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Designed by Evolution — Manufactured by Jennewein

Jennewein Biotechnologie GmbH is the pioneer and leading producer of rare monosaccharides
(L-fucose and sialic acid) and human milk oligosaccharides like 2‘-fucosyllactose (2‘-FL),
lacto-N-neotetraose (LNnT) and others.

We offer high quality functional carbohydrates from an efficient, industrial scale production
based in Germany using state of the art fermentation processes and technologies.

We fully focus on safety and quality of our products (ISO 22000 Food Safety certification,
compliance with legal requirements on hygienic practice for infant food, Kosher and Halal
certification).

We offer first class application services, tailor-made training and technical support for infant
nutrition, dietary supplements, as well as functional and medical nutrition.

We find customized solutions where others do not even look at.
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Injecting Growth and Innovation

Pharma Takeover Carousel Turns Hot as Patents Expire and R&D Pipelines Run Dry

Abbvie takes over Allergan, Pfizer merges its generics business with

Mylan, Takeda integrates Shire — the pharmaceutical industry is

making a name for itself in 2019 with several billion-dollar acquisi-

tions. This is an attempt to find new active ingredients, but also to

develop a remedy against rising costs and increasing price pres-

sure.

In the pharmaceutical and biotech
industry, takeovers are part of the
business model. If a company‘s own
research and development (R&D) de-
partment does not produce enough
new promising drugs, it may be possi-
ble to succeed with the products of a
competitor. Conversations and negot-
iations about cooperations, mergers,
and acquisitions therefore constantly
take place everywhere in the phar-
maceutical and biotech industries.

However, such processes become
more pronounced on a regular basis
when the need for new input raises.
In such times, transactions are driven
to record values. And 2019 could be
another year like this.

In January 2019, industry giant
Bristol-Myers Squibb (BMS) an-
nounced its intention to acquire
the cancer specialist Celgene for
$74 billion. If the deal is concluded,
it would be one of the largest take-

4 @ CHEManager | Pharma & Biotech 2019

overs in the pharmaceutical industry.
BMS CEO Giovanni Caforio is flirting
with the deal in order to strengthen
his company‘s position in the lucra-
tive cancer immunotherapy business.
With an estimated sales volume of

“The era of billion-dollar
blockbusters is coming
toanend.”

€20 billion, the US player would thus
be ranked number two in the onco-
logy sector behind Swiss market lea-
der Roche.

However, BMS is currently batt-
ling for antitrust approval of the deal.
To get the green light, BMS intends to

sell Celgene’s psoriasis drug Otezla.
After it was previously planned that
the acquisition could be completed
in the third quarter of 2019, the BMS
management now expects the ac-
quisition to be finished at the end of
2019 or beginning of 2020 due to the
antitrust delays.

Also at the beginning of the year,
Japanese pharmaceutical group Ta-
keda signed a deal to acquire Irish
competitor Shire for $62 billion. Shire
is the largest foreign acquisition to
date by a Japanese company. Takeda
is particularly attracted by Shire’s
cancer products. The Irish also have
medicines for the gastrointestinal
tract and the nervous system in their
portfolio.

Continued Page 6 »
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Abbvie Has an
Eye on Allergan

Finally so far, in June, US pharmaceu-
tical group Abbvie announced its plan
to acquire competitor Allergan for
around $63 billion. In doing so, Abb-
vie, headquartered in North Chicago,
Illinois, aims to reduce its dependence
on the blockbuster drug Humira. The
drug, which had its origins in the Lud-
wigshafen laboratories of the former
BASF subsidiary Knoll, has in recent
years been the world's largest sales
driver in the pharmaceuticals busi-
ness: In 2018 the product reached sa-
les of about $20 billion. This means
that the company achieved 60% of its
total revenues of almost $33 billion
with the rheumatism drug alone.

But the days of the almost inex-
haustible cash flow for Abbvie are
probably over for now. Last fall,
patent protection for Humira expired

“In the pharmaceutical
and biotech industry,
takeovers are part of the
business model.”

in Europe, and since then several bio-
similars were launched on the mar-
ket. In order to compensate for the
associated decline in sales, Abbvie ur-
gently needs new promising active in-
gredients. The management hopes to
find them in Allergan‘s product port-
folio and pipeline.

Allergan is best known for Bo-
tox. The anti-wrinkle product is used
in cosmetic surgery as well as in
neuromedicine. Even though the pa-
tent protection for Botox has long
since expired, Allergan still generates
$2.4 billion per year. Since this pro-
duct is also coming under increasing
competitive pressure, Allergan has
been working on the development
of new drugs in recent years, and
Abbvie is now targeting them.

If it succeeds in overcoming the
antitrust hurdles, the takeover will
create a new industry giant with a to-
tal turnover of $49 billion, which is
placed in the view of industry leader
Pfizer ($53.6 billion).

Reorganization
of the Generics Market

Weights are also being rebalanced on
the global generics market. At the end
of July, the world‘s largest pharmaceu-
tical group Pfizer and its Dutch compe-

Abbvie has an eye on Allergan, and Botox, a product of Allergan, could belong

to the North Chicago, lllinois-based competitor in the near future.

titor Mylan agreed to establish a joint
group for patent-free drugs. While Pfi-
zer plans to divest its generics business
with brands such as Lipitor, Celebrex,
and Viagra under the umbrella of Up-
john and take over the majority of the
new company, Mylan is to be fully inte-
grated into the new company. This will
create a new industry leader with an
annual turnover of about $20 billion
and a profit before taxes and deprecia-
tion of about $8 billion.

Last but not least, the industry is
making a name for itself in the cur-
rent year through “smaller” consolida-
tions and acquisitions. Pfizer has an-
nounced its intention to acquire Array
Biopharma for $11 billion. Pfizer‘s am-
bitions may have been driven by good
results Array has announced for com-
bined therapy in patients with metas-
tatic colorectal cancer. At an industry
meeting at the beginning of June, the
company also convinced with new data
from a combination against a special
advanced form of breast cancer.

Eli Lilly also took money into its
hands. For $8 billion, the Indianapo-
lis-based company bought its cancer
research partner Loxo Oncology — an
indication that the precision oncology
research field is in great demand.

Just the Beginning

“This is just the beginning of a series
of mergers to come,” said Sarat Sethi
of investment house Douglas C. Lane
on CNBC television. That‘s 47% above
the $170.2 billion combined value
of the top 10 M&A deals during the
first six months of 2018, highlighted
in a “Top 10 M&A deals” of Genetic
Engineering & Biotechnology News,
a specialized information source for
the industry. With further deals in the
second half of the year, 2019 could
close with record volumes after two
years of weaker M&A activity.
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Patents, Cost Pressure,
Competition

The reasons for the intensive efforts of
large pharmaceutical companies this
year can be found in the pipelines and
balance sheets of the corporations.
Patents are expiring, cost pressure
is increasing, the era of billion-dol-
lar blockbusters is coming to an end
and is being replaced by highly spe-
cialized products developed for smal-
ler patient groups. In addition, there
is competition from chemical and bio-
logical imitation products and the ef-
forts of politicians and health insur-
ance companies to keep prices under
control. During the past 1.5 years, for
example, the US government took va-
rious measures to lower drug prices
and limit co-payments by patients. In
addition, the financial return on R&D
activities at biopharmaceutical com-
panies is declining. This means that
per each euro or dollar spent, com-
panies often generate less turnover
or profit than before. All in all, these
developments are reflected in stagna-
ting or declining sales. On the other

“This is just the
beginning of a series of
mergers to come.”

Sarat Sethi, Douglas C. Lane

hand, as the pharmaceutical compa-
nies grow in size by acquisitions, they
can achieve efficiency gains, for ex-
ample in research and development,
but also in administration and sales.

In addition, US pharmaceutical
companies in particular often have
plenty of cash at their disposal, due
among other things to the reduction
in corporate taxes in 2017.

© Abbvie Inc.

Weak Takeover Activity
in 2018

In contrast to the good M&A year
2019 to date, pharmaceutical com-
panies have lagged significantly be-
hind their opportunities on the
transaction market in the past year:
Although the acquisition volume in-
creased by 11% to $198 billion com-
pared to 2017, however, the sum was
around $90 billion less than the ave-
rage amount invested between 2014
and 2016.

This is the conclusion of the audi-
ting and consulting firm EY (Ernst &
Young), that conducted and published
a study on the financial data of the
largest pharmaceutical, biotech, and
specialty pharmaceutical companies
earlier this year. EY‘s “Firepower In-
dex” measures the purchasing power
of biotech and pharmaceutical com-
panies in M&A transactions on the
basis of their market capitalization,
cash, and debt capacity.

Companies would certainly be
able to do more: the firepower — the
funds that companies can mobilize
for acquisitions — amounted to more
than $1.2 trillion. However, only 16%
of this was used in 2018. In 2014,
companies still invested 27% of the
funds available for mergers and ac-
quisitions. The most common reasons
for this reluctance were primarily the
high prices that were called for take-
over candidates and the global geo-
political and trade uncertainties.

German Companies not
in First Place

By the way, German pharmaceu-
tical companies only play a minor
role in the takeover concert of the
big players. In terms of sales, they
also lag behind the global indus-
try leaders, partly because lucrative
oncological drugs often come from
the USA or Switzerland. While the
global market leaders from the USA
and Switzerland increased their sales
considerably last year, the local re-
presentatives dropped back. In 2018,
the 22 companies surveyed by EY
increased their pharmaceutical sa-
les by 0.9% to €460.8 billion. How-
ever, German pharmaceutical com-
panies can still boast one plus for
themselves: they invest a lot of money
on research. Merck and Boehringer
Ingelheim, for example, spend more
than the global average.

Thorsten Schueller, CHEManager
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CDMO Market Forces Re-shape of M&A Activity

Deal-making in the Contract Development and Manufacturing Industry

Mergers and acquisitions (M&A) have played a pivotal role in the

evolution of the contract development and manufacturing (CDMO)

industry. However, after an especially active year in 2017 when 12

strategically and financially significant acquisitions were completed,

the number of deals has dropped off sharply, with just five in 2018

and only two as of mid-June 2019.

The decline in significant deals re-
flects a variety of factors, including
a shrinking pool of attractive acqui-
sition candidates and the high multi-
ples demanded by sellers. These fac-
tors could limit M&A activity in the
near future, but other factors are
emerging that will shape acquisition
activity as well. These include the
emergence of “mega-CDMOs,” lack of
capacity, and uncertainty in the ma-
cro environment.

Emergence of
Mega-CDMOs

While the CDMO industry remains
fragmented, we have seen the emer-
gence of “mega-CDMOs,” contract
service providers generating $3 bil-
lion to $5 billion in revenues with the
manufacturing scale, capabilities,
and expertise to match all but the
very largest biopharma companies.
There are now at least four such

companies, each offering a broad
array of manufacturing and deve-
lopment capabilities and scale on
the level of a $20-billion biopharma
company: Catalent, Lonza, Thermo
Fisher Scientific/Patheon, and Wuxi
AppTec.

For these broad-based mega-CD-
MOs, the significance and drivers
of M&A activity have changed. Most
have achieved their positions through
very expensive transformational ac-
quisitions, but now that they have
attained revenues of $3 billion to
$5 billion, the typical acquisition tar-
get available in the CDMO industry
hardly “moves the needle” in terms
of the acquiring company’s revenue
or profitability. Consider the recent
very expensive acquisitions of CDMOs
providing cell and gene therapy de-
velopment and manufacturing ser-
vices: Thermo Fisher’s $1.7-billion

Il

II

ﬂ Jim Miller,
DCAT

acquisition of Brammar Bio and
Catalent’s $1.2-billion acquisition of
Paragon Bioservices, two deals com-
pleted in May of this year. Despite
the large valuations of those deals,
they only added about 5% to the ac-
quiring company’s revenues, but the
strategic significance of participating
in the fast-growing cell and gene the-
rapy space made it imperative that
Thermo Fisher and Catalent pay up
to enter that market.

8 @ CHEManager | Pharma & Biotech 2019



The high-priced acquisitions of
CDMOs providing cell and gene the-
rapy development and manufac-
turing services spotlight a major
consequence of the emergence of
mega-CDMOs: an outbreak of intense
rivalry among the market leaders.
Such rivalries are common in indus-
tries and market segments where a
few companies dominate, and they
develop because the competitors
have developed similar value propo-
sitions, e.g., Airbus versus Boeing.

Executives of industry leaders
often perceive a need to match their
rivals’ capability-for-capability. In
part that reflects the need to com-
bat Wall Street perceptions that they
might be falling behind competitors
when they don’t match their stra-
tegic moves. In the CDMO business,
the stakes for matching capabilities
are especially high and real because
a given capability is often the entry
point to a broad relationship encom-
passing the full palette of the CDMOs
offerings: clinical supplies services
can lead to a commercial manufac-
turing contract and an active phar-
maceutical ingredient (API) manu-
facturing client can be convinced to
have the drug product manufactured
by the same supplier. A CDMO that
lacks a critical piece can lose out on
the whole supply chain. A perpetual
game of leapfrog and catch-up will
get played out in this environment.

One can see how rivalry may well
have been a factor in the Thermo
Fisher-Brammar and Catalent-Para-
gon deals. Not only do the two compa-
nies compete fiercely with each other,
but the other two mega-CDMOs,
Lonza and Wuxi AppTec, already have
well-established presences in the cell
and gene therapy market. Cell and
gene therapy has emerged as a ra-
pidly growing market segment that
has captured the attention of inves-
tors, biopharma companies, and Wall
Street analysts, and without their re-
spective acquisitions, Thermo Fisher/
Patheon and Catalent may have had
to stand by while other rivals had the
field to themselves. While Thermo
Fisher and Catalent had legitimate
strategic growth reasons to do those
deals, the need to catch up to major
rivals may have played a part in their
decisions.

Intense competition among rivals
can drive up multiples for strategic
acquisitions as they outbid each other
for prized targets, e.g., an API or drug
product manufacturer with substan-
tial revenues and a pristine reputa-
tion. There are few such targets left,
so if one comes to market, the bidding
is likely to be intense.

Need for Capacity

CDMOs continue to benefit from an
extremely strong market environ-
ment. Emerging biopharma companies
raised record levels of funds in 2017
and 2018 and are endowed with am-
ple cash to fund their pipelines. Accor-
ding to the Biotechnology Innovation
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with 22 companies raising $2 billion
through the end of May.

Most of the development spen-
ding by emerging biopharma com-
panies is funneled through CDMOs.
While financial reporting from CD-
MOs is limited, results of their clini-
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cal and preclinical contract services
cousins indicate that the market is
quite robust, with first-quarter reve-
nue growth rates typically in the high
single digits (7-10%) or even double-
digits (up to 25%).

To respond to these robust growth
opportunities, CDMOs need capacity,
and M&A has traditionally been a fa-
vored avenue for getting it. Buying
companies rather than building ca-
pacity has multiple advantages, in-
cluding immediate market entry or
incremental capacity, an established
book of business and customer base,
and an established work force. There
is an expectation that revenue can be
built quickly via the acquirer’s sales
force, and that some cost savings can
be realized through integration of
overhead operations.

However, capacity-driven acquisi-
tions of CDMOs are almost unheard of
these days because with demand so
robust, most CDMOs have little spare
capacity available. CDMOs seeking
capacity must look to facilities being
shed by biopharma companies that
no longer need the in-house capa-
city. The most significant of these
deals announced as of mid-June 2019
have been Thermo Fisher’s/Patheon’s
€90-million ($100.6-million) acqui-
sition of a GlaxoSmithKline small-

molecule API facility in Ireland and
Biogen’s sale of its large-molecule fa-
cility in Denmark to Fujifilm Diosynth
Biotechnologies for $890 million.

While manufacturing facility ac-
quisitions add needed production
capacity, that opportunity generally
isn’t available for development ca-
pacity. Biopharma companies ge-
nerally aren’t selling entire deve-
lopment facilities and development
capacity is constrained more by the
availability of skilled and experienced
professionals than it is by equipment.
Even large CDMOs are willing to con-
sider very small acquisitions out of
desperation to gain needed develop-
ment capacity.

Macroeconomic Uncertainty

The broader economic environment
in which the biopharma industry ope-
rates is becoming very uncertain.
Anti-trade sentiments and policies
are dangerous for an industry whose
supply chains are very global. The
threat does not come just from tariffs,
but regulatory policies that encou-
rage local production and use non-
tariff barriers, such as product mar-
keting authorizations and regulatory
compliance inspections.

A big concern comes from the fact
that the United States is the largest
biopharma market and is instigating
many of these anti-trade measures.
China, Mexico, India and the Euro-
pean Union have all been in the US
crosshairs of late. All are important
links in the biopharma supply chain
because of their low local production
costs or favorable tax policies.

Pharmaceuticals get favorable sta-
tus in many current free trade agree-
ments, but if anti-trade policies are
targeted at biopharma companies,
they may be forced to redesign supply
chains built in a free-trade environ-
ment and reconsider where their pro-
ducts are made. Rather than building
global centers of excellence or large-
scale facilities meant to supply global
markets, companies may be forced to
re-localize manufacturing operations.

The rejiggering of supply chains
could cut both ways for CDMOs. The
re-localization of manufacturing
could benefit CDMOs, whose multi-
product facilities would offer bio-
pharma companies an alternative to
building networks of sub-scale cap-
tive facilities. On the other hand,
CDMO businesses built on leveraging
the cost advantages of offshore ope-
rations could find themselves disad-
vantaged by the offshore networks.

This uncertain environment raises
important questions that compli-
cate decisions regarding what assets
should be bought and where they are
located. What are the risks of acqui-
ring a facility in Europe or India or
China if the facility is meant to serve
more than just local markets? Will
the financial return of an acquisition
change significantly if the terms of
trade are altered? Questions such as
these could impact the M&A deal flow
going forward.

