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The Power List 2019
The Medicine Maker Power List is set to be published in April
2019 – and nominations will close in late January. Technicians,
manufacturing gurus, industry advocates, regulators, business
leaders, entrepreneurs, academics, philanthropists… the list
will compile 100 of the top people helping to shape and advance
the pharma industry. Nominate your pharma heroes for
consideration today!
http://tmm.txp.to/2019/powerlist
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The Face of Science (and the Fifty Pound Note)
Recognizing and celebrating the efforts of both
male and female scientists

Ed i to r ial

t is traditional in many countries for banknotes to
feature historical figures. But asking the British
general public to choose who will adorn the new
£50 note seems a risky move; the same British public
voted overwhelmingly to name a polar research ship “RSS
Boaty McBoatface” (a decision that was overruled – a win
for sensibleness – RSS Sir David Attenborough launched
in July 2018). Anticipating a certain amount of very British
silliness, the Bank of England quickly asserted in its “Think
Science!” campaign that nominations must be i) a scientist and
ii) deceased, and has firmly stated: “no fictional characters.”
And, if all fails, the final decision will be down to a panel of
scientists. If you’re not put off by all the sensible rules, you can
submit a nomination at https://bit.ly/2SCGhqF.
Hot contenders include Alan Turing and Stephen Hawking,
as well as inspirational women whose achievements were
somewhat overlooked in their lifetime. Rosalind Franklin,
for example, who made crucial contributions to the discovery
of DNA’s double helix structure, but missed out on the Nobel
Prize in Chemistry. There is also Dorothy Hodgkin – another
X-ray crystallography guru – but unlike Franklin, she did win
a Nobel Prize in Chemistry in 1964, but her efforts weren’t
taken seriously by all; a reported headline at the time was:
“Oxford housewife wins Nobel” (1).
Personally, I think it would great for a female scientist to
be awarded the honor – both to raise the profile of women in
science generally (2) but also to act as a visible role model for
the younger generation of potential scientists (just a shame
about the lack of £50 notes in schoolchildren’s pockets).
The dead scientist appearing on the £50 banknote may only
be of passing interest to our many non-UK readers, but I hope
you will all once again get involved in our annual celebration of
living scientists. The Medicine Maker’s Power List returns in
April 2019 to honor 100 professionals involved in advancing the
(bio)pharma industry. We welcome nominations from all fields
within the world of medicine making – so development scientists,
manufacturing gurus, industry advocates, regulators and business
leaders alike are all eligible. You have until the end of January to
nominate (and I can assure you that Boaty McBoatface will not
make the final list): tmm.txp.to/2019/powerlist

I

References
1.

Science Museum, “Women of Substance”
(2011). Available at https://bit.

ly/2FhslQa. Last accessed November 12,
2018

2. Washington University School of Medicine
in St. Louis, “Study: Accomplished female
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Upfront
Reporting on research,
personalities, policies and
partnerships that are
shaping pharmaceutical
development and
manufacture.
We welcome information
on any developments in
the industry that have
really caught your eye,
in a good or bad way.
Email: stephanie.sutton@
texerepublishing.com

Let’s Modernize
Manufacturing
The FDA’s Janet Woodcock
says that manufacturing will
change in the coming years.
How? The answer lies in the
hands of industry
Current pharmaceutical manufacturing
approaches are not without issue – and
someone who knows of the problems all
too well is Janet Woodcock, Director of
the FDA’s Center for Drug Evaluation
and Research. After all, as she puts it,
regulators such as the FDA are the ones
dealing with the consequences all of
the time.
Woodcock spoke at the recent
Internationa l Sy mposium on
Continuous Manufacturing (ISCMP),
held in London, offering the FDA’s
perspective on the need to modernize
the manufacture of pharmaceuticals.
“ Technolog y has transformed to
allow continuous processes to exist
and they have existed for a long time.
Traditionally, the perception of risk,
including regulator y risk, initial
investment and the sub-costs has limited
uptake,” said Woodcock. “Evolution in
science and technology will drive the
need for new methods. The technology
available has been used in other sectors
and the regulators are on board.”
Today, the time to build and qualify
new facilities, time and cost of scale up,
repeated need for off-line laboratory
testing steps, and the inability
to use modern process control
methodologies are key problems
in the pharma industry. In
addition, the timelines for
pha r ma development a re
no longer acceptable – the
industry can’t take 7 years
to figure out how to make a

final product at the commercial scale.
Patient populations have changed too;
companies will likely find themselves
increasingly making multiple expensive
drugs for small target populations.
O ne of t he k e y te c h nolog ie s
discussed during the presentation was
continuous manufacturing, which
may offer a number of advantages. For
small-molecule finished dosage forms,
Woodcock’s presentation listed the
followed as potential advantages:
•
•
•
•
•

Faster scale up with fewer surprises
Less environmental impact
Ability to respond faster to
increasing demand
Potential for regional hubs and less
convoluted supply chains
Possibility of novel dosage forms.
For example, do excipients have to
be used? Do all drugs have to be
capsules and tablets? Could APIs
be printed, sprayed or injected?

“The FDA has approved four drugs
using continuous methods with finished
dosage form. So, at the moment,
we do have a number of commercial
products produced by continuous, and
we expect more – and we continuous
API synthesis, like crystallization,
submissions from both generic and
innovator sectors in the next year,” said
Woodcock. However, also stressed
that the use of continuous will not
be a method to shut out generic or
biosimilar competition – and regulatory
authorities will be paying attention to
this. Woodcock also acknowledged that
not all products will have a business case
for implementing continuous.
Other transformative methods in the
manufacture of medicines were also
touched upon. “Some people within
the US government – not at the FDA
necessarily – envision pharmacy on
demand where the patient goes to the
pharmacy, they punch in their needs,

Up f r o n t

and the
medicine is
s y nt he si z e d
t here, perhaps
printed on a film [...]
Certainly, the military would like to see
this happen; on-demand pharmacy on
the back of a truck in a war zone would
certainly revolutionize the treatment of
patients. These are the people who are
thinking about how the future ought
to be.”
The FDA has an emerging technology
team to help ease the path of innovation
and is also collaborating within the

Federal government, and with industry,
academia and consortia. It has also
established the Center of Excellence in
manufacturing Science and Innovation
to understand the challenges in
downstream bioprocessing (especially
viral clearance), to explore validation of
advanced analytical platforms, and look
into process modeling and simulation in
regulatory risk assessment.
In ter ms of p ol ic y adv a nce s ,
Woodcock explained that the ICH
has accepted the FDA’s proposal
for new guideline development for
continuous manufacturing, and the
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US Pharmacopeia has also established
an expert committee on continuous
manufacturing to identify potential
opportunities for standards.
Clearly, the business of making
medicines is changing. “There are new
demands, such as drugs for victims of
terrorism, war, and natural disasters; the
need for supply redundancy is going to
require more agility and flexibility in
manufacturing than we currently have.
And the stakeholders, governments,
healthcare systems, and public health
authorities are going to call upon you to
deliver these things,” said Woodcock.

For more adventures featuring Gene and Eva check out our website: themedicinemaker.com/additional-data/cartoons

If you have any ideas you’d like to see in future comic strips about bioprocessing then get in touch with us at
info@themedicinemaker.com or look up #TrialsOfAMedicineMaker on Twitter.

Brought to you by GE Healthcare
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Press It! Plug It!
Play It!
A new automated chemical
synthesis machine aims
to remove some of the
repetitive processes from a
scientist’s day
The laboratory: the place where scientists
collaborate, develop groundbreaking
te c h nolog ie s a nd ov e rh au l ou r
understanding of life. It goes without
question that the lab can be an exciting
environment, but chemists can also vouch
for the fact that many of the essential
processes required to advance their field
are repetitive... Monitoring reactions and
iterative optimization are crucial processes,
but they prevent scientists from focusing
on the more innovative aspects of science.
Researchers at the Massachusetts
Institute of Technology (MIT) have
developed a continuous-flow chemical
synthesis system that makes it easier for
scientists to identify the conditions for
making their molecules of interest. “The
technology makes use of optimization
algorithms and works while scientists
do other things,” says Timothy Jamison,
professor of chemistry at MIT. “It’s so
important for scientists to be able to be
able to work creatively and think of new
areas to investigate; and this automated
system will free up time, enabling them
to focus on the human parts of research.
This can cut the amount of time required
to optimize a new reaction from weeks or
months down to a single day.”
The system is made up a series of
modules that can be used in conjunction
with one another to allow scientists
to initiate a myriad of protocols. A
graphical interface allows users to
initiate optimizations, monitor progress
remotely, and analyze results. Once
the procedure has been optimized,

s ub s e quent
users simply
need to
dow n load
an electronic
file (which
Jamison
describes as
being similar
to a smartphone
app) to use the
procedure on their
own apparatus.
“The modular components
can be used in any order and any
combination by plugging them into
the system via a universal connection,
similar in concept to a USB port,” says
Jamison. “Experimental results and
system parameters can also be transferred
seamlessly between scientists. Sharing
and discussing information and results
with colleagues is such an integral part
of our work; I anticipate that facilitating
knowledge transfer will be another

benefit of this
approach.”
Ja m ison
is now
focusing on
refining the
p l a t fo r m ,
e x pa nd ing
its capabilities
a nd ma k i n g
it easier to use.
“Our goal is to make
it easier for scientists to
make the molecules they
need for their research,” he says.
“If we can expand the reach of this
technology, I really think we could see
a marked improvement in the pace of
research and discovery.”
Reference
1.

AC. Bédard, A. Adamo, et al., “Reconfigurable

system for automated optimization of diverse

chemical reactions,” Science. 361, 1220-1225.
(2018). doi:10.1126/science.aat0650.
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Table 1. Big pharma sponsors with the largest number of trials on EUCTR.

How
Transparent
Are Trials?
Only 50 percent of clinical trial
results in Europe are reported,
but big pharma shares far less
than half the blame
UK members of parliament recently
expressed concerns that only around
half of UK clinical trial results are
being reported (1). And according to
EU Trials Tracker, results for only 51.9
percent of those trials due in Europe
have so far been reported (4072 out of
7846 trials) (2).
All clinical trials on the European
Union clinical trials register (EUCTR)
must report their results within a year
of completion. And though very few
companies report 100 percent of their
trial results (meaning there is work to
be done, see Table 1), big pharma is far
from being the worst offender; hospitals
and universities are significantly less
likely to report their results – with many
reporting no results at all (see Table 2).
References
1.

BBC News, “Unpublished medical research ‘a

threat to public health’” (2018). Available at

https://bbc.in/2Ror8I6. Accessed November 8,
2.

2018.

EU Trials Tracker. Available at https://

eu.trialstracker.net. Accessed November 8, 2018.

Company

Trials on EUCTR

Percentage reported

GlaxoSmithKline

1079

93.2%

Merck Sharp & Dohme

685

92.1%

Sanofi

600

Johnson & Johnson

446

Boehringer Ingelheim

348

Novartis
Pfizer

Roche

AstraZeneca
Eli Lilly

Bristol-Myers Squibb

1304
763

95.8%
96%

629

87.2%

543

96%

389
331

99.1%

98.2%
92.4%
100%

95.2%

Table 2. University/hospital/research institute sponsors with the largest number of trials on EUCTR.

Company

Trials on EUCTR

Percentage reported

Medical University of
Vienna

371

5.4%

Hospitals of Paris

219

205

7.7%

Radbound University

199
191

0%

Copenhagen University
and Hospitals

KU Leuven

Karolinska Institutet

433

Charité –
Universitätsmedizin
Berlin

185

University of
Amsterdam

168

Erasmus University

Agostino Gemelli
University Polyclinic
Aarhus University

7.9%

0%

0%
0%

169

0%

146

0%

146

20%

0%

www.themedicinemaker.com
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Coke Zero’d
Genetically engineered skin
cells expressing highly potent
cocaine hydrolase reduce
cocaine-seeking behavior
in mice
Would addiction disappear if people
could be “immunized” to a substance’s
pleasurable effects? A team of researchers
from the University of Chicago, US, have
used gene-edited skin stem cells to protect
mice from cocaine overdose and cocaineseeking behavior (1) – and they hope to
apply the same technology to other drugs,
including alcohol and nicotine.
The work makes use of an enzyme
found in hepatocytes and blood plasma
called butyrylcholinesterase (BChE),
which hydrolyzes cocaine into benzoic
acid and ecgonine methyl ester – both
low in toxicity and reward-inducing
properties. Scientists have previously
engineered a far more potent version
of the enzyme, with more than 4,400
times higher catalytic efficiency. But
modified BChE (hBChE) has a short
half-life in the body when delivered
via the parenteral route, rendering it
useful only for the acute treatment of
cocaine overdose, rather than long-term
protection against addiction.
Instead, the researchers isolated mice
skin cells and genetically engineered
them (using CRISPR) to express and
excrete hBChE. The modified skin
cells were then transplanted back into
the donor mice so that the more potent
BChE protein could circulate in the
blood and break down cocaine.
The results showed that the GhBChE
mice exhibited significantly lower cocaineseeking behavior compared with the wildtype (WT) mice. The GhBChE mice also
showed a much faster cocaine clearance.
“There are no FDA approved methods
for treating cocaine abuse so our approach

has the potential to be the first one,” says
Ming Xu, Professor of Anesthesia &
Critical Care Director at the University
of Chicago, and co-author of the study.
Engineered skin stem cells and cultured
epidermal autografts have been used
to treat other skin diseases, including
vitiligo and skin genetic disorders, and,
according to the authors, regenerated skin
grafts are stable and have been shown to
survive long term in clinical follow-up
studies. “We believe our approach is
minimally invasive, highly efficient, low
maintenance and affordable,” says Xu.
The authors do point out, however,
that the development of drug abuse is
accompanied by learned association
between drug effects and environmental
cues, which plays a significant role in

cocaine. In other words, despite hBChE
being a highly potent cocaine hydrolase,
it is unlikely to affect cue-induced relapse.
“Human studies are now needed to find
out how how big a skin patch is sufficient
and how long it is effective in protecting
against cocaine abuse – as well as whether
there might be immune responses against
the skin graft,” says Xu. “We hope to
expand this approach to treating the
abuse of other drugs, including alcohol
and nicotine, as well as co-abuse.”
Reference
1.

