chain to

prevent those drugs from being used or

sold.

COLLABORATION ACROSS THE
SUPPLY CHAIN IS KEY

The supply chain benefits of using 2D
barcodes for tracking and tracing can only
be realized when all trading partners are
aligned on standards and capabilities.
Manufacturers are advised to discuss their
2D transition plans with key trading part-
ners, including distributors, wholesalers,
third-party logistics providers, healthcare

providers, and pharmacies. Potential im-

pact, cost, and benefits of implementing
2D barcodes should be understood for
every point where the product is touched -
from manufacturing through distribution,
storage, and end use.

Optical scanners are needed to auto-
mate data capture from the barcode so
that all stakeholders can access, ingest,
utilize, and share information about the
products’” movement all the way through
the supply chain. This enables all parties
to confirm transactional events (shipping,
receiving) and locations to enable real-
time visibility — the products can be tracked
down to an exact location and status at
any point in time by any of the connected
trading partners. Locations are identified
with Global Location Numbers (GLNs).
The record of transactional data detailing
the movement of products through the
supply chain can be created and shared
with the use of GS1's Electronic Product
Code Information Services (EPCIS) stan-
dard, as recommended by the FDA for
DSCSA.

With such alignment, benefits are also
spread across the whole network. From in-
ventory visibility to shipping/receiving
awareness, to operational efficiencies and
cost savings, and most importantly patient
safety — all can be positively impacted by
a smoothly run supply chain supported by
digitally interoperable, complete records
of product manufacture, distribution, and

use.

2D BARCODES OFFER PRODUCT
TRANSPARENCY ALL THE WAY
TO THE PATIENT

Medications are dispensed in health-
care facilities as well as in retail pharma-
cies and, in the case of OTC drugs, other

retail outlets. It makes sense for the trace-

ability mechanisms to also cross channels,
and using 2D barcodes makes that possi-
ble. Product identification and verification
is necessary throughout the entire supply
chain for DSCSA even at small, independ-
ent pharmacies or individual practitioners
who are acting like dispensers, which can
be challenging. Industry leaders have pro-
vided assistance in the form of assigned
GLNs to bring these locations into the
traceability information loop.

The benefits do not stop at the hospi-
tal or store, however. The utilization of 2D
barcodes is further driven by consumers'
growing demand for detailed product
data. The expanded capacity of these bar-
codes enables brands to encode critical
product information and to additionally
embed a wealth of information, such as
ingredients, interactions, contra-indica-
tions and side effects, dosing recommen-
dations, and even research results
documenting efficacy and outcomes. Links
to all that data can be embedded in a 2D
barcode and scanned by the consumer
with a smartphone. This may be especially
useful in pharmaceutical products that are
sold at retail. Products could someday
even proactively notify users, such as a pill
bottle reminding a person to take their
daily dose.

Furthermore, the adoption of auto-
matic data capture at the point of care
through 2D barcodes streamlines clinical
workflows, saving time for clinicians and
allowing them to focus on patient care
rather than manual data entry into inven-
tory sheets and electronic health records.
This technology offers increased accuracy
and clinical efficiencies, serving as a valu-

able cost containment measure for health-

care providers.
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NEW & IMPROVED RFID
TECHNOLOGY IS GAINING
TRACTION

Until recently, RFID has not been con-
sidered useful for the healthcare supply
chain due to prohibitive costs and techno-
logical limitations. But today, new and im-
proved RAIN RFID technology, which uses
the UHF band, is generating new attention
and a fresh look.

Fast, automated scanning of multiple
units, even without a line of sight, can be
achieved with RAIN RFID, offering im-
proved efficiency for scanning bulk prod-
ucts in distribution. An RFID reader can
scan entire shipments automatically and
remotely in a fraction of the time it takes
to manually scan individual cases or pack-
ages.

Fresenius Kabi, a healthcare com-
pany that specializes in life-saving medi-
cines and technologies for infusion,
transfusion, and clinical nutrition, became
the first pharmaceutical manufacturer to
embed medication identification data into
an RFID tag in 2020, relying on GS1 Stan-
dards to permit full interoperability and
compatibility. The company has been
using these tags on specified products, in-
cluding glass and plastic vials and sy-
ringes. They reported that using RAIN RFID
tracking on medication inventory allows
them to scan many drugs at once, more
easily track expiry dates, and better main-
tain tighter inventory levels.