Jim Miller, content advisor and con-
sultant, Drug, Chemical & Associ-
ated Technologies Association
(DCAT), former president, Pharm-
Source

jmiller@dcat.org
www.dcat.org

This article first appeared in the June 12,
2019 edition of DCAT Value Chain
Insights (https://dcatvci.org), an informa-
tion resource from the Drug, Chemical &
Associated Technologies Association
(DCAT), and was slightly modified for
publication in CHEManager with permis-
sion from DCAT.

Amgen Makes $13 billion Grab for Otezla

Contrary to recent speculation that
Amgen was preparing to buy Alexion,
the California-based US biotech has
announced that it instead will acquire
Celgene’s Otezla, the only oral, non-
biologic treatment for psoriasis and
psoriatic arthritis, along with certain
related assets and liabilities.

The deal is worth $13.4 billion in
cash or around $11.2 billion net of
the present value of $2.2 billion in
anticipated future cash tax benefits,
Amgen said. The transaction’s going
ahead is crucial for the acquisition of
Celgene by BristolMyers Squibb. Sa-
les of Otezla, driven by strong volume
growth, totaled $1.6 billion in in 2018.

Commenting on the purchase, US
pharma journal Fierce Pharma said
the price “easily dwarfs some recent
biopharma deals for entire compa-
nies and is significantly above the
price tag analysts have previously
estimated for Otezla, which suggests
an intense bidding process.”

Robert A. Bradway, chairman
and CEO of Amgen, said Otezla “fits
squarely” with Amgen’s portfolio and is
complementary to its existing inflam-
mation franchise of innovative bio-

logics and biosimilar products. He said
the company will take advantage of
its 20 years of experience in inflamm-
atory disease to realize the franchise’s
full global potential as an affordable
option for patients with these serious,
chronic inflammatory conditions.

The drug already approved in 54
markets outside the US, including the
EU and Japan, is claimed to be the
leading treatment in the post-topi-
cal, pre-biologic segment in its three
US indications. It is recommended
for patients with moderate-to-severe
plaque psoriasis who are candidates
for phototherapy or systemic therapy,
as well as in adult patients with ac-
tive psoriatic arthritis and adult pati-
ents with oral ulcers associated with
Behcet's Disease. Otezla has patent
exclusivity through at least 2028.

Amgen said the transaction should
contribute to its near- and long-
term revenue growth rate and will
be immediately accretive from close
to non-GAAP earnings per share
growth, with acceleration thereafter.

The company expects “at least low
double-digit sales growth” for Otezla
over the next five years. (dw, rk)
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Bayer to Sell Animal Health to Elanco

Bayer has definitively agreed to sell
its animal health business to Eli Lilly
spinoff Elanco Animal Health. The $7.6
billion deal will create the market’s
second largest player, with a share of
13%, behind Zoetis and ahead of un-
listed Boehringer Ingelheim.

The acquisition price is in the
range mooted earlier and consists
of $5.3 billion in cash, subject to ad-
justments, and $2.3 billion in Elanco
shares based on the unaffected 30-day
volume weighted average price as of
Aug. 6, 2019.

Elanco said the shares trans-
ferred to Bayer would be equiva-
lent to around 18.2% of the new ani-
mal health player but the number
could rise or fall by as much as 7.5%,
depending on the closing date price.

The German group said the trans-
action value represents an implied
multiple of 18.8x based on the animal
health business’s 12-months EBITDA
before special items as of Jun. 30,
2019.

The divestment should be conclu-
ded by mid-2020, subject to antitrust
clearance and other customary clo-
sing conditions, it said.

As predicted by analysts, due to
Elanco’s large debt burden following
its separation from Lilly, Bayer will be
obliged to retain its equity stake in the
divested business for an undetermi-
ned time.

Elanco plans to fund the cash pay-
ment with a combination of new debt
and equity and that the size of the pro-
posed equity increase will depend on
future market developments. Bayer
itself is carrying a debt load of around
€35.7 billion ($39.6 billion), inflated by
its $63 billion acquisition of Monsanto.

The deal is the biggest in a series of
portfolio measures Bayer initiated in
November 2018 to help fund its acqui-
sition of Monsanto. It has already an-
nounced to shed its consumer health
brands Coppertone and Dr. Scholl’s.

Germany's Beiersdorf is picking up
the sun care product for $550 million,
and US private equity group Yellow
Wood will take the foot care portfolio
for $585 million.

Bayer will also sell its 60% in site
services provider Currenta to Mac-
quarie Infrastructure and Real Assets
(MIRA) for €1.7 billion ($1.9 billion).
(dw, rk)
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Innovative Pricing for Sustainable Growth

Why CDMOs Should Consider Value-based Pricing

Outsourcing product development and manufacturing has become

for many pharmaceutical and biotech companies a strategic activity

and an integral part of their business model. In order to capitalize on

this trend, contract development and manufacturing organizations

(CDMOs) need to continuously optimize their commercial strategy

by establishing and enforcing a value-based pricing concept.

The pharmaceutical industry conti-
nues to grow and is estimated to be
worth $1.5 trillion by 2021. One im-
portant element of this development:
the accelerating trend towards out-
sourcing product development and
manufacturing to CDMOs. What
sounds like good news for CDMOs
also holds its own challenges — many
CDMOs are operating in a highly
fragmented market that is currently
undergoing a significant consolida-
tion. At the same time, many of them
are not fully prepared to exploit the
maximum potential and willingness-
to-pay in project pricing. This calls
for new and innovative monetization
strategies, with the right approach

to project pricing as a vital element.
Price is the single most powerful lever
to increase a company’s profits. How-
ever, right now, far too many compa-
nies are still clinging to traditional
cost-plus pricing logics that usually
lack consistency, transparency and
control and in most cases are set
based on a pre-determined self-
fulling margin target. This approach
needs to be replaced by harmonized
costing methodologies, value-based
pricing metrics, and systematic usage
of internal project price benchmarks.
These three areas will enable CDMOs
to develop a value-based price model
that fully exploits price potential and
monetizes willingness-to-pay.

COST

| 4

Omar Ahmad, Kaan-Fabian

Simon-Kucher & Kekec,

Partners Simon-Kucher &
Partners

Based on our project experience, we

observe a number of typical pricing

issues at CDMOs:
Non-transparent costing: For CD-
MOs, every project is different, and
costs depend on countless variab-
les. Consequently, determining the
full costing is essential to make
sure that companies operate profi-
tably. However, in many cases ma-
naging directors of individual sites
manage their own profit and loss
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statements and often exert their
will for project scoping and cos-
ting. In this context, the way costs
are calculated and reported can
differ based won site-specific pre-
ferences and legacy. This leads to
costing of projects often becoming
a black box to central commercial
CDMO functions as sites use diffe-
rent cost calculation methodologies
and level of granularity.

No value-based pricing: Pricing is
short-term, cost-plus and silo fo-
cused; CDMOs do not systemati-
cally exploit differentiated margins
based on client value or strategic
service elements. What we see is
that CDMOs often apply a standard
site-specific mark-up on their cos-
ting without considering the value
of individual services and as such
simply apply a one-size fits all ap-
proach. Some services might be
standard, others unique and should
ideally call for a higher or differen-
tiated mark-up.

Insufficient pricing benchmarks
and intelligence: The limited avai-
lability of historic project bench-

©Andrey Popov - stock.adobe.com




marks and post-deal profitability
analysis prevents clever and con-
sistent pricing decisions. Since pro-
ject specificities and prices are not
documented systematically, busi-
ness development managers often
don’t have full visibility on past
projects and their pricing for re-
curring clients. This gets even more
challenging if a CDMO has a global
footprint and customers have se-
veral touchpoints within the com-
pany. The full value of a client is
not understood and the CDMO’s
negotiating position is considerably
weakened.

In an increasingly segmented mar-
ket where CDMOs acquire more and
more sites to widen their geographi-
cal footprint as well as extend their
technical offerings, solving these pro-
blems can be tough but not impossi-
ble. Based on our project experience,
we were able to extract some best
practice approaches.

No two projects are alike, so costs
as well as client needs differ greatly.
To standardize project costing, com-
panies have to develop guidelines,
tools, and processes on top or repla-
cing site policies. This enables site
managers to make their own decisi-
ons, but within a certain framework,
following a company-wide costing
logic and granularity. The first fun-
damental step is to enable every site
to assess costs realistically based
on a consistent guiding principle.
Striking a common balance on the
level of cost granularity applied ena-
bles different sites to calculate costs
coherently on a per service element.

CDMOs then have to identify all re-
levant value and price drivers as
well as their magnitude to apply to
the cost base per service element.
The problem: They often lack relia-
ble data input. Market research data
is not available since projects are
unique and the pharma industry is
considerably small. Testing CDMOs’
customers’ value perception and wil-
lingness to pay in the same way other
industries are able to do so is not
easy. Consequently, companies need
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Solution outlook: A price model concept combining both value-based mark-ups

and client specific fine-tuning tools.

to work with experts and proxies
to determine clients’ perception of
value. After determining these value
and price drivers (e.g. type of drug
potential, client time pressure, reli-
ability risk, commercial price poten-
tial of drug, site capacity), they are
subsequently translated into quan-
tifiable margin mark-ups or -downs.
Best-in-class CDMOs even categorize
their services according to the level
of differentiation vs. competition and
apply differentiated value mark-ups
instead of always applying the same
one across the board. Combined with
price benchmarks, CDMOs can now
move away from gut feelings and en-
sure that price variations between
similar contracts and customers are
narrow.

Right now, most CDMOs don’t have
any system at all that documents
project pricing. The result: inconsis-
tent pricing for similar services. This
backfires if it happens with the same
customer leading to unnecessary ir-
ritation and frustration. A database
containing historical project infor-
mation for both won and lost deals
provides an antidote and serves as
valuable pricing decision support in-
formation. In here, every project is
registered and sorted based on pre-
defined criteria so that the informa-
tion can be easily pulled for future
pricing decisions. This is especially
vital since CDMO projects vary widely
which requires that useful bench-
marks contain a high level of “defi-
nition” granularity. A central system
which collects, documents as well
as incorporates and institutionalizes
price benchmarks will provide pri-
cing mangers the overview to make
optimal pricing decisions.

To ensure CDMOs use a consistent
pricing approach, they not only have
to develop the value-based pricing
metric but also define the processes to
use it. A simple solution is to develop
an easy-to-use pricing tool that har-
monizes costing methodologies and
uses value-based pricing methods as
well as newly defined benchmarks to

© Simon - Kucher & Partners

STRATEGY

support quotes. Such a customized
pricing tool allows projects to be con-
figured and priced in a structured
way. Along with a systematic project
pricing logic — based on value-based
mark-ups/downs — this significantly
increases the chances for CDMOs to
best exploit customer willingness to
pay and negotiate optimal prices. In
doing so the reward can be significant
and from our experience: CDMOs are
usually able to improve their margin
and profitability by three to six per-
cent return on sales.

omar.ahmad@simon-kucher.com
kaan-fabian.kekec@simon-kucher.com
www.simon-kucher.com
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The Pharma CDMO Challenge

Outsourcing Adds Value and Reduces Risk in Development Projects, but Partners Need to Set up Fair Prizing Models

The pharmaceutical industry
continues to grow and is estima-
ted to be worth $1.5 trillion by
2021. One important driver is the
trend towards outsourcing of de-
velopment and manufacturing to
contract development and ma-
nufacturing organizations (CD-
MQOs). What sounds like good
news for CDMOs also holds
its own challenges — many of
these companies are operating
in a highly fragmented market
that is currently undergoing a si-
gnificant consolidation. At the
same time, many of them are not
fully prepared to exploit the ma-
Xximum potential and willingness-
to-pay in project pricing, which
calls for new and innovative mo-
netization strategies.

Value Pricing Makes Sense

Harry Christiaens, CEQ,
Ardena

@ The outsourcing market fundamentals are
highly favorable and are likely to remain so.
There is still a strong funding environment. In-
creasingly, innovation shifts from traditional
pharma to small venture capital-funded play-
ers who are outsourcing many of their R&D
activities. There has been a significant ex-
pansion in the number of biotech
companies that are focused on

a business model of develop- P
ing a molecule through to (Y
the proof-of-concept /‘:l
stage, and then selling or
licensing the molecule to

a pharma partner.

The development of pre-
cision drugs with higher
efficacy and lower toxicity
is an emerging market. We
observe an increasing de-
mand for the development and
manufacturing of nanomedicines, en-
abling target delivery of APIs.

@ We strongly believe that a multidisciplinary
approach can accelerate the drug develop-
ment and approval process. At Ardena, we
have integrated chemical and pharmaceutical
development services on one platform. This
provides customer convenience: clients do

Since price is the single most power-
ful lever to increase a company’s pro-
fits, it is high time for CDMOs to recon-
sider their project pricing approach.
Instead of clinging to traditional cost-
plus pricing logic that usually lack
consistency, transparency and con-
trol, experts propose measures such
as harmonizing costing methodolo-
gies, incorporating value-based pri-
cing metrics, and systematically using

not have to deal with multiple vendors. We co-
ordinate development programs, streamline
communication and reduce any contracting
burden. Moreover, by integrating our services,
we are able to better mitigate development
risks and ultimately reduce time-to-clinic. A
siloed, serial and fragmented approach to
drug development may lead to poor
and delayed distribution of infor-
~ mation, causing duplicate work
and even rework, particularly
in early-phase development
where study design is sub-
ject to continuous change.
© Value pricing makes
sense, but it needs a deep
understanding of what is
actually valued by a custo-
mer. Is it time, service level,
flexibility, etc.? Values are likely
to be customer dependent or even
project dependent. Moreover, values will
need to be defined unambiguously so value
capture can be measured objectively upon
service execution. Today we offer our R&D-
services on a cost plus or FTE basis. Custo-
mers that want to secure capacity or prefer
all-time flexibility are more in favor of FTE
contracts.
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internal project price benchmarks for
developing a value-based price model.
CHEManager International asked exe-
cutives and opinion leaders operating
in this market to share their experi-
ence and advice. We asked the experts
to discuss the following questions:
©® How would you describe the cur-
rent market situation for pharma
CDMOs and which trends affecting
your project pipeline do you see?

©cassis - stock.adobe.com

® Which role can CDMOs play in hel-
ping pharma companies to manage
development, production and sup-
ply chain cost?

® How do you rate the potential of
value-based pricing models as a
contracting strategy and how do
your customers respond to that?

Read their insightful answers here.

A Shift to Smaller Pharma Companies

Matthew Moorcroft, vice president Global Marketing & Intelligence,

Cambrex

@ Until very recently, the majority of small
molecules in the clinical pipeline were being
developed by the larger, top 30 pharmaceuti-
cal companies. Today, however, data shows
that this trend is strikingly different with ap-
proximately 65% of the current pipeline being
developed by small and virtual pharma
companies, many of which do not
yet have revenue from commer-
cial products and are backed
by venture capital or private
equity funding.

Instead of the traditional
model where smaller, less
capital intensive, compa-
nies would have typically
looked to out-license their

candidates halfway 1
through the clinical trial pro- \\
cess (usually stopping soon

after phase ll), the recent rise of
drugs being tested in smaller patient

cohorts, such as oncology or orphan disea-
ses, has allowed the development of these
molecules to stay at the original innovator.
This shift to smaller companies can bring ad-
ditional changes or demands on the supplier
base and the preference for working with CD-
MOs with end-to-end or integrated capabili-

ties. Typically, these companies have limited
resources in corporate functions such as pro-
curement and supply chain management,
and these roles are typically filled with people
with other responsibilities. The benefits of
using CDMOs that can manage more of the
supply chain (drug substance, drug product,
clinical and commercial supply)
means a reduced set of CDMO
partners to manage, fewer
supplier agreements to ne-
gotiate, fewer people invol-
ved in decision making,
and can avoid multiple
points of contact for each
project.
Cambrex made two recent
acquisitions — Halo Pharma
in 2018 and Avista Pharma
Solutions in 2019 — adding
drug product manufacturing and
analytical services to the company’s ex-
pertise in drug substance, and broadening its
capabilities to support small molecule drug
developers looking for an integrated service
provider. As well as new services, it allowed
Cambrex to broaden the customer base and
potential complementary customer service
offerings.



SMEs Need an Experienced Outsourcing Partner

Jessica Cao, vice president, Marketing & Strategy,
Rx Oral Dose, Catalent

@ Around 75% of the current development pipe-
line comes from small and mid-sized companies,
contributing to an increase in outsourcing from
smaller companies that do not have the resour-
ces of large pharma. They need an experienced
outsourcing partner such as Catalent to assist in
every aspect of development, from drug
candidate selection, formulation, cli-
nical supplies, to commercial
manufacturing. CDMOs can

help solve challenges and de-

risk projects, leading to time

and cost savings. Drug de-

sign targets can be set, focu-

sing on the key goal, to deli-

ver the best possible
treatments effectively, safely

and conveniently to patients.

CDMOs must adapt to a range of
customer needs, by offering access

to proven technologies, or by improving

R&D effectiveness through candidate selection or
developing drug delivery systems which improve
patients’ experience. Catalent’s $27 million in-
vestment will commercialize Zydis Ultra techno-
logy, a next-generation oral disintegrating tablet
(ODT) at its Swindon, UK facility. This enables an
increased drug load and taste masking to be in-

corporated into the conventional Zydis ODT, a
unique freeze-dried tablet that disperses almost
instantly in the mouth without water. This advan-
cement will further improve patient compliance,
leading to better outcomes.
The project pipeline is changing as novel techno-
logies such as biopharma therapeutics
and cell and gene therapies mature in
their development. CDMOs have
begun to invest in these techno-
logies, broadening their offe-
rings to meet the demands of
the industry’s evolving re-
search directions.
Another example is bioavaila-
bility enhancing technologies
such as spray drying. Poorly
soluble compounds continue to
dominate the pipeline. An increa-
sed demand for commercial-scale
spray drying has created a significant ca-
pacity challenge, with customers waiting an
average of 15 months to access commercial
spray drying, delaying new treatments. Catalent
structured a creative deal with Sanofi, providing
the industry with access to Sanofi’s state-of-the
art commercial spray drying facility in Haverhill,
UK.

