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GLOBAL REPORT
18 2017 Global Drug Delivery & Formulation

Report: Part 4, The Drug Delivery &
Formulation Pipeline
In the final installment of this 4-part series, PharmaCircle in
collaboration with Drug Development & Delivery, provides a
pipeline review and analysis (centered on drug delivery and
formulation products) looking forward and back 5 years for a
total of 10 years. 

ANT I BODY DISCOVERY
30 Why Understanding Immune Dysregulation is

the Key to Drug Development
David S. Johnson, PhD, provides a unique insight into immune
dysregulation through a proprietary technology known as
Surge – a platform that quickly characterizes every cell in
complex immune systems so that natural immune repertoires
can be translated into medical treatments. 

PEP T IDE DEL IVERY
34 The Endometriosis Enigma – Why Can't There

Be a Pill for That?
Joel Tune, MBA, says for those peptide therapeutics that meet
the necessary criteria, advances in formulation technologies
coupled with favorable market dynamics will continue to drive
interest across the entire prescription drug spectrum for safe
and effective orally administered peptide therapeutics.

MICROF LU ID ICS
38 Taking a Microfluidics Approach to Drug

Delivery
Richard Gray, MA, and Pavel Abdulkin, PhD, look at how
microfluidics is changing the drug development sector and
explore an exciting new non-encapsulating microparticle-based
approach that offers “tunable” release of the API.

PERSONAL I ZED IMMUNOTHERAPY
42 Off-the-Shelf Personalized Immunotherapy for

Breast Cancer: The BriaCell Solution
William V. Williams, MD, Markus Lacher, PhD, and Charles L.
Wiseman, MD, explain how there is a clear need for ways to
stimulate effective cancer-specific immune responses while
avoiding time-consuming and costly individualized
manufacturing.
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creativity. To develop truly innovative
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developers thinking outside the box.
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able to meet the evolving needs of 21st-

Century patients and consumers.”
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“The goal of this study was to investigate

how the state and morphology of the

lipidic wax matrix changes upon

annealing and to evaluate the effect of

those changes on the resulting

dissolution rate. In-depth knowledge of

the annealing process provides an

opportunity to minimize the stability risk

associated with alteration of the target

release rate in LMPs after their

manufacture.”
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Bioasis & WuXi Biologics Announce Initial Strategic Development & Manufacturing
Collaboration

Bioasis Technologies, Inc. and Wuxi Biologics recently an-
nounced an initial strategic collaboration for the development and
manufacturing of xB3-001, Bioasis’ lead investigational biological
candidate to treat brain cancer.

Bioasis is a biopharmaceutical company developing xB3, a
proprietary platform technology for the delivery of therapeutics
across the blood-brain barrier (BBB) and the treatment of CNS
disorders in areas of high unmet medical-need, including brain
cancers and neurodegenerative diseases.

Headquartered in Wuxi city, Jiangsu province, China, WuXi
Biologics is a leading global platform company providing end-to-
end solutions for biologics with a mission to accelerate and trans-
form biologics discovery, development, and manufacturing to
benefit patients around the world.

“The initiation of manufacturing for xB3-001 is a pivotal mile-
stone for Bioasis as we look to advance our lead program in
HER2+ breast cancer brain metastases,” said Mark Day, PhD,
President and Chief Executive Officer, Bioasis. “WuXi Biologics’
expertise and experience in manufacturing biologics is instrumen-
tal to Bioasis in developing our pipeline.”

The delivery of most biologics across the BBB and into the
brain has been the single greatest challenge to treating brain dis-
eases. Bioasis is engineering its first biologic product candidate,
xB3-001, to overcome this obstacle in brain cancer. Manufactur-
ing these sophisticated therapies requires a tailor-made approach,
with expertise and agility in cell line, process and formulation de-
velopment.

“We are excited to take on this work with Bioasis to enable
them bringing innovative therapies to patients suffering from brain
cancer,” said Dr. Chris Chen, chief executive officer, WuXi Bio-

logics. “This collaboration allows us to leverage our expertise
across biological drug development and anticipate Bioasis’ needs
as they move from pre-clinical to clinical and beyond.”

Through this partnership Bioasis will have access to WuXi Bi-
ologics’ extensive expertise and technologies from cell line con-
struction and development, cell culture process development,
purification process development and formulation development.
WuXi Biologics will focus on ensuring that Bioasis’ drug product
candidates are manufactured with optimal formulation, stability
and exceptional quality for the clinic.

WuXi Biologics, a Hong Kong-listed company, is the only
open-access biologics technology platform in the world offering
end-to-end solutions to empower organizations to discover, de-
velop, and manufacture biologics from concept to commercial
manufacturing. Our company history and achievements demon-
strate our commitment to providing a truly ONE-stop service of-
fering and value proposition to our global clients. For more
information on WuXi Biologics, visit www.wuxibiologics.com.

Bioasis Technologies Inc. is a biopharmaceutical company
developing xB3, a proprietary platform technology for the deliv-
ery of therapeutics across the blood-brain barrier (BBB) and the
treatment of CNS disorders, including brain cancers and neurode-
generative diseases. The delivery of therapeutics across the BBB
represents the final frontier in treating neurological disorders. The
in-house development programs at Bioasis are designed to de-
velop symptomatic and disease-modifying treatments for brain-re-
lated diseases and disorders. The company maintains
headquarters in Richmond, BC, Canada, with offices in Guilford,
CT. 

BC Platforms Partners With Google Cloud to Offer Transformational & Scalable
Genomic Solutions Worldwide

BC Platforms recently announced it has partnered with
Google Cloud to deliver its highly scalable integrated genomics
and clinical data solutions to hospital and industry partners world-
wide. In addition to storage, archiving, and calculation capacity,
Google Cloud genomics and AI tools, including DeepVariant, will
be supported.

BC Platforms offers a unique technology capable of process-
ing thousands of genomes per day, produced using either geno-
type arrays or next-generation sequencing. The introduction of BC
Platform’s capabilities on Google Cloud will enable better access
for pharmaceutical companies to identify biobank data sources
across the globe for research and development. With BC Plat-
forms on Google Cloud, healthcare institutions wishing to deliver
on the promise of precision medicine on population scale will be
able to provide cost-effective and actionable patient reports based
on genotype array or NGS data.

“We are excited to collaborate with BC Platforms to provide
their highly scalable and fully integrated service offering in
Google Cloud. We expect the integration of our technology ca-
pabilities to facilitate the adoption of genomics both in clinical
and research settings,” said Jonathan Sheffi, Product Manager
for Biomedical Data at Google Cloud.

Tero Silvola, CEO of BC Platforms, added “We are delighted
to be partnering with Google Cloud to expand our genomic and
clinical data offering in the Google Cloud ecosystem. We are

committed to providing highly scalable and integrated solutions
to our customers and partners. Our goal is to transform the future
of research and clinical practice worldwide in order to drive pre-
cision medicine on a population scale.”

BC Platforms is a world leader in providing powerful ge-
nomic data management and analysis solutions. Our high per-
forming genomic data management platform enables flexible
data integration, secure analysis and interpretation of molecular
and clinical information. The company has launched and opened
a global network of biobanks, known as BCRQUEST.COM, to
provide genomic and clinical cohort data for pharmaceutical and
medical research and development. BC Platforms’ vision is to
build the world’s leading analytics platform for healthcare and in-
dustry by 2020, providing access to diverse genomic and clinical
data and samples from more than 5 million subjects consolidated
from a global network of biobanks.

Founded in 1997 from an MIT Whitehead project spinoff,
the Company has a strong scientific heritage underpinned by 20
years of working in close collaboration with a network of leading
researchers, developers, manufacturers and vendors. BC Plat-
forms has global operations with its headquarters in Basel,
Switzerland, research and development in Helsinki, Finland, and
sales and marketing in London, Boston, and Vancouver. For more
information, visit www.bcplatforms.com.
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Catalent Biologics & Valerius Biopharma to Collaborate on Specialty Biosimilars
Catalent Pharma Solutions and Valerius Biopharma AG re-

cently announced that they are to collaborate on the development
and manufacture of Valerius’ biosimilar products.

Under the agreement, Catalent Biologics will provide cell line
development and support cGMP manufacturing activities from
Phase I through to commercial stages at its state-of-the-art biologics
manufacturing facility in Madison, Wisconsin.

The project will utilize Catalent’s proprietary GPEx technol-
ogy, which creates high-performance, highly stable production
cell lines in a wide variety of mammalian host cells. To date, over
460 different monoclonal antibodies and monoclonal antibody
fusions, and over 50 different recombinant proteins have been
produced using the GPEx system, achieving large scale fed-batch
production titers of over 7 g/L. The advantages of applying GPEx
technology span from early feasibility studies, to clinical manu-
facturing, to commercial-scale production.

Valerius Biopharma AG is a biopharmaceutical company
founded to develop biosimilar products as alternatives to high-
priced biologics, for indications where there is a substantial med-
ical need. The company has built a research and development
hub of scientists and experts with decades of experience in the
development of biopharmaceutical and biosimilar compounds, as
well as profound clinical and regulatory expertise. The company’s
current product pipeline comprises four biosimilar products in dif-
ferent development stages.

“Our business mission is to make the treatment of severe, life-
threatening and rare diseases more affordable for patients world-
wide by developing biosimilars that meet the highest regulatory

standards,” said Andreas Herrmann, CEO of Valerius. He added,
“We selected Catalent as our development and manufacturing
partner because of their technical knowledge and expertise in the
cGMP manufacture of biosimilars, and proven track record in
bringing innovative treatments to market.”

Mike Riley, Vice President and General Manager of Drug
Substance and Bioanalytical Services, Catalent Biologics, added
“We are pleased to partner with Valerius on their biologic-based
therapeutics for many important indications. We look forward to
supporting them in their goal of producing affordable biosimilars
that will provide more equal access to medicinal products.”

Opened in April 2013 and recently expanded, Catalent Bi-
ologics’ Madison site provides development, manufacturing and
analytical services for new biological entities and biosimilars. The
facility was designed for flexible cGMP production from 10 liters
up to 4,000-liter scale, and non-GMP production up to 250-liter
scale and makes extensive use of single-use technologies and uni-
directional flow to maximize safety and efficiency. Manufacturing
is supported by integrated analytical, process and formulation de-
velopment capabilities and separate microbiology and quality
control functions.

Valerius Biopharma AG is a Swiss biopharmaceutical com-
pany that has been founded to provide interchangeable treatment
options for high-priced biologics, by developing specialty biosim-
ilars for therapeutic indications with high medical need. Catalent
is the leading global provider of advanced delivery technologies
and development solutions for drugs, biologics and consumer
health products. 
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Soleno Therapeutics Announces Initiation of Phase III Clinical Trial
Soleno Therapeutics, Inc. recently announced it has initiated

its multi-center Phase III clinical trial of Diazoxide Choline Con-
trolled-Release (DCCR) for the treatment of Prader-Willi Syndrome
(PWS). Seattle Children’s Hospital is the first site to be activated
and Parisa Salehi, MD, is the Principal Investigator for the trial at
this site.

“Prader-Willi Syndrome leads to hyperphagia that can cause
life-threatening obesity if left uncontrolled,” said Dr. Salehi. “This
excessive hunger can cause significant harm to the lives of these
individuals and their families. There is a lack of effective medical
therapy targeting hunger in this population, and such a drug
would be life-altering. Based on the data generated to date,
DCCR has the potential to address this treatment void. We look
forward to further evaluating DCCR in this important Phase III
trial.”

“The initiation of the Phase III clinical trial of DCCR for the
treatment of PWS represents a significant milestone for Soleno,”
said Anish Bhatnagar, M.D., Chief Executive Officer of Soleno.
“Importantly, following meetings with the U.S. Food and Drug Ad-
ministration, we have alignment with the agency on the key as-
pects of the Phase III clinical trial. We look forward to working
with our clinical trial sites and the PWS community to successfully
complete the trial.”

The Phase III clinical trial is a multi-center, randomized, dou-
ble-blind, placebo-controlled study for DCCR that will treat ap-

proximately 100 PWS patients at 10-15 sites in the U.S. This trial
is anticipated to take approximately 9-12 months to complete.
DCCR has orphan designation for the treatment of PWS in the US
and in the EU.

Diazoxide choline controlled-release tablet is a novel, pro-
prietary extended-release, crystalline salt formulation of diazox-
ide, which is administered once-daily. The parent molecule,
diazoxide,  has been used for decades in thousands of patients
in a few rare diseases in neonates, infants, children and adults,
but has not been approved for use in PWS. Soleno conceived of
and established extensive patent protection on the therapeutic use
of diazoxide and DCCR in patients with PWS. The DCCR devel-
opment program is supported by positive data from five com-
pleted Phase I clinical studies in various metabolic indications or
in healthy volunteers and three completed Phase II clinical studies,
one of which was in PWS patients.  In the PWS Phase II study,
DCCR showed promise in addressing hyperphagia, the hallmark
symptoms of PWS.

Soleno is focused on the development and commercialization
of novel therapeutics for the treatment of rare diseases.  The com-
pany is currently advancing its lead candidate, DCCR, a once-
daily oral tablet for the treatment of PWS, into a Phase III clinical
development program in early 2018. For more information,
please visit www.soleno.life.

Saama Technologies & ICON Commercialization & Outcomes Partner to Unlock the
Value of Real World Evidence

Saama Technologies and ICON plc have recently partnered
to accelerate the use of Real World Evidence (RWE) across the
product lifecycle and drive mission critical decisions for medical
affairs, reimbursement and commercialization functions.

Biopharmaceutical, medical device, and diagnostic compa-
nies are seeking comprehensive RWE technology solutions that
can support an array of RWE applications across the enterprise.
Through this partnership, ICON brings real world data (RWD)
strategy and platform deployment expertise to complement
Saama’s deep experience in utilizing innovative applications,
such as Natural Language Processing, Machine Learning and ad-
vanced Data Visualization tools.

The volume of healthcare data continues to grow exponen-
tially and is forecasted to hit more than two zettabytes by 2020.
This dramatic increase in the availability of and access to
anonymized electronic patient records requires new approaches
for closing the medical product development and commercializa-
tion cycle.

“Saama is very excited about our partnership with ICON,
which further expands our new Life Science Ecosystem,” said Mu-
rali Krishnam, VP Strategic Partnerships and Alliances of Saama.
“Saama’s Artificial Intelligence-based analytics platform, com-
bined with ICON’s Real World Evidence, Strategy, and Analytic
(RWESA) services, will help biopharmaceutical, medical device,
and diagnostics companies rapidly deploy a RWE-generating
platform. This will support greater efficiencies in drug develop-
ment, providing the RWE needed to inform medical affairs, regu-
latory and reimbursement decisions and underscoring the value
of the medical technology to patients and providers.”

“Our partnership with Saama will help us to unlock the real

world data for our sponsors, offering improved clarity regarding
the various types of real world data and how they can best gen-
erate RWE to inform clinical and commercialization strategies,”
said Ramita Tandon, Executive Vice President of ICON’s Commer-
cialization and Outcomes Division.

Saama’s award-winning Life Science Analytics Cloud (LSAC)
integrates multiple sources of structured, unstructured and real-
time data to optimize clinical and commercialization processes
for deployment in less than 90 days, thus securing better business
outcomes faster. In addition, LSAC further lowers the total cost of
platform ownership significantly for continuous RWE generation
and for managing evolving business needs. This approach inte-
grates seamlessly with ICON’s unique Real World Intelligence ap-
proach to combine RWD and advanced expertise in answering
important questions on patient experience, market access require-
ments, strategic evidence planning and roadmap development.

Through this partnership, ICON becomes part of Saama’s re-
cently announced Life Science Ecosystem, which combines the un-
paralleled benefits of Saama’s Life Science Analytics Cloud with
the specific strengths of clinical or real-world data providers. For
information about joining Saama’s Life Science Ecosystem, or to
schedule a demonstration of Saama and ICON’s RWE data ana-
lytics solutions, visit http://www.saama.com/.

Saama Technologies is the advanced data and analytics
company delivering actionable business insights for life sciences
and the Global 2000. ICON plc is a global provider of out-
sourced drug development and commercialisation solutions and
services to pharmaceutical, biotechnology, medical device, and
government and public health organisations. 



Bellerophon Reaches Agreement With FDA on Study Design of Phase 2b Trial 
Bellerophon Therapeutics, Inc. recently announced that, fol-

lowing the receipt of minutes from a recent meeting with the US
FDA, the company has reached agreement with the FDA on all
key aspects of its planned Phase 2b study of INOpulse for the
treatment of Pulmonary Hypertension Associated with Chronic
Obstructive Pulmonary Disease (PH-COPD).

The US-based Phase 2b study will be a double-blind,
placebo-controlled, clinical trial in  approximately 90 PH-COPD
patients assessing the benefit of pulsed inhaled nitric oxide (iNO)
delivered by the INOpulse system. The primary end point will be
6-minute walking distance (6MWD), and the study will also assess
multiple secondary endpoints including right ventricular function.

“Reaching agreement with the FDA on the Phase 2b study
design in PH-COPD represents an important achievement for our
INOpulse development program,” said Fabian Tenenbaum, Chief
Executive Officer of Bellerophon. “Based on the data generated
to date and INOpulse’s dual mechanism of action, to provide tar-
geted vasodilation as well as improve ventilation-perfusion match-
ing, we believe INOpulse has the potential to be the first treatment
approved for PH-COPD, and we look forward to advancing our
INOpulse therapy in this serious and unmet medical condition.”

The FDA meeting followed positive Phase 2a data, reported
in September 2017 that showed statistically significant and clini-
cally meaningful increases in 6MWD after both 2 and 4 weeks
of treatment on INOpulse (+50.7m; p=0.04), as compared to
baseline. In addition, the trial results demonstrated a statistically

significant increase (average 4.2%; p=0.03) in blood vessel vol-
ume and a statistically significant correlation in Ventilation-Vasodi-
lation (p=0.01), indicating targeted delivery to the well-ventilated
alveoli, as well as clinically meaningful decrease of 19.9%
(p=0.02) in systolic pulmonary arterial pressure. The therapy was
well-tolerated with no related safety concerns.

COPD is a common, but potentially life-altering disease with
a diagnosed prevalence greater than 12 million in the US. Ap-
proximately 25%-30% of COPD patients have associated pul-
monary hypertension. Although there are multiple therapies
indicated for the treatment of COPD, there are no approved ther-
apies for the treatment of PH associated with COPD. 

Bellerophon Therapeutics is a clinical-stage biotherapeutics
company focused on developing innovative therapies at the inter-
section of drugs and devices that address significant unmet med-
ical needs in the treatment of cardiopulmonary diseases. The
company is currently developing three product candidates under
its INOpulse program, a proprietary pulsatile nitric oxide delivery
system. The first is for the treatment of PAH, for which the company
has commenced Phase 3 clinical trials. The second is for the treat-
ment of pulmonary hypertension associated with chronic obstruc-
tive pulmonary disease (PH-COPD) and the third candidate is for
the treatment of pulmonary hypertension associated with Intersti-
tial Lung Disease (PH-ILD), both of which are in Phase 2 develop-
ment. For more information, visit www.bellerophon.com.
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SYGNIS Completes Acquisition of TGR Biosciences
SYGNIS AG recently announced the completion of the ac-

quisition of TGR Biosciences (TGR), the Australian research
reagents company. TGR and its highly complementary technolo-
gies and products along with its strong customer base will signif-
icantly contribute to the overall performance of the SYGNIS
Group. SYGNIS is currently assessing the impact the acquisition
will have on its previous 2018 full-year financial guidance and
will announce this as soon as this review is complete.

