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recognize specific infectious agents. Simi-
larly, immuno-oncology drugs unmask
cancers that evade the immune system.

Despite the availability of such im-
munotherapies, a large number of people
do not respond to treatment, primarily due
to a weakened or resistant immune re-
sponse. 7 Hills Pharma is developing oral
small molecule compounds, administered
separately and systemically, to give im-
munotherapies the necessary assistance to
improve effectiveness for more people.

The company’s integrin activators are
the first of their kind to be deployed as im-
munostimulants for vaccines against
COVID-19 and influenza and for immune
checkpoint inhibitors against malignant
melanoma and other solid tumor cancers.

7 Hills Pharma received a 2-year, $2-
million Small Business Innovation Re-
search (SBIR) grant from the US National
Institutes of Health to support Phase 1
safety trials of 7HP349. Phase 2 trials of
the immunostimulant to augment the ef-
fectiveness of COVID-19 and influenza
vaccines, as well as checkpoint inhibitors,
are expected to begin in 2021.

The company is seeking partners to
pursue all three indications (aPD-1 resist-
ant tumors, geriatric seasonal influenza,
and geriatric COVID-19) to establish
7HP349 proof-of-concept as a safe, sys-
temic immune activator and seek partner-
ships with vaccine and immuno-oncology
producers for what could be a game-

changer for immunotherapies. ¢

To view this issue and all back issues online,
please visit www.drug-dev.com.
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SPECIAL FEATURE
Improving Bioavailability & Solubility: Each
Molecule Is Unique

The virtual 2020 Global Drug Bioavailability Enhancement Summit this past December showcased novel technolo-
gies and platforms aimed at addressing bioavailability and solubility challenges. These included techniques like elec-
trospinning, mesoporous silica technology, physiochemical optimization, amorphous nanoparticle engineering, and
pharmacokinetic modeling. And the end goal is the same: Save time and money while accelerating formulation devel-

opment.
“The driver for novel strategies to resolve solubility issues, with a target of improving bioavailability, often stems

from a requirement to get more information about the key relationships using less API, in a reduced time frame,” says




Andrew Parker, PhD, Director Open
Innovation, Small Molecules, Oral
and Speciality Drug Delivery, Catalent.
“This has led to the implementation of
‘miniaturized’ approaches such as
small scale micro-dissolution testing,
working with very small amounts of
material and establishing accelerated
stability predictive modeling that can
shave months off a development time-
line.”

This annual Drug Development &
Delivery report introduces readers to
some novel approaches to improving
bioavailability and solubility that have
one commonality: they treat each
molecule as unique.

Adare Pharma Solutions:
Proprietary Solutions Enhance
Bioavailability

While most of the bioavailability-
enhancing technologies are directed
toward achieving immediate-release
after oral administration, Adare has
devoted significant efforts in going be-
yond immediate release.

“We realized early on that the
magnitude of pH dependency of sol-
ubility could be as high as several log
orders,” says Jin-Wang Lai, PhD, sen-
ior director in R&D, Adare Pharma So-
lutions. “Such dramatic change in
solubility poses great challenges in the
design of an extended-release dosage
form using Adare’s Diffucap®-coated
pellet technology.”

Where drug solubility is inade-
quate to generate the necessary driv-
ing force for drug release, it creates a
typical ‘no release, no bioavailability’
situation, explains Dr. Lai. One ap-
proach to overcome such a pH-de-

pendent solubility issue in the case of
an alkaline drug is to use an organic
acid as the drug core or an acid layer
prior to using it as the substrate for the
drug layer, which is then followed by
a rate-controlling membrane. *“As
water permeates into the organic acid
element creating a solution of organic
acid, the alkaline drug is dissolved
due to the acidity generated by the
dissolved acid as it moves through the
drug layer and out of the coated pel-
lets.” This microenvironment pH ap-
proach was granted a US patent.

A second approach to overcome
solubility/bioavailability is to enhance
solubility by adapting solid disper-
sion/solid solution technology to the
Diffucap concept. For the coated pellet
technology, the drug layer typically is
sprayed as a solution or a suspension
onto the pellet cores. The amount of
polymer binder used is usually low rel-
ative to that of the active pharmaceu-
tical ingredient (API), in about 1/10
weight ratio. The polymer selected
serves only as a vehicle for the API to
be attached onto the pellet core.
When enhanced solubility is neces-
sary, the binder polymer is strategi-
cally selected based on its ability to
form a solid dispersion/solid solution
with the drug, usually through a sol-
vent system.

“Adare leveraged its solvent-han-
dling capability, which is a natural ex-
tension of Adare’s Microcap®
technology,
overcome the solubility challenge

using cyclohexane to

through the well-established solid dis-
persion/solid solution approach,” says
Dr. Lai. A US patent was recently
granted for this approach.

Another related technology devel-

oped by Adare for the purposes of
bioavailability =~ enhancement s
“Biorise®.” The Biorise technology is
uniquely characterized as a material
state between a solid dispersion/solid
solution and nanocrystals. Biorise can
be achieved through a media-grind-
ing process or a solvent process, and
can achieve immediate release.

In addition to Diffucap, Microcap,
and Biorise, Adare is equipped with a
spray dryer, a hot-melt extruder, and
a lipid-based melt congealing tech-
nology called Optimpm®. He says
these technologies are designed to be
used together for greater flexibility in
designing release profiles for cus-
tomers.

Adare also announced the launch
of a small non-GMP laboratory for the
exploration of various technologies
that may be suitable for solubility/
“The
new laboratory space brings customiz-

bioavailability enhancement.

able, flexible systems that will expedite
formulation and process development
services,” he says.

Ascendia Pharmaceuticals: Tech
Platforms for Tough-to-Formulate
Compounds

The number-one impediment fac-
tor to improve bioavailability and sol-
ubility is the intrinsic properties of the
compounds, particularly for com-
pounds with low permeability through
the Gl membrane, i.e. BCS IV com-
pounds. “We may improve the solubil-
ity of these compounds, however, due
to intrinsic low permeability of those
compounds to penetrate the intestine
membrane before being absorbed
into the body, challenges remain to
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improve the oral bioavailability of
those compounds,” says Jim Huang,
PhD, CEO, Ascendia Pharmaceuticals.
Dr. Huang says Ascendia achieves
systemic absorption of For BCS IV
compounds in several ways: to utilize
permeation-enhancers, including
lipid, surfactant, and other GRAS ex-
cipients using its technology platforms
to open tight junction or enhance ab-
sorption through Gl membrane or
lymphatic routes after oral administra-
tion; to explore intranasal route of ad-
ministration to overcome the Gl
barrier and potentially to overcome
the blood brain barrier or Gl mem-
brane barrier; and to develop in-
jectable or topical dosage forms that
can achieve high drug loading and
achieve high systemic bioavailability.
Ascendia routinely utilizes its

platform technologies, NanoSol

(nanosuspension), AmorSol (amor-
phous nanoparticles), and EmuSol
(nanoemulsion) to solve over 90% of
difficult-to-formulate compounds by
enhancing bioavailability and solubil-
ity of compounds for different routes
of administration.

As an example, Ascendia recently
received a request to formulate a
compound just out of the discovery
labs with no preformulation or animal
PK data, with a time window of three
months and limited APl supply. Dr.
Huang explains that Ascendia was
able to perform essential preformula-
tion studies to understand the com-
pound’s properties related to solubility
and in vitro performance; utilize As-
cendia’s Technology Trio (EmulSol,
NanoSol, and AmorSol) to screen the
prototype formulations within the

three-month window; and obtain a

-

Ascendia’s Tech

multiple-fold increase in oral exposure
in animal models, utilizing multiple
formulation principles that enabled a
smooth and rapid transition of the
project in the IND-enabling Tox study.

BASF Pharma Solutions: New
Module Estimates Oral
Bioavailability Based on Computed
Molecular Properties

The number-one requirement for
improving bioavailability and solubility
of a drug is understanding the phys-
iochemical properties of drugs in re-
lation to human physiology, says Nitin
PhD, Global Technical
Marketing, BASF Pharma Solutions.

Swarnakar,

Drugs categorized as poorly soluble
(mainly BCS class II) can show either
dissolution rate-limited or solubility-
limited absorption, and the final for-
mulation considerations and
requirements are different, depending
on the driving reason for the drug not
fully dissolving in Gl conditions. Drugs
classified as BCS class lll and IV ex-
hibit permeability-limited absorption,
where there is poor absorption due to
Pgp efflux, drug first-pass metabolism,

ke the insoluble soluble.
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the API’s physiochemical properties,
and other factors. Here, the final for-
mulation strategy must assist in ad-
dressing the low permeability.

“Therefore, before a successful
and robust formulation can be devel-
oped, a mechanistic understanding of
the reason for poor bioabsorption is
critical to overcome the solubility and
bioavailability problem,” says Dr.
Swarnakar. “In order to select the right
strategy to improve drug delivery, it is
first paramount to know the cause for
poor solubility of an API. Once you
identify the cause, you can best iden-
tify your formulation’s dosing, delivery
route, dosage form, and processing
requirements.”