WE TRANSFORM VALUE CHAINS
FOR THE DIGITAL FUTURE.

CAMELOT Management Consultants.
The consulting specialists for the chemical and pharmaceutical
industry since 1996.
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Flexible Solutions for Gene and
Gene-modified Cell Therapies

Kai Pohlmeyer, managing director,
Richter-Helm BiolLogics

@ We have seen the biologics market gro-

wing steadily over the last years. This

growth goes hand in hand with a
noticeable shift from big blockbuster

products to niche drugs for the treat-

ment of rare diseases. As a comple-

ment to monoclonal antibodies, re-
combinant proteins and vaccines,

gene and gene-modified cell therapies

which have been firstly approved in

2017 will bring even more variety into the
biologics market in the next years.

@ Starting from research and development over
the different clinical phases up to market supply, CDMOs flexibly offer servi-
ces and manufacturing capabilities covering the whole value chain of biophar-
maceutical production by a one stop shop approach. Collaborations with CD-
MOs can significantly reduce total development risks and cost as well as time
to market. Flexibility means availability of capabilities at different scales and
qualities to supply customer’s needs during development of a product and its
whole lifecycle.

A good example is manufacture of plasmid DNA which is used as a critical
starting material for virus-based gene and cell-therapeutic approaches,
mRNA manufacture or as drug substance itself. For the different applications
Richter-Helm offers capabilities under R&D conditions and GMP manufacture
at different scales ranging — from gram-scale to the 100-gram-scale — pro-
viding plasmid DNA for development of a product up to market supply.

CAMELOT Management Consultants AG » Theodor-Heuss-Anlage 12 ¢ 68165 Mannheim ¢ Germany * +49 621 86298-0 * office@camelot-mc.com
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Closing Gaps

Lukas von Hippel, managing director,
Pharma Waldhof

® No company in the world will be able to have all tech-
nologies and relevant production assets in own hands.
This may lead to several strategic options.

Option 1: Companies may develop only products that fit
their actual permissions, and, if needed, invest in fitting
equipment. Such approach does mean the company is li-
mited in potential developments since no company in the

world can combine all technologies and does have all relevant
talent and techniques on hand in-house. Even there are more and
more companies trying to broaden their technological foundation, limitations will apply.

Option 2: Companies may look for partners which are able to close gaps. Such gaps may be
driven by technologies, skills, size of equipment, just to name a few aspects for outsourcing. In
our current world, equipment is no longer a factor. The worldwide capacity is more than enough
to oversupply the world’s demand. What limits success are other aspects: A sound understand-
ing of quality, a proven ability to deliver, and skilled people who understand their customers’ re-
quirements. It may be an active part of risk management to work with those organizations that

have the assets and technological skills.

We can spend our money only once, following option 1 or 2. Most opt for option 2 since it does
offer more flexibility and opens access to talent and technologies. This is why more and more
companies are reaching out to us asking for development of certain products that use our skills
which not too many other companies have: Bridging chemistry and biotechnology, we are the
logical hub to discuss possibilities to develop certain products. The more and better chemistry
and biochemistry develops, the more our products, our technologies and our skills are getting

recognized.

Providing Expertise

Michael Quirmbach, CEO & president,

CordenPharma

@ As the pharmaceutical industry is
evolving towards targeted drug deli-
very platforms with a much stronger
strategic focus on niche indications,
the molecules which are being deve-
loped as a consequence tend to be
more complex — e.g. gene cell
therapy, biologics, ADC’s, oligonucle-
otides, and peptides — just to name a
few hot areas. This trend requires a
very different range of development
and manufacturing capabilities to en-
sure these new drugs will be cost-ef-
fective and efficiently produced. This
is where CDMOs today play a major
role — by providing expertise not
available in-house at biotech / pharma
companies. Furthermore, the increa-
sing complexity and necessity to both
reduce time-to-market and develop-
ment costs make it nearly mandatory
to rely on outside expertise and colla-
boration with strong, well-run CD-
MOs. Both large & small pharma com-
panies are therefore evaluating
strategic, integrated partners who can
seamlessly deliver on multiple pro-
jects, thereby reducing the complexity
of their supplier network. Currently,
the pharma CDMO industry benefits
from continued demand in many
areas such as injectables (combina-
tion products), high-potency, and on-
cology and biologics.

® CDMOs support pharmaceutical
companies by either providing a sin-
gle development or manufacturing
service (APl or drug product) in their
area of expertise, which the pharma
company lacks, or by becoming a
strategic partner on multiple projects
with broader product offerings, inclu-
ding the ultimate end-to-end service
model. In particular, the latter has
gained increasing interest due to the
number of high-profile acquisitions
within the CDMO industry. This gro-

wing demand for enhanced capabili-
ties, greater capacity and oftentimes
global reach will continue heading to-
wards the full-service supply chain
model for CDMOs, making them a re-
cognized and respected strategic
partner to their pharma customers.
This is a great opportunity for the
pharma companies to potentially sim-
plify their manufacturing and distribu-
tion network, reduce their resources,
and ultimately accelerate develop-
ment and manufacturing within trans-
parent cost control parameters.

© In the past we saw value-based pri-
cing principles less utilized in the
CDMO industry. However moving for-
ward, | expect that will change as the
normal evolution of our industry re-
flects CDMOs moving away from sim-
ply being transactional low-value ser-
vice (one-time) providers to delivering
more  sophisticated, value-added
strategic services & technologies.
This also means the compensation
model requires adjustment and flexi-
bility on both sides — allowing the
CDMO to continue investment in
know-how and infrastructure, while
also capturing a fair share of the value
added as part of their enhanced con-
tribution, collaboration and support.
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An Exciting Time for COMOs

Ravi Venkataramanan, global head Custom Pharma Services,

Dr. Reddy’s Laboratories

® Insights from our on-field business
development team, back-end digital
marketing team and customer interfa-
cing departments are immensely hel-
pful. While we meet present needs of
our customers, it is imperative to conti-
nuously develop new skills in future
technologies, and in the process of do-
ing so we come across various data
points that indicate current market and
future trends. It is an exciting time for
CDMOs because their contribution to
providing affordable, accessible and in-
novative medicines is well recognized
by the pharma industry. There are CD-
MOs that are independent businesses,
there are few which are from innovator
companies and few that are part of ge-
neric companies. With this mix of expe-
riences, a CDMO’s customer base also
varies. A virtual biotech might look for a
one-stop-shop, while a small biotech
seeks strong regulatory experience,
medium size customers look for part-
nerships for new markets etc. CDMOs
are consolidating to offer end-to-end
services and investing in R&D to enable
new technologies like oligonucleotide
chemistry or complex formulations
chip-in-tablet. Pipelines are constituted
by new drugs, re-purposed drugs and
combination products. In terms of che-
mistries, peptides, oligonucleotides,
conjugated products like PEG-lipid-car-
bohydrate etc. are increasing. The de-
mand for high potent drugs continuous
to increase and so are the number of
poorly water-soluble drugs that require
solubility and bioavailability enhance-
ment technologies.

©® CDMOs do their pricing in different
ways. From what we see, the typical
“cost-plus” model continues to be the
standard for most companies. And this
is more because of the industry’s (both
CDMOs and customers) familiarity with

Price is the Key Factor

Gabriel Haering, CEO,
Cerbios Pharma

the concept and its implementation
than its absolute benefits. A value-
based pricing model is often seen as
opportunistic and comparatively exag-
gerated. But if we look at it across in-
dustries, this bias might not be factual.
In fact, in the last decade of our work
with global customers we see this
changing. It is important for the spon-
sor to have full transparency and to un-
derstand the value created by the
CDMO as a differentiated product, in-
tellectual property, access to additional
markets, ease of regulatory review or
as simple as assurance of product sup-
ply or service. A CDMO with well identi-
fied capabilities and tangible advanta-
ges over its peers can provide good
reasons for a value-based pricing. To-
day we see around 8-12% of our cus-
tomers opting for this model as they
have started seeing that it is a “value
optimized” pricing that benefits both,
CDMOs as well as customers. A holis-
tic assessment of the pricing proposi-
tion is of course key. Every request for
proposal (RFP) is an opportunity to
create value for customers and if the
key question as to “what is that value”
could be answered then it has the po-
tential to be converted to a value-
based pricing model.

@ A simple question with a complex answer! The approach is very different

depending on company size and outsourcing needs. Let us see pharma

companies in three segments and approaches.

Big pharma and large biotech (with internal production)Outsourcing can be
described as more tactical than strategic. Usually they have established a
number of preferred suppliers they know and trust from previous experi-
ences. Entering as new CDMO is quite difficult unless you have unique
features and specialties they do not have in house or other CDMOs have.
Medium to large biotech (with no production)For them CDMOs are stra-
tegic. Expectations are for long-term partnerships supported by very
close communication at all levels, from R&D team to quality team through
a very strong project management system. Expectations are not only the

deliverables (on time, in full), but also bringing continuous innovation and ideas

for process and cost improvements. Value is very important for them.

Small virtual pharma companiesCDMOs are definitely strategic for them. However, they have limited resources
(people and money) and often no experience at all. They rely completely on the CDMO know-how and exper-
tise. As CDMO patience is needed. The project depends on financing rounds and the project can move from full
speed (need the product yesterday) to a sudden halt. The CDMO needs to act as consultant suggesting what
activities need to be done at what stage in order to keep the regulatory needs in line with the budget available.

They look for innovative financing models since price is the key factor.

In conclusion. A project price (cost) derived from a request for proposal is different for every CDMO. What the
contract giver has to consider and evaluate is the value behind it. A reliable supplier that will maintain the time-
lines promised that will not delay the clinical trial and potential launch date of the new drug brings value. | al-
ready said it in the past: “Price is what you pay. Value is what you get!” And our slogan describes it perfectly:
Fostering Value through Innovation.



Accelerating Timelines

Christian Dowdeswell, vice president, business unit head,
Dosage Form and Delivery Systems, Lonza

@ We believe CDMOs have a key role to play in helping custo-
mers rapidly design, develop and scale-up innovative medici-
nes and bring them to patients around the world. One of our pri-
orities at Lonza is ensuring that our technologies and capabilities
are aligned with the pipeline and approval trends for new medi-
cines. To provide the partnership that our customers value, we
also focus on employing phase-appropriate formulation ap-
proaches that can both accelerate timelines to clinical studies
and be readily scaled.

We continue to align with several key trends that have resulted
in more complex drug molecules and requirements for innova-
tive delivery mechanisms. First, there are more highly potent
compounds in the pipeline, driven by oncology research, as
treatments become more effectively facilitated by improved
targeting of disease states. Second, the continued prevalence
of molecules with bioavailability challenges, i.e. Biopharmaceu-
tical Classification System (BCS) II/IV classes, with an estima-
ted 90% of the preclinical compounds now estimated to have
low solubility.

At the same time, in developed markets we are seeing a conti-
nued rise in specialty drug products in the pipeline, as well as
orphan, fast-track and 505(b)(2) designations. Specialty drugs
accounted for 39% of global sales in 2018 and are expected
to be more than 50% of the US market by 2023. Meanwhile,
orphan drug products exceeded 50% of new compounds ap-
proved by both the FDA and the EMA in 2018 and projected to

account for approximately two thirds of the FDA’s forecasted
approvals through 2023. The impact that CDMOs must consi-
der is the resultant shift towards higher-value drugs that have
lower production volume requirements of both API and fini-
shed drug product.

Additionally, the majority of today’s specialty drug pipeline is
held by small biopharma companies and these companies are
increasingly commercializing their compounds. Nearly 60% of
2018 FDA filings were from small companies, almost twice as
many as in 2011, when only 31% of filings were from the small

STRATEGY

company category. Establishing market position can be espe-
cially critical for small biopharma players, which may have only
one or a few compounds, meaning speed to market of their
products — often orphan or 505(b)2 applications — is para-
mount.

Looking ahead, we see a net shift in our customer mix towards
smaller biopharma companies — sometimes even virtual — that
have very limited in-house capabilities. These organizations ty-
pically need specialized drug delivery technologies and exper-
tise, as well as development and manufacturing infrastructure,
often under containment, to progress their compounds. Phase-
appropriate and specific drug-appropriate infrastructure is also
increasingly required for specialty medicines.

These trends indicate that biopharma companies have an am-
plified need for fit-for-purpose solutions — bioavailability en-
hancement and drug delivery technologies, services, infra-
structure and commercial arrangements. Flexibility is critical
as are partners that can and are willing to tailor their develop-
ment and commercial approaches to fit the individual custo-
mer and drug program requirements. Integrated approaches
for APl and drug product development can be of huge value
and must be available for customers with accelerated timeline
requirements.

Biopharmaceutical companies can benefit from working with
CDMO partners that have already adapted to the aforementi-
oned trends to help bring innovative drug products to patients.

EXCELLENCE IS:

N

3C...

HAMILTON

THE MEASURE OF EXCELLENCE®

Cell Growth Momtormg
—Real Time

New

Learn Everything
about Our New Sensor
on Our Website
hamiltoncompany.com/
incyte-arc
DEAD CELLS ——
HAVE LEAKY
MEMBRANES

AND DO NOT
POLARIZE

Incyte Arc

Collect More Actionable Data
and Optimize Yield with
Real-Time Adjustments Using
Incyte Sensors.

PLATINUM
ELECTRODES

«——— ELECTRIC
FIELDS

VIABLE CELLS
POLARIZE

CHEManager | Pharma & Biotech 2019 17



STRATEGY

Introducing Cost Efficiencies

Christophe Le Ret, global marketing director Precious Metals Chemistry,
Umicore

@ The global pharmaceutical CDMO market has seen
continuous growth over the past few years, driven
by pharma companies striving to lower costs and

gain access to innovative technologies. Within

the market, oncology continues to grow at an
accelerated pace. As a result, we have seen si-
gnificant growth in highly potent active phar-
maceutical ingredients (hAPIs) being develo-

ped for use in cancer therapies.

However, there are health risks associated with

the manufacture of hAPIs that must be addressed

to ensure both patient and operator safety. At Umi-
core, we have extensive expertise and experience in
handling these highly toxic and pyrophoric materials. This

demonstrates to our customers that we are the ideal partner for safe and efficient
manufacturing of the next generation of hAPIs.

@ As the regulatory environment continues to move with constantly evolving custo-
mer demands, it is important that CDMOs remain dynamic in their business
approach. Ideally, CDMOs should be proactive and propose their new technologies
to pharmaceutical customers. They should focus on how these new solutions can
help to manage development, accelerate production and lower supply chain costs.
To achieve this, it is important that CDMOs invest heavily in their specialist field of
technology. At Umicore, we understand that technology is at the core of our success,
and as such, we endeavor to meet the needs of a rapidly changing industry.

©® Within the industry, many are seeking new ways to introduce cost efficiencies
into all aspects of drug development. As such, value-based pricing models are of-
ten viewed as a solution to create a more effective pricing method. The require-
ments for establishing value-based pricing models can be complex, although this
can be made simpler if both the supplier and the CDMO define the important pro-
ject criteria. If it is agreed that product quality is the key goal of outsourcing, then
delivery time can be adjusted to ensure a high-quality product. At Umicore, we
leverage our decades of experience in collaborating to provide our customers with

.

Evolving Pressures

Garrett Dilley, global commercial senior director Innovator Pharma,

Johnson Matthey

© The CMDO market is greatly affected by the
evolving pressures on pharmaceutical compa-
nies. One result of these pressures is an incre-
ase in the development of treatments for rare or
orphan diseases with smaller patient popula-
tions. The average drug launch is now worth ap-
proximately $250 million in annual sales

(DCAT presentation, Graham Lewis,
IQVIA, March 2019). This provi-
des a construct where most
potential launches deliver less
than the net present value
that large pharma compa-
nies typically require in their
models.

There has been a shift since
2011, when small and mid-
sized companies were driving a
lot of the discovery stage but
partnering with larger companies for
commercialization. Data from 2018
shows that now small and mid-sized companies
have been increasingly progressing therapeu-
tics through to commercialization. We have
seen a corresponding increase in the number of
APIs and intermediates in our pipeline alongside
an increase in the number of small and mid-
sized company sponsors.

Small and mid-sized drug companies pride
themselves on being fast and nimble. They fo-
cus their capital on moving therapies through

the clinic quickly and less on building end-to-
end in-house development and commercial
manufacturing operations. So, they benefit from
the advantages a strong CDMO like JM can
provide in that regard; excellent development
capabilities, broad technology offerings, years
of experience across numerous deve-
lopment programs and launches,
and a global footprint of well-es-
tablished FDA inspected facili-
ties.
At the same time an industry
shift towards increasingly
large and complex molecu-
les has also created new
pressures for drug develo-
pers, especially in regard to
bioavailability. Recent research
estimates that as many as 60% of
new molecules in clinical develop-
ment demonstrate poor bioavailability. To
address this need JM continues to invest in its
particle technologies, building on its long-stan-
ding experience in solid form sciences.
We offer a suite of techniques for identifying and
characterizing salt forms, polymorphs, and co-
crystals, as well as crystallization development.
These techniques, along with our capabilities in
milling, micronization, and spray drying, help
our customers to arrive on the ideal physical
form of their API.

innovative solutions and technologies.

Many Positive Impulses for the CDMO Market

Marianne Spéne, head of Business Development, Marketing & Sales,

Siegfried

@ The pharmaceutical industry is undergoing
change. Shifting customer needs and funda-
mental developments in the industry will pro-
vide additional positive impulses to the
CDMO market in the coming years. Thera-
pies and drugs are becoming increasingly
complex. In this situation, phar-
maceutical companies increas-
ingly focus on research and
marketing. Their own pro-
duction activity is losing
significance,  especially
from a strategic point of

view. That is where CD-

MOs come into play.