Dr. Heikki Lanckriet, CEO and CSO of SYGNIS, said “The
acquisition of TGR Biosciences with its complementary business
portfolio is a perfect fit for SYGNIS and an important step in our
“Grow, Buy and Build strategy” – we are very excited about our
joint future. Both TGR Biosciences and the SYGNIS Group will
benefit from increasing sales and cross selling synergies, which
will further strengthen our market position and provide further op-
portunities for growth.”

The acquisition, priced in Australian Dollars at approximately
EUR 10.1 million (net of cash acquired with the business) com-
prising cash, loan notes, and a share based earn out, brings TGR
into the SYGNIS Group. The acquisition was financed by the re-
cent capital increase, where SYGNIS raised gross proceeds of
EUR 4.2 million in a private placement with institutional investors.
Additionally, SYGNIS obtained a debt finance in the amount of
EUR 2 million to complete the acquisition. SYGNIS has the right

to exchange the debt finance into a mandatory convertible bond
with additional option rights for approximately 1.4 million shares.
The volume of the convertible bond and the conversion price will
depend upon market conditions at the time SYGNIS utilizes such
right if SYGNIS decides so which is likely.

TGR offers a strong complementary product portfolio, includ-
ing patented best-in-class protein capturing technology, fitting with
SYGNIS’ range of products and services to support the immunol-
ogy, genomic, and proteomic markets. TGR’s technology and R&D
facilities will be fully integrated into the SYGNIS group, and trade
under the Expedeon brand in the near future. 

SYGNIS develops and commercializes value-added, easy-to-
use, reliable products for genomics and proteomics research
based on its proprietary technologies, offering a wide range of
solutions that address key challenges in molecular biology. With
applications spanning the entire molecular biology workflow, the
Group’s cutting-edge offerings include easy-to-use off-the-shelf
products as well as custom services, supporting scientists from ac-
ademia through to commercial manufacturing. 

SYGNIS’ products are sold through a direct sales force and
several distribution partners in Europe, the US, and Asia. SYGNIS
AG has offices in Germany, Spain, UK, US, and Singapore,
which trade under the Expedeon brand. For more information,
visit www.sygnis.com.

NanoBio Announces Corporate Name Change to BlueWillow Biologics & Closes
$10-Million Financing

NanoBio Corporation recently announced it has changed its
corporate name to BlueWillow Biologics in conjunction with the
closing of a $10-million Series A financing. The company’s new
name reflects its evolution to a vaccines-focused company and
commitment to advancing its novel intranasal technology to de-
velop new vaccines for several respiratory and sexually transmit-
ted diseases. 

The Series A financing round was led by North Coast Tech-
nology Investors, Line Moon Ventures, and the University of Michi-
gan through its MINTS initiative.

The company was originally founded as NanoBio Corpora-
tion to develop topical nanoscale therapies for various dermatol-
ogy applications. BlueWillow will continue to develop skin and
wound treatments through partnerships and external collabora-
tions under the NanoBio trademark.

BlueWillow’s innovative intranasal vaccine platform is built
upon the company's patented NanoVax technology that employs
a unique oil-in-water nanoemulsion adjuvant to elicit both systemic
and mucosal immunity. Most infectious pathogens enter the body
across mucosal surfaces, yet most vaccines today are injected and
fail to elicit mucosal immunity. BlueWillow’s technology has the
potential to improve upon many existing vaccines as well as en-
able the creation of new vaccines for diseases that currently can-
not be prevented through vaccination.

“Over the past several years, our research has increasingly
demonstrated that our intranasal platform can play a pivotal role
in the vaccines of tomorrow,” said Dave Peralta, Chief Executive
Officer of BlueWillow. “Much of our data points to increased pro-

tection against some of the world’s most severe respiratory and
sexually transmitted infections. With the commitment of our Series
A investors and the tremendous support we continue to receive
from the National Institutes of Health (NIH), BlueWillow is now
rapidly approaching Phase 1 human clinical studies in several
programs.”

The name BlueWillow Biologics is a nod to the company’s
roots as well as a commitment to the company's future as a de-
veloper of the next generation of vaccines. “Blue” is a subtle ref-
erence to the University of Michigan, where the company’s
nanotechnology was discovered. While "Willow" refers to willow
trees, which are known to have deep, strong roots and large, pro-
tective branches.

“The NIH, Bill & Melinda Gates Foundation, State of Michi-
gan, Michigan Nanotechnology Institute for Medicine and Bio-
logical Sciences, and the University of Michigan Technology
Transfer Office have been instrumental in the advancement of
BlueWillow’s intranasal vaccine platform,” added Mr. Peralta.
“We are very grateful to each of these partners, as well as our
core investors, for their support, guidance and investment in
BlueWillow's promising future.” 

BlueWillow Biologics is a privately held biopharmaceutical
company headquartered in Ann Arbor, MI, focused on develop-
ing and commercializing intranasal vaccines using its patented
NanoVax technology platform. The technology employs a novel
oil-in-water nanoemulsion adjuvant that is effective when admin-
istered via intranasal or intramuscular vaccination, and can elicit
both mucosal and systemic immunity when applied intranasally.



Proteon Therapeutics & Lonza Extend Manufacturing Agreement
Proteon Therapeutics, Inc. recently announced a long-term

contract extension with Lonza Pharma & Biotech for the commer-
cial supply of investigational vonapanitase’s active pharmaceuti-
cal ingredient (API).

“Proteon and Lonza have had a strong relationship for nearly
a decade, and this amendment extends that relationship,” said
Timothy Noyes, President and Chief Executive Officer of Proteon.
“The amendment provides Proteon with access to a top-tier man-
ufacturing site for the long-term commercial supply of investiga-
tional vonapanitase after potential FDA approval.”

“Lonza’s microbial expertise and versatile assets will enable
us to anticipate and deliver API for Proteon at this critical phase
in the lifecycle of their therapy,” said Marc Funk, COO Lonza
Pharma & Biotech.

Karen Fallen, VP, Head of Clinical Development and Manu-
facturing for Lonza, added “It’s always motivating for our teams
to support biotechs like Proteon from Phase I studies through to
commercialization and to see the impact for patients.”

Lonza has manufactured API for Proteon at its microbial man-
ufacturing facility in Visp (CH) since 2009. Initially, a small-scale
process was transferred into Lonza’s development labs for process
optimization and consistency studies. The process was then scaled
up to 1,000-L scale cGMP manufacture to support Proteon’s early
clinical studies and potential commercial requirements.

As Proteon worked to complete enrollment in its ongoing
Phase 3 clinical trial, PATENCY-2, Lonza supported Proteon with
three process validation batches at 1,000L commercial scale,
each of which met the intended release criteria. If PATENCY-2 is

successful, Proteon expects to include results from these validation
runs in a potential Biologics License Application (BLA) filing in the
second half of 2019, which Lonza will support.

Vonapanitase is an investigational drug intended to improve
hemodialysis vascular access outcomes. Vonapanitase is currently
being studied in a Phase 3 clinical trial in patients with chronic
kidney disease (CKD). It has received Breakthrough Therapy, Fast
Track and Orphan Drug designations from the FDA, and Orphan
Medicinal Product designation from the European Commission,
for hemodialysis vascular access indications. Proteon is also cur-
rently conducting a Phase 1 clinical trial of vonapanitase in pa-
tients with peripheral artery disease (PAD).

Proteon Therapeutics is committed to improving the health of
patients with kidney and vascular diseases through the develop-
ment of novel, first-in-class therapeutics. Proteon's lead product
candidate, vonapanitase, is an investigational drug intended to
improve hemodialysis vascular access outcomes. Proteon is eval-
uating vonapanitase in patients with CKD undergoing surgical
creation of a radiocephalic arteriovenous fistula. Proteon is also
evaluating vonapanitase in a Phase 1 clinical trial in patients with
PAD. 

Recent developments in next-generation biotherapeutics in-
cluding antibody mimetics and novel scaffolds have spurred a re-
newed interest in microbial protein expression and manufacture
technologies. Lonza’s proven XS® Microbial Expression Platform
combined with more than 30 years of process development and
cGMP manufacture expertise make us an ideal partner to success-
fully support clinical and commercial programs.
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ANTIBODY 
DISCOVERY 

ABSTRACT

Antibodies have been used since the late 1980s as therapies

to treat serious diseases, and demand is soaring to new heights

today. However, conventional antibody drug discovery technolo-

gies are labor-intensive and slow. Pharmaceutical companies se-

lect drug candidates from just a small fraction of the antibodies

that exist in a natural immune repertoire and have limited infor-

mation on which candidates are the most promising. Additionally,

identification and selection of drug targets remain an arduous

process because conventional approaches to studying the im-

mune system are not comprehensive. GigaGen Inc., based in

South San Francisco, CA, has developed a unique insight into im-

mune dysregulation through a proprietary technology known as

Surge – a platform that quickly characterizes every cell in com-

plex immune systems so that natural immune repertoires can be

translated into medical treatments. The technology powers selec-

tion of drug targets, identification of drug candidates, and pre-

clinical assessment of efficacy. GigaGen is using their insight into

how the immune system functions to discover and develop drugs

that solve disorders of immune dysregulation, including cancer

and immune deficiency.. 

INTRODUCTION

Cancer. Rheumatoid arthritis. Primary immune deficiency.

These and many more of the world’s most devastating and wide-

spread diseases involve dysregulation of the immune system. The

body’s network of cells, tissues, and organs that are designed to

keep us healthy either fails to properly react against a dangerous

“invader,” or it over-reacts. In either case, the result is disease —

and it can be deadly. 

Fortunately, throughout the past 3 decades, modern medicine

has made great strides in treating dozens of immune-based con-

ditions using antibody therapeutics. In the past 2 years alone,

more than 20 of these drugs have gained FDA approval. Market

research firms have estimated the global market for monoclonal

antibodies at $85.4 billion in 2015, and expect it will soar to a

value of $138.6 billion by 2024. 

Since the human genome was sequenced, the number of

well-characterized antibody targets has exploded. In particular,

the field of cancer immunology has expanded rapidly. Antibodies

targeting PD-1 and CTLA4 are among the most successful new

cancer drugs in decades. These “checkpoint inhibitor” drugs

specifically activate the immune system to target and kill tumor

cells. At GigaGen and elsewhere, new insights into the tumor mi-

croenvironment continue to drive discovery of new checkpoint in-
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Why Understanding Immune Dysregulation is the
Key to Drug Development 
By: David S. Johnson, PhD

F I G U R E  1

Technician uses Surge microfluidics to sort over 3
million B cells per hour.
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hibitor targets. There is tremendous com-

petition to quickly turn these novel insights

into drug pipelines.

However, immune systems are incred-

ibly complex and still poorly understood.

Immune cells respond to hundreds of stim-

ulatory and inhibitory proteins, and con-

stantly change during sickness and health.

To understand immune systems, drug com-

panies and academic researchers perform

millions of cellular bioassays every day.

Conventionally, studies of cell-cell interac-

tions are performed in tissue culture plates,

often on large, bulk populations of hun-

dreds of thousands of cells rather than

pairs of single cells. To scale these kinds of

assays, drug companies and academics

typically either severely reduce the ambi-

tion of their projects or spend millions of

dollars on robotic automation. Eliminating

this bottleneck could help unravel complex

biological pathways, identify new targets,

and eventually bring new innovative drugs

to market.

Furthermore, once drug targets are

identified, it’s simply not good enough to

have a single antibody against a single tar-

get in hand, which becomes the case

when in-licensing from academia, for ex-

ample. This is due to antibodies varying

enormously in quality. In the checkpoint in-

hibitor field, for instance, a higher-affinity

antibody is not necessarily a better drug

choice. To block or activate immune recep-

tors, antibodies must bind to the correct

part of the target, and often the correct

part of the target is not known upfront. Ad-

ditionally, to avoid toxic side effects, anti-

bodies must not bind non-specifically. On

the other end of the spectrum, if an anti-

body binds too strongly to the correct tar-

get, there are also significant toxic side

effects.

To build robust drug pipelines, most

antibody drug discovery methods leverage

mouse hybridomas. In this process, mice

are immunized with a checkpoint inhibitor

target and hybridomas are created from

mouse B cells. However, this process is so

inefficient that less than 1% of the original

B cell diversity is retained. To compensate,

large pharmaceutical companies have

built massive, expensive robotic facilities.

Still, discovery using this method requires

years of effort. Small companies, on the

contrary, lack hundreds of millions of dol-

lars to build robotics and typically must

choose a single target. They then will

spend tens of millions of dollars to build a

portfolio they hope will become competi-

tive with large pharmaceutical companies.

WHEN CURRENT TECHNOLOGY

IS LACKING, INNOVATE

Innovation is an alternative to spend-

ing large amounts of time and money on

capital equipment. At GigaGen, we built

an ultra-fast, ultra-efficient technology that

characterizes every cell in complex im-

mune systems, accelerating the selection of

drug targets, identification of drug candi-

dates, and preclinical assessment of drug

efficacy. We call this technology Surge,

and it leverages modern advances in mi-

crofluidics and genomics (Figure 1).

For target discovery, Surge is a

method for massively parallel bioassays in

picoliter droplets. We are able to study mil-

lions of cellular interactions, revealing

changes in proteins that regulate the im-

mune system. This facilitates discovery of

novel pathways for modulating immune

dysregulation, including genes that are in-

volved in dysregulation of T and B cells.

These genes may one day become novel

drug targets. Previously, researchers might

have incubated immune cells and their tar-

gets in 96-well plates, and then assayed

cellular responses through methods such as

flow cytometry, ELISA, or ELISpot. Such

technologies are poorly suited for combi-

natorial analysis, for example, screening a

millions-diverse panel of antibody-secreting

cells against a millions-diverse panel of tar-

get cells. Thus, researchers using conven-

tional technologies are forced to study only

a few antibodies and targets at a time, se-

verely constraining forward progress.

For antibody drug discovery, we im-

munize mice with an antibody target of in-

F I G U R E  2
GigaGen CEO Dr.
David Johnson
(standing, right) 
discusses Surge-
generated oncology
antibody cluster-
grams with 
his team.



terest. Then, we run the mouse B cells

through our microfluidic platform to cap-

ture antibody sequences on a single cell

level, but millions at a time. This process

turns the efficiency of hybridomas upside-

down, achieving more than 99% efficiency

rather than less than 1% efficiency. We

therefore mine for, and find, antibodies

that no other technology is able to (Figure

2). Many of these antibodies could end up

being the most efficacious or safest anti-

bodies. The Surge technology is also prov-

ing to be much faster than conventional

hybridoma technologies. Hybridoma

screening involves several steps of assay-

ing hybridoma pools, followed by single-

cell cloning and expansion, finally

followed by sequencing – a process that

takes many months, or even years. The

process we utilize with Surge determines

the sequences of high affinity antibodies

within days, allowing us to spend more

time and financial resources on biological

characterization and antibody optimiza-

tion.

Though Surge works quickly, it took

years to develop. GigaGen was founded

in 2011 by myself and a Stanford col-

league and immunology professor, Dr.

Everett Hurteau Meyer. We have been sup-

ported by more than $10 million in NIH

grant funding from the National Cancer In-

stitute and the National Science Founda-

tion and have generated numerous patent

filings related to single cell droplet immune

genomics, with the first issued patents in

Europe and the United States in 2016. 

In 2017, we published our work on

mouse repertoires in the journal mAbs. We

immunized wild type mice with the check-

point target PD-1 and ran millions of B cells

through our microfluidic system. We dis-

covered hundreds of high-affinity PD-1

binders in only five mice in less than a

month and utilizing only a single techni-

cian. These antibodies were often very

rare, present at less than 0.01% of the

original B cell repertoire. Even with the

benefit of automated robot screening, hy-

bridoma methods would have likely missed

many of these rare antibodies. We exam-

ined 17 of the most promising antibodies

in more detail and found nine antibodies

that showed efficacy using our in vitro cel-

lular assays. We are now performing affin-

ity maturation in vitro on these antibodies

for further non-clinical development.

The speed and convenience of our

method results in a larger number of can-

didates for development pipelines. More

mouse – or human – repertoires can be

screened and this screening process can

be conducted more exhaustively. This has

substantial advantages for intellectual

property because a program can choose

a target and quickly identify hundreds of

unique, validated binders. In theory, tech-

nologies such as Surge could also lead to

shorter commercialization timelines.

We have also used our technology to

discover rare, high-affinity binders in

human repertoires, which was also high-

lighted in the journal mAbs in 2017. In this

study, we used our microfluidic methods to

create a large library of antibodies from

the B cell repertoires of 52 healthy human

donors. Yeast technology was then used to

screen the library for binders against pneu-

mococcus and influenza A antigens.

Again, we found hundreds of high-affinity

antibody binders – some as rare as

0.001% frequency in the original library.

We followed up with efficacy assays using

19 of the antibodies. These antibodies had

a surprising diversity of functionalities, re-

iterating the importance of capturing a

wide variety of antibodies when develop-

ing a robust pipeline.

INSIGHT INTO IMMUNE SYSTEM

FUNCTION LEADS TO NOVEL

THERAPIES

Using Surge, we have been fortunate

to come to understand disorders of immune

dysregulation at a level that is unprece-

dented, spurring development of novel,

revolutionary therapies for patients. We

are first applying our insight to produce

therapies targeting immune deficiency and

cancer.D
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F I G U R E  3

Technician prepares lymphocyte samples for Surge analysis.
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Immune deficiencies are character-

ized by the body’s inability to properly

make antibodies; consequently, patients

with immune deficiencies are susceptible

to recurrent and severe infections caused

by viruses and bacteria that healthy indi-

viduals are able to fight off naturally. Pa-

tients with immune deficiencies are

routinely treated with plasma-based drug

products called intravenous immunoglobu-

lin (IVIG), or high-titer variations referred

to as “hyperimmunes,” made by pooling

Immunoglobulin G (IgG) antibodies from

thousands of human donors. The plasma

IgG drug industry is a $10-billion industry

that has seen little innovation in decades,

despite strong demand from doctors who

treat immune deficiencies and their pa-

tients. Conventional plasma IgG drug

products suffer several shortcomings that

include constrained supply, risk of contam-

ination by blood-borne pathogens and lim-

ited potency.

In our work to treat immune defi-

ciency, we identified vaccinated individu-

als that were good responders to infection

against pneumococcus, haemophilus, and

viral influenza through immune repertoire

profiling. This finding suggested develop-

ment feasibility of therapeutics enriched

against specific pathogens for patients

with immune deficiency. Some of the data

were published, and the work led to more

than $6 million in funding from NIAID, and

a $50-million investment and co-develop-

ment deal with pharmaceutical company

Grifols to develop recombinant polyclonal

antibody therapies (Figure 3).