To help formulators understand
their APIs and facilitate the right strat-
egy approach, BASF Pharma Solutions
recently launched the Developability
Classification of Active Ingredients
module in its virtual pharma assistant
ZoomlLab™ platform. This module
gives formulators the ability to simply
enter a few physical properties about
their API, and, in return, the module
gives recommendations on develop-
ing a formulation for the API, includ-



ing additional formulation work or
dosing adjustments that might be re-
quired to achieve the desired solubility
and bioavailability. By combining
user-entered information on solubility,
permeability, and dose, the module
estimates the oral bioavailability
based on computed molecular prop-
erties and provides formulation op-
tions according to the assigned DCS.
These recommendations can cover an
adjustment on particle size, maximum
dose, and more. “In this way, a signif-
icant amount of pre-formulation work
can be overcome via time- and
money-saving digital formulation rec-
ommendations,” says Lindsay John-
son, PhD, Global Technical Marketing,
BASF Pharma Solutions.

In addition to BASF’s virtual
pharma assistant like ZoomLab, the
technical team supports a wide range
of formulation technologies. “Many
pharmaceutical companies have col-
laborated with BASF to improve drug
solubility using functional inactive ex-
cipients such as Kolliphor® ELR, Kol-
liphor® RH 40, Kolliphor® HS 15,
Soluplus®, and Kollidon® VA 64,” says
Dr. Johnson. “Our experts are trained
to help improve efficacy, safety, and
patient compliance through a range
of technologies, including hot-melt ex-
trusion, lipid-based drug delivery for-
mulation, spray drying, nanomilling,
and drug layering. These technologies
can provide drug product develop-
ment strategies to innovator compa-
nies, and new regulatory application
pathways for generic companies, to
overcome the solubility and bioavail-
ability challenges of the starting API.”

A Candoo formulation scientist perfori

Candoo Pharmatech Company
Inc.: Accelerating Molecules to
Medicines

Poorly water-soluble drugs often
demonstrate inadequate and/or in-
consistent in vivo exposure in nonclin-
ical and clinical studies, leading to
suboptimal therapeutic performance
together with significant food effect.
Many promising compounds can be
their
bioavailability results are not inter-

terminated prematurely if

preted properly from formulation and
biopharmaceutics perspectives.

As a technology-driven contract
(CRO) in
Canada providing formulation and

research organization

drug delivery solutions to small and
large molecules, Candoo Pharmatech
Company Inc. believes the number-
one

impediment to improving

bioavailability and solubility of drug

candidates is lack of a clear-cut for-
mulation strategy. Each molecule is
unique. To accelerate molecules to
medicines, Candoo applies a risk-
based formulation strategy success-
fully to the development of many new
chemical entities in nonclinical and
clinical stages. This involves three
steps: measure and understand the
physicochemical and stability profiles,
biopharmaceutical properties, and
target doses of lead compound; eval-
uate and identify the risks for ade-
quate oral absorption, figuring out the
absorption-limiting factors; and de-
sign a compound-specific formulation
and manufacturing process to get suf-
ficient bioavailability with a control
strategy in place.

“Candoo’s risk-based formulation
strategy aligns nonclinical and clinical
formulations, maximizes bioavailabil-
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Early developmey
one of the comp

strategy for preclinical toxicology and
first-in-human studies for poorly solu-
ble drugs, says William Wei Lim Chin,
PhD, Manager, Global Scientific Af-
fairs, Catalent. Usually, the major
challenges revolve around limited
budget and limited amounts of API.

“We would typically perform a de-
velopability assessment to find out
where the compound lies in the devel-
opability classification system (DCS)
and estimate its solubility-limited ab-
sorbable dose (SLAD),” Dr. Chin ex-
plains. “If the intended dose is above
the SLAD, it suggests that the limited
intrinsic solubility of the drug is the
limiting factor for absorption, there-
fore bioavailability enhancement
through formulation would be consid-
ered.”

The suitability of each type of for-
mulation approach would then be as-
sessed, coupled with PBPK modeling
based on in vitro and in silico data to
rule out first-pass effect and predict
human exposure. The result of this as-
sessment is a recommendation of a
path forward to reach toxicology and
pharmacokinetic studies, and ulti-

mately, first-in-human clinical studies.

“This recommendation is unique
to different drugs, which means the
bioavailability-enhancing formulation
options depend on biopharmaceutical
properties, stability, and processability
of the drug,” says Dr. Chin.

Cyclolab Ltd.: Replacing Outdated
Inactives with Cyclodextrins in
Parenteral Formulations

A major challenge for drug devel-
opers is coping with the lipophilicity of
active pharmaceutical ingredients.
Among the various strategies of for-
mulating drug substances in a patient-
friendly way (i.e. developing solvent-
and surfactant-free compositions), in-
troduction of colloidal carriers (typi-
cally 30-200nm), such as liposomes,
may be a feasible option. However, in-
travenous use of such nanostructures
is often associated with the potential
risk of anaphylaxis.

On the contrary, cyclodextrins
(CDs) falling in the size range of the
smallest colloids (1nm in diameter) do
not typically possess this drawback,

explains Dr. Istvan Puskas, Research
Chemist, Cyclolab Ltd. CDs may form
complex with hydrophilic domains of
hard-to-formulate drug molecules. By
covering the lipophilic domains of the
guest molecules, a non-covalent and
reversible physical binding occurs, re-
sulting in enhanced water solubility. In
practice, water-insoluble drug mole-
cules were already successfully incor-
CD
complexes in various marketed com-

porated into  hydrophilic
positions, enabling the injection of the
required dosage quantity in aqueous
vehicle without cosolvent.

Hydroxypropyl betadex (HPBCD)
and Betadex sulfobutyl ether sodium
(SBECD) are types of cyclodextrins that
offer the most versatile administration
routes. The success of CD complexa-
tion strategy may be exemplified by
the formulation of different lipophilic
drugs with the help of these two CD
types. Voriconazole is marketed in var-
ious products wherein the solubiliza-
tion is achieved in lyophilized
amorphous matrices consisting of ei-
ther SBECD or HPBCD. Mostly innova-
tive drugs and those of weak base
character (remdesivir, ziprasidone,
amiodarone, aripiprazole and de-
lafloxacine) are formulated with
SBECD, says Dr. Puskas.

Both types of cyclodextrins are
also applied to replace

outdated, toxic, irritative inactive in-

some

gredients. “For example, SBECD-con-
taining busulfan formulation does not
contain toxic excipient N,N-dimethy-
lacetamide and allergizing polyethyl-
ene glycol, which are both present in
the traditional marketed product,” he
says. “SBECD can replace irritating
polysorbate 80 in docetaxel prepara-
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tions. Cyclodextrins may prevent the
formation of toxic degradation prod-
ucts compared to classical solubilizing
agents, ensuring a higher patient
safety profile. Melphalan in SBECD
complex shows superior chemical sta-
bility over its traditional propylene gly-
col-based formulation, and similarly
due to the presence of SBECD, fos-
phenytoin owns significantly longer
shelf life as well.”

Reduction of threats related to
therapeutic intervention will remain
the utmost focus of developers in the
pharmaceutical industry, which re-
quires the use of the best tolerable
auxiliary materials, says Dr. Puskas.
“Selection of cyclodextrins for such a
purpose pays off in enhanced safety
profile without compromise in solubi-
lizing functionality.”

Evonik: Toolbox for Delivering New
Modalities

COVID-19 has taught us how fast
the world can completely change, and
that technological progress is more
important than ever before. The same
is true for drug discovery. “We need a
continuously expanding toolbox that
can better address new modalities,”
says Dr. Jessica Mueller-Albers, Strate-
gic Marketing Director for Oral Drug
Delivery Solutions at Evonik.

Small molecules continue to be-
come more complex and show re-
duced solubility. Increasing demand
for mRNA therapeutics, antibody drug
conjugates, gene therapies, and other
specialized or personalized drug
products also requires more sophisti-
cated formulation strategies.

She says: “This huge variability in

-

EUDRATEC® Fasteric - Nevu! technology for enteric protection followed by
rapid release in the upper small intestine (Evonik).

new modalities makes a one-size-fits-
all approach to improve bioavailabil-
ity and solubility impossible. So, a key
market goal must be to create or en-
hance transport mechanisms to pre-
cise locations in the human intestinal
tract or other sites for more efficient
and effective delivery.”

Some of the challenges resulting
from this paradigm shift are the high
molecular weight, the presence of nu-
merous hydrogen bond donors and
acceptors,
charges that can complicate the ability

and multiple negative

to access the intracellular site of ac-

tion, she explains. For example,
oligonucleotides have a short half-life
and are quickly eliminated. However,
physiological functions are not only a
barrier to effective delivery but also an
opportunity for enhanced nanoparti-
cle design. Advanced liposomes, self-
nanoemulsifying drug delivery
systems, and nanoparticles enabled
with targeted delivery in the gastroin-
testinal tract are promising emerging
technologies with some first-proven
success in the market.

Technological progress is also a

key element in product development
to expedite the formulation of new
modalities. Pharmaceutical compa-
nies are looking for partnerships dur-
ing the early phase of development to
get access to the newest and most in-
novative solutions and technologies
that can optimize targeting and deliv-
ery outcomes for their API. “One ex-
ample of these new technologies is
EUDRATEC® Fasteric, a formulation
technology for enteric protection fol-
lowed by rapid release in the proximal
region of the small intestine, the duo-
denum,” says Dr. Mueller-Albers.
“Some drugs, such as cancer drugs or
immune-suppressants, must minimize
exposure to P-glycoprotein transporter,
which increase towards the distal re-
gion of the intestine.”