Y. Li et al, “Genome-edited skin epidermal stem

cells protect mice from cocaine-seeking behaviour
and cocaine overdose”, Nature Biomedical

Engineering (2018). DOI:10.1038/s41551-0180293-z.
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Seeds of Change
A nanofluidic device,
smaller than a grain of rice,
aims to deliver localized
immunotherapy without side
effects
The continual stream of reminders
for check-ups, screenings and family
history assessments highlights the
seriousness of breast cancer. One in
eight women are diagnosed with breast
cancer in their lifetime, and prognosis
is generally good for most subtypes.
However, outcomes are poor for triple
negative breast cancer (TNBC), which
accounts for roughly 15 percent of
all subtypes. Because TNBC lacks
specific markers, current therapeutic
approaches are limited to non-specific
cytotoxic effects, making intratumoral
delivery an attractive proposition.
A team led by by Alessandro Grattoni,
Professor of Nanomedicine at Houston
Methodist Research Institute, US,
say they have developed a nanofluidic
drug-eluting seed (NDES) capable of
delivering localized treatment while
minimizing side effects. Local implant
systems, such as brachytherapy seeds, are

already used in the treatment of cancer,
but the seed developed by Grattoni’s
team is multifunctional in nature – with
the capacity to work as both a position
indicator and drug delivery system.
“Smaller in size than a grain of rice,
our device is a tiny implant (seed) that
contains the immunotherapy in metal
reservoir that can be easily detected
via CT imaging,” says Grattoni. “The
seed uses a membrane with an array
of tiny nanochannels – approximately
10,000 times smaller than the diameter
of human hair – to regulate the release
of therapeutics locally to achieve a
sustained and constant release for weeks
to months.”
Results have shown that
immunotherapy released by the device
produced a significant potentiation of
local and systemic anti-tumor immune
response and inhibition of TNBC tumor
growth in mice (1), with negligible
adverse effects.
Grattoni envisions the device mainly
being used in combination with
radiotherapy. The team is also testing
the device in other solid tumor models,
including pancreatic and lung cancers, as
well as mesothelioma in a neoadjuvant
setting. Grattoni also believes that the
flexibility of the device gives it the
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potential to be used as an alternative
treatment in cases where tumors are
unresectable.
“The seed has the potential to garner
amazing results for cancer patients and
we are excited to see how far we can go
with this work,” says Grattoni. “We
aim to develop larger versions of our
subcutaneous implants for the treatment
of various chronic conditions; and with
this transformative nanochannel implant
approach, we hope to make a difference
not only to lives of patients with cancer,
but those with HIV (2), muscle atrophy
or obesity and metabolic syndrome (3)
as well.”
References
1.

A Grattoni et al., “Nanofluidic drug-eluting

seed for sustained intratumoral immunotherapy
in triple negative breast cancer,” J Con Rel,
285, 23-24 (2018).

2. CYX Chua, et al.,”Transcutaneously refillable

nanofluidic implant achieves sustained level of
tenofovir diphosphate for HIV pre-exposure

prophylaxis,” Journal of Controlled Release,
3.

286, 315-325 (2018).

CS Filgueira et al., “Efficacy of Sustained

Delivery of GC-1 from a Nanofluidic System
in a Spontaneously Obese Non-Human
Primate: A Case Study,” Biomedical
Microdevices,18;20, 49 (2018).
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Solutions In
Silico
Collaboration seeks to use
artificial intelligence to
predict how patients will
respond to immunotherapy
Protagen AG, the National Center
for Tumor Diseases (NCT) and NEC
Laboratories Europe GmbH (all based
in Germany) have joined forces in an
attempt to improve in silico methods
to predict how patients will respond to
immunotherapy in malignant melanoma.
The group want to develop and apply deep
machine-learning to explore biomarkers
for relevant endpoints – including clinical
response and survival.
To find out more about how the
collaboration came about and why a
predictive approach to immunotherapy is
so important, we spoke with the diagnostics
biotechnology company, Protagen.
Why is better in silico prediction of
immunotherapy responses in needed?
Cancer immunotherapy offers
enormous potential for treating
– and potentially curing
– cancer. But there
are some significant
hurdles to overcome.
Firstly, the approach
is currently only
effective for a
limited number of
patients; and secondly,
patients receiving such
treatments can experience
debilitating and sometimes
fatal immune-related adverse
events (irAEs). Predictive models have
the potential to improve the treatment
and management of patients in terms of
variable clinical response and irAEs.
The advantage of an in silico approach

is that more complex models can be
developed to help identify the likelihood
of irAEs for patients, as well as which
clinical feature determines these
adverse events.
Why is Protagen
excited about the
collaboration?
Improving irAEs,
clinica l response
and sur vival is a
priority for cancer
patients undergoing
immunotherapy, and
should be top of the agenda
for clinicians, payers and the
industry as a whole. We have been focused
on biomarker development for some time
and have created immuno-profiling
approaches and machine learning
strategies to deal with highly dimensional

patient data. I really believe that machine
learning efforts will increasingly
influence medicine and drug discovery.
Our partnership with the NEC and
NCT will bring together our collective
expertise to develop and apply deep
machine-learning to explore and establish
biomarker models that should improve
the in silico prediction of immunotherapy
response in malignant melanoma.
How will establishing biomarker models
helps achieve this goal?
Developing robust biomarker models
can help to predict the onset of irAEs
in patients undergoing immunotherapy
for their cancer, which should lead to
the development of more effective and
safe therapies. In addition, biomarker
signatures can be used to predict the
overall survival of patients undergoing
immunotherapies for their cancer.
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A new gene therapy, a
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Complex biopharmaceuticals
drive implementation
of novel and smart technologies

Approvals
•

•

The FDA has cleared 23andMe’s
Personal Genome Service
Pharmacogenetic Reports for the
inclusion of information about
genetic variants that may impact
a patient’s ability to metabolize
some medicines. The test does not
describe an association between the
detected variants and any specific
drug, nor whether a person will
or will not respond to a particular
drug. It is intended to help inform
discussions with healthcare
providers.
A new gene therapy has been
recommended for approval in
Europe. Luxturna can be used in
adults and children suffering from
retinal dystrophy – an inherited
disorder caused by RPE65 gene
mutations, which usually leads
to blindness. Novartis will be
required to conduct follow ups on

Register today at hic-dsp.org

patients to ensure long-term safety
and efficacy.
Controversy
•

•

Abbvie is taking the UK’s National
Health Service (NHS) to court,
claiming a tender process for
Hepatitis C drugs was unfair.
The NHS is aiming to eliminate
hepatitis C by 2025, and the
procurement is the largest ever
done by the agency. A number of
companies bid for the contract,
including Gilead Sciences, Abbvie
and Merck Sharp & Dohme.
After being asked by the FDA to

•

provide more data, Sanofi has said it
will no longer pursue FDA regulatory
approval for its biosimilar version for
Rituxan, Rixathon. Rixathon was
approved in Europe in summer 2017.
A number of other companies are
preparing to take Rituan biosimilars
to market in the US.
UK pharma company ITH
Pharma is facing criminal
prosecution following contaminated
products used for premature babies
in the UK. Three babies died and 20
needed treatment after contracting
septicemia in 2014. ITH Pharma
says it will “vigorously defend
the case”.
www.themedicinemaker.com
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The Good and the
Bad of Biosimilars
The biosimilars market is
suddenly booming, with
established biopharma giants and
nimble start-ups all clamoring
for a piece of the action. But such
steep competition means that
only the wise will survive.
By Günter Jagschies
Biosimilars have been around for years,
but the biopharma industry – as well as
the healthcare community – has been
slow to embrace them. But now, the
competition is really beginning to heat
up, with a rising tide of new biosimilar
approvals coming from both established
companies and new players, including
companies in emerging markets, such as
India. Approvals in the US have really
helped boost the market, and we’re
also seeing the first biosimilars coming
to market under China’s new FDA-like
regulations. Previously, it could take two
years for an IND to be approved in China
– now, it can be done in just six months.
The original regulatory guidelines were
designed by the EMA back in 2005 and
many other countries have created
regulations since then. In 2012, the FDA
introduced its own regulations, which are
similar to the EMA’s but with a stand out
exception: only when a biosimilar company
files its dossier do they find out what
opposition they will meet along the way. A
copy of the biosimilar application is passed
on to the originator company within 20
days after the applicant has been informed
(by the FDA) that the dossier has been
accepted for BLA review. Then a process
sometimes referred to as the “patent
dance” begins between the biosimilar and
the originator businesses: independent of
the approval process, they must present

Treatment cost
With the financial crisis still
lurking, healthcare systems
around the glove will not let
go of any cost reduction
option and legislation will
(have to) pave the way.

Despite cost reductions,
quality demands will not slip
and patients will honor the
brands that come with quality
facts and reputation.
Economics
Totality of evidence approach
(FDA) requires advanced
development capabilities and
effectively excludes weaker
players from the market.

Regulatory Guidance
With seven years delay after
EMA, the FDA has launched
their initial guidance for
biosimilar developers. Many
of the large markets are
getting predictability on
expectations for biosimilars.

Lack of
Inter
-changeability

FDA
EMA

Beyond the regulatory
challenge, smaller biosimilar
players just took another hit
to their business cases by
multinational players'
initiatives for biosimilars.

Innovation
Gap
Large biopharma players strategy
With Novartis (Sandoz) leading since
2006, several multinational players
have more recently started
initiatives to fill R&D pipelines and
manufacturing sites with biosimilars
hoping for a low attrition rate.

IP and
Legal
Delays

Figure 1. Drivers and hurdles for the introduction of biosimilars.

and discuss intellectual property issues
and eventually resolve them. It is only at
this point that the originator’s defence
strategy is revealed. So an approval may
be given by the FDA, but the beginning of
biosimilar marketing may still be delayed
due to the outcome of the “patent dance”
(for example: adalimumab biosimilars in
the USA).
As more countries take cues from
existing guidelines, the regulator y
environment is becoming much more
transparent and predictable, which is very
positive news for companies who need to
plan for the hurdles ahead (see Figure 1).
Pricing problems
Right now, newly introduced biosimilars
are almost exclusively antibodies, covering
a range of indications, including autoimmune
diseases, Crohn’s disease and cancer. We’re
also seeing a few insulin biosimilars coming
to market – mainly copycats of Lantus, the
most successful long-acting insulin model. A
major reason that these molecules are being

targeted is revenue, which regularly hits $6
billion annually, but can exceed $10 billion.
Given that the largest driver behind
biosimilar development is financial rather
than a need for medical alternatives,
biosimilars commonly appear in
therapeutic areas with proven profit
margins. Right now, at least 100 companies
are working on just 5–10 molecules.
The competition will be fierce! And

“Right now, at least
100 companies are
working on just
5–10 molecules.
The competition
will be fierce!”
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though some competition can be a good
thing, after a certain point it becomes
destructive, because unless many of
these businesses fail in the process, market
share for everyone will simply become
too small to be attractive. For the first
generation of biosimilars, price reductions
were often around 30 percent, but we’re
now looking at 50–70 percent reductions
versus originator products. The “race to
the bottom” is a double-edged sword:
good for patients and healthcare systems,
but potentially bad for companies who
are facing limited revenue potential and
a low market share, which will certainly
constrain their ability to sustainably
finance further projects.
Making a market impact
A number of companies have found
success in the biosimilars market, but
these are notably large and established
players, such as Novartis, Amgen and
Eli Lilly – companies that already have
everything they need to be successful:
experience in biological drug manufacture,
financial muscle, and brand recognition.
If you’re a new kid on the block and
you’re trying to enter Western markets,
you will be facing steep competition.
There are some keys to success –
but there are also common pitfalls.
• Consider facility size
It’s not advisable to build a huge facility –
particularly before you have something
on the market. Avoid investing too heavily
in production scale that you might not
need in the future and instead consider a
modular, flexible approach that can adapt
to meet your future needs. You can always
build capacity in a stepwise fashion as you
begin to need it. However, do invest in
efficient production technology and a
powerful analytical laboratory to make
sure you’re always in control of quality.
• Approach clinical trials wisely
A cleverly designed clinical trial can

have huge benefits. A good example
is Celltrion and their antibody drug
Remsima, which is a biosimilar of
infliximab. They ran a relatively small
clinical trial, but received approval for all
the medical indications that infliximab
has collected over the years – so they
gained a whole portfolio of autoimmune
diseases for the cost of one trial.
• Stand out from the crowd
It’s not enough to have a molecule
that can pass a clinical trial – you need
market access, and you need a “hook.”
Consider what your product offers that
the competition doesn’t (for example,
a quick way of reliably diagnosing the
patients prior to application of the
therapeutic, or a convenient and painless
administration device). Without a
unique angle, you’re entering an already
fragmented market and joining 10 other
companies with the exact same idea –
and you’ll have to join them in the ensuing
race to the bottom of the pricing scale!
• Choose your market
If you want a significant market share,
you have to think globally. Emerging
markets are an impor tant area to
consider when developing biosimilars;
patients in emerging markets are very
open to biosimilars and there are less
restrictions concerning changeability.
However, it means that price becomes an
even bigger focus, although governments
may offer incentives to businesses that
want to develop biosimilars and commit
to low prices. They may also prefer local
industry to imports, as they see the
biosimilars industry as an opportunity to
grow the local expertise and the related
job market.
Embracing biosimilars
Looking forward, I predict that we
will see a greater variety of biosimilars
within the next few years – every
molecule that can be copied and turned
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“I think we will see
biosimilars begin to
command a much
larger market
share than before.”
into a successful biosimilar will be copied
and turned into a successful biosimilar!
For now, the focus is likely to be on
the biopharma drugs ranking highly
in revenue terms. More options will
open as intellectual property expires,
and it’s relatively easy to get started
in biosimilars given that there are
platform technologies and established
approaches available.
I also predict that we will see a change
in the uptake of biosimilars – I think we
will see biosimilars begin to command a
much larger market share than before,
which will change our entire industry.
We are likely to see a trend of lower
prices – both for biosimilars and legacy
drugs. Originator companies will have to
fight back by lowering their own prices;
the only other alternative would be to
defend the market with clearly superior
next generation products.
Today, biosimilars and originator
biophar ma dr ugs are considered
separate to one another. With more
and more biosimilar approvals, the lines
will blur. Biosimilars will simply become
part of the normal competition. For all
players in the biopharma industry, it pays
to begin to adapt to the market changes
now. Whether we like it or not, we must
all embrace the biosimilar future!
Günter Jagschies is Senior Director of
Strategic Customer Relations at GE
Healthcare, Freiburg, Germany.
gelifesciences.com
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By Richard Shute, Consultant at the
Pistoia Alliance, UK.
Blockchain is beginning to make waves
in the pharma industry, but many people
still do not understand what it is. Also
known as distributed ledger technology,
blockchain is essentially a big record
book; it acts as a decentralized, digital
journal where transactions and data are
recorded in a consensus across many
computers or nodes. Importantly, this is
done in such a way that ledger entries or
records cannot be altered retroactively
or individually to affect the consensus.
As data or transactions are stored in
“blocks” that are connected to each
other, the term “blockchain” was born.
Blockchain technolog y is
most commonly associated w ith
cryptocurrencies, such as Bitcoin; in
fact, blockchain was initially developed
to serve as a transaction ledger for
cryptocurrencies. In recent years, the
sometimes high-profile nature of famous
cryptocurrency investors, coupled with
instability in cryptocurrency markets,
has led to increasing media headlines
about the topic, spreading awareness of
blockchain technology. The financial
services industry has already been
experimenting with blockchain, but
now other industries, including life
sciences and the pharma industry, are
beginning to take notice.
At the Pistoia Alliance, we’ve been

following blockchain for some time
– and, to gain additional insight, we
conduct an annual survey to assess
attitudes towards the technolog y
for life sciences. Our 2017 survey of
senior pharma and life science leaders
revealed low levels of knowledge
about blockchain technologies, but
a clear ack nowledgement of the
importance of the technology (1); 83
percent of respondents said they expect
blockchain to be adopted in under five
years. Since the start of 2018, we’ve
been working closely with our members
to build a program through which the
Alliance can support the development
of blockchain technology in the life
science industry.
According to our 2018 survey, 73
percent of respondents believe the key
benefit of using a blockchain is the
immutability of data – in other words,
the data put into a blockchain cannot
be changed (2). In heavily regulated
industries like pharma, blockchain
has the potential to offer a minimum
level of validity to any dataset, as well
as the security of knowing it cannot
be tampered with – whether through
intention or accident. In addition, 39
percent of survey respondents believed
the transparency of the system was a
key benefit, and 36 percent valued the
decentralized approach.