The ability to profile complex immune

systems enabled us to develop and com-

plete preclinical validation for the world’s

first recombinant polyclonal IgG product,

a product that is advantaged over its

plasma counterparts in that the risk for con-

tamination from blood bourne pathogens

is exceedingly low. Additionally, both pro-

duction and batch-to-batch consistency can

be controlled through manufacturing,

which significantly reduces the risk of lim-

ited potency or supply shortage. Similarly,

the recombinant nature of the drug enables

us to engineer higher potency products

than plasma-derived equivalents.

We have also applied our understand-

ing of immune dysregulation to the field of

oncology, selecting 17 checkpoint inhibitor

targets to create antibodies against. Surge

enabled us to immunize chimeric mice that

produce fully human antibodies and run

hundreds of millions of B cells from these

mice through our microfluidic system. In a

few months, we have discovered thou-

sands of high-affinity binders to these 17

targets. We have synthesized and purified

hundreds of candidates and have shown

efficacy using cellular assays. These clini-

cal candidates are all antibodies of natu-

ral-repertoire origin, with natural light- and

heavy-chain pairing — factors that may in-

crease drug developability and perform-

ance.

Our Surge technology and insight into

cancer immunology has enabled us to

build a highly competitive oncology drug

pipeline from nothing, in a matter of

months. The diversity of our portfolio gives

us the unique ability to test combinations

of repressor and activator agonists in vitro

and in vivo before going to the clinic. This

is critical because we have found through

our research that immune repressive path-

ways can be repetitive, and it is therefore

necessary to address multiple targets to

avoid tumor escape from immunotherapy.

SUMMARY 

At GigaGen, we envision a future in

which the only hurdle in drug development

is the clinical trial. Our technology has en-

abled us to build a robust portfolio of

checkpoint inhibitor antibodies in a matter

of months, and lay the groundwork for re-

combinant polyclonal IgG drugs poised to

revolutionize treatment of immune deficien-

cies. For the first time ever, it’s possible to

understand immune response to disease

with incredible breadth and detail and use

this power to create life-saving therapies.u

B I O G R A P H Y
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PEPTIDE 
DELIVERY 

INTRODUCTION

Affecting approximately 6 million women in the US, en-

dometriosis is one of the most common gynecological disorders

and occurs when the endometrial lining tissue begins to grow out-

side the uterus, leading to lesions. These lesions may grow on the

ovaries, fallopian tubes, and other areas of the uterus, causing

severe pain.   

Leuprolide, marketed under the brand name LUPRON

DEPOT® (leuprolide acetate for depot suspension), has demon-

strated in the clinic and practice to be an efficacious treatment

for endometriosis. However, the current parenteral route of ad-

ministration limits the drug’s utilization due to the irreversibility of

the depot injection, which stays in the body for 30 to 90 days,

and the pain and inconvenience of the injections. A daily oral le-

uprolide tablet could offer a more patient-friendly alternative to

monthly depot injections, potentially encouraging physicians and

patients to utilize the medication earlier and more often. Market

estimates suggest such a drug could produce revenues in excess

of $600 million annually in the US. 

So why isn’t there a pill for that? The challenge of capturing

the potential of orally delivered peptide therapeutics is ongoing

as researchers look to develop formulations that can overcome

both business and technical challenges.

The business challenge is pretty straight forward; select pep-

tides and clinical indications that are appropriate for oral deliv-

ery. Practical considerations, such as whether the orally delivered

peptide will enhance patient compliance, increase treatment op-

tions, and boost marketability, should have priority because with-

out clear medical and business advantages, there is little

motivation to make the investment in time and resources to transi-

tion from an injectable. Market and patient research indicates

that an oral formulation of leuprolide for endometriosis would

meet these criteria.  

The technical and clinical challenges are significant. There

are numerous technologies currently in development that are de-

signed to enable the oral delivery of peptides. Though each has

its unique set of properties and capabilities, all must overcome

key obstacles to successfully deliver peptides via the oral route.  

First, the oral formulation must remain intact in the highly

acidic environment of the stomach. Once through the stomach,

the tablet design must then promote dissolution in the higher pH

environment of the small intestine, while simultaneously protecting

the peptide payload from degradation by protease enzymes. Fi-

nally, mechanisms must be present that facilitate the absorption

of the peptide into the relatively impermeable intestinal epithe-

lium.

However, even with all the boxes checked, oral delivery may

not be an option unless one can achieve therapeutically relevant

bioavailability. 

Peptides and proteins are high molecular weight biopolymers

and contain both hydrophilic and hydrophobic appendages in

their structure. These properties make it difficult for peptides to be

absorbed by the intestine. In addition, the stomach and intestine

are designed to digest peptides and proteins into usable compo-

nents. Simply said, our bodies recognize peptides as food when

ingested.  Protecting the therapeutic peptide long enough to de-

liver it to the right place in the system and in the right conditions

to maximize absorption are the keys to successful delivery of an

oral peptide.
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The Endometriosis Enigma – Why Can't There Be
a Pill for That? 
By: Joel Tune, MBA
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The question then is this: Is there a

way to overcome the drug development

challenges in engineering an oral formula-

tion of leuprolide in a manner that allows

one to effectively and efficiently capitalize

on the market/patient potential of such a

drug product?

HISTORY

We know that proteins and peptides

are the building blocks of life and recently

have been identified as a very promising

basis for targeting a range of diseases.

Throughout the past 3 decades, and espe-

cially the past 10 years, there has been a

rapid growth in the development of thera-

peutic proteins, with a significant increase

in the number of protein-based drugs on

the market. 

Peptides occupy a therapeutic niche

between small molecules and large biolog-

ics, and are generally classified as being

a chain of amino acids containing 40

amino acids or less. Currently, the disease

areas driving the therapeutic use of pep-

tide drugs are oncology (driven by a rising

mortality and need for chemotherapy re-

placement) and metabolic diseases. The

treatment of metabolic diseases via pep-

tide therapeutics has largely centered

around the epidemic growth in type 2 dia-

betes. Examples of such injectable peptide

drugs on the market today include Byetta,

Victoza, and Trulicity, which are part of the

family of glucagon-like peptide-1 (GLP-1)

receptor activators. These peptide drugs

work by interacting with a receptor on the

surface of pancreatic beta cells to stimulate

the release of insulin. In addition to meta-

bolic disease and oncology, the movement

of the pharmaceutical industry into rare

diseases and orphan drugs has also been

extended to peptides, and peptides are

being further targeted at infectious dis-

eases and inflammation. Historically, all of

these peptide drugs have been adminis-

tered by injection.

Research has demonstrated that pep-

tide therapeutics can offer several advan-

tages that are distinct and desirable.

Peptides serve a highly specific set of func-

tions in the body that cannot be mimicked

by simple chemical compounds. Thus,

compared with small-molecule active phar-

maceutical ingredients (APIs), peptides are

able to exhibit increased potency and se-

lectivity due to specific interactions with

their targets. As a result, peptides have the

potential for decreased off-target side ef-

fects and decreased systemic toxicity.

Moreover, because the body naturally pro-

duces peptides, peptide-based therapeu-

tics are often well-tolerated and are less

likely to elicit immune responses. 

Given their attractive pharmacologi-

cal profile and intrinsic properties, pep-

tides represent an excellent starting point

for the design of novel therapeutics, and

their specificity has been seen to translate

into excellent safety, tolerability, and effi-

cacy profiles in humans. Furthermore, pep-

tide therapeutics are typically associated

with lower production complexity com-

pared with protein-based biopharmaceuti-

cals. 

Though peptide therapeutics offer nu-

merous advantages, and the growth of

such drugs is strong, there remains a sig-

nificant gap between “market actual” and

“market potential.” This is largely attribut-

able to challenges with the route and

method of delivery of peptide drugs. 

F I G U R E  1

The mechanism for oral drug delivery presents certain challenges. While the GI tract degrades and
digest peptides, there is poor permeability through the intestinal cell layer due to interaction with
efflux transporters. As shown, enteric coating prevents the tablet from opening in the stomach, al-
lowing it to be dissolved in the small intestine where the drug can then be absorbed across the in-
testinal wall.



The interest in oral peptides is driven

by three dynamics – patient compliance,

prescriber preference, and market expan-

sion. As one can appreciate, frequent in-

jections and low patient acceptability

make parenteral administration of peptide-

based drugs less desirable. This is espe-

cially true in long-term treatment regimens.

As a result, pharmaceutical developers

continue to explore alternate routes of de-

livery for peptide therapeutics that have

the potential to maintain the drug’s po-

tency, while enhancing the ease of admin-

istration, patient compliance, and market

penetration. 

Against this backdrop, the oral deliv-

ery of peptides, such as leuprolide, has

caught the imagination of drug developers

far and wide. Long hailed as the “Holy

Grail” of drug delivery, orally administered

peptides offer vast potential but also pres-

ent considerable development challenges.  

CHALLENGES & OPPORTUNITIES 

In developing its oral leuprolide

tablet, biotechnology company Enteris Bio-

Pharma utilized a technology platform de-

signed to provide protection against the

harshness of the digestive system and then

promote absorption of the leuprolide into

the bloodstream. First, to overcome the

stomach’s highly acidic environment, the

oral tablet was encapsulated in an enteric

coating. Simple in concept, an enteric

coating is a polymer barrier applied to an

oral medication that prevents its dissolution

in the gastric environment.  

Enteric coatings work by presenting a

surface that is stable at the highly acidic

pH found in the stomach, yet dissolves at

the higher pH of the small intestine and at

locations within the intestinal tract to en-

able optimal drug absorption. A variety of

materials can be utilized as an enteric

coating, provided the material shields the

peptide drug in the stomach and enables

its release in the intestine where absorption

into the bloodstream can occur.

Protecting against the acidic gastric

environment and enabling dissolution in

the small intestine is but the first hurdle that

must be addressed. The next goal is limit-

ing proteolytic degradation in the jejunum,

which is a considerably more difficult (and

critical) proposition. Given that many pep-

tides are highly vulnerable in the soluble

form to peptidases in the lumen prior to

reaching the systemic circulation, the chal-

lenge is to prevent the breakdown of the

peptide. Though it is difficult to completely

inhibit the actions of luminal proteases, sci-

entists at Enteris BioPharma utilized pro-

tease inhibitors to create a protective

microenvironment for its oral leuprolide

tablet. Without such protective measures,

the protease enzymes would immediately

act upon the leuprolide, breaking it down

for ingestion into the bloodstream; no dif-

ferent than a protein consumed as food. 

Shielding against the digestive system

is paramount to administering a peptide

orally, and success in developing an effi-

cacious oral peptide (one that elicits the

desired therapeutic response comparable

to or exceeding the standard of care) ulti-

mately hinges on whether the peptide is

absorbed through the intestine and enters

the bloodstream as an intact chemical

species. As referenced previously, peptides

have relatively large molecular weights

and hydrophilicity, resulting in poor pene-

tration across the intestinal epithelium. This

may be the most challenging barrier to

oral peptide delivery.

As peptides reach the intestinal epithe-

lium, they first encounter an exogenous

mucus gel layer containing proteases and

antibodies, which together reduce the rate

of diffusion to the epithelial surface. At-

tempts to overcome mucoadhesion have

focused on incorporation of mucolytics or

use of hydrophilic PEGylated nanoparti-

cles, which avoid entrapment in mucus gly-

coprotein meshes. An alternative

approach is to exploit mucoadhesion to in-

crease the residence time of the dosage

form in the small intestine.

However, greater success has beenD
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T A B L E  1

Current Standard of Care of for endometriosis patients requires multiple visits to the doctor to un-
dergo multiple injections. In addition, potential side effects can last a while as it takes months for
the medication to leave the body long after the injections stop. Oral delivery of Ovarest means that
pills can be dispensed like a regular prescription. If needed, therapy can be stopped quickly, and it
only takes days for the medication to leave the body.
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achieved via the use of permeability en-

hancers, such as lauroyl-l- carnitine chlo-

ride (LLC), palmitoyl carnitine chloride

(PCC), and sodium taurodeoxycholate,

which facilitate peptide entry into the

bloodstream. Such permeability enhancers

function by enabling the transport of pep-

tide molecules through the epithelium via

passive movement across the epithelial

tight junctions.  

Finally, after overcoming these obsta-

cles, the successful developer of an oral

peptide must accept that the bioavailability

of an orally delivered peptide will be less

than that of a comparable dose of a par-

enterally delivered peptide. Even the best

oral peptide formulas are known to have

relatively low bioavailabilities of ≤10%. As

such, higher oral formulation doses are re-

quired to obtain the same therapeutic ef-

fect achieved with an injectable

formulation.  

For example, Enteris BioPharma re-

cently announced interim results of a Phase

2a trial of its oral leuprolide tablet

(Ovarest®) being developed to treat en-

dometriosis (initial indication) comparing

once- and twice-per-day doses of a 4- mg

oral tablet with a single, monthly depot in-

jection of LUPRON DEPOT 3.75 mg. The

daily dose of the Enteris oral tablet is there-

fore higher than the monthly LUPRON

DEPOT injection dose. Data from the study,

utilizing Enteris’ proprietary Peptelligence®

platform, indicated that significant suppres-

sion of estradiol (E2), demonstrated a

measurable pharmacodynamic effect that

is tightly correlated with efficacy in en-

dometriosis. A higher dose 10-mg tablet

arm, administered twice-per-day of the

Phase 2a study is currently underway, and

Enteris expects to be in a position to an-

nounce the results from that arm in early

July 2018.

The Peptelligence® platform is a novel

formulation technology that enables oral

delivery of molecules that are typically in-

jected, including peptides and BCS class

II, III and IV small molecules. The positive

interim results from the Phase 2a clinical

trial are a significant advancement to-

wards Enteris’ goal of developing the first-

ever oral leuprolide tablet for the treatment

of endometriosis (initial indication). 

Though orally delivered peptides,

such as Ovarest, have considerable value

potential, developers must carefully con-

sider the practicality of transitioning a pep-

tide to an oral form based on the cost of

goods. Simply put, the cost of the addi-

tional API (and production) must be less

than the expected market expansion for an

oral formulation. Considerable research by

Enteris indicates that Ovarest meets this

“Goldilocks sweet spot,” but not all pep-

tides do.

SUMMARY

Ultimately, not all peptide therapeutics

are appropriate for oral administration due

to various constraints, from physiochemical

to economic.  However, for those that meet

the necessary criteria, advances in formu-

lation technologies coupled with favorable

market dynamics will continue to drive in-

terest across the entire prescription drug

spectrum for safe and effective orally ad-

ministered peptide therapeutics. u

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

ABSTRACT

Polymer encapsulation has long been recognized as a way

of improving the uptake and release of small molecule drugs, and

has more recently been used to enhance the stability and bioavail-

ability of biologics. Unfortunately, despite the benefits, traditional

emulsion particle manufacturing techniques are laborious, ineffi-

cient, and inconsistent, limiting the widespread application of mi-

croparticle drug delivery vehicles. Recent advances in both

manufacturing and polymer composition are addressing these is-

sues, leading to a new wave of microencapsulated drugs. This

article looks at how microfluidics is changing the drug develop-

ment sector and explores an exciting new non-encapsulating mi-

croparticle-based approach that offers “tunable” release of the

active pharmaceutical ingredient (API).

INTRODUCTION

The concept of encapsulating a drug within a polymeric par-

ticle for delivery is not new, and it has been common practice for

over 20 years to use micro- and nanoparticles as drug delivery

vehicles. Drug encapsulation within polymer spheres offers a num-

ber of benefits over conventional dosage forms. First, it can pro-

tect the API from enzymatic or acidic degradation. It also leads

to a more uniform absorption rate, as the particles are distributed

over a greater area of the gastrointestinal tract. In addition, di-

viding a dose across multiple particles improves safety and re-

duces the risk of toxicity in the event of defective delivery. While

controversial, there is also some disputed evidence to suggest that

microparticles preferentially congregate in tumor tissues – the en-

hanced permeability and retention effect – offering the possibility

of more targeted drug treatments. Microencapsulation also pro-

vides a solution to an ongoing problem that plagues pharma com-

panies; many promising small molecule drug candidates are hy-

drophobic and poorly soluble in water, which makes them unus-

able. Encapsulation overcomes this barrier, helping a candidate

drug’s transition from discovery to development.

CHANGING TACTICS 

Controlling microparticle size is important in drug microen-

capsulation, not least because particles that are too large can

block an injection needle. The diameter of the polymeric particles

also determines the drug-release profile and rate of polymer

degradation; large droplets may release the drug too slowly, re-

sulting in a non-therapeutic dose, while small beads may release

the drug too quickly, causing a spike and potentially harmful side-

effects. Effective dosing therefore requires the administration of

monodisperse particles with a carefully chosen diameter contain-
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Taking a Microfluidics Approach to Drug Delivery  
By: Richard Gray, MA, and Pavel Abdulkin, PhD

F I G U R E  1

Micro droplet generation; high throughput, modular
systems can produce up to 20 liters of monodis-
perse droplets per day.
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ing the correct dosage of API. This is diffi-

cult to achieve in commercial-scale produc-

tion, as particle size is subject to statistical

control, and the resulting polydisperse par-

ticles require additional size selection steps

to isolate appropriate microparticles, such

as selective filtration. 

Traditional batch approaches rely on

using mechanical stirring or sonication to

mix an aqueous phase containing the dis-

solved API and a surfactant with a polymer

in an organic phase, creating an emulsion.

Unfortunately, these batch processes suffer

from low and uneven API encapsulation,

broad particle polydispersity, and a lack

of batch-to-batch consistency, leading to

very low yields and productivity. Luckily, all

of these issues can be ameliorated using a

continuous flow microfluidics approach. 

Microfluidics offers carefully con-

trolled mixing of aqueous and organic

phases to create homogeneous popula-

tions of monodisperse micro- or nanoparti-

cles at flow rates of up to tens of milliliters

per minute. The ability to “fine tune” the

physical properties of the resulting particle

population by adjusting the total flow rate,

polymer concentration, aqueous-to-organic

flow rate ratio (FRR), and use of a co-sol-

vent is another major benefit of a microflu-

idics approach. This allows particle size to

be tailored to individual applications –

from 100 nanometers to 100 micrometers

– without changing the hardware set-up. If

fully optimized, it also offers virtually

100% encapsulation, compared to about

30% encapsulation efficiency for a typical

batch technique, avoiding the waste of

large quantities of expensive APIs.

PLUG & PLAY SIMPLICITY

The increased uptake of microfluidics

for drug delivery applications is largely a

result of a rise in commercial availability of

standardized hardware set-ups – connec-

tors, chips, and pumps – from suppliers,

such as Dolomite Microfluidics. These prod-

ucts have helped to move microfluidics

from a niche method into routine labora-

tory use, enabling researchers to focus

their time on applications rather than de-

veloping the technology. This technology

has now become so ingrained in the indus-

try that in 2015, the US FDA recom-

mended the production of all

microencapsulated drugs be migrated to

continuous flow manufacturing techniques.

