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Next-Generation 
Wearable Drug 
Delivery

“Eitan Medical - Sorrel recognized 

that the first challenge to overcome 

would be the development of a 

reliable, controlled, and accurate 

delivery system. Due to the vast 

range of injectable medications 

already available – some requiring 

a controlled, variable, and 

accurate dosing regimen, while 

others rely on a fast bolus injection 

– it was imperative for Eitan 

Medical – Sorrel to ensure its 

technology could accommodate the 

wide array of current and emerging 

medications.”

GLOBAL REPORT 
15 2020 Global Drug Delivery & Formulation Report: The 

Drug Delivery and Formulation Pipeline  
In part 4 of this 4-part series, PharmaCircle, in collaboration with Drug 
Development & Delivery, provides pipeline snapshots and comparisons 
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and formulation professionals – Disease Area, Molecule Type, and 
Delivery Route. 
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32    Next-Generation Wearable Drug Delivery: Prefilled 

Devices Provide a Truly Patient-Centric Solution   
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product ideas that may at first glance seem attractive but offer little 
potential in the real world.  
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“Increasing patent expirations of 

major drugs, the growing burden of 

chronic diseases, and elevated 

global awareness of vaccines are 

leading to a surge in outsourcing 

formulation development services. 

Industry experts say these trends put 

a value on the global 

pharmaceutical CDMO Market at 

$160.12 billion in 2020, and 

could reach $236.61 billion by 

2026, while the North American 

CDMO market is expected to reach 

$101.1 billion by 2030.”    
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Stevanato Group & Corning Incorporated Sign Licensing Agreement to Offer 
Corning Valor Glass Vials in Presterilized SG EZ-fill Packaging Configuration

Stevanato Group recently announced a licensing agreement 
with Corning Incorporated to offer a combined solution that will 
provide biopharmaceutical companies with improved levels of 
protection for injectable drugs while enabling smoother manu-
facturing operations. 

A new product, Corning Valor RTU Vials with SG EZ-fill Tech-
nology, offers the industry the unique combination of Corning 
Valor Glass vial attributes with SG EZ-fill integration and pack-
aging advantages, including the following. 

Stevanato Group’s EZ-fill secondary packaging solution elim-
inates a step in drug manufacturing and production by allowing 
pharmaceutical and biotech companies to use the SG EZ-fill 
presterilized containers without having to go through additional 
wash and sterilization processes. The SG EZ-fill solution provides 
a fully integrated, ready-to-use (RTU) option for aseptic fill-finish 
operations. Available in formats ranging from 2R to 30R and in 
both Nest & Tub and Tray configurations, the secondary packag-
ing stores vials and cartridges safely, allowing more efficient, flex-
ible, and streamlined production operations and shortening time 
to market. 

Valor Glass is a purpose-built pharmaceutical package de-
signed to address the challenges of today’s manufacturing oper-
ations. Valor Glass is chemically durable with uniform surface 
chemistry. It resists damage and breakage, eliminates delamina-
tion, and reduces glass particulate generation. Valor Glass is the 
result of Corning’s extensive expertise in glass science, optical 
physics, vapor deposition, precision forming, and extrusion. Valor 
Glass enhances the storage and delivery of drugs, provides more 

reliable access to medicines essential to public health, and opti-
mizes manufacturing efficiency. 

“Corning is thrilled to expand our packaging portfolio by of-
fering Corning Valor RTU Vials with SG EZ-fill Technology.  This 
agreement marks an exciting step forward as we build a full suite 
of pharmaceutical glass packaging solutions,” said Brendan 
Mosher, Vice President and General Manager, Corning Pharma-
ceutical Technologies. “The combination of Corning’s purpose-
built Valor Glass and Stevanato Group’s RTU technology is a 
win-win for the industry; our expanded offering increases speed-
to-market while improving primary packaging quality and per-
formance.” 

Stevanato Group, a leading global provider of drug contain-
ment, drug delivery, and diagnostic solutions, designed its SG EZ-
fill secondary packaging to store glass containers safely in a tray 
or Nest & Tub configuration for efficient filling, while minimizing 
glass-to-glass contact. The platform – launched in 2010 – is the 
ideal solution from lab-scale filling to the industrial filling process. 

“The agreement with Corning represents another milestone 
for the SG EZ-fill presterilized platform,” said Andrea Zambon, 
Corporate Business Development Director at Stevanato Group. 
“The partnership reinforces our technology leadership and mar-
ket position in secondary packaging for aseptic manufacturing. 
By choosing our cost-efficient, scalable solution, Corning has 
opted for an industry-verified platform that has a proven track 
record of success with over 30 fill-finish machine manufacturers 
on more than 250 filling lines.” 

Evonik Markets New Enteric-Protected Ready-to-Fill Capsules for Fast,  
High-Performance Drug Development

Evonik  recently launched the EUDRACAP platform of easy-
to-handle capsules to help the pharmaceutical industry accelerate 
speed to market for complex oral drug products in early devel-
opment stages. EUDRACAP enteric is the first product of the plat-
form to become commercially available. This enteric coated 
pre-locked capsule gives pharmaceutical companies access to a 
capsule that can optimize gastric resistance, boost intestinal ab-
sorption, and enhance bioavailability. 

EUDRACAP is Evonik’s latest system solution built on the 
company’s unique technology platform for advanced drug deliv-
ery. “With the help of EUDRACAP, we expect strong growth within 
our innovation growth field Healthcare Solutions,” said Paul 
Spencer, Head of Product Line Drug Delivery & Medical Device 
Solutions at Evonik’s Health Care business line. “EUDRACAP will 
foster our position as a fully integrated CDMO along the entire 
pharmaceutical value chain.” 

The new EUDRACAP platform leverages Evonik’s established 
EUDRAGIT functional coatings to optimize the release profile of 
oral drug products. The coated HPMC (hydroxypropyl methyl cel-
lulose) capsules are particularly suited to protect sensitive active 
pharmaceutical ingredients from moisture and gastric acid. 

Oral drugs are being developed rapidly and there is new 
emphasis on those using mRNA or targeting the microbiome. This 
has created a great demand in the pharmaceutical industry for 
ways to increase the number of sensitive molecules in drug prod-
uct portfolios. 

“EUDRACAP is our answer to many of the challenges inno-
vators in the pharmaceutical industry are facing when pioneering 
oral drug products,” says Dr. Axel Schröder, Head of Global Busi-

ness Segment Oral Drug Delivery Solutions at Evonik Health 
Care. 

In addition to EUDRACAP enteric, the EUDRACAP Select line 
provides tailor-made CDMO (Contract Development and Manu-
facturing Organization) services for customer requirements, in-
cluding a range of sizes, colors, and customized release profiles. 

“We can help reduce risk and get the finished dosage form 
in the hands of our customers for clinical and commercial use as 
fast as possible,” said Dr. Bettina Hölzer, Senior Project Manager 
Strategic Marketing Oral Drug Delivery Solutions at Evonik Health 
Care. With EUDRACAP, customers can tap into Evonik’s expertise 
across application areas such as colonic delivery, microbiome de-
livery, personalized dosage forms and bioavailability enhance-
ment. 

EUDRACAP is the latest in a portfolio of product innovations 
launched by Evonik’s Health Care business over the past few 
years. In 2020, Evonik began marketing EUDRATEC Fasteric, an 
advanced oral drug delivery technology that provides enteric pro-
tection followed by rapid, homogeneous release for effective tar-
geting of the upper small intestine. 

Evonik Health Care, which is part of the Nutrition & Care di-
vision of Evonik, is one of the world’s leading CDMOs for com-
plex oral and parenteral drug products that require advanced 
drug delivery solutions. It is also one of the world’s largest sup-
pliers of active pharmaceutical ingredients (APIs), amino acids, 
cell culture ingredients, medical device excipients, and leading 
global CMO (Contract Manufacturing Organization) for APIs and 
intermediates. 
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Ginkgo Bioworks & Biogen Announce Collaboration & License Agreement to  
Develop Novel Gene Therapy Manufacturing Platform

Ginkgo Bioworks and Biogen recently announced a gene 
therapy collaboration in which the companies aim to redefine the 
industry standard for manufacturing recombinant adeno-associ-
ated virus (AAV)-based vectors. 

Recombinant AAV-based vectors are widely used to develop 
innovative gene therapies and have the potential to treat certain 
neurological and neuromuscular diseases as well as other con-
ditions across multiple therapeutic areas. Currently, manufactur-
ing is time-consuming and expensive making it difficult to develop 
therapies for diseases with high dose needs and with large patient 
populations. Ginkgo seeks to solve these challenges by applying 
its mammalian cell programming platform, with the aim to im-
prove the efficiency of AAV-producing plasmid vectors and cell 
lines, which could accelerate Biogen’s development of novel gene 
therapies. 

“We believe that Ginkgo’s unique combination of cell pro-
gramming expertise, proprietary tools and knowledge of biolog-
ical systems make them an ideal collaboration partner to explore 
a large number of design ideas with the goal of optimizing con-
structs,” said Alphonse Galdes, PhD, Head of Pharmaceutical 
Operations and Technology at Biogen. “They share our goal of 
ensuring approved therapies are not delayed by manufacturing 
constraints and are available to patients worldwide.” 

“We are excited to collaborate with Biogen as they aim to 
develop treatments that may potentially slow, halt or cure neuro-
logical and neurodegenerative diseases and seek to enhance the 
industry standard for AAV manufacturing,” said Jason Kelly, CEO 
of Ginkgo Bioworks. “Synthetic biology is leveraging the power 

of living cells to develop the next generation of therapeutics, 
everything from CAR-T, to CRISPR and gene therapies, which we 
believe will have a material impact on the lives of many.” 

Under the terms of the agreement, Biogen will receive access 
to Ginkgo’s proprietary cell programming platform and capabil-
ities. Ginkgo will utilize its bioengineering facilities and resources 
with the aim of enhancing the AAV production titers of Biogen’s 
gene therapy manufacturing processes. Ginkgo will receive an 
upfront payment of $5 million and is eligible for milestone pay-
ments up to an additional $115 million should the collaboration 
programs achieve certain research, developmental and commer-
cial milestones. 

At Biogen, our mission is clear: we are pioneers in neuro-
science. Biogen discovers, develops and delivers worldwide in-
novative therapies for people living with serious neurological and 
neurodegenerative diseases as well as related therapeutic adja-
cencies. One of the world’s first global biotechnology companies, 
Biogen was founded in 1978 by Charles Weissmann, Heinz 
Schaller, Kenneth Murray and Nobel Prize winners Walter Gilbert 
and Phillip Sharp.  

Ginkgo is building a platform to program cells as easily as 
we can program computers. The company’s platform is enabling 
the growth of biotechnology across diverse markets, from food 
and agriculture to industrial chemicals to pharmaceuticals. 
Ginkgo is also actively supporting a number of COVID-19 re-
sponse efforts, including community testing, epidemiological trac-
ing, vaccine development and therapeutics discovery.  
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Biogen & Envisagenics Announce Collaboration to 
Advance RNA Splicing Research

Biogen Inc. and Envisagenics recently announced a new collaboration to advance 
ribonucleic acid (RNA) splicing research within central nervous system (CNS) diseases. 
As part of the collaboration, Biogen will leverage Envisagenics’ proprietary artificial in-
telligence (AI)-driven RNA splicing platform, SpliceCore, to define and understand the 
regulation of different RNA isoforms in CNS cell types. 

Genetic information encoded in the human chromosome is converted into RNA 
molecules which is then used as the template to make proteins. RNA splicing is the 
process that trims out extra information embedded in the intermediate RNA molecules, 
and this trimmed RNA is what is then used to produce functional proteins. 

“Since Biogen’s earliest days, RNA splicing has been an integral part of our history 

and mission dating back to co-founder 
Phillip Sharp’s discovery of the process in 
1977,” said Alfred Sandrock, Jr, MD, PhD, 
Head of Research and Development at 
Biogen. “By combining Envisagenics’ 
SpliceCore platform with our deep expert-
ise in this scientific approach, we believe 
that Biogen will be able to advance our 
understanding of RNA splicing and po-
tentially identify new drug targets for CNS 
diseases.” 

“Envisagenics is thrilled to work with 
Biogen because we share a commitment 
to identifying potential treatments for CNS 
diseases through innovative AI technology 
like the SpliceCore platform. Envisagenics 
and Biogen recognize the power of RNA 
splicing to aid in the discovery of potential 
therapeutics,” said Maria Luisa Pineda, 
PhD, Chief Executive Officer of Envis-
agenics. Envisagenics’ Chief Technology 
Officer, Martin Akerman, PhD, added, 
“scientists have only recently been able to 
uncover disease-causing novel isoforms 
at scale, thanks to improvements in the 
speed and sensitivity of bioinformatics 
software like SpliceCore.” 

Traditionally, the process of detect-
ing, cataloging and interpreting RNA 
splicing errors has been laborious, slow 
and costly. However, by tapping into En-
visagenics’ machine learning algorithms 
and high-performance computing, Bio-
gen may now be able to identify, test and 
validate splicing errors at scale. Through 
this collaboration, Biogen will gain access 
to SpliceCore’s database of approxi-
mately seven million potential RNA splic-
ing errors, which is the largest database 
of splicing errors in the world. This will 
provide Biogen with a broader lens to 
evaluate splicing events that may be tar-
geted for therapeutic gain. In addition, 
collaboration aligns to Biogen’s broader 
objective of identifying and validating ge-
netic targets of disease to increase the 
probability of success in CNS drug discov-
ery. 

Envisagenics is an Artificial Intelli-
gence-driven biotechnology company 
that focuses on the discovery of novel 
RNA splicing variants that cause cancer 
and other genetic diseases. Its principal 
technology is the SpliceCore discovery 
platform. The platform re-envisions the 
human genome with a validated exon-
centric approach, combined with ma-
chine learning algorithms and 
high-performance computing. It is up to 
250 times more likely to discover novel 
targets than gene-centric discovery tools. 





14

D
ru

g 
D

ev
el

op
m

en
t &

 D
el

iv
er

y 
 J

u
n

e
 2

0
2
1

   
 V

ol
 2

1 
 N

o 
5

Calithera Biosciences & Antengene Enter Worldwide License Agreement for  
Development & Commercialization of CB-708

Calithera Biosciences, Inc. and Antengene Corporation, Ltd. 
recently announced an exclusive, worldwide license agreement 
for the development and commercialization of CB-708, 
Calithera’s small molecule inhibitor of CD73. 

“This agreement validates the capabilities of our drug dis-
covery engine and represents a significant milestone for our 
CD73 program,” said Susan Molineaux, PhD, President and Chief 
Executive Officer of Calithera. “Antengene brings significant en-
thusiasm and proven global capabilities to the development and 
future commercialization of CB-708, a potential best-in-class oral 
small molecule CD73 inhibitor. This licensing agreement enables 
the continued advancement of this promising program, while al-
lowing Calithera to focus our resources on our more advanced 
clinical programs evaluating telaglenastat in non-small cell lung 
cancer and CB-280 in cystic fibrosis.” 

CB-708 is a highly potent, selective, orally bioavailable small 
molecule inhibitor of CD73. Preclinical data presented at the 
2019 American Association for Cancer Research (AACR) Annual 
Meeting and the 2019 Society for Immunotherapy of Cancer 
(SITC) Annual Meeting demonstrated that CB-708 has immune-
mediated, single agent activity in syngeneic mouse tumor models. 
In preclinical studies, CB-708 was well-tolerated and showed en-
hanced anti-tumor activity when combined with either an anti-
PD-L1 immunotherapy or with chemotherapeutic agents, such as 
oxaliplatin or doxorubicin. CB-708 has completed GLP toxicology 
studies and is poised to advance into clinical development. 

“We are excited to continue the advancement of CB-708 
through our deep experience in global clinical development and 

extensive track record in commercialization in major markets 
around the world,” said Dr. Jay Mei, Founder and Chief Executive 
Officer of Antengene. “CB-708 is a highly differentiated oral 
small molecule CD73 inhibitor with best-in-class potential.  An-
tengene will continue to complete the GMP manufacturing of CB-
708 and advance it into clinical trials for the treatment of multiple 
cancers including solid tumors and hematologic malignancies. 
This agreement brings a great addition to our synergistic portfolio 
of 12 assets with combinatory potential, is a testament to our abil-
ities in accelerating global development, and represents another 
step in realizing our mission of treating patients beyond borders.” 

Under the terms of the license agreement, Calithera will re-
ceive an upfront payment and potential development, regulatory, 
and sales milestones of up to $255 million. Additionally, 
Calithera is eligible to receive tiered royalties on sales of the li-
censed product up to low double-digits. Antengene Investment 
Ltd, a wholly owned subsidiary of Antengene Corporation, will 
receive exclusive, worldwide rights to develop and commercialize 
CB-708. 

Calithera Biosciences is a clinical-stage biopharmaceutical 
company pioneering the discovery and development of targeted 
therapies that disrupt cellular metabolic pathways to preferentially 
starve tumor cells and enhance immune-cell activity. 

Antengene Corporation Limited is a leading clinical-stage 
R&D driven biopharmaceutical company focused on innovative 
medicines for oncology and other life-threatening diseases. An-
tengene aims to provide the most advanced anti-cancer drugs to 
patients in the Asia Pacific Region and around the world.  
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Nanosuspension Dosage Forms: Product 
Development & Scale Up  
 

By: Jim Huang, PhD, Founder & CEO, Ascendia Pharmaceuticals 

 
 

INTRODUCTION 

 

Nano-formulation of poorly water-soluble 

drugs has been proven in commercial products 

to 1) enhance drug dissolution and oral 

bioavailability, and 2) increase drug loading 

and release duration for parenteral drug 

delivery. Preparation of drug nanosuspensions 

can be top-down, bottom-up, or a combination 

of both techniques. This month’s forum will 

focus on nanosuspensions prepared via the 

top-down process, ie, wet milling process.   

During the nanosuspension formulation 

development process, efforts should first focus 

on screening to identify the lead formulation 

that generates stable nanosuspensions that 

achieve the desired drug efficacy and 

pharmacokinetic properties in animals and 

humans. Thereafter, the nano-milling process 

should be optimized to determine the critical 

process parameters with the aid of factorial 

design during scale up. Finally, consideration 

should be made in how the nanosuspensions 

can be incorporated in the final market image 

dosage form per the desired pharmaceutical 

product profiles based on the need of patients 

and available technologies. 

 

 

QUALITY TARGET PRODUCT 

PROFILE OF NANOSUSPENSIONS 

(QTPPS) 

 

A Target Product Profile (TPP) is a planning 

tool for therapeutic candidates based on FDA 

guidelines. Based on the relationship between 

Jim Huang, PhD 
j.huang@ascendiapharma.com 

(732) 640-0058 

 

QTPPs Target CQAs 

Target Patient Population <16 years old by IM route 
Product excipients selection and administration method 
should be suitable for pediatric application 

Product PK Profile 4 weeks long-acting injection 
Target dose, Pharmacokinetic parameters (Tmax, Cmax, Cmin, 
AUC); drug absorption rate 

Dosage Form Sterile suspension 
Assay, impurity level, CU, ID, and others required by USP 
<1> injection: Injections and Implanted Drug Products 
(Parenteral) — Product Quality Tests 

Microbial Attributes 
Sterile and low endotoxin 
level 

Product sterility and endotoxin level, container/closure 
integrity, and initial bioburden and endotoxin level for API 
and excipients  

Product Properties 
Robust formulation and 
manufacturing process 

In process for assay, CU, and particle size distribution; 
finished product release testing for drug assay/related 
substance, CU, particle size distribution/zeta potential, 
osmolality, re-suspendability, viscosity; particulate matter, 
drug solid form, in vitro drug release, sterility, endotoxin, 
and appearance 

Stability 

Stable at least 18 months at 
target storage conditions and 
at least 6 months at 
accelerated storage 
conditions 

Assay/related, sterility, container/closure integrity, drug 
particle size distribution/zeta potential, viscosity, re-
suspendability, particulate matter, drug solid form, in vitro 
drug release, sterility, endotoxin, and appearance 

 

T A B L E  1  

Nanosuspension Quality Target Product Profiles

FORMULATION FORUM



product quality attributes and product safety 

and efficacy profiles, a Quality Target Product 

Profile (QTPP) should be determined to define 

the desired profiles of the finished product and 

Critical Quality Attributes (CQAs). Below is an 

example of QTPPs and CQAs for a sterile 

nanosuspension dosage form. 