“83 percent of
respondents said
they expect
blockchain to be
adopted in under
five years.”
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One of the other advantages was the
automation potential that blockchain
technology provides through smart
contracts – self-executing contracts
with the agreement terms written into
the code directly. These automated
mechanisms have been taken up
extensively by a number of industries,
like banking, as they look to exploit
blockchain technology. The potential
for smart contracts in healthcare is
huge. One possible application could
be in the medicines’ supply chain
where payment for delivery of a batch
of medicines to a wholesaler or to a
hospital could be coded into a smart
contract; the moment the delivery has
been made and ownership has been
transferred, payment of the supplier
happens automatically. This kind of
smart contract could speed up the
delivery process and reduce the cost
overheads for all parties, as well as
being more visible and transparent so
helping to reduce the growing issue of
falsified or counterfeit medicines.
Two other areas where our respondents
t hou ght blo c k c h a i n te c h nolog y
could have a significant impact were
scientific data sharing and electronic
medical records. In the drug discovery
and development process, many
organizations are reluctant to share
the huge volumes of data they generate.
Historically, companies or researchers
view project data as “theirs” – and often
assign a level of value to it that may be
much more than is warranted, or just
never realize the true value of what they
have. If this value could be realized
without compromising the originating
company’s intellectual property –
using a secure scientific data market
based on blockchain – then others, for
whom the data does have value, would
benefit. In drug discovery terms, this
could make global collaboration much
more effective and lead to better, faster
medicines development.

For patients, blockchain can also
offer better access and control over how
their medical data is used. In the future,
patients could even give individual
companies access to “blocks” of their data
for specific research purposes (possibly
in return for payment). Moreover, it
will allow medical organizations to
ensure their records are secure, and
safeguard the process of transferring or
sharing patient medical data with other
institutions or specialists.

“In drug discovery
terms, this
could make global
collaboration much
more effective and
lead to better, faster
medicines
development.”
Our 2018 survey showed that 60
percent of respondents’ organizations
were experimenting with blockchain
technology; a signif icant increase
from 2017 when only 22 percent of
life science organizations were actively
looking into, or using, blockchain.
This year’s survey also highlighted
one big potential hurdle for the
adoption of blockchain sooner: access
to blockchain-skilled developers.
Over half (55 percent) of life science
professionals agreed that access to
adequately skilled staff would be vital
to the success of blockchain projects.
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With the right support, I passionately
believe the industry can implement
successful blockchain technologies for
a range of use cases in the near future,
but to move forward collaboration will
be key to plugging skill gaps. And
that means collaborating with other
departments in an organization, across
disciplines, as well as with external
organizations, such as companies in
the technology industry. The Pistoia
Alliance is working to educate its
members, and the industr y more
widely, through webinars and at our
recent bootcamp event. We will also
need to work together to ensure the
standards for adopting and using new
technologies are consistent across the
industry, and we must also ensure that
the technology is truly fit for purpose.
If the industry does not collaborate,
we will find ourselves in a scenario
where each life sciences company will
have to pay companies such as Google
or 23andMe repeatedly to access the
same data and technologies, delivering
stand-alone, siloed results that will
not advance drug discovery rapidly
or effectively.
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The
Revolution
Rises
Pharma lags behind
in the adoption of new
technologies compared
with other industries, but
discussion around Industry
4.0 is increasing – and we are
making progress.

By Frank Cordes, Partner and
Managing Director, The Boston
Consulting Group, UK.
The fourth industria l revolution,
Industry 4.0, is generating significant
discussion in the biopharma industry,
with a number of people believing that
it is all hype. For me, however, Industry
4.0 is real and represents a period
where we can integrate automation and
information in a completely different
way through kinetic systems. This could

fundamentally change the production
env i ron ment a nd re def i ne how
factories work.
There are many technologies that fall
into the category of Industry 4.0, but
there are two that I am particularly
excited about: predictive analytics
and augmented reality. Predictive
analytics are promising because our
industry is flush with data that it does
not take advantage of. Using predictive
analytics, it will be possible to integrate
data to teach machines to make
predictions about the future, such as the
future state of the product or the future
flow of material, which can be used
to steer the production environment.
Imagine being able to use existing data
to predict failure or delay at release.
There is a huge opportunity for the
industry to be more proactive in the
production environment.
Augmented reality could potentially
change compliance on the shop floor
because it opens up the possibility of
providing guidance via smart glasses
or projections onto the actual work
surface. Performing a line changeover
with smart glasses would mean that
operators have instant access to key
information and should reduce the
potential for errors while boosting
operation efficiency. It would also
transform training and reduce the
documentation burden.
But change for biopharma brings
with it many challenges. Firstly,
there is applying new technologies
in a useful way. Right now, there is
a lot of experimentation driven by
technology. For example, a company
may have a team experimenting with
3D printing or virtual reality, but in
most cases such a team will be looking
to apply that technology irrespective
of where the biggest value potential
lies or where the biggest problems are
in the workflow. This can produce a
technology application that ultimately

isn’t very helpful because it is not
geared towards solving a problem, and
can contribute to the sense that new
technology is just hype.
Another challenge on the technology
side stems from closed architecture
promoted by vendors. Many technology
players offering digital solutions to the
biopharma industry are trying to create
closed ecosystems rather than open
architectures. Essentially, one could say
they are trying to emulate Apple’s longstanding strategy of locking customers
into proprietary systems that makes it
very difficult for customers to change
vendors in the future or work across
different systems – and inevitable a
large pharma company will have many
different systems. Without more open
source, inter-operable solutions, the
industry won’t be able to obtain true
value from Industry 4.0.

“Performing a line
changeover with
smart glasses would
mean that
operators have
instant access to key
information and
should reduce the
potential for errors
while boosting
operation
efficiency.”
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“Without more
open source, interoperable solutions,
the industry won’t
be able to obtain
true value from
Industry 4.0.”
T here a re a lso hu ma n-related
cha l lenges that accompany new
innovations in technologies. Change is
unnerving for employees. Those on the
shopfloor may see new technologies

as a threat to their jobs – although
I would argue that isn’t the case –
and may be reluctant to adopt or
aid successful implementation. Even
if the reluctance can be overcome,
Industry 4.0 technologies will also
fundamentally change the workflow
and necessitate a massive change
management effort because people will
need to change many of the routines
they follow every day to align with the
new processes.
Finally, there is the question of
regulators. Anything that we want to
roll out in pharma manufacturing – no
matter how innovative and promising
– will need to meet the requirements
of regulators. To achieve that, we need
to generate an industry-wide dialogue
about Industry 4.0, such as where new
technologies would be most beneficial
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and what t ype of alignment and
standards are required to get everyone –
manufacturers, vendors and regulators
– on the same page.
I’m pleased to see that the industry is
pushing hard. In the past few months,
we’ve had many conversations with
NIBRT (Ireland’s National Institute of
Bioprocessing Research and Training)
and brought together a digital alliance
of half a dozen pharma companies
called Biopharma 4.0, which aims
to drive forward a dialogue on how
to apply and standardize some of
the Industry 4.0 approaches. Many
have woken up to the potential of
Industry 4.0 and are now pursuing
it aggressively, and I look forward to
the day these technologies translate
to cheaper and more available, higher
quality medicines for patients.
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All Eyes on E&Ls
Extractables and leachables
require rigorous analysis to
protect patient safety. Here, we
speak with Saskia Haehn – an
expert when it comes to diving
deep into materials.
What is your role at Merck?
I moved to Merck around four years ago
from a contract research organization,
where I was working as a project manager
in the field of extractables and leachables
(E&L) studies. Today, as Manager, E&L and
Packaging Materials at Site Management
Analytics, I run a laboratory where,
unsurprisingly, the primary focus is on
E&L, coupled with some other packaging
analysis work. Our services are available
to all of Merck’s businesses, but much
of our work is performing extractables
studies for our life science business,
which supplies single-use equipment and
process materials. We also do quite a bit
of work in the healthcare business.
Why is E&L so important for the
industry and so fascinating for you?
E&L is a crucial topic for everyone in drug
development because we all want to
ensure that products and drugs are safe
for patients. But from my perspective, it
is also a very intellectually rewarding area
to work in. Every material you examine is
different, with different polymers, different
uses, and the need for different extraction
methods depending on the material. I am
never bored! Once the first studies have
been done and I’ve extracted the materials,
the real puzzle begins. I rarely know what
I am looking for, so I have to use a good
number of orthogonal analytical techniques
to cover everything that is in the extract.
Some confusion persists in the E&L
space... Why?
Many people use the words “extractables”

and “leachables” synonymously, but
there’s a big difference between the two.
An extractable is a chemical entity, both
organic and inorganic, that will extract
from components of the packaging or
process system into a solvent under
controlled conditions (we usually
experiment with harsher conditions than
normal use) – we’re talking about high
temperatures, extended contact time,
and the use of organic solvents or those
with strong PH values. Extractables are
important because they help us to identify
the potential for leachables. Leachables
are those chemical entities that migrate
from components into the drug product
over its lifetime, or during manufacturing.
E&Ls can theoretically come from any
product contact material, such as primary
packaging or process systems in contact with
the drug product, but will vary depending
on the activity of the material. A material
like Teflon, for example, is very inert and
we tend to only observe a few contaminant
peaks (compounds) during our analytical
tests. Natural rubber, on the other hand,
can produce hundreds of peaks, all of which
require thorough investigation.
Leachables can be a big risk to patient
safety. In extreme cases, they can
have a toxicological effect. They can
also interact with the drug product,
potentially reducing efficacy.
What do the regulators have to say
about E&L?
E&Ls must be evaluated when determining
the purity of the final product, but there
are no clear regulatory guidelines on how
to go about the analytical process. For
primary packaging, there is USP <1663> and
<1664>, but for process materials and singleuse equipment, there is no real guidance
– and that can be quite frustrating for the
industry. Some industry working groups,
such as the BioPhorum Operations Group
have examined the issue and published a
standardized protocol for performing E&L
studies and defining thresholds for how

deep your analysis has to go; however, not
everybody uses this protocol, and so it can
be difficult to compare results between two
different vendors when trying to choose the
right product.

“E&L is a crucial
topic for everyone
in drug
development
because we all
want to ensure that
products and drugs
are safe for
patients.”
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What is Merck’s approach to
E&L studies?
Actually, there is no one-size-fits-all
approach for us either, because we have
three business groups within Merck that
all need to deal with this topic. In the
healthcare group, we must guarantee
the safety of drug products and the E&L
risk during production and packaging.
In the life sciences group, we need to
provide pharmaceutical customers
with E&L information about Merck’s
products, such as single-use systems. We
conduct extractable studies according
to standardized protocols, but if the
information is insufficient then Merck
also offers BioReliance® Validation
Services, which generate more E&L data
in line with what the customer wants.
Generally, after performing our first
extractables studies, we summarize the
results, which includes the identification
and quantification of extractables. Then
we hand over the results to our tox
department, which calculates a permitted
daily exposure limit (PDE) and compares
this with results from the extractable
studies. If the amount of the extractables
is below the PDE, then you’re safe. If it’s
above, then you have to perform leachables
studies and look directly into the product.
Depending on the results of these studies,
it may be necessary to change something in
the packaging or the process.
For our performance materials group,
where product performance is crucial
and can be influenced by leachables, we
need to be very specific in what we are
looking for. Some leachables can have
a negative effect on performance. And
sometimes the limits for these substances
are much lower than the toxicology limits
for drug products.
What are the main techniques used in
your lab?
We rely heavily on combinations of
chromatography to separate substances
and mass spectrometry MS to elucidate

those substances. We use both normal
and head space gas chromatography
GC–MS, as well as liquid chromatography
LC– MS, depending on the nature
(molecular weight, for example) of the
compounds, but we may also need to
work with a number of other analytical
techniques to cover all possible entities,
such as inductively coupled plasma
ICP-MS for elemental impurities or ion
chromatography for ionic species.