Mesoporous particles are also a
promising vehicle for controlled re-
lease and targeted delivery due to
their unique mesoporous structure that
enables stabilization and functionaliz-
ing. This remains a highly effective ap-
proach for solubility enhancement
and drug targeting, she says.



Hovione: Emerging Platforms
Address Extreme Compounds

The industry has a wide toolbox to
address bioavailability and solubility
issues. Promising technologies may
require more time and studies, but
provide the opportunity to deliver
compounds that would be considered
unviable in the recent past.

Multiple platforms have emerged
in pharmaceutical development to ad-
dress bioavailability and solubility
challenges. Amorphous solid disper-
sions by spray drying have become an
industry standard, says Jodo Hen-
riques, Scientist, Group Leader, Hov-
ione, R&D Drug Product Development.
“This growth is generating a wealth of
data that not only provides confidence
in the platform, but also creates the
foundation for empirical-driven for-
mulation approaches,” he says. “The
use of prior data allows correlating
molecular descriptors of low solubility
molecules with formulations that have
been successfully developed as solid
dispersions. The correlations aid in
preliminary prototype definition and
evaluating of the likelihood of success
of such a formulation approach.”

In addition to statistical methods,
the use of first-principle models that
incorporate thermodynamics of mix-
ing, diffusion, and kinetics of solvent
evaporation provide valuable infor-
mation for in silico screening and ex-
cluding non-viable formulations.
“Both strategies have their advantages
and disadvantages and can be used
complementary to each other as a
valuable tool for formulators to define
the best prototypes to screen and re-
duce development time and material
consumption while delivering opti-

mized formulations that provide the
required performance, are stable, and
commercially viable,” he explains.

While the formulation of most
DCS2b compounds is presently a well-
known and understood challenge,
there remains a wide space for solu-
tions to address some extreme com-
pounds that either require significant
amounts of stabilizers to maintain the
amorphous form or that are not
amenable to spray drying with rea-
sonable cost of goods due to low sol-
ubility in organic solvents, he states.
Alternative production methods of
solid dispersions, such as co-precipi-
tation, can address the low organic
solubility issue. “Emerging platforms,
such as impregnation with meso-
porous silica, present an opportunity
for molecules that cannot be stabilized
in the amorphous form with common
stabilizers at reasonable ratios,” says
Mr. Henriques. “APl-loaded silica has
been shown to improve amorphous
stability of compounds with a high
tendency to recrystallize. Additional
studies and clinical programs may
help establish this technique as a stan-
dard alongside lipid formulations and
solid dispersions in improving
bioavailability and solubility.”

“One of the recurrent challenges
we face is related to accelerated ap-
provals from the FDA with Fast Track
and Breakthrough designations on
low solubility compounds,” says Mr.
Henriques. “This is common for oncol-
ogy programs that show promising
early-stage results and may have re-
duced clinical study requirements.”

Accelerated approvals put an in-
creased amount of pressure on all
Chemistry, Manufacturing, and Con-

trol (CMC) activities, which must be
compressed and de-risked, he says.
The use of enabled formulations fur-
ther increases the complexity of this
activity. “Adequate risk assessment
and management tools are required
because reformulations may compro-
mise all clinical timelines,” says Mr.
Henriques. “Right-first-time formula-
tion in this case is a significant advan-
tage, and all formulation activities
must have a strong sense of the man-
ufacturability and scalability early to
ensure seamless transition from clini-
cal to commercial scales.”

Lubrizol Life Science Health:
Proprietary Technologies for
Amphiphilic Molecules

Some biologics require high con-
centrations to be effective, even
though they may be soluble. Formu-
lating at these high concentrations can
lead to issues with solubility or viscos-
ity, requiring advanced delivery tech-
nologies such as the formulation of
nanoparticles or microparticles. These
engineered particles flow well even at
high concentrations.

Formulation strategy is deter-
mined by looking at the physicochem-
ical characteristics of a given active
pharmaceutical ingredient (API). For
crystalline APl compounds with high
melting points, a go-to technology for
(LLS
Health) is nanomilling, which reduces

Lubrizol Life Science Health
the size and increases the dissolution
rate.

“Depending on lipid solubility,
nanoemulsions or our proprietary
LyoCell® technology can be useful ap-
proaches,” says Dr. Robert Lee, Presi-

Drug Development & Delivery March 2021 Vol 21 No 2

F -
L -]



Drug Development & Delivery March 2021 Vol 21 No 2

(4
o

dent, LLS Health, CDMO Division. “Ly-
oCells are better able to accommodate
amphiphilic molecules (i.e., those with
both a hydrophilic and a hydrophobic
region) and are compatible with both
small molecules and biologics.”

the
nanomilling provides clients with a

Assessing feasibility of
cost-effective and efficient way to de-
termine whether particle size reduction
will work for their API, he continues.
Nanomilling is well suited for formu-
lating APIs with poor aqueous solubil-
ity and has been used in a range of
dosage forms, including liquids, cap-
sules, tablets, and injectables. “Be-
cause this process is in an aqueous
vehicle, it bypasses the problems as-
sociated with the large volumes and
flammability of organic solvents used
in other methods; it is also scalable
and commercially validated,” he says.

Nanomilled API particles
nanoparticles — can be formulated as

liquids, lyophilized powders, or oral
Solid-lipid
nanoparticles (SLNs) are submicron

solid dosage forms.
lipid particles that are used as an API
delivery vehicle, including for hy-
drophobic and high molecular weight
APIs. “Their cost and recognized safety
make them an attractive alternative,”
says Dr. Lee.

Polymeric nanoparticles are a rel-
atively new addition to the solubility
arsenal and have been used with
serum albumin to make such drugs as
Abraxane®. Additionally, other partic-
ulate systems comprised of inorganic
compounds — silica, magnetite, gold
— in a formulation matrix or coating
that incorporates chemotherapeutics
or other APIs can improve bioavail-
ability.

LLS Health has also developed
SATx technology, an interpretation of
antibody drug conjugates in which the
surface of a nanoparticle loaded with
a chemotherapeutic agent is deco-
rated with biologics or targeting
molecules, such as monoclonal anti-
bodies. The SATx technology has been
successfully applied to vaccines, says
Dr. Lee.”

Micropore Technologies Inc:
Improved Encapsulation Controls
Bioavailability & Solubility
Injectable drug formulations are
designed to deliver drugs directly into
a cellular environment, bypassing
both the acid environment of the
stomach and primary metabolism by
the liver, to optimize viable therapeutic

effects. Formulation of the API within
a predictable sustained-release deliv-
ery system can optimize bioavailability
at the desired therapeutic dose over a
defined period with enhanced patient
compliance and improved therapeutic
outcomes.

Despite their advantages, since
the approval of Lupron (1989) as the
first sustained-release injectable drug
using PLGA, surprisingly few similar
drugs have been authorized by the
FDA compared to the thousands of
oral formulations approved over the
same timeframe, says Tom Murphy,
Vice President Sales & Business Devel-
opment, Micropore Technologies Inc.
This, he says, illustrates the scale of
the challenge in the development of
injectable formulations for clinical use.

There are several issues to con-
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sider in the development of the de-
sired bioavailability characteristics
from an injectable formulation. “One
of the most important is the control of
microsphere size to achieve a balance
between predictable drug release over
the desired time, a good patient expe-
rience, and an optimized manufactur-
Mr.
“Uniform microsphere size in any for-

ing process,” says Murphy.
mulation is one of the determinants
for controlling bioavailability and sol-
ubility of an APL.”

Because there is no viable sterili-
zation method after the manufacture
of microspheres, he says, the entire
process needs to be undertaken in
aseptic conditions. The simpler the
process, the better the compliance
and the fewer the non-conformities.
“The manufacture of microspheres
using traditional homogenization
techniques enable the production of
high volumes, but at the cost of a wide
particle size distribution requiring sig-
nificant downstream processing and
significant yield losses,” he says. “Mi-
crofluidic techniques offer particle size
control, but this precise processing
technique is challenging to scale up
and suffers from process reliability is-
sues.”

Membrane emulsification, at an
industrial scale, is a relatively new
process offering the high-volume po-
tential of homogenization with the
particle size control advantages of mi-
crofluidics, he explains. “The technol-
ogy is available to robustly and
reliably delivering a predictably nar-
row size distribution (coefficient of
variation <20%) at a tunable size be-
tween 5-500pum through compact
precision engineered, GMP compliant

devices. The simplicity and flexibility of
this new generation of membrane
emulsification devices is such that de-
velopments can be transferred seam-
lessly from lab bench for pre-clinical
formulation development, through
pilot scale, and into GMP manufactur-
ing, opening rapid development op-
portunities to explore the best way to
optimize bioavailability for formula-
tions.”

He adds that the gentleness of
membrane emulsification enables the
production of enhanced microspheres
using a double emulsion-based
processes with microsphere size vari-
ability eliminated, high encapsulation
efficiencies, and the preservation of
the biological activity of sensitive ma-
terials, such as proteins, to be maxi-

mized.
Mr.  Murphy says: “Together,
recent advances in biopolymers

and membrane-based manufacturing
technologies now enable formulation
of injectable drug products to be tai-
lored at will to achieve a target solu-
bility and bioavailability, delivering
significantly improved therapeutic out-
comes against the target disease.”