RAIN RFID cannot serve DSCSA re-
quirements on its own; instead, it is con-
sidered useful in conjunction with 2D data
matrix barcodes. The RAIN RFID tags pro-
vide an added layer of protection for phar-
maceutical integrity in patient care, while
saving healthcare providers time and pro-
viding precise inventory control throughout

the product’s life cycle.

Using GS1 Standards makes the RFID
tags readable anywhere, allowing the in-
dustry consistency and delivering on inter-
operability. To ensure all recipients of
RFID-tagged products can decode and un-
derstand the product information, health-
care industry stakeholders worked
together to identify how manufacturers
should encode and provide a “roadmap”
to assist the industry in adoption. The Im-
plementation Guideline for RFID in Health-
care Manufacturing: Using GS1 Standards
to Enable Visibility and Efficiency docu-
ment defines the application of GS1 Stan-
dards to support adoption of RFID by
healthcare supply chain stakeholders. It in-
forms pharmaceutical and medical device
manufacturers about how to encode RAIN
RFID tags using GS1's Electronic Product
Code (EPC) schemes outlined in the EPC
Tag Data Standard (TDS) for automatic
data capture to be utilized across the

healthcare supply chain.

SUMMARY

Supply chain visibility is crucial in the
healthcare industry, perhaps more than in
any other marketplace. The ability to know
where products are located at any mo-
ment in fime across the entire supply chain
helps all stakeholders improve inventory
management, reduce stockouts, and
streamline logistics operations. It gives
providers and dispensers a chance to
make adjustments when necessary, such
as finding new alternative sources or sub-
stitute products as efficiently as possible.
And it enables full traceability for product
authentication, provenance, and removal
in the case of a recall or product expira-
tion.

The challenges of today’s evolving

markets and healthcare infrastructure de-

mand new, digitally interconnected
solutions that can be shared across in-
creasingly complex supply chains. Two-di-
mensional barcodes offer wide-ranging
benefits and are needed to satisfy the
traceability requirements of DSCSA, while
new and improved RAIN RFID technology
holds promise for operational efficiencies
that can help pave the way to faster, more
reliable delivery of drugs, helping
maintain the integrity of our healthcare

systems. ¢

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

Improving CRO Etficiency Through Automation

By: Emmanuel Belabe

INTRODUCTION

Big Pharma drives demand for contract resource organiza-
tions (CROs) by outsourcing up to 45% of research and develop-
(R&D) The

pharmaceutical services outsourcing market is set to grow to

ment activities. global biotechnology and
$108 billion by 2030 to meet these rising demands, putting pres-
sure on CROs.

Many CROs believe they've reached a breaking point as they
work to keep up with rising case volumes, data complexities, and
changing regulations. To combat these pressures, CROs need ac-
cess to modern pharmacovigilance (PV) automation that pro-

motes flexibility, scalability, efficiency, and cost-effectiveness.

TRADITIONAL SAFETY PROCESSES AREN'T
ENOUGH

Many CROs rely on tedious, outdated manual methods to
handle the influx of safety data and process cases. Those tradi-
tional workflows make it more challenging for CROs to accom-

plish the following essential tasks:

Efficiently Process Data - The first steps in safety case processing
involve extracting safety case attributes from source documents
and populating that data into a database. Traditional, manual
approaches typically require PV teams to carefully read incoming
documents and forms before re-keying the data into a case-in-
take system. This process involves expending manual efforts on
redundant data entry and requires multiple stages of manual re-
views and quality checks, resulting in an error-prone and monot-

onous data entry flow.

Scale Cost-Effectively - Traditional workflows impair a CRO's
ability to process hierarchies, adjust to changes in volume, and
intfroduce new services. In turn, this drawback makes it harder to
scale operations and become a one-stop-shop vendor. While
using legacy systems, CROs have to throw more human resources

at increased case volumes, which isn’t sustainable long-term.

Identify Safety Signals - Discovering safety signals is a critical
aspect of pharmacovigilance. A manual review of individual
cases or data may make it challenging for PV teams to efficiently
identify patterns, trends, or potential safety concerns. Organiza-
tions may miss essential signals or face delays in detecting and

acting upon emerging safety issues.

Meet Complex Global Operations - PV operations are subject
to strict regulatory requirements and reporting obligations. Tra-
ditional workflows may lack built-in compliance checks and au-
tomated reporting mechanisms, making it harder for CROs to
ensure compliance with evolving standards and regulations. Re-
liance on manual processes can introduce errors, data inconsis-

tencies, and delays in meeting regulatory deadlines.