“Our laboratory is
so important for
Merck’s businesses
– and the topic of
E&L is only
becoming more
crucial.”
We also perform some other a
analytics, such as total organic carbon
and non-volatile residues, to find the
total amount of extractables present
in the ex tract. In addition, there
are some material specific analytical
techniques, such as the determination
of nitrosamines for rubber stoppers, for
example. For nitrosamines, the limits
are so low that conventional techniques
don’t capture them, so we have to use
specialist analytical techniques, such as
GC-TEA for nitrosamines or LC-MS/MS
for perfluorinated compounds.
What is the biggest challenge you face
in your role?
The biggest challenge is handling all of the
requests I receive! Our laboratory is so
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important for Merck’s businesses – and the
topic of E&L is only becoming more crucial
as time goes on. We started in 2014 with
just two people in the lab. There are now
eight of us and there are also more people
in the specialized labs that perform more
detailed structure elucidation. We have
worked hard to recruit people with the
right skills. A good analytical background
is key, of course, as is knowledge about
the product and the materials that come
into contact with drug products, including
pre-treatment steps such as sterilization.
You need to understand how substances
from the materials can be extracted and
how they behave in the extract, and be
able to set up a good study design. If the
study set up is not adequate, then all the
results you gain are useless.
Can E&Ls ever be completed
eliminated?
I don’t think so. I don’t see E&Ls ever
going away, despite the huge progress
that has been made with companies
really understanding their products,
and developing specialized materials
or coatings. Single-use products are
becoming more popular in the pharma
industry, but they are still relatively new
and I don’t think all suppliers out there at
the moment can support their customers
with good E&L data.
There will also always be changes in
certain products. For example, if you
look at resin manufacturers, they are
often looking for new additives that
can help them control costs. And when
there is a change in the additives to the
polymer, new compounds or substances
will show up during extractables studies
that we need to investigate.
However, I think the industry is
constantly acquiring new knowledge
around E&L, which can only be a good
thing. In time, if we can move to more
standardized approaches, then it will be a
huge benefit to the industry, saving many
companies a lot of time and money.

Feat ure

25

OUTBREAK
M E E T T H E C OM PA N I E S A N D R E S E A RC H E R S
PROTECTING US FROM BIOTERRORISTS WHO
PLAN TO HARNESS THE DESTRUCTIVE POWER
OF INFECTIOUS DISEASES.
By Stephanie Sutton

T

he West African Ebola virus epidemic killed over
11,000 people and sparked global panic. It also
highlighted an important issue: our world is not well
prepared for a global public health crisis. The epidemic
potential of Ebola had been under discussion for years before the
outbreak hit, and yet we had no targeted therapeutics, vaccines,
diagnostics, or plans in place. It was fortunate (for those outside
of West Africa) that the virus was largely contained, but the
number of deaths caused by a single infectious disease is surely
unacceptable for an industry that prides itself on improving
human health and saving lives. Countermeasures for Ebola are
now under development and the Democratic Republic of Congo
approved the use of an experimental vaccine earlier this year to
help contain Ebola outbreaks.
Ebola is just one example of an infectious diseases that has
the potential to cause mass deaths, disruption and panic across
the globe. It is also an unfortunate fact that there are those
who seek to use infectious diseases as biological weapons.
Bacillus anthracis, the pathogen behind anthrax, for example,
is naturally occurring and, with the right expertise, can be
isolated and cultivated for delivery via aerosol. The threat of
bioterrorism has been intensely discussed in the US ever since

the country was affected by anthrax attacks in 2001, but the
Ebola outbreak has further fuelled the discussion – and may
have highlighted to budding bioterrorists how underprepared
the world is and just how powerful infectious diseases can be.
Aside from infectious diseases, bioterrorists have access to
other bioweapons too, such as nerve agents. Novichok was
recently used in the UK to target an ex-spy, but some civilians
were caught in the biocrossfire. Antidotes do exist but must be
administered rapidly, which would likely be infeasible after a
large-scale incident.
What is the pharma industry doing in the face of this adversity?
Well... not a great deal. For the vast majority of the industry,
there simply isn’t a business case or a market to justify the spend
required for research, development and commercialization
of countermeasures for niche infectious diseases or other
bioterrorist threats. But what about the minority?
In this feature, we meet some of the companies and
researchers working to protect global health by targeting
disease areas largely untouched by the rest of the industry –
from anthrax, to smallpox, to tularemia. Of course, we all hope
that their efforts go unneeded. But in the worst case scenario,
we’ll all be equally glad of their time and dedication.
www.themedicinemaker.com
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RISING TO THE
CHALLENGE
BIODEFENSE IS NOT JUST ABOUT
OFFERING PROTECTION FROM
BIOTERROR ATTACKS; IT’S ALSO
A BOU T BE I NG P R E PA R E D F OR
EMERGING INFECTIOUS DISEASES.
With Gary Nabors, President of DynPort Vaccine Company.
WHAT EXACTLY IS BIODEFENSE?
The definition of “biodefense” has expanded over the years.
Originally, it was limited to the idea of defending against a
purposeful biological attack with a conventional infectious
agent or toxin on military forces or civilians carried out by
nation states, extremist groups, or a “lone wolf.” It is clear now
that the term has broadened to include threats from engineered
pathogens, emerging infectious diseases, new influenza strains,
and even from laboratory accidents. An example of this expanded
interpretation can be seen in the US 2018 National Biodefense
Strategy, which was recently signed by President Trump.
Though there is, of course, a tremendous focus on defense
against conventional, chemical and nuclear weapons, offensive
biological weapons remain a credible threat to both civilians
and the military. Naturally occurring emerging biological
agents, such as new influenza strains, multidrug-resistant
bacteria, and viruses that cause diseases, such as MERS, Lassa
fever, dengue fever and Nipah also present significant threats
to human health in that they have the capacity to quickly
incapacitate and/or kill large numbers of people before a viable
intervention can be put into place.
Many people believe that these emerging diseases will
become more problematic as population density increases
and international travel becomes even more frequent. The US
has made significant investments in protecting citizens against
such pathogens, but for most emerging disease threats, there
are still no licensed vaccines or effective treatments.
Revolutionary changes in genetic engineering have led to
more powerful and accessible methods of manipulating genetic
elements. There have also been increasing concerns about the
prospect that purposefully-engineered agents could be developed
and effectively used, which could be designed to possess traits that
the naturally-occurring agents do not normally have. Engineered
traits could include increased pathogenicity, an increased ability to
survive in the environment or even the ability to suppress immune
responses while still generating a productive infection.
Military forces must also be prepared for attacks with

biological agents. “Germ warfare” practices and programs
have existed since antiquity, and sophisticated “weaponized”
forms of some of the most lethal agents and toxins, as
well as the means to deliver them, were developed during
World War II and the Cold War era. Historically, weapons
containing infectious agents or toxins have been attractive,
owing to their ability to incapacitate or kill enemies, spread
from individual to individual (in the case of bacterial or viral
agents), and provoke chaos and terror. At present, there are
countermeasures, including for anthrax and smallpox, which
are licensed and used by military forces deployed to certain
regions, but additional options for other agents are still needed.
WHAT ARE THE BUSINESS CHALLENGES;
FOR EXAMPLE, NAVIGATING THE
GOVERNMENT CONTRACTING PROCESS OR
THE REGULATORY PROCESS?
Many companies understandably do not want to risk developing
such products solely at their own expense, and therefore they
need to seek external funding. These products have a very
limited market and customer base – in the US, for example, the
only customer is the federal government. Development funding
can be sought in the form of grants and contracts from the
Department of Health and Human Services, or Department
of Defense, but competition for these funds can be fierce!
The process can also be bureaucratic and very intimidating
for companies who have never held such contracts. Helping
companies with this process is one of our strengths.
Recently in the US, the government has been experimenting
with a new, less-complex form of agreement to attract new
firms. These agreements, awarded under an “Other Transaction
Authority,” carry the promise of a more rapid-funding process,
reduced administrative burden, and fewer regulations overall.
But it is not clear yet whether this change will have the desired
effect, particularly in cases where the government’s product
requirements are small or unknown.
DEPENDING ON WHETHER A VACCINE
IS INTENDED FOR USE IN SOLDIERS
OR CIVILIANS, ARE THERE DIFFERENT
CONSIDERATIONS?
To date, I have not seen a difference between the requirements
for licensing products designed for civilians versus military
personnel – whether it be from a manufacturing, safety or
efficacy standpoint. The passage in the US of Public Law 11592 from January 2018 may change this as the law requires the
FDA to prioritize the development and availability of medical
products intended to help save the lives of military personnel.
Given that this law is new, and just being implemented, it
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PHARMA’S FIGHT
HOW PHARMA IS HELPING TO PROTECT THE HEALTH
OF SOLDIERS, AND TREATING THOSE EXPOSED TO
TERRORIST ATTACKS.
•

•

Plasticell is working with the UK Ministry of Defence
in a pilot program to develop regenerative medicines
for the treatment of injuries resulting from combat or
terrorism. The company will deploy its combinatorial
stem cell screening platform, CombiCult, to develop
technologies for the conversion of pluripotent stem
cells into platelets that promote tissue recovery and
regeneration. The work is an extension of the company’s
program for the manufacture of universal platelets from
stem cells in vitro, to supplement or replace donorderived material that is perishable and in short supply.
Platelet transfusions are used in a number of medical
applications but could also be used to treat individuals
exposed to high levels of radiation from civilian, military
or terrorist sources.
In July 2018, the FDA approved SIGA Technologies’
TPOXX (tecovirimat), an oral treatment for smallpox.
This is the first smallpox treatment to be approved
by the agency. The approval is based on data from
12 clinical trials of oral TPOXX in over 700 healthy
human volunteers, which showed no drug-related
serious adverse events. Four pivotal trials in non-human
primates and two pivotal trials in rabbits demonstrated

remains to be seen whether the FDA will go as far as to
redefine some of its risk/benefit analyses to expedite the
delivery of such life-saving products.
TELL US ABOUT THE DYNPORT VACCINE
COMPANY AND WHAT YOU FOCUS ON…
It’s quite a long, complicated story! DynPort Vaccine
Company LLC (DVC) was founded in 1997 as an entity to
bid on a US Department of Defense (DoD) “prime systems”
contract to conduct biodefense vaccine development for
the DoD Joint Vaccine Acquisition Program (JVAP) for
an exclusive period of 10 years. The new company won the
contract that year, and still performs work for JVAP. As part
of a larger acquisition in 2003, DVC became part of the
Computer Sciences Corporation (CSC). CSC’s government

•

•

•
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that the drug significantly reduced both mortality
and viral load. More recently, SIGA Technologies has
entered into a cooperative research and development
agreement with the US Army Medical Research
Institute of Infectious Diseases for GLP studies of
TPOXX for post-exposure prophylaxis.
Stratatech (a Mallinckrodt company) has received $26
million in additional funding from the US Biomedical
Advanced Research and Development Authority
(BARDA) under Project BioShield. The funding
will go towards pediatric studies for the company’s
StrataGraft engineered skin tissue, which BARDA is
interested in as a potential medical countermeasure for
large-scale burn incidents.
Proniras is a new company launched in April 2018 that
is developing the seizure drug tezampanel (originally
developed by Eli Lilly). The company has won a contract
potentially worth up to $89.5 million from BARDA to
develop tezampanel as a medical countermeasure for the
treatment of nerve agent-induced seizures that are not
stopped by current medications.
Ricin – a lethal plant-derived toxin – is being
investigated by Soligenix. The development of RiVax – a
vaccine that protects against exposure to the toxin – has
been sponsored through a series of overlapping challenge
grants and cooperative grants from the NIH, as well as a
grant from the FDA Orphan Products Division, granted
to Soligenix and to the University of Texas Southwestern
Medical Center, where the vaccine originated.

contracting business was subsequently split from their
commercial business and at the same time merged with
SRA, becoming the company CSRA. CSRA was purchased
by General Dynamics in 2018 and today DVC is a managed
affiliate of the General Dynamics Information Technology
business unit. Even though we’ve had a few different parent
companies, DVC still functions as an LLC and carries its own
brand. We operate exclusively as a US government contractor,
and have performed work for DoD and the Department of
Health and Human Services. We have worked on a great
variety of products over the years, including vaccines, other
biologic products, and small molecule anti-infectives. In
2005, the company licensed vaccinia immune globulin for
the treatment of adverse reactions in smallpox vaccines, in
particular progressive vaccinia.
www.themedicinemaker.com

28

Feature

T O P T H R E AT S
Ebola was first documented in 1976 and early on there
were fears that the virus could become a bioterror threat.
Research into an Ebola vaccine started years before the
outbreak in West Africa (1), but its potential as a viable
bioweapon is low. Many national security and infectious
diseases experts agree that the hurdles to weaponizing
Ebola are enormous – growing the virus in the required
amounts would be expensive, and working with such
an infectious pathogen is so dangerous that would-be
terrorists would be more likely to accidentally infect
themselves (2). However, Ebola does carry a significant
global health threat via natural outbreaks. Fortunately,
progress on vaccines is now being made – and were used
to help control outbreaks in the Democratic Republic of
Congo earlier this year.
According to the US Centers for Disease Control and
Prevention, the top agents considered to have significant
potential for use in a bioterrorist attack are (3):
•
•
•
•
•
•

Anthrax
Botulism
Plague
Smallpox
Tularemia
Viral hemorrhagic fevers including filoviruses
(Ebola, Marburg) and arenaviruses (Lassa
and Machupo)
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DVC manages product development programs for
government agencies, primarily (but not exclusively)
related to medical countermeasures. Unlike many other
biotechs, DVC does not own the intellectual property for
its products. Instead, we partner with government agencies
and other companies who own IP of interest. We are also
a virtual company, which means we do not own any labs or
manufacturing facilities. All of those activities are contracted
out, which means we can use the best performers at the best
value to complete complex, long-term development projects.
WHAT PROJECTS ARE YOU WORKING ON NOW?
DVC has active contracts to develop specific products through
to FDA licensure; namely a recombinant botulinum vaccine,
recombinant plague vaccine, and human butyrylcholinesterase
(bioscavenger), which is designed to protect from the effects
of exposure to highly lethal organophosphorus nerve agents.
All of these products are intended to be administered to
active military personnel, and all are to be licensed under the
FDA’s Animal Rule. DVC also holds separate contracts that
issue specific task orders – the scope of which may include
development of assays, conducting cGMP manufacturing,
or conducting clinical trials on specific products. Our
vaccines are being developed for JVAP, and the bioscavenger
product is being developed for the DoD’s Chemical Defense
Pharmaceuticals. These products have specific requisite
performance characteristics attached to them, which are
outlined in a Capability Development Document (CDD).
CDDs are very useful for the contractor, because companies
know early on in development the performance requirements
that have to be met for the product to be acceptable to the
DoD. These requirements may be separate or unrelated to
FDA requirements.
Regarding the plague vaccine, the clinical-stage product
we are developing for DoD is a recombinant fusion protein,
which makes use of the two most well-known and wellcharacterized protective antigens from Yersinia pestis,
namely the F1 antigen and the V antigen. Right now there
is no FDA-licensed plague vaccine. From the 1940s to the
1990s there was a killed whole cell vaccine available to
prevent plague, but the vaccine, last manufactured by Greer
Laboratories Inc., was rather reactogenic and did not protect
against all forms of plague. There is published evidence that
subunit vaccines can protect against all forms of disease (1).
DVC is also advancing the bioscavenger protein as a prophylactic
countermeasure designed to protect against the potentially lethal
effects of organophosphorus nerve agents. Over the years, there
have been many attempts to make this molecule by various means,
but no products have progressed. As a result, the decision was
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taken to purify butyrylcholinesterase directly from human
plasma, where it is found in trace concentrations. DVC and
our partners are doing just that, and this product has the
potential to very nicely add to the chemical defense arsenal
for the services (2).
WHAT ARE THE CHALLENGES
WHEN WORKING ON HIGHLY
CONFIDENTIAL PROJECTS?