 

 

FORMULATION DESIGN OF 

NANOSUSPENSIONS 

 

Successful nanosuspension formulation 

development depends on careful evaluation of 

compound physical chemical and 

biopharmaceutical properties, such as 

solubility, pKa, solid surface properties, 

permeability, meting point, and crystal  

lattice structure. A good candidate for 

nanosuspension has the characteristics of BCS 

Class II compounds: low solubility, high melting 

point, high permeability, and a strong tendency 

of food effects. A formulation screening study is 

usually conducted under a small scale to find 

the suitable stabilizer(s), ie, a polymer,  

a surfactant, or a combination of 

polymer/surfactant for the nanosuspension. 

Different surface properties of API, such as 

surface charge, hydrophobicity, functional 

groups responsible for ionic, hydrogen bond, 

and Van der Waal interactions, may demand 

different types and levels of stabilizers. The 

performance of nanosuspensions should be 

confirmed by in vitro studies, such as stability, 

re-dispersibility, and in vivo performance in 

animal models. 

Selection of stabilizer(s) is crucial for 

nanosuspension formation and stability, which 

should be the first step in the development of 

the nanosuspension product. The stabilizer can 

help prevent drug particles aggregation during 

milling and storage, and to stabilize the freshly 

created surfaces during the milling process. 

Factors such as stabilizer(s), milling speed and 

time, temperature, drug loading, bead size, 

and ratio of drug suspension to the milling 

medium, etc, play a significant role in the 

particle size distribution of the milled 

suspension.  Stabilizers can stabilize drug 

suspension by a mixture of a polymer, ie, steric 

stabilizer (Poloxamer, PVP, HPC, PVPVA, PEG, 

etc), and an ionic/nonionic surfactant, ie, 

electrostatic stabilizer (Tween, SDS, sodium 

deoxycholate, Pluronic, etc).  

 

 

QBD DESIGN IN PROCESS 

DEVELOPMENT 

 

Figure 1 show a typical nano-milling 

process and scale up equipment utilized by 

Ascendia. The transfer of laboratory results for 

nano-milling from labs to production scale 

requires understanding of the critical process 

parameters, such as the specific energy input, 

stress energy of the grinding media, stress 

coefficient and residence time distribution. The 

product of stress number and stress energy is 

proportional to the specific energy input. When 
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Ascendia’s Nano-milling Process & Scaleup Equipment



scaling up is performed, formulation variables 

and process parameters, which may have a 

significant impact on the nanosuspension 

production, are drug loading, stabilizer level, 

milling speed, time, temperature, grinding 

media size and density, suspending vehicle 

viscosity, ratio of the volume of formulation to 

grinding media, percentage fill of milling 

chamber, etc.  

Preliminary formulation screening studies 

are often conducted in a lab milling system that 

has a different design from that of the scale up, 

which could result in different milling efficiency. 

Studies indicate the size of the grinding media, 

the peripheral speed of the agitator, and the 

density of the grinding media has a major 

impact on wet-milling in an agitator bead mill 

(literature information from NETZSCH-

Feinmahltechnik GmbH). Kwade defined the 

stress energy of the grinding media as a function 

of grinding media density (ρGM), grinding media 

diameter dGM, and agitator peripheral speed 

(Vt). (A. Kwade Autogenzerkleinerung von 

Kalkstein in Rührwerkmühlen. Dissertation, TU 

Braunschweig, 1996, ISBN 3-8265-2082-3). 

Kwade showed that with a constant specific 

energy input, there is an optimum stress energy 

in which the smallest product median particle 

size is achieved (Figure 2, adapted from 

Kwade’s paper).  

 

 

SUMMARY 

 

For drug nanosuspensions, parameters like 

stabilizer concentration, drug loading, milling 

speed, milling time, bead diameter/density, 

temperature, amount of beads versus drug 

product, etc, are important formulation and 

process variables. Critical process parameters 

(CPPs) that impact nanosuspensions’ critical 

quality attributes should be identified by means 

of a DOE design. The ranking of CPPs impact on 

CQAs may change as a result of a change in 

milling design during the scale-up process. It is 

important that a design space of the CPPs be 

defined during the scale-up process in order to 

achieve a robust formulation and manufacturing 

process. u  

 

To view this issue and all back issues online, 
please visit www.drug-dev.com. 
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Under a constant specific energy input, median particle size as a function of the stress energy of the grinding media.



OPEN INNOVATION 
PLATFORM

INTRODUCTION 

 

bRo5 (beyond Lipinski’s rule of 5) compounds, like PROTACs, 

offer novel opportunities for drug discovery to address difficult or 

previously undruggable targets. Nevertheless, these molecules 

often have poor drug-like properties, such as low permeability, 

low aqueous solubility, and are therefore difficult to access via 

oral administration. Other routes of administration have been ex-

plored in preclinical drug discovery to enable the evaluation of a 

molecule’s PK, efficacy, and safety profile without optimization of 

the compounds' properties. The subcutaneous administration 

route is often chosen as an alternative. Even though the subcuta-

neous application route has immense potential in the preclinical 

context, there are only a few well-described formulation options 

or excipients available. 

Based on the success of a recently completed open innova-

tion challenge in drug delivery,1 we have decided to use 

Boehringer Ingelheim’s portal, opnMe.com, once again: We in-

vite scientists from around the world to submit their innovative 

and even unconventional ideas to tackle this fundamental chal-

lenge. 

We are looking for proposals that would provide innovative 

formulation approaches to facilitate the subcutaneous application 

of bRo5 molecules in a preclinical setting.2 As an incentive to sub-

mit proposals, we provide all selected applicants with access to 

an unprecedented selection of novel bRo5 compounds. Addition-

ally, successful applicants will have the opportunity to directly in-

teract with scientific experts to establish successful collaborations. 

Here, we provide a short overview of the bRo5 compound 

class from a formulation developer’s perspective. Further, it will 

provide insights into the opnMe call and how we plan to incen-

tivize innovative drug delivery solutions.  

 

 

BACKGROUND 

 

Developed in the 1990s, Lipinski’s rule of five (Ro5) was an 

attempt to rationalize compound design in preclinical research. 

The set of rules concerning a molecule’s physicochemical prop-

erties state that poor oral absorption or permeability are more 

likely when a molecule exhibits the following characteristics: >5 

hydrogen bond donors, a molecular mass > 500, calculated logP 

is > 5, and a sum of nitrogen and oxygen atoms greater than 

ten.3 Today, there is an increasing focus on less druggable targets, 

such as the disruption of protein-protein interactions (PPI), that 

offer high potential for the development of new therapeutic 

agents and may require beyond rule of 5 (bRo5) chemical 

matter.4 In 2020, 31% of all approved NCEs failed to meet Lip-

inski’s criteria.5 
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Beyond the Rule of Five: Scouting for Novel Formulation 
Approaches to Enable the Subcutaneous Application of 
Molecules With Poor Drug-Like Properties in Preclinical 
Research – Facilitated Through opnMe.com    
By: Ines Truebenbach, PhD; Menorca Chaturvedi, PhD; Markus Koester, PhD; and Achim Grube, PhD 
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There is great therapeutic potential in 

the bRo5 chemical space. PROtelolysis Tar-

geting Chimeras (PROTACS) have at-

tracted great attention both from 

academia and industry. PROTACs regulate 

protein function by degrading target pro-

teins instead of inhibiting them, providing 

more sensitivity to drug-resistant targets 

and a greater chance to affect the non-en-

zymatic functions. PROTACs have been 

proven to show better selectivity compared 

to classic inhibitors.6 A challenge for pre-

venting PROTACs from realizing their ther-

apeutic potential is their lack of 

compliance to the Ro5. In vivo studies re-

ported with PROTACs in peer-reviewed lit-

erature have typically been performed 

through parenteral delivery rather than 

oral administration.7 

bRo5 compounds typically have poor 

physicochemical, drug metabolism, and 

pharmacokinetic properties, such as high 

lipophilicity, low solubility, low permeabil-

ity, and high metabolic clearance. For 

these molecules, it is a challenge to 

achieve the desired exposure via the p.o. 

administration route.8 Other routes of ad-

ministration have been explored in preclin-

ical drug discovery to enable the 

evaluation of a molecule’s PK, efficacy, 

and safety profile. The subcutaneous ad-

ministration route is often chosen as an al-

ternative as it offers several advantages. 

Absorption upon subcutaneous adminis-

tration is normally rapid because the sub-

cutaneous space is richly proliferated with 

blood vessels. The area is easily accessi-

ble, and many sites of injections are avail-

able.9,10 

The subcutaneous route is amenable 

to different formulation principles, e.g., 

suspension and solution formulations, 

minipumps, or extended-release formula-

tions like PLGA-microparticles.11 The 

choice of formulation type can play a 

major role when evaluating the in vivo 

profile of a compound during drug discov-

ery. Reaching a constant and/or maximum 

exposure is critical when assessing the 

pharmacokinetic, pharmacodynamic, and 

safety profile of a molecule. While subcu-

taneously applied suspension formulations 

typically yield an extended-release profile, 

solution formulations target high com-

pound exposures. The subcutaneous deliv-

ery of bRo5 molecules comes with a set of 

challenges. Due to their lipophilic nature, 

the development of a solution formulation 

is difficult. For all preclinical in vivo mod-

els, there are tolerability constraints in 

terms of maximally tolerated amounts of 

excipients, like co-solvents or complexa-

tion agents.  

 

 

opnMe PLATFORM TO 

INCENTIVIZE INNOVATION 

 

The prospect of open innovation is to 

gather out-of-the-box ideas beyond exist-

ing networks. The Molecules for Collabo-

ration program on opnMe.com offers the 

opportunity to initiate joint research proj-

ects. One successful example for a recently 

completed project was launched in Octo-

ber 2020. By the submission deadline on 

December 17, 2020, 73 scientists world-

wide submitted proposals on novel strate-

gies to tackle a major problem in 

pharmaceutical research, namely poor 

solubility. Eventually, 20 high-quality proj-

ects were selected to obtain access to our 

unique molecules.1  

In our upcoming call, we are looking 

for suitable subcutaneous formulation ap-

proaches that could potentially enable the 

early phases of drug discovery for bRo5 

molecules. We invite researchers and tech-

nology developers to submit proposals 

that would provide innovative formulation 

approaches for the subcutaneous admin-

istration route in a preclinical setting, to 

enable subcutaneous formulations of 

bRo5 molecules for preclinical PK, PD, and 

safety studies.  

As an incentive to submit proposals, 

we provide all selected applicants with ac-

cess to an unprecedented selection of 

novel bRo5 compounds, covering a diver-

sity of structural classes (e.g., PROTAC) 

and potential therapeutic mechanisms. We 

expect that this collection will provide high 

value to test your formulation technologies 

with the most recent and innovative mole-

cules. These structurally diverse molecules 

also come with additional internal data 

(Table 1) characterizing the molecules’ 

physicochemical properties, like lipophilic-

“Recently, we have reported on the successful completion of an open 
innovation challenge in the context of drug delivery.1 The overall  
success has surpassed our internal expectations and therefore, we  
decided to launch the next project.”



ity (log P/D7.4) and solubility over a wide 

pH range. Additionally, all criteria are 

listed that assign a compound to the bRo5 

chemical space (number of H-bond 

donors and acceptors, molecular weight). 

Each compound exhibits at least one vio-

lation to Ro5. Solubility in organic media 

is often a prerequisite for application of 

formulation technologies and therefore, is 

vital information to formulation develop-

ers.  

All compounds were designed for re-

cent, disease-relevant targets, some of 

which are highlighted in more detail 

below: 

 

 

•  ACBI1 causes degradation of the BAF 

chromatin remodeling complex proteins 

SMARCA2 and SMARCA4, as well to a 

lesser degree PBRM1. The compound  

is a PROTAC (proteolysis-targeting 

chimera) that induces degradation of its 

targets via inducing the formation of a 

triple complex of the target, the PRO-

TAC, and the E3 ligase VHL, resulting in 

target ubiquitylation and proteasomal 

degradation. 

 

•  HCV NS3 protease is a 180-amino acid 

chymotrypsin-like serine protease. It is 

an essential component of HCV repli-

cation and infectivity. The NS3 protein 

contains two functional domains: a ser-

ine protease and a helicase domain. 

Both HCV compounds which are of-

fered as part of this call bind to the ac-

tive site of NS3 that is located in the 

shallow and broad protein-protein in-

teraction surface of the protease and 

the helicase domain of the enzyme and 

are nanomolar to picomolar inhibitors 

of protease activity and of viral replica-

tion for various HCV genotypes and for 

resistant mutants D168V and R155K. 

Boehringer Ingelheim was the first com-

pany to establish proof-of-concept in 

humans for an HCV NS3 protease in-

hibitor as a treatment of HCV infection. 
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Drug Target 
ACB1 

PROTAC 
LFA1 MDM2::p53 HCV Protease HCV Protease 

Comment weak base weak base acid zwitterion weak base 

Mol weight [g/mol] 936.1 646.5 593.4 815.8 843.0 

# H Acceptors 11 6 6 10 11 

# H Donors 5 2 2 4 3 

logP/DpH7.4 6.4 3.8 6.3 5.6 3.7 

SOL in aqueous buffer pH 2.2 
[mg/mL] 

>1 0.06 < 0.001 0.03 0.003 

SOL in aqueous buffer pH 4.5 
[mg/mL] 

< 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

SOL in aqueous buffer pH 7.4 
[mg/mL] 

< 0.001 < 0.001 0.04 0.03 < 0.001 

SOL in EtOH  
[mg/mL] 

> 10 3.7 > 10 8.3 9.8 

SOL in Acetone  
[mg/mL] 

8.1 0.5 > 10 2.8 > 10 

SOL in ACN 
[mg/mL] 

> 10 0.4 > 10 9.4 9.2 

SOL in DMSO 
 [mg/mL] 

9.5 9.2 > 10 0.4 8.6 

SOL in DCM 
 [mg/mL] 

> 10 4.2 > 10 > 10 > 10 

T A B L E  1  

EtOH: Ethanol, ACN: Acetonitrile, DMSO: Dimethyl Sulfoxide, DCM: Dichloromethane 



PROPOSAL SUBMISSION & 

TERMS FOR COLLABORATION 

 

As part of this latest call for research 

proposals in the field of formulation re-

search, we are open to all applications if 

they arrive by July 29, 2021, 11:59 PM 

PST. Our internal review process will com-

mence in August 2021 and will be final-

ized until end of September 2021. The 

winners will then be notified, and collabo-

ration work will commence in Q4 2021 or 

Q1 2022. Please refer to opnMe.com for 

more information, including detailed infor-

mation on the call for proposals and the 

success criteria.2 

As an incentive, selected project 

teams will be provided with suitable 

amounts of the molecules to facilitate their 

research and/or to validate your new pro-

posed technology. We expect to provide 

quantities, which are typical for early drug 

discovery phases (up to 200 mg initially) 

of each drug substance completely free-

of-charge. With the provided compounds, 

we aim to create a new way to help scien-

tists validate their formulation approaches 

and to publish their data to advance sci-

entific knowledge. Furthermore, we are 

transparent about the rights and obliga-

tions of the researchers who approach the 

portal to submit their innovative ideas, es-

pecially with regard to intellectual property, 

which will remain with the scientist. 

Successful applicants will have the op-

portunity to directly interact with scientific 

experts and leaders in drug delivery at 

Boehringer Ingelheim to share information 

and to discuss additional guidance or re-

sources needed to maximize the potential 

of the work. Additional support could in-

clude provision of additional molecules, in 

vitro and in vivo assessments, access to 

state-of-the-art analytical methods, as well 

as the possibility of site visits to the 

Boehringer Ingelheim facility in Biberach, 

Germany.  

 

 

SUMMARY 

 

bRo5 compounds have a tremendous 

impact on the treatment of diseases with 

high unmet medical needs such as cancer. 

Thus, there has been increased interest in 

the discovery and development of bRo5 

drugs in the pharmaceutical industry. Due 

to their poor physicochemical properties, 

such as low solubility and high lipophilicity 

and their poor permeability, the investiga-

tion of bRo5 chemical matter is fraught 

with risk and uncertainties.4 

Already in the early stages of drug 

discovery, the successful formulation of 

bRo5 compounds for preclinical studies, 

such as PK, PD, and safety investigations, 

is challenging. 

Boehringer Ingelheim’s opnMe.com 

platform incentivizes fundamental re-

search and advances the translation of im-

portant new concepts into practical 

approaches. The current opnMe.com call 

for proposals is an opportunity for re-

searchers in the field of formulation devel-

opment to test their innovative ideas and 

approaches for subcutaneous drug formu-

lation on a unique set of structurally di-

verse bRo5 structures from current 

research projects, e.g., a PROTAC.2 Addi-

tionally, we hope that this call will facilitate 

active collaboration and the pragmatic im-

plementation of innovative drug delivery 

solutions.   
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WEARABLE  
PLATFORM

A SHIFTING HEALTH LANDSCAPE 

 

Recent technological and biotech developments are chang-

ing how we take medications, as well as the types of drugs we 

take. This has been particularly noticeable with the increasing in-

troduction of new biologic and biosimilar medications, designed 

to better manage chronic and high-burden diseases. Composed 

of larger volumes and higher viscosities than small-molecule in-

jectable drugs, these new medications require alternative meth-

ods of delivery. 

Concurrently, the continued move toward value-based care 

is placing increasing emphasis on the patient experience, while 

mounting healthcare costs are encouraging pharmaceutical com-

panies to develop solutions that better address the needs of both 

patients and healthcare providers. Meanwhile, the general trend 

toward home care and self-administration as a more effective 
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Next-Generation Wearable Drug Delivery:  
Prefilled Devices Provide a Truly Patient-Centric  
Solution  
 
 
By: Mindy Katz   
 

F I G U R E  1  
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way for patients living with chronic dis-

eases to manage their conditions has 

highlighted the need for patient-centric so-

lutions to encourage adherence to treat-

ment routines. 

Finally, the ongoing COVID-19 pan-

demic – which has led to many routine 

treatments being postponed, particularly 

for immunocompromised patients – has 

highlighted the need for patient-centric so-

lutions that enable patients to self-admin-

ister medication safely and efficiently at 

home. In many ways, COVID-19 has 

served as a catalyst for innovation in 

healthcare, accelerating the introduction 

of new technologies that will long outlive 

the pandemic. 