By embracing modern tools and technologies, CROs can
overcome these limitations and optimize their PV activities, lead-

ing to the delivery of more value to their clients.

AN INDUSTRY NEED FOR AUTOMATION

Recent trends across the life sciences industry also create a
need for faster and more accurate adverse events (AEs) reporting.
Safety caseloads are increasing 15% year over year (YOY), on
average. This increase can be attributed to a number of factors,

including the following:
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Changing Regulations - The US Food and
Drug Administration (FDA) and European
Medicines Agency (EMA) continually up-
date their safety data reporting require-
ments. Increased regulatory scrutiny to
ensure patient safety will continue driving
the need for more PV capabilities and for
organizations to review and revise their

safety cases.

Rising Clinical Trial Complexities - More
clinical trials require larger patient popu-
lations due to the increasing prevalence of
chronic diseases and the need for addi-
tional data to support the approval of new
treatments and drugs. Larger patient pop-
ulations make clinical trials more complex
as PV teams manage and track a large
number of patients. Clinical trials are also
becoming more globalized, with CROs
conducting trials across study sites in mul-
tiple countries. This reach requires coordi-

nation between different teams and

Modernizing Pharmacovigilance

compliance with varied regulations. Addi-
tionally, CROs are conducting clinical trials
in numerous diverse therapeutic areas,

which require a broader range of expertise.

Increasing Adverse Event Data - More
cases — or patients experiencing “an AE of
interest” — are emerging during post-ap-
proval drug safety surveillance. During the
monitoring of the safety and effectiveness
of drugs currently available to the public,
PV teams identify a need for preventive ac-
tions, like changes in product labeling in-
formation and, rarely, the re-evaluation of

an approval decision.

Advanced technology in the life sci-
ences industry also contributes to in-
creased AE data. More organizations use
electronic data capture (EDC) systems, al-
lowing for the efficient collection of more
data. Patients are also using social media

platforms to report AEs. Social media em-

powers patients to take an active role in
their health by providing an outlet to share
their experiences with treatments. This un-
solicited RWD systematically adds valuable
context to signals found in reported AE
data sets. However, because technology
makes reporting easier, there’s also a rise
in the number of false or incomplete re-
need to be

ports that logged and

processed.

Given these challenges, CROs need
intelligent and innovative technology to

help with growing case volumes.

When considering which technology
capabilities best align with their PV efforts,
CROs should look at the following three

types of automation:



Software Development Using Artificial Intelligence/Machine Learning Models

Rule-Based Automation - Applies man-
made rules to store, sort, and manipulate
data. Rule-based automation best handles

repetitive tasks, like duplicate checks.

Knowledge-Based Automation, ie, Artifi-
cial Intelligence (Al), Natural Language
Generation, or Machine Learning (ML) -
Unlocks insights into large data sets re-
lated to compliance and patient safety.
Knowledge-based automation contains
sophisticated algorithms that perform
tasks requiring cognitive reasoning, visual
perception, speech recognition, and deci-

sion-making.

Knowledge-Assisted Automation, ie, Nat-
ural Language Processing (NLP) or Ma-
chine Translation — Combines the power
of automation with human insights and

expertise to achieve more efficient and ef-

fective outcomes. Knowledge-assisted au-
tomation addresses increased case vol-
umes and can better handle structured or
unstructured case sources. Examples of
knowledge-assisted tasks include causality
assessments or literature database screen-

ings.

Automation increases efficiency and
provides benefits like greater process con-
sistency, improved data quality, and the
opportunity to shift resources to higher-
value initiatives like PV analytics and ben-
efit-risk assessment. However, technology
shouldn't replace all the work humans do.
Instead, it should act as a means to help
humans do their jobs better and transform
safety from a cost center to a strategic pil-

lar of innovation.

Before taking steps to implement au-
tomation, CROs should consider the ad-
vantages specific to their operations, which

could include the following:

e Reducing manual efforts and repetitive
tasks.

e Helping CROs comply with changing
regulations while reducing the risk of in-
consistencies and errors.

e Ensuring distribution protocols adhere
to each region’s regulatory require-
ments.

e Streamlining PV operations and reduc-
ing the expenses and time associated
with linear data processing.

e Dissolving data silos that keep CROs

from gleaning insights.
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e Allowing data streams from other
sources or systems to connect, leading
to better risk assessment and decision-

making.

