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Small molecules
Big opportunities

Steven M. Klosk
President &
Chief Executive Officer

Our growth as the biggest name
in small molecules continues apace.
The last year has turned out to be a huge one for Cambrex,
with acquisitions of both Halo Pharma and Avista Pharma
Solutions creating exciting opportunities as a leading,
fully integrated small molecule CDMO across the entire
drug lifecycle.
In addition to our broad expertise in drug substance, we now
have the opportunity to offer drug product development and
manufacturing capabilities to new and existing customers,
along with early stage development and analytical services.
All this, while remaining committed to being the experts you
enjoy working with – as a strategic, long term partner of choice.

Even more dynamic people
Our acquisitions are focused on adding more capabilities
and value across the development pipeline to further
accelerate your products to market. Our global team has
grown to over 2,000 employees to help us do just this. And
our manufacturing and development facilities are rapidly
increasing in the US and Europe.
We have invested in our continuous flow platform and
expanded analytical capabilities at Cambrex High Point.
Cambrex Charles City is about to introduce a new state-ofthe-art HPAPI facility. Our generic API research, development
and manufacturing capabilities have been upgraded in Milan,
increasing both capacity and efficiency. Karlskoga recently
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completed a large-scale site extension and is working on a
large laboratory expansion to meet ambitious targets and
ongoing customer demands for a long-term partner.
All of these investments make us even better equipped to
match the changing demands of the global market.

The next installment…
Our first edition was a great success, with many of you
enjoying the opportunity to put faces to names, having
worked closely with the contributors. This update adds
further expert insights from early stage APIs to finished
dose, thanks to our recent acquisitions.
I hope you enjoy reading this insightful collection of
perspectives from our experts and discovering why
Cambrex is the small molecule company.

Steven M. Klosk
President & Chief Executive Officer

Daniel Bowles
Senior Director, Chemical Development

Silvia Lamiani
HSE Assistant

Michele Cioffi
Raw Materials & Intermediates
Warehouse Operator

Contents
1. Manufacturing & Investments
Cambrex continues to expand and invest
to ensure long term strategic growth

5-6

Lot release testing analytics for
small molecule drugs

44-45

CDMO/CMO watch: Cambrex, the next
end-to-end provider in the offing

7-8

Classifying potent and highly potent molecules

46-48

Handling highly potent APIs? here’s how…

49-50

The fine art of plant management and
outsourced manufacturing

9-10

Setting up a modern analytical laboratory to
meet current pharmaceutical challenges