 

 

THE MARKET AT A GLANCE 

 

The wearable injectors market is ex-

pected to increase at a compound annual 

growth rate of over 25% over the next 

decade, with a number of key factors driv-

ing this growth, including the following: 

 

1.  An increase of chronic diseases – ap-

proximately 50% of all adults in the US 

are currently living with long-term clin-

ical conditions, placing higher burdens 

on health systems and providers. 

2.  The rising costs of healthcare – and 

growing recognition of how home care 

and patient self-administration can re-

sult in significant savings by reducing 

the number of hospital admissions and 

improving patient recovery times. 

 

3.  The need to improve medication ad-

herence – and how intuitive and easy 

to use home-based administration de-

vices, with connectivity features that en-

able real-time patient engagement, 

can improve therapy adherence and 

treatment outcomes.  

 

The changes that these driving factors 

bring to the healthcare market set Sorrel 

on the path to develop a true solution for 

wearable drug delivery devices. 

 

 

ADDRESSING THE MARKET’S 

NEEDS 

 

Sorrel is a medical device product line 

owned by Eitan Medical. Based in Israel, 

the epicenter of healthcare innovation, 

Eitan Medical’s track record includes the 

development and commercialization of the 

Sapphire infusion system, an infusion 

pump platform poised for both the hospi-

tal and homecare markets, distributed in 

over 25 countries.  

While researching the wearable drug 

delivery market, Eitan Medical - Sorrel 

found the broad experience and multidis-

ciplinary expertise accumulated across its 

R&D, regulatory, quality, and manufactur-

ing teams to be an excellent fit to address 

the particular needs and challenges of the 

wearable drug delivery market. 

 

Reliable, Controlled & Accurate Delivery 

Eitan Medical - Sorrel recognized that 

the first challenge to overcome would be 

the development of a reliable, controlled, 

and accurate delivery system. Due to the 

vast range of injectable medications al-

ready available – some requiring a con-

trolled, variable, and accurate dosing 

regimen, while others rely on a fast bolus 

injection – it was imperative for Eitan Med-

ical - Sorrel to ensure its technology could 

accommodate the wide array of current 

and emerging medications. 

To that end, an electromechanical 

pumping mechanism was designed that 

allows a wide range of flow rates and 

±5% accuracy, giving the platform inher-

ent accuracy and the crucial adaptability 

required for medications requiring lower 

rates and accurate deliveries, as well as 

those requiring bolus injections. By select-

ing only established and trustworthy com-

“Eitan Medical - Sorrel recognized that the first challenge to overcome would 
be the development of a reliable, controlled, and accurate delivery system. 
Due to the vast range of injectable medications already available – some re-
quiring a controlled, variable, and accurate dosing regimen, while others rely 
on a fast bolus injection – it was imperative for Eitan Medical - Sorrel to ensure 
its technology could accommodate the wide array of current and emerging 
medications.”



ponents for its pumping mechanism, Eitan 

Medical - Sorrel was able to secure the re-

liability that it targeted. 

 

Primary Container Agnostic for a True 

Platform Solution 

A variety of parameters affect the 

choice of volume, material, and manufac-

turer of a primary container for a specific 

medication, which is generally the choice 

of the pharmaceutical company. Formula-

tion, chemical interactions, business part-

nerships, and cost are all part of the 

equation when it comes to selecting a con-

tainer closure system.  

Eitan Medical - Sorrel’s goal was to 

allow pharmaceutical partners the free-

dom to utilize a variety of drug reservoirs, 

whether vials or cartridges, with a technol-

ogy specifically designed with the flexibility 

to allow its partners to incorporate the pri-

mary container of their choice. Being able 

to accommodate a wide range of volumes, 

ranging from 1 mL to 25 mL, the device 

platform can be easily customized to fit 

multiple products in a pharma company’s 

pipeline. 

 

This required decoupling the pump-

ing mechanism from the primary container 

to provide the necessary flexibility. The 

platform can therefore be customized to 

suit the different dimensions of any pri-

mary container, with only minor design 

changes. 

 

 

HARNESSING TECHNOLOGY FOR 

PATIENT CENTRICITY 

 

It is imperative to create the best pos-

sible user experience for self-administering 

patients. A simple user interface allows for 

a positive experience that lowers the oc-

currence of use errors and promotes 

greater adherence to treatment. Eitan 

Medical - Sorrel therefore designed a de-

vice platform that is intuitive and easy to 

use, requiring as few steps as possible 

from the patient. As a combination prod-

uct, patients can receive the drug-device 

system as a single unit, prefilled and pre-

loaded with medication. The user only 

needs to remove the device from its pack-

aging, peel the adhesive liner, adhere to 

the body, and initiate treatment.  

UV-LED for Disinfection at Point-of-Care 

A fundamental challenge in the devel-

opment of prefilled and pre-loaded de-

vices involves the process of integrating the 

primary container (filled via an aseptic 

drug filling process) and the drug delivery 

device (assembled and then sterilized) in a 

way that guarantees a disinfected fluid 

path from medication to patient. The re-

quirements for addressing such a chal-

lenge would be to ensure a cost-effective 

solution without the need for user interven-

tion, all while causing minimal disruption 

to established pharma processes. Current 

standard practice of manually swabbing 

the primary container septum with ethanol 

prior to loading it into the device does not 

allow for the desired pre-loaded and easy-

to-use wearable solution. Meanwhile, cre-

ating a microorganism-free fluid path for 

a pre-loaded solution can require making 

significant changes to established pharma 

processes to accommodate proprietary 

primary containers that contain the entire 

fluid path, or the loading of a primary 

container into the device under aseptic 

conditions.  

Seeking a solution that allows pre-

filled primary containers to be assembled 

into devices either at the pharma com-

pany, a contract manufacturer, or in Eitan 

Medical - Sorrel’s own facilities, led to the 

development of a UV-C LED technology 

for disinfection at point-of-care, enabling 

a prefilled and pre-loaded device config-

uration through the use of standard con-

tainers without interference to existing drug 

filling lines. This method results in auto-

matic, verified, and controlled local disin-

fection at the point-of-care. As with all 

components within the system, the UV LED 

is widely available, time- and scale-tested, 

and cost-effective for a disposable device. 

This enables Eitan Medical - Sorrel to de-

liver optimized product configurations for 
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Mindy Katz is Vice President, Marketing 

and Alliance Management at Eitan 

Medical where she heads the company’s 

alliance management, marketing, and 

product management activities for the 

Pharmaceutical Solutions business unit. 

Mindy’s involvement in the company’s early 

days influenced Eitan Medical’s decision to 

pursue the wearable drug delivery market, 

resulting in the development of the Sorrel™ 

wearable drug delivery platform. 

      To date Ms. Katz held a number of 

positions within the group, including 

serving as VP Marketing and Director of 

Product at Sorrel Medical, and prior to that 

as Program Manager at Q Core Medical, 

where she worked across multidisciplinary 

teams to build structured and collaborative 

partnerships between companies in the 

world of drug delivery. She holds a BSc in 

Biomedical Engineering from the Technion 

– Israel Institute of Technology.

B I O G R A P H Y

the end-user while also adapting to 

pharma practices.  

 

Smart Sensing  

As a result of the growing trend to-

ward home care and self-administration, 

patients are increasingly dependent on 

their devices, while physical interaction 

with healthcare professionals is diminish-

ing. It is therefore vital that devices en-

hance the user experience – notifying, 

prompting, and providing the confidence 

necessary for successful self-administra-

tion. To that end, all Eitan Medical - Sorrel 

devices incorporate a blend of integrated 

smart sensors – combined with visual, 

audio, and tactile indicators – to clearly 

communicate the device status to the user 

and guarantee a successful administra-

tion. 

Sensors detect air and occlusion, de-

livering alerts according to pre-defined 

parameters. A dedicated sensor ensures 

that the delivery will not begin until the de-

vice has been firmly adhered to the skin, 

while additional internal sensors detect 

needle positioning and device tempera-

ture. A series of internal system checks en-

sure the device is functioning correctly 

prior to initiating the treatment. This is 

achieved through integrating sensors with 

smart algorithms, when necessary using 

one sensor for multiple purposes. 

 

Connectivity 

Recent years have seen greater em-

phasis being placed on digital health, and 

connectivity of medical devices has subse-

quently become a key focus. The power of 

connectivity can be harnessed in a variety 

of ways, largely to promote patient en-

gagement and adherence to therapy. The 

recent COVID-19 pandemic has high-

lighted the need to keep individuals who 

do not require hospitalization out of hos-

pitals, mitigating infection rates, and 

avoiding health systems being over-

whelmed with patients. This dynamic has 

added greater urgency for effective solu-

tions that enable patients to remain home 

while ensuring they still receive optimal 

care and attention.  

The Eitan Medical - Sorrel devices are 

designed with full connectivity in mind, 

with both Bluetooth and near field com-

munication (NFC) capabilities built-in, en-

abling connectivity via two widely accepted 

and secure routes of communication. Pa-

tients will thus be able to share their treat-

ment data with caregivers, healthcare 

providers, and other stakeholders. Care 

teams can also monitor patients discreetly 

outside of hospital settings to ensure they 

are keeping to their therapy routines with-

out disrupting their daily lives. For use in 

clinical trials, Eitan Medical - Sorrel devel-

oped a dedicated smartphone application 

that enables easy sharing of treatment re-

ports during investigational use. 

 

 

MOVING FORWARD 
 

With increasingly positive expecta-

tions for the wearable device market to 

provide an intuitive and user-friendly drug 

delivery experience to patient populations, 

Eitan Medical - Sorrel continues to opti-

mize its wearable platform solution, inves-

tigating new technologies and processes 

to improve the offerings for both patients 

and providers. In July 2020, the company 

opened new manufacturing and clean-

room facilities to increase efficiencies and 

manufacturing capacity. The state-of-the-

art facility is enabling Eitan Medical -  

Sorrel’s transition from initial design and 

development, with low-volume manufac-

turing, to scalable high-quality production 

of wearable drug delivery devices to meet 

the needs of numerous global pharma-

ceutical partner programs.  u 

 

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

Chief Operating  
Officer 

 
Enteris BioPharma

Drug Development 
E X E C U T I V E
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Since its founding in 2013, Enteris BioPharma, a clinical-stage 

biopharmaceutical company based in Boonton, NJ, has grown into an important 

player in the drug development and delivery market by utilizing its proprietary drug 

delivery technologies, Peptelligence® and ProPermaTM, to develop and produce oral 

formulations of BCS class III and IV compounds, including peptides, 

peptidomimetics, and small molecules. These pioneering platforms hold the 

potential to radically alter treatment paradigms. Many of these drugs can only be 

administered parenterally due to poor oral bioavailability, which can limit market 

opportunities for the drug maker and reduce patient compliance with treatment 

regimens. In addition to its proprietary technology, Enteris is also investing heavily in 

its contract development and manufacturing capabilities, which have evolved into a 

key pillar of the company’s business strategy. 

Recently, Enteris completed a major expansion project at its 32,000-sq-ft 

manufacturing facility, providing the company with the wherewithal to take clients 

from the laboratory bench through commercial launch. The unveiling of its new and 

improved CDMO operations marks a major milestone for Enteris and is no small 

accomplishment given that the company completed the construction despite the 

disruptions brought on by COVID-19. Drug Development & Delivery recently 

interviewed Dr. Paul Shields, Chief Operating Officer of Enteris BioPharma, to 

discuss the changing face of the CDMO industry and how Enteris plans to leverage 

its newly expanded CDMO operations to take advantage of a variety of growth 

opportunities to build deeper partnerships. 

Enteris BioPharma: How to Build a 
Preferred CDMO Partner
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 Q: What role does contract development and 

manufacturing play in Enteris’ business strategy? 

 

A: I cannot overstate the importance of our CDMO operations 

to the future of Enteris. The backbone of our business has been 

partnering with pharmaceutical companies to use our core 

Peptelligence and ProPerma drug delivery technologies to design 

and advance oral tablet formulations of peptide or BCS class II, 

III, and IV small molecule products, and this has not changed. 

Yet the specific expertise needed to successfully develop and 

manufacture these oral formulations is every bit as valuable as 

the technology itself.  

           Contract manufacturing has been a key source of 

revenue for Enteris, yet we are only now about to begin to realize 

its full potential. Enteris recently announced the expansion of its 

Boonton, NJ, manufacturing facility and the launch of its CDMO 

business segment, providing custom solutions to the 

formulation, development, and manufacturing of solid oral 

doses for difficult-to-formulate BCS III and IV compounds, 

including peptides and highly potent compounds. Enteris now 

provides bench-to-market development services, including the 

development, manufacture, testing, and release of Phase 1 to 

Phase 3 clinical trial supplies, as well as commercial production. 

We believe this will bolster our strength as a development 

partner and play a key role in our ongoing business 

development efforts. To be sure, near- and medium-term 

licenses involving Peptelligence and ProPerma are expected to 

bring lucrative upfront, milestone and royalty payments. These 

partner programs, however, also have the potential to generate 

development and manufacturing revenue that will fuel future 

growth and enhance our value as a company. 

      

 

 

Q: How does Enteris’ CDMO capabilities add to the 

company’s strength as a development partner?  

 

A: The formulation, development, and manufacturing of oral, 

peptide-, and small molecule-based drugs is a tricky business 

and requires specific skills and expertise. Enteris provides total 

integrated CMC service support, including preformulation, 

formulation, analytical research and development, quality 

assurance, and clinical and commercial manufacturing of solid, 

oral dosage formulations while keeping our partners’ product 

vision the highest priority. As such, we are uniquely positioned 

within this niche with the capabilities and expertise to meet an 

array of development and manufacturing needs under a single 

roof, which can save our clients time and money.  

The idea of a CDMO as a one-stop-shop has been a 

growing trend in the industry, and for good reason. When 

pharmaceutical companies work with multiple contract services 

organizations during the drug development and manufacturing 

process, it can cost them in terms of money, time, and risk. 

Projects can become difficult to manage, whereas if the majority 

of the work is handled in one place, information flow improves, 

and it alleviates concerns about time and risk mitigation. This 

can be especially important when transferring between late-

stage clinical to commercial production. While some CDMOs 

have the capability to manufacture clinical trial materials up 

through Phase 1 or Phase 2, transferring a complex formulation 

to another CDMO can prove costly and time consuming. With 

our expanded CDMO capabilities, Enteris can remain a trusted 

and reliable manufacturer as client programs progress through 

each stage of drug development. 

 

 

 

Q: What expertise do you bring to the table that 

differentiates Enteris from other CDMOs?        

 

A: On the manufacturing side, we have considerable expertise 

in technologies to improve solubility and permeability, and we 

specialize in applying aqueous film coats at scale. We value and 

emphasize analytical development and validation. Our quality 

assurance and control systems are fully compliant with the FDA, 

EMA, and ICH. It is important to note that regardless of whether 

we are working with a solid oral dose developed using our 

Peptelligence or ProPerma technologies, or another formulation 

technology, Enteris can ensure optimal manufacturing of a 

client’s clinical and commercial supplies. 

But CDMO is about more than manufacturing. We 

have an unparalleled team of industry-leading scientific subject 

matter experts in the areas of formulation, analytical research 

and development, quality control, quality assurance, and 

manufacturing. We apply a risk-based, phase-appropriate 

approach to cGMP analytical activities, such as specification 

setting, analytical method development, and analytical 

validation. What’s more, we have thorough experience with 

high-potency active pharmaceutical ingredients (HPAPIs), 

industry-leading expertise in enteric coatings, and extensive 



experience working at small batch sizes, sometimes fewer than 

100 units, in instances where API supplies are limited due to 

cost, scarcity, or other factors.  

 

 

 

Q: Why was it important for Enteris to invest in the 

expansion of its Boonton, NJ, manufacturing facilities?      

 

A: Enteris is a growing company with a number of value-

creating opportunities on the horizon. Following the acquisition 

of Enteris in 2019 by SWK Holdings Corporation (Nasdaq: 

SWKH), we initiated an aggressive business development and 

marketing program designed to identify and secure potential 

licensing opportunities with pharmaceutical companies seeking 

to develop orally delivered versions of their peptide and small 

molecule products. The expansion of our manufacturing 

capabilities goes hand in hand with those efforts, allowing us to 

pursue deeper manufacturing relationships with developmental 

clients. 

   

  

 

Q: What capabilities do you have now that you did not 

have before?    

 

A: Enteris now has the ability to provide bench-to-market 

development services, including the development, manufacture, 

testing, and release of Phase 1 to Phase 3 CTM. We also have 

the ability to handle production for commercial launch.  

The renovated 32,000-sq-ft manufacturing facility 

includes 6,000 sq ft of cleanroom space with approximately 

2,500 sq ft dedicated to the containment and processing of 

HPAPI. The facility also includes 1,700 sq ft of flexible suite space 

that can be adapted to a partner’s development and 

manufacturing needs. 

  

 

 

Q: Enteris completed the expansion projects amid a global 

pandemic. What challenges did you have to overcome?     

 

A: Delivering on a construction timetable amid the COVID-19 

pandemic was no easy feat, and the team at Enteris is to be 

congratulated for meeting the challenge. There were hurdles 

along the way that we needed to work around, such as 

renovating one part of the facility while maintaining production 

capacity in another. Throughout the project, our team found 

creative solutions to address the specific challenge, which 

reflected the same ingenuity we bring to the production of 

pharmaceuticals. 

Interestingly, there were some advantages to 

conducting a large-scale construction project during the 

lockdown in that with most of our employees working from 

home, there was little disruption to their activities as a result of 

the construction.  The build-out could occur during the normal 

workday rather than scheduling heavy construction for off-hours 

or weekends. 

 

 

 

Q: Speaking of  COVID-19, the pandemic shined a light on 

the shortcomings of the global supply chain. How do you 

see it changing the CDMO industry?     

 

A: The disruption caused by COVID-19 caused significant 

challenges with drug shortages and increased production costs. 

It made clear the need to reduce our industry’s reliance on 

overseas markets for key materials, as well as the actual 

manufacturing of medications prescribed to millions of 

Americans. Given this dynamic, we see more demand for US-

based CDMOs with the ability to handle complex manufacturing 

needs for specialty pharmaceutical and biotechnology 

companies.   

 

 

 

Q: What should a drug developer look for from a CDMO?     

 

A: Obviously, much depends on the specifics of a project and 

the drug developer’s needs. Topping the list of criteria should be 

a proven track record with a history of quality focus and 

regulatory compliance, the company’s core competencies, and 

the breadth of the services it provides to clients. Does the CDMO 

provide bench-to-market development services, including the 

development, manufacture, testing, and release of all stages of 

CTM and commercial production? For complex drug products, 

drug makers should look for a partner skilled in highly 

specialized formulation, manufacturing, and process technology 

areas. And if your API is expensive, potent, or challenging to 
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source, it will be important to find a CDMO with a proven 

ability to manufacture small scale batches. 

Another issue to consider is the size of the CDMO 

and how your company might be prioritized. 

Understandably, companies that cater to larger drug 

makers often allocate more resources to those clients. It’s 

smart business. However, this can result in smaller drug 

makers and their projects falling through the cracks. We 

recognize there is a growing trend in the market in which 

small organizations and small and mid-size biotechnology 

companies are developing their assets to commercial 

launch. As a nimble and highly specialized CDMO, Enteris 

is very cognizant of their needs, and has the experience 

and abilities to ensure these companies receive our 

dedicated and bespoke service.  

 

 

 

Q: Looking ahead, what do you see as the key 

opportunities for Enteris’ contract manufacturing 

operations over the next 12 months?  