Many of the products that we have worked on are regulated
by either the US Department of State, or Department of
Commerce, but are not classified as Secret or Top Secret.
The most stringent controls of technical information that
we work under are the International Traffic in Arms
Regulations (ITAR), which govern materials that are
on the US Munitions List. These regulations limit the
sharing of technical information about our products to

THE INTERSECTION
OF INFECTION AND
BIODEFENSE
MARCUS HORWITZ’S PRIMARY
FOCUS IS ON INFECTIOUS
DISEASES, BUT A NUMBER OF
PAT HO G E N S H E H A S S T U DI E D
LED HIM INTO THE REALM OF
BIO T E R ROR I S M . R E C E N T LY,
HORWITZ AND HIS TEAM HAS
DEVELOPED A SINGLE VECTOR
VAC C I N E P L AT F O R M T H AT
COULD OFFER PROTECTION
AGAINST TULAREMIA, ANTHRA X,
PLAGUE, AND MELIOIDOSIS –
ALL CONSIDERED SIGNIFICANT
BIOTERRORISM THREATS.
Based on an interview with Marcus Horwitz
conducted by Stephanie Sutton
While in medical school at Columbia University, I spent six
months in East Africa, working in clinics and studying public
health. In that region of the world, infectious diseases have an
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only US persons, which means we cannot present technical
information at scientific conferences or publish our findings.
This is a challenge because publication and presentations
are important to scientists working in product development!
We have also needed to establish an infrastructure to be
compliant with all aspects of the ITAR – a huge effort that
took over a year.
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especially large impact on human health, which influenced me
to focus my career on infectious diseases. My initial studies, at
The Rockefeller University, centered primarily on the biology
and immunology of Legionella pneumophila, the agent of
Legionnaires’ disease; early on, my mentor, Samuel Silverstein,
and I discovered that L. pneumophila was an intracellular
pathogen of human mononuclear phagocytes. Later, after
joining the faculty at the University of California, Los Angeles,
I turned toward studying tuberculosis (TB), caused by another
intracellular pathogen, Mycobacterium tuberculosis. My
interest in intracellular pathogens also naturally led me to study
Mycobacterium leprae, the agent of leprosy, and later Francisella
tularensis, the agent of tularemia. And that is where my work
began to link in with biodefense – F. tularensis is considered a
Tier 1 Select Agent of bioterrorism. When inhaled, F. tularensis
can cause a severe and often fatal pneumonia. I was attracted to
F. tularensis primarily because of the opportunity it presented
to study an intracellular pathogen with a different intracellular
lifecycle from others that I had previously worked on. In the
wake of the anthrax attacks in the US in 2001, federal funding
for research on bioterrorism agents, including F. tularensis, also
increased dramatically making it possible to carry out both basic
and applied research on this organism.
We successfully developed vaccines against Legionnaires’
disease, leprosy and TB, including the first TB vaccine that was
more potent than the century-old BCG vaccine (1), all based on
a new concept that I dubbed the “extracellular protein hypothesis
www.themedicinemaker.com
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for vaccines against intracellular pathogens.” In essence, my
hypothesis held that extracellular proteins were key triggers of
an immune system response against intracellular pathogens.
The idea was that these proteins, released by pathogens inside
infected host cells, would alert the immune system because
their epitopes would be displayed on the surface of infected host
macrophages as MHC-peptide complexes. Once alerted, T cells
would mount an attack against the host cell by activating it with
cytokines that would enable the host cell to inhibit the growth
of the intracellular pathogen, or by lysing the host cell, depriving
the pathogen of its intracellular niche for multiplication.
The idea for the vaccine was to immunize with the
extracellular proteins in such a way as to promote the
development of T cells that would later recognize MHCpeptide complexes on the surface of infected host cells. The
most abundantly secreted proteins were hypothesized to be the
most protective because they would present the richest display
of MHC-peptide complexes on the surface of the infected cell.
The hypothesis culminated in a vaccine that yielded excellent
protection against Legionnaire’s Disease, and subsequently
leprosy and TB.
ONE SHOT; MULTIPLE TARGETS
Based upon the success of the extracellular protein hypothesis, my
laboratory applied it to developing a vaccine against tularemia.
We developed several vaccines, of which the most potent was an

attenuated version of a related pathogen that overexpressed parts
of three key extracellular proteins of F. tularensis.
We started with a previously developed but unlicensed
vaccine called Live Vaccine Strain (LVS) that had been derived
by the Russians by serial passage of a highly homologous but
less pathogenic subspecies of F. tularensis – subsp. holarctica
– in the mid part of the last century. We altered this vaccine
to derive our vaccine vector. Using the LVS vaccine as the
basis for our vector had a significant practical advantage in
that LVS had already been extensively tested in humans and
was considered relatively safe. However, LVS still retained
significant toxicity, and we, therefore, first rendered it safer by
deleting a key gene. The resultant vector, called LVS ΔcapB,
was still highly immunogenic but over 10,000-fold less virulent
than LVS. We used this vector to overexpress parts of highly
protective extracellular proteins of F. tularensis. You can read
more details about the work in our study (2).
Ultimately, the vaccine proved to be very safe, highly
immunogenic, and highly potent in protecting against
respiratory challenge with virulent F. tularensis subsp.
tularensis. Once we had a vaccine able to protect well against
tularemia, we considered the practical advantage of using the
same vector to also express key immunoprotective antigens of
other Tier 1 Select Agents. Hence, we engineered the vector
to express key antigens of the bacteria that cause anthrax,
plague, and later (since the original publication) melioidosis.
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A single vector vaccine platform has tremendous practical
advantages because it simplifies manufacture, regulatory approval,
clinical evaluation, and vaccine administration by allowing for the
concurrent administration of individual vaccines from a single vial.
One of the major advantages of our vaccine platform is that the
vaccine can be easily cultured in very large quantities in vats using
conventional growth medium at very low cost. The vaccines directed
against each of the various Tier 1 pathogens can be cultured under
the same conditions. No purification is needed and no adjuvants
are needed, markedly reducing the expense of production. The
vaccines have also proven to be highly potent against challenge
with highly lethal doses of pathogens by the respiratory route – the
route of greatest concern in a bioterrorism attack.
For several reasons, there are few vaccines against infections
caused by intracellular pathogens. Generally, it is easier to develop
vaccines targeting extracellular bacteria, viruses and toxins,
against which antibodies play the dominant role in host defense.
For intracellular pathogens, however, T cell immunity plays the
dominant role, and it is more complicated to activate that type
of immune response. Of the 23 pathogens/toxins targeted by
vaccines available in the US, the agents of only two – TB and
typhoid – are intracellular pathogens of mononuclear phagocytes.

A WINNING BID
FOUNDED IN 1998, EMERGENT
BIOSOLUTIONS HAS GONE ON
TO BECOM E A M U LT I NAT IONA L
BIOP H A R M A C OM PA N Y – DE S P I T E
WOR K I NG I N SOM E DI F F ICU LT
THERAPEUTIC AREAS, INCLUDING
BIODEFENSE.
With Jim Jackson, Chief Scientific Officer at Emergent BioSolutions
TELL US THE STORY BEHIND EMERGENT
BIOSOLUTIONS…
The company was founded in 1998 (we celebrated our 20th
anniversary just a few months ago) by Fuad El-Hibri, who is
our former CEO and now executive chairman. Essentially,
the company came about from a winning bid for assets from
the Michigan Department of Health and Human Services.
The Department had developed an anthrax vaccine back in
the 1960s in collaboration with Michigan State – primarily
for use by veterinarian and certain textile workers (anthrax
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Right now, there is considerable interest in medical
countermeasures for bioterrorism and, since 2001, key vaccines,
particularly for anthrax, have been stockpiled. But in some
cases, pathogens that are considered a bioterrorism threat
require effective vaccinations anyway. Consider melioidosis
as just one example – this disease causes around 165,000 cases
and 89,000 deaths annually, mostly in Southeast Asia and
Australia. These are diseases that we have a duty to tackle
regardless of their potential as bioterrorist weapons.
Marcus Horwitz is Distinguished Professor of medicine and of
microbiology, immunology and molecular genetics at the David
Geffen School of Medicine at the University of California, Los
Angeles, US.
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is a ubiquitous soil microbe that is found on the fur, hair,
and coatings of certain animals). It is also possible to isolate
anthrax spores from spores from natural sources, which can
be used as a bioweapon. When the site fell out of regulatory
compliance, the state didn’t have enough resources to bring it
back up to scratch. Instead they turned it into the Michigan
Biologic Products Institute and put it up for bid, with ElHibri being the winning bidder.
El-Hibri was really interested in the anthrax vaccine because
he had worked with Porton Down in a prior life and was familiar
with government needs for vaccines against bioterrorism agents.
He saw an opportunity to build a company to provide products in a
niche pharmaceutical area that traditional big pharma companies
were ignoring because they didn’t see a viable business case.
We spent a few years getting the Michigan manufacturing
facility back into regulatory compliance. These were difficult
times because we weren’t selling, and the fact that we
succeeded is testament to the creativity and perseverance of
not only the founder, but also the senior management team
at the time. We formed a number of collaborations with
government agencies and established partnerships very early
on to help us get through that period.
www.themedicinemaker.com

Today, we sell our anthrax BioThrax (Anthrax Vaccine
Adsorbed) to the US Department of Health & Human
Services where it’s primarily used for the strategic national
stockpile. We also sell to friendly overseas governments.
WHAT ARE THE CHALLENGES OF
DEVELOPING PRODUCTS FOR BIODEFENSE?
This is a very tough space in which to operate and build a
business, but there is a vital need for these types of products
for national security and public health. Before joining
Emergent BioSolutions, I worked for 10 years in a classic
biotech start up company and the business motivations and
the drivers were significantly different. At Emergent, we have
a prudent business philosophy and have used our profits to
buy additional companies and assets in this space – and today
we have a pretty extensive library of products.
Most vaccines are developed (and efficacies determined) in
field studies with adults and paediatric patients. With anthrax
and other potential bioweapons, such as nerve gas exposure,
you can’t perform such studies because there aren’t enough
natural cases out there. The FDA had to find a way to get

these products approved, which led to the “Animal Rule.”
FDA approval of such products is based on animal studies and
companies have to be very creative in demonstrating efficacy
in multiple animal models that mimic the human condition.
There is a mouse model for everything out there but some
are more predictive than others, and it takes a lot of effort
to identify and work with collaborators in the government
and at the FDA to agree on those animal models in addition
to demonstrating safety, efficacy, pharmacokinetics and
pharmacodynamics in humans.
HOW DOES DEVELOPING MEDICAL
COUNTERMEASURES FOR BIOTERRORISM
COMPARE WITH DEVELOPING
TRADITIONAL THERAPEUTICS?
A lot of the skills, equipment and infrastructure are the same as
for developing any other standard vaccine or therapeutic. The
difference lies in the infectivity and classification of the agents
you are developing your drugs and vaccines against. Take
anthrax or smallpox for instance; these agents must be handled
under highly controlled situations. Having the environments,
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facilities and trained individuals who know how to work with
those agents is a necessity for this business space. If you are
in a BSL3 or BSL4 laboratory there are absolute procedures
that you must follow to safely handle and record usage of
an organism. We really encourage our employees to think
creatively around how to develop efficacious products that
have the greatest utility under emergency conditions as well.
HOW DO YOU COLLABORATE WITH
GOVERNMENTS?
It is very important to build good collaborative relationships
with different government agencies. You need to understand
their needs but we’ve also needed to educate them about what we
need from a business perspective so that we can be a long-term
sustainable partner and collaborator for them. An example of
that is multiyear contracting and ensuring that money is going
to be available to procure these agents to keep stockpiling them
to the levels that governments want to achieve.
We’ve worked with agencies like the US Defense Advanced
Research Projects Agency (DARPA) to develop larger-capacity
manufacturing capability for some of our products. We have a
manufacturing facility in North Baltimore, which is a Center
for Innovation in Advanced Development and Manufacturing
(CIADM). We are actually a surge flu manufacturing site for
the government in case there is a need for additional pandemic
influenza vaccines.
WHAT ELSE IS IN YOUR PORTFOLIO AND
PIPELINE (THAT YOU CAN TELL US ABOUT)?
We are in the process of developing a new anthrax vaccine that
includes an additional adjuvant. It will be a dual adjuvant anthrax
vaccine that we have designed to potentially achieve immune
protection faster than BioThrax. The immunization schedule
for BioThrax is three doses. If approved by FDA, the labelled
immunization schedule will likely be only two doses.
Aside from an anthrax vaccine, we have many other speciality
products in our portfolio. Some of our products have been
picked up from big pharma because they weren’t financially
viable or interesting for those companies, based on traditional
pharmaceutical business models. For example, we acquired a cellbased smallpox vaccine, ACAM2000, and a monoclonal antibody,
raxibacumab, developed as a therapeutic aid for anthrax toxicity.
Recently, we acquired PaxVax, which gives us some interesting
vaccine products that can be useful for both the commercial
travellers’ market and for military use when troops deploy to
certain areas where they might be exposed to cholera or typhoid
fever. Only a few months ago, we also announced the acquisition
of a European pharmaceutical company called ADAPT Pharma,
which currently produces the only FDA approved needle-free
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emergency opioid overdose treatment.
We also have our Vaccinia Immune Globulin program; we
collect plasma from individuals who have been vaccinated with
our smallpox vaccine to generate anti-smallpox antibodies that can
be used as a therapeutic for people who may have been, or might
be exposed to, smallpox, but haven’t been vaccinated – it’s basically
a rescue therapeutic. We also have a botulism antitoxin indicated
for the treatment of symptomatic botulism following documented
or suspected exposure to botulinum neurotoxin serotypes A, B,
C, D, E, F, or G in adults and pediatric patients. The technology,
which has been enhanced and modernized over the years, uses
horses to generate a certain type of monoclonal antibody that
we can use in humans to neutralize botulism toxin occurring
either through intentional release or through contamination
– perhaps from improperly processed seafood. Babies can also
acquire infant botulism by eating unpasteurized honey that may
be contaminated with botulism spores. We are hoping to use our
Vaccinia Immune Globulin technology to create an influenza
immune globulin product that treats complicated influenza cases,
particularly in the elderly who don’t respond well to the flu vaccine
and have a high mortality rate due to influenza. We’re looking to
use the same technology for Zika too.
We also have some projects in the nerve agent chemical antidote
space. We are trying to develop additional products using our auto
injector technology but carrying different APIs to treat different
types of chemical exposure. We’re also working with the US
government on developing a nasal antidote for cyanide exposure.
We’ve also set up a new business focusing on devices (just under
two years ago, we split the company into four business units:
vaccines and anti-infectives, antibody therapeutics, devices,
and contract development and manufacturing). For example,
we have an auto-injector product for nerve agent antidote drug
delivery and a reactive skin decontamination lotion kit that
removes or neutralizes chemical warfare agents on the skin. We
also have some surface decontamination products.
There is a great deal of satisfaction and reward with this work.
While we started out 20 years ago as a biodefense company,
through the years Emergent has expanded its focus to address
public health threats outside of chemical and biological threats to
include existing and emerging infectious diseases such as Ebola,
Zika, influenza, typhoid, and cholera, as well as opioid overdoses.
Building the business has come with challenges, but we take pride
in the fact that we are helping to protect and enhance life – which
is the company’s mission. Hopefully our vaccines will never need
to be used outside of the military when troops are stationed in
areas where bioweapons may have been developed in the past or
may currently be deployable. But if ever they are needed, we want
to ensure that civilians have access to safe, efficacious and quality
vaccines and medical countermeasures.
www.themedicinemaker.com
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Keys to
Consistent
Bioprocessing

inputs are likely to impact them. In upstream
process development, it’s easy to first think
about bioreactor parameters such as pH
and temperature, but additional inputs to
consider should include raw materials, cell
inoculum, and processing time.