Pharmaceutics International Inc:
Amorphous API Yields Desired
Bioavailability

A client approached Pharmaceu-
tics International Inc (Pii) with a mi-
cronized poorly soluble drug in
combination with excipients that was
displaying an incomplete and very
slow-release profile. The product
needed to be developed as a tablet
dosage form. The combination drug
and excipient was dissolved in a sol-

vent and spray dried to provide amor-
phous material. However, the spray
dried material was hygroscopic, static,
and flowed poorly. Sundeep Sethia,
PhD, Senior Director of Research and
Development, Pii, explains that for
better flow, the material was roller
with  binder
glidant/lubricant and then milled. The

compacted and
material was then final blended with
lubricant and compressed in the tablet
dosage form. Precaution was taken to
ensure humidity controls during pro-
cessing and desiccants were used for
storage of finished product to ensure
stability.

“The amorphous API in the tablets
yielded the desired pharmacokinetics
profile and much improved bioavail-
ability compared to the micronized API
tablets,” he says.

Creating an amorphous solid dis-
persion of an API, along with excipi-
ents, using the spray drying and/or
HME process increases surface area,
and thereby the rate of dissolution, he
says. This approach is easily scaled-
up based on the properties of drug
molecule characteristics, such as sol-
vent solubility and temperature sensi-
that
physicochemical characterization of

tivity. He warns, however,
the solid dispersion on stability and its
effect on critical quality attributes
(CQAs) must be thoroughly under-
stood.

Micronization is another

ap-
proach that speeds rates of dissolu-
tion. Nanoparticles via media milling,
mesoporous silica technology, and
physicochemical optimization can in-
“Of these,

nanoparticles have shown notable

crease bioavailability.

success resulting in numerous com-
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mercial products,” says Dr. Sethia.
Media/wet milling using a grinding
mill or high-pressure homogenizer
can provide particle size in the 100-
200nm range, which can be stabilized
by surfactants and delivered as a sus-
pension or dried to powder from using
spray drying to yield conventional
tablets and capsules dosage form.
He concludes: “Each of the above
approaches, along with a disciplined
system for formulation and process
development and robust analytical
can achieve

methods, improved

bioavailability expeditiously.”

Quotient Sciences: Integrated
Approach Accelerates Drug
Development

Solving bioavailability and solubil-
ity challenges to support successful
drug delivery is an ever-enduring
challenge (and opportunity) for phar-
maceutical formulation scientists.
Along with well-established ap-
proaches to improving each, there are
many emerging platform technolo-
gies, providing options in the toolbox.
In many ways, though, availability of
such formulation and process technol-
ogy approaches does not present the
primary barrier to improving universal
solubility and bioavailability chal-
lenges. Instead, a key challenge is the
continued lack of predictive, clinically
relevant models to guide formulation
selection early enough in the develop-
ment process — such that money and
time are not unnecessarily expended,
and avoidable risks not taken.

“With many examples of mislead-
ing nonclinical and in vitro predictabil-
ity out there, robust predictive models

would afford the ability to understand
and adapt for successful clinical out-
comes from the outset,” says Dr.
Sarah Stevens, Vice President of Drug
Development Sciences at Quotient
Sciences. “Quotient Sciences embod-
ies science-led decision making,
therefore not relying simply on poten-
tially unreliable predictive models. A
combination of unique development
approaches provides the most expedi-
tious means to improve potential
bioavailability and solubility chal-
lenges.”

Quotient, she says, deploys
technologies such as particle size
reduction, lipid-based formulation
mechanisms, HME, SDD, etc., but
more pertinently, drives early formula-
tion selection by cutting through in-
dustry silos and integrating across a
range of capabilities to accelerate the
drug development process. One ex-
ample is Quotient’s Translational
Pharmaceutics® platform, which inte-
grates drug product manufacturing
and clinical testing and ensures a con-
tinuum among lead compound selec-
tion, formulation development, and
clinical assessments. “This reduces
formulation development timelines
and money, and mitigates risk in the
development pathway by utilizing
real-time clinical data to improve
bioavailability and solubility,” says Dr.
Stevens.

This integrated approach requires
finely tuned project management and
processes to ensure the most expedi-
tious path to evaluate new molecules
and formulations in the clinic. Prior to
any clinical assessment, Quotient de-
ploys a number of approaches based

around the Developability Classifica-

tion System (DCS) to deeply under-
stand molecule properties — physico-
chemical characterization, the use of
biorelevant methods and physiologi-
cally-based modelling/simulation to
best position the formulation strategy
for success. Quotient uses real-time
product manufacturing and clinical
testing to make, dose, and test new
dosage forms within a 14-day cycle
time, using arising clinical PK data to
adjust formulation compositions.

As an example, she explains how
Quotient rapidly screened a range of
formulation types, including a mi-
cronized API, spray-dried dispersions,
and a lipid-based formulation using
both biorelevant media and the inte-
grated clinical manufacturing and
testing platform.

“Nonclinical data was unable to
provide clarity on which formulation
strategy would be optimal to address
PK issues seen with a simple first-in-
human suspension system,” says Dr.
“Our ability
decisions based on human PK data al-

Stevens. to make
lowed identification of a powder-in-
capsule  formulation

micronized drug, which demonstrated

containing

improved exposure, linear PK, and a
reduced food effect, saving time and
money for our client. This example
supports my assertion that the lack of
predictive, non-clinical or biorelevant
models is the real barrier to success in
the development of bioavailability/sol-
ubility enhancing formulations.”



Recipharm: Conventional Technologies Are More
Time- & Cost-Effective

The most important factor preventing the improvement
of solubility issues and advances in bioavailability is low-
potency active pharmaceutical ingredients (APIs), says
Torkel Gren, Senior Director, Technology Officer & Strategic
Investments at Recipharm.

Low potency, he says, works against solubility en-
hancement in two ways. First, higher concentrations of API
are required, if the dose is high. Secondly, smaller quanti-
ties of solubility enhancer can be added to the dosage
form, if the dose is high. “All of this means that it is hard to
improve the solubility of low-potency formulations, limiting
the ability to improve bioavailability and therapeutic ef-
fect.”

Recipharm has been exploring solubility improvements
in formulations for pre-clinical and first-in-human studies.
“We have found it useful to perform theoretical evaluation
before testing prototypes representing different ap-
proaches, followed by an optimization phase,” says Mr.
Gren. “Usually, time and stocks of drug substance are very
limited, so it helps to use experimental design and work in
small scale.”

This approach also helps to avoid using more ad-
vanced or complex technologies, unless they are necessary.
Recipharm’s approach is to use conventional technologies
whenever possible, as this will usually be more time- and
cost-effective, he says. More importantly, it will make con-
tinued development and tech transfer into commercial
manufacturing less challenging, maximizing the likelihood
of the project succeeding.

In a current project, Recipharm is supporting a cus-
tomer with a formulation for safety studies. By applying its
own screening platform, Recipharm has been able to rap-
idly develop an appropriately optimized formulation solu-
tion, combining pH adjustment and complexation by
cyclodextrin. Stability was limited, but this was managed
by using a frozen solution, which is an appropriate ap-
proach for preclinical phase and Phase 1, he explains.

“For clinical Phase 1 and 2, lower doses were required,
and we designed a tablet formulation with acceptable
bioavailability by controlling drug particle size and adding
surface active agents,” says Mr. Gren. “The work with par-
ticle size distribution was facilitated by the fact that we were

also manufacturing the drug substance on behalf of the
customer.”

Mr. Gren admits that this approach may appear low-
tech but, in this case, conventional methods were sufficient
and significantly reduced the timeline for development. In
addition, Recipharm created a drug product that will be
easy to scale up for Phase 2 and commercial scale, and
can be manufactured at a reasonable cost, he adds. ¢
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MICROFLUIDIC

ENCAPSULATION
TECHNOLOGY

Achieving Reliable siRNA Drug Delivery for
Inflammatory Diseases & Tumor Targeting by

Nanoencapsulation

By: Prof. Olivia Merkel, PhD, and Christoph Zimmermann, PhD student

ABSTRACT

Nanoencapsulation is a highly efficient way to transport
small interfering RNA (siRNA) therapies to targets across the cel-
lular membrane, protecting the material from degradation prior
to endocytosis. It is important that these therapies are delivered
in a controlled and reproducible manner and, as the particle size
affects the rate of uptake and clearance, consistent production of
monodisperse particles is essential. The following discusses the
benefits of microfluidic encapsulation technology for gene silenc-
ing applications in cancer immunology and inflammatory dis-
eases, where siRNA can potentially be used to downregulate

genes associated with these pathologies.

INTRODUCTION

The development of novel therapeutics for diseases that are
difficult to treat or incurable is a major area of research, and RNA
therapeutics are playing a growing role in new treatments. sSiRNA
is a type of double-stranded, non-coding RNA molecule — about
20-25 nucleotides long — that can be used to downregulate the
expression of genes via the RNA interference (RNAI) pathway.
siRNA molecules have a 2-nucleotide overhang on the 3’ end of

each strand and are bound by a multiprotein component complex

-
known as RISC (RNA-induced silencing complex). The antisense
single-stranded siRNA component guides the RISC complex to the
target mRNA and aligns it. The catalytic RISC protein then cleaves
the mRNA, inducing its degradation.*

RNAI offers one of the most promising areas for developing
new treatments for a number of diseases since the discovery of
SiRNA in 1998.2 Using siRNA in this pathway opens up exciting
possibilities in a breadth of applications, with each molecule ca-
pable of inactivating several target RNA molecules in a sequence-
specific manner; siRNA doses of approximately 1-2 mg/kg? can
reversibly knockdown target protein production in vivo by up to
90%.2 With multiple siRNA treatments already in clinical practice,
this method is gaining even more popularity, with ongoing re-
search into chemical modifications aimed at improving qualities
such as target cell delivery, siRNA potency, and serum stability,

while reducing immunostimulation and off-target effects.*

THE FOCUS OF CURRENT RESEARCH

SiRNA treatment is highly selective, and can be targeted at
any gene involved with a specific disease. This makes it appealing
for diseases with a genetic element or that are currently incurable
by conventional drugs, for instance, cancer.