Besides strategic out-
sourcing, innovative drug
substances and drug pro-
ducts represent a significant
driver of above-average growth
in the CDMO sector affecting our
project pipeline significantly. As a result, the
CDMO industry will have to expand its tech-
nological basis in order to fulfil the increasing
requirements related to development, pro-
duction and process quality.

@ It is extremely important that our custo-
mers obtain their product on time and in the
desired quality. That, however, is only a part
of the strategic cooperation. We lower com-
plexity for our customers because they can
leave all aspects concerning production to
us, namely procurement, development, syn-

thesis/formulation, compliance and logistics.
We help them avoid costly investments and
lower their financial exposure and risk. This
awareness is catching on increasingly. Today,
outsourcing is no longer an option in the
event of an emergency, but a generally ac-
cepted and recognized business mo-
del.

© For certain products or ser-
vices, it may make sense to
charge a higher amount re-
lative to your costs. You
can do this if your product
is unique, if you are positi-
oning your product as a
high-status item or if it will
save your  customers
money. In the branded
pharma industry, they may
price their products high and jus-
tify this by pointing out their drug can
save the patient an even more expensive
medical procedure. In the CDMO world, a
service industry it is more difficult to apply the
value-based price model especially in the
manufacturing. Nevertheless, we discuss to
implement models where you can measure
the service provided with agreed KPI's and
quantify the value either as a lumpsum or
with a direct impact on product pricing. This
thinking is not standard, but we need to work
on it as the service level CDMOs gets higher

and needs to be evaluated.
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Challenging Old Paradigms

Jodo Maderia, business development manager,
CatSci

@ The pharma industry has undergone significant
changes in the last decade. A growing and aging
population has increased demand, translating to
increased R&D efforts. However, the rise in R&D
spending has not been accompanied by a pro-
portional increase in numbers of new chemical
entities (NCEs). Consequently, we have seen

an increase in partnering and the co-develop-
ment of assets as cost- and risk-management
measures.

Additionally, we have witnessed an increase in
M&A deals. Although it is expected these factors
will affect the resources dedicated to NCEs, the lands-

cape of internal asset prioritization and pipeline attrition

continues to evolve and will impact the work outsourced to service

providers.

® CROs/CMOs provide on-demand capacity in a dynamic environment. This requi-
res agility and flexibility from service providers in order to actively adjust and handle a
portfolio of projects. Well-managed collaborations enable highly efficient external re-
search, development and manufacturing as innovator pharma companies seek to
manage budgets and internal capacity.

Innovators are challenging old paradigms and increasingly expect more from their
CROs — establishing long-term partnerships to share the drug development burden.
This aims to create value through a stronger relationship with a deeper understanding
of each other’s business needs. These partnerships are highly valuable for both par-
ties as they allow for continuity in the communication flow, optimize working interac-
tions, reduce IP scattering and improve project outcomes.

® Innovator companies want CROs who are fully aligned with technical project de-
mands and broader commercial objectives. This focused expertise mitigates com-
mercial and technical risk, as clients can make informed decisions on a proposed
course of action and ultimately achieve higher ROl on their project spend. The de-
mand for independent CROs to provide R&D expertise de-coupled from material sup-
ply is increasing. Customers require excellence across every facet of research, deve-
lopment and manufacturing, which is creating demand for new value-based pricing
models.
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Sustainable Chemical Supply Chains

The Together for Sustainability Initiative is Expanding its Global Footprint

The Together for Sustainability (TFS) initiative was launched in 2011
as a joint program of chemical companies for sustainable supply
chains. Its goal is to develop and implement a global agenda to eva-
luate and improve sustainable practices within the supply chains of
the chemical industry. Currently, TFS has 23 member companies
worldwide and intends to further grow globally. Michael Reubold
asked the new president of TFS, Bertrand Conquéret, chief procu-
rement officer (CPO) at Henkel, to explain TFS’s strategy and focus

to lead and shape the industry initiative in the next two years.

CHEManager: Mr. Conquéret, after
having successfully gone through
its initiation and expansion phase
in the early years after its launch
TFS has entered its growth phase in
2015. How far have you come in ma-
king TFS an industry standard?

Bertrand Conquéret: TFS has indeed
reached a certain maturity level since
its inception in 2011. The achieve-
ments include more than 12,000 sup-
plier evaluations in the form of audits
and assessments. The number of
members increased from the initial
6 to 23 chemical companies, we have

active working groups with more than
50 employees of all 23 member com-
panies worldwide, who are collaborat-
ing in global and regional teams. Our
joint CPO initiative has been working
very hard to make TFS grow into an
industry standard and we are well on
our way to succeeding in this mission.

In terms of growth, what is next on
your agenda?

B. Conquéret: From the beginning, TFS
set up regional structures by estab-
lishing partnerships with regional or-

HH

Your partner in growth - since 1903

ganizations and putting regional
teams in place. These regional actors
from all company members and stra-
tegic partners will drive the TFS global
agenda while at the same time inte-
grate local needs and requirements.

It is TFS’s firm ambition to intensify
its global expansion, whether it will be
in Asia or in North or South America.
In this context, 2018 has been a good
year for us, since two new member
companies, UPM from Finland and ICL
from Israel joined the network. TES
is also very proud to welcome its first

HUGO HAFFNER
GROUP

A leading distributor of specialty chemicals
with a truck fleet across Central Europe.

Looking for a local full service-partner with its own global sourcing network? As a
family-owned business with more than 110 years of experience we strive to be your
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“We have clear criteria
that potential
TFS members need
to meet.”

«
—

©TFS

Chinese company with Wanhua Chem-
ical Group. By extending its geogra-
phic and strategic reach, TFS will not
only deliver even more of knowledge
and insights into sustainability practi-
ces and processes of its extensive pool
of suppliers but be able to further im-
prove the sustainability performance
of its suppliers as well as the maturity
of our member companies’ respon-
sible sourcing programs.

TFS currently counts 23 members,
all well-known companies, without
a doubt, but considering the entire
chemical industry the sole num-
ber represents only a drop in the
bucket. Considering the size of those
member companies, however, their
combined purchasing power must
be significant.

B. Conquéret: Yes! Based on the 2018
financial reports, the TFS members
generated an aggregate of €325 bil-
lion turnover and represent an esti-
mated spend of €235 billion. None-
theless, there is certainly room for
expansion continuing to grow by in-
viting chemical companies to come
and work with us. On the other
hand, we have clear criteria that po-
tential TFS members need to meet,
like being a member or public sup-
porter of the UN Global Compact,
the commitment of the applicant to
the chemical industry’s Responsible
Care program, or at least a perfor-
mance close to an EcoVadis gold
rank.


https://www.chemanager-online.com/en/tags/together-sustainability
https://www.chemanager-online.com/en/news-opinions/headlines/together-sustainability-bertrand-conqueret-elected-new-president

TFS has established a standard ap-
proach for evaluating and impro-
ving the sustainability performance
of suppliers within chemical in-
dustry supply chains. How does it
work?

B. Conquéret: The TFS approach con-
sists of two core elements: TFS assess-
ments, which are based on an expert
analysis of a company’s corporate so-
cial responsibility (CSR) standards,
and TFS audits, which are multiple-
day evaluations conducted at a sup-
plier facility. Both are carried out by
independent, strategic partners who
are market leaders in their respective
fields.

Each member company can
choose to apply either one or both
tools to evaluate suppliers’ sus-
tainability progress, based on the
member’s own analyses and supplier
selection criteria. The suppliers’ sus-
tainability performance is verified
against pre-defined criteria that are
tailored to the requirements of the
chemical industry.

With the consent of the suppliers,
the results of TFS audits and assess-

,Chemical companies need to
take responsibility for their
suppliers’ environmental,
social and ethical business
practices.”

Bertrand Conquéret, president,
Together for Sustainability (TFS)

ments are shared among all mem-
bers. Hence the TFS principle proves
true: “an audit/assessment for one is
an audit/assessment for all”.

How does this process improve sus-
tainability?

B. Conquéret: In 2018, approximately
1,500 new supplier assessments were
initiated by TFS members via Eco-
Vadis and nearly 360 TFS audits were
conducted through the TFS audit pro-
gram, all results shared with the
whole TFS group. Also, within the
year 2018, over 2,000 suppliers, who
had previously conducted a TFS as-
sessment through EcoVadis, or a TFS
audit, documented their progress on
improvements.

This program resulted in a pool
of supplier audit reports and score-

cards and provides member compa-
nies with a wealth of sustainability
data. TFS members can access in-
sights that cover a significant portion
of their procurement base, due to our
sharing principle.

The transparency created by the
TFS program is a starting point for a

constructive dialogue between the sup-
plier and the TFS member company
and forms the basis to engage and
work with suppliers on implementing
tangible, measurable improvements in
sustainability as well as shifting their
own sustainability performance to the
next level.

COLLABORATION

The aim of TFS is to harmonize re-
quirements and to manage complex-
ity and risk in global value chains.
What does TFS mean by ‘sustain-
able sourcing’?

Continued Page 22
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B. Conquéret: While traditional pro-
curement decisions mainly rely on
product quality, on-time delivery and
price, TFS adds the sustainability
component to chemical supply chains’
focus. The TFS concept integrates
5 key focus areas: management, envi-
ronment, health & safety, labor & hu-
man rights, and governance. As such,
our approach builds on the estab-
lished principles of the United Na-
tions Global Compact and the Re-
sponsible Care Global Charter.

Growing stakeholder expecta-
tions, whether coming from govern-
ments, legislation, customers, em-
ployees, NGOs, trade associations or
others, imply that chemical compa-
nies need to take responsibility for
their suppliers’ environmental, so-
cial and ethical business practices. To
address potential risks and expecta-
tions, “sustainable sourcing” becomes
an integral part of the TFS’ member
companies’ procurement and supply
chain management processes.

TES drives and fosters resilience,
efficiency and sustainability of glo-
bal supply chains in the chemical in-
dustry. As such, we aim together to
build the global industry’s standard
for sustainable supply chains. It is our
deepest belief that sustainable sup-
ply chains are built on strong part-
nerships and commitments of its par-

~

ticipants to protect the environment
and the safety and health of workers,
provide fair working conditions, con-
tribute positively to the livelihoods of
workers and communities, and ope-
rate in full compliance with appli-
cable laws.

while risks associated with sustain-
ability requirements are minimized.
By sharing the results of the TFS as-
sessments and audits, suppliers in-
crease their efficiency and save time
and resources by avoiding multiple
requests. Participation in the TFS

“TFS adds the sustainability component to
chemical supply chains’ focus.”

What kind of feedback have you re-
ceived from suppliers who partici-
pated in the TFS audit program?

B. Conquéret: Suppliers in general are
very positive about their participation
in the TFS program. Perceived bene-
fits relate to increased transparency
and sustainability improvement op-
portunities, increased efficiency and
the opening of business opportunities.
Suppliers confirm they receive valu-
able information about their position-
ing in all aspects of sustainability.
They can identify opportunities for
sustainability improvements, show-
case the results of their TFS assess-
ments and audits to other customers
within and beyond the TFS network,

TOGETHER

N

SUSTAINABILITY
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program provides suppliers with in-
creased business opportunities by
strengthening long term customer re-
lationships.

In February, Wanhua Chemical
joined TFS as the first company
headquartered in the Asia Pacific
region. Do you have a roadmap or a
wish list for membership growth in
this region, and in others?

B. Conquéret: TES is on an expansion
course. From the early beginning,
TFS under the leadership of my pre-
decessor has put a structure in place
that allows to extend its geographical
and strategic reach. Through the de-

©Artco - stock.adobe.com | ‘
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velopment of strategic partnerships
and the creation of a network of re-
gional teams, our organization is in
good shape to grow globally. This will
provide our members with deeper in-
sight into the sustainability perfor-
mance of their suppliers’ base, as
well as with additional opportunities
to adjust the sustainability perfor-
mance of their own operations.

Since 2015, TFS has initiated and
fostered strategic partnerships with
a range of organizations such as the
European Chemical Industry Council,
CEFIC, and the China Petrochemicals
and Chemicals Industry Federation
(CPCIF) to work jointly on improv-
ing sustainability in chemical supply
chains. To ensure global reach and the
development of specific regional to-
pics, TFS established regional teams
in China, North and South America, in-
terlinked with global activities.

Essential to TFS’s growth strategy
is to attract those members, for whom
sustainability in the supply chain is
strongly embedded in their strategy.
As a member-driven organization,
TFS expects its future members to
invest time and resources to actively
contribute to the TFS activities and
shape the future of sustainable global
supply chains together. This way, all
members as well as suppliers will be-
nefit and sustainability improvements

o
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in the supply chains of the chemical
industry will be achieved.
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improve sustainability in the chemi-
cal industry. Together, they focus on
raising awareness and promoting
TFS participation to suppliers, or-
ganize numerous joint supplier trai-
nings and participate in conferences
on behalf of TFS. The TFS China team
also took part in conferences to pre-
sent the TFS membership to poten-
tially interested companies. Efforts
continue as TFS is committed to ex-
tending its reach in China.

Overall, looking back at our jour-
ney since 2011, we are impressed

China, as well as other world re- G sounr # - -S— by the commitment, enthusiasm and
gions, plays a crucial role in the TFS e quality delivered by our member
organization. The inclusion of Wan- companies, partners and suppliers
hua Chemical Group in early 2019 who have been fully embracing the
and their fast onboarding has shown ¢ TFS concept right from the start.

. . =
how strong the commitment of Chi- ©
nese chemical companies can be. Currently, TFS has 23 member companies and intends to further grow globally.

Following a cooperation agree- Essential to TFS’s growth strategy is to attract members, for whom sustainability
ment signed between the CPCIF and  in the supply chain is strongly embedded in their strategy and who are willing to

TFS back in 2016, both parties con- invest time and resources to actively shape the future of sustainable global
tinue working jointly to promote and  supply chains together.

www.tfs-initiative.com
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Reinforcing the Virtues of the Specialty Chemical Sector

With New Initiatives and Services SOCMA Sets out to Provide Solutions for a Dynamic Specialties Industry

The Society of Chemical Manufacturers & Affiliates, known simply

as SOCMA, recently launched a more member-centered brand fo-

cused on solutions for the specialty and fine chemicals industry.

The US association, formerly known for their annual convention In-

formexUSA, now intends to solidify its place as the central hub for

this sector by offering new services. Michael Reubold spoke with
Jennifer Abril, president and CEO of SOCMA, about the latest
changes in the chemical industry that — among other reasons —

were pivotal for the rebrand.

CHEManager: Ms. Abril, in June
SOCMA launched its new brand. Is
the rebranding already heralding
SOCMA’s 100" Anniversary in 2021?

Jennifer Abril: SOCMA’s rebrand is in-
deed reflective of our keen focus on
the association’s 100t anniversary. It
is a culmination of the work and out-
reach of our volunteer leaders and
staff over the last 2.5 years to reinvig-
orate SOCMA as the hub of the spe-
cialty and fine chemical industry.

Our vision is to reflect the unique-
ness of this complex and dynamic sec-
tor and to celebrate the creativity and
innovative nature of our members.

SOCMA’s members are international
specialty and fine chemical manu-
Jfacturers. Were they involved in the
brand refresh?

J. Abril: Our members are at the very
heart of our rebrand, which is also an
opportunity to reinforce and promote
the virtues of the specialty chemical
sector. It is always prudent and re-
sponsible to create a baseline for ana-
lyzing your organization’s relevance
and contributions. In this vein, we
commissioned two surveys to provide
us with objective insights and to vali-
date internal assumptions. Through
the two studies we heard that our
members want to be known as proac-
tive, innovative leaders who are find-
ing solutions to the complex needs of
an ever-evolving value chain. We en-
deavored to reflect this in both the
new logo and tagline. The new tagline
— Solutions for Specialties — intends

to convey a double meaning. It speaks
to what SOCMA strives to be — a solu-
tions provider for the specialty sector,
and at the same time reflects that our
member companies provide critical
solutions for their customers’ needs.

What were the two surveys you
mentioned about?

J. Abril: In the first survey, we talked to
more than 150 industry representa-
tives about current and future industry
needs in areas such as operations, reg-
ulatory, training, networking, trade as-
sociation participation, and customer/
supplier relations. In the second, we
evaluated SOCMA’s brand and identi-
fied opportunities and gaps for SOCMA
programs and services when overlaid

Jennifer Abril, president and CEO,
SOCMA

on top of those changing industry ex-
pectations. The results of these two
surveys were crucial in helping us
identify major trends and in under-
standing SOCMA’s value to the market.

What were the results of the sur-
veys, what did you identify as big-
gest challenges for chemical compa-
nies now and in the near future?

J. Abril: From the first study, we
learned that the industry values a
convener to bring companies to-
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gether with customers and potential
business partners in the trade show
arena and beyond to promote growth.
These companies also desire a
trusted source for business resources,
industry intelligence and forums to
discuss issues influencing growth
such as disrupters and trends.

Our second study built upon the
first by drilling down to identify ex-
pectations and potential gaps. We
learned that advocacy continues to be
a high priority for specialty and batch
manufacturers, and companies con-
tinue to look to associations to cham-
pion policies that support their ability
to grow their businesses and remove
regulatory barriers that would im-
pede their ability to compete in a glo-
bal economy.

We are proud that in the last two
years, we have made significant pro-
gress in reinforcing our role as a
safety net for our members, particu-
larly during challenging times.

What are you offering now to your
members that you werent before?

J. Abril: We are excited about several
new initiatives in the commercial,
manufacturing and workforce devel-
opment arenas that are already re-
ceiving positive results.

For our contract and toll manu-
facturers, SOCMA now serves as a
connector for companies looking
for business partners with the right
materials and the right equipment
at the right time. Launched in late
2018, this “Lead Sheet” service im-
proves efficiencies by streamlining
the procurement process and iden-
tifies manufacturers based on real-
time needs. To date, SOCMA has fa-
cilitated 22 project requests totaling
more than 5 million tons of material,
matching an average of three to five
companies that have the capabilities
and available capacity.