 

A: We see considerable opportunities in 2021, subject to 

any COVID-19 constraints, to leverage our newly 

enhanced manufacturing capabilities.  

Under our CEO Rajiv Khosla, Enteris has 

increased the business development pipeline for the 

Peptelligence and ProPerma technologies. In addition, we 

will actively pursue new high-value relationships with 

companies seeking CDMO capabilities in the US, such as 

manufacture of CTM, formulation development, and 

analytical method development, including for HPAPIs, 

regardless of whether the product is a solid oral 

formulation using our proprietary oral formulation 

technologies or other tablet technology.  u 



PRODUCT DEVELOPMENT 
STRATEGY

INTRODUCTION 

 

Fences not only make for good neighbors; they also make 

for better playgrounds. And, if you aren’t competitive on an ex-

isting seesaw or in an existing playground, the answer may be to 

build one tailored to your skills. 

The pharmaceutical market saw a major business shift in the 

1990s. It started with an appreciation that biologics could address 

important therapeutic needs beyond those treatable by small mol-

ecules. This was accompanied by the realization that many of the 

large-volume disease opportunities research-based companies 

depended on were figuratively disappearing. While still impor-

tant, these markets were becoming unattractive in the face of 

dose-optimized generics. It was nearly impossible to develop a 

product that could tip any of these seesaws, even with heavy “lu-

brication.”1  

For example, the H2-blockers that revolutionized the treat-

ment of peptic ulcers were challenged by generics as well as  

proton pump inhibitors. The hypertension market saw a succes-

sion of new therapeutic products being introduced. Beta blockers 

were replaced by ACE inhibitors and dose-optimized calcium an-

tagonists, which in turn were replaced by angiotensin receptor 

antagonists, all of which were facing pressure from generics. The 

same was true for the cash cow markets of anxiolytics and anti-

depressants. There was some opportunity in the area of antipsy-

chotics in terms of alternate dosage forms, but this was soon 

challenged by me-too products and generics.  

Safety and Efficacy were “good enough,” Convenience 

was more than acceptable with typical once-a-day oral dosing. 

All that was left unoptimized was Pricing, and generics were pre-

pared to meet that market need. 
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ESCP, Estimating Product Performance  
Part 4 – Building Playgrounds & Fences 

By: Josef Bossart, PhD  
 

E F F I C A C Y  A L W AY S  T I P S  T H E  B A L A N C E  
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BUILDING NEW SEESAWS 

 

The response by the industry was to 

move from these large indications and ex-

plore smaller opportunities that were far 

from satisfied in terms of Efficacy and 

Safety. Patients with cancer, autoimmune, 

and neurological conditions were desper-

ate for new treatments. They not only 

wanted disease-treating medications; they 

also wanted disease-modifying options.  

Biologics proved to be an important 

platform to meet these needs. It was in the 

2000s that the first truly effective treat-

ments with disease-modifying properties 

using biologics were introduced for condi-

tions such as Multiple Sclerosis, Hepatitis 

C, Rheumatoid Arthritis, and Psoriasis.  

These new products effectively created 

new seesaws and new playgrounds. Com-

paring a product like Enbrel (etanercept) 

to a simple anti-inflammatory like Voltaren 

(diclofenac) for Rheumatoid Arthritis made 

no sense. Had they been on the same see-

saw, a product like Enbrel or Humira 

would have overwhelmed any NSAID de-

spite the latter’s Convenience and Pricing 

advantage. Meaningful competition in the 

future would be on these new seesaws. 

There would still be competition among 

NSAID products like Voltaren, Naprosyn, 

and Motrin, but this competition would 

largely move to an OTC playground. 

 

 

PRICING BECOMES FLUID 

 

The initial target of many of these 

next-generation products were relatively 

large indications, such as Rheumatoid 

Arthritis; 2 million patients, Hepatitis C; 3 

million patients; and Multiple Sclerosis, 

400,000 patients, just in the US. These in-

dications though were dwarfed by earlier 

disease areas, such as Hypertension with 

more than 100 million patients, Major De-

pression with 16 million patients, and Pep-

tic Ulcer with 25 million patients. 

This new generation of pharmaceuti-

cals provided so much benefit in terms of 

Efficacy, often disease-modifying efficacy, 

that they were able to command a signifi-

cant Pricing premium. Starting cautiously, 

companies quickly realized that prices in 

the range of $25,000 to $100,000 annu-

ally were acceptable. 

While there were complaints about 

Pricing from patients, physicians, payors, 

and government health plans, the benefits 

were sufficient to drive demand and sales, 

even when there were compromises in 

terms of Safety and Convenience. The im-

portance of Efficacy as the driver of ac-

ceptance was clearly validated, especially 

for these serious chronic medical condi-

tions. 

 

 

THE EMERGENCE OF ORPHAN 

PLAYGROUNDS 

 

With the passage of Orphan Drug 

legislation in the US (1983), Japan (1993), 

and the European Union (2000), a whole 

new series of playgrounds became com-

mercially attractive. The US Act applied to 

medical conditions for which there was a 

very small population, less than 200,000 

patients, and provided certain tax benefits 

along with a period of exclusivity for ap-

plicable products, even when composition 

of matter patents on these molecules had 

expired. In some cases, the orphan indi-

cations represented tens, hundreds, or 

O R P H A N  D R U G  D E S I G N AT I O N S  BY  Y E A R  U S ,  E U  &  JA PA N  ( 1 9 8 4 - M AY  2 0 2 1 )  



thousands of patients. In other cases, the 

numbers bumped against the upper limit 

of the act that required a careful parsing 

of a disease condition definition to qualify 

as an Orphan Product. 

The Orphan Act spawned two distinct 

business strategies. The first was the tradi-

tional Pharma approach of identifying un-

dertreated conditions and finding or 

discovering molecules and treatment 

strategies that could positively impact these 

conditions. This was not unlike the strategy 

used historically for the development of 

new treatments but with the commercial 

incentives of the Orphan Drug Acts. 

A second strategy involved finding 

molecules in use for Orphan indications 

but not formally approved for these indi-

cations. This approach carried little risk 

given the historical experience and, in 

many cases, required very little clinical in-

vestment. Often, the majority of expenses 

and effort was related to collating the pub-

lished information, arranging GMP man-

ufacture, and drafting the filings. Many 

products required very limited clinical trials 

or just the promise to conduct trials post 

approval. This led to abuse by a number 

of companies. The more egregious exam-

ples included KV Pharma and Makena (hy-

droxyprogesterone caproate) for preterm 

birth, Turing Pharmaceuticals and Dara-

prim (pyrimethamine) for toxoplasmosis, 

and Catalyst Pharmaceuticals and Fir-

dapse (amifampridine) for Lambert-Eaton 

Myasthenic Syndrome. In these cases, 

product prices were increased by hundreds 

and thousands of percent with little obvi-

ous benefit or product investment. 

 

 

 

 

 

 

PRICING BECOMES EVEN MORE 

FLEXIBLE 

 

The real attraction of developing 

products for orphan indications lay in the 

pricing flexibility it offered. Treating pa-

tients for a couple of thousand dollars per 

year was attractive for conditions like hy-

perlipidemia and depression in which 

treatment was often chronic and there 

were millions of potential patients. When 

the populations decreased for more spe-

cialty indications like multiple sclerosis, a 

product with an annual price of $50,000 

could still hit the blockbuster mark with 

only 20,000 treated patients. 

With Orphan Products, the available 

populations dropped by a factor of a hun-

dred or even a thousand. The solution was 

to raise prices even further. Annual prices 

for these therapies quickly rose to 

$100,000, $500,000, and more. With no 

alternatives, the various payors, in the face 

of patient advocacy group pressure and 

with some reluctance, accepted the bar-

gain rationalizing that these premium 

prices were offset to a large extent by the 

savings realized with the generics used for 

the large-volume indications. 

 

 

FENCING PLAYGROUNDS 

 

The concept of building fences has 

been a core strategy for pharmaceutical 

product development. The industry’s in-

vestment in biologics is not only a reflec-

tion of their therapeutic potential but also 

the significant regulatory exclusivity they  

provide, the regulatory hurdles to inter-

changeability, and the myriad of process 

patents involved in their production. This 

has provided some multibillion-dollar bi-

ologics with exclusivity that exceeds 20 

years, a period of exclusivity that small 

molecule products developers rarely, if 

ever, enjoyed. 

Layer on the benefits of Orphan Drug 

legislation, and it is easy to understand 

why the industry has embraced biologics 

and orphan drugs. This partly explains the 

investment in gene and cell therapy prod-

ucts, which provide even more potential 

layers of patent protection and often the 

benefit of Orphan Drug incentives. But 

these new markets and products are still 

candidates for seesaw analysis, albeit on 

new seesaws and playgrounds. 

 

 

SEESAWS, PLAYGROUNDS & 

FENCES 

 

The fundamental ESCP process, Effi-

cacy, Safety, Convenience, and Pricing, 

outlined in this, and the previous three ar-

ticles, provides an intuitive approach to es-

timating pharmaceutical product 

opportunity.1,2,3 Applying these concepts 

can be summarized in the following four 

steps: 

 

Step 1 - Identify the playground your prod-

uct will be competing in. Put your buckets 

on the seesaw and see how they stack up 

against the competition. Identify your 

strengths and weaknesses and decide if 

they can be improved. If you aren’t com-

petitive, consider moving to the next step.  

 

Step 2 - Identify other playgrounds where 

you might be more competitive. Is there a 

therapeutic opportunity that needs its own 

playground? Can you build it? 

 

Step 3 - Repeat Steps 1 and 2 on a regular 

schedule as you get more information 

about your product and the market. Things 

change. 
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Step 4 - When you find your playground 

and seesaw, start building fences. Strong 

fences are keys to successful products.   

 

For most companies and products, 

the challenge will be to design and de-

velop a product that can compete effec-

tively on an existing seesaw. Creating new 

playgrounds or seesaws is challenging, ex-

pensive, and risky, but can offer the great-

est opportunity. 

One final note about the ESCP 

process. It is not a substitute for a rigorous 

assessment of the therapeutic and market 

opportunity. The ESCP process can help 

guide companies at the earlier stages of 

product development, especially smaller 

companies that have limited resources and 

expertise. Too many companies do the 

hard work of bringing a product through 

to approval only to find the market isn’t in-

terested. Ready-Aim-Fire fire provides con-

sistently better results than Ready-Fire-Aim. 

Going forward, Drug Development & 

Delivery will be hosting a series of articles 

on its homepage and newsletters that  

applies  these concepts to past, current, 

and pipeline products - a Playground 

Faceoff. u 

 

 

REFERENCES 

 

1.  ESCP, Estimating Product Perform-

ance, Part 3 - Mind the Axle. Drug 

Development & Delivery. 

2021;21(4):39-41. 

2.  ESCP, Estimating Product Perform-

ance, Part 2 - Choosing a Seesaw. 

Drug Development & Delivery. 

2021;21(3):44-47. 

3.  ESCP, Estimating Product Perform-

ance, Part 1 - Playground Physics, 

Drug Development & Delivery. 

2021;21(2):69-71. 

  

D
ru

g 
D

ev
el

op
m

en
t &

 D
el

iv
er

y 
  
Ju

n
e
 2

0
2
1

   
 V

ol
 2

1 
 N

o 
5 

43



SPECIAL FEATURE

Increasing patent expirations of major drugs, the growing burden of chronic diseases, and elevated global aware-

ness of vaccines are leading to a surge in outsourcing formulation development services. Industry experts say these 

trends put a value on the global pharmaceutical CDMO Market at $160.12 billion in 2020, and could reach $236.61 

billion by 2026,1 while the North American CDMO market is expected to reach $101.1 billion by 2030.2 As more 

pharma/biopharma companies opt to partner with CDMOs, much of this activity is occurring in the early phase of de-

velopment with the goal of overcoming risk, along with saving time and money as a drug passes through the develop-

ment pipeline. 

 This annual Drug Development & Delivery report highlights the formulation development and manufacturing offer-

ings from some of the leading CDMOs to address a myriad of challenges – from complex compounds to poor solubility 

to dual-release profiles. 

      

Outsourcing Formulation Development &  
Manufacturing: Meeting Demand for Biologics 
& Specialty Drugs  
By: Cindy H. Dubin, Contributor  
 

Samsung Biologics’ CLD Lab.



Adare Pharma Solutions:  

Formulating Child-Friendly,  

Broad-Range Dosing 

A European-based pharmaceuti-

cal company wanted to improve its 

pancreatic enzyme product (PEP) de-

livery to patients who have difficulty 

swallowing several capsules a day, es-

pecially children with cystic fibrosis 

(CF) and other conditions. Providing a 

broad dosage range for optimal 

symptom control and precise dosing 

was also a requirement. 

Adare Pharma Solutions scientists 

paired the API with Adare’s MMTSTM 

Minitabs technology as it can be sprin-

kled onto soft foods (<5pH). Adare 

was also able to expand the dosage 

range to 40,000 USP units. 

“This method has been proven ef-

fective, safe, and well-tolerated in 

treating pediatric CF patients (ages 1-

6 years old) in a Phase 3 pediatric 

study, and a broad dosage range 

from 3,000 to 25,000 USP units was 

also proven,” says Luigi Boltri, Senior 

Director Pharmaceutical Sciences, 

Business Support & New Technologies, 

Adare.  

In another situation, a particularly 

bitter pediatric macrolide in powder 

form was brought to Adare for needs 

beyond just taste masking. The API 

also needed fast release due to a nar-

row absorption window, a smooth 

syrup mouthfeel acceptable to chil-

dren and infants, more than 7 days of 

taste masking after suspension, and 

drug loading suitable for its high dose. 

Adare scientists paired the API 

with its Microcaps® taste-masking 

technology platform and coated with 

a pH-dependent polymer.  

“Rapid release was demonstrated 

in vitro and in vivo, achieving the tar-

geted bioequivalence,” says Mr. Boltri. 

“The API’s particle size distribution (in 

the range of 100-200µ) remained vir-

tually the same minimizing any possi-

bility of a gritty mouthfeel while also 

achieving over 10 days of taste mask-

ing in extemporary suspension. A high 

drug load of up to 70% was also 

achieved.” 

         

 

Alcami: QbD Addresses API 

Supply in Orphan Drug 

Formulation 

According to the Food and Drug 

Administration and the Orphan Drug 

Designation program, orphan status 

applies to drugs and biologics 

defined as “those intended for the 

safe and effective treatment, 

diagnosis or prevention of rare 

diseases/disorders that affect fewer 

than 200,000 people in the US, or 

that affect more than 200,000 

people, but are not expected to 

recover the costs of developing and 

marketing a treatment drug.” Due to 

the high costs and low demands of 

the drug product, it is important to 

efficiently use API supply during the 

formulation process.  

Dr. Elsie Melsopp, Head of Solids 

Formulations for Alcami, says the 

company successfully helped a client 

overcome an API supply shortage 

using Quality by Design (QbD) 

studies to successfully formulate an 

orphan drug product. The client 

needed full development and product 

readiness with an extremely short 

supply of the API. In addition, the 

scale-up batch was small because of 

the low volume of product demands 

of their orphan drug. 

Considering that small batches 

present a challenge in proving 

robustness of the processing 

equipment, the Alcami project team, 

in collaboration with client team 

members, prepared a failure mode, 

effects, and criticality analysis 

(FMECA) of the formulation and 

process. As a result, the team 

identified and prioritized studies that 

would provide the necessary product 

and process understanding needed 

to develop a control strategy, ensure 

the reproducibility of the product, and 

meet its intended safety, efficacy, 

stability, and performance profile 

regardless of the manufacturing 

scale. 

The QbD studies were designed 

concisely to minimize the use of the 

API and evaluate the critical product 

parameters that could affect the 

product quality attributes of the drug 

product, per FDA’s QbD guidance. 

“Alcami supported this product 

with supply constraints and 

successfully developed a capsule 

formulation for two dosage 

strengths,” she explains. “The 

formulations group performed 

studies at a micro-laboratory scale 

using a scientifically-based approach 

to identify a lead prototype. The 

results provided a formulation 

amenable to two dosage strengths by 

applying a proportional dosing 

weight method.” The product is 

currently in late-stage development 

with the New Drug Application filing 

expected late 2021. 
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Ascendia Pharmaceuticals: 

Versatile Technologies Deliver 

Most Compounds 

Increased complexity in dosage 

form design has led many to work 

with a specialty CDMO to resolve 

compound issues, accelerate the 

product development timeline, and re-

duce cost in development and manu-

facturing.  

As a CDMO, Ascendia has in-

vested heavily in drug delivery tech-

nologies, such as EmulSol, NanoSol, 

and AmorSol, which are versatile for 

use in delivery of small molecules, bi-

ologicals, and large molecules. “Our 

technologies can cover almost all new 

compounds with different challenging 

properties (BCS II, III, IV and biologi-

cals); we have generated 6 patents 

using our technologies in house or for 

our clients,” says Jim Huang, PhD, 

CEO, Ascendia Pharmaceuticals. 

He explains how one client was in 

search of a specialty CDMO for com-

plex sterile injectable nanosuspension 

for an unstable compound. “Using 

NanoSol technology, we were able to 

develop a stable sterile suspension by 

controlling the impurity generation 

during manufacturing process, result-

ing in a transition to a proof-of-con-

cept study in a timely matter.” 

Ascendia is also expanding its 

GMP capacity for discovery to later 

stage development of sterile and non-

sterile dosage forms. 

August Bioservices: Late-Stage 

Trial Services 

According to Marty Henehan, Vice 

President of Commercial Develop-

ment for August Bioservices, a US-

based CDMO with formulation and 

manufacturing expertise, the benefits 

for pharma companies partnering 

with CDMOs for clinical and commer-

cial-stage manufacturing are several-

fold. “First and foremost, it is 

important to remember that late-stage 

clinical trial products are being used 

to treat real people – to confirm the 

drug is safe and effective, to assess 

any potential side effects, and to com-

pare the drug being evaluated to cur-

rent treatments. Therefore, the stakes 

can’t be any higher from a human 

care perspective.” Mr. Henehan adds 

that pharma companies who have 

reached the later phases of the clinical 

trial process have painstakingly man-

aged their development processes 

over several years and want to avoid 

making a preventable mistake so late 

in the game. 
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Ascendia’s technology makes the 
insoluble soluble.

August Bioservices formulates, manufactures, and tests drug products in 
aseptic or terminally sterilized vials, prefilled syringes or cartridges, and 
fills IV bags from 25mL up to 5 liters.



 As product pipelines are expand-

ing industry-wide to include generics, 

biosimilars and biologics, new tech-

nologies and capabilities are being 

required of CDMOs to support the 

unique formulation and manufactur-

ing specifications of these molecules. 

“August has experience formulating, 

manufacturing, and launching prod-

ucts in the finished dose pharmaceu-

tical industry – both branded and 

generic – with a strong focus on in-

jectables across a multitude of presen-

tations (prefilled syringes, vials, IV 

bags),” he says. 

 He adds that August has state-of-

the-art instrumentation and more will 

be added in a 2021 expansion project 

and a 2023 new facility build. “We 

currently have a high-speed vial line 

and we are adding a prefilled syringe 

line, an IV bag line, lyophilization, and 

terminal sterilization capabilities this 

year. On the analytical side, we also 

have an Extractables and Leachables 

testing program, in addition to formu-

lation and analytical services.” 