Multiple ongoing projects are looking to control general tar-

gets in certain diseases, such as the downregulation of TNF-alpha



(TNF«) in active macrophages in rheuma-
toid arthritis, or the suppression of GATA-
3in T cells in asthma. siRNAs have also
been developed to target oncogenes, as
well as molecules critical for tumor-host in-
teractions and tumor resistance to chemo-
or radiotherapy.*® Treatment can even be
personalized; a patient’s cancer can be
sequenced to check for mutations to help
discover the best siRNA sequence to use.
For instance, EGF receptor mutations often
cause chemo-resistance in lung cancer
treatment with tyrosine kinase inhibitors,
so these mutations can be targeted using
siRNA. However, much of this research has
been in vitro, using cell cultures — over-
coming in vivo delivery difficulties is vital

for widespread clinical use.

Efficient delivery of siRNA treatments
poses a huge barrier to wide-scale clinical
use, as siRNAs must reach the cytoplasm
of a cell to achieve post-transcriptional si-
lencing. Although this represents one less
barrier than those faced by plasmid deliv-
ery, which must reach the nucleus, effi-
ciency of the delivery of free siRNA to
target cells is commonly low as macromol-
ecules cannot passively diffuse across cell
membranes, and cells lack specific recep-
tors for active nucleic acid uptake. Addi-
tionally, a large amount of siRNA is often
degraded by nucleases in biological fluids.

There are several possible methods of
in vivo delivery, including viral vectors,
cationic lipids, polymer nanocarriers, and
inorganic nanoparticles, each with their
own benefits and limitations for therapeu-
tic use. Research in the Merkel lab at the

Ludwig Maximilian University of Munich is

Dolomite Microfluidics micro mixing chip used for nanoencapsulation to
reliably and consistently produce monodisperse nanoparticles for targeted
delivery.

focused on novel non-viral and targeted
nanosized siRNA delivery systems, using
microfluidic mixing chips (Dolomite
Microfluidics) for nanoencapsulation, to
reliably and consistently  produce
monodisperse nanoparticles for targeted

delivery of these therapeutics.

Nanoencapsulation is proving a
highly efficient way to deliver siRNA to tar-
gets across the cellular membrane, pro-
tecting it from degradation prior to being
taken up intracellularly by endocytosis. The
actual sequence of the siRNA doesn't have
a big impact on particle characteristics, but
it is important to deliver the therapy in a
controlled and reproducible manner; par-
ticle size has a huge impact on in vivo
work, affecting the rate of uptake and
clearance.

Self-assembling polymeric nanoparti-
cle systems are often prepared using a

batch reactor technique. These polyplexes

form by electrostatic interaction when
using polyamine containing polymers that
are mainly positively charged at physio-
logic pH. When mixed with negatively
charged nucleic acids, nanoprecipitation
occurs, resulting in the formation of poly-
electrolyte complexes. This can be
achieved by simply pipetting the polymers
and nucleic acids together; however, such
uncontrolled methods of mixing generate
polydisperse nanoparticles with a broad
size distribution. While this polydispersity
often does not impact on in vitro research,
it has a more relevant effect on in vivo
models, where the production of monodis-
perse particles is key to delivery and up-
take, and hence the success of any
therapeutic.

In some circumstances, genes that are
not the exact therapeutic target can also
be affected by an siRNA sequence, caus-
ing off-target effects. The polymers and
lipids used in nanoparticles can cause a
variety of these side effects, such as com-
plement activation or immunostimulation,

and although some may be of benefit —
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depending on which immune pathways
are activated — this can pose further diffi-
culties. Treatment may also need to be
specific to particular subpopulations of
cells. For example, when treating rheuma-
toid arthritis by regulating TNF«, particles
must be designed with properties that en-
sure they are only taken up by activated,
and not resting, macrophages. Similarly,
only activated, and not naive, T cells
should take up particles for asthma treat-
ment, to prevent general immune suppres-

sion.

Microfluidic-based production of
SiRNA nanoparticles offers the repro-
ducibility and consistency required for re-
liable drug delivery. Using microfluidics
helps to regulate particle assembly; mi-
crofluidic devices allow control of the in-
teraction of the cationic polymer with the
anionic nucleic acid far better than batch
methods, increasing colloidal stability. The
constant ratio at which the polymer comes
into contact with the nucleic acid increases
particle uniformity, resulting in smaller,
monodisperse particles with a much better
polydispersity index and less batch-to-
batch variability at scaled-up batch sizes.
Additionally, microfluidic formulation of
particles has been shown to yield more ef-
ficient gene knockdown in vivo than that
from particles formulated in a batch reac-
tor. This has been demonstrated in a lung
model, where smaller particles with a
lower polydispersity had much better
gene-silencing efficacy of a housekeeping
gene.? It has also been noted that larger
particles are phagocytosed more easily by

macrophages, while smaller particles are

a lot more efficient in epithelial uptake. A
microfluidic production system can there-
fore improve a number of particle proper-
ties, and increase production scalability,
which is a crucial consideration for any

clinical trial.

Different characteristics and behav-
iors are preferential for different applica-
tions and can be controlled by the choice
of nanomaterial. There is now an ever-ex-
panding variety of particle formulations,
taking advantage of different characteris-
tics to improve delivery or carrier identity
to achieve gene regulation. Nanomaterials
that can be modified via PEGylation are
frequently used to improve circulation time
and decrease renal clearance for particles
that are administered intravenously. PEG
coatings help to shield the surface from
aggregation, opsonization, and phagocy-
tosis, all of which contribute to a longer
systemic circulation time.® Particles must
also be altered to give the best possible
chance of escaping the endosomal and
lysosomal pathways. It is often the best
route to look at hybrid materials and form
particles from a combination of lipids and
polymers. In this way, the best properties
of polymers for shielding the particles can
be combined with the fusogenic properties
of lipids for the best intracellular delivery
and endosomal escape. Using microflu-
idics enhances tweaking of particle char-
acteristics, ensuring that particles are
monodisperse and reproducibly produced,
unlike batch methods that lead to the cre-

ation of irregular particles with different

characteristics.

Particle assembly has also been ob-
served to play a key role in the efficacy of
treatment, and the ability to efficiently
scale this up is essential for widespread
clinical adoption. The triblock copolymer
polyethylenimine-polycaprolactone-poly-
ethylene glycol (PEI-PCL-PEG) system can
be modified to link targeting moieties,
such as folic acid, to the micelleplex it
forms with siRNA, and so microfluidic pro-
duction of PEI-PCL-PEG nanopatrticles en-
ables rapid, scaled-up production of
micelleplexes, while maintaining small
and uniform particle distributions.” These
micelleplexes have been found to have su-
perior delivery efficiency in comparison to
polyplexes, due to their amphiphilic prop-
erties that aid cellular internalization and
potentially endosomal escape.” The system
has been used to target folate receptor
alpha (FRa), a tumor marker that is over-
expressed in over 85% of all ovarian tu-
mors, which shows real promise for
potential treatment; folic acid can be at-
tached onto the delivery vehicle, thereby
mediating cell-specific siRNA delivery

within tumors.

The administration route is another
delivery of siRNA

nanoparticles, as it is crucial that each

vital property for

treatment is taken up preferentially by the

target cells. For instance, in order to reach



"There are several possible methods of in vivo delivery, including viral

vectors, cationic lipids, polymer nanocarriers, and inorganic nanopar-

ticles, each with their own benefits and limitations for therapeutic use.

Research in the Merkel lab at the Ludwig Maximilian University of Mu-

nich is focused on novel non-viral and targeted nanosized siRNA de-

livery systems, using microfluidic mixing chips (Dolomite Microfluidics)

for nanoencapsulation, to reliably and consistently produce monodis-

perse nanoparticles for targeted delivery of these therapeutics.”

specific cell populations within the lung or
to deliver nucleic acids into the brain, tar-
geting ligands can be attached to the sur-
face of the delivery vehicle. These
targeting moieties have a strong affinity
with the target cells and tissues, and offer
promise to detect distant targets, such as
mobile immune cells, circulating tumor
cells, or metastases.

Therapeutic nanoparticle administra-
tion routes include intravenous, transder-
mal, pulmonary, and intraocular options.
Pulmonary delivery — inhalation of the par-
ticle formulation through the mouth so that
the inhaled pharmacological agent
reaches the lower airways — is one option,
and may benefit treatments targeting local
conditions in the lungs, such as asthma.
Alternatively, intravenously administered
nanoparticles are reported to accumulate
in the liver — an ideal situation if the ther-
apeutic target is in the liver. However, for
targets located elsewhere, systemic admin-
istration isn’t always the best option to
achieve the highest percentage of particle
delivery, as the first-pass effect may reduce
the amount of a drug delivered to a pa-
tient’s general circulation to small percent-
ages of the total dose administered.