The development of a robust
and consistent bioprocess
requires a systematic and riskbased approach to identify the
right process parameters and
raw materials.

Developing and characterizing the process
Once CQAs and KPAs have been identified,
and an assessment has been completed
to determine which process inputs may
impact them – now what? It is not just
important to recognize that temperature
may impact cell growth (a KPA) and your
raw materials may impact glycosylation (a
CQA). To ensure you are developing a
consistent process, it is critically important
to define the operating ranges or material
specifications that will achieve the defined
KPA and CQA ranges for your molecule.

By Serena Fries Smith
This is a very exciting time in the
biopharmaceutical industry. While we
continue to see companies investing in
new therapeutic proteins and biosimilars,
we are also seeing an emergence of
gene and cell therapy treatments. Each
of these therapeutics present unique
complexities in process development, but
for all, the development of a robust and
scalable bioprocess is critical to process
consistency and long-term manufacturing
success. Ultimately, it’s all about developing
a quality process that delivers the desired
performance and product every time.
So what are the main things to consider
when developing a robust and consistent
bioprocess? The first step is to define
what the critical quality attributes (CQA)
are for the biologic you are producing.
These are typically tied directly to the
safety and efficacy of that biologic. But
in the case of biosimilars, they may also
include other measurements necessary to
demonstrate comparability to the novel
molecule. Second to the CQAs are the key
process attributes (KPAs). These are the
measurements that will demonstrate that
the process is in control, and may include
cell growth and product production profiles.
Once the CQAs and KPAs are defined,
take a risk-based approach – based on
internal experience and publically available
information – to determine which process

“For autologous cell therapies, variability
in the donor material and its performance
in the process is the greatest source of
variation. So process characterization and
the control of raw materials is even more
crucial [than with mAbs].” – Michael Laska,
PhD, VP Bioprocess Development and
Manufacturing at Cobalt Biomedicine.
For your specific process, consider the
following questions when preparing for
development and characterization work:
• How will I measure my CQAs?
mAbs have been around long
enough that it is generally accepted
that glycosylation profiles and charge
variants are two critical quality
attributes. And there are reliable
and high throughput methods to
measure them (including some
online tools). But what about
gene and cell therapies? Many
scientists rely on ELISAs, which
are labor intensive and potentially
variable, when there may be more
manufacturing-friendly assays.
• Which raw materials are critical?

This will vary based on the type
of biologic, as well as any process
or cell line sensitivities. It’s easy to
focus on “complex” or undefined
components, including animalderived materials or plant-based
hydrolysates, but chemicallydefined raw materials can also pose
challenges. All components could
possibly bring in trace impurities
that can have a big impact on the
process. Understanding where the
risks are early in development is key
to success.
• What is the right scale-down model?
Whether your manufacturing
approach is to scale-up or scale-out,
having a reliable and representative
scale-down model is necessary for
process development, as well as for
future troubleshooting or process
improvement activities.
“Validating your scale-down model is very
important. In my mind this should be done
not by just direct comparison of product
and/or process attributes between scales,
but also by understanding (and modeling)
the differences in variability of process
parameters between the scales. This needs
to be understood and correctly modeled so
that the small-scale is representative of the
large-scale.” – Peter Slade, PhD, Sr Principal
Scientist Late Stage Development at Pfizer
Of course, a high performing cell culture
process is important, but this means more
than just maximizing titer. Characterizing
the critical attributes of your system leads
to a process that delivers the expected
product every time. Raw material control
and bioreactor process conditions are
clearly important here, but scientists
are also beginning to utilize an –omics
approach to better understand intracellular pathways. This information can
be leveraged to optimize the system,
maximize productivity, and to identify and
mitigate process risks.
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Preparing for cGMP manufacturing
The complexity of transferring from a
process development lab to a clinical
or commercial manufacturing suite is
sometimes underestimated. Frequently,
processes that ran smoothly in the lab fail
when operated in a cGMP environment.
Many times, this failure is due to the
difference in equipment.
A mAb process that I developed is one
example of this. It was a CHO fed-batch
process that worked perfectly in 3 L glass
benchtop bioreactors – consistently
achieving 3 g/L – but when we scaled
up to a 1000 L stainless steel bioreactor
to produce toxicology material, the
titer fell to 1 g/L. We were operating
this bioreactor with a backpressure of
7.5 psi, but didn’t take into account that
the higher pressure would result in an
increase in the dissolved carbon dioxide
(pCO2) in a culture. The increase in pCO2
resulted in an increased demand for
base, which resulted in a corresponding
increase in lac tate produc tion –
ultimately resulting in the lower than
expected titer. Bioreactor pressure, one
process parameter unique to large-scale
production ultimately resulted in poor
performance. Once this was understood,
we implemented a specif ication ,
setting a maximum pCO2 level prior
to starting base addition, and were
able to achieve 3 g/L at pilot-scale. This
experience highlighted how important it
is in process development to collaborate
with manufacturing to understand, and
then account for, the differences in
production equipment.
Leveraging analytics
The last few years have seen significant
advances in analytical technologies used
to develop and characterize a consistent
bioprocess. The use of omics – specifically
proteomics and metabolomics – in
early phase development can optimize
cell lines and media through improved
understanding of intra-cellar pathways.

Throughout process development,
identifying and using reliable assays and
online tools for the measurement of
CQAs is critically important to define
operating ranges. And extending the
use of analytical tools to measuring and
controlling variability in raw materials helps
to ensure a consistent supply.
“In my experience, raw material sourcing is
the most often overlooked aspect of clinical
manufacturing preparation. Scientists in
the development space must ensure GMP
sourcing channels are available when
choosing materials in their laboratories.
This enables identical material usage and
performance in manufacturing.” – Ray
Ducoat, Associate Principal Scientist,
Biologics Pilot Plant at Merck & Co.
A great example of this is cell culture media,
which can comprise over 100 different
components, each with the ability to
introduce impurities into the process that
may impact productivity or product quality.
When you have determined (through
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process characterization) which raw
material impurities pose a threat to your
process, it is critical to partner with your
raw material supplier to analyze, monitor,
and control for that impurity.
Conclusion
The complexities of manufacturing
biologics reinforces the importance of
a systematic and risk-based approach
to developing a consistent process. This
approach means using past experience to
estimate how each variable may impact
performance or product quality, and
then defining operating ranges and raw
materials based on how your specific
process behaves. Designing the right
scale-down model, leveraging analytics,
and working with trusted suppliers is
key to establishing a plan for long-term,
consistent bioprocessing.
Serena Smith is Director of Strategic
Customer Engagements at Thermo Fisher
Scientific, and a bioprocessing leader with
over 17 years of industry experience.
www.thermofisher.com/bioprocessing
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The Next Chapter in Single Use
Single-use systems have proven their
worth in the industry, but where will
advances in the future come from?
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The Next
Chapter in
Single Use
Disposable technology
has found its place in the
biopharma industry, but where
does the story go from here?
By Mario Philips
The evolution of single-use technologies
so far – and their growing uptake in the
biopharma industry – is a fascinating
story. My first experience with single
use started in a completely different
industry: semi-conductors. This industry
used very high purity chemicals supplied
in stainless steel containers and glass
bottles, but faced a great deal of cleaning
and contamination challenges (sound
familiar?). The company I worked for at

the time – ATMI – developed a singleuse technology made of polyethylene
and Teflon materials that could cope
with up to around 500 liters. It was
designed for transporting and pressure
dispensing chemicals in the semiconductor industry.
In time, we looked at how we could
bring the same technology to other
industries – and we certainly saw potential
in life sciences. But as a newcomer it was
difficult! We had no real credibility in the
field, so we had to be innovative. Instead
of bringing yet another storage solution
to life sciences (the “me too” approach is
rarely an effective path), we decided to
focus on single-use mixing and single-use
bioreactors. And I think it’s fair to say that
it turned out rather well in the end; indeed,
ATMI became a very successful company
in the field. As a stranger to the industry,
we did have one big advantage: the ability
to see things from a fresh perspective.
Nevertheless, it has taken a very
long time for the biopharma industry

to accept and routinely use single-use
technologies. Contract manufacturing
organizations were some of the first
companies to embrace the technology.
Not surprising as single use is very much
associated with flexible manufacturing
– and flexibility is incredibly valuable
for companies that work with many
different projects and processes. Today,
ma ny biopha r ma ma nu fact u rers
themselves are also adopting single
use, particularly for new facilities or
new capacity expansion projects. As
just one example, in late 2014, Amgen
opened a biomanufacturing facility in
Singapore that makes extensive use of
single-use technologies (1).
Today’s talking points
Given the fact that stainless steel
equipment had been used for so long,
it was natural there would be some
questions with the move to singleuse components. The number one
concern initially was extractables and
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“Stainless steel is
not going away,
particularly for
large
manufacturing
volumes.”
leachables (E&L), and this issue is still
a significant talking point today. It is
well accepted that foreign molecules
from single-use materials can interfere
with biologic drugs, and this has led
to enormous collaboration between
suppliers and manufacturers as they
work to understand the potential for
E&L risks and how to mitigate them.
Suppliers have also worked to ensure

full transparency over the supply chain
of raw materials needed for single-use
components, and to develop products
with reduced potential for leachables,
while industry groups, such as the
BioPhorum Operations Group, have also
released best practice guides (2). E&L
can never be completely eliminated, but
the widespread use of single use today
shows that there is high confidence in
the systems.
Another important ongoing discussion
point with single use is the environmental
impact. Plastics are very often associated
with a high impact on the environment
(and for a number of good reasons).
However, the industry is also becoming
more aware of the environmental impact
of cleaning stainless steel. If you have a
vessel of 1000 liters, you are typically
using around six to eight times that
volume in cleaning, which includes
different acid steps, water for injection,
and steam. Just consider the volumes
required for a much larger tank! Clearly,
stainless steel usage also has a huge
impact on the environment – some would
argue more of an impact than plastic!
Supply companies recognize
the env ironmenta l
challenges of single-use
material and continue
to look for innovative
ways to make this
waste stream more
env ironmenta l ly
friendly.
A third significant
conversation point
today is standardization,
pa r ticu la rly a round
extractables testing. Different
companies use different methods and
prefer different types of data and risk
assessments. If we can all agree on
standards, it would save everyone in the
industry a great deal of time and reduce
the duplication of work. Suppliers do try
to supply data, but it may not be the data
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that some manufacturers want. We have
not agreed on standards yet, but I think
the industry is making good progress in
this area, and it’s fantastic to see industry
groups, manufacturers and suppliers all
coming together on the topic.
Simply the best?
The benefits of single use are numerous.
Aside from the reduction of carbon
footprint, the reduction in cleaning also
leads to reduced costs and downtime.
There is also more flexibility with
single use because you don’t have the
same fixed stainless steel equipment
(and costs); planning and building time
for new facilities can be much faster,
which ultimately means that decisions
on whether to build or not build can be
delayed until more data are available.
We’ve all read about (or been involved
in!) situations where large factories
have been commissioned and built in
anticipation of success, only to be left
redundant when the market changed or
the drug failed.
However, it’s not a case of single use
being “better” than stainless steel.
Stainless steel is not going
away, particularly for large
manufacturing volumes.
Once you reach around
3000 liters, I’d say that
the cost benefits of
single use become less
appealing. Moreover,
there is a current limit
to the volumes that
single-use can cope
with. There are single
use products on the market
capable of handling 5000 liters,
but handling such a large biocontainer in
a cleanroom environment is tricky. How
do you safely install them? How do you
transport them? How do you store them?
And if anything goes wrong? That’s a lot of
product to lose! It’s certainly not impossible
to use single use for such large volumes –
www.themedicinemaker.com
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The FDA View on
Continuous
At the 2018 International Symposium
on Continuous Manufact uring
(ISCMP) held in London in October,
Janet Woodcock spoke extensively
about t he need to moder n iz e
pharma manufacturing (see page
8). Discussing FDA breakthrough
designations, where the aim is to
accelerate drugs through clinical
development, Woodcock explained
that commercial manufacturing can
be a rate-limiting step.
For targeted therapies in oncology,
the FDA can approve drugs for very
small populations of cancer patients
based on expanded phase I cohorts –
where a drug is tested in various tumors,
and then expanded if one tumor shows
a good response. Drugs in these types
of trials can be approved quickly… “But
then the question is: are you ready? Do
you have a commercial drug available?
These are often expensive drugs, and
your managers are probably jumping
up and down and turning blue in the
face…” said Woodcock, during the
presentation. One of the big decisions is

and many people do successfully – but I
think that stainless steel tends to be the
preferred option in these cases. And there
will always be special scenarios where the
product is simply better suited to stainless
steel rather than single use; for example,
liquids with extremely high or low pH
requirements. Ultimately, manufacturers
need to examine their product, consider
demand, and then decide which technology
is most suitable.
Today, suppliers of single use systems
are focusing on making single use more

whether you need to open a new facility,
but companies must also keep in mind
that the drug may never be used in a very
large population. On the other hand,
the FDA has also approved drugs that
have gone on to treat other susceptible
tumors – and suddenly, the drug
becomes a global hit, and production
must be scaled up rapidly. “FDA does
not infrequently encounter situations
where manufacture at a commercial
scale is a rate limiting step and it’s a real
heart-breaker to everybody – probably
including your senior management,
when you have a product approved
and your manufacturing isn’t ready,”
Woodcock added. “It’s a different
process completely from what we’re used
to back in the 1990s and early 2000s in
drug development.”
Woodcock discussed a number
of advantages that continuous
processes may offer, including the
environmental impact (less solvents,
waste and cleaning) and the fact that
smaller manufacturing footprints may
open up the possibility to have more
facilities located around the world.
Right now, finished dosage forms are
“world travelers” and it can be very
hard for regulators to know where

“industrial”. What does that mean
exactly? Essentially, it’s all about making
the components more robust and keeping
the end user very much in mind during
development. Products need to have fail
safes and they need to be easy to use
in a busy manufacturing environment.
Single use adoption initially began
in process development laboratories,
where workers tend to have a little more
flexibility. With single use now moving
into cGMP manufacturing suites,
the requirements are more stringent.

they are made. Complex supply chains
also put products at risk in the event
of natural disasters. “We have a very
slow response capability if a dominant
manufacturer stops making a drug –
for example, if there is an issue at a
plant or there is a hurricane. We
can’t scale up quickly. So, the ability
to respond faster will become more
and more important,” said Woodcock.
When it comes to continuous
technologies and biologics,
Woodcock explained that the specific
advantages were:
•
•
•
•
•
•
•

Decreased use/cost of media
Reduced manufacturing
footprint
Reduction/elimination of costly,
time-consuming cleaning
operations between campaigns
Integration of downstream steps
to reduce time/costs
Use of multi-attribute methods
to replace conventional quality
control and release tests
Rapid screening of performance
space over many conditions with
automated experimentation
Ability to conduct development
studies at commercial scale.