11-12

Building capacity for potent API production

13-15

CMOs expand manufacturing capacities

16-17

3. Market & Outsourcing Trends

2. Chemistry & Technology

Turmoil in generics brings opportunity for
fine chemicals firms

52-55

The rise and fall of the U.S. pharmaceutical
chemical maker

56-58

M&A in pharma and CRO/CMO industry

59-60

A wide spectrum of contract services

61-62

Pharmaceutical industry outlook is optimistic

63-65

Continuous flow: Where chemistry meets
engineering

19-20

Moving forward with mutual recognition of
cGMP inspections

21-22

Developing an industrial process for
manufacturing hydromorphone hydrochloride

23-25

The life of an API

26-28

Flexible and modular containment solutions
for niche products

29-31

Continuous pharmaceutical manufacturing

32-34

Five minutes with Simon Edwards

Dedicated to excellence

35-36

Conclusion

Taking a realistic approach to risk assessment

37-38

FDA approves EU authorities to ensure
public safety

39-40

Highly potent APIs: Hazards in classification
and handling

Page 3

Focusing on pharma

66-67

A formula for growth

68-69

Make China great again

70-75

Taking charge – come rain or shine

76-77

4. Our Expert Insights
Five minutes with Shawn Cavanagh

41-43

79-80
81-82
83

5. Our Webinars
Watch our webinars

85

Experts you’ll enjoy working with

Kelsey Kehrli
Data Review Scientist

Jason Marlette
Operator

Kim Alley
Senior Scientist

Manufacturing
& Investments
Hanh Nguyen
Process Operator

Back to Contents

Clester Oxendine
Senior Research Associate

Manufacturing & Investments

Cambrex continues to
expand and invest to ensure
long term strategic growth
Cambrex has recently announced several major investments across
its global network of small molecule development and manufacturing
sites to increase its capacity and capabilities to meet the growing
demand from its customer base.
Like many Western contract manufacturing organizations,
Cambrex is experiencing an increased demand, brought
about by a healthy development pipeline of small molecule
drugs and FDA approvals; alongside market trends that
include the reshoring of projects from Asia.
The challenge for Cambrex, and other manufacturers looking
to capitalize on this opportunity, is having the capacity
to meet the demands of the market. Cambrex undertook
a research exercise to evaluate the current state of the
outsourcing market for small molecules, as well as looking
at potential upcoming demand to ensure investments in
capacity could be made in the most appropriate areas. As a
result, since 2012 Cambrex has invested over $260m around
the globe in facility expansions, equipment, technology and
EHS upgrades to ensure that these demands can be met
whilst standards in quality, customer service, flexibility and
reliability are not only maintained but enhanced.
At High Point, North Carolina, the company has made
a series of investments since its acquisition through the
purchase of PharmaCore in 2016. Most recently is the
installation of multiple continuous flow reactor platforms to
assist clients to rapidly and successfully develop synthetic
processes to support clinical as well as commercial demand.
In 2017, Cambrex also introduced a dedicated commercialscale continuous flow production unit at its Karlskoga,
Sweden facility, which is capable of producing multiple
metric tons of high purity intermediates per annum.
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The development capabilities in High Point will allow
future projects to be transferred into Karlskoga as and
when appropriate.
Additionally, at High Point, the GMP pilot plant has been
expanded with two new 2,000 litre reactors, and a new
11,000 sq. ft. analytical laboratory has been constructed to
support both analytical development and validation services,
and the various manufacturing projects undertaken at the
site. These include the synthesis of complex APIs and drug
intermediates in batch sizes from milligrams to 100kg to
support developmental and clinical phases. The site is also
licensed with the US Drug Enforcement Administration
(DEA) to manufacture Schedule II to Schedule V
controlled substances.
At its Charles City, Iowa facility, work has begun on a
$24 million, 4,500 sq. ft. new facility to manufacture
highly potent APIs (HPAPIs) which is due to be completed
early in 2019. When operational, the facility will be able to
manufacture batches from 50 to 300kg. This investment
is alongside increases to GMP pilot plant capacity, and the
construction of an additional 2,000 sq. ft. of laboratory
space for development projects and analytical work at the
site. The total reactor capacity at the Charles City facility is
now over 400,000 litres.
In Europe, Cambrex has also invested in the upgrade of
its waste water processing facility at Karlskoga, to ensure
it not only meets current environmental regulations,

Cambrex continues to expand and invest to ensure long term strategic growth
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but also to allow for increased manufacturing capacity in
the future as demand for manufacturing at the site increases.
The $3.5 million upgrade is a three year project, with
completion expected in 2019.
At Paullo, Milan, which is the hub of Cambrex’s
manufacturing of generic APIs, expansion has been
undertaken to increase the capability of the site to develop
and manufacture HPAPIs, as well increasing the synthetic
capabilities with the installation of a new 2,800 litre
hydrogenator.
Small molecules continue to dominate in the pharmaceutical
market, with the FDA approving 34 small molecule new
molecular entities (NMEs) in 2017, which is the highest
number in the last decade. There now exists the fastest
growing small molecule clinical pipeline reported in the last
20 years, with more small molecules in phases I, II and III than
ever before.
With these investments across its network, Cambrex is
ensuring it is in a position to benefit from the opportunities
as they occur, and is able to meet customer deadlines
with available capacity, to advance projects as rapidly
and efficiently as possible.

About the author
Steve Klosk,
President & Chief Executive Officer,
Cambrex

First published: Chemicals Knowledge Hub
Title: Cambrex continues to expand and invest to ensure
long term strategic growth
Date: April 19, 2018
Article: Click here
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CDMO/CMO watch:
Cambrex, the next end-to-end
provider in the offing
Cambrex, a contract manufacture of small molecule APIs, is the latest
contract manufacturer to establish an end-to-end-business model
with its pending $425 million acquisition of Halo Pharmaceuticals, a
CDMO of oral solids, liquids, creams, sterile and non-sterile ointments.
So what is the industry impact of
such a move?
Cambrex joins other contract providers, which have
used acquisitions in recent years to build end-to-to end
service models that provide both API and drug-product
development and manufacturing.

Inside the deal

Executive Officer of Cambrex, at the time of the announced
acquisition. “Halo’s expertise in oral solids, liquids, creams
and ointments fits well with our small molecule API [active
pharmaceutical ingredient] business and brings a substantial
new customer base and pipeline of small molecule products.
We believe the combination of Cambrex and Halo will
attract new customers to the combined company and allow
us to more efficiently broaden our pipeline of products
while continuing to capitalize on the rapidly-growing
pharmaceutical services market.”