For companies that make propri-
etary chemicals we launched our
ChemSectors program in January
2018. ChemSectors keeps a pulse on
what’s happening in key downstream
markets. Having an additional, trus-
ted source of industry intelligence
concerning end-use trends is an asset
to any leader making decisions about



where to invest future resources. To
help companies bring new hires up
to speed quickly, we will soon launch
our revitalized Chemical Operations
Training tool. As a new and younger
generation of employees comes into
the industry, we understand that they
learn in different ways, so the new
tool includes 3D animation. It is also
flexible and adaptable and can be
used as a standalone program or as
part of an existing training program.

We are also modernizing our
ChemStewards program to dovetail
with complementary EH&S manage-
ment programs and to remove bar-
riers for companies to participate. It
will be a more robust program with a
holistic view of the industry.

Finally, we are excited about two
new peer groups formed earlier this
year — Emerging Leaders and Women
in Specialties. These peer groups con-
nect top industry talent and provide
an open channel for dialogue on topics
such as professional development and
current business challenges.

We are seeing a lot of disruptions
in international trade that result
in new barriers and tariffs, for ex-
ample Brexit, the new USMCA or the
trade conflict between the US and
China. Your members maintain glo-
bal trade relations. How do you help
them to manage these disruptions?

J. Abril: For our US-based members,
the specialty and fine chemical indus-
try is facing one of the most disrup-
tive trade climates of our time, the
most significant of which is the on-
going trade dispute with China. SOC-
MA's International Trade Committee
and team of staff experts are working
closely with member companies to
identify hundreds of individual chem-
ical products that are affected and
presenting arguments for delisting to
the Office of the US Trade Represen-
tative.

For example, SOCMA staff re-
cently accompanied a coalition of
members in Washington, DC, to ask

that Congress support the compa-
nies® exclusion request for a chemi-
cal input on US List 3, subject to a
25 percent tariff. SOCMA was inte-
gral in successfully securing signa-
tures from the US House of Repre-
sentatives and US Senate on letters
of support for the exclusion request
and also submitted a letter in support
to the US Trade Representative to
convey that the industry as a whole
backs this exclusion.

Moving beyond the China tariffs,
international trade issues such as the
United States-Mexico-Canada Agree-
ment — USMCA — and Brexit are also
top of mind. Through routine dialogue
with our International Trade Commit-
tee, SOCMA experts provide the latest
recommendations on how to navigate
these changing requirements.

How important is it to coordinate
SOCMA’s efforts with other US-based
or international organizations such
as ACC or CEFIC/EFCG in Europe?

COLLABORATION

J. Abril: T believe strongly in building
partnerships, both in the US and in-
ternationally. Our team is encouraged
to look for areas of mutual interest
where we can engage with allies to
become a stronger voice for the in-
dustry. For example, for over
20 years, SOCMA has partnered with
the American Chemistry Council on
educational programs regarding
global chemical regulations. And,
through our ChemSectors program,
we have strengthened our connection
to associations representing end-use
markets.

By having a network that is well-
informed, we can spot the changing
winds and interpret what may be the
potential impacts to companies ty-
pically situated in the middle of the
value chain. The aim is to ensure
our members have the intelligence
needed to make strategic business de-
cisions.

www.socma.org

Advertorial

Propylphosphonic acid anhyad-
ride (Allessan® CAP) is a non-
toxic, non-allergenic, non-sen-
sitizing coupling reagent for
selective activation of carboxyl
groups, besides other nucleo-
philic functional groups. Due
to its outstanding properties,
it is safe to handle and easy to
store. Additionally, using Alles-
san® CAP will lower your over-
all process costs, compared to
staying with the standard pro-
tocol, applying DCC/ HOBL.

Use of coupling reagents for conver-
ting carboxylic acids is nowadays
widely spread. Specialized coupling
reagents, enabling direct condensa-
tion of a carboxylic acid moiety and
an alcohol or amine, offer a supe-
rior direct approach towards highly

Allessan® CAP

The versatile and cost saving coupling reagent
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Fig. 1: Structure of Allessan® CAP

valuable carboxylic acid derivati-
ves. Among these coupling reagents,
Allessan® CAP offers a wide range of
benefits.

Apart from its long shelf life (36
months), its high thermal stability
(up to 300°C) and its excellent safety
profile (no CMR-properties associa-
ted), Allessan® CAP proves to be the
no. 1 alternative to coupling reagents
such as DCC/HOBt, EDC, or CDI..

Being produced in Germany in
an IS09001 & IS014001 certified fa-
cility for more than one decade, no

Fig.2: Estimated annual Cost savings with Allessan® CAP in comparison with

the standard protocol

supply chain interruptions due to
tightened environmental regulati-
ons are to be expected, giving peace
of mind to any procurement/supply
chain associate.

Besides its outstanding properties,
Allessan® CAP offers serious cost
savings switching to an alternative
protocol (fig. 2). This is the case for
example for the synthesis of active
pharmaceutical ingredients (APIs)
using Allessan® CAP: Possible uses
of Allessan® CAP include amida-

tions, esterifications, Swern-type
oxidations as substitute for oxalyl
dichloride, and as catalyst during
Aza-Diels-Adler reactions.

For more information please contact us via
intermediates@weylchem.com.

-
ALLESSA
.

Member of WeylChem Group of Companies
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Entomoculture: The Future of Food?

Insect Cell Culture and Tissue Engineering for Food Production

Meat produced from cell cultures (i.e., cultured meat) rather than

whole animals may be a solution to the problems surrounding our

current livestock production system, but it is currently challenging

and expensive to produce such food products at large volumes. In-

sect cells have unique properties that may contribute to relatively

more scalable and cost-efficient manufacture of food products. By

coupling trends in cultured meat and entomophagy (i.e., entomo-

culture), the future of food could include steaks composed of cater-

pillar tissue, rather than cow.

Driven mutually by population
growth and rises in individual econo-
mic prosperity, meat consumption is
projected to increase by 76% by 2050.
Increased public awareness of the
public health, environmental impact
and animal welfare concerns associ-
ated with our current animal agricul-
ture system has generated a demand
for more sustainable alternatives to
meat and other animal products.
Innovations in meat alternatives
include plant-based analogs, edible
insects, transgenic animals and meat
produced from cell cultures (i.e., cul-
tured meat) rather than whole ani-
mals. Each of these options proposes
benefits over conventional meat pro-
duction processes yet also faces chal-

lenges with development, scalability
and consumer acceptance.

Cultured meat perhaps holds the
most promise in terms of reducing
impact while retaining most, if not
all, of the desired aspects of meat.
Although cultured meat has gar-
nered attention from the media and
investment communities, it has yet to
be commercialized due to technical
obstacles of scale and cost-efficiency.

Entomophagy

Entomophagy, the practice of eat-
ing edible insects, though not com-
mon in Western nations, is routine
throughout South America, Africa,
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David L. Kaplan,
Tufts University

Natalie R. Rubio,
Tufts University

Asia and Australia. Insect farming is
accessible, affordable and sustain-
able and many edible species (there
are over 2,000) are lauded for their
rich nutrient content. The most com-
monly consumed insects include spe-

“By using individual cells
and tissue engineered cells,
culinary horizons begin to
broaden.”

cies of caterpillar, palm weevil and
grasshopper. Entomophagy is gra-
dually gaining popularity in America
as well, based on the relatively lo-
wer environmental impact of raising
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bugs compared to more traditional
livestock.

Advantages include lower land and
water requirements, lower green-
house gas emissions and higher feed
conversion efficiencies. So far, Ame-
rican insect products have largely
taken the form of protein bars and
baked goods made with cricket flour.

The disadvantage of insect-based
products is that they are not often a
culinary substitute for meat when it
comes to flavor and texture. While in-
sects can provide an alternative for
protein and other nutrients, they do
not satisfy a meat eater’s craving for
a juicy steak or burger for the grill,
thus cooking, texture and taste re-
main to be explored in detail.

Cultured Meat

Like edible insects, cultured meat has
advantages and disadvantages when
compared against conventional meat.
Cultured meat could: reduce rates of
foodborne illness and antibiotic re-
sistance; require less land, water and
generate less greenhouse gas emis-
sions and improve animal welfare by
reducing or eliminating the need for
livestock in the food chain.

However, to date, no cultured meat
products have been commercialized
due to obstacles of scale-up and cost
reduction. In brief, the process for
generating meat from cells involves:
isolating skeletal muscle and adipose
precursor cells from a donor animal;
formulating serum-free media to sup-
port cell growth; proliferating cells at
high-density in a bioreactor, and cou-
pling cells with a scaffold system for
differentiation and tissue maturation.

The majority of the field to this
point has largely piggy-backed off ad-
vances in the field of tissue engineer-
ing for medical applications. However,
dissimilar to technologies for implants
for clinical utility or as in vitro disease
models, tissue engineered food must
be incredibly scalable, affordable and
free from animal derivatives (for long-
term sustainability).

Insect cell culture could provide
a preferable platform for large-scale
cell culture for food production. Insect
muscle and fat cells have previously
been cultured and characterized for a
number of species. These cells can be



expanded in vitro, differentiated with
the help of natural insect hormones
and coupled with three-dimensional
biomaterials to generate edible and
healthful tissues (fig. 1).

Vertebrate vs. Invertebrate
Cell Culture

The majority of cultured meat initia-
tives are focused on cultivating cells
from traditional food animals such
as cows, pigs, poultry and fish. These
cell types have proven challenging to
grow at large volumes for minimal
cost due to stringent growth condi-
tions, high oxygen demand, and a lack
of basic research. Mammalian muscle
cells are generally grown as adher-
ent cultures and incubated at 37 °C,
with humidity and 5% carbon dioxide
to stabilize the pH of sodium bicarbo-
nate-based basal media. Media is sup-
plemented with high concentrations
(10-20%) of fetal bovine serum and
growth factors, and subculture re-
quires enzymatic dissociation.

While suitable for bench-scale re-
search, these conditions create chal-
lenges when considering large-scale
cell production; serum and growth
factors are expensive and varies by
batch, high incubation temperatures
result in increased energy require-
ments and adherent culture requires
complex bioreactor design for high-
density culture. In contrast, insect
cells are more robust, adaptable and
tolerant of fluctuations in growth con-
ditions. Many insect cells can grow in
adherent or suspension conditions; at
ambient temperatures; without humi-
dity or carbon dioxide exchange; with-
out the need for serum or complex
growth factors, and in the presence of
higher concentrations of toxic bypro-
ducts (e.g., ammonia, lactate).

Insect Tissue Engineering

Beyond advantageous growth proper-
ties, insect cells are a useful cell cul-
ture platform due to the amount of
scientific literature available. Insect
cells have long been studied in re-
gard to developmental biology and re-
combinant protein production which
can inform culture methods, media
formulation and scale-up processes.
However, insect-specific knowledge
is lacking when it comes to genera-
ting organized tissues from harvested
cells. While tissue engineering is less
of a focus for processed meat products
(e.g., burgers, nuggets, sausages), it
is important for creating structured
meat products (e.g., steaks, chicken

Fig. 1: Insect muscle and fat cells can be expanded in vitro, differentiated with
the help of natural insect hormones and coupled with three-dimensional bioma-
terials to generate edible and healthful tissues.
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Fig. 2: By coupling entomoculture with cultured foods, disadvantages associa-
ted with the individual methods can be alleviated.

breast, pork chops). This process in-
volves inducing muscle and fat cells to
differentiate into mature tissues with
the help of three-dimensional mate-
rials (i.e., scaffolds) to guide morpho-
logy and influence mechanics.

Tissue engineering for mamma-
lian muscle and fat is well-reported
and can inform strategies for inver-
tebrate constructs. There is a limited
amount of research on generating in-
sect muscle in vitro for bioactuators
— e.g., biological robots powered by
muscles as opposed to traditional
electrical actuators. This has prima-
rily involved culturing insect muscle
cells in silicone molds to create bund-
les of contractile muscle. Mushroom
chitosan has also been explored as
an edible scaffold to support three-
dimensional insect cell growth, inspi-
red by the in vivo presence of chitin
within insect exoskeletons.

Texture, Flavor and Nutrition

Due to the innate properties as high-
lighted earlier of insect cells, entomo-
culture could provide a compelling op-
portunity for cultured foods. Through
this coupled approach, disadvantages
associated with the individual methods
can be alleviated; cultured insect tis-
sue can generate more consumer ac-
ceptable products than edible insects

and insect cells can be easier to cul-
ture than mammalian cells (fig. 2).
However, cultured insect meat will
undoubtedly be challenging to market
to consumers. Rather than creating
an entirely new type of food, one ap-
proach could be to emulate products
that are already on the market. Inver-
tebrate muscle is similar to mamma-
lian skeletal muscle and insects have
organs called fat bodies that store li-

“Insect cells present an im-
portant opportunity for novel
and sustainable foods.”

pids, analogous to mammalian adi-
pose tissue. By selectively growing
insect muscle and fat tissue and lea-
ving out the eyes, legs and wings, pro-
ducts would embody the appearance
and texture of familiar meat products
rather than of whole edible insects.

A second important factor is flavor.
The flavor of insects is largely depen-
dent on species, location and age; and
they tend to soak up flavors of their
own food and ambient environment.
Insects are often described as tasting
like seafood. For entomoculture, both
flavor and nutrition can be regulated
via media composition or genetic en-
gineering. Insect muscle cells can be

©Tufts University

©Tufts University
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more dense in protein and minerals
than mammalian muscle cells and
intracellular iron content can be in-
creased by media supplementation.

Future Directions

With appropriate product develop-
ment and consumer marketing, insect
cells present an important opportu-
nity for novel and sustainable foods.
However, there are technical milesto-
nes to overcome before this concept
can be feasible.

First, scale-up processes that have
been achieved with insect cells for re-
combinant protein production must
be applied to and optimized for insect
muscle and fat specific cells. Second,
tissue engineering principles tradi-
tionally applied to mammalian cell ty-
pes should be adjusted to support the
three-dimensional culture of inverte-
brate tissues. Once these milestones
have been achieved, prototypes can
be further refined to mimic the desi-
red taste, texture and nutrient pro-
perties of meat.

Even if entomoculture never cat-
ches on in the marketplace, there are
still persuasive reasons to pursue this
brand of research. For instance, cultu-
red insect protein might prove to be a
good additive for pet food or aquacul-
ture feed. Insects are also evolutiona-
rily close to crustaceans and advances
in insect cell culture could be trans-
lated to generate cell and tissue cul-
tured lobster, crab and shrimp. Fur-
thermore, if the advantages associated
with insect cell culture can be correla-
ted with specific cellular mechanisms,
these findings may inform the modifi-
cation of mammalian cell culture sys-
tems to improve economics related to
cultured meat production.

By using individual cells and tis-
sue engineered cells, instead of whole
animals, culinary horizons begin to
broaden. As cultured meat becomes
closer to reality, researchers and in-
novators should work on the outskirts
of traditional constraints of the food
industry to bring new and improved
technology to our plates.

Natalie R. Rubio, PhD student, and
David L. Kaplan, head of Depart-
ment of Biomedical Engineering,
Tufts University, Medford, MA, USA

bme@tufts.edu
https://engineering.tufts.edu/bme/

Literature references can be requested
from the authors.
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Innovation in Pharma Manufacturing

2019 ISPE Facility of the Year Award Winners Demonstrate Excellence in Facility Design,
Construction and Operations

Established in 2004 by the International Society for Pharmaceutical
Engineering (ISPE), the Facility of the Year Awards (FOYA) recog-
nize innovation and creativity in manufacturing facilities serving the

regulated healthcare industry. The award-winning projects selected

by the FOYA program set the standard for pharmaceutical facilities

of the future by demonstrating excellence in facility design, con-

struction, and operations.

The FOYA program each year reco-
gnizes state-of-the-art projects uti-
lizing new, innovative technologies

to improve the quality of products,
reduce the cost of producing high-
quality medicines, and demonstrate

advances in project delivery. This
year, the category winners were an-
nounced at the ISPE Europe Annual
Conference in Dublin, Ireland, in April.
The overall winner will be revealed at
the ISPE Annual Meeting to be held in
Las Vegas in October.

“The 2019 Facility of the Year
Awards category winners are at the
forefront of not only setting the stan-
dard for pharmaceutical facilities of
the future, but also creating new op-
portunities to enhance patient health
and safety worldwide.” said John
Bournas, ISPE CEO and president.

Vial-filling robot in sterile production area at the new compounding pharmacy of Kantonsapotheke Zirich, winner of the
2019 FOYA Operational Excellence Award Category.
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John Bournas

Tony Crincoli

“We are pleased to spotlight the de-
dication of these companies who epi-
tomize the future of global innovation
and facility design.” Antonio “Tony”
Crincoli, chair of the FOYA judging
committee and senior director, Up-
john Global Engineering, Pfizer,
adds: The FOYA program represents
the best of the best — what we call
benchmarking. All companies want to
know what is happening on the fore-
front of technology, innovation, and
equipment. ISPE’s FOYA program lets
the industry know what is happening
all in one place, what is truly excep-
tional.”

According to Crincoli, who feels
privileged to work in an industry that
improves the lives of patients, it is a
myth to dispel, that only large com-
plex projects win these awards. Most
are actually smaller projects that im-
prove quality and efficiency, reduce
cost, improve transfer of new pro-
ducts, or implement new information
technology solutions.

2019 FOYA Category
Award Winners

Celgene is the winner of the Sustain-
ability Category Award for its Green
Fairy project (La Fée Verte) for their
manufacturing facility in Couvet,
Switzerland. One of the main objecti-
ves for the new facility was to imple-
ment an environmentally responsible
and sustainable site in-line with their
corporate principles.

Eli Lilly won the Process Innova-
tion Category Award for its IE2 small
volume continuous facility in Kinsale,
County Cork, Ireland. This innovative
facility and the process design con-
cepts incorporated advance the in-
dustry in three specific areas; process
analytical technologies and advanced
automation, development of new con-



tinuous technologies, and significant
improvement in process safety and
environmental impacts.