Microfluidics offers a way to improve this

situation, as the clearance by
macrophages of smaller particles made
using microfluidic assembly has been
shown to be less efficient, decreasing the

first pass effect.

TREATMENT LENGTH

As treatment is reversible, the length
of effect of any siRNA depends on the bi-
ologic half-life of the target gene. For
genes coding for a protein with a long
half-life, often the effect of the siRNA si-
lencing is delayed as an abundance of
protein is still present. This means that
treatment frequency can be anywhere
from daily to weekly. But new methods are
being developed all the time to improve
dosing schemes, such as gel implants that
degrade under certain physiological con-
ditions - for instance, temperature or pH
— to create a release-on-demand system
for the siRNA patrticles. This can be applied
to rheumatoid arthritis, where gels have
been developed that are stable at physio-
logic pH and are expected to stay in the
synovial cavity of the joint.2 When the pH
drops due to inflammation, the gel starts

to degrade, releasing patrticles to help fight

inflammation. It is important for these par-
ticles to be monodisperse, so that siRNA
release is controlled. However, much more
research in vivo is needed to understand
how long the implant would release an ef-

fective dose of the therapeutic.

SUMMARY

Optimizing particle characteristics, in-
cluding formulation reproducibility, parti-
cle size, siRNA protection and release,
toxicity, immunogenicity, and bioactivity, is
critical for better in vivo results and to de-
velop clinically relevant treatment forms,
such as powders for inhalation with in-
creased shelf-live.

Nanoencapsulation is proving to be a
superior method for delivery of siRNA in
vivo, and microfluidic methods allow pre-
cise control that is vital for efficient and ef-
fective production of smaller, uniform
particles, ensuring a reliable and repro-
ducible rate of uptake and clearance. This
time-saving method offers improved
batch-to-batch reproducibility, reducing
the need for repeat experiments due to
poor particle production, and production

can be more easily scaled up for the clini-
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cal environment. Microfluidic encapsulation of siRNAs is therefore
- o : . _ BIOGRAPHIES
an efficient method for achieving reliable delivery of therapeutics

for a whole variety of diseases. It is vital that research continues

to improve and explore further applications for this technology,

and it will be exciting to see where this leads in the future. ¢
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Pace Analytical® Life Sciences: Delivering
Science Better; Advancing Novel Therapies
through the Clinic to Commercialization

Our investment in state-of-the-art facilities and highly trained experts
emphasizes our commitment to advancing therapies and delivering positive
customer experiences across all phases of pharmaceutical and biopharmaceutical
development. From early stage research and development, to clinical trials materials
production and GMP manufacturing support, our 400+ scientists are dedicated to
providing the best and most reliable pharmaceutical development services. Pace
Analytical® Life Sciences (PLS) is well-equipped to handle almost any project
regardless of scope or complexity. We recently interviewed Frank Tagliaferri, PhD,
Vice President of Pharmaceutical Development at PLS to discuss his experiences with
the company and its growth.

Q: | see you have worked in many places in industry, why in a CRO/CDMO

now? What makes this compelling?

A: While the work itself is important, there are obvious scientific limitations and a
narrowed therapeutic space in which to make meaningful contributions. This
contrasts with a CRO/CDMO like PLS, where we contribute to the development of
therapies for a wide range of therapeutic areas employing an almost limitless
number of technologies. To accomplish such a breadth of work, we have created an
organization with a diverse team of scientists with backgrounds and expertise in a
variety of areas. This includes traditional small molecule development, biologics -
such as proteins and monoclonal antibodies (MAbs) - and the accelerating gene
therapy space, where we operate on the cutting edge to develop and support the
commercialization of a number of oligonucleotide-containing products (mMRNA,
siRNA, DNA, etc). The tempo, the rigor, the challenge, and the interaction with a
broad cast of experts from around the globe make the environment at PLS dynamic,
inspiring, and in retrospect, a more satisfying experience.
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Q: Tell us about the work you and your teams at PLS do
and how the five sites position the company as a leader in

the market.

A Essentially, we at PLS provide contract development/
manufacturing and contract research (CDMO/CRO) services to
help improve human health. We are supporting innovators in
the Pharmaceutical /Biopharmaceutical /Biologics markets to
support their early phase drug development and on through
commercialization and late-phase manufacturing.

Our teams here in Woburn, MA, provide early phase,
IND-enabling services to help innovative new candidate
therapies progress through the pre-clinical and early clinical
stages. We start with thorough characterization of novel
molecules and proceed to pre-formulation and formulation
development services, including lyophilization development,
along with robust and stage-appropriate analytics. We do all of
this in support of small molecules, biologics (proteins, peptides,
antibodies, antibody drug conjugates), and gene therapies (such
as mRNA- and siRNA-containing products and their varied array
of delivery modalities such as LNPs, AAVs, VLPs, etc). Our most
recent acquisitions of Emerson Resources in Philadelphia, PA,
and Bio-Concept Laboratories in Salem, NH, have added
tremendously to our experience, capabilities, and expertise in
pre-formulation and formulation development. It also adds the
capability to manufacture sterile, ophthalmic, and oral
solid/liquid clinical trial materials. Specialized technologies like
lyophilization and spray drying provide options to enhance
performance and support clients from early pharmaceutical
development through Phase 3a; providing tablets, capsules,
solutions, suspensions, semi-solid, and other dosage forms. Bio-
Concept has gained significant experience in ophthalmic
formulation and manufacturing to support Phase 1, 2, and 3
in fill-finish

manufacturing of sterile aqueous products has added

clinical trials materials. Their specialization
tremendously to our comprehensive service offerings at PLS.
Once the early stage development is completed, our
two full-service, FDA-registered, cGMP-compliant laboratories
(Minnesota and Puerto Rico) provide commercialization and
late-phase support to ensure the purity, potency, safety, efficacy,
shelf-life of

biopharmaceutical, and gene-therapy products. There we

and manufactured pharmaceutical,
support Raw Materials Clearance Programs, Finished Product
Release Testing Programs, ICH Stability Storage & Testing,
Method Development & Validation, Extractable/Leachable/
Elemental Impurity studies, Reference Standard Programs, and

provide Microbiology Testing Services.

Q: Over the years, there has been an increase in the use
of CDMO/CROs, and PLS has grown significantly. In what
ways have you seen the company change, and what are

your thoughts on its future?

A: Of course, the market is dynamic and ever-changing, and we
are always looking at all areas in order to evaluate where we
can add the most value for our partners. Our most recent
acquisitions have expanded our capabilities to include clinical
trial materials. We saw a tremendous amount of innovation
here, and the clinical trials market is more active than ever
before with a wider range of candidate molecules. We are now
able to offer a smooth transition from discovery, through tox,
and into dosing studies that may present additional demand in
the market for support of clinical trial materials.

We have also seen a lot of recent growth in the gene
therapy space, where the technologies are not only constantly
evolving, but the availability of skilled CROs in this space is more
limited. Thus, while work here is expanding, we continue to see
strong investments and new developments in small molecules,
antibodies, and ADCs. We are watching the markets closely, and
because of our ability to allow smooth transition, we are
optimistic about opportunities that may be present for us in the
near future.

Q: There has been a lot of consolidation in the
CRO/CDO/CDMO market in recent years. How does that
affect your partner experience, and how does that
separate PLS from the competition? What are the

advantages of partnering with PLS?

A: PLS has a history of strong organic growth and some by
acquisition. The number of returning clients with follow-on
programs is a strong indicator we are delivering a positive client
experience. Our success rate in meeting critical timelines with
well-founded formulations that can advance accompanied by
well-characterized analytics has become our reputation. We
provide a collaborative environment in which our clients are
heavily involved in the science, they retain the level of control
they desire, and positive outcomes are reached in a timely
manner and within a reasonable budget.

Our senior management teams have been stable and
in place for a long time, and that has allowed us to deliver
excellent service without interruption. We have successfully
created an environment that attracts, retains, and challenges our
world-class staff. Many have decades of industry experience,
and we continue their development through extensive scientific

cross-training in a place that they can make a difference in the



outcomes of human health. Our continued investments in
facilities, latest technologies, and ongoing developments have
resulted in many long-term strategic partners as well as many

new opportunities.

Q: In the market today, what is the best way to interact
with a CRO/CDMO to truly maximize the potential in the
paritnership? What are the pitfalls? How does PLS adapt to

problems they have not seen before?

A: Each partner relationship is unique, and we respect the needs
of each client to manage their programs in a way that fits their
company culture and team dynamic. We have a construct here
that is flexible and adds value in ways that work for our clients.
We can drive programs and provide support while remaining
engaged and mindful of the program goals. That said, in my
experience, the way to get the most from a CRO/CDMO s to be
as open and engaged as you possibly can with the details,
goals, and targets of your development program. Get to know
the individuals on your CRO/CDMO team, understand their
backgrounds and strengths, and share the true challenges
ahead of you. In this way, the teams come together to share
goals, collaborative energy, and scientific rigor in ways that
produce positive outcomes. In this industry, most of us are
scientists at heart. We understand the business needs and
disciplines, but what gets teams clicking is the scientific
challenge and the pursuit of successful outcomes. It is a bit of the
old axioms that you get out what you invest, but | believe it’s
really true in this case.