In July 2018, Cambrex agreed to acquire Halo Pharma,
a Whippany, New Jersey-headquartered contract
development and manufacturing organization (CDMO),
for approximately $425 million (the acquisition was
subsequently completed in September 2018). Halo Pharma
was majority-owned by SK Capital Partners, a private
investment firm

Halo Pharma operates two GMP-compliant facilities located
in Whippany, New Jersey and Montreal, Québec, Canada,
comprising 430,000 square feet of plant space. Halo’s
450-person workforce joins Cambrex’s 1,200 employees
across the US and Europe.

With the acquisition of Halo Pharma, Cambrex enters the
finished-dosage form CDMO market. Halo Pharma provides
drug-product development and commercial manufacturing
services, specializing in oral solids, liquids, creams, sterile,
and non-sterile ointments. Halo’s core competencies include
developing and manufacturing complex formulations,
products for pediatric indications, and controlled substances.

The addition of Halo follows a series of investments by
Cambrex in its small molecule API capacity and capabilities.
Earlier this year (June 2018), the company announced plans
to expand research and development (R&D) capabilities
at its site in Paullo, Milan, Italy. The company is investing
to construct a new 150 square meter R&D laboratory and
recruit additional scientists to increase the number of generic
APIs in the company’s development portfolio. Cambrex
currently manufactures over 70 generic APIs, and the
Milan site comprises seven production departments,

“This acquisition opens a completely new segment of the
market for Cambrex in finished dose development and
manufacturing,” said Steve Klosk, President and Chief
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supported by a pilot plant, kilo-scale plant, and development
and analytical laboratories. The company also installed a new
pilot plant at the Milan site in 2017.
Also in June, the company announced plans to begin
a $5 million expansion of laboratory facilities at its site
in Karlskoga, Sweden. In 2017, Cambrex upgraded its
continuous-flow capabilities in Karlskoga with a dedicated
commercial-scale unit that is capable of producing multiple
metric tons of high-purity API intermediates per annum.
Also in 2017, it installed new, large-scale manufacturing
capacity at its facility in Karlskoga.
Cambrex is also making other investments as part of its
strategic plan to increase its development capacity and
resources in North America. The company is progressing a
new $24 million facility for manufacturing highly potent
APIs at its site in Charles City, Iowa. The project will also see
the reconfiguration of the existing small-scale manufacturing
area to provide a single high-containment building to
support early-stage development and manufacturing.
The facility is expected to be operational in the first half
of 2019. Also, earlier this year (January 2018), Cambrex
announced an investment to expand chemical and
analytical development capabilities at its Charles City plant.
The expansion adds an additional 2,000 square feet of
laboratory space for development projects. Also, in 2017,
the company completed an expansion of cGMP smallscale capacity at its plant in Charles City and completed an
expansion of large-scale manufacturing capabilities there.
In 2016, the company opened a $50 million, 7,500 square
foot multi-purpose manufacturing facility at Charles City,
which added a total of 70 cubic meters of manufacturing
capacity to the site.

About the author
Steve Klosk,
President & Chief Executive Officer,
Cambrex

First published: DCAT Value Chain Insights
Title: CDMO/CMO watch: Cambrex, the next end-to-end
provider in the offing
Date: August 15, 2018
Article: Click here

Citation
DCAT Value Chain Insights, an information resource from
the Drug, Chemical & Associated Technologies Association
(DCAT) (shortened for publication in this eBook).