The transition coincides with the commer-

cial development of high throughput, mod-

ular systems that can produce up to 20

liters of monodisperse droplets per day –

offering production speeds and scales

comparable to batch techniques. The

timely combination of the right technique,

commercially available tools, and business

interest has encouraged the rapid adoption

of microfluidics for drug encapsulation.  

THE NEXT CHAPTER

As it stands, an encapsulated drug is

released from the particle matrix via diffu-

sion or osmosis, or through decomposition

or enzymatic digestion of the polymer. Pro-

Lynx, a biotech start-up in San Francisco,

CA, is developing a new platform for drug

delivery using cleavable linkers to control

drug release and the subsequent degrada-

tion of the hydrogel microparticle. In con-

trast to encapsulation methods, the release

rate of the covalently tethered drug is com-

pletely tunable and independent of poly-

mer degradation. This technology has

been shown to extend a drug’s biological

half-life (t1/2), and the company has a

growing intellectual property portfolio for

the delivery of small molecule, peptide,

and protein APIs. 

At the heart of the new technology is

a cleavable linker tethering the drug to a

tetra-PEG-hydrogel microparticle, compris-

ing a carbamate group with an acidic car-

bon-hydrogen bond on the beta-carbon.

The acidity of the C-H bond is determined

by an electron withdrawing “modulator”

group – such as a methylsulfonyl (MeSO2)

or nitrile (CN) – which controls the rate of

a beta elimination reaction to free the un-

modified drug from the microparticle.

Analogous yet slower-cleaving carbamate

linkers are incorporated into the PEG-hy-

drogel microbead crosslinks, enabling

degradation of the bead to be coordinated

to occur after the drug is released. Manip-

ulating the modulator for both the drug

tether and PEG-hydrogel crosslinking offers

a wide t1/2 range – from hours to years –

for any given API.1 This places the drug-re-

lease profile under tunable, chemical con-

trol, rather than being dependent on

microparticle size and composition. 

F I G U R E  2

Double emulsion; Double emulsions can be
used as a carrier of active ingredients for con-
trolled drug delivery.



A key part of the company’s manufac-

turing process is the production of the PEG-

hydrogel microparticles, which is carried

out using a custom-made glass Telos® 2

Reagent Chip from Dolomite

Microfluidics.2 The chip’s seven 50-microm-

eter channels enable ProLynx to produce

microparticles with a 40-micrometer 

diameter at a rate of ~4,000

droplets/sec/channel, equivalent to 8

ml/hour. The Telos system allows up to 10

Telos modules to be assembled in parallel

for easy scale-up, offering identical condi-

tions for up to 70 droplet junctions. 

To date, the company has published

papers on its work with exenatide – a pep-

tide for treating Type II diabetes – and oc-

treotide, which is an FDA-approved

peptidic somatostatin (SST) agonist used to

treat acromegaly and neuroendocrine tu-

mors.3,4 In addition to working with smaller

molecules, experiments with a single chain

antibody fragment (25 kDa) have ex-

tended its t1/2 to be comparable with mon-

oclonal antibodies.5

SUMMARY

Drug delivery will continue to be a

growing market and area of research, and

there are still many challenges that present

opportunities to develop innovative tech-

nology-based solutions. The excellent con-

trol of particle size and composition of-

fered by microfluidics has established the

technology as a reliable and reproducible

resource for the generation of monodis-

perse, microencapsulated drugs. Com-

bined with its scalability and the growing

commercial availability of customizable

hardware solutions, microfluidics will pro-

vide a platform for experimentation and

discovery in the years to come. u

REFERENCES

1.  Santi DV, et al. Predictable and tunable

half-life extension of therapeutic agents by

controlled chemical release from macromol-

ecular conjugates. PNAS.

2011;109(16):6211-6216.

2.  http://www.dolomite-

microfluidics.com/webshop/telos-droplet-

manufacture-c-72.

3.  Schneider E, et al. Hydrogel drug delivery

system self-cleaving covalent linkers for

once-a-week administration of exenatide.

Bioconjugate Chemistry. 2016;27:1210-

1215.

4.  Schneider E, et al. Subcutaneously adminis-

tered self-cleaving hydrogel-octreotide con-

jugates provide very long-acting octreotide.

Bioconjugate Chemistry. 2016;27:1638-

1644.

5.  Schneider E, et al. Approach for half-life

extension of small antibody fragments that

does not affect tissue uptake. Bioconjugate

Chemistry. 2016;27:2534-2539.  

D
ru

g 
D

ev
el

op
m

en
t &

 D
el

iv
er

y
Ju

n
e
 2

0
1
8

Vo
l 1

8 
 N

o 
5

40

F I G U R E  3

Double emulsions made using Dolomite products; a range of highly consistent double emulsions
can be produced using commercially available systems.
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PERSONALIZED 
IMMUNOTHERAPY 

INTRODUCTION

Immunotherapy has taken the oncology field by storm. Sev-

eral approved drugs, such as the “checkpoint inhibitors”

Keytruda® and Opdivo®, have revolutionized the treatment of

some cancers. Checkpoint inhibitors work by interfering with im-

mune-suppressive processes, essentially “taking the brakes off”

the immune response. However, these drugs only work in certain

cancers, and even in these cancers, they only work in 20% to

30% of patients. Also, checkpoint inhibitors can provoke strong

immune responses against normal cells, causing autoimmune dis-

eases in addition to other drug-related adverse toxicities.  

Another approach comes from the group of “personalized”

immunotherapies, for example, Provenge and CAR-T, which may

be more specific and have demonstrated clinical benefit. Their

downside is that they are extremely difficult to make, requiring

that each dose be manufactured for each patient, a time-consum-

ing and costly process. Individualized manufacture inevitably

makes these therapies extremely expensive and limits the number

of patients who can be treated.  

Therapeutic cancer vaccine therapy has been a compelling

strategy, with demonstrable immune responses against cancer

antigens. But to date, their clinical effectiveness remains unestab-

lished, Provenge being the exception. There is a clear need for

ways to stimulate effective cancer-specific immune responses

while avoiding time-consuming and costly individualized manu-

facturing.
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Off-the-Shelf Personalized Immunotherapy for
Breast Cancer: The BriaCell Solution 
By: William V. Williams, MD, Markus Lacher, PhD, and Charles L. Wiseman, MD

F I G U R E  1

Bria-IMTTM (SV-BR-1-GM) Proposed Mechanisms of Action. Bria-IMT
is a breast cancer cell line with features of immune cells. Bria-IMT
makes breast cancer-related antigens that can be taken up by the
immune system (especially dendritic cells), processed, and pre-
sented to T cells. Bria-IMT also secretes GM-CSF, which further acti-
vates the dendritic cells to function as potent antigen-presenting
cells. Bria-IMT also is thought to be able to directly present breast
cancer antigens to T cells, thereby boosting the immune response.
This last mechanism may be unique to Bria-IMT.
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CELL-BASED CANCER

IMMUNOTHERAPY

Current thinking about cancer biology

posits that cancer is a clonal population

that replicates at least 30 times to be of de-

tectable size, a process requiring at least

many months, perhaps years. During that

lengthy time of subclinical tumor growth,

whatever host immune response that might

have been elicited must have been some-

how suppressed. In dealing with the cancer

patient, the clinician is asking the immune

response to eliminate a relatively huge can-

cer cell population, in spite of the fact that

an adequate immune response was sup-

pressed and couldn’t develop when the

cancer was small or even microscopic. Im-

munotherapy, to be effective, must counter

such suppressive processes. The efficacy of

checkpoint inhibitors supports this hypoth-

esis. But if it’s possible to neutralize sup-

pression, it still would be important to

upregulate the immune response specific

for the particular patient’s cancer, and de-

finitively reverse this state of tolerance.1

Current understanding of immune cy-

totoxicity favors a process mediated by

CD8+ T-lymphocytes, although important

contributions by CD4+ lymphocytes, NK

cells, antibodies, and other mechanisms

are not discounted.2 Several reports

demonstrate up-regulation of tumor-specific

cytotoxic T-lymphocytes following targeted

immunotherapy; a change that occurs de-

spite the abundance of antigen that must al-

ready be circulating in patients with cancer. 

The development of an immune re-

sponse may be amplified by certain cy-

tokines, such as granulocyte-macrophage

colony-stimulating factor (GM-CSF), which

has been used for protecting bone marrow

during intense chemotherapy. It is now

being studied intensively as a means to

support immunotherapy, in particular by

using cancer cell lines genetically modified

to produce GM-CSF.3 Transfected cell lines

have several important advantages over in-

jections of GM-CSF, especially their local

release of GM-CSF at the site of inocula-

tion and the smaller and perhaps more

persistent amounts of the cytokine. 

At this time, clinical application of

GM-CSF-producing cancer cell lines has

not been widely successful.4 Adaptive im-

munity includes a humoral component (an-

tibodies) and a cellular component. The

cellular component can be further divided

into HLA Class I restricted CD8+ T cell re-

sponses, which includes cytotoxic T lym-

phocyte (CTL) responses and HLA Class II

restricted CD4+ T cell responses, which in-

clude helper T cells that act to boost both

the humoral and CTL responses. The effec-

tiveness of cell-based cancer immunother-

apies likely is dependent on how well

these arms of the immune system are acti-

vated.  Developing a therapy that activates

both the cellular and humoral immune re-

sponses and that also somehow addresses

the patient’s particular “restricted” HLA sig-

nature may be an effective strategy. 

THE BRIACELL STRATEGY

Charles Wiseman, MD, has worked

for many years developing and evaluating

a variety of cancer cell lines for their effi-

cacy to boost immune responses and hope-

fully induce clinical improvement. Working

first at MD Anderson Hospital in Texas,

and then at Saint Vincent’s Medical Center

in California, Dr. Wiseman used irradiated

tumor cell lines to induce anti-tumor im-

mune responses in a variety of cancer pa-

tients with some clinical success.  Together

with Dr. Alex Kharazi, his team developed

a breast cancer cell line, SV-BR-1, estab-

lished from a chest wall lesion of a 36-

year-old woman with widely metastatic

breast cancer. SV-BR-1 was used in an

FDA-approved Phase I trial in subjects with

advanced breast cancer, refractory to com-

munity-standard chemotherapy. The pro-

gram utilized both intralymphatic and

intradermal routes, and in some cases,

using irradiated SV-BR1 admixed with 

patient peripheral blood lymphocytes. 

Subjects received low-dose cyclophos-

phamide prior to inoculation (to reduce im-

mune suppression); GM-CSF (125 µg) was

injected subcutaneously concomitantly with 

SV-BR-1 then repeated daily to total 8

doses.  The regimen was administered

every 2 weeks for the first month and then

once a month. Overall, 54 treatment cy-

cles were administered to the 14 patients

(median of 3 cycles with a range of 2 to

7). 

The treatment was generally safe and

well-tolerated with most adverse events

mild, and these consisted principally of

erythema and pruritus at the intradermal

injection sites. Immune responses were

monitored, including evaluation of de-

layed-type hypersensitivity (DTH) to the ir-

radiated SV-BR-1 cell line (1 million cells

intradermally into the forearm) and by

looking at antibody responses to the SV-BR-

1 cell line using a whole cell ELISA. In the

14 patients, 5 developed a 2x to 4x in-

crease in antibody titer on ELISA. Of 6 pa-

tients who had DTH testing pre- and

post-dose, 3 had evidence of enhanced

cellular immunity following treatment.

While none developed an objective re-

sponse, the mean Kaplan-Meier survival

was 17.2 months (median = 9.5 months)

at the time of the publication. Six patients

survived more than 12 months.5 The com-

parable expected survival of patients re-

ceiving rescue therapy is usually cited as

about 6 to 12 months. 

Dr. Wiseman’s team then engineered



SV-BR-1 to express GM-CSF (now termed

SV-BR-1-GM, a.k.a. Bria-IMTTM). This trans-

fected line was used in a similar regimen

to treat 4 additional patients with ad-

vanced cancer. The regimen also included

low-dose cyclophosphamide. To challenge

multiple lymph node bearing areas, Bria-

IMT, 20 million cells, were divided and in-

jected intradermally into 4 sites (right and

left shoulder, right and left thigh).  

Approximately 2 and 4 days later, in-

terferon alpha-2b (10,000 U) was injected

into each inoculation site to further amplify

possible responses. As in the prior study,

dosing was every 2 weeks for the first

month and then monthly up to 5 months (6

cycles).  

A particularly remarkable response

occurred in a 58-year old woman with

metastatic breast cancer initially presenting

as superior vena cava syndrome. She was

treated initially with doxorubicin and cy-

clophosphamide and developed a com-

plete remission. Then she was placed on

maintenance letrozole while regional irra-

diation (5800 cGy) was directed to sternal

and node-bearing metastatic sites. Nine-

teen months later, she was noted to have

recurrent breast, lung, and other metas-

tases. Letrozole was discontinued. One

month later, repeat imaging documented

worsening of the pulmonary lesion. The

Bria-IMT regimen was started. The protocol

allowed a total of 6 cycles over 5 months.

Reimaging demonstrated the right breast

lesions were markedly diminished, the lung

lesions were absent, the right axillary le-

sions were absent, and the left axillary le-

sions and the sternal lesions were less

prominent. Inoculations were discontinued

as required by the protocol. 

Approximately 3 months later, PET,

CT, and MRI studies identified multiple

areas of recurrence in the right breast, sev-

eral brain metastases, lesions in the lung

and mediastinum, and probable liver in-

volvement. Following permission from the

FDA, the patient was treated a second time

with cycles every 2 weeks. She received a

total of 10 cycles and was noted to have

marked measurable regression of multiple

breast lesions, improvement in the liver

and chest lesions, and a complete remis-

sion of the multiple central nervous system

metastases. Immunologically, the patient

was noted to have increased antibody

titers to the SV-BR-1 cells and a positive

DTH response.6

Dr. Markus Lacher, PhD, joined Bria-

Cell in 2015. He asked what differentiated

this patient from others, and what charac-

teristics of Bria-IMT could be driving this re-

sponse. He performed transcriptome

profiling on Bria-IMT and HLA typed the

patients and the cell line. He noted that the

responding patient matched the cell line at

HLA-DRB3*02:02, an HLA Class II allele.

He further noted that Bria-IMT not only ex-

pressed HLA-DRB3 mRNA, but also other

molecules needed to present antigens to

HLA Class II restricted T cells.7 Cancer cell

lines usually don’t express HLA Class II

molecules. This characteristic is likely

unique and may account for the potency

of Bria-IMT, suggesting that Bria-IMT may

activate CD4+ cells by virtue of the pres-

ence of the Class II HLA allele. The pro-

posed mechanism of action of Bria-IMT is

shown in Figure 1. This mechanism has not

been demonstrated for other whole-cell im-

munotherapies and may be key for the

Bria-IMT success.

BRIA-IMTTM DEVELOPMENT &

TOWARD BRIA-OTSTM

Bria-IMT is currently in clinical devel-

opment for advanced breast cancer. In the

first 6 patients accrued, one subject, heav-

ily treated and refractory after receiving 8

different agents, had virtually complete re-

gression of 20 pulmonary lesions 3 months

into the program. At 6 months, there was

essentially no change, but liver and bone
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F I G U R E  2

Schematic for the use of Bria-OTSTM. Bria-OTS is under development and is proposed to represent a
number of cell lines all derived from SV-BR-1, which have been engineered to express a variety of
HLA alleles. These cell lines (upper section) would be produced under cGMP conditions and frozen
after irradiation for storage. Thus, a patient would present for treatment (lower left) and have HLA
typing performed. Once the HLA type is known, the Bria-OTS cell lines would be selected that
match the patient’s HLA type and shipped directly to the clinical site for patient inoculation. Clini-
cal sites with capability to store cellular products in liquid nitrogen tanks (vapor phase) may
stockpile Bria-OTS store and use when needed.
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lesions, stable at 3 months, had then progressed. This response

was particularly noteworthy as the patient shares two HLA alle-

les with Bria-IMT, one Class I and one Class II, a further support

to the hypothetical need for HLA matching. Treatment has been

generally safe and well tolerated.  

In addition to the current clinical work, BriaCell is also now

modifying the SV-BR-1 cell line to express additional Class I and

II HLA alleles that can then be matched to individual patients.

The strategy is shown in Figure 2. Because the cell lines can be

frozen in a viable state after irradiation, it will be possible to

provide this targeted immunotherapy “off-the-shelf”, a personal-

ized immunotherapy without the need for personalized manu-

facturing.

CONCLUSION

The development of effective targeted immunotherapies is

a large unmet medical need. The promising results seen with the

whole-cell targeted immunotherapy, Bria-IMT, and the elucida-

tion of the proposed mechanism of action, paves the way for

new treatments for breast cancer with potential extension into

other tumor types. u
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Industry insiders say the peak of the patent cliff has passed, and development productivity is increasing, particularly in the areas of
personalized medicine, drug delivery platforms, and genome sequencing.
“Historically the pharmaceutical industry worked to meet the needs of individuals who suffer from diseases that impact many millions
of people, but development interest is shifting toward more underserved populations of patients who have been diagnosed with rare
diseases,” says General Manager & Vice President John Rigg at Exelead. “Recent advancements in drug delivery and gene se-
quencing are major drivers of this trend toward developing such medicines, many of which are good candidates for Orphan Drug
status.” 

But these innovative new therapies require close collaboration and creativity throughout the formulation development process
on the part of contract development and manufacturing organizations (CDMOs). “Improving productivity in pharmaceutical devel-
opment is important but shouldn’t come at the expense of creativity,” says Dr. Detlev Haack, Head of Research & Development, HER-
MES PHARMA. “To develop truly innovative products, R&D relies on pharmaceutical developers thinking outside the box. Only with
creative people willing to take responsibility for new ideas will we be able to meet the evolving needs of 21st-Century patients and
consumers.” 

In this annual Drug Development & Delivery magazine report, some of 
the industry’s leading CDMOs talk about the innovations they are developing
for next-generation patient care, and how many are making investments that are
enabling them to offer more services under one roof. 

Quotient Sciences’ spray drying helps to overcome poor drug solubility.

Outsourcing Formulation Development & 
Manufacturing: CDMOs Are Innovating for
21st-Century Medicine   
By: Cindy H. Dubin, Contributor 
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Almac: A Single-Partner Approach
Proves Beneficial for a Pediatric
Formulation

Almac is a full-service contract devel-

opment and manufacturing organization

that utilizes highly technical core teams ca-

pable of developing formulations and an-

alytical methods in-house, then carrying

them through to clinical trial material man-

ufacturing, scale-up, commercial manufac-

turing, packaging, and stability testing.

“Providing both development and

commercial operations allows for optimal

communication and knowledge transfer on

projects,” says Cara Young, Director Busi-

ness Development – Pharmaceutical Devel-

opment, Almac. “Our clients leverage this

integrated service offering, exploiting the

advantage of a single-partner strategic ap-

proach. Smoothing transition through the

drug development process – and ultimately

commercialization – saves time, transfers,

and other uncertainties inherent in a multi-

supplier, multi-site process.”