Q: We all hope to emerge from our early phase tox studies
with a molecule showing true potential. How does PLS
help their the next toward

partners with steps

commercialization?

A: As we know, there are many reasons why progress may be
thwarted at any of many points along the journey. Sometimes it
is for good reasons inherent to the molecule, and there is not
much we can do except to recognize it early and end it before
too much time and energy is invested. Many times, the
advantages that can be gained are in the favorable selection of
strategies and direction. The efficient study designs that yield the
most information quickly and economically, while sufficiently
reducing risks, are those that are successful in reaching
milestones and progressing further toward positive outcomes.
Again, this is where the close personal involvement of our
experienced technical program managers working closely with

our client teams can be quick, nimble and efficient. | keep
coming back to the teams and the scientific rigor, but it is what
makes the difference.

Q: You’ve been in this industry for a while; where do you
see our industries heading in the next 3 to 5 years? What
do people need to know to stay relevant at this time of

shifting demands?

A: Well, that’s an interesting question as we are here today in a
position that we might never have anticipated a year ago.
Clearly, the demonstrated potential for our peers to rally and
respond to a healthcare crisis in record time is revealing more
than we knew about ourselves and our capacity to invest and
produce in record times. These events will forever be a part of
our future, and we will learn and adapt and develop new ways
of looking at these problems.

Still
regenerative cellular therapies will continue and will likely

the movement toward personalized and
accelerate. Our ability to collect and analyze large amounts of
data continues to develop. These advances will change our
understanding of human physiology and disease.

The decentralized innovation model in industry has
been persistent, and specialization creates hubs of expertise that
are able to bridge disciplines and make advances quickly. The
competition in these environments can sometimes be intense,
but it drives innovation in a very natural way.

On the commercial side, the continued consolidation
creates several options for industry in large, full-service
CRO/CDMO partners. Yet, the rate of smaller, newly formed
firms working to commercialize technologies is strong. In these
environments, the gaps between firms and their specialties and
expertise can seem wide. In those situations, the centralized
CRO/CDMO outsourcing model can and will continue to
provide attractive solutions for industry.

PLS strives to be an extremely flexible organization that
can provide partners with the services, scientific knowledge, and
attention needed to get drugs to patients efficiently. One way in
which we achieve this is by staying up to date, if not ahead, of
the science and technologies that will become the basis of the
next round of therapies. Much like the big pharma players, the
challenge is for us to invest in the right areas with the
appropriate scientists, instruments, and facilities required.
Working with several early, even virtual, organizations is one
way we can stay abreast of the field and hopefully anticipate the
needs such that our entire organization from development to
cGMP testing is ready to usher in the newest therapeutics. &
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ORAL MUCOSAL
IMMUNOTHERAPY

Oral Mucosal Delivery ot Allergenic Proteins for
Inducing Tolerance in Food Allergic Individuals

By: William R. Reisacher, MD

INTRODUCTION

Currently, there is a tremendous amount of interest in the de-
livery of drugs through the oral mucosa for a vast array of med-
ical conditions. The oral mucosa is more permeable than the skin
by 1000-fold and lacks the enzymatic activity of the gastrointesti-
nal tract. One of the key benefits of this route, however, is the
absence of first-pass metabolism. When a drug is delivered di-
rectly into the systemic circulation, rather than allowing it to ab-
sorb through the stomach and intestinal lining, it bypasses the
hepatic venous system and avoids being metabolized by the liver.
This can enhance the efficacy of a drug, theoretically lowering
the therapeutic dose required. Other routes of drug delivery out-
side the gastrointestinal tract, such as injection and transdermal
application, may be associated with increased discomfort, incon-
venience, or undesirable side effects. Oral mucosal delivery is
also very useful for children or adults who have difficulty swal-
lowing tablets, or for people with gastrointestinal illnesses that
are experiencing nausea, vomiting, or dysphagia.?

Pharmacokinetic data has been collected for the oral mu-
cosal delivery of hundreds of small molecule drugs, commonly
using the buccal or sublingual surfaces, of which the goal is for
the drug to pass into the circulation. In contrast, the goal of oral
mucosal delivery for allergy immunotherapy is to concentrate the
large extract proteins in the mucosa itself, rather than promoting
entry into the circulation, so that they can interact with the abun-
dant levels of antigen presenting cells (oral Langerhans cells, or
oLC) in this area, leading to immune tolerance.® The oral mucosal

delivery of allergenic polypeptides for the purpose of allergy im-

munotherapy, or desensitization, has been in routine clinical use
for several decades to treat respiratory allergies.

Oral mucosal delivery of allergenic proteins for respiratory
allergies has been found to alleviate symptoms and reduce med-
ication use, on a level comparable with subcutaneous im-
munotherapy (SCIT, or allergy shots); this method is also
associated with improvements in quality of life, prevention of
asthma, and a superior safety profile.4#> Oral mucosal im-
munotherapy (OMIT) for respiratory allergies has been commonly
delivered through the sublingual mucosa, using either liquid ex-
tract drops or fast-dissolving tablets (also referred to as sublingual
immunotherapy, or SLIT). More recently, a specialized toothpaste
delivery vehicle (Allerdent®, Allovate, LLC) has been developed
to stabilize the allergenic extract proteins and release them upon
regular tooth brushing to a wider area of buccal, vestibular, lin-
gual, and sublingual mucosal surfaces.® Further, INT301 (Introm-
mune Therapeutics), is an OMIT product being developed for the
treatment of peanut allergies. INT301’s unique formulation is de-
signed to desensitize an individual with peanut allergy using a
toothpaste delivery system, protecting them in the event of acci-
dental peanut exposure. This innovative OMIT toothpaste delivery
system has been shown to enhance adherence to therapy be-
cause it is linked to a common daily activity, and exhibits fewer
gastrointestinal side effects because it is not swallowed.

In fact, OMIT is safe enough to be performed as a home
therapy. This has led to new strategies for desensitization against
food allergies, a treatment proven to be too dangerous for clinical
use when delivered by subcutaneous injection.” Kim and col-

leagues demonstrated long-term clinical and immunologic toler-
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Optimizes Exposure To Oral Immune Cells

ance, along with a low rate of adverse
events, when children were treated with
liquid peanut extract applied to the sublin-
gual space over a period of 3 to 5 years.?
Oral immunotherapy (OIT), using swal-
lowed peanut protein flour, has also been
found to produce a robust degree of de-
sensitization, but is associated with a
higher degree of serious adverse events,
including anaphylaxis.® This paper will
highlight some of the differences between
food allergy immunotherapy via the oral
mucosal route versus exposure through the

stomach and intestines.

THE PHARMACOKINETICS OF
ORAL MUCOSAL DELIVERY

Saturation Solubility

The journey for allergenic proteins en-
tering the oral cavity and encountering the
mucosa begins with the saturation solubil-

ity, or how much of the protein gets dis-

solved in the liquid/slurry from the protein
application modality plus the roughly 1 ml
of saliva that is present in the oral cavity.*°
If the protein level is above saturation, the
absorption into the mucosa requires a
longer exposure, because some would
have to first be absorbed into the mucosa,
allowing the excess protein in the mouth to
then dissolve in the saliva. In one study
using SLIT, 26% to 30% of the allergenic
protein was expelled in the saliva, presum-
ably because the small surface area of the
sublingual space kept saturation levels
high.1* The interaction of the protein mol-
ecule with the mucosal membrane is also
facilitated by ionic forces, whereby the
slightly positive charged protein molecules
binds to the slightly negatively charged
mucosal cells. In the case of OMIT using
the toothpaste delivery vehicle, it is be-
lieved that brushing across the mucosal
surface also removes some of the epithe-
lial debris and keratin, exposing more of

the area available for absorption.

Distribution Equilibrium

The second part of the process is the
distribution equilibrium, which directs the
actual absorption of the allergenic extract
proteins into the mucosa. This is a rapid
process, with an estimated mean absorp-
tion half-life of 52 seconds.® Rapid clear-
ance of the protein from the oral cavity,
however, does not imply rapid systemic ex-
posure. The mucosa acts as a reservai,
reaching an equilibrium with the protein in
the saliva/foam in the mouth. This is inde-
pendent of the dose of protein in the
mouth. In other words, once the mucosa
has fulfilled its quota in the region, more
drug will stay in the mouth and be swal-
lowed or expelled, as previously noted.
This raises concern that concentrating the
proteins in liquid sublingual drops could
lead to a wasting of excess protein due to
oversaturation in one area. Thus, distrib-
uting the protein to a wider area would be
potentially very beneficial in terms of uti-

lizing all available mucosal surfaces. Even
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TABLE 1

Oral Immunotherapy (OIT)

Oral Mucosal Immunotherapy (OMIT)

eosinophilic esophagitis (EoE)

Requires ingestion of allergen, which may trigger

Toothpaste delivery platform is not ingested

Requires metabolism of food allergens in the
stomach and intestines to reach the lymph system

Antigen presenting cells escort non-metabolized
food allergen to regional lymph nodes

applesauce for each dose

Requires mixing a powder into pudding or

dose

Brush teeth at home once daily to receive each

Oral Immunotherapy (OIT) & Oral Mucosal Inmunotherapy (OMIT)

after extensive mouth rinsing, 2% of the ra-
diolabeled allergen remains in the oral
cavity mucosa 20 hours after administra-
tion, suggesting that processing of the al-
lergen was still occurring within the

mucosal reservoir.1°

Bioavailability

The bioavailability, or how much of a
drug or protein reaches the systemic circu-
lation, is largely independent of the dose
delivered into the oral cavity because of
the partitioning phenomenon of the oral
mucosa. Drinking water 2 minutes after
sublingual administration of Asenapine,
an anti-psychotic drug, does not affect the
speed of bioavailability.1° This would be
analogous to a car, which can run at the
same speed whether or not it has a half-
filled tank or a full tank. Whether or not
the drug will reach the circulation is based
more on the characteristics of the molecule
itself, such as size, molecular weight, con-
figuration, how extensively it is processed,
pH, affinity for blood vessels, ability to
penetrate blood vessel endothelium, and
interactions with other cells in the mucosa.
Peanut proteins, which are well-known to
cause anaphylaxis, are large molecules
that are unable to cross the oral mucosal
membrane without the assistance of oLCs.
Ara h 2, one of the major peanut allergen
proteins with a molecular weight of
17,000 g/mol, whether avidly bound to

oLC or not, does not have a realistic path-
way to reach the systemic circulation under
normal conditions, particularly if blood is
actively flowing out of a small vessel.
Nonetheless, temporarily suspending
OMIT treatment when open wounds, ul-
cers, lesions, or significant gum bleeding
are present is a prudent recommendation.