The Equipment Innovation Cate-
gory was awarded to Janssen Cilag
for their project Dosepak Equipment
which entailed the design, installa-
tion, and qualification of state-of-art
equipment at their manufacturing
facility in Latina, Italy. The facility in-
tegrated advanced robotics and au-
tomation into a standard packaging
process steps and enabled lean,
flexible, and sustainable manufactu-
ring.

Moderna is the winner of the Faci-
lity of the Future Category Award for
its New cGMP clinical manufactur-
ing facility in Norwood, Massachu-
setts USA which was designed to be
highly-flexible, adaptable and capa-
ble of manufacturing both for clinic
and research. The digital production
environment was designed to enable
high throughput with a robust and di-
verse set of products.

Kantonsapotheke Ziirich won the
Operational Excellence Award Cate-
gory for its new compounding phar-
macy for Canton Ziirich Hospitals —
a leap forward for hospital pharmacy
compounding operations. The pro-
ject (photo) realized jointly with de-
sign-build partner Exyte, Stuttgart,
Germany, demonstrates a transfor-
mational step in hospital compound-
ing operations and establishes a new
norm for future facilities in this im-
portant step of patient therapy.

The Facility Integration Category
was awarded to Pfizer for the bio-
technology center built in the Hang-
zhou Economic Development Area
(HEDA) in Hangzhou, China. The
HEDA site was transformed from a
strawberry field in March 2016, to
producing mAbs development bat-
ches twenty-five months later.

Pfizer was also awarded the Pro-
ject Execution Category Award for the
construction of the Pfizer Biotechno-
logy Center. The $195 million project
was the culmination of an unprece-
dented construction schedule, effici-
ent cost control measures, and an un-
matched safety record in China.

Avexis received an Honorable
Mention for its manufacturing faci-
lity for its next-generation medicine.
To manufacture its proprietary inves-
tigational gene replacement therapy,
Avexis built a 49,000-square-foot
state-of-the-art manufacturing faci-
lity in suburban Chicago, Illinois.

An Honorable Mention was also
given to Takeda (formerly Shire) for
its new 1.1 million-square-foot Geor-
gia manufacturing facility near Co-
vington, Georgia. Planned within a

160-acre site, this state-of-the-art
facility integrates the technical re-
quirements of both upstream and
downstream manufacturing, while
achieving optimal adjacencies bet-
ween process areas and creating an
environment that positively impacts
the wellness of employees.

The 2019 Facility of the Year
Awards Category Winners will be for-
mally recognized at the ISPE Facility
of the Year Awards Banquet and Din-
ner on October 26 in Las Vegas, Ne-
vada USA. Held in conjunction with
the 2019 ISPE Annual Meeting &
Expo, the banquet will feature accep-
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tance speeches from the FOYA reci-
pients and presentations from noted
industry leaders. The 2019 Facility of
the Year Awards overall winner will
be announced at the conference du-
ring the Membership and Awards
Breakfast. (mr)
https://ispe.org
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Biomolecules Go Bio

New Platform Technology Revolutionizes Biosynthesis of Peptides

Peptides make up around 8% of all active pharmaceutical ingre-

dients (APIs). Those molecules are short polymers formed from the

linking of <100 amino acids. They comprise some of the most ba-

sic, yet key components of biological processes. Several peptides

are significant commercial or pharmaceutical products, ranging

from the sugar substitute aspartame to clinically relevant hormones,

such as oxytocin and insulin. Today, the peptide market is valued

at around $20 billion annually with a compound annual growth rate

(CAGR) of 9.4%. However, the peptide manufacturing industry is in

a state of change.

In recent years peptides — as new
chemical entities (NCEs) — have
raised the interest of the pharma in-
dustry due to their unique therapeutic
properties: high target affinity, speci-
ficity and potency, low toxicity and re-
duced antigenicity. Thus, the number
of peptide-based drugs entering clini-
cal trials is rising each year, leading
to an increasing demand of peptides

as APIs. However, this growth is ham-
pered by challenges in the availa-
ble peptide manufacturing processes
such as production costs (e.g. ineffici-
ent processes and high need for ex-
pensive raw materials), scalability is-
sues and sustainability. As a result,
there is an unmet need for cost-effici-
ent scalable technologies specifically
designed for peptide production.

30 @ CHEManager | Pharma & Biotech 2019

Current State of
Peptide Manufacturing

With a growing demand, the produc-
tion of peptides at commercial scale
has become a barrier to the indus-
try because limited production capa-
city exists. Thus, there is a shortage
of peptides in the market (as stated
by the 2019 Peptide Therapeutics Op-
portunity Assessment) as a result of
the limitations imposed by current
peptide production processes, which
fall into two types:

One is chemical synthesis, which
is responsible for 85% of peptide pro-
duction. It requires high amounts of
expensive and partly toxic raw ma-
terials and is rather unaffordable for
the production of peptides at large
scale, especially for peptides over 30
amino acids in size.

The other are bioprocesses (re-
combinant production) as alterna-
tive methods for peptide production
that use genetically modified micro-
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organisms. However, they entail three
major technological hurdles: pep-
tide degradation by proteases; pep-
tide aggregation; and toxic effects of
the peptides on the production host.
These factors can result in low pro-
duction titers as well as lengthy and
risky development, making this ap-
proach often inefficient and less pop-
ular than chemical synthesis.

Bioprocesses are, however, very
successfully applied for the produc-
tion of larger molecules such as pro-
teins. As proteins have a very com-
plex folding pattern, their structure
protects them against fast proteolytic
degradation.

The major players in the contract
manufacturing business of peptides,
such as the Sweden-based PolyPep-
tide group or Bachem from Switzer-
land, have set their focus on chemical
synthesis. The reason for that could
be as simple as that truly overcoming
named hurdles in recombinant pro-
duction of peptides remains unsolved.
Yet, according to a recent annual re-
port of Bachem, recombinant produc-
tion is a topic that the company keeps
an eye on. For good reason: the in-
dustry is certainly facing some chan-
ges.

Bioproduction Breakthrough

In 2015, the German Ministry of Eco-
nomic Affairs and Energy approved
a grant called “EXIST Forschungs-
transfer” to a group of young scien-
tists around Christian Schwarz of the
Heinrich-Heine-University in Diissel-
dorf. The target of the funded project
was to further develop a technology
that can be regarded as a break-
through for the bioproduction of pep-
tides.

Schwarz could convince the jury,
that the peptide-related technical
challenges in production could po-



tentially be solved based on discove-
ries he made during his doctoral the-
sis at the Institute of Biochemistry. He
found a way to secrete specific mole-
cules efficiently using gram-negative
Escherichia coli bacteria. Secretion
describes the transport of a molecule
from the interior of a cell to its exter-
nal environment. From there it can
be harvested.

While this process is rather easy
to achieve with gram-positive bac-
teria, it is challenging for gram-ne-
gative strains due to their complex
cell membrane. As this transport is
difficult for any molecule, meaning
also unwanted impurities or protea-
ses, the surrounding of E. coli is very
pure, free of proteases and therefore
a “safe harbor” for peptides. What
Schwarz did precisely is that he mo-
dified a type-1 secretion system of
E. coli and added a tag to the pep-
tide, which contains a transport sig-
nal. As a result, the tag including the
peptide as a cargo is efficiently se-
creted. The fusion construct is sub-
sequently cleaved, leaving the pure
peptide ready for the downstream
processing.

Apart from efficiency in regard to
production titers, another crucial as-
pect is reliability of the system, espe-
cially when it comes to NCEs. Drug
development projects face a tight
schedule, moving from the discovery
to pre-clinical and then to clinical
phases. Even though a bioproduction
of the API can have a major positive
impact on the commercial stage busi-
ness case, lengthy development times
for setting up the manufacturing
have to be avoided by all means. The
technology now available has success
rates that are comparable or even su-
perior to those of chemical synthesis
and development times are reduced
from months or even years to weeks.

The university project has been a
success and the technology could be
scaled up and diversified delivering
promising results in regard to a com-
mercial use for peptide production. In
2017, the project spun out of the uni-
versity, attracted prominent investors
such as Evonik Venture Capital and
is since then growing its peptide ma-
nufacturing business under the firm
Numaferm.

Outlook

Apart from the manufacturing of ge-
nerics or NCEs, there are other hot
topics in pharma that further drive
the demand for efficient, quick and
reliable peptide production. One ex-
ample are antimicrobial peptides,

which play an important role in the
development of new antibiotics. An-
other example can be found in the
field of immuno-oncology, where per-
sonalized peptide vaccines (PPV) are
one major strategy. PPVs are cock-
tails of peptides that help stimulate
the body’s immune system to attack
tumor cells.

With growing demands and addi-
tional technologies emerging — like
the recombinant approach of Numa-
ferm, enzymatic ligation of shorter
peptide fragments or synthetic bio-
logy — the peptide production indus-
try is undergoing a major change. A
complete substitution of one techno-
logy with the other may not be the
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case. The real opportunity lies in their
combination.

Philipp Biirling, CFO and co-founder,
Numaferm GmbH, Diisseldorf,
Germany

philipp.buerling@numaferm.com
www.numaferm.com

Siegfried

Global
network

Added
value

Highly
focused

Drug
Substances

Siegfried offers full-fledged integration of Drug
Substance and Drug Product development and
manufacturing services in one business model

to support our customers’ entire value chain
from chemical development to commercial
production. Our foundation is built on inherited
technical know-how and expertise. Our culture is
built on loyalty, respect, credibility, sustainability

Drug
Products

expertise.

area of Drug Product, we create value by offering
sophisticated solid oral dosage and complex sterile
formulation development and manufacturing

Siegfried has 9 sites worldwide with chemical
manufacturing multi-purpose cGMP locations in
Zofingen and Evionnaz (CH), Pennsville (US),

and compliance.

In the field of Drug Substance, we work closely
with our customers to develop innovative chemical
processes adding more benefit and value. In the

Nantong (CN), Minden (GER) and St. Vulbas (FR).
Our Drug Product manufacturing sites are located
in Zofingen (CH), Malta, Hameln (GER) and Irvine
(US).

expect more

www.siegfried.ch
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Achieving the Seemingly Impossible

Biotechnological Production of Rare Functional Sugars on an Industrial Scale

Rare functional sugars provide huge market opportunities. The Ger-

man company Jennewein Biotechnologie, headquarterd in Rhein-

breitbach near Bonn, specializes in in the industrial manufacturing

of these products for a wide range of applications, including nu-

tritional, pharmaceutical and cosmetic products and has a strong

scientific foundation. As well as developing new and more efficient

production processes for scarce functional sugars, Jennewein col-

laborates with selected partners in the preclinical development of its

products, including the investigation of their health-promoting pro-

perties. The development of innovative processes for sugar mole-

cules calls for broad expertise in biotechnology, process engineer-

ing and carbohydrate chemistry. Ralf Kempf asked Katja Parschat,

deputy-head R&D, and Benedikt Engels, head of Production, about

current projects and collaborations.

CHEManager: Ms Parschat, Mr En-
gels, Jennewein Biotechnologie spe-
cializes in the production of human
milk oligosaccharides (HMOs) on an
industrial scale. Why was it so dif-
Jficult to develop a profitable manu-
Jacturing process for these functio-
nal sugars? What hurdles had to be
overcome?

Katja Parschat: HMOs were known
for more than 100 years and for a
long time people tried to synthesize
them. Chemical and biocatalytic syn-
thesis proved to be uneconomical and
also not scalable into volumes rele-
vant for food applications. Fermenta-
tive approaches suffered initially
from low productivity and no cost ef-
ficient and scalable technology ex-
isted to purify HMOs from fermenta-
tive processes. We at Jennewein have
addressed both aspects, the meta-
bolic engineering part, as well as the
development of suitable purification
processes for HMOs and other oligo-
saccharides and monosaccharides. In
2005, when the company was
founded, no industrial processes ex-
isted for defined oligosaccharides us-
ing a heterologous host.

After trying to synthesize human
milk oligosaccharides by chemical
synthesis and biocatalysis, meaning
performing chemical reactions with
isolated, enriched enzymes, the third
and most successful attempt was to

use metabolically engineered bacteria
as cell factories. However, although
harmless bacteria like Escherichia
coli do provide some of the enzymes
needed to synthesize complex sugar
molecules, the genetic pathways in-
volved had to be optimized and ex-
panded by genes from other orga-
nisms to finally establish bacterial
cells that are able to produce, and —
what is most important — to secrete
the complex sugars into the fermen-
tation medium. By growing these op-
timized bacteria in a defined medium,
the HMOs can be obtained simply
from the culture supernatant. In ad-
dition, Jennewein developed a unique
process to purify the HMOs from the
cell-free fermenter solution and opti-
mized the method for drying the su-
gar to obtain a product that complies
with the high-quality standards for in-
gredients of infant formulae.

Starting at the lab bench, bacterial
strains have been developed and op-
timized to produce individual human
milk oligosaccharides with economic
and feasible results, whilst processes
for the recovery of the sugars from
the fermentation solution were inven-
ted and refined.

Benedikt Engels: Developing an effi-
cient process which lacked, for exam-
ple, any use of organic solvents re-
sulting in a high quality and safe
product for use in infant formula was
a milestone. All these processes had

32 @ CHEManager | Pharma & Biotech 2019

Benedikt Engels,
Jennewein Biotechnologie

to be scaled up to an industrial size,
to run fermenters in a scale of several
hundreds of cubic meters and to han-
dle these volumes in the recovery
process. These development steps
took about a decade with a substan-
tial financial investment.

In October 2018 Jennewein bought
the facilities of the former Artus
Mineralquelle in Bad Honningen
to build an integrated production
plant for HMOs and other sugars.
What is the status of the project?

B. Engels: The purchase of the Artus
Mineralquelle was a fantastic opportu-
nity to acquire a suitable industrial es-
tate for building an integrated produc-
tion plant for HMO production. The
facility is close-by and due to own wa-
ter rights and existing infrastructure,
perfectly suited to build large fermen-
tation capacity. Currently we are in the
planning and design phase of these
production facilities. We hope that we
will be able to start construction of the
plant at the beginning of next year.

Why is it necessary to expand your
production capacity?

B. Engels: After being qualified by
several infant formula producers and

Katja Parschat,
Jennewein Biotechnologie

receiving the approval for 2’-fucosyl-
lactose in multiple countries, de-
mands are increasing. In addition,
Jennewein is currently bringing fur-
ther HMO products like Lacto-N-neo-
traose on the market, and we are also
launching the 5HMO Mix, containing
the five most abundant neutral and
acidic HMOs. These products will all
be used in a higher concentration,
thus getting closer to the natural con-
centration found in human milk.
Therefore, we are strongly growing in
production capacity to cover the in-
creasing demands of 2’-fucosyllac-
tose and at the same time bringing
the next innovation cycle of HMOs to
the market.

What are the company’s current
projects?

K. Parschat: After starting with single
HMOs we are now producing differ-
ent mixtures of HMOs. Using its
5HMO Mix, Jennewein is currently
sponsoring a multi-center clinical
study to confirm the benefits of using
infant formula containing HMOs, in a
concentration that is similar to the
natural concentration in human milk,
compared to infant formula not con-
taining HMOs. The study is being con-
ducted in Germany, Italy and in Spain
and comprises of three study arms
and the enrollment of over 300 in-



fants. The participating babies are as-
signed either to one of the double-
blinded randomized formula groups,
receiving either HMO Mix containing
formula or the reference formula, or
to the third group representing the
gold standard of breast-feeding. Be-
sides the evaluation of growth and
behavioral parameters, the develop-
ment of the gut microbiome of the
subjects will be analyzed and by de-
termining the HMO profile of moth-
ers’ milk from moms in the breast-
feeding group, a correlation of HMOs
in breast milk and the resulting gut
microbiome in the offspring will be
drawn. The clinical study started at
the end of 2018 and will be finished
in 2020. We have applied to the Euro-
pean commission for the approval of
the five HMO Mix as a Novel Food and
will shortly apply to the US FDA to
obtain the “Generally Regarded as
Safe” (GRAS) status to open up the
opportunity to commercialize this
new product.

In the last two decades science
discovered diverse effects of HMOs on
the human body and on the interac-
tion between the human being and its
microbiome. These effects range from
supplying energy to support growth
of beneficial gut bacteria to direct
interaction of the HMOs with cer-
tain human cells on a molecular level
and supporting brain development in
neonates. Thereby different effects
can be assigned to specific HMOs or
groups of HMOs, like neutral sugars,
HMOs containing fucose residues or
acidic HMOs containing a sialic acid
moiety. By combining HMOs with dif-
ferent properties, diverse effects can
be addressed. Therefore, we stress
the development of even more com-
plex HMOs to enlarge the possibili-
ties of combinations and to even offer
personalized solutions.

In addition to the products men-
tioned earlier, we are currently ex-
tending our portfolio of monosac-
charides. Besides L-Fucose and sialic
acid, we are also offering Mannose as
a monosaccharide in crystalline form.

You are also doing research on the
production of designer organisms
using metabolic engineering. What
improvements do you expect for
your production processes?

K. Parschat: Jennewein has always
based its metabolic engineering on
genomic integration or genomic mod-
ification. When designing organisms
from scratch, we use modular systems
to easily construct large synthetic

parts of a bacterial genome. Having
the needs for different metabolic
pathways comprising several genes
for the synthesis of different HMOs,
using exchangeable modules makes
the development of new strains faster
compared to approaches using single
genes for single production strains.