Last year, Almac expanded its GMP

manufacturing capacity for solid oral

dosage forms and is currently operating

from two UK sites, which offer dedicated

high-potency processing suites, Gerteis

roller compactors, mini-tablets, and stick

packs. Almac also established a non-GMP

facility to accelerate the formulation devel-

opment process and facilitate seamless

transfer to its GMP facilities. 

Within solid oral dose development,

Ms. Young says Almac has seen an in-

creased interest in pediatric formulations,

highly potent compounds, and small batch

sizes. “The increased interest in pediatric

formulations is driving a demand for pow-

der-in-bottle, mini-tablets, and stick packs.”

She describes one client with a com-

mercialized adult dosage form that needed

a corresponding pediatric dosage form

with an easy-to-use packaging format.

Mini-tablets filled into stick packs were

identified as the best presentation. She

says Almac successfully optimized several

equipment features: Punch tip concavity;

ejection scraper design; ejection cam po-

sition; and punch and turret keyways. Also

designed were 37-tip punches that allowed

compression rates up to 550,000 mini-

tablets per hour. “And, in conjunction with

a third-party specialty vendor, the team suc-

cessfully identified, installed, and qualified

stick pack filling equipment that could op-

erate at up to 80 cycles per minute,” says

Ms. Young.

AMRI: Core Competencies Span

Pre-formulation to cGMP

Manufacturing

As the market for complex products

and biologics continues to grow, biophar-

maceutical companies are working with

CMO providers who take a more sophisti-

cated approach to sterile dosage form de-

velopment and manufacturing. AMRI offers

formulation development, scale-up, and

cGMP supply for liquid and lyophilized

products, providing solutions for both sim-

ple and complex formulations. 

AMRI’s expertise in challenging formu-

lations, processes, and approaches in-

cludes Tangential Flow Filtration (TFF),

extrusion, microfluidization, as well as ex-

pertise with viscous products. “TFF requires

advanced process knowledge with specific

consideration of scale-up to ensure clean

execution with complex formulations,” ex-

plains David Stevens, Senior Vice Presi-

dent, Head of Drug Product, AMRI. “In

collaboration with a customer and TFF

technology vendor, AMRI supported the

successful transfer and scale-up of a pep-

tide formulation, translating data derived

from milliliter scale studies to final drug

product. Through careful consideration of

product and process critical parameters at-

tributes, a bespoke, high-pressure, semi-au-

tomated skid was jointly designed

enabling a single-step scale-up process

with concomitant time and cost benefits.”  

Additionally, there is growing interest

in assessing more complex liposomal or

nanoparticulate products at early-stage de-

velopment to address inherent formulation

challenges. Mr. Stevens says the goal is not

only to screen potential formulation op-

tions, but also for parallel assessment of

manufacturing methods viable for scale-up

and GMP batch manufacture. AMRI is

working in collaboration with a customer,

a vendor, and a local university to establish

a robust development approach to manu-

facture liposomal formulations. 

“Generally, traditional small-scale

manufacturing methods used at the screen-

ing stage are impractical for GMP and

often present some form of scale-up issue,

insufficient process control, or prohibitive

cost,” says Mr. Stevens. “Our approach fo-

cuses on the use of microfluidic technology

that permits high throughput, reproducible

screening activities, and could be readily

scaled up without the loss of product char-

acteristics or introduction of additional

process parameters. The academic part-

nership combines expertise/competencies

in liposomal formulation development tech-

niques and parenteral drug product manu-

facturing to provide an efficient,

data-driven route through development to

clinical batch manufacture.” 

Alongside increases in development

productivity and customer interest toward

biologics, controlled substances, and com-

plex compounds, AMRI has expanded and

enhanced operations to support the grow-

ing demand for sterile capabilities, such as D
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the launch of a new, state-of-the-art, aseptic

API line in Valladolid, Spain. “Sterile API is

a requirement for many parenteral product

types, including suspensions and oph-

thalmics,” says Mr. Stevens. “The manufac-

ture of these product types can be provided

by AMRI’s Drug Product business, which

has capabilities in sterile suspensions.”

Ascendia Pharmaceuticals:

Keeping Pace With Evolving

Industry 

As a speciality contract development

and manufacturing (CDMO) company, As-

cendia Pharmaceuticals has witnessed a

growing diversity in the types of projects

being requested. “In the past, it was com-

mon for the majority of projects to be orally

administered small-molecule products, often

controlled release in some fashion,” ex-

plains Jingjun “Jim” Huang, PhD, CEO, As-

cendia Pharmaceuticals. “Lately, however,

we have worked on projects that include

peptide delivery (oral and injectable), ani-

mal health formulations, long-acting in-

jectable depots, ophthalmic dosage forms

(both drops, and vitreal injections), and sev-

eral device/drug combination products.”

Ascendia has positioned itself accord-

ingly by hiring graduate-level scientists with

broad backgrounds in new technology and

investing significantly in new equipment to

handle the broad needs of these programs.

“There is tremendous creativity in our field,

with numerous entrepreneurial companies

looking to develop pharmaceutical products

to address very specific unmet medical

needs,” he says.

When Ascendia was first established

in 2012, the company’s primary mission

was to offer a complete suite of formulation

capabilities for early-stage projects to im-

prove a drug’s bioavailability. As these

early-stage projects are often intended for

proof-of-concept, the work needs to be

done rapidly and within a set budget. In

such cases, Ascendia offer a fixed-fee pro-

gram with a defined set of deliverables.

“Our clients can go from pre-formulation to

in vivo proof-of-concept relatively quickly

and with a known expense, which is bene-

ficial for making efficient decisions on the

viability of an early-stage drug program,”

says Dr. Huang.  

Ascendia’s mission has evolved to

offer cGMP manufacturing services for

Phase I and Phase II clinical studies. The

company moved into a new facility last

year with state-of-the-art manufacturing

suites for both oral and injectable products.

“This capability expands the cost savings a

partner can achieve by working with As-

cendia,” he says. “A one-stop-shop ap-

proach saves time and money as

pre-clinical projects can seamlessly transi-

tion to clinical go/no-go decision points.”

For example, Ascendia developed an

injectable nanoemulsion formulation for one

client’s re-purposed drug. The compound

was known to be poorly water soluble, and

the current formulation was not suitable for

the new indication. “We investigated sev-

eral formulation approaches before select-

ing and optimizing a formulation based on

stability and solubility data,” Dr. Huang ex-

plains. “Next, we were quickly able to man-

ufacture small-scale Phase I cGMP CTM for

a proof-of-concept bioavailability study.

Thus, the client went from a product concept

to clinical proof-of-concept in about one

year. This is a very efficient way to develop

portfolio assets to determine which merit

greater expenditure of development re-

sources.”

Aztech Sciences Inc.: Focused 

Protocols for More Efficient 

Formulation Development

There is great interest in specialized

formulation platforms in support of both

new drug applications and lifecycle man-

agement opportunities, including the 505

B2 pathways, whether it involves small mol-

ecules in simple solution vehicle prepara-

tions or complex macromolecules in

nanoparticle carrier systems.  

“Many of our customers are interested

in pursuing specialized formulations such

as nanoparticle/sub-micron platforms and

solution-based vehicles for IV and intranasal

applications, among others,” says

Alphonso Higuera, PhD, Vice President/Co-

founder, Aztech Sciences Inc. “For exam-

ple, our high-shear mixing homogenization
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Ascendia has
invested in people
and equipment to
address the
industry’s
entrepreneurial
goal of addressing
unmet medical
needs. 



capabilities have provided high dosing for-

mulation vehicles suitable for early-

stage/proof-of-concept or IND enabling

studies. These platforms, along with tradi-

tional suspensions and solid dosage forms,

have been of great interest and demand

across many of our clients’ projects.”

As an outsourcing formulation develop-

ment organization, Aztech implements risk

management concepts and Quality-by-De-

sign approaches in its protocols to provide

a more focused and efficient pathway in for-

mulation development. This, says Dr.

Higuera, leads to more quality and robust

formulation platforms, increases productiv-

ity, and establishes a template for future

project opportunities.

Dr. Higuera adds that Aztech works

closely with its clients to ensure that contract

development services and deliverables are

in full synergy with customers’ expectations

and objectives. As an example, Aztech de-

veloped an intranasal formulation for an up-

coming start-up pharma organization with

an aggressive timeline to meet an IND-en-

abling in vivo dosing program. To meet the

client’s expectations and milestones, Aztech

implemented a parallel approach during

the analytical and formulation development

in an effort to provide full transparency and

project updates. “The outcome of this ap-

proach led to a successful and robust formu-

lation dosing platform in support of the

required preclinical studies,” he says. “This

enabled our client to build a practical per-

spective and properly align in vivo dosing

requirements with a third-party animal test-

ing CRO in a timely and efficient manner.”

BASF Corp.: Excipients for 

Challenging Formulations 

With continued interest to expedite

drug development, the industry is taking

more holistic approaches to evaluate novel

excipients, such as new polymers and solu-

bilizers, to meet unmet customer needs.

Aiming to bring drugs to market faster, the

pharma industry is finding more value in

high functionality excipients either co-

processed, or standalone as a new poly-

mer/copolymer.

“BASF offers technical know-how in the

areas of solubilization, instant- and modi-

fied-release, soft gel, and skin delivery,”

says Shaukat Ali, PhD, Technical Support

Manager, Pharma Solutions, BASF Corpo-

ration. “BASF’s partnerships with CROs and

CMOs and equipment manufacturers pro-

vide insights that allow us to stay ahead of

emerging formulation challenges and share

knowledge about excipients and their cross-

functional uses in oral, parenteral or topical

formulations. For example, with our expert-

ise and technical resources in instant- and

modified-release, we collaborate with indus-

try to develop coatings, ODT, multi-particu-

late systems, and taste-masking ingredients

for solid oral dosage forms. In the area of

polymer chemistry, we are creating new ex-

cipients to overcome the challenges with

poorly soluble molecules and improve solu-

bility and bioavailability,” says Dr. Ali.

BASF’s alliances with CROs and CMOs

have fostered projects with small and large

companies focused on traditional oral and

topical formulations, as well as on biologics

manufacturers and parenteral formulators.

In addition to improving solubility, Dr.

Ali says that excipients play an important

role in the development of controlled-release

dosages. “Life cycle management has been
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Aztech Sciences Inc. implements a parallel approach during analytical and
formulation development to communicate project updates with its clients.

In the area of polymer chemistry,
BASF is creating new excipients to
tackle the challenges with poorly
soluble molecules to improve
solubility and bioavailability.



a subject of continued focus in the industry.

For example, developing a once-a-day con-

trolled-release dosage to improve patient

compliance is a strategy to extend the life

cycle of a drug,” says Dr. Ali.

BASF is working with drug manufactur-

ers by supporting their innovation with con-

trolled- and modified-release polymers,

peroxide-free binders, and taste masking in-

gredients, among others. As a result, excip-

ients like Kollidon SR and Kollicoat SR30D

and enteric polymers, Kollicoat MAE 30 DP,

100P and 100-55 have been used in many

approved drugs with modified-release char-

acteristics. Others such as Kollicoat Smart-

seal 30DP have been used successfully for

taste masking of bitter APIs, and Kollicoat IR

has become a standard for controlling the

degradation of peroxide-sensitive APIs.

Baxter BioPharma Solutions: 

Analytical Development Geared 

to Large Molecules

In Baxter’s Bloomington, IN facility,

approximately 80% of Baxter BioPharma

Solutions’ projects involve biologics and

the remaining are typically small molecules

that require a solubility enhancer such as

an organic co-solvent. Baxter’s R&D team

works with clients to help collaborate on

their development needs. “We prefer early

involvement from our colleagues in techni-

cal transfer and manufacturing, which

helps ensure the formulation and process

are developed with consideration of the

performance at full-scale, and it also en-

sures that there is sufficient time to pur-

chase new equipment that may be needed

to support the project,” says Gregory A.

Sacha, PhD, Senior Research Scientist at

Baxter.

Many new, large molecules are for

products that are no longer under patent

protection. Baxter BioPharma Solutions’

R&D facility in Bloomington is fully

equipped with analytical instruments spe-

cific to large molecules. These include size

exclusion chromatography, imaged capil-

lary electrophoresis, and mass spectrome-

try. “We have continued to develop our

analytical capabilities through the addition

of hydrogen deuterium exchange com-

bined with mass spectrometry, the measure-

ment of the unfolding temperature (Tm)

using nano differential scanning calorime-

try, and analysis of secondary structure

using second derivative FTIR,” explains Dr.

Sacha. “Expansion of the analytical capa-

bilities improves our ability to detect

changes in the molecule that may have re-

sulted from formulation excipients or pro-

cessing techniques, and identifying

changes early helps to reduce development

time to meet or exceed market demand.”

One of the biggest problems in the

manufacturing of large-molecule therapeu-

tic agents is the instability of these mole-

cules in aqueous solution, and the need to

freeze-dry the drug product to ensure an

adequate shelf life. “Freeze-drying is time

consuming and inefficient, and this prob-

lem has been exacerbated by the tradi-

tional trial-and-error approach to the

establishment of suitable processing condi-

tions,” says Steven L. Nail, PhD, Principal

Scientist, Baxter. In this empirical ap-

proach, a set of process conditions that

provide a pharmaceutically acceptable

product is identified, followed by the estab-

lishment of “proven acceptable ranges” for

process variables, such as shelf tempera-

ture and chamber pressure during primary

drying. The problem with this approach,

says Dr. Nail, is that it provides no infor-

mation as to whether these process condi-

tions are optimal (meaning that they allow

the process to be carried out in the shortest

time while still providing a pharmaceuti-

cally acceptable product). These edges of

failure can be either associated with the

product, which would carry a high risk of

providing an unacceptable product, or

with the equipment, as there is always a

limit as to the maximum sublimation rate

that a given freeze dryer can support.

“We developed a graphical design

space approach, which is basically a map

of all the process conditions that result in

an acceptable product and this map in-

cludes the edges of failure,” he says. “The

highest sublimation rate within this accept-

able range is then, by definition, an opti-

mized cycle. We have applied this

approach to numerous client projects.”

Catalent: Investing & Acquiring 

Expertise to Support Customers  

Poorly soluble small molecules remain

prevalent in pipelines, and the need for

bioavailability-enhancing formulations con-

tinues to rise. Properly addressing issues at

an early stage of development can help

prevent failures due to a lack of efficacy

caused by poor bioavailability, when the

dose is subsequently scaled. In recognition

of the growing need to overcome solubility

and bioavailability issues, Catalent ac-

quired micronization and spray drying ca-

pabilities, and also developed its own

facilities and expertise in hot melt extrusion

(HME), and has continued to invest in lipid-

based delivery. 

In April 2018, Catalent announced it

will invest $5 million at its Somerset, NJ fa-

cility to focus the site on preclinical to clin-

ical Phase 2b formulation, analytical, and

manufacturing solutions for orally deliv-

ered small molecules. “The additional in-

vestment will enable greater speed,

flexibility, formulation expertise, and ca-
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pacity for early-phase development, and

focused capabilities to meet the increased

needs of virtual and small pharma compa-

nies,” says Ronak Savla, Scientific Affairs

Manager, Catalent Pharma Solutions.

This is especially critical to serve the

needs of biologics companies. To that end,

Catalent has acquired the experience and

expertise of Cook Pharmica LLC’s Bloom-

ington, IN-based business, and has also in-

vested in Catalent’s Madison, WI facility to

accommodate two, 2,000 liter single-use

bioreactor systems. This allows the site to

support late-phase clinical and commercial

production of up to 4,000-liter batches,

and there has also been investment to ex-

pand its analytical and process develop-

ment laboratories at the site. “These

investments will strengthen Catalent’s posi-

tion as a leader in biologics development

and analytical services, as well as manu-

facturing and fill-finish,” says Dr. Savla.

For example, Neftali Tosado, Director

of Continuous Improvement and Technol-

ogy, Catalent Pharma Solutions, describes

how Catalent received a request to fill a

unique softgel capsule with 40mg ±

0.9mg API in addition to keeping the ex-

isting range of 460–5,000mg with no ad-

verse impact to current overall equipment

effectiveness, changeover, throughput,

cycle time, etc., and minimal or no regula-

tory impact. “At the time, it was virtually

impossible to fill a softgel with a specific

gravity of the paste-like material speci-

fied,” he says.

Some limits and boundaries for a fill-

ing application included: fluid dynamics

(e.g., cavitation); injection-timing (e.g., syn-

chronization); product-specific challenges

(e.g., suspensions, and non-Newtonian flu-

ids) and; process-specific challenges (e.g.,

aseptic, high-speed filling). Catalent devel-

oped a modular/flexible GMP-compliant

API pump technology that covered the full

range. In its first attempts with the pilot

pump system, the team determined that a

small target drift was causing some chal-

lenges with the softgels. Catalent eventually

stabilized the process so that no drift oc-

curred with the new manufacturing technol-

ogy. The firm achieved its goal at

capabilities of 6-sigma or better across the

full range and product viscosities, including

many paste-liked materials. “Catalent main-

tained equal or better efficiencies, reduced

changeover cycle times, and improved

yields,” says Mr. Tosado. “The deployment

plan for the new medicine pump filling

technology will eventually reach our other

sites across the globe.”

Although the preliminary development

was for softgels, the Catalent team deter-

mined that the pump technology was also

suited for blow/fill/seal applications.

CPL: Early Development & 

Commercial Scale-up Under 

One Roof  

CPL focuses on non-sterile liquid and

topical semi-solid pharmaceutical prod-

ucts. With these dosage forms, CPL is see-

ing a trend towards smaller commercial

batch sizes with an increasing number of

formulations intended for orphan indica-

tions. Additionally, companies are incorpo-

rating poorly water-soluble APIs into

formulations that require high solvent con-

tent. This creates a formulation challenge

of providing sufficient solubility while en-

suring good sensory characteristics for a

high level of patient acceptability. 

Conrad Winters, PhD, Director, Prod-

uct Development, says that CPL provides

both early product formulation develop-

ment and commercial manufacturing under

one roof. “This has two main benefits for

our customers,” Dr. Winters says. “The de-

velopment team designs practical formula-

tions using process conditions that will

work at commercial scale and there is no

technology transfer between development

and commercial – just a seamless inte-

grated process that ensures Right First

Time. By having a view toward scale-up

and commercial parameters for a product,

we can often avoid issues during formula-

tion that may create obstacles or chal-

lenges at commercial scale.”

To address both new development

projects and commercial capacity, CPL re-
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Catalent’s Zydis® orally disintegrating tablets being filled; the technology
allows the loading of an API onto a tablet that disperses within the
mouth in as little as three seconds.



cently installed innovative manufacturing

and packaging equipment that provides

flexibility for customers and new formula-

tions. For product scale-up and commercial

bulk manufacturing, twin XP Symex vessels

with 1000L and 2000L working capacity

support clinical and commercial batches

200kg through 2000kg in scalable

matched vessels. And for the product pack-

aging operation, CPL invested in two new

serialization-ready filling/packaging lines:

an XP-rated high-speed aluminum/lami-

nate tube line and a high-speed XP bot-

tle/capping line. “Each line has higher

filling speeds to allow for more efficient

product packaging while ensuring compli-

ance with regulatory requirements” says

Dr. Winters.  “These lines will add addi-

tional capacity and flexibility to meet future

demand, as well as support unique tube

and bottle packaging formats.