In practice, CROs use automation to
extract information from inbound data
forms, discover relevant safety data points,
and annotate those data points from liter-
ature articles. Leveraging automation to
take care of those manual tasks frees PV
teams to redirect their attention toward
more valuable activities like understanding
what those data points mean. Resources
with high levels of specialization can be
alerted when cases fall outside of prede-
termined thresholds, which require hu-
mans to make a decision using their

judgment.

CHALLENGES OF ADOPTING
AUTOMATION

Automation can be a valuable tool for
CROs, but automating PV workflows isn’t
always simple. CROs may have to navi-

gate the following obstacles:

Training - PV teams must go through train-
ing to strengthen their knowledge of auto-
mated systems. This education can be a
challenge if employees are under time
constraints due to heavy caseloads or re-
sist change due to a “we’ve always done it

that way” mentality.

Integration - CROs must integrate auto-
mated systems with existing PV systems
and processes that often involve multiple
teams, which can be complex and time-

consuming.

Maintaining Data Quality - CROs need
clean, accurate, and complete data to en-
sure automated processes produce reli-
able results. The best safety solutions
include intelligent automation pre-trained

with an incredibly extensive data set.

Ensuring Compliance - CROs must ensure
their automated systems comply with reg-
ulatory requirements, including those re-

lated to safety reporting and data privacy.

Despite these challenges, CROs can
successfully adopt automation with careful
planning and the right automated safety

solution.

SAFETY PRIORITIES FOR CROS

When replacing traditional workflows
with @ modern safety solution, CROs
should seek a versatile cloud-based solu-
tion that enables a single source of truth
for improved data quality. An automated
end-to-end solution should include the fol-

lowing qualities:

Flexibility - Adapts to an organization’s
unique requirements with flexible configu-
ration of workflows, dashboards, and re-

ports.

Speed - Increases the rate at which spe-
cialized treatments effectively make it to
market. With automation, CROs can see a
30% reduction in time to complete clinical

site monitoring reports.

Scalability - Strengthens o full-service
model with seamlessly scalable post-mar-

ket safety operations.

Efficiency - Delivers more with the same
resources with end-to-end production-
ready automation. CROs can achieve up
to 30% efficiency gains using automation

solutions.

Always Up-+to-Date Global Compliance -
Expands a CRO's serviceable market with
support for all current and upcoming reg-

ulatory standards.

Additionally, the fact that clinical trials
are increasingly global can add to data
challenges. A complete cloud-based clini-
cal trial management system makes it easy
for CROs to manage data centrally and

thereby achieve cost savings.

TIPS FOR ADOPTING
AUTOMATION

After choosing the right safety solution
for their needs, CROs can follow these tips

for adopting automation:

Assess Current Processes - CROs should
assess the specific needs and pain points
within their PV operations. By understand-
ing current processes, CROs can start to
pinpoint areas where automation can
bring the most significant benefits, such as

data entry, case processing, or reporting.

Start Small - CROs shouldn't try to auto-
mate everything at once. Instead, PV
teams can start with a few key processes
and scale up as they gain experience. A
slower pace keeps employees from feeling
overwhelmed and facilitates successful au-

tomation adoption.

Provide Training & Support - CROs must

provide comprehensive training to em-



ployees who will work with automation tools. Education is crucial
to ensure staff members understand automation’s benefits, know
how it works, and can effectively leverage its capabilities. Ongo-
ing engagement and communication throughout the implemen-
tation process will address concerns and promote buy-in from all

stakeholders.

Monitor & Evaluate - PV teams have to continuously monitor and
evaluate the performance of their automation solutions. Key met-
rics like processing times, error rates, compliance adherence, and
resource utilization will help identify areas for optimization and
improvement. Regularly assessing automation’s effectiveness in

achieving defined objectives will facilitate necessary adjustments.

Embrace Continuous Improvement - CROs should also continu-
ously seek opportunities for improvement by leveraging feedback
from users and stakeholders. Regular assessment of automation's
impact on operations will identify areas for refinement or expan-
sion. Embracing a culture of continuous improvement will maxi-

mize the benefits of automation in CROs’ operations.

SUMMARY

More CROs realize the powerful impact PV automation can
have on their operations. In fact, nearly 75% of life sciences or-
ganizations say that the opportunity to have automated risk man-
agement and safety signal detection would be beneficial or even
game-changing.