B. Engels: Production strains are
highly efficient cell factories, custom-
ized not only for production of indi-
vidual functional carbohydrates. Be-
sides giving the strains the ability to
produce HMOs by genetic engineer-
ing, we address production efficacy
by also adjusting primary metabolism
pathways as well as import and ex-
port mechanisms for building blocks
and individual HMOs.

used to design new and to improve
bacterial strains for the manufactur-
ing of new products will be estab-
lished. The R&D department is
equipped with high quality analytic
devices that are implemented in the
support of production strain develop-
ment, but also in the analyses of me-
tabolites from HMO degrading gut
bacteria. Jennewein now also forces,
besides the production of rare sugars,
the investigation of beneficial effects
of these products on the human body,
like the prebiotic effect of HMOs on
the neonatal and adult gut micro-
biome and the metabolites produced
by these gut bacteria while metabo-
lizing HMOs. These findings will hope-
fully strengthen the conviction that
supplementation of diet, and espe-
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composition and our expertise in pro-
ducing HMOs and their application.
The aim is to obtain a deeper under-
standing of HMO related effects on
the microbiome of newborns and to
develop tailor made infant formula
for the Chinese market.

The 2’-fucosyllactose produced by
Jennewein is already approved and
used as a food additive for baby

Jood in the USA and Europe. Are

there other countries where the
product is used?

K. Parschat: 2’-Fucosyllactose is al-
ready approved in the Philippines, Is-
rael, Canada, Malaysia, Thailand and

In June 2018, Jennewein signed a
long-term lease for a site in Bonn
and announced plans for the con-
struction of a new R&D center. How
is the development of this center
progressing?

K. Parschat: The development is pro-
gressing very well, offices for our IP
team and scientific communication
team are already fully occupied and
the R&D department will most likely
move to Bonn, when the labs are fully
operational, which we expect to be
the case by the end of the year.

What will be the focus of the work in
this new research center?

K. Parschat: At the new R&D center in
Bonn most of the molecular biology

cially infant formula, with HMOs is
preferred over the addition of artifi-
cial fibers, when looking deeper into
the metabolic outcomes of diverse
supplements.

We believe that consumers will be-
come more aware of the physiological
effects of a healthy microbiome and
that HMOs will definitely play an es-
sential role in maintaining and restor-
ing a healthy microbiome not only in
infant nutrition.

Jennewein has been cooperating
with the Yili Group, China’s leading
dairy company, since February of
this year. What is this partnership
about?

K. Parschat: The cooperation with
the Yili Group will merge the exper-
tise of Yili in the Chinese breast milk

Singapore. Furthermore, products
containing 2’fucosyllactose are avail-
able or launched in Russia, Mexico,
Hong Kong, Saudi Arabia, Colombia,
Ecuador, Chile, Kuwait, Oman, Qatar,
Vietnam, Cambodia and Myanmar.

What other products or projects
does the company have in its pipe-
line?

B. Engels: Extending our monosac-
charide portfolio, which now com-
prises of L-fucose, sialic acid and
mannose. In addition, we are working
on additional HMO blends, for exam-
ple a mix of four sugars (LNnT, LNT,
3-FL and 2’-FL) for microbiome ap-
plications.

www.jennewein-biotech.de
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MANUFACTORING

Design of Experiments

How to Bridge Statistics and Chemical Engineering

Competition and increased demand for product innovation are pla-
cing unprecedented pressures on chemical manufacturing. As well
as a seemingly unquenchable need for new products and product
variants, the industry as a whole is also burdened with the high cost
of research and development, leading to a near constant search for
lean and efficient solutions. Though statistical analysis has not al-
ways gone hand-in-hand with chemical development, it can be a
vital tool for accelerating the discovery and creation of viable new
products, and for engineering the processes through which they
can be delivered at scale. This marriage is the way to get things
“right first time”, reducing development risks and relieving the pres-

sures mentioned above.

Experimentation has always been a
key aspect of product development,
allowing the kinks in chemical and
formulation processes to be ironed
out. Although such experimentation
is good, it is becoming increasingly

apparent that the traditional one-fac-
tor-at-a-time approach is partly res-
ponsible for inefficient product and
process development: As well as con-
suming a lot of resources, it is likely
to miss some of the practically impor-
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tant effects that lead directly to la-
ter manufacturing inefficiencies and
failed product launches.

Fortunately, we now have the tools
to supercharge our approach to ex-
perimentation. This approach is well-
established in other industries, but
so far has not been widely adopted
in chemical manufacturing, particu-
larly in the case of specialty chemi-
cals. By deploying this new approach
throughout the development phase,
it is now possible to design quality
into the process for making new pro-
ducts at the outset, rather than suf-
fering the impact of failed product
launches, protracted time to market,
and low manufacturing yields. Even
though many revolutionary products
have been, and will continue to be,
discovered serendipitously, figuring
out how to produce them consistently
and with commercially viable yields
is a natural problem for statistics to
help solve.

Julia O’Neill,
Direxa Consulting

The Need to Innovate

Design of experiments, DOE for short,
is a systematic method to determine
the relationship between factors af-
fecting a process and the output of
that process. In the industrial setting,
there are usually many factors that
might have an effect, and it is crucial
that they be manipulated together,
not one at a time. DOE has been used
to find cause-and-effect relationships
since Ronald Fisher first introduced it
in 1935 and has continued to evolve



over more than eighty years. This has
led to a series of widely applied de-
sign families adapted to meet speci-
fic situations and experimental objec-
tives, and more modern approaches
mean that you can make a design that
fits more or less any situation. Soft-
ware tools like JMP do all the com-
puting work, and make it relatively
easy for chemists, researchers and
engineers to easily adopt this new ap-
proach to experimentation.

If this adoption becomes wide-
spread, it can cut the time required
for research and development, hel-
ping R&D to support twice as many
products, and bring them to market
twice as fast. And because knowledge
accumulates, researchers can inno-
vate more predictably over time.

This is no small feat. At the mo-
ment, the R&D process in most labs
is unpredictable. Missed project mile-
stones and incomplete understand-
ing mean that the processes for pro-
ducing new products are likely to be
transferred into manufacturing with
issues still unresolved, and with the
expectation that the additional work
needed will be done in manufacturing.
But, even if it is successful, this strat-
egy is time consuming and adds cost
and waste. In the worst case, the pro-
duct might be returned to R&D. Such
rework takes away time that could be
used to develop more new products.

In industries like chemical manu-
facturing that need to innovate to re-
main competitive, this status quo is
costly. The way to break this vicious
circle is to build quality into the pro-
ducts in R&D at the earliest possible
opportunity using DOE.

Overcoming the Curse
of Dimensionality

Effective information gathering is al-
ready in place in many R&D labs.
However, whenever there is more
than one input or factor affecting an
outcome, testing one factor at a time
is inefficient and risks missing the
joint effect of two (or more) factors,
which are commonplace. To properly
uncover how all the factors affect the
response, DOE is required. Because
of its versatility and ease of use,
chemists can easily leverage the soft-
ware to reveal and model relation-
ships between many factors, and one
or more outputs, or responses. Often
the best approach is to change the
factors according to a plan that ma-
ximizes the chances of being able to
determine a robust and cost-effective
process that delivers the required
product characteristics. Actively ma-

nipulating factors in this way is the
best way to gain useful, new under-
standing.

In statistics and machine learning,
dimension reduction is the process of
reducing the number of variables un-
der consideration by obtaining a set
of principal variables that still con-
tain most of the information carried
by the originals. While this technique

“The overall goal is to
increase the efficiency
and effectiveness of
chemical R&D.”

has not traditionally been a part of
the product development and testing
process, it can be especially useful in
conjunction with DOE. For example,
in drug development, many of the new
products in R&D use starting materi-
als that come from human beings or
other animal subjects, and there is of-
ten only a short list of qualified do-
nors. Thanks to advances in genomics
and the characterization of the micro-
biome, it is easy to generate a very
long list of measured properties of
any given sample from each of those
subjects. This results in a very large
set of measurements on a very small
number of subjects. Testing this in the
lab can be costly and time-consuming,
but by using dimension reduction the
analysis process can be streamlined.

Increasing Efficiency
and Effectiveness

In a real example, 10 years ago a
team manufacturing vaccines was
faced with a challenge of evaluating
around 1,500 parameters affecting
nine key quality attributes, measu-
red on a smaller number of manufac-
tured lots. Their task was to identify
what was causing some unanticipa-
ted results in manufacturing. The
team included a chemometrician, a
mathematician, and a number of sta-
tisticians who, after several weeks
of analysis, solved the problem and
were able to recommend the chan-
ges needed to safeguard the supply
of the vaccine in question. The com-
putational challenges were tackled by
a large team of people working tire-
lessly over several weeks and at great
cost: Today, using tools like JMP, the
same analysis problem can be solved
by a single researcher in 30 minutes.

This is not to say that the work of
this team of highly skilled professio-
nals wasn’t valuable, but rather that

through the use of modern approa-
ches and supporting software, it is
now possible to free their time and
expertise to work on increasing yield
and developing more new products.
The overall goal is to increase the ef-
ficiency and effectiveness of chemi-
cal R&D, bringing more new products
to market more quickly, and at lower
cost. For this greater goal to be achie-
ved, R&D will have to achieve their
desired outcomes with fewer resour-
ces and in more sustainable ways.
This sustainability and reproducibi-
lity is a challenge to the chemistry-
using industries, and the widespread
and consistent adoption of DOE can
be a huge enabler.

Powerful Data Management

DOE also allows chemists to confront
issues that have been longstanding,
and to finally determine the relation-
ships that will get them closer to un-
derstanding the true cause and ef-
fect at work. The resulting model is
an important tool for consensus buil-
ding, because what shines through is
the result: A ranking of all factors or-
dered by priority, challenging the pre-
conceptions and biases of all those
involved. This method of screening
many predictors allows chemists to
choose how to move forward in a con-
trolled way, and that’s where the real
benefit of using such an analysis lies.
With the addition of contextual know-
ledge, such analyses are usually very
helpful in re-engineering the process
so that it performs better.

By its very nature, chemical R&D
produces a lot of data. Yet this often
is still recorded on paper, even today.
It can be time-consuming to digitize
swathes of past records into a data
management system, but this invest-

“The widespread and
consistent adoption of DOE
can be a huge enabler.”

ment can be very worthwhile. Stati-
stical analysis software is capable of
sorting, cleaning, and organizing this
data quickly and efficiently, and pre-
paring it for analysis. This data ma-
nagement can be daunting for the
uninitiated, but if the data is collec-
ted appropriately and prepared it will
save time later down the line. There
are also growing regulatory guidelines
about appropriate data processing
that need to be taken into account.

MANUFACTORING

A Question of Mindset

In the USA the Food and Drug Admi-
nistration, FDA, has produced a num-
ber of initiatives that aim to support
the modernization of the pharma-
ceutical and bio-pharmaceutical in-
dustry sectors. At the heart of these
initiatives is a shift away from a con-
formance-based approach to quality
to one of using process-based under-
standing to manage risk and deliver
better predictability.

Appropriate training and know-
how remain a big stumbling block for
industry as a whole: Many chemists
aren’t necessarily equipped to work
with statistics, have not been exposed
to DOE, and may not have had the op-
portunity to work with software like
JMP that can give them the support
they need.

More promisingly, it is not uncom-
mon to hear from scientists who were
once reluctant to use DOE but who
become firm advocates once they see
how they can quickly find solutions
for problems they had been working
on.

DOE Is Becoming
Mainstream

Things are moving in a positive di-
rection. Over the past 20 years, and
taking industry as a whole, the use
of DOE in product development has
moved steadily from the fringes to the
mainstream. Today it is evident that
many R&D professionals are rou-
tinely turning to DOE to help answer
their questions. Such is the power of
DOE to gain the required process un-
derstanding that in regulated indus-
tries, the regulators may look more
favorably on submissions and as-
sessments that explicitly incorporate
DOE.

Given this demonstrable success,
the wide adoption of DOE in R&D by
the chemical-based industries should
be seen as both necessary and stra-
tegic. Companies in these sectors
should be actively investing in deve-
loping their DOE capability, and work
towards instituting more comprehen-
sive data collection schemes that al-
low them to better understand their
processes through the whole product
lifecycle. It is an effort in terms of
training and investment, but it will al-
low them to survive and prosper.

julia@direxaconsulting.com
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MANUFACTURING

Continuous Processing

Is Flow Chemistry the Future of Pharmaceutical Manufacturing?

Is it possible to learn from other industries or are we doomed to re-

peat the same mistakes in the pharma sector? Not long ago, | came

across a Forbes article which described how streaming service pro-

vider Netflix proposed a partnership to video company Blockbus-

ter. The new partnership would have required them to change their

business model. At that time, such a decision seemed absurd and

the offer was completely rejected by Blockbuster’s senior manage-

ment. Nevertheless, almost two decades later, Netflix is the leader

in home-media and Blockbuster is history — just because decision

makers were not ready to commit to new and disruptive ideas.

Even if some people may say that the
comparison is not so trivial due to the
differences between the two industries
(pharmaceutical vs. service provider),
one should not ignore the impact that
disruptive models can have on compa-
nies. This is particularly evident in the
current situation of the pharmaceuti-
cal industry, which has been caused,
among other things, by the fact that
politicians have put increasing pres-
sure on the industry in recent years
to reduce its costs as a result of ever

stricter regulations. These circum-
stances have lowered profit margins
of many generic pharmaceutical com-
panies and, as a consequence, have
caused stock prices of some of the ma-
jor players to plummet (e.g. Teva); led
to some planned mergers and acqui-
sitions to reduce costs, become more
competitive and/or increase product
portfolio (e.g. Mylan and the generic
branch of Pfizer); or prompted compa-
nies to focus on generics that are dif-
ficult to copy (i.e. Sandoz).
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A Technology on the Upswing

In this competitive field, some compa-
nies in the pharma sector have rea-
lized the benefits of continuous manu-
facturing and started investing in this
“new” technology. For other industries,
however, this technology is not new.
Novartis was one of the pioneers
of this trend: In 2007 the company
started a collaboration with the Mas-
sachusetts Institute of Technology
(MIT) to evaluate the continuous pro-
duction of a solid dosage drug start-
ing from the chemical reagents.
Later, most of the news about in-
vestments in this technology focused
on the big players (including Glaxo-
SmithKline, DSM, Lonza, Ely Lilly), but
over time the interest of CMOs and CD-
MOs has increased. Contract manufac-
turers are already receiving requests
to perform some of the processes con-
tinuously. In some cases, they are not
able to offer this technology, which can
lead directly to a loss of business op-
portunities. Some CMOs prevent this
situation by building capacity and ex-
panding their knowledge of continuous
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Walter Linhart,
Microinnova
Engineering

manufacturing to anticipate future re-
quirements. Capacity and knowledge
building are becoming more and more
critical in the pharmaceutical industry,
where outsourcing and partnerships
are increasing over time.

But why is continuous manufactur-
ing on everyone’s lips, what does it
have to offer the pharmaceutical in-
dustry?

Benefits and Opportunities

A complete article could be written
about the benefits of continuous ma-
nufacturing, such as better heat trans-
fer, mass transfer, yield and other as-



pects. Most of these aspects have been
intensively discussed by science and
industry. However, when it comes to
doing business and making decisi-
ons, the most important factor is cost
— and that is the main difference bet-
ween science and industry. In other
words, chemical terms need to be
translated into economic terms.

Continuous processes can be
scaled up faster, as mass and heat
transfer can be kept constant at diffe-
rent scales, which directly results in a
faster time-to-market and thus higher
economic benefits. Higher yields mean
that less raw material is needed to
achieve the same amount of end pro-
duct and therefore less waste is pro-
duced — which can save a substantial
amount of money.

In addition, a plant with a capacity
of 10 /h requires almost the same in-
vestment costs as one with 100 I/h.
With a larger and more flexible sys-
tem designed for more than one pro-
cess (2 to 5 processes with a produc-
tion in campaigns), business cases
quickly become positive, while they
would be negative for a small plant
system and only one process.

Another important aspect is that
continuous processes can be automa-
ted, and, in some cases, intermediate
and isolation steps can be completely
avoided, thus reducing labor and in-
ventory costs.

Obstacles and
Misconceptions

Even though the benefits of contin-
uous manufacturing have already
been discussed and are also known
in the industry, there are still some
obstacles and misconceptions which
have delayed its implementation.

One of the biggest obstacles is the
hesitant attitude of companies due to
the potential risks associated with re-
placing or modifying an already im-
plemented process. These risks relate
primarily to regulatory hurdles. How-
ever, continuous production is cur-
rently being encouraged by regula-
tory bodies. For instance, the US Food
& Drug Administration (FDA) has re-
leased draft guidelines regarding the
quality of continuous processes, and
the International Conference on Har-
monization (ICH) supports the intro-
duction of continuous manufacturing
processes in the pharmaceutical in-
dustry with its new ICH Q13 guide-
line.

In addition, already installed batch
systems and batch processes, which
in most cases have already been de-
valuated, can hinder the introduc-

Fig. 2: Modular continuous crystallization plant for downstream processing.

tion of continuous processes. If contin-
uous processes have to be integrated
into batch plants, they compete with
the economic viability of existing pro-
cesses and — by direct comparison —
may generate a return on investment
(ROI) which is too low for management
to consider investing in this new tech-
nology. In this scenario, it is necessary
for both engineers and management
to evaluate the processes in order to
assess which one would deliver the

greatest economic benefits and might
well outweigh the cost of change.

Flexible and Modular

Last but not least, another miscon-
ception regarding continuous manu-
facturing is the lack of flexibility. In
general, it is assumed that continuous
production plants cannot be multi-
product plants. This lack of flexibility

© Microinnova Engineering

© Microinnova Engineering

MANUFACTURING

is usually seen as a major investment
risk in a rapidly changing market. In
the meantime, however, modular sys-
tems have been optimized in such a
way that they make use of both the
advantages of continuous production
and the flexibility of batch systems.

Modular plants are character-
ized by functional units that are in-
terconnected and can be exchanged
according to production require-
ments. These plants also have their
own automation system, which ma-
kes it possible to make the neces-
sary changes without reprogramming
the entire production plant, as in the
case of a printer connected to a com-
puter. The combination of a physical
module with its own automation re-
sults in short changeover times. In
other words, these types of plants are
a good solution for short product life
cycles and highly efficient processes.