Evonik Health Care: Demand for

Specialized Parenteral Dosage

Forms Sparks Facility Expansion   

As a CDMO with backward integra-

tion in the design and production of func-

tional excipients like EUDRAGIT® and

RESOMER®, Evonik Health Care has been

helping customers transform their APIs into

high-performance medicines for many

decades. In addition, the CDMO provides

comprehensive support throughout the de-

sign, development, production, and scale-

up of the finished dosage form. “This

combination of products, drug delivery

technologies, and value-added services

helps customers reduce project complexity,

accelerate speed to market, improve drug

effectiveness, and strengthen global secu-

rity of supply,” says Dr. Thomas Riermeier,

Vice President, Head of Pharma Polymers

& Services, Evonik Health Care.

Over the last year, Evonik has seen

strong demand for specialized parenteral

dosage forms, such as injectable micropar-

ticles and lipid nanoparticles. Microsphere

formulations can be precisely tuned to con-

trol drug release over several weeks or

months, based upon the design and choice

of polymer, the morphology of the particle,

and the process parameters for manufac-

turing. Lipid nanoparticles have experi-

enced a significant resurgence as well, and

they are becoming the de-facto standard

for the delivery of genetic-based drugs.

Innovations in such formulations, as

well as drug delivery platforms, informa-

tion technology, and personalized medi-

cine require close collaborations

throughout the formulation development

process. To support customer projects,

Evonik operates a global network of formu-

lation and application labs across the

world, including Germany, the US, Japan

and India. “These facilities give customers

close proximity to our teams of pharma-

cists, scientists, and engineers who have

deep technical expertise in the design and

production of polymers, formulations, and

finished dosage forms,” he says. Evonik

also added new platforms and processing

capabilities, such as 3D printing, which

are helping to change the way drugs are

produced. “Such advanced technologies

Lab-scale mixing equipment in CPL’s product development lab.
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Evonik Birmingham Laboratories in Alabama
is a global center of excellence for
biomaterials and the development of
polymer-based injectable dosage forms. 
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will help clear the path for the development

and commercialization of a new genera-

tion of personalized medicines.”

Evonik is also expanding its CDMO

and excipient production capabilities in

North America to meet growing demand

for advanced formulations. This includes a

new production facility for its RESOMER

polymers, a custom-designed filling line for

complex injectable products, and the dou-

bling of its footprint in Vancouver to de-

velop lipid nanoparticle products. In

parallel, Evonik is expanding its CMO ca-

pabilities for API and advanced intermedi-

ates, with a focus on advanced

technologies such as continuous processes,

fermentation, mPEGs, and HPAPI. 

Exelead: Specializing in LNP 

Delivery   

Exelead’s General Manager & Vice

President John Rigg says there is a resur-

gence in the development and application

of Lipid Nanoparticles (LNPs). As a drug

delivery system, LNPs are being used more

readily to deliver medicines in which the

payload could be a protein, small mole-

cule, large molecule, oligonucleotide

(DNA/RNA), or some combination of the

aforementioned. “Exciting developments

are surfacing around the conjugation of

lipids and the integration of different forms

of oligonucleotides into LNPs,” says Mr.

Rigg. “These components are providing

the potential to treat and cure the previ-

ously untreatable and incurable. Patient-

specific (personalized) drugs are rapidly

changing the landscape of development

pipelines across the entire industry.” 

Exelead manufactures products in a

completely sterile (aseptic) envelope as

well as in non-aseptic environments be-

cause engineering controls have been built

into the system downstream to remove any

microorganisms that may contaminate the

product. This is all done prior to filling into

a vial by passing the finished bulk formu-

lation through a sterilizing grade filter.

However, if this form of filtration is used,

the particle size is of extreme importance

and must be controlled. If the LNPs are too

large, they will not pass through the filter,

and the product cannot be filled. “As ex-

perts in LNP formulation, we have experi-

ence in optimizing processes to control

particle size to modify established formu-

lation processes to produce aseptic, in-

jectable drug products,”says Mr. Rigg.

As a CDMO, Exelead places an em-

phasis on complex liposomal and PEGy-

lated formulations, developing and

manufacturing batch formulations for the

treatment of rare diseases and small pa-

tient populations. Exelead recently ex-

panded its formulation and analytical

development capabilities to support clients

as they develop drugs for unique subsets

of the population. This brings new chal-

lenges that require manufacturing flexibil-

ity, strong intercompany communication,

and management of the supply chain. “For

instance, personalized medicine doesn’t

leave a lot of time from once the oligonu-

cleotide is sequenced (or about to be se-

quenced) to the time that the product needs

to be formulated into an LNP at our site,”

says Mr. Rigg. “These real-time forecasts

that only leave weeks to manufacture and

release the next clinical batch present chal-

lenges that we have been able to over-

come with refinement of our existing

systems along with the implementation of

the new.”

Personalized medicine means smaller

batches. Thus, Exelead is investing in a

multi-million capital expansion project to in-

crease development, formulation, and

aseptic fill capacity. The new areas are ex-

pected to be ready for use late next year.

“We currently support small- to medium-

sized batches, and have positioned our-

selves to manufacture a parenteral drug

product that can range from batch sizes as

low as 200 vials to tens of thousands,” says

Mr. Rigg. “This correlates with formulation

batch volumes from well less than 1 liter to

as high as 1,200 liters. As this niche mar-

ket of orphan drugs and personalized med-

icine continues to grow, Exelead will also

continue to grow and partner with new and

existing clients to meet this demand.” 

Halo Pharma: A CDMO for 

Complex Dosage Forms   

Halo Pharma has seen an increase in

the number of pharmaceutical companies

looking for ways to repurpose APIs through

the development of fixed-dose combination

products, says CEO Lee Karras. Halo is

also experiencing more requests for pedi-

atric dosage form development for

branded product label expansions, as well

as topical products in both the branded

and generic spaces.

In fact, the Generic Drug User Fee Act

(GDUFA) is resulting in generics being ap-

proved in shorter periods of time, resulting

in an increase in generic drug develop-

ment. “Halo Pharma’s product develop-

ment expertise, coupled with its proven

international regulatory track record, has

helped the company develop ongoing busi-

ness relationships with the top-five global

generic companies,” says Mr. Karras.

Comfortable tackling complex formu-

lation development and manufacturing

challenges, Mr. Karras says that Halo

Pharma has adopted a synergistic ap-

proach with its sponsor customers. “We

have a partnering business model that in



certain situations goes beyond a typical

customer/supplier relationship, whereby

Halo shares some risk in the development

but also some upside when products are

ultimately commercialized.” 

Halo Pharma’s comprehensive and

collaborative approach to outsourcing has

generated success for clients with complex

challenges. A recent example involved a

tablet product that a sponsor had placed at

another CDMO. The product was not able

to meet its filed hardness specification, so

the sponsor asked Halo to intervene.

“There was a heightened sense of ur-

gency around the product because there

was no alternative available and patients

needed the product,” he says. 

Halo Pharma’s formulation team,

along with pilot plant operators, conducted

a series of experiments to determine the

cause of the drift in hardness. The issue

was ultimately tied back to powder flow,

which was modified by changing the way

the powder was fed to the press, yet still

staying within the filed regulatory require-

ments of the product.   

To support its capabilities around com-

plex dosage forms, Halo Pharma uses

complex manufacturing technologies, such

as wurster fluid bed coating of beads, ex-

trusion/spheronization, ion-exchange resin

formulations, mini-tablet filled capsules,

and granule and mini-tablet-filled sachets.

Halo’s sterile semi-solid suite in Whippany,

NJ uses a Krieger 600 MMD batch proces-

sor and IWKA TF 20 Robotic Tube Filler,

and can manufacture bulk batches from

200 to 450kg, for up to 200,000kg, an-

nually. Halo’s non-sterile semi-solid suites

utilize a development and pilot-scale Ekato

Unimix SRC-150 that can handle batch

sizes ranging from 25kg – 150kg. Using

this equipment, Halo develops dermatol-

ogy products such as creams, ointments,

and gels. In addition, the production-scale

equipment can handle commercial batch

sizes up to 1,000kg.

HERMES PHARMA: Focused on

User-Centric Products for Modern

Patients  

HERMES PHARMA has structured its

organization to meet the needs of cus-

tomers, wherever they are in the develop-

ment pipeline – from idea, through

formulation development, to market. The

key to developing successful, marketable

products is understanding market trends

and patient needs. For example, a HER-

MES business unit manages its own over-

the-counter brands primarily for German-

speaking markets. “This means we can

leverage our understanding of modern pa-

tients and markets when working with our

customers,” says Dr. Detlev Haack, Head

of Research & Development, HERMES

PHARMA. “It’s this wide-ranging expertise

that allows us to partner with our customers

in different ways, whether that’s by co-de-

veloping completely new products or via

out-licensing one of our pre-existing prod-

ucts.” 

Recently, one of HERMES PHARMA’s

customers – a large pharma company –

faced the challenge of closing one of its

factories. HERMES PHARMA supported

them in transferring the manufacture of al-

most 200 million effervescent tablets, com-

prising four different formulations (two

complete production lines). “Within one

year, all of the products were successfully

transferred, on time and without any out-

of-stock issues,” says Dr. Haack. “More-

over, we solved some stability issues, as

the products contained moisture-sensitive

acetylsalicylic acid as an API. With our

specialist TOPO technology and the know-

how we’ve gained over decades of devel-

oping and manufacturing water-sensitive

effervescent formulations, we were able to

improve product quality without changing

taste, dissolution properties, or appear-

ance, so that consumers did not observe

any changes.”

Dr. Haack says that while HERMES

PHARMA has placed a particular focus on

developing user-centric products, its focus

also extends to its packaging. He says:

“We continue to develop more user-

friendly and environmentally sustainable

options. With the new requirements

around the Falsified Medicines Directive,

we’ve put considerable investment into

Halo’s sterile semi-solid suite in Whippany, NJ uses a IWK TZ104 tube
handler.
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product safety to supply serialized and

tamper-evident products. We also continue

to expand our plants and invest heavily in

the latest high-throughput technologies to

ensure we’re always able to deliver high-

quality products as efficiently as possible

for our customers.” 

Metrics Contract Services: 

Offering a Concept-to-

Commercialization Solution  

The Metrics Contract Services busi-

ness model allows the company to accel-

erate timelines and deliver clinical trial

materials quickly. In fact, Metrics Contract

Services has structured itself to facilitate

fast-track development by having scientists

work in dedicated fast-track suites, con-

ducting product development and manu-

facturing on a pilot scale outside GMP

manufacturing, but with equipment scala-

ble to GMP suites. Additionally, the com-

pany offers fast-track analytical testing –

delivering same-day testing of prototypes

to provide data to its scientists.  

In addition to speed, Metrics Contract

Services is interested in delivering conven-

ience. The parent company of Metrics Con-

tract Services, Mayne Pharma, recently

opened an $80 million, 126,000-sq. ft.

oral solid-dose commercial manufacturing

facility in Greenville, NC.  “The new facil-

ity positions Metrics Contract Services to

offer development clients a comprehensive

concept-to-commercialization solution in

one contiguous location under one FDA

site registration – delivering larger scale

and increased capabilities for seamless

scale-up, and reducing or eliminating the

need for site transfers,” says Yogesh Sad-

hale, PhD, Associate Director of Pharma-

ceutical Development, Metrics Contract

Services. And with commercial manufac-

turing housed in the new facility, Mayne

Pharma’s former manufacturing facility is

being repurposed to expand Metrics Con-

tract Services and its pre-commercial prod-

uct development capacity – creating

10-plus new processing rooms and labo-

ratories.  

Scientists at Metrics Contract Services

recently were tasked with reformulating a

tablet manufactured using a roller-com-

paction process in a Phase II clinical trial.

The original formulation showed high lev-

els of a particular impurity. “After ruling out

various possible reasons for the high levels

of the impurity, we went back to the begin-

ning, which included revisiting an excipi-

ent compatibility study performed by a

third party,” Dr. Sadhale explains. “One

of the excipients in the original formula-

tion, Crospovidone XL, was reported to

physically bind to the API, which indicated

a potential incompatibility.” 

Scientists at Metrics initiated tablet re-

formulation studies, and evaluated a cap-

sule formulation used in a previous Phase

I clinical trial. Further reformulation trials

revealed that there was likely some inter-

action between lactose and Crospovidone

in the formulation, in addition to a possible

effect of pressure, either compaction

and/or compression. 

“We reformulated the tablet using mi-

crocrystalline cellulose and croscarmellose

sodium, which resulted in a significant de-

crease in the impurity level,” he says. Ad-

ditional work is ongoing to evaluate the

effect of compaction/compression pres-

sure and to optimize the dry granulation

process to improve granule flow.

Quotient Sciences: Optimizing 

Formulation & Performance

Throughout Development  

Quotient Sciences’ business model in-

tegrates CDMO and CRO activities within

one organization. This approach simplifies

outsourcing supply chains, accelerates time-

lines, and makes drug development more

cost-efficient, says Dr. Peter Scholes, Chief

Operating Officer, Quotient Sciences.

“The pinnacle of such integration is

Translational Pharmaceutics®, our unique

platform that integrates formulation devel-

opment, real-time adaptive GMP manufac-

turing with clinical testing.” Dr. Scholes

explains that through 14-day “make-test”

cycles, drug products are manufactured

and dosed before emerging clinical data

is used to tailor the drug product to be

manufactured for the next cohort or dosing

period. Flexibility can be maximized by

describing a bracketed formulation “de-

sign space” in the regulatory submission,

within which dose or functional excipient

content can be freely adjusted during study

conduct. “This approach is ideally suited

to optimize formulation compositions and

product performance at all stages of the

development lifecycle.”

Once a new drug product is identified

and developed, Quotient offers flexible

and scalable clinical manufacturing for

global patient trials. Clinical trial manufac-

turing can be highly personalized and tai-

lored to meet the needs of the trial,  based

on patient criteria or recruitment rates. Dr.

Scholes says this can be significant with

oncology, orphan, or pediatric diseases.

Quotient has invested in both capacity

and capability, especially to support poor

drug solubility and high potency. “We

have full internal capabilities for working

with all DCS compounds and we also

work with technologies suited to improving
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the bioavailability of compounds with dis-

solution, as well as solubility-limited expo-

sure.” For high potency, Quotient has

purpose-built suites suitable for handling all

molecule types.  

As far as organic expansion, Quotient

recently completed the acquisition of two

CDMOs: UK-based Pharmaterials and US-

based QS Pharma, which Dr. Scholes says

will strengthen Quotient’s service portfolio

from preclinical formulation development

through to commercial manufacturing. 

As an example of an early develop-

ment program, Dr. Scholes describes a

first-in-class antifungal treatment. The drug

had low water solubility and utilization of

an enabled formulation technology was es-

sential to ensure sufficient oral bioavailabil-

ity in early clinical studies. In this case

study, an early development program was

designed to rapidly initiate first-in-human

(FIH) evaluation using a spray dispersion-

in-bottle formulation before transitioning to

a solid oral dosage, confirming tablet per-

formance in healthy volunteers and scaling

up the manufacturing process to support a

Phase II clinical study in patients.

“By integrated early development ac-

tivities and applying a real-time drug prod-

uct manufacturing approach, the FIH study

was initiated within 12 weeks of initiating

SDD process transfer,” he says. 

An immediate-release tablet was devel-

oped and evaluated in a bridging PK study

demonstrating 101% relative bioavailabil-

ity within 26 weeks of commencement of

formulation development. The scale-up of

the SDD tablet process and generation of

data for inclusion in the regulatory filing to

support the Phase II clinical program was

completed within a further nine weeks.

Overall, the entire early development pro-

gram, including FIH trial, solid oral dosage

form development, and provision of data to

initiate a Phase II clinical program was

completed in less than 13 months.

UPM Pharmaceuticals: Small CDMO

Offers Big CDMO Capabilities

Tablets and capsules remain UPM’s

primary focus for meeting client needs in

these areas, including specialty forms such

as ODTs (oral disintegrating tablets), mini-

tabs, immediate- and modified-release so-

lutions, and neat API encapsulation. UPM

also has extensive expertise in oral peptide

development. Changes in 2016, including

the implementation of the manufacturing

quality assurance (MQA) initiative as well

as the realignment of laboratories and spe-

cific capabilities, have ensured more effi-

cient production and more consistent oper-

ations to achieve faster time to market,

even for challenging APIs, explains Hulya

Sahin, PhD, Senior Director Product Devel-

opment, R&D, UPM.

“As a client-focused CDMO, UPM is

vested in providing more than just capacity

for the production of drug products on a

fee-for-service basis,” says Dr. Sahin. “We

don’t own our own products or any propri-

etary technology, but we are open to work-

ing with a client's technology, dedicating

space and capital investments for a solid

partnership.”

In addition, UPM’s R&D group works

with a deliverables-driven system for sched-

uling, development, and production. “Al-

though a smaller CDMO, UPM offers

proof-of-concept services through clinical

and commercial manufacturing support –

but with the personalized, responsive serv-

ice of a well-funded, family-owned organ-

ization that emphasizes customer service

and satisfaction,” says Dr. Sahin.

In the last five years, UPM has ex-

panded its facilities from 40,000 sq. ft. to

over 750,000 sq. ft., and has grown its

employee base from 65 to 265 while mod-

ernizing operations. Says Dr. Sahin: “We

have greatly invested in capital improve-

ments, including the construction of a state-

of-the-art R&D feasibility lab with five

processing rooms and scalable equipment

that supports our clients from development

to commercialization. We have also

added a low humidity suite and serializa-

tion capabilities.” In addition to the capital

expenditures, UPM has hired development

scientists with backgrounds in formulation

development, including modified-release

technologies for tablets and capsules, and

process development, clinical supplies

manufacture, and scale-up and technology

transfer. u
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R&D laboratory at UPM Pharmaceuticals, Bristol, TN.





MULTIPARTICULATE 
SYSTEM 

INTRODUCTION

Multiparticulates (MPs) have been extensively utilized in spe-

cialized applications given their dosing flexibility; ability to incor-

porate modified-release approaches (eg, taste-masking); and

safety considerations (eg, guarding against dose-dumping issues

versus monolithic formats). The continued move toward more pa-

tient-centric medicines is expected to accelerate this trend, given

the rising geriatric population and regulatory requirements for

specialized pediatric formulations. In addition to addressing the

issues facing many compounds today – low aqueous solubility

and more specialized target product profiles, formulators must

also increasingly consider palatability issues (eg, taste, odor,

mouthfeel); ease of administration by caregivers; and dosing flex-

ibility across patient populations and subgroups.