  

   

Baxter BioPharma Solutions:  

Solving Vial Fogging Issue in Lyo 

Formulation 

As an experienced provider of fill-

finish services, Baxter BioPharma So-

lutions’ laboratory is well-equipped to 

evaluate formulations containing a bi-

ologic, evaluate the physical behavior 

of lyophilized formulations, and to iso-

late and identify particles. One of the 

instruments utilized for studying 

lyophilization is the tunable diode 

laser absorption spectroscopy (TDLAS) 

for analyzing the flow of water vapor 

from the product chamber to the con-

denser.  The data from TDLAS is used 

to develop a primary drying design 

space. The instrument is also available 

for use at full-scale. Three of the 

lyophilizers are capable of controlling 

ice nucleation for studying the effect of 

freezing conditions on drying time and 

product quality.  

Wendy Saffell-Clemmer, Lead Sci-

entist/Research and Development, 

Senior Director at Baxter BioPharma 

Solutions shares an example of a suc-

cessful resolution of a problem that 

occurred during manufacturing a 

lyophilized product that exhibited se-

vere vial fogging. “Lyophilized formu-

lations can exhibit dried solution 

above the surface of the dried cake 

and the dried solution can appear in 

the area of the vial where the stopper 

seals in the neck,” she says. “This not 

only affects appearance, but can be a 

risk to quality assurance.” 

The reason for vial fogging is not 

entirely clear and can be random, she 

adds. Some risk factors are the pres-

ence of a surfactant and the variability 

in vial surfaces. A product manufac-

tured for one client often appeared 

with low levels of vial fogging. How-

ever, one batch exhibited more than 

90% of vials with severe fogging that 

reached into the neck of a vial. The 

Baxter Research and Development 

laboratory studied the effect of differ-

ent vial types on the extent of fogging 

and helped the client identify a vial 

that worked well with their product. 

The product returned to full-scale 

manufacturing using the new vial that 

has a hydrophobic surface and no 

fogging occurred on any of the vials. 

 

 

CycloLab: Cyclodextrin-Based 

Formulations   

CycloLab Cyclodextrin Research & 

Development Laboratory Ltd. devel-

ops improved formulations of low 

water solubility and poor bioavailabil-

ity by applying various cyclodextrins. 

As a result of cyclodextrin complexa-

tion, the pharmacokinetic parameters 

of these “guest” compounds may be-

come significantly more favorable, 

says Dr. Istvan Puskas, Research 

Chemist at CycloLab. “Compared to 

traditional drug formulations, wherein D
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Greg Sacha, Senior Research Scientist at Baxter's Bloomington, Indiana 
Facility Preparing Samples for Thermal Analysis.



a surfactant and/or a co-solvent is ap-

plied for the same purpose, using cy-

clodextrins is still regarded as an 

inventive approach.” 

When an innovator applies to get 

approval for a new cyclodextrin-based 

composition of a known drug com-

pound, the question of bioequivalence 

is raised by the pharmaceutical  

authorities even for injectables, he  

explains. The innovator must demon-

strate bioequivalence of a classically 

solubilized composition to a complex, 

cyclodextrin-based formulation. Tradi-

tional animal studies to justify bioe-

quivalence are demanding in terms of 

cost, duration of test, and documen-

tation, including sensitive ethical is-

sues. To bypass this difficulty, 

biowaiver data such as in vitro perme-

ation studies are often found just as 

convincing as in vivo results in the ap-

proval process, says Dr. Puskas. 

CycloLab conducts comparative 

simple and reliable in vitro tests using 

a reference marketed product and an 

innovative cyclodextrin-based formu-

lation regardless if the new composi-

tion is developed by CycloLab or 

previously elaborated by the study 

sponsor. By conducting in vitro perme-

ation studies, the customer may get in-

sight into the physical state of the 

dissolved drug in simulated biological 

fluids or in human plasma. By analyz-

ing the permeation rates of the drug 

from the reference marketed product 

and from the cyclodextrin-based com-

plex through different semi permeable 

membranes, the justification of bioe-

quivalence might be established. The 

method is based on the discrimination 

of free and cyclodextrin or protein 

bound portion of the drug substance. 

To further illustrate the nature of 

drug-cyclodextrin interactions, com-

puter modeling on the noncovalent 

association, aggregation studies in 

different dilution states may be per-

formed. In addition, competitive cy-

clodextrin binding studies are 

provided in human serum albumin as 

well as in whole plasma. CycloLab’s 

study report on the experimental data 

is issued ready for submission to rele-

vant authorities to support the ap-

proval process. 

  

 

Emergent BioSolutions: Developing 

& Manufacturing Viral Vector-

Based Therapies 

In 2020, Emergent announced a 

$75 million investment into its Can-

ton, Massachusetts drug substance fa-

cility to increase the campus footprint 

and expand its manufacturing capa-

bilities into viral vector-based gene 

therapy. The investment includes a 

state-of-the-art, multi-suite operation 

up to 1000L in scale. The expansion 

will bolster Emergent’s integrated 

CDMO service offering for develop-

ment and manufacturing of viral vec-

tor-based gene therapies. 

“Emergent’s extensive experience 

in viral vectors and vaccine develop-

ment provides a solid background in 

the capabilities and know-how 

needed for the scale-up and produc-

tion, in addition to the processing and 

purification of cells and viruses for ad-

vanced therapies,” says Catherine 

Hanley, Vice President & Interim 

CDMO Business Unit Head, Emergent 

BioSolutions. 

A new Groninger® FlexPro 50 fill-

ing suite located at the Emergent 

Camden Drug Product facility in Balti-

more enhances capabilities for aseptic 

fill/finish processing. The FlexPro 50 

utilizes isolator-based technology for 

aseptic processing of pre-sterilized sy-

ringes, cartridges, and vials, and can 

support liquid or lyophilized products, 

says Ms. Hanley. 

Additionally, a viral drug product 

facility in Rockville, Maryland is cur-

rently undergoing a 58,000 sq. ft. ex-

pansion that will include a 

state-of-the-art high speed fill/finish 

line with fully integrated isolator tech-

nology and an automated inspection, 

labeling and packaging line, enhanc-

ing capabilities in large-scale fill/finish 

manufacturing of viral biotherapeutics 
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Emergent’s new state-of-the-art Groninger FlexPro 50 isolator system 
located at the Camden Drug Product facility in Baltimore.



and vaccines. 

Finally, the Winnipeg, Manitoba, 

Canada development and manufac-

turing site houses a state-of-the-art 

Vanrx® SA25 Aseptic Filling Workcell. 

“This provides our clients with a high 

level of sterility assurance through an 

automated handling, filling, and clos-

ing process, designed to minimize line 

losses.”  

 

 

Lubrizol Life Science Health: 

Development & Manufacturing 

Solutions for Poorly Water-Soluble 

APIs 

Lubrizol Life Science Health (LLS 

Health) recognizes a growing need for 

aseptic manufacturing capacity that 

can bridge the gap from clinical to 

commercial scale and accommodate 

complex processing steps. To this end, 

the company has continued to invest 

in its proprietary SteriMillTM technol-

ogy, which enables aseptic 

nanomilling for nanoparticulate sus-

pensions suitable for parenteral ad-

ministration (such as intravenous 

injection), long-acting injectables, and 

ophthalmic formulations. The SteriMill 

platform is one of several solubility 

and bioavailability enhancement tech-

niques that Lubrizol deploys. 

LLS Health has also invested over 

$10 million in its commercial manu-

facturing facility, building upon its 

decades as a clinical GMP manufac-

turer and allowing Lubrizol to partner 

with clients as they go to market. The 

commercial facility opened in 2019 

and features 6,000 sq. ft. of purpose-

built processing space to scale-up 

products that employ nanomilling or 

other formulation steps prior to filling. 

LLS Health’s ISO 5 filling line is 

equipped for 2-30mL fills in vials, and 

the company is also bringing its clini-

cal experience with ophthalmic bottles 

to the commercial space. The first pre-

approval inspection of the site will take 

place in the second half of this year, 

positioning LLS Health to support ex-

isting clients and new projects in need 

of commercial production, says Robert 

Lee, PhD, President, CDMO Division 

of LLS Health. 

A client reached out to LLS Health 

looking for technology to improve oral 

delivery of a poorly water-soluble API 

and provide intellectual property pro-

tection of their asset. After brainstorm-

ing with the client, Dr. Lee says LLS 

Health applied its patented LyoCell® 

technology to develop a formulation 

with high drug loading, taste masking, 

and a manufacturing process that 

could be scaled for use in an oral liq-

uid formulation.  

“LyoCells are lipid-based particles 

that possess powerful drug-solubiliz-

ing properties and are compatible 

with a variety of APIs, whether small 

molecule or biopharmaceutical,” he 

says. 

LLS Health is currently scaling the 

LyoCell manufacturing process to 

thousands of liters of concentrate that 

will be incorporated into the client’s 

final product. The scaled manufactur-

ing process will be transferred back to 

the client for future production. 

  

 

Metrics Contract Services: 

Mitigating Time, Cost, & Risk 

To enhance services at Metrics, the 

company has continued to invest in 

the single campus model where a 

dosage form can go from initial con-

cept to global commercial supply 

under a single FDA registration. Tech-

nology transfer will always add cost 

and take more time. “To mitigate cost, 

time and risk, we believe in offering 

scale-up solutions in like-equipment 

and the benefit of team continuity 

under a common quality system as a 

sponsor’s product navigates the clini-

cal pathway to commercialization,” 

says John Ross, President, Metrics 

Contract Services.   

A client came to Metrics needing 

to convert a drug-in-capsule to a for-

mulated capsule for a Phase 2a clini-

LLS Health’s commercial manufacturing facility is designed for flexible batch 
sizes and equipped for aseptic filling of 2-30mL vials.
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cal study. The drug was highly potent 

and moisture sensitive, requiring %RH 

of less than 30% at all times during 

handling and manufacture, explains 

Brad Gold, PhD, Vice President, Phar-

maceutical Development, Metrics 

Contract Services. 

Given the high potent banding, 

development and manufacture had to 

occur behind hard-wall isolation. Use 

of HEPA-filtered inlet and outlet air 

would be required.  The idea of com-

bining clean/dry compressed air, with 

ultra-low moisture contribution as 

‘make-up’ for some inlet air, was pre-

sented and engineered, as a solution.  

Dr. Gold says Metrics demon-

strated, through several dry runs, that 

this approach was a good solution to 

controlling humidity levels inside a 

containment isolator. “Formulation 

prototypes and clinical trial material 

were manufactured successfully, with 

state-of-the-art control for operator 

exposure. Moreover, the critical quality 

attribute of humidity level during man-

ufacturing was addressed, as Metrics 

was able to effectively operate its high 

potent containment isolators with ac-

ceptable differential pressure, while si-

multaneously controlling %RH to 

under 30%.” 

 

Quotient Sciences: Combining 

Development Activities Saves 

Time 

For the past decade, Quotient Sci-

ences has created a delivery platform 

that integrates drug product and clin-

ical testing activities to achieve pro-

gram acceleration. To support this 

further, Quotient recently acquired Ar-

cinova, the UK-based CDMO, be-

cause of its expertise and capability in 

early-stage drug substance and bio-

analysis work. 

”We see a great opportunity for 

investing in and integrating drug sub-

stance services into our existing drug 

product and clinical testing platform,” 

says Sarah Stevens, Vice President 

Drug Development Sciences, Quotient 

Sciences.   

Drug substance manufacturing 

often sits on the critical path in early 

development with drug product man-

ufacturing and clinical trial initiation 

routinely suffering from late API sup-

ply, she says. As one of the major 

causes of project delays, it is important 

for biotech companies to work closely 

with API manufacturers early in the de-

velopment process to ensure the drug 

substance is not only supplied on time, 

but that potential formulation or 

downstream challenges have also 

been identified or flagged up front. 

”The investment in this capability 

will enable the integration of drug 

substance, drug product, and clinical 

testing capabilities – all under one or-

ganization with a single Project Man-

agement function,” she says. 

In this environment, chemists work 

hand-in-hand with formulators and 

biopharmaceutics experts, sharing in-

formation about the properties of the 

molecule and troubleshooting formu-

lation strategies. Drug product manu-

facturing scientists work alongside 

clinical teams, ensuring that the needs 

of the clinical trial and patient groups 

are met.   

She says: ”This will cut through 

more industry silos by combining a 

range of drug development capabili-

ties, creating additional timeline sav-

ings for our clients and ultimately 

helping to get new drug molecules to 

patients, faster.” 

 

 

Recipharm: Changing Delivery 

Method for Repurposed Drug 

Recipharm is continuously looking 

to improve its aseptic fill-finish capa-

bilities for sterile liquids, and 

lyophilized products, says Torkel Gren, 

Science & Technology Officer. “This 

will be important for a lot of biologics 

and biosimilars because the two im-

portant characteristics of most biomol-

ecules are that they have none or very 

low bioavailability and their stability is 

limited. This means that they have to 

be administered by injection and, in 

many cases, lyophilization is needed 

to get a product with acceptable shelf 

life.” 

Recipharm is also working to in-

Metrics Contract Services’ clinical, analytical, development, and commercial 
services are located on one site, under a single FDA registration, in 
Greenville, NC.
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crease its dedicated manufacturing 

capability for small batches of GMP 

drug substances in addition to large 

batches for commercial.  

“We are committed to providing 

the infrastructure and capacity to sup-

port customers through the drug sub-

stance and drug product development 

process to bring these innovative 

small-molecule treatments to clinical 

trial,” he says. “With our investment, 

we will continue to support customers 

in both areas as a single, integrated 

supplier, minimizing delays from tech 

transfers between partners.” 

One customer recently ap-

proached Recipharm for help repur-

posing some registered drug 

substances as fixed-dose combination 

for a new indication. To achieve the 

right effect, one of the ingredients had 

to be delivered through modified re-

lease. “We proposed delivering one of 

the API in minitablets and the other in 

coated pellets; the minitablets and 

pellet were then filled into capsules,” 

Mr. Gren explains. “This approach 

avoided incompatibilities between the 

substances and provided both imme-

diate and modified release. Moreover, 

the proposed technology allowed the 

drug-containing components to be 

adjusted independently of each other, 

minimizing development timeframes.” 

 

 

Recro: Investing in Oral Solid Dose 

Development 

Recro continues to strategically in-

vest in new capabilities to serve the 

needs of the oral solid dose pharma 

industry. Supply chain disruption risks 

and the re-onshoring movement have 

prompted many companies to look for 

US-based CDMOs and CMOs for ei-

ther primary or second source devel-

opment and manufacturing. To serve 

this growing need, in the past year 

Recro added various capabilities and 

service offerings.  

“One of our clients came to us 

with a risk mitigation and supply chain 

security plan for one of its commercial 

products,” explains Richard Sidwell, 

Vice President and Chief Scientific Of-

ficer. “They preferred a US manufac-

turer mainly to have a secondary 

source, but it was also crucial to have 

improved distribution in their critical 

market. We saw this as an opportunity 

to install larger-scale equipment and 

expand our high shear granulation 

and fluid bed capabilities.” 

In 2020, Recro completed the 

construction of two new processing 

rooms and installed a Freund-Vector 

VFC-120MX Flo-Coater fluid bed as 

well as a Freund-Vector GMXB-400 

high shear granulator. Both of these 

installations are now fully qualified 

and in use for client projects. 

Another client had a need for a 

multiparticulate capsule with a high 

drug load. The challenge was that the 

API appeared to exhibit unusual phys-

ical behavior in the drug layering sus-

pension formulation, explains Dr. 

Sidwell. “We suggested performing a 

series of small-scale suspension 

preparations and film casting to iden-

tify a formulation that would enable a 

path forward for the drug-layering 

process. After several quick experi-

ments, we confirmed the behavior we 

were seeing was related to a physical 

drug-excipient interaction that hap-

pened in the presence of water. By 

careful selection of excipients and 

process solvents for the spray suspen-

sion, we were able to resolve the issue 

and successfully produced the desired 

drug-loaded pellets.” 

 

 

Abzena: Expediting Timelines in 

Formulation & Manufacturing 

When one of its partners required 

a formulation to support long-term 

storage for early-phase clinical studies 

and had no manufacturing capabili-

ties or formulation experience, they 

turned to Abzena. An additional chal-

lenge was very low drug substance 

available. “To overcome the chal-

lenges, we suggested a large formu-

lation screen and a pre-formulation 

study to accelerate and refine the can-

didate selection,” describes Campbell 

Bunce, PhD, Chief Scientific Officer of 

Abzena. “A 50% improvement in sta-

bility was seen in the lead and backup 

formulations when compared to our 

partner’s control.” 

 These results led to the partner 

discontinuing their preferred excipient 

and adopting the new formulations. 

As both lead and backup were similar, 

the client decided to combine the tech-

nologies used in both formulations 

and utilized this in development of 

their product. The formulation was 

also patented, helping to secure the IP 

and commercial rights of this lead 

candidate. 

 In addition to formulation studies, 

Abzena has invested in optimizing an-

alytical workflows that support selec-

tion of the best, de-risked lead drug 

candidate to progress to development 
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and manufacture, says Dr. Bunce. This 

extends into development of a new 

cell line expression platform that al-

lows material to be produced very 

early to truncate development time-

lines. The expedited timelines are 

achieved using the material for ana-

lytical method, formulation, and 

downstream development. 

 “It is important to invest in 

breadth and depth of skill sets around 

a diverse range of mammalian ex-

pression systems that align with the 

older cell lines used for out-of-patent-

biologics, as well as modern systems 

with improved productivity,” he says. 

“This allows versatility around sup-

porting biosimilar and novel biologics 

manufacture and it is critical to re-

spond to the global demand, across a 

range of therapeutic areas. This not 

only extends manufacturing capacity, 

but ensures flexibility around scale of 

manufacture and constant innovation 

around processes to shorten time-

lines.” 

 

 

 

 

Aurigene Pharmaceutical Services: 

Pellet-Filled Capsule for Dual-

Release Formulations 

Early clinical phase formulations 

are often simple powders, granules, 

drug-filled capsules, or injectables. It 

can become challenging when a 

modified-release product needs to be 

developed for preclinical and first-in-

human studies. Limited availability of 

the drug substance, the requirement 

of flexibility in dosing, and tight time-

lines are major challenges for such 

projects. Aurigene Pharmaceutical 

Services (formerly Dr. Reddy’s CPS) 

has had quite a few of these experi-

ences. One is a highly water-soluble, 

high-dose drug that needed a modi-

fied-release profile with two compo-

nents: immediate release and slow 

release.  

“The small biotech that ap-

proached us had worked with another 

CDMO for early development and de-

veloped polymer-coated tablets,” ex-

plains Rashmi Nair, Director, ROW 

Business at Aurigene Pharmaceutical 

Services. “However, for dose-ranging 

studies, they were planning to evalu-

ate six doses in clinical Phase 1 trials. 

Making six tablet strengths and opti-

mizing each of them was a herculean 

task and neither cost nor time-effi-

cient. When we took up the project, 

we decided to work backward from 

the therapeutic rationale of the prod-

uct, the competitive landscape of mar-

keted or other clinical programs, and 

a formulation that could be closer to 

a commercial formulation.” 

Aurigene designed a pellet-filled 

capsule formulation. Immediate-re-

lease pellets and slow-release pellets 

were manufactured separately 

through the Wurster coating process, 

which is easily scalable, says Ms. Nair. 

A rotary filling machine filled these 

pellets into capsules. “By varying pellet 

fill, we created different doses from 

20mg to 200mg. The beauty of this 

formulation was that we could use the 

same formulation for the clinical 

Phase 1 and 3 studies.” 