With automation, organizations can designate fewer re-
sources to process and sift through the majority of cases and
data. CROs realize better outcomes because PV teams can work

faster and smarter with reliable data at their fingertips. ¢
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Advancing Precision Medicine VWith biLEAPT:

Next Generation Al for Drug Development

By: Thomas Hazel, PhD, and JT Koffenberger

INTRODUCTION

In the ever-evolving landscape of drug development, the pur-
suit of precision medicine has gained tremendous momentum.
This approach aims to revolutionize healthcare by tailoring treat-
ments to individuals based on their unique genetic makeup,
lifestyle, and environmental factors.

BullFrog Al (NASDAQ: BFRG) is a digital technology com-
pany that is leveraging the potential of artificial intelligence (Al)
and machine learning (ML) to advance this field and improve suc-
cess rates in drug development. Al and ML have emerged as
game-changers in the drug discovery and development industry,
enabling computers to analyze vast amounts of complex data,
identify patterns, and extract valuable insights for drug developers
and clinicians. These technologies hold promise for revolutioniz-
ing patient care and advancing more effective therapies to market

faster. Why is this so important?

* Getting a drug to market can take close to a decade, with a
cost of $0.8 to $2.8 billion, while patients are desperately wait-
ing for treatments that often don’t come.

* Almost 90% of drugs fail at some point along the way.?

BullFrog Al is focused on changing this narrative using
bfLEAP™, an Al platform exclusively licensed from the prestigious
Johns Hopkins Applied Physics Laboratory (APL) for biological

and chemical pharmaceutical therapeutics applications. bfLEAP

is a robust platform that can help to rapidly detect anomalies and
uncover hidden associations within patient data, making it a pow-
erful tool with the potential to help researchers predict drug re-
sponses and identify patient subgroups.

With an advanced technical architecture, bfLEAP solves nu-
merous scalability and flexibility challenges, facilitating the com-
prehensive analysis of diverse and complex data sets. Using
unsupervised ML algorithms and proprietary clustering tech-
niques, the platform identifies potentially meaningful and under-
standable information, paving the way for the creation of
personalized treatments, optimized clinical trials, disease progres-
sion predictions, and drug target identification.

The following explores the technical architecture and capa-
bilities of bfLEAP, delving into its ML algorithms, proprietary clus-
tering techniques, and visually understandable outputs.
Additionally, some of the potential use cases for the platform in

drug development and discuss future developments that hold

tremendous promise are examined.

TECHNICAL ARCHITECTURE - HIGH-THROUGHPUT,
DATA-AGNOSTIC PROCESSING POWER

The true strength of bfLEAP lies in its highly efficient archi-
tecture. The platform is capable of handling either small, homo-
geneous data sets or large, complex data sets with equal ease.
By overcoming the scalability and flexibility challenges that are
commonly faced by researchers and clinicians, bfLEAP can pro-

vide a path to more efficient and comprehensive data analysis.



Through the display of nodes and edges that users can explore and interact with, weighted relationships between
various factors are visually illustrated, facilitating an intuitive understanding of the data.

One of the standout features of bfLEAP is its ability to handle
incomplete data sets, an all-too-common occurrence in real-
world clinical settings. Whether it comes from patient dropouts,
missed appointments, technical glitches, human error, or other
causes, researchers are frequently faced with data gaps upon
study completion. By effectively incorporating and interpreting in-
complete information, this platform ensures that valuable insights
are preserved.

Data agnosticism is another key aftribute of bfLEAP, allowing
it to integrate, analyze, and interpret heterogeneous data sources.
Whether inputs consist of medical records, demographics, ge-
nomic data, or real-world evidence, the platform’s ability to inte-
grate and process disparate data sets is a valuable benefit to
users. This versatility enables a more comprehensive analysis, un-
locking new possibilities for understanding even the subtlest re-
lationships.

bfLEAP excels through its powerful high-throughput process-
ing capabilities, fueled by the TinkerPop™ API for parallel com-

puting. This enables the rapid analysis and interpretation of data,
facilitating the accelerated identification of meaningful informa-
tion and potentially enabling a more efficient drug development
process. This will provide researchers and clinicians actionable
insights on an optimized timescale, allowing them to make data-

driven decisions quickly.