The need for improved drug delivery systems for pediatrics

is compelling, given the special formulation needs, safety consid-

erations, and challenges of oral dosing within this patient popu-

lation. Formulators must factor in a range of special

considerations for pediatric patients, in addition to the challenges

in formulating medicines for all patient groups, APIs with low

aqueous solubility or bitter taste and precise target product pro-

files for specific drug delivery and safety.1,2 Pediatric patients

often have different physical and metabolic needs from adults,

and particular difficulty in swallowing conventional solid oral

dosage forms, which can result in patient compliance issues.3

They also typically require smaller doses of the drug and require

more dose flexibility due to a wide range in body weight. Addi-

tionally, children are more resistant than adults to palatability is-

sues (eg, objectionable characteristics in terms of taste, smell, or

mouthfeel such as slight grittiness). Because pediatric formulations

must often be given by adults in constrained situations (eg, around

school or daycare schedules), formulations are needed that are

easy to administer, while providing for flexible dosing require-

ments, accommodating complicated drug delivery profiles, and

ensuring patient safety and acceptance.4

Lipid multiparticulates (LMPs) in particular offer an attractive

formulation option for pediatric use. This platform technology has

demonstrated efficacy, combining the flexibility and safety aspects

of oral multiparticulates, the advantages of lipidic delivery sys-

tems, and compatibility with a wide range of convenient delivery

systems.5 LMPs are made by a solvent-free melt-spray-congeal

(MSC) process using precedented, lipid-based excipients with

good safety profiles. Because LMPs are solid and lipid-based, no

preservatives are required to prevent microbial growth. API dis-

solution rate is controlled by varying excipient composition, mak-

ing both immediate- and controlled-release formulations

achievable. 

The following focuses on a controlled-release LMP formula-

tion to identify optimum annealing conditions and to better under-

stand the annealing mechanism. Controlled-release dosage forms

for pediatric patients are increasingly needed due to regulatory

requirements when controlled-release product enhancements are

used for adult products as part of a lifecycle management strat-

egy. Children are not able to swallow controlled-release tablets

and therefore require an MP-based dosage form. Annealing ad-

dresses an issue that can affect the dissolution performance of

controlled-release LMPs after their manufacture. Specifically, we

investigated whether annealing could be used to improve the sta-

bility of LMPs after congealing, accelerating thermodynamic
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forces that can result in phase separation

and varying dissolution rates. 

LMPs were prepared using an MSC

process and characterized after annealing

at high temperature and relative humidity

(RH). Results showed that annealing could

be used to accelerate kinetic transitions of

the lipid matrix from high-energy forms

(present after manufacture) to lower-energy

polymorphs that are thermodynamically

more stable. This transition should prevent

changes in the dissolution profile of the

LMPs after manufacture. 

PROCESS DESCRIPTION

This drug delivery platform is based

on LMPs manufactured using a proprietary

MSC process. In this process, a feed of

molten excipients dispersed with crystalline

API is prepared and then fed to a rotary

spinning-disk atomizer in either a continu-

ous or batch process. The atomizer creates

droplets that are then rapidly congealed in

a cooling chamber, forming solid LMPs.

The LMPs are collected, and for controlled-

release formulations, the LMPs are an-

nealed at high temperature and humidity.

Immediate-release LMPs are not annealed.

The final drug product consists of spheri-

cal, smooth lipidic-wax-matrix LMPs, typi-

cally 50 µm to 300 µm in diameter, with

the API homogenously dispersed through-

out.6

A primary strength of the MSC

process is the flexibility it offers in the pro-

duction of LMPs with a variety of release

rates. Release rates can be tuned by alter-

ing the ratio of dissolution enhancer to

lipid matrix or using lipids with different hy-

drophobicities.2,6 Immediate-release or

controlled-release profiles can be achieved

without the need for rate-controlling coat-

ings. Modified-release coatings – to

achieve taste-masking, enteric protection,

or delayed release, for example – can be

applied using a standard fluid bed coater

to meet the desired release profile. Either

coated or uncoated, LMPs are well-suited

for use in numerous types of dosage forms,

including novel capsules that can be

snapped open to sprinkle the contents, sa-

chets, orally disintegrating tablets (ODTs),

and liquids, depending on the target prod-

uct profile. 

The MSC technology is well-character-

ized, and critical process parameters have

been identified and characterized for each

process step, allowing precise control over

product characteristics and performance.

Rapid congealing promotes excellent en-

capsulation efficiency and produces easy-

to-swallow multiparticulates that have an

acceptable mouthfeel for age-appropriate

dosing. The technology has established

market precedence – for example, Zmax®,

a single-dose antibiotic, is marketed by

F I G U R E  1

Effect of the annealing process on LMPs
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F I G U R E  2

Confocal imaging results for melt-cast films containing 10% and 5% poloxamer before and
after annealing for 1 week at 50ºC/75% RH (scale bar = 100 µm)



Pfizer Inc.7

The nature of the excipients used in

controlled-release LMPs warrant anneal-

ing. The majority of the LMPs consist of a

lipidic wax matrix, and the release profile

is adjusted using a dissolution enhancer

(ie, a pore former). As the molten feed con-

taining the dispersed crystalline API is at-

omized by the rotating disk, drops form,

which rapidly congeal, encapsulating the

crystalline drug in a mixed-phase form of

partially crystalline excipients. These excip-

ients are in a high-energy, less stable form

because of the rapid congealing and, thus,

are thermodynamically driven to change

form. Over time, the lipidic wax matrix

and dissolution enhancer are susceptible

to phase separation and recrystallization

of different polymorphs, which can alter

the dissolution profile of the API. 

Annealing is thought to occur through

two primary mechanisms. First, upon rapid

congealing, portions of the dissolution en-

hancer (poloxamer) can become kineti-

cally trapped in the semi-crystalline lipid

domains. As the lipid matrix crystallizes

during annealing, the dissolution enhancer

is excluded from the crystal and is pushed

toward the grain boundaries. On anneal-

ing, the dissolution enhancer rearranges

and forms more organized structures

around matrix crystals. This rearrangement

forms a porous network of hydrophilic do-

mains that allows water to penetrate the

LMP and drug to release. 

Second, the lipid matrix, glyceryl

dibehenate (GDB), almost always exists as

a mixture of α (high-energy) and β (denser,
more stable) polymorphs. In the rapidly

congealed LMP, the α polymorph is pre-

dominant. Upon annealing, this polymorph

is transformed to the thermodynamically

more stable β polymorph. This leads to

densification of the lipid matrix, increasing

the internal free volume or porosity of the

matrix. These two mechanisms cumula-

tively reduce the effective diffusion path

length of the API. These concepts are

shown in Figure 1. Drug is released from

LMPs when they are wetted with water, hy-

drating the dissolution enhancer and wet-

ting the drug crystals. The dissolution

enhancer and drug then dissolve and dif-

fuse out of the LMPs.8

RESULTS

The goal of this study was to investi-

gate how the state and morphology of the

lipidic wax matrix changes upon anneal-

ing and to evaluate the effect of those

changes on the resulting dissolution rate.

In-depth knowledge of the annealing

process provides an opportunity to mini-

mize the stability risk associated with alter-

ation of the target release rate in LMPs

after their manufacture. 

Placebo LMPs and thin films were

composed of a lipidic wax matrix (ie, glyc-

eryl dibehenate [GDB], [Compritol® 888

ATO]) and a dissolution enhancer (ie,

poloxamer 407, [Kolliphor® P407]) at

three poloxamer loadings: 5%, 7%, and

10%. Control LMPs with 100% GDB were

also manufactured for physical characteri-

zation. The LMPs were prepared using the

MSC process by introducing a melt of the
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F I G U R E  4

Dissolution performance, showing poloxamer dissolved as a function of annealing time for three
LMP formulations with various poloxamer contents

F I G U R E  3

FTIR spectra of LMPs consisting of 100% GDB or containing 10% poloxamer before and after an-
nealing for 4 weeks at 50ºC/75% RH
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components onto a spinning disk. The

LMPs were sieved to a particle size of 150

µm to 350 µm. Films of GDB and polox-

amer labeled with Texas Red dye were fab-

ricated by hot-melt casting. The LMPs and

the films were annealed at 50°C/75% RH

for up to 4 weeks and characterized be-

fore and after annealing using the follow-

ing techniques: (1) confocal laser

microscopy; (2) scanning electron mi-

croscopy (SEM); (3) Fourier-transform in-

frared spectroscopy (FTIR); (4) modulated

differential scanning calorimetry (mDSC);

and (5) dissolution testing.

Confocal Laser Microscopy Imaging

The goal of these tests was to deter-

mine the effect of annealing on phase sep-

aration of melt-cast films consisting of GDB

and poloxamer. Melt-cast films containing

5% and 10% poloxamer were tested be-

fore and after annealing for 1 week. Label-

ing the poloxamer with the Texas Red dye

made it possible to capture the internal re-

arrangement of the poloxamer after an-

nealing. 

As shown in Figure 2, the confocal im-

ages of films showed differences in the in-

ternal arrangement of poloxamer domains,

with much more phase separation and ex-

cipient redistribution evident after anneal-

ing. This information was important

because drug transport occurs via the

porous network of the LMPs.8

SEM Imaging 

The goal of these tests was to deter-

mine if annealing produced observable ef-

fects on the surface of the LMPs. SEM

images were taken before and after an-

nealing of LMPs consisting of 100% GDB

or LMPs with poloxamer contents of 5%,

7%, and 10%. SEM images revealed

“blooming,” a characteristic of fats, on the

surface of the LMPs after annealing at all

annealing times and poloxamer contents

(data not shown). The surface coverage of

blooms was greater for LMPs containing

poloxamer than for 100% GDB LMPs for

similar annealing times.

FTIR Analysis 

The goal of these tests was to deter-

mine if changes in the proportions of α
and β polymorphs of GDB occurred after

annealing. LMPs consisting of 100% GDB

or containing 10% poloxamer were tested

by FTIR before and after annealing for 4

weeks. As Figure 3 shows, the proportion

of β polymorph increased with (a) anneal-
ing time and (b) with addition of the polox-

amer to the formulation.8

mDSC Analysis 

The goal of these tests was to deter-

mine if changes in the thermal characteris-

tics of the LMPs occurred after annealing.

LMPs were tested for melting events and

the melting-peak characteristics were ana-

lyzed. Results showed the enthalpy of fu-

sion of the lipid peak increased with an-

nealing time and that the lipid melt peak

widened and increased with annealing

time. The increase in melt enthalpy is attrib-

uted to formation of the more-stable β poly-
morph, and peak widening is attributed to

existence of multiple polymorphs of GDB

(data not shown). 

Dissolution Testing 

The goal of these tests was to deter-

mine if changes in the dissolution perform-

ance of the LMPs occurred after annealing.

The dissolution performance of LMPs was

tested using a standard USP II apparatus

in a pH 6.8 phosphate buffer as a function

of annealing time for LMP formulations

containing 5%, 7%, and 10% poloxamer.

As Figure 4 shows, (a) the release rate is

tunable by poloxamer content and (b) the

dissolution rate changes upon annealing,

which should be well characterized.8

DISCUSSION

The results summarizing the physical

changes that occur with LMP annealing

and their effect on dissolution performance

are illustrated in Figure 5.8 These results

show that annealing can be used to accel-

erate kinetic transitions from high-energy

polymorphs (present after LMP manufac-

ture) to lower-energy polymorphs that are

thermodynamically more stable. This tran-

sition should prevent changes in the disso-

lution profile of the LMPs during storage.

Further, the studies showed adjustable

drug release can be achieved by varying

the ratio of dissolution enhancer to lipid

matrix.

This work investigated placebo LMPs

(ie, with no API present in the formulation).

In formulations with API, the mechanism of 

F I G U R E  5
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annealing is similar, but the rate of annealing varies. In one example

with LMPs with low drug loadings, the drug dissolution rate and the en-

thalpy of fusion of the lipid melt peak stabilized after annealing for 2

weeks and did not alter upon further annealing (data not shown). An-

other example of LMPs with moderate to high drug loadings showed

shorter annealing times of just a few days (data not shown). We hypoth-

esize that the API, which remains crystalline through the manufacturing

process, provides nucleation sites for lipid matrix crystallization, affecting

the dissolution enhancer and lipid matrix organization and form. How-

ever, the annealing mechanism remains the same. These limited studies

have advanced our understanding of the annealing process and its ef-

fects on physical and dissolution properties of LMPs and should prove

invaluable in choosing the best annealing conditions for future controlled-

release LMP formulations.

CONCLUSIONS

In summary, LMPs are a promising technology for specialized for-

mulations, including patient-centric (pediatric and geriatric) drugs that

require adjustable-release characteristics. Drug dissolution from LMPs

can be modified by varying the loading of dissolution enhancer. Optimal

annealing conditions can be chosen to minimize any changes in LMP

dissolution rate during storage. Annealing studies can thus be used to

mitigate the long-term stability risks of deviating from the target product

profile.
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THERAPEUTIC FOCUS

INTRODUCTION

Hypertriglyceridemia can result from an unhealthy lifestyle,

obesity, physical inactivity, excessive alcohol intake, metabolic

syndrome, type 2 diabetes mellitus, and more rarely from genetic

disorders (eg, familial chylomicronemia syndrome, familial partial

lipodystrophy, familial combined hyperlipidemia, familial dysbe-

talipoproteinemia). 

Apolipoprotein C-III (apoC-III) is a key modulator of plasma

triglyceride (TG) levels. It has been shown that loss of function mu-

tations in apoC-III are associated with lower TG levels and a re-

duction in cardiovascular risk while elevated TG levels are

associated with increased risk of both cardiovascular events and

pancreatitis. In recent years, there has been an effort to develop

strategies to reduce levels of apoC-III in order to reduce elevated

triglyceride levels. Based on this background, our team led a piv-

otal study in patients with severe hypertriglyceridemia, defined

as triglycerides ≥ 500 mg/dL, with volanesorsen, a second-gen-

eration antisense oligonucleotide that inhibits apoC-III synthesis.

Antisense technology is based on the use of synthetic nucleic acid

sequences to interrupt the production of a specified protein by

targeting the corresponding messenger RNA, or mRNA, that en-

codes that protein. Antisense drugs are therefore able to reduce

the level of proteins that cause or contribute to the progression of

various diseases, including hypertriglyceridemia.

TARGETING LIPID & LIPOPROTEIN RISK FACTORS

Lipid and lipoproteins, including LDL-C, triglycerides, apoC-

III, and Lp(a), are associated with development and progression

of atherosclerotic cardiovascular diseases. Moreover, increased

TG levels are associated with incidents of acute pancreatitis and

liver disease such as non-alcoholic steatohepatitis (NASH). The

protein apoC-III, the second most abundant lipoprotein, circulates

in the bloodstream attached to particles containing triglycerides

and inhibits TG-hydrolysis. High levels of apoC-III have been as-

sociated with hypertriglyceredemia.

Mutations in the apoC-III gene that impair its function result

in lower TG levels and a correlated reduction in cardiovascular

risk. Conversely, overexpression of the same gene has been as-

sociated with elevated TG levels and increased risk of both car-

diovascular events and pancreatitis. In recent years, there has

been an effort to develop strategies to reduce levels of apoC-III in

order to reduce elevated triglyceride levels. 

THE COMPASS STUDY 

The COMPASS clinical trial was a randomized, multi-center,

double-blind, placebo-controlled, 26-week, Phase 3 study to eval-

uate the effect of apoC-III reduction with the investigational anti-

sense drug volanesorsen on TG levels in patients with

hypertriglyceridemia. The trial included patients with fasting TG

≥ 500 mg/dL, (n=113, mean ±SD, TG level 1261 ±955mg/dL)

who were randomized 2:1 on volanesorsen or placebo. Patients
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were treated with 300-mg volanesorsen

subcutaneously (SC) of placebo once a

week for 26 weeks.

Results from the clinical study indicate

that antisense technology can result in sig-

nificant reductions in triglyceride levels in

patients with hypertriglyceridemia:  

•  Patients treated with volanesorsen

(n=75) achieved a 71.2% mean re-

duction in triglycerides after 13

weeks of treatment, compared with

a mean reduction of 0.9% in

placebo-treated patients (n=38).

•  The treatment group included a

subset of patients whose hyper-

triglyceridemia was associated

with familial chylomicronemia syn-

drome (FCS), a rare, genetic disor-

der characterized by extremely

high levels of triglycerides and risk

of recurrent, potentially fatal pan-

creatitis. People with FCS are un-

able to effectively clear large,

triglyceride-rich lipid particles

called chylomicrons due to a defi-

ciency of lipoprotein lipase, an en-

zyme that helps break down

triglycerides. In a subset of seven

patients with FCS who had aver-

age incoming triglyceride level of

2,280 mg/dL, volanesorsen-

treated patients (n=5) achieved a

mean reduction in triglycerides of

73% from baseline after 13 weeks

of treatment, compared with a

mean increase of 70% in placebo-

treated patients (n=2).

•  Results also showed that 82% of

patients treated with volanesorsen,

including three of the FCS patients,

achieved triglyceride levels less

than 500 mg/dl after 13 weeks of

treatment, compared to 14% of

placebo-treated patients (p<0.0001).

•  Patients treated with volanesorsen

also had reduced risk of pancreati-

tis events, with no events reported

in the treatment group and five re-

ported in the placebo group.

•  The most common adverse event in

the volanesorsen-treated group of

patients was injection site reactions

(ISRs), which were mostly mild.  In

this study with patients who are

largely asymptomatic and, unlike

FCS patients, do not need to man-

age the daily burden and symp-

toms of their disease, 13% of

treated patients discontinued due

to ISRs and 7% of treated patients

discontinued treatment for other

non-serious adverse events.  There

were no deaths in the study.  None

of the FCS patients in the study dis-

continued.  In addition, there were

no serious platelet events in the

study.  There was one potentially

related SAE on the drug-treated

arm.  This was a report of serum

sickness that occurred two weeks

after the last study dose and re-

solved without treatment, and after

thorough investigation the sponsor

determined that the case was not

likely caused by the drug.

The COMPASS study was a support-

ive study used to further validate findings

from the APPROACH study, a randomized,

double-blind, Phase 3 study of volane-

sorsen in the treatment of patients with FCS

specifically. 

THE APPROACH STUDY

The APPROACH study was a 52-week

Phase 3 study in 66 patients with FCS.1-3

While the enzyme lipoprotein lipase (LPL)

normally breaks down chylomicrons, peo-

ple with FCS do not have functioning LPL,

resulting in circulating triglyceride levels in

the thousands (mg/dL) or more than 10 

times the upper limit of normal.1-4 FCS pa-

tients have a significant risk of morbidity 
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and mortality, including recurrent episodes

of acute pancreatitis, which can be fatal.5-7

In the APPROACH study, FCS patients

treated with volanesorsen experienced ro-

bust reductions in triglycerides and related

benefits, including: 

•  A 77% mean reduction in triglyc-

erides after three months compared

to a mean increase of 18% in

placebo-treated patients.

•  Volanesorsen-treated patients with

the highest documented frequency

of pancreatitis attacks suffered no

attacks during the 52-week treat-

ment period (p=0.02).