For commercial manufacturing, 

the formulation was the same, the 

process was modified with high-speed 

guns for Wurster coating, and to pre-

vent static charge and agglomeration, 

a pure steam generation step was in-

troduced during polymer coating.  

Today, this is a commercial prod-

uct. A life cycle extension product was 

created by utilizing the same slow-re-

lease formulation and adding another 

drug as immediate-release granules.  

  

 

Genezen: Single-Campus 

Approach De-Risks Development 

Genezen is a CDMO entirely fo-

cused on cell and gene therapies, with 

specific expertise in lentiviral vectors. 

The company has recently received a 

growth equity investment from Amper-
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A scientist in the bioassay team at Abzena is using a 
RoboSepTM, an automated cell separator, to isolate a specific 
cell population from a human blood sample to set up an 
assay for evaluating the functional properties of drug 
candidates.



sand Capital Partners. The funding is 

being used to build an initial 25,000-

sq. ft. cGMP-compliant lentiviral vector 

production facility as part of a multi-

phase master plan for the develop-

ment of a 75,000-sq. ft. site. The site 

will offer multiple cGMP production 

suites, including capabilities for host 

cell expansion, host cell banking, and 

viral vector production via transient 

transfection and producer cell lines.  

Genezen will also deliver a full 

suite of process development capabil-

ities to support cGMP and commercial 

readiness, upstream and downstream 

process improvements, research 

grade and preclinical vector produc-

tion, and analytical assay develop-

ment and validation from the site. 

“Capabilities to develop producer cell 

lines will help reduce dependence on 

GMP-grade plasmids, an investment 

in state-of-the-art closed systems will 

ensure safety of the product and re-

duce risks of human error, and in-

house QC assays will speed release 

testing,” says Pratima Cherukuri, Chief 

Scientific Officer at Genezen. “This 

single-campus approach is increas-

ingly appealing for pharma compa-

nies as it de-risks development and 

scale up.”  

She adds that the new site offers 

fixed-bed bioreactor technology, en-

abling Genezen to offer a closed 

lentiviral vector production platform 

culminating in aseptic fill-finish of vec-

tor products into sterile bags for use in 

cell therapy. The site will also build on 

existing adherent platforms (cell stacks 

and fixed-bed bioreactors) and refine 

existing suspension platforms to offer 

improved scaling for larger produc-

tion volumes. Analytical testing serv-

ices, including unique Recombinant 

Competent Lentivirus assays (extended 

culture and PCR methods) for end-of-

production release and patient sam-

ple testing are also available. 

 

 

Idifarma: A Focus on Complex & 

High-Value Drugs 

Idifarma has implemented several 

technologies to provide a comprehen-

sive service for the development and 

manufacture of Dried Powder Inhalers 

(DPIs), including spray drying and en-

capsulation, and has agreements with 

various relevant entities for the use of 

the latest technologies for the charac-

terization of DPIs, says Alfredo 

Gomez, Head of Site at Idifarma. 

“We continue to invest in spray 

drying technology for highly potent 

drugs,” he says. “Our focus on com-

plex and high-value drugs has re-

cently led us to invest in a software 

tool for a continuous control system of 

the process to analyze as many pa-
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Genezen’s investment to establish a 75,000 sq. ft. cGMP-compliant vector 
production facility focused on lentivirus will bring significant value to its 
current and future clients navigating early phase clinical trials and beyond.

Spray drying process with a potent drug at Idifarma.



rameters as possible, for a complete 

guarantee of compliance with specifi-

cations as well as for rapid process 

optimizations.” 

 

 

Samsung Biologics: Expanding 

Capacity for End-to-End Support 

Samsung Biologics assist clients 

with developing and manufacturing 

product pipelines in an expedited 

timeline. The CDMO has been maxi-

mizing operational efficiency and ex-

panding capabilities for end-to-end 

outsourcing support, and its latest ef-

forts include the construction of a 

fourth plant, which, upon completion, 

will give Samsung Biologics a 620KL 

of total capacity.  

Samsung Biologics also continues 

to upgrade its capabilities to accom-

modate clients by investing in single-

use technology and additional aseptic 

filling capacity. In addition, the open-

ing of a new R&D Center in San Fran-

cisco expands the company’s global 

presence, says James Choi, Senior 

Vice President and Chief Information 

and Marketing Officer, and Head of 

Investor and Global Public Relations, 

at Samsung. 

To enhance its development serv-

ices, the company has launched a 

proprietary cell-line, S-CHOice, which 

facilitates high performance to enable 

rapid advancement to IND approval. 

Samsung Biologics continues to sup-

port traditional fed-batch manufactur-

ing by implementing N-1 perfusion 

technology at the cell culture stage to 

accommodate rising demand in the 

latest technology that enhances cell 

density. 

 

 

Stelis Biosource: New 

Manufacturing Technology for 

Lyophilization & Viral Vectors 

Stelis Biosource has expertise in 

biosimilars as well as vaccines and 

other biotherapeutics. The company is 

focused on growing its capacity, capa-

bilities, and knowledge to scale up in 

the cell and gene therapy space. Ac-

cording to Dr. Anand Khedkar, Sr. Vice 

President, R&D, Stelis Biosource, the 

company is investing in various man-

ufacturing platforms for both drug 

substances and drug products.  

“We already have microbial and 

mammalian platforms and are about 

to commission a viral vector manufac-

turing platform,” he says. “We are 

also in the process of researching and 

integrating other platforms to help 

bring new kinds of therapeutic prod-

ucts to the market. On the drug prod-

uct side, we have invested in 

high-speed vial lines, a high viscosity 

prefilled syringe filling line as well as 

a cartridge filling line. We have cre-

ated dedicated facilities for viral vac-

cines, high viscosity products, 

monoclonal antibodies and other 

products. We also have the capability 

to manufacture lyophilized vials.” 

Vibalogics: Manufacturing Viral 

Vector Vaccines & Gene Therapy 

Global demand for CDMO serv-

ices is at an all-time high, fueled by 

broadening biologics pipelines. Viba-

logics is investing in global infrastruc-

ture expansions in both the existing 

clinical cGMP facility in Germany and 

the establishment of a new US facility 

in Massachusetts. Driven by a $150 

million investment and a 110,000 sq. 

ft. facility, Vibalogics will enable the 

market with further contribution to the 

overall global supply of manufactur-

ing services for oncolytic viruses, viral 

vector vaccines, and viral vector gene 

therapy products, says Joe Sinclair, VP 

of Business Development & Corporate 

Strategy for Vibalogics. “We are 

preparing for the future expansion of 

this space with a complete suite of vi-

rotherapy services and end-to-end 

service solutions.,” he says  

Investment in both novel and 

widely-utilized production and analyt-

ical platforms has enabled Vibalogics 

fit-for-service across a broad class of 

products and range of customers’ 

needs in viral production, he contin-

ues. Modular design and multi-prod-

uct considerations within the facilities 
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enable a variety of products and 

processes. Emerging trends in uti-

lizing suspension cultured cell 

substrates and a need for larger 

capacity has driven Vibalogics to 

invest in state-of-the-art technol-

ogy, such as 2,000L scale biore-

actors, with ongoing evaluation of 

platforms at 4,000L and higher.   

Vibalogics is also heavily fo-

cused on plant design considera-

tions and process capabilities to 

allow for aseptic production rou-

tinely required for viruses of 

larger size that cannot be sterile 

filtered.  u 
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GENE EDITING  
TECHNOLOGY

Genome editing technologies have existed since the 1990s but have recently made a surge, largely due to the discovery of 

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) technology in 2012.1 CRISPR genome editing is being investigated 

by researchers to make precise and permanent changes to DNA in animals and plants. Current applications include efforts to increase 

crop resilience and yield, to help contribute to feeding the growing world population. With two billion more people to feed by 2050, 

solutions are needed to increase food production without overwhelming the planet and genome editing is one practical option. In 

addition, it offers patients suffering from untreatable diseases hope that one day there will be a one-time cure available to them. 

 

 

AN OVERVIEW OF THE TECHNOLOGY 

 

CRISPR technology comprises two components: a nuclease, e.g., Cas9, which acts like a pair of scissors and is responsible for 

cleavage of double-stranded DNA, and a single guide RNA (sgRNA), which forms a complex with the nuclease and guides it to the 

target site. The technology is groundbreaking because it can be designed to make a break at a specific target sequence in the DNA 

within a living cell, allowing researchers to modify practically almost any locus in the genome of any organism.2 It is also more cost 

effective, precise and faster than previously available editing methods like zinc-finger nucleases (ZFNs) and transcription activator-

like effector nucleases (TALENs). 

As the most commonly used nuclease in CRISPR gene editing, Cas9 can be applied to target specific stretches of genetic code 

and edit DNA at precise locations, which may make it possible to correct the DNA mutations underlying diseases like sickle cell 
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Expanding the CRISPR Toolbox for Genome Editing   
 
 
By: Ashley Jacobi  
 

F I G U R E  1  



disease (SCD), Huntington’s disease and 

cystic fibrosis. However, DNA cleavage 

and editing may occur at additional sites 

in the genome that have a similar DNA se-

quence from that of the intended site. Such 

events are called “off-target effects” 

(OTEs). Use of wild type (WT) Cas9 to tar-

get certain gene locations has been shown 

to lead to more than 50 percent of the 

edits being unspecific. 

While CRISPR/Cas9 gene editing of-

fers unparalleled genome editing effi-

ciency, and can function in various cell 

types and species, challenges remain due 

to low target site specificity and on-target 

efficiency. Many researchers have tried 

modifying the guide RNA and mutant 

Cas9 proteins to improve target specificity, 

but these alterations often also reduce on-

target editing performance.  

 

 

REFINING THE CAS9 ENZYME 

AND INTRODUCING CAS12A  

 

At Integrated DNA Technologies (IDT), 

we have successfully engineered a high-fi-

delity Cas9 that has greater targeting 

specificity than the WT Cas9, while retain-

ing nuclease activity that is comparable 

with WT Cas9. In fact, our HiFi Cas9 is the 

most active and specific high-fidelity Cas9 

enzyme available, when delivered as an 

RNP complex, which provides optimal tar-

geting specificity. 

Although Cas9 is the most commonly 

used CRISPR nuclease, others do exist. 

Cas12a (formerly known as Cpf1) has re-

cently emerged as an alternative to Cas9 

in the toolbox of CRISPR-based genome 

editing tools.3 There are several unique 

features of Cas12a that distinguish it from 

Cas9; most notable is the fact that Cas12a 

targets AT-rich regions of the genome, 

compared with Cas9, which targets GC 

sequences. However, wild type Cas12a 

suffers from lower nuclease activity than 

Cas9. 

At IDT, we recently developed the Alt-

R CRISPR-Cas12a (Cpf1) Ultra system. The 

new variant, Cas12a Ultra, has enhanced 

editing activity and can be used across a 

broader temperature range than the WT 

Cas12a enzyme, making it useful for 

genome editing in a variety of organisms, 

including plants and mammals. Given the 

unique characteristics demonstrated, 

Cas12a has several potential uses for 

gene editing, which differ from Cas9.  

 

 

APPLICATIONS FOR CAS12A & 

BEYOND 

 

In AgBio applications, gene editing 

using Cas12a could be used to make 

crops more resilient, increase yields and 

boost nutritional value. Mushrooms with 

longer shelf lives, potatoes low in the pos-

sible carcinogen acrylamide, and soy 

beans that produce healthier oil are al-

ready being developed and tested, to 

name just a few.4 The technology can also 

be applied to livestock and research is un-

derway to better understand how gene ed-

iting might be used to help farmers in 

Africa breed more productive chickens 

and cows.5 

Interestingly, research is being con-

ducted to analyze the impact of using gene 

editing to prevent malaria-type disease 

transmission. Although current efforts and 

tools to prevent transmission must remain 

in effect, full eradication will require tech-

nological advances. And gene editing is a 

tool being investigated. One way to do so 

that has been demonstrated to work is tar-

geting female mosquitoes that are able to 

transmit malaria and using gene drives – 

making inheritable edits to their genes – to 

render them sterile or skew them towards 

mostly producing male offspring, unable 

to transmit the disease. However, eradicat-

ing a disease is one thing, practically erad-

icating a vector species (e.g. through an 

all-male population) is another. Along with 

the widespread potential impacts and 

other unknowns of these efforts, ethical, 

legal, social and regulatory implications 

need to be carefully considered. 

These considerations also need to en-

compass the rapidly growing list of new 

Cas enzymes being developed, other than 

Cas9 and Cas12a, and the applications 

that are being developed for them. These 

other enzymes can work alongside Cas9 

or serve different functions. For example, 
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Cas13 is a unique enzyme in that it targets 

RNA not DNA. Once it is activated by a 

single strand RNA (ssRNA) sequence that 

matches its CRISPR RNA (crRNA) spacer, it 

unleashes a non-specific ribonuclease ac-

tivity and destroys all RNA regardless of 

sequence. This characteristic has been 

harnessed in vitro for precision diagnos-

tics.6 Mammoth Biosciences are develop-

ing a CRISPR diagnostic platform, which 

may include Cas12a, Cas13a, and 

Cas14. The use of multiple Cas nucleases 

means that a larger range of sequences 

can be recognized, thus allowing the 

panel to provide diagnostic information on 

a broader range of diseases, conditions, 

and pathogens. The Cas13 crRNA spacers 

can be designed to DNA orthologs and 

generated through a transcription reaction 

in vitro. However, increased CRISPR per-

formance has been observed with RNA 

synthesized by providers such as IDT.7 

 

 

WHERE DO WE GO FROM HERE? 

 

While there are many ever-improving 

tools available to scientists performing 

ground-breaking research, and the poten-

tial of CRISPR genome editing appears 

limitless, there remain challenges that 

need to be overcome to realize the tech-

nology’s full potential. Most importantly is 

the off-target editing that can occur. How-

ever, there are other technical questions 

that remain less known. These include the 

potential that more than half of humans 

may have pre-existing humoral and cell-

mediated adaptive immune responses to 

CRISPR/Cas9 proteins, which are mostly 

derived from S. aureus and S. pyogenes – 

known bacteria that cause infectious dis-

ease in humans at high frequency. Another 

challenge to overcome relates to the deliv-

ery of these tools into cells and organisms. 

With time and continued research, these 

challenges could be overcome, opening 

up the possibility to realize the technol-

ogy’s full potential. u 
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efficient and specific cleavage by the S.p. 

Cas9 and A.s. Cas12a CRISPR nucleases.
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ORAL THIN FILMS

INTRODUCTION 

 

In an article published  in the October 2018 issue of Drug 

Development & Delivery titled Better Drug Release & Patient Expe-

rience With Buccal Films, we discussed how using buccal films in 

drug delivery would have beneficial outcomes for patients by not 

only improving prescription adherence, but improved biological 

activity with minimum side effects. Since then, there has been sig-

nificant advances in clinical development of this novel drug de-

livery system, and the technology is rapidly moving from just a 

theory to practical real-world application. 

HISTORY 

 

Over the decades, the quest for a “magic pill” has eluded 

researchers. But perhaps it is not the drug or compound, but the 

method by which we deliver the drug that ultimately decides a 

drug’s efficacy. Delivery methods can vary. Whether a drug is ad-

ministered orally, intravenously, intramuscularly, intrathecally, 

subcutaneously, sublingually, buccally, rectally, vaginally, ocular, 

nasally, inhalation, cutaneous, or even via transdermal patch, the 

many different pathways into the body can be beneficial, but 

some are often met with restrictions.  
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The Quest for a Magic Pill May Not Be a Pill at All  
 
 
By: Robert Davidson 
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In the case of oral administration of 

drugs, clinical developers know that oral 

drugs are generally the safest and least ex-

pensive pathway into the body, but not the 

most efficacious due to the first-pass effect, 

which degrades the drugs extensively. 

In short, the widely published phe-

nomenon is caused when a drug is metab-

olized through the digestive tract while en 

route to a target in the body, resulting in a 

reduced concentration of drug being de-

livered.  

While usually associated with the liver, 

first-pass effect can occur in other body tis-

sues, such as those found in the lungs, 

vascular, and gastrointestinal tract. Be-

cause first pass can vary among patients, 

appropriate dosing needs to be consid-

ered, and in those patients in which it is 

exceptionally prominent, an alternative 

administration of drugs may be required 

to bypass the digestive system.  

To compensate, higher doses of a 

drug is generally necessary, but this also 

raises the possibility of generating un-

wanted side effects. Therefore, researchers 

often need to conduct extensive…and ex-

pensive…clinical studies to determine the 

proper dose needed to achieve a specific 

clinical outcome.  

 

 

CHALLENGES & OPPORTUNITIES 

 

In the history of drug development, 

buccal administration is gaining interest 

not only for rapid and controlled release 

of drug compounds, but given the highly 

likelihood of degradation, the optimum 

method that is needed to bypass the gut 

and liver. Eliminating or reducing degra-

dation is a major step in improving 

bioavailability and can potentially allow a 

lower dose of drug to be administer, which 

could reduce potential side effects in some 

patients. 

Moreover, given the large area for 

drug application, the mouth provides an 

excellent platform for drug administration 

than other entries into the body. But does 

it really work? 

In a recent study, CURE Pharmaceuti-

cal sought to answer that question by uti-

lizing its oral thin film technology 

CUREFilm®, CURE’s proprietary emulsion 

oral thin film dose form, or OTF, to admin-

ister a 25-mg dose of CBD in healthy pa-

tients.1  

It is worth noting that CBD is a phyto-

cannabinoid compound that is fat soluble 

and has limited bioavailability. Not only is 

it difficult for the body to absorb via tradi-

tional oral ingestion, but it also suffers ex-

tensive degradation via the first- pass 

metabolism, much like other compounds 

that are administered orally.  

This open-label, randomized, single-

dose, crossover study of 14 healthy adults 

compared the pharmacokinetics of a com-

mercially available soft gel formulation 

(liquid encapsulated within a shell) of 25-

mg CBD to 25 mg of CBD delivered via 

CUREfilm. CUREfilm OTF resulted in a sig-

nificantly higher maximum serum concen-

tration (~3x increase in Cmax) and a faster 

onset/absorption (~3x decrease in Tmax), 

compared to the reference product. No 

safety concerns were reported. In both 

arms of the study, the product was admin-

istered orally (PO) and, hence, ingested. 

The study also included a subjective 

survey comprising of eight questions to aid 

in the understanding of CUREfilm OTF as 

an acceptable dosage form.  Results 

showed that none of the participants expe-

rienced discomfort, pain, numbness, or ir-

ritation during administration. Additionally, 

80% indicated “great” palatability, with 

90% rating CUREfilm OTF experience as 

very pleasant or neutral. 

The study results indicate that using 

this proprietary delivery platform not only 

improved the bioavailability of CBD in 

healthy patients, but that it is uniquely de-

signed to overcome digestive obstacles 

and deliver drugs more effectively.  

The data also showed that improved 

bioavailability resulted in higher serum 

concentrations and provided a significantly 

faster absorption into the body versus 

F I G U R E  2  



commercially available 25-mg CBD soft 

gels. 

Thus, while this delivery method im-

proved cannabinoid bioavailability, it 

stands to reason that the technology could 

be applied to other molecules that have 

similar challenges and could potentially 

achieve multiple patient benefits, such as 

allow for lower dosing of active ingredi-

ents, resulting in less side effects and better 

patient compliance. This is just the tip of 

the iceberg as the marketing potential for 

other drugs show promising result.  