UNSUPERVISED ML & PROPRIETARY CLUSTERING
ALGORITHMS

The bfLEAP platform takes full advantage of the power of un-
supervised ML algorithms to discover hidden patterns and rela-
tionships. Unlike supervised learning methods that rely on labeled
data and predefined assumptions, its unsupervised ML approach
allows bfLEAP to uncover patterns organically - without human
intervention. This approach ensures important insights are not

overlooked due to false or limiting assumptions.

Drug Development & Delivery January/February 2024 Vol 24 No 1

-
(-]



Drug Development & Delivery January/February 2024 Vol 24 No 1

|
(-]

information.

Using unsupervised ML algorithms and proprietary clustering techniques,
the platform identifies potentially meaningful and understandable

One of the significant advantages of
bfLEAP is its proprietary suite of clustering
algorithms, all of which are designed to
uncover unknown associations between
key entities, regardless of data type or use
case. This versatility and flexibility allow
bfLEAP to open doors in drug development
that may not have previously been known
to exist.

With a total of over 200 analytic util-
ities and algorithms at its disposal, the
bfLEAP platform provides a comprehensive
toolkit for data analysis and clustering.
These algorithms have been carefully se-
lected and fine-tuned over time to deliver
optimal performance with maximum effi-
ciency.

Another important feature of the plat-
form is its anomaly detection algorithm, a
random subspace mixture model (RSMM).
In a rigorous benchmarking study that an-
alyzed 12 open-source data sets, this al-
gorithm outperformed the top 10 currently

used algorithms for anomaly detection.?

EXPLAINABLE Al

Transparency and interpretability are
essential qualities in Al platforms, though
they are often lacking. This is particularly
critical in domains such as drug develop-
ment, in which the details of complex re-
lationships - like drug interactions - are
essential to comprehend.

bfLEAP addresses this issue through its
layered processes and explainable Al ap-
proach. The platform provides critical con-
text to the data outputs, allowing
researchers and clinicians to understand
the steps involved in generating insights.
This purposeful transparency is designed
to not only facilitate comprehension, but
to also enable sponsors to validate and
trust their results.

A key component of bfLEAP’s “ex-

In

plainable Al” approach is its graph ana-
lytics output. This visual representation of
relationships and correlations within the
data greatly simplifies interpretation.
Through the display of nodes and edges
that users can explore and interact with,
weighted relationships between various

factors are visually illustrated, facilitating

an intuitive understanding of the data. This
important software feature enhances
sponsor engagement, as it presents com-
plex information in an easily digestible for-
mat.

Yet another advantage of bfLEAP’s ex-
plainable Al approach lies in its minimal
custom coding requirements. Apart from
the initial data cleaning and ingestion
process, the platform requires few adjust-
ments, ensuring shorter lead times and
consistent output interpretation. This ease
of use and interpretability maximizes effi-
ciency and allows the platform’s full capa-
bilities to be leveraged without the need

for extensive programming expertise.

POTENTIAL USE CASES IN DRUG
DEVELOPMENT

The versatility of the bfLEAP platform
offers numerous potentially impactful use
cases within the field of drug discovery and
development. The following lists some
specific ways in which this platform can
help provide meaningful impact in the

clinical research field:

Identifying Patient Subgroups to Better
Predict Drug Response: By analyzing pa-
tient data, bfLEAP can assist in the identi-
fication of distinct subgroups based on
factors such as genetic information, bio-
markers, demographic information, or a
variety of other patient factors and char-
acteristics. This can help researchers and
clinicians predict drug response within
specific patient subgroups, potentially fa-

cilitating personalized treatment

ap-

proaches and improved patient outcomes.



Informing Better Inclusion & Exclusion
Criteria for Clinical Trials: Designing ef-
fective clinical trials requires the inclusion
of relevant patient populations while ex-
cluding confounding factors. bfLEAP can
aid researchers in identifying significant
patient characteristics, helping them to op-
timize inclusion and exclusion criteria. This
helps ensure clinical trials are highly tar-

geted, efficient, and yield robust results.

Predicting Disease Progression: By thor-
oughly analyzing longitudinal

data, the bfLEAP platform can help re-

patient

searchers predict disease progression pat-
terns. With this knowledge in hand,
clinicians may be able to intervene at ap-
propriate stages more effectively, facilitat-
ing early detection, proactive treatment,
and improved disease management for
patients. Further, they may be able to use
this knowledge to better design the subse-

quent phases of their program.