• A reduction in abdominal pain was

observed in volanesorsen-treated

patients compared to placebo-

treated patients.

THE IMPACT ON STANDARD OF

CARE

Guidelines established by the En-

docrine Society suggest dietary counseling

and weight loss for the treatment of mild-

to-moderate hypertriglyceridemia in pa-

tients who are overweight or obese.

Patients with more severe forms of hyper-

triglyceridemia are typically managed with

reduced intake of dietary fat and simple

carbohydrates in combination with drug

therapy including fibrates, nicotinic acid,

omega-3 fatty acids or statins, alone or in

combination. In many patients, currently

available management strategies are un-

able to normalize triglyceride levels or de-

crease the risk of pancreatitis. 

Current TG-lowering drugs work

mainly through the LPL pathway, thus being

largely ineffective in patients with FCS.1,7,8

The results of the COMPASS study provide

strong additional support for therapeutic

strategies decreasing triglycerides levels

by reducing apoC-III concentrations in pa-

tients with severe hypertriglyceridemia in-

cluding the very difficult to treat FCS

patient population.u
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CLINICAL 
TRIALS 

INTRODUCTION

Hailed by many as the future of cancer therapy, immuno-on-

cology leverages and unleashes the body’s immune system to rec-

ognize and eliminate cancer cells. Immune checkpoint inhibitors

have already revolutionized the treatment of certain solid tumors

and hematologic malignancies by acting on pathways that can-

cers co-opt to evade immune recognition. Now, emerging thera-

pies, such as chimeric antigen receptor T-cells (CAR-T), dendritic

cell vaccines, bi-specific T-cell engager (BiTE) antibodies, oncolytic

viruses and even gene transfer and gene editing, are pushing the

envelope even further.

THE GREAT LEAP FORWARD

Present day advances in immuno-oncology can be attributed

to a paradigm shift in our understanding of cancer. Even up to

the early 2000s, cancer was considered a disease of genetic ori-

gin, characterized by sustained proliferation; resistance to apop-

tosis; and the ability to promote angiogenesis, invasion, and

metastasis. However, this view failed to account for the dynamic

nature of the interactions between the tumor and its microenviron-

ment — not just normal surrounding tissue cells, but also the im-

mune system. 

Now, we understand that the immune system plays a dual

role in cancer, not only protecting the host against tumor forma-

tion, but also shaping tumor immunogenicity. This understanding

has led to the development and approval of new immunothera-

pies, heralding a new — and potentially lucrative — era of can-

cer treatment. Immunotherapy trials now comprise more than one

third of the clinical oncology space. In 2016, the cancer im-

munotherapy market was estimated to be $41 billion, and it is

expected to grow to nearly $119 billion by 2025.1

Small biotech and specialty pharma are poised to play a crit-

ical role in this growth, but will face challenges that are intrinsic

to the development of immunotherapeutic agents. Immunotherapy

innovations work differently than cytotoxic chemotherapy, and

these differences may impact dosing, response measurement, bio-

marker validation, selection of combination therapies, and iden-

tification of adverse events. Understanding and overcoming these

challenges will be critical to clinical trial success and, ultimately,

market approval. 

DETERMINING THE RIGHT DOSING PROTOCOL

Traditionally, early phase trials in oncology aim to establish

the maximum tolerated dose (MTD) for later phase trials. How-

ever, immunotherapies can elicit therapeutic responses at doses

below where toxicity is seen. Instead, dose-finding for im-

munotherapies often requires titration to a biologically effective

dose, rather than an MTD where toxicity is the limiting factor. 

Moreover, when present, toxicities associated with im-

munotherapies may not be dose dependent. In some cases, such

as with CAR-T, toxicity may actually indicate efficacy. As a result,

dose-escalation methods with toxicity-based endpoints may be

less relevant for immuno-oncology trials and alternative parame-

ters may be more appropriate.
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Maximizing Immuno-Oncology Clinical 
Trial Success 
By: Luke S. Gill, MSc, MBA

Technician uses Surge microfluidics to sort over 3
million B cells per hour.
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MEASURING RESPONSE TO

CANCER IMMUNOTHERAPIES

Generally, four distinct response pat-

terns are associated with favorable overall

survival:

1. Response in baseline lesions (ie,

a typical RECIST response)

2. Stable disease with slow decline

in tumor volume

3. Response following an initial in-

crease in tumor volume

4. Response following the appear-

ance of new lesions

Response and efficacy of oncology

agents has traditionally been measured by

Response Evaluation Criteria in Solid Tu-

mors (RECIST), a set of published rules that

define when tumors respond, stabilize, or

progress during treatment. However, due

to the kinetics of the anti-tumor response as-

sociated with immuno-oncology agents,

these criteria do not easily apply. Unlike

conventional cytotoxic therapies that may

trigger rapid tumor shrinkage due to direct

killing of cancer cells, immuno-oncology

drugs stimulate immune cell responses that

may take several months to occur. In fact,

patients may exhibit an initial increase in

tumor burden followed by tumor shrink-

age, a phenomenon called the flare effect.

Only applying RECIST criteria to im-

munotherapy trials can result in the following:

• Premature termination of therapy

• Unnecessary removal of patients

from clinical trials

• Inaccurate interpretations of treat-

ment response

In 2017, a new set of immune-related

response criteria was proposed by a RE-

CIST working group composed of mem-

bers of industry, academia, the US Food

and Drug Administration (FDA), and the

European Medicines Agency (EMA). This

consensus guideline — called Immune RE-

CIST (iRECIST) — is intended to help spon-

sors make decisions regarding continua-

tion of therapy in clinical trials. 

iRECIST calls for the use of modified

RECIST in cancer immunotherapy trials

and describes a standardized approach to

measuring solid tumors and defining ob-

jective change in tumor size for clinical tri-

als.2 iRECIST also introduces a new

response criterion known as immune un-

confirmed progression of disease (iUPD),

which describes new overall response. 

With iRECIST, the bar for progression

resets if RECIST-defined progressive dis-

ease (PD) is followed at the next time point

(TP) by tumor shrinkage, as seen in TP2 in

the figure below. 

iRECIST has not yet been validated

and should not be used as a guideline for

treatment decisions. However, iRECIST

may be used as primary response criteria

in exploratory, early phase studies and

can be used in conjunction with RECIST in

later-phase studies. Sponsors who wish to

use iRECIST guidelines in their studies

should train their operational team and

communicate closely with the Data and

Safety Monitoring Board (DSMB) to ensure

F I G U R E  1

Assessing Tumor Response Using iRECIST 
(Adapted from Seymour L, et al. on behalf of the RECIST working group. iRECIST: guidelines for response criteria for use in trials testing immunothera-
peutics. Lancet. 2017;18(3):e142-152.)



that all stakeholders understand that im-

munotherapy agents work differently than

cytotoxic therapies.

VALIDATING BIOMARKERS

While the immunotherapies that have

been approved to date are effective for a

subset of patients, many patients do not re-

spond. Current response rates and toxici-

ties associated with immunotherapies —

along with their high cost — have created

a sense of urgency to elucidate which pa-

tients would most benefit from these

agents. Thus, there is pressing need for bio-

markers to predict response to therapies. 

The identification of immune-specific

biomarkers will help to fill knowledge gaps

by providing valuable predictive and prog-

nostic information, as well as insights on

the underlying mechanisms of treatment re-

sponse and resistance. Potential sources of

biomarkers include target protein expres-

sion, serum soluble proteins, circulating

tumor cells, circulating cell-free DNA, and

tumor gene expression. 

To date, the techniques for examining

biomarkers for immunotherapy include im-

munohistochemistry, in situ hybridization,

flow cytometry, immunoassays, and next-

generation sequencing, each of which has

its pros and cons. New opportunities for

biomarkers include the following:

• HLA typing

• Microbiome analysis for deter-

mining risk of inflammatory com-

plications

• Tumor mutation burden (TMB)

measured via whole genome se-

quencing, whole exome sequenc-

ing or comprehensive gene panel

testing can be used to identify pa-

tients who have an increased re-

sponse to immunotherapy

• T cell receptor repertoire clonal-

ity, which is associated with re-

sponse to PD-1 inhibition and is

currently being evaluated in clin-

ical trials

Combining biomarker approaches

may be a powerful way to both character-

ize the tumor and monitor the immune re-

sponse, but requires close collaboration

between technical and clinical experts.

Another major hurdle to the identifica-

tion and development of clinically relevant

biomarkers is the fact that immune modu-

lation affects many cell types and involves

complex interactions among the host, can-

cer cells, and tumor microenvironment.3

The Society for Immunotherapy of Cancer

(SITC) Biomarkers Task Force has pub-

lished a series of white papers on the vali-

dation process and regulatory

considerations associated with biomarkers

in immunotherapy, as well as novel tech-

nologies and emerging biomarkers rele-

vant to individualized cancer therapy.

FINDING THE RIGHT

COMBINATION

Cancer treatment is undergoing a rad-

ical transformation in which conventional

cancer treatments are being integrated with

immunotherapeutic agents. Many clinical

trials are evaluating the potential to further

enhance the clinical benefits of monothera-

pies by combining agents with synergistic

mechanisms of action. Combination thera-

pies may combine the following:

• Agents that act at the effector

stage (eg, anti-PD-1 or inhibitors

of immunosuppression) by re-en-

ergizing pre-existing T cells

• Agents that act at the prolifera-

tion/activation stage (eg, anti-

CTLA-4) to not only enhance

pre-existing responses, but also

stimulate de novo responses

• Agents that act on other co-stimu-

latory or inhibitory pathways

However, it has been shown that sub-

stantive incremental toxicity can result from

these combinations, depending on the pa-

tient population, dose, and schedule uti-

lized. For example, a Phase I study

combining ipilimumab with vemurafenib,

a Raf inhibitor, in patients with melanoma

showed significant increases in toxicity at

standard dosing. Further, active combina-

tion regimens may have distinct safety pro-

files in different populations, as illustrated

by differences in tolerability to a combina-

tion of ipilimumab and nivolumab between

patients with melanoma and patients with

metastatic non-small cell lung cancer.4

In order to address the challenges of

selecting rational combination therapies,

the SITC convened a Combination Im-

munotherapy Task Force. This Task Force

was charged with identifying and prioritiz-

ing the most promising candidates for com-

binatorial approaches, as well as tackling

the challenges associated with developing

these strategies. An overview of the current

evidence supports the promise of using in-

hibitors of the PD-1 pathway as a back-

bone in combination therapies due their

established anti-tumor activity and favor-

able toxicity profile.4

To maximize the likelihood of success,

combination therapies require not only rig-
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orous clinical testing early in clinical devel-

opment, but also the willingness to accept

the use of non-standard doses or schedules

of individual agents to maximize the over-

all risk-benefit profile.

IDENTIFYING ADVERSE EVENTS

Especially with the shift toward com-

bination immunotherapy, it is becoming in-

creasingly important for sponsors and

investigators to be adept recognizing,

characterizing, and monitoring immune-re-

lated adverse events (irAEs) and other se-

rious adverse events (SAEs). 

In general, immunotherapy agents

demonstrate unique safety profiles that

may differ considerably from most conven-

tional oncology drugs. For example, up to

23% of patients treated with ipilimumab

develop SAEs, including colitis and hy-

pophysitis.3 When given in conjunction

with dacarbazine, approximately 20%

showed significant elevations of liver func-

tion tests. 

Sponsors should keep in mind that tox-

icity does not accurately predict positive

therapeutic outcome, and patients may ex-

perience irAEs or SAEs without benefiting

from an anti-tumor effect. Training trial site

staff, as well as patients, caregivers, and

all members of the healthcare team, how

to anticipate, recognize, and intervene on

irAEs and SAEs will contribute to clinical

trial success.

It is also important to remember that

the appearance of irAEs may vary, and un-

derstanding the kinetics of these events is

important for site training, patient manage-

ment, and data monitoring. Consequently,

protocols of immuno-oncology drug trials

should clearly outline how immune-related

toxicities should be managed. In addition,

if new safety signals are identified, spon-

sors may need to prepare for rapid re-

design of protocols and databases.

LOOKING TO THE FUTURE

Advances in our understanding of the

immune response to cancer — along with

recent advances in biomarker develop-

ment — are increasing the number of pa-

tients with cancer who benefit from

immunotherapy. As we look to the future,

new immuno-oncology agents and combi-

nation approaches have the potential to

further expand the spectrum of patients

who respond to cancer immunotherapy,

improving the quality of clinical responses

and paving the way for a personalized ap-

proach to cancer treatment. u
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PROTECT YOUR BRAND™

Protect Your BrandTM is a unique
offering designed to support
pharma-biotech companies pursuing
a dual sourcing strategy. Under this
program, Alcami will support tech
transfer and validation of products in
advance of potential manufacturing
needs without any long-term

commitment or minimum annual volume. It's that simple. Protect Your Brand
offers three distinct dual supply solutions to prevent disruptions from occurring
at the earliest during clinical supply through to post-approval commercial
production. This service can be used for drug substance, drug product, and for
clinical supplies, launch quantities, and commercial supply. Protect Your Brand
allows you to determine the ideal State of Alcami Readiness™ needed for
your product. Responding quickly allows Alcami to minimize the effects of a
supply disruption, helping prevent shortages and delays. Alcami can be ready
quickly to bridge unexpected gaps in your critical supply needs. For more
information, visit Alcami at www.alcaminow.com. 

NANOPARTICLE FORMULATIONS
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Ascendia Pharmaceuticals is
a contract development and
manufacturing (CDMO)
company offering services for
formulation development of
poorly soluble drugs and other
challenging development
programs. Our formulation

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

CONTRACT LABORATORY SERVICES ADVANCED ODT TECHNOLOGY

FULL-SERVICE CDMO LIPOSOMAL & PEGYLATED FORMULATIONS

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

Catalent’s Zydis® orally disintegrating tablet (ODT) fast-dissolve formulation
is a unique, freeze-dried oral dosage form that disperses instantly in the
mouth, requiring no water. With more than 20 products launched in 60
countries, Zydis is the world’s best-in-class ODT technology. Advances in
formulation enabled the introduction of Zydis Ultra, which combines higher
doses of API with innovative taste-masking techniques to enable rapid onset
action of drugs including analgesics. Catalent has now further expanded the
Zydis technology platform to include Zydis Bio to deliver fast-dissolve
formulations of macromolecules, overcoming the traditional oral delivery
challenges, and the potential to avoid cold-chain storage of vaccines. For
more information, contact Catalent Pharma Solutions at (888) SOLUTION or
visit www.catalent.com.

CordenPharma is your full-service CDMO partner organized under 5
Technology Platforms - Peptides, Oligonucleotides, Lipids & Carbohydrates –
Injectables - Highly Potent & Oncology - Small Molecules - Antibiotics. Contact
us to learn how we are Your Expert Partner for Peptides, Oligonucleotides &
Lipids: Peptides Expertise (SPPS & conjugates, precipitation, spray drying &
lyophilization), Oligonucleotides – One-Stop-Shop (GMP Manufacturing up to 10
kg/batch, di-trinucleotides, injectable solutions), and Synthetic Lipids &
Conjugates (cationic lipids for oligo drug delivery & formulation) For more
information, visit CordenPharma at www.cordenpharma.com. 

Exelead is a CDMO dedicated to the development and commercialization of
therapeutics to treat life-threatening diseases. Exelead’s core technologies
focus on the manufacture of sterile drug products specializing in liposomal
and PEGylation formulation technologies. Exelead has development
capabilities that can be utilized to improve drug delivery and drug product
characterization. The Indianapolis, Indiana manufacturing facility produces
proprietary parenteral pharmaceuticals for oncology and enzyme
replacement treatment, as well as for the treatment of numerous infectious
diseases. Exelead manufactures drug products that are distributed globally
and offers solutions at every phase of the drug development process (Pre-
Clinical, Phase I/II/III, and Commercial). For more information, visit Exelead at
www.ExeleadBioPharma.com.  



EXCIPIENT FOR TABLETS

Compritol® 888 ATO is an inert,
tasteless/odorless, hydrophobic
white powder used in formulation
of solid oral dosage forms. Listed in
the IID database and USP-
NF/EP/CP Pharmacopeias as
Glyceryl Behenate, Compritol has
been used for over 50 years in
numerous marketed drugs –

including pediatrics around the globe. Originally developed as a viable
alternative to magnesium stearate as a tablet lubricant, Compritol is currently
being used in sustained release by direct compression, taste masking by melt
granulation or melt coating, and solid dispersions by melt extrusion.
Additionally, Compritol is applied in the development of solid lipid
nanoparticles. Key features of this excipient include: high purity, superior
quality, safe, requires low compression force, easy to scale-up, and fully
characterized by physico-chemical properties. For more information, contact
Gattefossé at info@gattefossecorp.com or visit www.gattefossecorp.com. 

CAPSUGEL® DPI PORTFOLIO

Dry-powder inhalation (DPI) technology offers a favorable drug development
opportunity for respiratory or systemic drug delivery. Delivering a uniform
dose in a portable, easy-to-use system, capsule-based DPI device is a simple
and cost-effective way to deliver inhalable medication. Capsugel®’s
customized capsules, in both gelatin and hypromellose, are optimized to
provide superior performance and compatibility between the capsule/device
and capsule/formulation. Please visit our page for more information or
contact our experts to request samples https://www.capsugel.com/
biopharmaceutical-products/dpi-capsules.

LONZA PHARMA & BIOTECH GLOBAL DATA & ANALYTICS

PHARMA MARKETING & COMMUNICATIONS DEVELOPMENT SERVICES

UPM Pharmaceuticals is an independent, award-winning contract
development and manufacturing organization (CDMO). The Bristol, TN-based
CDMO serves the pharmaceutical and biotechnology industries with its
offering in tablet, capsules, and semi-solid dosage form manufacturing –
including DEA controlled substances (CII-CV) and a controlled humidity suite.
Experienced personnel at UPM can provide high-quality pharmaceutical drug
development services that include formulation development, cGMP
manufacturing and packaging, analytical method development and testing
from concept through commercialization all in one 476,000-sq-ft facility.
UPM is characterized by its strict sense of quality, timeliness, sound scientific
fundamentals, and affordability with which they complete all projects to
ensure success to clinic/market. For more information, contact UPM
Pharmaceuticals at (423) 989-8000 or visit www.upm-inc.com. D
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At SGW Pharma Marketing, we develop a formula for your brand’s success.
We never lose sight that branding a technology or service is more engaging
when you make a real connection with people. Our formula blends the “human
factor” into each of our brand-building strategies. Whether you’re talking to
R&D scientists, business development professionals, or C-level executives, we
focus on creating tailored messaging to each group and delivering it via a wide
range of services. With 27 years of consumer and B2B pharma experience, you
can count on us to deliver innovative solutions that make a difference. That’s
why the top pharmaceutical companies choose SGW Pharma. For more
information, contact SGW Pharma Marketing at (973) 263-5289, Lou Nosti at
lnosti@sgw.com, or visit www.sgwpharma.com.

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. 

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