As a result, CURE Pharmaceuticals 

announced earlier this year that the US 

FDA acceptance of an Investigative New 

Drug (IND) application to administer silde-

nafil citrate, the key ingredient in ViagraTM 

to treat Erectile Dysfunction (ED) utilizing 

our technology. At this writing, we expected 

to initiate our Phase 1 clinical trials in the 

first half of 2021. Since both sildenafil cit-

rate and CUREFilm have been previously 

reviewed by the FDA, we filed our appli-

cation via the 505(b)(2) pathway, which 

should expedite the US clearance process.  

According to a report from QVR Re-

search, the global ED drug market is pro-

jected to reach $66 billion by 2025, and 

according to the most recent market re-

ports, only 10 pharmaceutical products 

are available on the market that utilize the 

novel drug delivery system.2 However, due 

to the many benefits associated with the 

oral thins, such as improved patient com-

pliance, safety profile, and potential lack 

of side effects of higher drug dose needed 

when taking a tablet, demand is rising.  

In addition to CURE Pharmaceuticals, 

there are several other companies in the 

space, such as ZIM Labs, Indivior plc., 

Aquestive Therapeutics, Suminomo, 

Dainippon Pharma, and IntelGenx Corp. 

However, there are several of the larger, 

legacy pharma companies in the space, 

such as Pfizer, Novartis, Allergan, NAL 

Pharma, and Solvay to name a few. Given 

the amount of interest in the delivery 

method and the current roster of players, 

the potential pipeline has seemingly un-

limited possibilities. 

 

 

SUMMARY  

 

With the positive outcomes that we 

have experienced in our own clinical de-

velopment, the potential to meet a larger 

consumer base and find solutions for 

unmet medical needs is compelling. There 

is no doubt that the demand for oral thin 

films is among an emerging market world-

wide, and North America, with its high 

number of pharma companies and deep 

pockets for clinical research, is leading the 

way. But while discovering drugs that treat 

a myriad of diseases or conditions is para-

mount and at the heart of what life science 

companies do, these compounds are of lit-

tle use if they cannot get to the source of 

problem and treat a condition without 

causing additional undo harm to the pa-

tient. The cure cannot be worse than the 

disease. So, while we set our sights to find-

ing the best therapeutics, we must also 

keep a focus on how we get the therapeu-

tics where it needs to go. Effective drug de-

livery is almost as important as the drug 

itself. u 
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CLINICAL  
TRIALS

INTRODUCTION 

 

The pharmaceutical industry is a patient-centric industry and 

is being impacted by the COVID-19 pandemic in ways not seen 

before. Implications range from a marked slow in recruitment 

rates due to enforced social distancing policies worldwide to a 

complete halt in drug development programs as pharmaceutical 

companies rationalize their investments in these uncertain times. 

It is unfeasible and often impossible to keep a trial running “as 

usual” for a variety of reasons, eg, site visits being replaced by 

remote ones. However, the consequences of this pandemic on 

ongoing clinical trials can be objectively assessed, and with the 

correct mitigation strategies put in place, study integrity can be 

preserved, optimizing use of the available resources for both pa-

tients and sponsors. 

The following discusses some of the challenges posed to clin-

ical trials from a statistical perspective, offering potential solutions 

to overcome them with the aim of maintaining scientific accuracy 

and regulatory compliance. The need for flexibility and how this 

can be achieved without affecting patients’ safety and study va-

lidity will be a key consideration explored. It is worth mentioning 

that the discussion needs to be tailored to the specific therapeutic 

area as the challenges faced and the solutions required will be 

different for each. For instance, studies for life-threatening dis-

eases (eg, oncology) most likely can’t pause for both ethical and 

practical reasons, whereas studies on less serious illnesses might 

not suffer this problem.  

 

SAMPLE SIZE: ARE WE GOOD OR NOT? 

 

Getting the sample size right is the foundation that ensures 

a successful study whilst minimizing the number of patients un-

dergoing potentially invasive study procedures and curtailing 

costs for the sponsor. In an ideal world, we might think of contin-

uing as planned until normality is restored and procedures restart 

as before. However, shareholders and investors might disagree: 

the costs of running a study that doesn’t deliver study results in 

the originally agreed timelines can be overwhelming for major 

pharma companies and simply a killer for smaller biotech com-

panies.  

One potential solution is to investigate the impact on study 

power if recruitment was stopped and only patients currently re-

cruited were allowed to continue and complete the study. Such 

an exercise is similar to what is often done while planning the D
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Statistical Challenges in Preserving Integrity of  
Ongoing Clinical Trials During the COVID-19  
Pandemic  
 
 
By: Karen Ooms, Msc  
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study, to evaluate the impact of different 

assumptions (eg, comparator arm re-

sponse level, variability, etc), with the dif-

ference that some new information 

obtained from external sources might have 

arisen that allow a more precise charac-

terization of assumptions. If a new study, 

in which unblinded results had only been 

made available after the present study 

protocol was finalized, suggested that the 

response in the comparator arm was in 

fact different from what was originally as-

sumed, the current sample size might still 

allow sufficient power to detect a clinically 

relevant effect. Whilst this situation is not a 

very common one, re-evaluating study 

power in a large number of scenarios (ei-

ther via closed formulas or simulations) 

will provide the study team with a better 

understanding of what actions need to be 

put in place. However, if the only scenario 

to allow a sufficient power to be achieved 

requires a treatment effect twice as large 

as originally planned, it might be worth 

considering if the study can continue with 

the same characteristics prior to the pan-

demic. 

This last example brings up an impor-

tant item; the extent to which study design 

itself can be altered to respond to the cur-

rently evolving scenario. Let us assume 

that a study was planned to enrol 200 pa-

tients to demonstrate a difference in a con-

tinuous outcome between treatments ≥ 3. 

We further assume that the mean response 

was 10 in the treatment arm and 5 in the 

comparator arm with an 80% power (stan-

dard deviation = 5 and a one-sided test 

at a 2.5% level, drop-out rate assumed to 

be 0% for simplicity). If no further informa-

tion on the potential treatment effect has 

arisen from external sources, it is clear that 

if, eg, only 150 patients have currently 

been recruited, it is not possible to halt re-

cruitment now because this would leave us 

with only 68% power and increase the 

chances of the study being a failure. 

In this situation, a viable option is to 

amend the study protocol to include an 

unblinded (and previously unplanned) in-

terim analysis with the main purpose of es-

timating the current treatment effect and 

deriving measures of future study success 

(ie, conditional power or predictive power, 

depending on whether you root for fre-

quentist or Bayesian statistics) given the 

current data. Using this information (yet 

considering all available patient-level 

data), the Data Monitoring Committee can 

make a better decision as to whether the 

study is still likely to succeed or not. The 

advantage of this approach is that only 

studies that are reasonably likely to deliver 

positive results, and for which no safety 

concerns arise, will continue, freeing up 

resources for other projects and minimiz-

ing unnecessary efforts on all sides.  

It is relevant to point out that going 

down this route has implications on study 

design. If an unblinded interim is added, 

preservation of type I error rate needs to 

be maintained via, eg, alpha-spending 

functions that ultimately imply an increase 

in the overall sample size. Whilst this might 

seem counter-productive, considering the 

difficulties in achieving the planned, and 

lower, sample size, this ensures the efforts 

of recruiting additional patients are only 

done for promising compounds. 

 

 

ESTIMANDS & MISSING DATA: IS 

COVID-19 AN INTERCURRENT 

EVENT? 

 

Intercurrent events should be outlined 

in the protocol and the estimands defined 

to outline the approach to each antici-

pated intercurrent event. During the pan-

demic, it is expected that protocol 

amendments will document changes to the 

design and conduct of studies in order to 

adapt to travel restrictions, limited access 

to sites, subjects, and site staff suffering 

from COVID-19, etc. It therefore seems 

reasonable to review and adapt study es-

timands as well. 

Protocols may be adapted to allow for 

a pause in treatment, an alternative treat-

ment, remote visits, larger visit windows, 

and so on. Subjects may miss visits due to 

logistical reasons or having the virus. Each 

of these situations can be treated as an in-

tercurrent event and, for each, the most 

appropriate strategy selected. The most 

suitable approach will depend on the de-

tails of the trial, the study treatment, and 

the indication, and will need to be agreed 

by the whole study team. Consequently, 

adaptations may be required to the 

planned analyses to ensure consistency 

with the estimands defined in the protocol. 

COVID 19-related intercurrent events 

may potentially cause an increase in miss-

ing data. Updates to the approach to 

dealing with missing data may be required 

to ensure it is done appropriately and is 

consistent with the estimands. 

Where only minimal changes to the 

trial conduct have been implemented due 

to the pandemic, it might be reasonable 

and acceptable not to treat events related 

to COVID-19 as intercurrent events. The 

practical impact would simply be a larger 

than previously anticipated amount of 

missing data, and this can be tackled by 

amending the missing data approach out-

lined in the Statistical Analysis Plan, or by 

justifying the reasons for no changes. 

Trials are ideally designed with the in-

tention of minimizing missing data so 

adaptations will be required as a reaction 

to the pandemic. By making some 

changes at the procedural level, such as 

making use of local labs or switching to 



standard-of-care or self-administration of 

the IP, data can be collected, whereas 

under the original protocol, these data 

would have been missing. These proce-

dural changes will have some impact on 

the data collected, and analyses may need 

to be adjusted to take this into account. It 

is therefore critical that case report forms 

(CRFs) are amended to capture changes 

to trial procedures at each data collection, 

as well as reasons for treatment and/or 

study withdrawal. This information can 

then be considered in the statistical analy-

ses so that it does not confound the treat-

ment effect.  

Let us consider the scenario in which 

there is an unacceptably large amount of 

missing data when determining the num-

ber of responders for the primary efficacy 

endpoint at the timepoint of interest. If the 

original analysis method was based on a 

generalized estimating equation (GEE), a 

weighted GEE could be considered in-

stead, which would make use of the data 

from the preceding visits when computing 

estimates.  

Sensitivity analyses may also be in-

cluded to assess the impact of intercurrent 

events by utilizing techniques, such as mul-

tiple imputation under different outcome 

assignments. 

 

 

IMPROVING DATA QUALITY 

THROUGH CENTRALIZED 

STATISTICAL MONITORING 

 

It is likely that access to sites will be 

restricted for many months. This will ne-

cessitate the need for alternative mecha-

nisms to provide monitoring and oversight 

activities. Therefore the need for central-

ized statistical monitoring is upon us, and 

this is highlighted by recent guidance from 

the FDA on conduct of trials during the 

pandemic: “If planned on-site monitoring 

visits are no longer possible, sponsors 

should consider optimizing use of central 

and remote monitoring programs to main-

tain oversight of clinical sites.”  

While clinical research associates 

(CRAs) are no longer travelling to site, cen-

tralized statistical monitoring will be re-

quired to check for the usual data patterns 

and anomalies noted here: 

 

•  identify missing data, inconsistent data, 

data outliers, unexpected lack of vari-

ability and protocol deviations 

•  examine data trends, such as the range, 

consistency, and variability of data 

within and across sites 

•  evaluate systematic or significant errors 

in data collection and reporting at a site 

or across sites; or potential data manip-

ulation or data integrity problems 

•  analyse site characteristics and per-

formance metrics 

•  select sites and/or processes for tar-

geted on-site monitoring 

 

However, it is also important to exam-

ine areas not previously required, eg, tra-

ditional visits versus non-traditional visits, 

protocol defined endpoint data collection 

versus updated endpoint data collection. 

When analyzing at site or regional level, it 

may be more important to have some 

awareness or measure of how far the virus 

had progressed at time of reporting in that 

region, what measures were being taken, 

and how regional healthcare systems were 

coping. Patterns must be monitored as the 

trial progresses, but with an awareness 

that a full understanding of the situation, 

its impact, and what results may or may 

not be acceptable is still unfolding. Com-

munication between departments is there-

fore key; signals must be raised on 

anomalies, and they must be opened up 

for multi-disciplined discussion across 

study teams. 

One example of anomalous meas-

ures in sites that can be captured by cen-

tralized statistical monitoring is if a 

temperature measurement at a particular 

site differs from the others due to, eg, mis-

calibrated thermometers. Tools such as 

CluePoints and SAS JMP can pick up these 

differences by analyzing means and vari-

ances of temperature readings and com-

paring across sites. Without site visits, the 

need for this kind of analysis is increased 

as such differences are less likely to be 

picked up. And during these times, analy-

ses should not only be carried out across 

different sites but by also comparing, for 

example, traditional patient visits to those 

that are carried out at a different time or 

place due to the pandemic. 

 

 

DOCUMENTATION: TO AMEND 

OR NOT TO AMEND? 

 

All of the aforementioned areas im-

pacted by COVID-19 call for updates to 

existing study documentation. However, D
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these updates can be made in different 

ways, and should be thought through 

carefully. To a certain extent, the rapidly 

evolving situation differs across regions 

and countries. As such, protocol amend-

ments or updates to the Analysis Plans will 

have to account for this and factor in a 

certain level of uncertainty. 

In addition to the items discussed in 

previous sections, other study features that 

should be considered for updating include 

the following: 

 

Protocol Deviation Plan - many more pa-

tients will miss crucial visits, or will have to 

suspend treatment, and this in turn has an 

impact not only on the study estimands, 

but also on the definition of study popula-

tions as well as the list of protocol devia-

tions. These are a critical part of a Clinical 

Study Report as they allow the assessment 

of the quality of study conduct and largely 

impact on regulatory decisions. Being able 

to identify what, in these new circum-

stances, is a deviation and what is not is 

key to ensuring the relevant information is 

collected, displayed, and analyzed. De-

scriptive comparisons of patterns before, 

during, and after the pandemic could be 

considered, both to measure the impact of 

mitigation strategies as well as to poten-

tially identify under-reporting, ie, cases in 

which deviations occur but are not re-

ported. 

 

Analysis of Safety Data - in most studies, 

estimands are defined for efficacy assess-

ment, with safety data often analyzed de-

scriptively by looking at adverse event (AE) 

frequencies, lab parameter summaries, 

and trends over time in line plots. The na-

ture of this pandemic, though, is likely to 

affect the level of AE reporting, resulting in 

an increase of mild-to-moderate events, 

such as pyrexia, sore throat, and other 

upper pharyngeal trait illnesses that in 

normal times could be dismissed as nui-

sance by patients and not reported. On 

the other hand, patients with undiagnosed 

COVID-19 might have further comorbidi-

ties that might never be related to the virus 

itself and would be incorrectly evaluated. 

Allowing, for example, stratified analysis 

of AE patterns might help to identify any 

relevant trend. Patient narratives will be 

key to ensure any such case is captured 

and properly discussed. 

 

Data Management Plan - some additional 

built-in checks might need to be added, 

and the general schedule of data flows 

could benefit from an assessment of what 

the current situation could entail. For in-

stance, the eCRF could be updated to col-

lect relevant data on COVID-19 symptoms 

within a respiratory trial, or specific causes 

for treatment discontinuation.  

 

It is important to stress that no matter 

how careful the assessment of the poten-

tial COVID-19 impact is, it is unlikely that 

all relevant impacted features will be iden-

tified straight away. Continuous monitor-

ing will be required to capture every 

change in the current situation. 

 

 

SUMMARY 

 

The COVID-19 pandemic is the 

biggest challenge the world has faced in 

decades; it is impacting every aspect of 

daily life, and clinical trials are not exempt. 

The integrity and feasibility of ongoing 

studies is threatened as the outbreak con-

tinues globally.   

The biopharma industry’s response to 

the COVID-19 crisis has been commend-

able, with new treatments and vaccines al-

ready in testing. This industry focus, 

however, along with the burden the pan-

demic is placing on hospitals and medical 

centres worldwide is highly disruptive to 

ongoing clinical trials. The impact over the 

coming months and years will be wide-

spread and multifaceted, and although it 

is not possible yet to identify the full extent 

and severity, it is possible to examine core 

components of studies on an individual 

basis and identify the most affected areas. 

By putting mitigating strategies in place, it 

may be possible to salvage some of, if not 

all, a study’s potential. 
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PRECLINICAL  
TESTING

INTRODUCTION 

 

Implantable medical devices (IMDs) are increasingly used in 

established and novel clinical applications. Given such devices’ 

invasive nature, they are subject to some of the strictest regula-

tions and rigorous pre- and post-market controls. In vivo preclin-

ical models represent a crucial tool to study how these devices 

function in physiological settings and provide vital supporting ev-

idence for regulatory approval processes. However, standard ex-

perimental design and primary endpoints for preclinical studies 

are often limited, reductionist, and may overlook common and 

essential clinical aspects of a patient's condition that could impact 

device safety and performance.  

The following outlines the growing importance of im-

plantable devices in clinical settings and our daily lives, highlight-

ing the current state of preclinical testing and the regulatory 

barriers faced by device developers. But, as described here, in-

novative preclinical study design and testing in multiple disease 

contexts can provide a deeper understanding of device function, 

enabling more effective product development and more precise 

insight into clinical effectiveness.  

 

 

EXPANDING OPPORTUNITIES FOR DEVICES & 

PATIENTS 

 

IMDs — a subset of medical devices — are used inside the 

body and include artificial hips, drug-eluting stents, insulin deliv-

ery devices, and pacemakers. The market for IMDs is increasing 

and is expected to reach a global value of $153.8 billion by 

2026.1 IMDs have been used for decades in surgical settings to 

provide life-saving therapies, primarily in orthopedics and cardi-

ology. But more recently, significant interest in IMDs replacing or 

complementing existing pharmaceutical treatments has been 

growing in many clinical fields. There are also broader applica-

tions for IMDs in personalized medicine, health monitoring, and 

interfacing directly with physiological systems. Elon Musk's Neu-

ralink technology, for example, is receiving significant media at-

tention and highlights the scope of the future of IMDs.2  

Several developments are facilitating the increased adoption 

of IMDs in all these contexts. One improvement comes from ad-

vances in materials with desirable functional properties that are 

also safe to use in sensitive locations in the body, such as blood 

vessels and heart muscle. Plus, the rapid development of wireless 

and Internet-of-Things technologies over the past decade is facil-

itating innovation of smaller, smarter implants, and secure wire-

less technologies and software developments, which expand the 

functionality of many existing monitoring technologies. 

IMD technologies can alleviate patient burdens in many 

ways. As an example, diabetes, which is increasingly prevalent 

globally (especially in developed countries, like the US) often re-

lies on patient-driven monitoring and treatment for effective dis-

ease management, creating a significant burden to the patient. 

Such problems could be resolved with effective monitoring and 

drug-delivering IMDs. Similar devices are set to become increas-

ingly common in treating many conditions and replacing or com-

plementing traditional pharmaceutical approaches.  
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Expanding Opportunities in Implantable Medical 
Devices With Optimized Preclinical Studies  
 
 
By: Jaleel Shujath 
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REGULATORY CLASSIFICATION & 

CONSEQUENCES 

 

The regulatory approval process re-

flects the different challenges involved in 

the development of IMDs versus pharma-

ceuticals. The key differences lie in how 

regulatory bodies classify IMDs and the re-

sulting consequences for development 

pipelines. For example, the World Health 

Organization defines a medical device as: 

“any instrument, implant, software, or ma-

terial intended to be used in human beings 

for a medical purpose, including diagno-

sis, prevention, monitoring, or treating a 

disease or injury and for support of the 

anatomy or of a physiological process.”3 

Major regulatory bodies develop clas-

sification systems for medical devices that 

stratify products by risk. The US FDA, for 

example, uses three categories: low risk 

(or Class I), which includes IMDs such as 

elastic bandages and nasal sprays; mod-

erate-risk devices (or Class II), which in-

cludes glucose monitoring systems, 

pregnancy tests, and powered wheel-

chairs; and high risk (or Class III), which 

includes IMDs such as drug-eluting stents 

and pacemakers.4 The regulatory controls 

required for these classes differ signifi-

cantly (Figure 1). Implantable and invasive 

devices are typically higher risk due to in-

vasive procedures, innate immune re-

sponses, and material toxicity.5 

Consequently, they require stringent pre-

market approval (PMA) applications be-

fore entering the market. However, 

approval of these devices can be stream-

lined by showing equivalence with a mar-

keted device not requiring PMA — termed 

predicate — via a 510(k). 