Identifying Pathways for Drug Applica-
tion: bfLEAP analyzes genomic data and
gene expression data to uncover associa-
tions between networks of genes and pro-
teins. By identifying these novel
connections, the platform may help re-
searchers discover important new targets
and disease biomarkers. This enables the
development of transformative therapies

for unmet areas of patient need.

Drug Target Identification: By leveraging
its comprehensive data analytics capabili-
ties, the bfLEAP platform can assist re-
searchers in identifying potential drug
targets. By exploring intricate relationships
and patterns within the data, the platform
may help to expedite the drug discovery
process and facilitate the development of

highly targeted precision medicines.

Drug Repurposing and Rescue: The abil-
ity o recognize previously undetected pat-
terns also creates the potential to revisit the
efficacy of failed drug candidates or repur-

pose existing drugs for new indications.

FUTURE DEVELOPMENTS FOR
bfLEAP

As the landscape of drug develop-
ment evolves, BullFrog Al remains commit-
ted to advancing bfLEAP and addressing
this industry’s growing needs. The plat-
form’s architecture is also designed to ac-
commodate future developments, allowing
for the seamless addition of bolt-ons to en-
hance its already impressive capabilities.
One key example is the implementation of
natural language processing (NLP) and
GraphQL integration, which can be lever-
aged to mine the existing literature and
further expand scientific knowledge.

This platform is continuously being re-
fined and enhanced. Recent updates have
streamlined the data input process, mak-
ing this process faster and more efficient.
This enhancement benefits sponsors who
often operate on tight timelines.

Overall, by prioritizing collaboration
and innovation with leading organizations
and eminent scientists, BullFrog Al strives
to ensure bfLEAP will remain at the fore-
front of Al-driven drug development for
years to come. Continued technological
advancements will mean even greater so-
phistication and more powerful capabili-
ties that will enable researchers and
clinicians to unlock new frontiers in the
pursuit of advanced therapies.

With an unwavering commitment to
innovation and collaboration, BullFrog Al
is well positioned to help shape the future

of drug development, revolutionize patient

care, and transform the landscape of pre-

cision medicine. ¢
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CDMO+CRO SERVICES

Abzena is the leading end-to-end bioconjugate and complex biologics
CDMO + CRO. From discovery through commercial, we support customers
with integrated programs and individual services designed to de-risk and
streamline the development of new treatments for patients in need. Our
comprehensive services for biopharmaceuticals and bioconjugates include
discovery, design, lead candidate selection, analytics, bioassays,
immunogenicity, protein engineering & developability, antibody design &
development, mammalian cell line development, linker payload design &
synthesis, analytical method and formulation development, process
development & cGMP manufacturing, technology transfer & scale-up, and
regulatory support. Discuss your drug program with our experts today and
discover how Abzena can help you reach your next project milestone faster.
For more information, visit Abzena at www.abzena.com/contact or
contact info@abzena.com.

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 process
development services, cCGMP manufacturing and drug product fill finish
services of small molecule and large molecule APIs and intermediates.
Ajinomoto Bio-Pharma Services offers a broad range of innovative
platforms and capabilities to rapidly scale from clinical and pilot programs
to commercial quantities, including: Corynex technologies, oligonucleotide
synthesis, 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 clients’ needs. For
more information, contact Ajinomoto Bio-Pharma Services at
www.AjiBio-Pharma.com.

Technology & Services
SHOWCASE

SpeciaLty CDMO

Adare Pharma Solutions is a global technology-driven CDMO providing
end-to-end integrated services, from product development through
commercial manufacturing and packaging, with expertise in complex oral
formulations. Adare’s specialized technology platforms provide taste
masking, controlled release, solubility enhancement, and patient-centric
dosing solutions. With a proven history in drug delivery, Adare has
developed and manufactures more than 45 products sold by customers
worldwide. For more information, visit Adare Pharma Solutions at
www.adarepharmasolutions.com.

FORMULATION DEVELOPMENT

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




Technology & Services
SHOWCASE

HiGH-PURITY LIPIDS

Cayman Chemical has been supplying high-purity lipids to the scientific
community for more than 40 years. Our industry-leading expertise in lipid
chemistry, synthesis, and purification is supported by state-of-the-art
analytical equipment. We are committed to offering an unprecedented
portfolio of lipid nanoparticle research tools to support research and
development. Our portfolio includes an impressive collection of ready-to-
use and custom lipids for LNPs including ionizable cationic lipids, helper
lipids, sterol lipids, and PEGylated lipids. We also offer research-ready
LNPs to screen different LNP compositions and provide in-house lipid
synthesis, screening, and LNP development services. For more
information, visit Cayman Chemical at www.caymanchem.com.