Modular continuous production
plants can be used in both the fine
chemical and pharmaceutical indus-
tries. They can work under GMP con-
ditions and in ATEX zones. Modular
systems can also be easily scaled up
(increasing capacity of the plant) or
numbered-up (running processes in
parallel). Another advantage of mo-
dular plants is the standardization
of the modules, which decreases en-
gineering and designing costs. Ad-
ditionally, modular plants can be set
up with a combination of existing de-
signs which lower investment costs as
well as delivery times.

Outlook

Modular plants are already a reality,
and some were designed and built by
Microinnova (see figures for examp-
les). Modular and flexible plants have
also been recognized as a manufactu-
ring concept of the future and several
projects have been developed such
as the F3 Factory and CoPRIDE. Se-
veral large fine chemicals and phar-
maceuticals companies, like BASF,
Bayer and Evonik, have participated
in these projects. This clearly demon-
strates that the real question is not
whether, but when, continuous ma-
nufacturing, like any other batch pro-
cess step, will become a fundamental
part of the pharmaceutical industry.

Walter Linhart, head of sales and
managing partner, Microinnova
Engineering GmbH, Allerheiligen
bei Wildon, Austria

walter.linhart@microinnova.com
www.microinnova.com
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Live-Broadcasting of Bioprocesses

Real-time Monitoring of Biopharma Production

The quality specifications of biopharmaceuticals are enormous and
require a long list of time-consuming analytics. A big disadvan-
tage of these analytics so far was, that their evaluation was possible
only retrospectively. The Austrian Centre of Industrial Biotechno-
logy (ACIB) and its partners Boehringer Ingelheim RCV and Novar-
tis Pharma have developed a new process for real-time monitoring
now: integrated sensors and mathematical models give valuable in-
formation about product quality and quantity within seconds. This
novel process prevents industry from product bottlenecks and al-
lows the reduction of costs.

The market share for biotechnologi-
cally produced medicals such as vac-
cines or pharmaceuticals against can-
cer or diabetes is steadily increasing
and has doubled over the last decade.
The biotechnological production al-
lows a more flexible and gentle pro-
cess compared to chemical methods
and opens up the synthesis of vac-

cines or therapeutics of diseases like
rheumatoid arthritis, which have not
been treatable before. Compared to
chemical synthesis of medical active
substances, these biotechnological
processes in living cells take place in
milder conditions, thus being environ-
mentally friendly. But of course, the
application of biotechnology brings
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along some disadvantages as well:
The production in biologic systems is
a challenge in terms of concomitant
impurities of the product. A multilevel
purification process as well as deep
process understanding are essential
“must-haves” for being able to meet
the official purity requirements.

How did it work so far? Currently,
quality controls are realized by regu-
lar sampling and subsequent analy-
ses outside of the process. This comes
along with huge time efforts. Apart
from that, this kind of control pro-
vides information about quality and
quantity only many hours after parti-
cular process steps, which means that
biotechnologists are constantly lag-
ging behind before being able to ad-
just process parameters for a better

Martin Walpot,
Austrian Centre of
Industrial Biotech-
nology (ACIB)

output. A prompt reaction is impos-
sible. Although continuous produc-
tion and quality control in real-time
are state-of-the-art in fields such as
automotive or nutrition — enhancing
product quality and making produc-
tion more efficient — these strategies
found little to less attention in life sci-
ences so far.

i [l
s (A
j:l -. ‘_ll IL\"——.

© ACIB

©werbefoto-burger.ch - stock.adobe.com

Knowledge-based process control:
The combination of different sensors
and mathematical models connect
measured signal data with important
quality criteria.

Real-time Monitoring
through Knowledge-based
Process Control

ACIB cooperated with Boehringer In-
gelheim RCV and Novartis Pharma for
developing a new system that enables
for monitoring complex purification
of biopharmaceuticals in real-time.
“Previous methods gave information
only about a single quality parame-
ter in the running system. But what
we urgently need, is a monitoring
process that gives information about
product quality and quantity as well
as about impurities within seconds.
This is exactly what we achieved with



our new method: We combined diffe-
rent sensors and mathematical mo-
dels that connect measured signal
data with important quality criteria.
The keyword is knowledge-based
process control”, explains Astrid
Diirauer, project leader and key re-
searcher at ACIB as well as senior sci-
entist at the University of Natural Re-
sources and Life Sciences (BOKU) in
Vienna, Austria.

The research group developed a
user interface that integrates the mo-
nitoring of the system, the visualiza-
tion of measured data as well as the
transfer of information and direct re-
sponse of the control unit. Diirauer is
more than happy with the new pro-
cess: “This system significantly re-
duces the risk of manufacturing er-
rors, the total process duration and
the extent for analytics. Industry be-
nefits from a safer, faster and more
efficient process.” A side effect of in-
creased efficiency is the new availa-
bility of production capacities. Manu-
facturers can produce more different
products or more batches of one pro-
duct. On the long-term, manufactu-
ring costs are reduced, and resources
are saved.

Application in an Industrial
Environment

ACIB developed the prototype at
Boehringer Ingelheim’s Vienna site
together with both industrial partners
and tested it over a period of more
than 3 years. Quite recently, the sys-
tem was successfully put into opera-
tion by both company partners and a
patent for Europe as well as the USA
is in place. For the manufacturers
the system means a quantum leap in
production, as Christian Eckermann,
head of Biopharmacy at Boehringer
Ingelheim RCV states: “From a tech-
nological point of view the in-process
quality control approach in real-time
is a mandatory condition for a real-
time approval of produced batches,
which further guarantees an effici-
ent production of high-quality bio-
pharmaceuticals. The system is an
important basis for reduced process
duration and offers a significant inno-
vative advantage in terms of process
control during the production of bio-
pharmaceuticals!”

This is confirmed also by Michael
Kocher, country president of Novar-
tis Austria. In his view, the techno-
logy is an important reaction to the
governmental demand for process
control in the pharmaceutical indus-
try. In other branches such as auto-
motive or food industry continuous

production and quality control for
real-time production are state of
the art and have shown a signifi-
cant improvement in product quality
as well as higher production effici-
ency. According to relevant autho-
rities it is high time for the imple-
mentation of real-time controls also

1Z

Innovation and
Start-up Center
Biotechnology

Fordergesellschaft IZB mbH
Am Klopferspitz 19
82152 Planegg/Martinsried

Tel. +49(0)89.55 279 48-0
Fax+49(0)89.55 279 48-29
info@izb-online.de
www.izb-online.de

ome

in pharmaceutical industries for
drug approvals. However, the bio-
pharma sector was lacking approp-
riate strategies for successful imple-
mentation. Kocher states: “The new
system has high potential to herald
biotechnological production into a
new eral!”.
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Martin Walpot, head of Public Rela-
tions and Marketing, ACIB — Aus-
trian Centre of Industrial Biotech-
nology, Graz, Austria

martinwalpot@acib.at
www.acib.at
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The Importance of On-line Process Control

On-line Sensors Facilitate Production and Help to Ensure Quality by Design

Modern therapies of different diseases very often utilize drugs de-

rived from living cells. However, manufacturing of these biophar-

maceutical products is a complex process. One of the biggest chal-

lenges in biopharmaceutical production is to ensure reproducibility

of the actual product. This challenge is rooted in the heterogeneity

of a typical bioprocess. Minimal variations of the process conditions

may lead to different yields or quality of a product — and might ul-

timately jeopardize the effectiveness of the drug.

Therefore, it is crucial to control the
production process in the best possi-
ble way using quality by design. The
Process Analytical Technology (PAT)
Initiative, which originates from the
2004 guidance published by the US
Food & Drugs Administration (FDA),
established a regulatory framework
that focuses on enhancing the under-

©borzywoj - stock.adobe.com

standing and control of the manufac-
turing process.

It is common sense that to properly
apply PAT, it is essential to move from
the manual sampling and laboratory
measurement procedures to automa-
ted control. As even minimal varia-
tions of process parameters have a
major influence on the final product,
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controlling them on-line (or in-situ)
in real-time minimizes the risk of
lower yield and purity. Real-time mo-
nitoring is possible with sensors that
withstand the cleaning-in-place (CIP)
and sterilization-in-place (SIP) proce-
dures required to minimize the risk
of contamination. In most manufactu-
ring sites, this is already common for
the fundamental critical process pa-
rameters such as pH, dissolved oxy-
gen (DO) and conductivity.

“In fact, many parameters can
be monitored continuously in real-
time, but those directly related to
cell physiology — one of the key per-
formance indicators — are typically
still time-consuming off-line measu-
rements that provide only a reactio-
nary window into the past”, says Gio-
vanni Campolongo, market segment
manager Upstream at Hamilton Bo-
naduz.

“Even worse, important process
events may be missed if a snapshot of
the actual state is only taken sporadi-
cally, sometimes only every 24 hours.
This significantly reduces the possi-
bility that the cell growth is monito-
red in a process-safe way compatible
with the PAT principles”.

For this reason, several efforts
have been put forth over the years
to find technologies suited for accu-
rate and reproducible real-time mea-
surements. Some efforts for real-time
cell density measurement are based
on the use of molecular spectroscopy,
others on soft sensing techniques
(e.g. algorithms based on the evolu-
tion of the oxygen uptake rate, OUR,
and the carbon evolution rate, CER,
both requiring multivariate data ana-
lysis, MVDA, to generate application
specific calibrations which are labor
intensive to maintain).




Nowadays, in contrast to these
methods, permittivity measurement
is the most reliable method of mo-
nitoring the viable cell density. The
measurement principle is based on
capacitance. In an alternating elec-
trical field, viable cells behave like
small capacitors. The charge from
these small capacitors is measured
by the sensor and reported as per-
mittivity (capacitance per area). The
measurement is immediately affected
by changes in viable cell density and
can be used to plan process-specific
actions for maximum yield. Permitti-
vity can also be used to detect chan-
ges in cell physiology and is the most
immediate method for determining
the beginning of the cell death phase.

This measurement method is
quickly becoming the industry stan-
dard because of the robust real-time
data. It correlates well to off-line cell
counting in the crucial exponential
phase without the risk of counting er-
rors.

Hamilton is an established sup-
plier for cell density sensors that use

VIABLE CELLS
FOLARIZE

DEAD CELLS
HAVE DAMAGED
MEMBRAMNES AND
D0 HOT POLARIZE

The principle of permittivity measurement to monitor the viable cell density.

© Hamilton Bonaduz
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this technology. They measure via-
ble cell density on-line (or in-situ)
in real-time, meeting the increasing
need for PAT in the biopharmaceu-
tical industry. The measurement is
not influenced by changes in the me-
dia, microcarriers, dead cells, or de-
bris. “On-line measurement of viable
cell density makes it possible to de-
tect process events early and respond
in real-time without sampling, which
is a huge advantage compared to off-
line analytical systems”, says Marlene
Frank, product manager Cell Density
at Hamilton Bonaduz.

Hamilton has recently launched
its next-generation viable cell den-
sity sensor with an integrated micro-
transmitter that amplifies the sen-
sor signal for direct connection to the
control system. Sensor configuration
occurs via USB or wireless Bluetooth.
According to Frank, “this sensor sim-
plifies process control and also re-
duces maintenance efforts to a mini-

”»

mum.

www.hamiltoncompany.com

Pfizer Pumps $500 Million More into Gene Therapy

Pfizer is injecting an additional $500
million into its manufacturing plant in
Sanford, NC, simultaneously announ-
cing plans to hire another 300 staff.

The latest investment follows the
$100 million it pumped into the pro-
ject in 2017. Pfizer said the facility
will support its continuing investment
in gene therapy research and deve-
lopment, similar to its R&D sites at
Chapel Hill and Kit Creek, NC.

At Kit Creek, scientists work at a
small scale, ranging from 2-liter flasks
up to 250 1 bioreactors, to develop a
process that may eventually be used in
larger scale manufacturing. The pro-

cess is optimized at Chapel Hill, where
staff continue to work at a 250 | scale
while implementing quality control
measures included in GMP standards.

With the investment, the largest
player in the US pharma market is
widening its berth in the state where
it already employs 3,600 people, inclu-
ding 650 at Sanford.

Pfizer said the expanded facility
will strengthen both its clinical and
commercial scale production capa-
bilities for work on potential genetic
cures using custom-made recom-
binant adeno-associated virus (rAAV
vectors). (dw, rk)

Jazz Pharmaceuticals Buys US Biotech Cavion

Dublin, Ireland-based Jazz Phar-
maceuticals has acquired US bio-
tech Cavion for a potential total sum
of $312.5 million. The deal, through
which Cavion has merged with a Jazz
subsidiary, includes an upfront pay-
ment of $52.5 million with the poten-
tial of additional payments of up to
$260 million upon achieving certain
milestones.

The Charlottesville, Virginia-based
clinical-stage biotech is working on
treatments aimed at modulating the
T-type calcium channel and restor-
ing the brain’s normal rhythms to
treat neurological diseases, such as

Parkinson’s disease tremor, neuropa-
thic pain, epilepsy with absence seizu-
res and essential tremor.

Cavion’s lead candidate is a late-
stage molecule called CXX-8998,
which is being developed to treat pa-
tients with essential tremor.

“The acquisition of Cavion demon-
strates our commitment to further di-
versify our pipeline and product port-
folio with the addition of CX-8998,
which has the potential to provide a
meaningful treatment option to pa-
tients,” said Jazz Pharmaceuticals’
executive vice president, R&D, Robert
Iannone. (eb, rk)

Private Equity Takes Major Stake in Aldevron

Private investor EQT VIII Fund has
agreed to take a majority stake in Al-
devron, a US-based biologics supplier.
The transaction is expected to close by
the end of 2019, subject to regulatory
approvals. The size of the stake and fi-
nancial terms were not disclosed.

Headquartered in Fargo, North Da-
kota, Aldevron supplies plasmid DNA
for commercial, clinical and research-
stage gene therapies as well as prote-
ins, antibodies and mRNA. The com-
pany also has operations in Madison,
Wisconsin, USA, and Freiburg, Ger-
many. It employs around 400 people
worldwide.

Aldevron said EQT’s investment
will help advance its R&D and innova-
tion efforts in the rapidly growing field
of genetic medicine.

Eric Liu, partner at EQT Partners
and investment advisor to EQT VIII,
added that the private equity group
believes Aldevron is “uniquely positi-
oned” as a critical supplier to the gene
therapy market.

As part of its support, EQT will pro-
vide funds to add production capacity
at Aldevron’s Fargo campus. Aldev-
ron announced this month that it had
broken ground on an expansion of the
Fargo site. (eb, rk)

Mezzan Buys Kuwaiti Pharma Company

Mezzan Holding, one of the Arabian
Gulf’s largest manufacturers and dis-
tributors of food, beverage, FMCG and
healthcare products, has bought a 67%
stake in Kuwait Saudi Pharmaceutical
Industries Company (KSPICO).

The deal bolsters Mezzan’s capa-
bilities and offerings in the growing
healthcare sector, giving the group
majority board seats and effective
control of KSPICO, which is Kuwait’s
sole manufacturer of pharmaceutical
products.

The transaction was valued at
21 million Kuwaiti Dinar, or $69 mil-
lion.

“This acquisition marks a signifi-
cant addition to Mezzan’s core consu-
mer-driven healthcare business and
expands its access to local and regio-
nal consumer spending,” said Mezzan
CEO Garrett Walsh.

“In the coming few months, Mez-
zan will focus its efforts on further
growing KSPICO’s market share lo-
cally and regionally, growing utili-
zation of manufacturing and ente-
ring contract manufacturing as well
as bringing the Mezzan discipline
and balance sheet management into
KSPICO to help drive growth and pro-
fitability.” (eb, rk)
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CIEX 2019 - Chemical Innovation Exchange, 9-10 October, Frankfurt am Main, Germany
The conference is aimed at R&D and innovation experts from the consumer, in-
dustrial and specialty chemical sectors. By bringing together all players across
the value chain, the event creates a unique platform for participants to learn,
exchange ideas, and collaborate. It provides participants with a fresh channel to
explore cutting edge innovation in the rapidly evolving chemical industry and
connects innovators with investors, potential customers and budget holders.
http://ciex-eu.org

CPhl Worldwide 2019, 5-7 November, Frankfurt am Main, Germany

CPhI Worldwide, to take place October 9-11, 2018, in Madrid, Spain, is the lea-
ding networking event and exhibition dedicated to pharmaceutical develop-
ments, trends, products and services. Exhibitors include providers of contract
research and synthesis services, suppliers of APIs, excipients, ingredients, in-
termediates and finished dosage forms, as well as producers of pharma manu-
facturing and packaging equipment.

www.cphi.com

ISPE Europe Pharma 4.0 Conference, 20-21 November 2019, Manchester, United Kingdom
Digitalization of pharma manufacturing can facilitate technological, economi-
cal, and logistical advancement. ISPE has created an operating model to antici-
pate the industry’s future by incorporating Pharma 4.0 strategies for business
and technology. The conference features business leaders and technical experts
that will elaborate on new strategies and best practices for production opera-
tions of crucial systems with an information technology point of view.
www.ISPE.org/2019-EU-Pharma-40
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30 years of uniting the entire Pharma value chain

The world'’s largest pharmaceutical exhibition, CPhl Worldwide houses six zones
representing each stage of the pharmaceutical supply chain — from APIs, machinery,
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Our complex
chemistry helps
you create
life-changing
results

Johnson Matthey

Inspiring science, enhancing life

At JM, we work globally with our pharmaceutical
customers to deliver complex chemistry solutions
for a healthier world. Our world class knowhow,
together with our portfolio of catalyst technologies,
enables faster, cleaner and more efficient reactions.
We leverage our leading capabilities in solid state
sciences and particle engineering to produce
sophisticated APIs and controlled substances and
deliver novel treatments and medicines. Combined
with our proven chemical and analytical development
for scale up and production, we make a real
difference to the quality of life for millions of people.

Visit us at CPhl Worldwide, booth 40B30

To find out more visit matthey.com
or email pharma@matthey.com