Equipment needs to be installed quickly,
and it must be hassle free, and risk free.
Many single-use systems are operator
friendly, but in some cases there is still
room for improvement.
Once we’ve cracked the
“industrialization” angle, there are
other areas for improvement. Single
use has already evolved from storage,
through to sterile connections, to more
complex bioreactors and mixers, but
now the industry is looking to combine
unit operations into real process
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“A fully continuous
line won’t be
suitable for all
biopharma
companies, but it is
another option that
manufacturers can
consider.”
solutions. I believe that single use
could be a key enabler for continuous
bioprocessing – an ongoing topic of

discussion in the biopharma industry,
partly thanks to regulators who are
encouraging manufacturers to consider
new technologies that could lower
production cost. The industry has already
seen much success with continuous
c h r o m a t o g r a p h y, e s p e c i a l l y i n
conjunction with a perfusion bioreactor,
which is commonly performed using
single-use technology. Continuous
chromatography can offer huge cost
savings because it uses less resin. Now
there is keen interest to transform
other unit operations. Continuous
bioprocessing will drastically shrink
the footprint required for manufacturing
and add flexibility – and single use
compliments both of these very well.
Again, it is not necessarily a case of
continuous being better than batch – a
fully continuous line won’t be suitable for
all biopharma companies, but it is another
option that manufacturers can consider,
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and it should help drive increased
efficiency and lower capital investment
and operational costs. Many other
manufacturing industries have already
made the switch. Is biopharma really that
different? There is a lot of momentum – or
pressure – on both the supplier and the
end user to make this work – and I think
we’ll see increasing experimentation with
continuous in the coming years, but that’s
not a bad thing. Let’s face it – continuous
bioprocessing is a very exciting prospect!
Imagine having a continuous line that
can produce monoclonal antibodies
for phase I, II and III trials – and for
early commercialization too. You could
produce the product easily in the lab
and delay large investments until you
have evidence that the drug will be
commercially viable.
Those of us working for suppliers must
always focus on innovation, but we must
also be modest – we are only a very small
part of the drug development puzzle,
after all. Every day, tens of thousands of
researchers in the biopharma industry are
working hard on cutting-edge research
designed to help patients – and right now
there is some incredible research going
on. I find the activity in cell and gene
therapies, for example, very inspiring.
Knowing that we suppliers can contribute
to helping researchers realize their vision
and aspiration – by helping them to more
easily scale up their drug manufacturing
processes – is what honestly gets me up
in the morning to go to work.
Mario Philips is Vice President and
General Manager at Pall Biotech.
References
1.

Amgen, “Amgen in Singapore,” (2018).
Available at https://bit.ly/2Mo6INc.

2. BioPhorum Operations Group, “Best practices
guide for evaluating leachables risk from
polymeric single-use systems used in

biopharmaceutical manufacturing.” Available
at https://bit.ly/2Qantxq.

www.themedicinemaker.com

42

 S p o ns o r e d F e a tu r e

The New
Antibody Formats
on the Block
More complex alternatives
to monoclonal antibodies are
demanding innovation from
manufacturing and purification
techniques.
By Patrick Endres
Over the last fifteen years, monoclonal
antibodies (mAbs) have dominated the
market but, today, alternative antibody
formats are coming through company
pipelines, including mAb fragments,
single-chain fragment antibodies, and
modified antibodies, such as antibody
drug conjugates (ADCs), engineered
antibodies and bi-specific antibodies.
For conventional mAbs, pharma
companies tended to have
one platform process for
all (or the majority of)
products. But these
same platforms are
not optimized,
or simply do
not wor k , for
other antibody
formats. In short,
manufacturers are
facing signif icant
challenges. For example,
for mAbs production,
protein A was used as capture
chromatography resin in purification
platforms, as it interacts with the FC
part of a mAb, but what about antibody
fragments? Well, fragments lack the FC
part, so there is no interaction with
protein A! To capture mAb fragments,
there has been a need for innovative
chromatographic media, such as Protein
L, which binds to a different part. To that

end, we launched our protein L resin
(Toyopearl AF-rProtein L-650F) to help
manufacturers adapt to newer antibody
formats coming through pipelines.
Feedback fr om our cus tome r s
about our protein L resin has been
very positive. For instance, Dr Michael
Davids, CEO of Davids Biotechnologie
GmbH, said: “Toyopearl AF-rProteinL650F is an innovative and very useful
chromatographic resin in my purification
toolbox, as it allows capture of multiple
antibody types. It is the resin I’ve been
expecting for many years.”
From the data produced in our lab,
we know that our protein L resin has
the highest dynamic binding capacity and
highest alkaline stability compared with
other protein L resins on the market.
Many of our customers are now scaling
up their protein L processes.
Initially, the focus was on antibody
fr agments, but there is also a
growing trend towards ADCs. The
hydrophobicity of ADCs is dependent
on the number of payload molecules
linked to the antibody; hydrophobic
interaction chromatography (HIC) allows
manufacturers to separate ADCs with
different drug to antibody ratios, using
those differences in hydrophobicity.
Tosoh has historically been very strong
in HIC media and so we’ve done a lot of
application work in this area. One of our
most recent application notes shared tips
and tricks on how to separate different
drug to antibody ratios using our existing
hydrophobic interaction resins (1). We
are continuously working on additions
to our HIC toolbox, both for resins and
analytical columns.
Working together
One of the biggest challenges for
everyone in biopharma is that the industry
is very slow to change. Developing a
new biopharmaceutical takes years,
and once completed, companies prefer
not to replace it unless there is a very

good reason to do so!
And this is something
we take to heart at
Tosoh: we have a very
strong commitment to
continue producing and
supplying established
products for a very long
time. Our customers don’t
want to wake up one morning
and realize that Tosoh has suddenly
stopped producing a material that is
essential to their process and product!
For example, the on-going expansion of
production capacity by 50 percent is part
of this commitment.
In the same way, close cooperation
with the biopharma industry is crucial
for us when we want to develop new
prototypes or products, and we are
always talking with companies to find out
what innovations they would like to see,
both in terms of the near and long term.
Current buzzwords in downstream
processing are “single-use technology”
and “continuous production”. Continuous
technologies offer the potential for using
smaller volumes of highly efficient resins
and getting more productivity out of the
resin – a win-win situation.
It’s clear there is an exciting future for
the industry; biopharmaceuticals are
becoming more advanced, manufacturing
methods are improving, and there is
also the advent of cell and gene therapy
medicines that could completely change
how patients are treated. But we need
to work on development timelines. It can
take in excess of 10 years for a product
to go from idea to market. Surely this can
be reduced if regulators, manufacturers,
resin vendors and other suppliers work
together to optimize bioprocessing.
Patrick Endres is Senior Laboratory
Specialist at Tosoh Bioscience, Germany.
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Easing IonExchange
Chromatography
Why salt-tolerant resins make
for “happier” biomolecules with
better binding.
By Romain Dabre
Process chromatography is one of the
main components of downstream
processing. One of the most commonlyused chromatography techniques for the
purification of recombinant biomolecules
is ion-exchange chromatography. It is, for
example, the preferred step after protein
A capture for the intermediate purification
of antibodies and antibody constructs. Ionexchange chromatography uses the ionic
charges on the surface of the proteins to
bind and elute, and requires specific buffer
conditions. Often, a desalting or dilution
step is required to ensure proper binding
of the target to the ion exchanger.
The introduction of salt-tolerant ionexchange chromatography resins has been
appreciated by the industry. Salt tolerant
means that the binding of biomolecules will
work at higher salt concentrations than on
traditional ion exchange. Normally in ionexchange chromatography, you bind the
biomolecule on the column and elute your
target by increasing the salt concentration.
Typically, that means the feedstock
needs to be salt-free before going onto
the chromatography steps, adding time
and money to the process. With salttolerant ion-exchange chromatography
resins, you can work with a higher salt
concentration for binding, allowing for
more straight-forward processes with less
steps and/or less dilution while maximizing
productivity through high dynamic
binding capacity (DBC). For example,
the salt-tolerant cation exchanger

Toyopearl Sulfate-650F exhibits DBCs
up to 120 g/L at salt concentrations as
high as 0.3 mol/L. Another example
of the unique performances of these
resins is the capacity of the salt-tolerant
anion exchanger Toyopearl NH2-750F
to remove mAb-aggreagtes along with
viruses, endotoxins, DNA and HCP,
paving the way for reducing the number
of steps in antibody purification.
It is also important to point out that
biomolecules are natural structures – and
when existing in humans or plants there is
always the presence of salt. Being without
salt, as required in conventional ionexchange chromatography, goes against
the laws of nature, and some proteins do
not like these conditions. In this way, salttolerant ion-exchange chromatography
has a huge advantage. Although they have
only been on the market a few years, our
salt-tolerant resins are already being used
in phase III pre-commercial manufacturing
steps. In some ways, it is remarkable how
these resins have made it to this stage so
quickly – but there’s a simple reason for
the rapid uptake: they solve previously
intractable problems. And I would say
that they are perfect for newer antibody
formats coming through pipelines.
Collaboration works
As Patrick explains, collaboration is
very important to us at Tosoh, and
we have contact with many companies
and research institutes. Yes, we sell
our products, but I like to say that our
expertise is something that we offer for
free! It’s very rewarding that customers
see us as experts who they can ask for
help when they have a problem with
developing methods, or choosing the
best material conditions for a specific
program. One of our collaborative
projec ts involved the Max-Planck
Institute for biochemistry in Martinsried
(Germany), one of the largest institutes
within the Max Planck Society, and we’re
proud to share their feedback:
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Leopold Urich, scientist in the group of
Sabine Suppmann (Head Recombinant
Protein Production), works in the Institute’s
core facility – one of many service facilities
devoted to supporting the scientists
during their work. Among the many areas
of expertise, the Institute is working in the
field of “recombinant protein production”
– essentially, developing strategies for
protein expression and purification. As a
result, all of Urich’s projects require some
form of chromatography.
Urich described Tosoh’s Toyopearl
Sulfate-650F and Toyopearl NH2-750F as
breakthroughs for his work because ionexchange was something the group had
been struggling with. “The biggest issue
has always been the binding conditions
with other ion-exchange resins, meaning
very low salt concentrations,” says Urich.
“Most of the material we are working with
simply can’t withstand such low amounts of
salt. This problem has since been eliminated
and, on top of that, we’re seeing some great
separation results in our testing, even with
simple linear gradients especially with the
Toyopearl anion exchange columns.”
Tosoh has also worked with Sanofi,
and generated more positive feedback.
Benoit Mothes, Head of Sanofi’s Global
DSP Breakthrough Technologies Skill
Center, says, “The Toyopearl NH2750F anion exchange resin is the greatest
innovation from the past 10 years in the
downstream processing field.”
We are always open for collaboration
with the industry. If you are interested
in working with us, please email: romain.
dabre@tosoh.com.
Dr. Romain Dabre is Product Manager,
Process Business at Tosoh Bioscience,
Germany.
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How are financing decisions for
start-ups linked with technology?
Two academics offer their empirical
evidence on the topic for review.
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The Winning
Strategy for
Start-Ups
Business academics have
been trying to uncover
empirical evidence around
how financing decisions
are linked with technology.
After all, the business of
making biopharmaceuticals is
expensive – so the more data
you have to back up decisions,
the better.
By Hyunsung Kang and Xin Geng
There is no doubt that biopharmaceutical
corporations invest heavily in R&D. In
2011, the sector employed more than
810,000 people, supported nearly 3.4

million jobs, and contributed nearly
$790 billion in economic output in the
USA (1). In fact, the biopharma industry
spends 13 times more on R&D expense
per employee than other manufacturing
industries – perhaps not surprising
given that the average R&D cost of
one drug is around 2.6 billion dollars
(2). Such expensive R&D costs can
make it difficult for biopharmaceutical
corporations to finance their projects –
a challenge that is especially salient in
early stage start-ups, with their inherent
lack of internal resources, and reliance on
entrepreneurial financing sources: angel
investors, independent venture capitalists
(IVCs), and corporate investors.
These heterogeneous financing sources
have their own investment motives and
patterns, and usually offer a range of
services for biopharmaceutical startups. Corporate investors, which are
traditionally pharmaceutical incumbents,
provide resources beyond the financial,

including industrial expertise, marketing
channels, and R&D facilities. However,
these investors can bring with them a
risk of misappropriation – in other
words, using the start-up’s technological
resources for their own gains. IVCs
are financial institutions that invest
in the private equity of start-ups to
maximize capital gains through initial
public offerings and acquisitions. IVCs,
similar to corporate investors, provide
managerial support, such as monitoring,
professionalization, and certification
effects, along with financial resources.
Though the risk of misappropriation
is minimal, these investors pursue
investment opportunities characterized
by high risk and high return. Contrary
to institutional investors, angel investors
are individuals who usually provide a
smaller amount of financial capital, but
are widely available to start-ups.
Given the co-existence of
heterogeneous i nve stor s i n t he

 47

B usin e s s

Distribution

yi

N

1. Angel

%

Mean

876

50.64

10.050

26.806

129

7.46

2.744

5.730

186

2. IVC

3. Corporations

4. Syndication
5. All sample

Technological progress

539

1730

10.75
31.16

100.00

1.258

13.725
9.705

S.D.