In contrast to PMA applications, only 

10% to 15% of 510(k) applications require 

clinical data and can rely heavily on pre-

clinical studies to provide the data on the 

device's equivalence and performance 

compared to the predicate device.4 As a 

result, 510(k) applications offer a quick 

route-to-market for iterations of existing 

products, analogous to an abbreviated 

new drug application (ANDA) for a phar-

maceutical. 

 

 

THE IMPORTANCE OF 

PRECLINICAL STUDIES 

 

Preclinical studies are extremely valu-

able in IMD development, from trialing 

early devices to comprehensive evalua-

tions of efficacy. A study’s design depends 

on the stage of product development, with 

endpoints matched to the aims. 

Feasibility studies allow initial in vivo 

tests of device implantation and removal 

in live animals (under anesthesia), as well 

as basic assessments of device function 

and safety. Extensive post-surgical histol-

ogy is not typically required. Good labo-

ratory practice (GLP) studies, on the other 

hand, are more involved, with more de-

fined endpoints for safety or functionality. 

For example, a GLP study of a hemor-

rhage-control device might involve multi-

ple applications of the device in a surgical 

setting. A battery of physiological record-

ings to assess the systemic animal state 

can be taken before post-surgical histol-

ogy of the device location to evaluate local 

tissue damage.  

 

F I G U R E  1  

The lowest-risk medical devices, Class I, are simple and usually require no pre-market submissions. Risk increases 
in Class II devices, in which pre-market notification is required. Class III devices are typically implanted, such as 
drug-eluting stents, and these devices require pre-market approval in the US.



Preclinical studies are used in both 

510(k) and PMA applications for IMDs to 

assess safety and performance. These 

studies have several significant advan-

tages over clinical trials. In particular, ani-

mal studies provide essential information 

about the physiological impacts of im-

planting a device important to assessing 

safety. For example, any implant results in 

a foreign body response (FBR) from sur-

rounding tissue, which is crucial to under-

stand from a safety and performance 

perspective (Figure 2).6,7 An FBR is a phys-

iological reaction of the body to foreign 

material in the tissue. It is a step-wise 

process of inflammation, wound healing, 

and potential end-stage fibrosis and scar-

ring.8 If not resolved, excessive fibrosis can 

result in fibrotic encapsulation of im-

planted devices, which can impair device 

integration, long-term functionality, and 

bioactivity.  

Devices implanted in soft tissue or 

muscle typically create mild fibrosis sur-

rounding the device, altering tissue me-

chanics and creating a stiffer tissue context 

for the device.9 Additional local immune 

responses can cause inflammation, 

swelling, and bruising around the implan-

tation site as well. These different aspects 

of FBR can impact device stability, safety, 

and function, which makes these re-

sponses crucial to model and understand. 

Moreover, the material composition, 

shape, and rigidity of an IMD can modu-

late the resulting FBR, which makes these 

studies part of a feedback loop for iterative 

design improvements to limit the un-

wanted response.7,10 

Predicting physiological responses to 

a particular implant in humans is chal-

lenging due to significant case-to-case 

variability based on the device’s specific 

location in patients. In rats, for example, 

the microtissue anatomy of different sub-

cutaneous implant sites can alter the 

FBR.11 Although post-market risk evalua-

tion is an integral part of any IMD devel-

opment pipeline, there are limitations to 

the types of endpoints available in human 

subjects, such as tissue histology. As a re-

sult, animal models represent an essential 

tool for understanding the physiological 

response to an IMD. 

Detailed histopathology from one or 

more time points after implantation can 

provide the most accurate assessment of 

inflammation and fibrosis at the site of im-

plantation.6 Additionally, systemic read-

outs, such as levels of inflammatory 

markers in blood or serum, can provide 

additional data on the inflammatory re-

sponse, as well as useful functional end-

points for specific devices, such as 

implantable insulin pumps. 

Aside from safety, preclinical studies 

are also crucial for assessing an IMD’s 

performance. For instance, Phase 3 drug 

trials typically involve placebo-controlled 

studies to determine a drug’s effectiveness 

versus a control. Equivalent clinical studies 

for IMDs are impossible due to ethical bar-

riers to unnecessary surgery or implanta-

tion of sham devices. As a result, the 

assessment of a device's efficacy in con-

trolled conditions or in comparison to 

other device designs relies entirely on pre-

clinical studies.  

As shown, safety and performance 

studies focus on assessing device perform-

ance under routine conditions. For devices 

used in specific pathological states, pre-

clinical studies tend to replicate this state 

as simply as possible. For example, vascu-

lar-seal devices can be implanted follow-

ing acute arteriotomy in porcine models, 

and polymeric drug delivery systems can 

be implanted in the eye during the various 

stages of glaucoma in rabbit models. Al-

though informative, these studies do not 

consider the impact of disease states or lo-

calized pathology — such as infection — 

on device function. This creates a critical 

knowledge gap in our understanding of 

how devices perform in realistic clinical 

F I G U R E  2  

Histological stain showing fibrosis in scleroderma.
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settings. Nevertheless, preclinical animal 

studies can be extended to provide data to 

guide product development that in vitro or 

clinical follow-up studies cannot. 

 

 

A SPOTLIGHT ON CONTINUOUS 

GLUCOSE MONITORS 

 

Innovative study design and end-

points can help preclinical studies of con-

tinuous glucose monitors provide a more 

robust clinical performance assessment. In 

the US, approximately 10% of the popula-

tion suffer from diagnosed or undiag-

nosed diabetes, a figure that has steadily 

increased over the past 20 years.12 Stan-

dards of care, like finger prick tests and in-

sulin injections, have several limitations, 

including reliance on patient adherence, 

regular invasive procedures, and patient-

driven treatment. Continuous glucose 

monitoring (CGM) devices are small im-

plants placed under the skin that regularly 

report blood glucose levels to the user via 

a software application. In 2018, Senseon-

ics' Eversense became the first implantable 

CGM to gain FDA approval, coinciding 

with the approval of the interoperable 

Dexcom G6.13,14 Given the regulatory bar-

riers for breakthrough IMDs, these mile-

stones will likely lead to more devices 

entering the market over the coming 

decade. 

There are several well-established 

preclinical models for diabetes in the as-

sessment of CGMs. Figure 3 illustrates the 

basic study design for testing the primary 

functional endpoint — blood glucose 

reading — in a chemically-induced model 

of diabetes in minipigs.15 These studies 

allow a direct comparison of blood glu-

cose with the estimated reading provided 

by the implant in diabetic and control an-

imals, allowing an in vivo evaluation of a 

device’s performance across a wide range 

of blood glucose values. 

Experiments like these can be com-

bined with follow-up histological assess-

ments of the implant area. For example, a 

recent study in a rodent model of diabetes 

found a positive correlation between col-

lagen content at the implant site (a read-

out of fibrosis) and delay in CGM read-

ings.16 That type of study provides a useful 

way to understand the underlying causes 

of the poor performance of CGMs in vivo. 

Importantly though, diabetes is a 

metabolic disease often associated with 

other comorbidities, including obesity, lung 

disease, and liver disease. Indeed, smok-

ers are 30% to 40% more likely to develop 

type 2 diabetes, and non-alcoholic fatty 

liver disease (NAFLD) increases the risk of 

type 2 diabetes by two- to three-fold.17,18 

These conditions are associated with 

broad systemic changes to metabolism 

and immune response and represent a 

common but distinct physiological context 

within which CGMs must function properly. 

Conditions such as NAFLD have estab-

lished preclinical models, like the Amylin 

liver NASH (ALMN) diet, which leads to 

progressive accumulation of fat in the liver, 

fibrosis, and eventually cirrhosis. These 

models offer an ideal system for testing the 

performance of CGM devices under a sec-

ondary, clinically relevant disease context. 
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F I G U R E  3  

A continuous glucose monitoring (CGM) device tested in a porcine model of diabetes, which was induced with an  
injection of streptozotocin. Indocyanine green (IGC) provides information from the implanted device compared to 
recordings of blood glucose content (square boxes). In non-diabetic conditions (left), the CGM measures blood  
glucose more accurately than in diabetic animals (right).



This type of data could lead to device de-

signs that are more universally reliable or 

to stratify patients to offer specialized de-

vices for those with relevant comorbidities. 

 

 

THE ROUTE TO SAFER, MORE 

EFFECTIVE IMDS 

 

Preclinical studies make up a vital 

stage in the development of IMDs. Estab-

lished disease models and study designs 

enable effective assessments of safety and 

efficacy. However, these models can be 

further augmented to provide far greater 

insight into the function of these devices in 

real clinical settings, namely by combining 

disease models and correlating device 

performance with secondary endpoints. 

Given the growing importance of IMDs in 

the clinic, and our daily lives, the develop-

ment of this preclinical approach is more 

critical than ever.  u 
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Pharma R&D is in its heyday, with funding at record levels. Additionally, the 

number of molecules in the industry pipeline seems to be increasing by about 10% 

per year on average. 

As more companies get involved in drug development, the majority are small, 

virtual organizations that rely on outsourcing models. But outsource providers face 

technical challenges in finding molecules that work. Most development project teams 

are trying to “get to know/no quickly.” The goal is to spend the minimum amount of 

money to have the greatest confidence that the molecule will be a success.  

Moving from the edge of discovery research, or candidate selection, and into 

clinical proof of concept is where most attrition occurs in drug development. This is 

where Quotient Sciences has created a niche for itself over the past 15 years. 

Quotient has developed a novel platform called Translational Pharmaceutics®, which 

integrates drug product and clinical testing activities, breaking down the silos 

between Chemistry, Manufacturing and Controls (CMC) and clinical research to 

accelerate molecules through development. This helps biotech/pharma companies 

shorten timelines by at least 12 months, reducing spend, and reaching key 

milestones as quickly and efficiently as possible.  

Quotient Sciences, a drug development and manufacturing accelerator, recently 

acquired Arcinova, a UK-based multiservice contract development and 

manufacturing organization. The acquisition expands Quotient’s service portfolio 

and will enable the integration of drug substance, drug product, and clinical testing 

capabilities all under one umbrella.  

Quotient Sciences: Breaking Down 
the Silos Between Drug Substance & 
Drug Product
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Drug Development & Delivery recently spoke with Mark 

Egerton, PhD, CEO of Quotient Sciences, about how integrating 

these capabilities cuts through functional silos, simplifies drug 

development, and affirms Quotient’s belief that molecules need 

to become cures, fast.   

 

 

 

Q: Why was Arcinova attractive to Quotient?  

 

A: The Arcinova acquisition gives us a new set of services and 

allows us to engage with a customer at the point of candidate 

selection. Now, we can support a molecule all the way from 

molecule selection to proof of concept and onwards to 

commercial product manufacture. The services that Arcinova 

offers are complementary to what Quotient provides to its 

customers. Arcinova manufactures drug substance – the active 

pharmaceutical ingredient – which Quotient doesn’t and was 

eager to add to its service portfolio. When a customer comes out 

of discovery research and identifies the candidate they want to 

develop, the first thing they have to do is make larger volumes 

of drug substance to support the preclinical toxicology studies 

and initial clinical trials. That’s what Arcinova does. To date, 

Quotient has specialized in understanding which formulation 

compositions to develop to maximize the delivery of an active 

drug substance at the right place, right time, and right 

concentration. We take those drug product compositions and 

manufacture them all the way to commercial manufacturing. So, 

with this acquisition, we are combining the active ingredient with 

the formulation capability. Our strategic goal is to integrate drug 

substance manufacturing into our Translational Pharmaceutics 

platform. We think the timeline acceleration that we can offer for 

a customer will increase from 12 months to 18 months.      

 

 

 

Q: How will this acquisition break down the industry silos 

you see happening in pharma?   

 

A: There is a lot of “siloing” in the industry. Many outsourcing 

companies have been formed along functional disciplines. It is 

quite rare to find companies that manufacture both drug 

product and drug substance, and in larger companies where 

both are offered, it’s rare to have the functions integrated; very 

often they will be run as different business units. If you ask the 

marketplace whether drug substance has been successfully 

integrated into drug product, I think you will get a very mixed 

response.  

Q: How will Quotient position itself to go up against other 

drug substance and drug product providers?      

 

A: By being scientific-rich, engaging with the customer at point-

of-candidate selection, and providing an integrated scientific 

perspective on how a molecule can be developed. For example, 

our drug substance scientists will be thinking ahead and asking 

questions such as: How will this drug substance be formulated? 

What is the intended clinical dosage form? How can we make 

the regulatory/CMC pathway as straightforward as possible? By 

operating in fully integrated teams, we will simplify hand-off 

points and knowledge transfer for the customer. We have seen 

initial signs of success from Arcinova’s existing drug substance 

projects, of which 25% of molecules have already transitioned 

into simple drug products. When you combine Arcinova with 

Quotient’s extensive drug product capabilities, we believe more 

customers will be compelled to integrate the activities and break 

down the traditional industry silos.  Some of the big CDMOs in 

the industry market themselves on the basis that they have both 

drug substance and drug product capabilities, but they aren’t 

actually integrated. We will drive true integration of these 

activities into a seamless program. 

 

 

 

Q: How challenging was it to manage an acquisition 

during a pandemic? What lessons did you learn that you 

could apply to future acquisitions that may occur post-

COVID?    

 

A: Last March and April, like every business in the world, we 

were working extremely hard and adapting quickly to keep the 

business running smoothly. But, in May, we decided that we 

wanted to come out of this pandemic stronger than we went in, 

so we made a couple of key conscious decisions. The first was a 

complete review and overhaul of our modus operandi – with a 

much greater emphasis on flexible and adaptive working 

practices across all our facilities. This has led to an increase in 

productivity. The second decision was to continue to pursue the 

Arcinova acquisition and maintain our growth plan. The bulk of 

the due diligence and business planning was done from 

September to January and, despite the remote working, the 

process went well. Fortunately, I had built a relationship with the 

Arcinova founder in the summer of 2019 and, in hindsight, I 

think that gave me the confidence to undertake the acquisition 

as I had a good feeling for the Arcinova culture and values. 

Building trust in any business relationship is vital and, as a 

service business, everything we do is dependent upon people. 



You’ve got to trust the people you will be working with and you 

can’t beat face-to-face contact to go through that process. We 

did have a large video call upon signing the acquisition 

agreement, where everyone raised champagne in a virtual toast. 

And in the week following the deal’s completion, I spent two 

days at the Arcinova site where a real celebration took place, 

face to face, in the same room – socially distanced of course. 

   

 

  

Q: In what other areas would Quotient be interested in 

possibly acquiring companies to expand its service 

offerings and geographic locations?    

 

A: The Arcinova deal opens up greater opportunities for us. 

Prior to Arcinova, Quotient had operating facilities in the UK and 

US so we offer mirrored services on both sides of the Atlantic. 

Arcinova is entirely UK-based so we are discussing if we should 

replicate the Arcinova offering in the US either by building 

organically or seeking an existing business to partner with us. 

Our core business focuses on small molecule early development 

as well as work on smaller scales of drug substance and drug 

product across all delivery routes, including oral solid, oral 

solution, inhaled, and injectables. As we move into larger scale 

manufacturing and commercial manufacturing, our capabilities 

are focused on solid oral dose forms (tablets and capsules). 

There is a strong desire to broaden our late-stage scale and 

capability set in other dosage forms like sterile injectables. That 

would be an interesting place for us to go.  

 

 

 

Q: Describe your business plan and how acquisitions fit 

into that plan.     

 

A: Quotient is anchored on a strong organic growth opportunity 

with the potential to double the size of the business in the next 

five years. This business plan is based on building our market 

share using our existing service portfolio. That being said, we 

will always look at acquisitions as a way of accelerating our 

growth plan and/or diversifying our service offering. We will 

remain highly selective about which acquisitions to make and 

they must be consistent with our manifesto: enhancing our ability 

to accelerate drug development timelines for our customers. 

 

 

 

Q: How is private equity partner Permira guiding 

Quotient’s growth plans?     

 

A: We teamed up with Permira in the summer of 2019, and they 

are our fifth, and largest, private equity partner to date. I’ve 

been with Quotient for 16 years and we partnered with different 

private equity partners as we’ve transitioned through our growth 

plan. Permira was aligned and excited with our business plan 

and the vision that we are striving to achieve. They are focused 

on growth and supporting us to speed up that growth wherever 

possible. They are really helpful in terms of thinking through 

how to accelerate investments for organic growth and will 

provide us with support for getting the right acquisitions across 

the line, as demonstrated by the Arcinova deal.   

Our chairman was introduced to us by Permira and he has 

extensive industry experience in pharmaceutical services. One of 

the first things we committed to when we teamed up with Permira 

was to build a new 85,000-sq. ft. facility in the Philadelphia 

area. This is in addition to our nearby 45,000-sq. ft. facility. We 

believe these two new facilities for drug product development 

and manufacturing – housing exploratory work through to 

commercial manufacturing – will accommodate our 

approximately 250 employees on site and will be a real 

showcase to potential customers.  

Arcinova is the fifth acquisition that Quotient has made and 

the first since forming our partnership with Permira. Each of the 

other four acquisitions were underpinned with a specific strategic 

intent: 

 

• Replication of our Translational Pharmaceutics platform in the 

US, and expanding our manufacturing capability from 

development through to commercial (SeaView and QS 

Pharma acquisitions in February 2017); 

• Expanding our CDMO capability and capacity in the UK (Pii 

site acquisition in November 2017); and 

• Accessing specialist formulation development skills for 

pediatric medicines (Co-Formulate acquisition in 2017). 

 

We hope there will be further acquisitions, but we will 

continue to be highly selective and targeted to businesses that 

support our strategy.  u 
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11 

76 

12 

4, 75 

9 

2 

3 

5 

14 

30, 31 

(800)240-1043 

(609) 450-1312 

(732) 640-0058 

(888) SOLUTION 

healthcare@celanese.com 

(973) 263-5476 

(973) 453-3520 

(201) 265-4800 

nb3.pharmapackage@mgc.co.jp 

pharmaservices@owenmumford.com 

(800) 383-0126 

(800) 439-5130 

abbviecontractmfg.com 

www.Adarepharmasolutions.com 

www.ascendiapharma.com 

www.catalent.com 

www.celanese.com   

www.drug-dev.com 

www.enterisbiopharma.com 

www.gattefosse.com 

https://www.mgc.co.jp/eng/products/abd/oxycapt.html 

www.ompharmaservices.com 

www.pfanstiehl.com 

www.pharmacircle.com 

AbbVie 

Adare Pharma Solutions 

Ascendia Pharma 

Catalent Pharma Solutions 

Celanese 

Drug Development & Delivery 

Enteris Bio 

Gattefosse 

Mitsubishi 

Owen Mumford 

Pfanstiehl 

PharmaCircle 