ENTERIC COATINGS

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

DIFFERENTIATED INJECTABLE DELIVERY

Credence MedSystems is an innovator in drug delivery devices.
Credence’s philosophy of Innovation Without Change results in products
that impress and protect end-users while preserving pharma’s existing
processes, sourcing strategies and preferred primary package
components. The Companion® family of syringe systems includes
proprietary integrated needle-retraction technology, reuse prevention,
critical safety & usability features as well as sustainability advantages. The
Dual Chamber platform offers simplified delivery for drugs requiring
reconstitution or sequential injection at the time of delivery. The Credence
Connect™ Auto-Sensing Injection System incorporates automatic real-
time monitoring of critical injection data into a reusable ergonomic finger
grip. Credence’s Metered Dosing product line allows precise delivery of
small volumes and a force advantage when viscosities are high. For more
information, call +1 844-263-3797 (+1-844-CMEDSYS), email
info@credencemed.com, or visit www.CredenceMed.com.

ON-Boby DRUG DELIVERY

SensAIR is a platform for on-body drug delivery that can deliver drugs of
higher viscosity, such as monoclonal antibodies. The aim is to provide
patients with the best possible support in the subcutaneous delivery of
large-volume biologics. The ready-to-use SensAIR On-Body Delivery
Device is easy to use and enables patients to start medication in a self-
determined manner in familiar surroundings. The SensAIR On-Body
Delivery Device can be adapted to medications of different viscosities and
with different requirements. This applies to the size of the medical device
as well as to the needle used, variable cartridge sizes and possible
connectivity, for example to the patient's smartphone. Together with
Gerresheimer's One-Stop-Shop quality promise, which includes a
solution from the cartridge to the drug delivery device from a single
source, SensAIR enables optimized delivery of biologics. For more
information, visit Gerresheimer at www.gerresheimer.com.
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INJECTABLE DRUG DELIVERY

Owen Mumford Pharmaceutical Services is a specialist in the design,
development, and manufacture of injectable drug delivery systems for the
pharmaceutical, biotech, and generics industries. These include single-
dose and multi-dose reusable and disposable auto-injectors, pens, and
syringes for subcutaneous and intramuscular administration. Our
innovative products are designed to meet both the need of our
pharmaceutical partners and their patients by facilitating ease of use and
improving safety and patient compliance. Our devices are also designed
with the aim of reducing complexity and risk for the pharmaceutical and
biotech industry in the development of their combination products. Our
products are supported by our services, and we work with our partners
every step of the way, supporting and guiding from initial concept stage
through to taking the solution to market. For more information, visit Owen
Mumford Pharmaceutical Services at www.ompharmaservices.com.

TECHNOLOGY-FOCUSED BIOMANUFACTURING

Resilience is a technology-focused biomanufacturing company dedicated
to broadening access to complex medicines. Founded in 2020, the
company is building a sustainable network of high-tech, end-to-end
manufacturing solutions to ensure the treatments of today and tomorrow
can be made quickly, safely, and at scale. Resilience serves global
customers through its sites located in six states across the US, as well as
in Canada, by continuously advancing the science of biopharmaceutical
manufacturing and development. Resilience works across all stages of
five primary modalities: Biologics, Vaccines, Nucleic Acids, Cell Therapy,
and Gene Therapy. The company’s offerings include Platform Technology
& Development, Process & Analytical Development, and Clinical &
Commercial Manufacturing, geared toward increasing access to
medicines around the world and democratizing manufacturing. For more
information, visit Resilience at www.resilience.com.

Technology & Services
SHOWCASE

GLoBAL DATA & ANALYTICS

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.

FULL-SERVICE CDMO

Vetter is a leading contract development and manufacturing organization
(CDMO) that specializes in the clinical and commercial aseptic filling and
packaging of syringes, cartridges, and vials. The company has extensive
experience with biologics and other complex compounds. Collaborating
with pharma/biotech clients worldwide, Vetter supports products from
preclinical development through global market supply. Through its US and
European facilities, Vetter Development Service provides state-of-the-art
support for early stage products, with transfer at Phase 3 to Vetter
Commercial Manufacturing for large-scale production. For more
information, visit Vetter at www.vetter-pharma.com.
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