Min.

Technological uncertainty
Max.

Mean

265.000

0.141

3.025

0.000

30.895

0.000

263.000

0.028

26.085

0.000

265.000

0.094

0.000

0.000

18.000

0.010

47.000

0.170

S.D.

Min.

Max.

0.027

0.000

0.058

0.000

0.325

0.430

0.000

7.000

0.528

0.724

0.000

0.000

0.177

7.000

7.000

Table 1: Summary statistics.

Multinomial logit regression
Model
yi
Technological progress

(1)
2

3

Stage fixed effects

4

2

3

0.051*

0.060**

12.417**

7.455

(0.029)

Technological uncertainty

Control variables

(2)

(4.935)

Yes

Yes

(0.029)
(4.896)

Yes

N

1730

1730

-759.111

-709.267

0.616

0.641

pseudo R 2

0.000

(0.034)

13.336***
(4.943)

Yes

Yes

Prob>x2

0.008

Yes

Year fixed effects

Log likelihood

4

0.000

Table 2: Hypotheses test using multinomial logit (MNL) regressions. Robust and clustered standard errors are presented in parentheses. yi includes:

y1 = angel, y2 = IVC, y3 = Corporation, and y 4 = syndication. The base group is y1. ***, **, and * denote significance at 1%, 5%, and 10%, respectively.

entrepreneurial f inancing market,
we were interested in how
biopharmaceutical start-ups get matched
up with certain types of investors.
Considering that technology is often
the most important resource for these
start-ups, perhaps this question can be
resolved by examining the connection
between the characteristics of the start
up’s technology and the financing
sources. In other words, we need to

explore how start-ups’ technological
resources serve to determine their
financing sources. Practitioners and
scholars have tried to figure out this
matching issue previously, but there
is a lack of both theoretical guidance
and data to fully examine this issue.
By better matching start-ups (and their
technological capability) to the most
suitable type of investors, it may help
optimize the whole funding process.

To generate more data on the topic,
we performed our own study into
the issue, and chose to focus on two
dimensions of technology (see the
Statistical Evidence section below for
details): i) technological progress and ii)
technological uncertainty, as these two
characteristics can indicate the maturity
of technologies pursued by start-ups. We
came up with two hypotheses:

www.themedicinemaker.com
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Biopharmaceutical start-ups with
strong technological progress
were in a better position to
attract investors and thus choose
corporate investors or IVCs that
would provide managerial and
technological support, as well as
financial capital.
Start-ups that pursue highly
uncertain projects create
investment opportunities
characterized by high risk and high
return (3), which may be a better
match with IVCs that can realize
greater capital gains.

We were confident in our hypotheses,
but we wanted statistical data to back
them up (such is the drive of those
in academia!).
Statistical evidence
Using a dataset on the fundraising
activities of 529 biopharmaceutical
start-ups (provided by the Deloitte
Recap database), our study identified
some interesting empirical evidence
to validate our theories. The dataset
corresponds to 186 angel investors,
364 IVCs, 305 corporate investors,
and 129 syndicated investors between
IVCs and corporate investors in the
period 1985 and 2006. This period is
characterized by a significant expansion
in external fundraising activities in
the biopharmaceutical sector (4). To
build the two types of technological
characteristics, we used patent data from
the US Patent and Trademark Office
(USPTO). Patents are particularly
impor tant to c la im va lues from
inventions in the biopharma sector and
are, therefore, a good representation of
a start-up’s technological characteristics.
Technological progress was estimated
by the stock of a start-up’s successful
patent applications. Start-ups that have
a greater stock of patents were assumed
to have more advanced technologies.

Technological uncertainty was also
estimated using patenting information.
Based on Lanjouw and Schankerman
(5), our study f irst estimates
technological maturity by using the
stock of backward citations associated
with a start-up’s patents at t (i.e., m).
Second, m is divided by the stock of startup’s successful patent applications (i.e., p) at
t to normalize it. Finally, a reciprocal for
the resulted estimation is calculated
to measure technological uncertainty.
1
(i.e., m/p ) ) A more matured technology
has a lower technological uncertainty,
and vice versa. Our control variables
included the start-up’s age, experiences in
external R&D activities and financing,
funding amount in the round, investor’s
reputation, and funding stage and year
fixed effects.
The descriptive statistics are presented
in Table 1. All samples include 1730
fundraising observations, including
multiple fundraising activities by
biopharmaceutical start-ups, and are
categorized into four financing source
groups. The columns report the distribution
of the sample and the summary statistics
of the independent variables, including
technological progress and technological

“Biopharma startups should fully
consider the link
between
technological
characteristics and
financing.”
uncertainty. The first column reports the
distribution of the sample: yi=1 (angel
investor) is 186 observations and around
11 percent of the sample; yi=2 (IVCs)
is 876 observations and 51 percent of
the sample; yi=3 (corporate investors) is
539 observations and 31 percent of the
sample; and yi=4 (syndicated investors)
is 129 observations and 7 percent of the
sample. These distributions indicate the
unexpected smaller portion of angel
financing – but we should also bear
in mind that it is difficult to identify

B usin e s s

angel financing compared with IVCs
and corporate investors f inancing,
given that angel investors are individual
people rather than typical professional
investment firms. The proportion of
corporate investor financing is, overall,
consistent with statistics in prior surveys,
which note that 37 percent of start-ups
are financed from corporate investors in
63 industries (6).
The second column indicates a notable
pattern: group 1 has considerably less
technological progress compared with
other investor groups, which provides
evidence for hypothesis 1. It is also
noteworthy that group 2 and 4 indicate
signif icantly greater technological
uncertainty than other investor groups,
which supports hypothesis 2.
Of course, these statistics are simply
univariate results and thus may be biased
because of unobserved heterogeneity. To
really back up our theories, we also delved
into more elaborate empirical approaches
using multinomial logit regressions. The
general purpose of multiple regression
is to learn more about the relationship
between several independent or predictor
variables and a dependent or criterion
variable. This empirical technique helps
identify the relationship between startups’ choices on funding and technological
characteristics, while controlling for other
factors that would impact the choices
of funding.
Using the specif ication of
multinomial logit regressions, Model 1
includes only control variables and fixed
effects. Model 2 presents our bench
mark results. The data can be difficult
to interpret for non-statisticians,
but they indicate that technological
progress has overall positive and
significant regression coefficients for
the probabilities of y i=2, and y i=3
(IVCs and corporate investors) with
the conventional levels of significance.
Since y i=1 serves as a base group to
ensure model identification, these

statistics suggest that technological
progress is associated with a significant
decrease in the probability of angel
financing, offering yet more data to
support hypothesis 1. Model 2 also
shows that the regression coefficients
of technological uncertainty of yi=2 and
yi=4 are positive and greater than that
of yi=3. These statistics are consistent
with hypothesis 2. In a nutshell, MNL
regressions show that i) increased
technological progress is linked with a
higher probability of IVC or corporate
funding (further proof of hypothesis
1) and ii) increased technological
uncertainty is associated with a higher
probability of an IVC funding source
(further proof of hypothesis 2).
It’s a numbers game
Combined together, we believe the
results provide systematic evidence
that biopharmaceutical start-ups select
financing sources according to their
technological characteristics. In some
cases of couse, the funder may choose
the startup (rather than the other way
around) based on technological progress/
uncertainty and in terms of safety
versus competition/differentiation/
risk, and there is much that biopharma
startups can learn from this behavior
to focus their own funding activities.
The newness of our study, however,
is that start ups can strategically use
funding sources for their own purposes
and choose the right one for them.
Specifically, start-up projects tend to be
financed by IVCs and corporate investors
rather than angel investors when a
sufficient level of technological progress
has been reached, which is reflected by
their attractiveness to a wider range of
investors. Furthermore, when pursuing
highly uncertain technology, where
higher risk may be equated to a higher
rate of return, start-ups projects tend
to be financed by IVCs and syndicated
investors – where the appetite for risk
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(and reward) is greater.
In short, the characteristics of
the technology a biopharma startup is pursuing has an impact on the
resulting f inancing arrangements.
Why? Along with the complexity and
length of product development cycle,
biopharmaceutical start-ups have a
unique managerial and technological
environment. Importantly, the earnings
outlook for a biopharma company is often
determined largely by the products they
develop and market, rather than their
overall performance in the industry. As a
result, biopharma start-ups should fully
consider the link between technological
characteristics and financing sources to
develop an optimized strategy for growth
– and survival.
Hyunsung D. Kang and Xin Geng are
both based in the Campbell School of
Business, Berry College, Georgia, US.
References
1.

PhRMA, “The economic impact of the US
biopharmaceutical industry,” (2013).

Available at https://onphr.ma/2q8lXjW.
Accessed December 2014.

2. NDP analytics, “IP – intensive

manufacturing industries: Driving US
economic growth,” (2015). Available at

https://bit.ly/2D1se9u. Accessed November
13, 2018.

3. WF Sharpe, “Capital asset prices: A theory of

market equilibrium under conditions of risk,”
Journal of Finance, 19, 425-442 (1964).

4. National Venture Capital Association, “VC
investments 2010” (2010). Available at

5.

www.nvca.org. Accessed November 13, 2018.
JO Lanjouw, M Schankerman,

“Characteristics of patent litigation: A

window on competition,” R AND Journal of
Economics, 32, 129-151 (2001).

6. B Guo, Y Lou, D Perez-Castrillo,

“Investment, duration, and exit strategies for
corporate and independent venture capital
backed startups,” Journal of Economics &

Management Strategy, 24, 415-455 (2015).

www.themedicinemaker.com

Changing
Mindsets
Sitting Down With... Vivek Sharma,
CEO of Piramal Pharma Solutions.

Si t t in g D ow n W i t h

How did your career in pharma begin?
I never actually intended to pursue a
career in the pharma industry. I trained as
an accountant, so science and the pharma
industry as a whole were far removed from
my expertise. I then moved into business
operations and ultimately I found that I
was pretty good at doing things nobody
else wanted to do!
I made it to a private equity firm in
Boston and became an operating partner
where I helped a portfolio of companies
to do better. I amassed experience in Asia,
Europe and North America, and worked
with a broad spectrum of companies –
from pharma to the music industry! And it
was all exciting because I was continuously
learning, growing and contributing.
I fell fully into the pharma industry
by chance. At a social event, I met Mr.
Piramal, the owner of Piramal Pharma
Solutions. He was looking to add talent
to the company at the corporate level to
help Piramal’s businesses do better and
acquire more companies. He offered me
a job. I was excited by his vision for the
company, the field of healthcare, and
the innate potential it possessed. So, I
accepted his offer without actually having
a specific role within the company.

“Oh my, what am I doing now?” I don’t
have a scientific background and people
like to remind me of this, but I am an
optimist and I have a strong sense of
self-belief – and I am also a big believer
in the power of working together. I’ve
surrounded myself with great scientific
advisers, and as a company we are
constantly on the lookout for great talent.

How did you find yourself in the role
of CEO?
Initially I was in a corporate office
looking at various businesses within
the Piramal portfolio and it was clear
that the Piramal Critical Care business
wasn’t living up to its potential. I took
it upon myself to project the growth of
the company and present it to the owner.
His response was, “Well if this is the
situation, why don’t you go and run it?”
And so that’s what I ended up doing!

What was the key change that you
made to the company?
It is a little difficult to explain exactly
what problem I solved. Piramal Critical
Care had the same market, products
and employees when I began working
with them as they did before I was ever
a factor in the equation. I made no
changes to these things. What I focused
on was the mindset within the company.
It is my belief that everyone wants to
improve and, initially, I think there was
a lack of ambition when it came to the
company’s true potential. I wanted to give
people guidance, leadership and a vision. I
firmly believe that a business truly succeeds
when everyone involved with it connects to
a higher purpose. Of course, monetary and
short-term benefits have positive effects,
but when people connect to something
bigger – something that they are really
passionate about – they begin to see work
as more than just a job. After working
on the Critical Care business, I moved
to the Pharma Solutions business, which
had struggled in the past. I’ve now been
here for four or five years and I’m proud
to say we are one of the leading providers
of pharma services all over the world. We
have done acquisitions, simplified our
business, simplified the structure, and
made sure we keep the focus on customers
and patients.

How did you cope with the challenges
of the new role?
Fortunately the business ended up doing
even better than I projected, but I still
have moments where I think to myself,

Why is it important to keep in mind
the patients?
We always used to see ourselves as a service
provider, which is still true. We are a
contract manufacturing company and we
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must serve our customers, but we also have
to put the patients first – these are our final
customers after all. Recognition of this
role has really motivated our employees,
as they are now able to see the rewarding
impact of their work. We are all saving
human lives. Keeping the focus on patients
means that we provide a lot of feedback
to the pharma companies we work with
about their products and approaches. As
a service provider, there are limitations in
what we can do, but I am very proud that
our feedback is often considered and used
to direct positive change.
What’s the secret to helping
companies get to market faster?
Collaboration is crucial. Though we are
bound by the laws of confidentiality,
we work with our customers to look at
best practices that allow us to add value
to their businesses. We want them to
be successful because their successes
are also our successes! Right now, the
pharma market is very competitive so
one of the biggest trends is the need to
reach the market fast. Depending on the
market size, delays can result in increased
costs for companies, or they can lose out
on significant market share if a similar
product reaches the market first. Every
day counts, and I believe a collaborative
approach is the best way to move products
through the pipeline faster.
What are you plans for the future of
the company?
Our goals for the near future all involve
growing our customer base – ultimately, we
want to serve more patients! It is inspiring to
know that our work revolves around making
our lives and our livelihoods purposeful.
We are at a very exciting juncture for the
company right now. Our demand is higher
than our supply and although this presents
many business challenges, it also gives us
the opportunity to expand even further. I’m
excited by the prospect of exploring new
therapy areas and technologies.
www.themedicinemaker.com
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