In general, intact proteins are not
transported directly into the bloodstream.
The exceptions to this rule are the pla-
centa, where immunoglobulins can be
transferred directly to the fetal blood sup-
ply, and the human small intestine in the
very first few weeks of life, where a “leaky”
mucosa helps facilitate absorption of im-
munoglobulins present in breast milk.*?
Normally, the cells of the GI tract absorb
digested proteins and then transport the
fragments, which are rarely more than
four amino acids long, into the blood-
stream. In contrast, Ara h 2 has over 100
amino acids and a complex 3D structure.
The oLC do not process food proteins to a
point when they are small enough to gain
access to the circulation, and therefore
preferentially transports them to locore-
gional lymph nodes for processing. It has
also been suggested that ongoing gut
leakiness, either through disease or med-
ications, such as proton pump inhibitors,
promotes an ongoing cycle of allergic in-
flammation that increases the risk of de-

veloping food allergies.*?

MOUSE STUDIES

Immunoglobulin  E from

(IgE)
C3H/HeJ mice can recognize the same
peanut allergen isoforms and epitopes as
IgE from human peanut-allergic patients,
making it a good model for anaphylaxis.**
Mouse studies have also shown that den-
dritic cells from the oral mucosa acquire
allergenic proteins in the buccal epithelium
and transport them toward the draining
lymph nodes, where they are processed
and presented to MHC class ll-restricted T
cells.*> Specific IgE and 1gG responses
were actually decreased when dosing
newborn Brown Norway rats in the oral
cavity with ovalbumin, as opposed to the
allergenic priming effect seen when the ex-
posure was through intragastric intuba-
tion. This supports a distinct pathway of
antigen presentation in the oral mucosa,
as well as a robust protective effect from
early exposure of allergens to these tis-
sues.® The distribution of a sublingually
applied solution of Timothy grass allergen
in sensitized mice has been investigated
using 1% Evans Blue solution in phos-
phate-buffered saline (PBS) with 1.2% car-
boxymethylcellulose (CMC, an ingredient
commonly seen in toothpaste, including
Allerdent®, and other cosmetic products).*”
Thirty minutes after sublingual administra-
tion, the dye was detectable in the sublin-

gual tissue, but not in the esophagus or in



the stomach. Without using CMC, the dye was also
found in the stomach, demonstrating the positive impact
of using viscous materials to support longer retention of
proteins delivered to the oral cavity mucosa.

After Japanese Cedar pollen was painted on the
sublingual and buccal mucosal surfaces in BALB/c mice,
there was a rise in the oLC population at 2 hours, which
peaked by 10 hours, after which the activated oLC pop-
ulation decreased and was gone by 24 hours in both
groups.*® The density of oLC was found to be lower in
the sublingual mucosa than in the buccal mucosa, con-
sistent with the human studies performed by Allam and
colleagues.® With repeated paintings, equal percentages
of resident and newly recruited oLC in the regional
lymph nodes suggested that there was a consistent sup-
ply of new oLC at local buccal mucosa sites. In contrast,
the supply of new oLC to the sublingual mucosa was very
limited, demonstrating a marked decrease of oLC re-
cruitment with repeated paintings and supporting the
benefit of allergenic protein application to regions out-

side the sublingual space.

HUMAN STUDIES

In healthy, non-allergic individuals given radiola-
belled allergen by the sublingual route, no significant
deiodination or degradation of the protein was noted,
even after the allergen was kept under the tongue for 20
minutes.'® Serum detection of radioactive iodine alone
and radioactive iodine-labeled small peptides increased
only after swallowing, providing further evidence that
large, intact peptides cannot gain access to the circula-
tion via the oral mucosa under normal circumstances. In
another study, plasma levels were achieved in sublin-
gual-swallow patients only after swallowing and diges-
tion within the stomach, with peak levels seen at 2
hours.t

Evidence suggests that even small molecules will
have difficulty accessing the circulation through the oral
cavity unless they are destined to do so by virtue of their
inherent properties, such as 3D structure, pH, ionic
charge, or biologic activity. Teeguarden and colleagues

determined that oral exposure of bisphenol A, a
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Immunology & Biology of OMIT

monomer with a molecular weight of 228 g/mol, equivalent to the 95%
upper percentile of total daily exposure, would produce less than 1% ab-
sorption through the mucosa.?® By using computer modeling of the oral
cavity, compounds with a low rate of diffusion are predicted to have neg-
ligible systemic absorption, and that regions with a thicker mucosa, such
as the buccal mucosa with 40-50 layers of non-keratinizing cells, would
have a slower diffusion when compared with the relatively thin mucosa of
the sublingual space.?*

In the case of food allergy, both OMIT, applied to the sublingual space
and/or other regions of the oral cavity, and OIT, whereby swallowed food
proteins in powder reach the lymph tissue of the intestines, have been
shown to be effective in promoting tolerance.® One of the key differences
between these methods is that OIT uses a much larger amount of aller-
genic food protein, inducing a robust clinical effect but also producing a
higher risk of adverse allergic events compared to the oral mucosal route.
Recent studies have also determined that the mechanism of action is dif-
ferent for these two routes of delivery. Each route stimulates a different

subpopulation of dendritic cells, which are antigen-presenting cells that
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are essential for the development of toler-
ance, leading to different patterns of cy-
tokine modulation.?? These findings also
suggest that these two methods of food al-
lergen delivery might be combined to

function in a complementary fashion.??

SUMMARY

The accelerated interest in drug deliv-
ery via the oral mucosa, coupled with the
significant increase in severe food allergies
throughout the world, has shined a spot-
light on oral mucosal immunotherapy. The
World Allergy Organization (WAO) 2013
Position Paper on sublingual immunother-
apy stated that “compared to the sublin-
gual region, targeting the vestibule with
allergen vaccine has the potential to in-
duce enhanced immune deviation or tol-
erance, possibly with a lower potential for
mast cell-related local side effects.”24 This
position reflects the understanding that im-
munologically active, tolerance-producing
cell populations are present in a high de-
gree in regions beyond the sublingual
space, a target traditionally used because
of easy access and the pull of gravity. With
more advanced delivery techniques, such
as a buccal patch or a toothpaste vehicle,
however, food allergy proteins can now
reach these areas and gain access to the
locoregional lymph nodes through an el-
egant escort system orchestrated by oral
Langerhans cells. It is important to remem-
ber that one of the main functions of the
oral cavity mucosa is to teach the immune
system what is safe to consume.

With the recent FDA approval of the
first oral immunotherapy platform for
peanut allergy, improved platforms using

oral mucosal immunotherapy are sure to

follow for other food allergies, along with

multi-food products. ¢
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PRODUCT DEVELOPM

STRATEGY

ESCP Estimating Product Performance
Part 1 - Playground Physics

By: Josef Bossart, PhD

INTRODUCTION

After more than 4 decades in the industry, | continue to be
surprised by companies chasing new product opportunities that
carry not only the usual development risks, but also a surprisingly
high risk of commercial failure.

While risk is a given when it comes to pharmaceutical prod-
uct development, formulation-enhanced products using previ-
ously approved actives take on more risk than they should. The
real risk for these products, beyond a technology failure, lies in
commercial acceptance. If you make it, they will only prescribe it
if there is a perceived benefit.

In a series of short articles, | will introduce a qualitative
model to help understand and visualize the potential of a product
with prescribers, patients, and payors. This simple model can help
weed out product ideas that may at first glance seem attractive

but offer little potential in the real world. Any number of sophis-

ticated models are available to forecast product opportunity. Too
often, these models are unreasonably complex, hard to “feed”
with the necessary information, and don’t provide an easily
grasped sense of why a product does, or doesn', represent a wor-
thy opportunity. More importantly, these quantitative models don't
provide guidance of how to improve a product's potential and
turn good into better.

A classic physics model using playground equipment pro-

vides a useful visual framework.

ESCP

Efficacy (E), Safety (S), Convenience (C), and Price (P), or ESCP
will be familiar concepts. These are the parameters that determine
the performance and acceptance of a product. The relative impor-

tance or “weight” of these parameters follows the order E=S>C>P.

FIGURE 1
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