In May 2018, the company completed a pilot-plant
expansion at its facility in High Point, North Carolina with
the installation and commissioning of a fourth reactor suite,
which increased the site’s reactor capacity by around 30%,
and also completed and implemented an upgrade of the
High Point site’s analytical chromatography data systems
for quality control and analytical R&D. Cambrex gained the
35,000 square foot High Point site, through its acquisition
of PharmaCore in 2016. At the facility, Cambrex produces
APIs and intermediates requiring in batch sizes from
milligrams to 100 kg to support clinical trials from Phase I
to Phase III. The company also completed the installation of
multiple continuous-flow reactor platforms at its processdevelopment facility in High Point, North Carolina.
The investments come as the company is reporting favorable
financial returns. For the first six months of 2018, Cambrex
reported net revenues of $293.1 million, 22.4% higher than
the first six months of 2017. An increase in volumes was
driven by higher sales of branded and generic APIs, and
custom development products partially offset by lower sales
of controlled substances. Europe accounted for 63% of
first-half 2018 revenues, or $184.96 million, the US 31%, or
$91.48 million, and Asia 2.7%, or $7.85 million.
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The fine art of plant
management and
outsourced manufacturing
Dr Kevin Robinson caught up with John Andrews, to get the
Cambrex view of what to look for when selecting a CMO partner
for projects that require multiple cGMP steps and late-phase
and/or commercial manufacturing.
John Andrews has been working for Cambrex as a chemical
engineer for the better part of 25 years, spending most of
his time mastering the disciplines of operations and process
engineering, and interacting with clients on numerous
projects. During that time, he’s established a profound
understanding of what the company’s customers look
for in a CMO partner.
“One of the things I’ve noticed,” he says, “during the
evolution of the Cambrex organisation, is that our clients
increasingly look for specific qualities; for example,
when they’re looking to outsource a late-stage clinical
trial project that’s likely to proceed to commercial-scale
production, they’re looking for a partner that they know
is going to be there in the years to come. As such, first
and foremost, they’re looking to identify people with an
excellent regulatory track record in terms of quality, safety
and environmental responsibility. Of course, regulatory
compliance is paramount, as is a culture of care. No one
wants to risk working with an outsourcing partner who
could potentially interrupt the overall supply chain.”
Like most clients wishing to outsource a service or function,
timelines are critical, particularly with larger projects
incorporating multi-step syntheses (some products undergo
a production chain involving numerous intermediate steps
before the final active ingredient is formed). “Here,” says
John, “clients want a CMO partner that has the technical
capacity to handle their project.
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To be able to meet those deadlines, you have to have a
proficient team of analytical chemists, development chemists
and process engineers, for example, to be able to do the
technical transfer, etc.”
“In recent times, I’ve seen a huge change within the industry
regarding analytical requirements — driven by the regulatory
bodies — as far as raw material qualification, process testing
requirements and intermediate/finished product testing
is concerned.” This all involves a lot of what John calls
“horsepower” to achieve successfully.
“Often,” he adds, “clients will come to us with 2 years of
equivalent analytical testing data that they need to transfer,
as well as a lot of procedural information, and there may
only be a 3–4 month timeline to do the work.” Clearly, notes
John, you’re going to have to be able to accommodate that
request and assign several analytical chemists to the task.
“Once you’re past the technical transfer from a chemistry
standpoint, that process then needs to be scaled-up and
relocated to a plant. Similarly, when you’re looking to
transfer a multi-step process, that requires a lot of process
engineering resources. Ideally, I’d allocate a single process
engineer to each 1–2 steps to maximise efficiency and
optimise the operation. As Cambrex as grown, I’ve noticed
that our ability to provide the amount of bandwidth required
to handle these increasingly technical transfers has enabled
the company to take on a lot of larger projects and, as a
result, be more successful.”

The fine art of plant management and outsourced manufacturing
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Additionally, notes John: “During the 20 years or so that I’ve
been part of the organisation, we’ve added a considerable
number of large-scale facilities to our portfolio. When you
have the plant assets that we do, wherein you can schedule
these products for different intermediate steps, as well
as the final API, at various work centres, then you don’t
have that overlap with one specific work centre trying to
undertake multiple steps, which provides a much more
efficient scheduling offering for the client. Then, you’re able
to produce the product much more efficiently in a shorter
timeframe, which streamlines the project and results in a
better tech transfer service for the customer.”
In a perfect world, comments John, the CMO would have
a different production train for each isolated intermediate
and the final API. This allows for overlap of the campaigns
from each step and reduces time from order to delivery.
“For example, Cambrex Charles City has six large-scale
production trains with reactors from 4000–16000 L
and agitated filter dryers from 5.3–7 m2. Assets should
also provide multiple choices regarding the material of
construction to meet the chemical process needs, such as
Hastelloy, glass-lined carbon steel and 316L SS.”

Niche versus one-stop-shop suppliers
Asked about competition from smaller, niche service
providers, John believes the single most important criterion
is the experience factor: “It comes down to the formation
of the team and the project itself. The client might want to
work with a smaller organisation or team if, perhaps, they
feel they have a tighter bond with those individuals. If you’re
working with a larger CMO, though, such as Cambrex, we’ll
develop a separate group to facilitate each assignment;
we’ll dedicate a specific project manager to the client to
act as a liaison officer between the two companies, appoint
designated group leaders to manage analytical and chemical
development, have specific chemists, etc.”
“There’ll be a core team … and those people essentially
function in the same way that a smaller CMO partner might
operate; they manage your project from start to finish, giving
the client the same feel and structure as a niche operation
… with the added benefit that if you do run into some
technical issues, we have a vast resource of highly educated
and qualified staff outside of that subgroup to address any
problems and provide a solution. It’s the best of both worlds!
In any tech transfer, problems can occur. The big difference
between companies is how they resolve those issues and
keep projects on track.”

Looking ahead
One of the trends John’s seen, particularly from the larger
pharmaceutical companies, is the push for continuous
flow-type chemistries. “As a result,” he says, “we’ve installed
some equipment and created a development group in
our North Carolina facility to respond to that need. It’s a
nice adjunct to our clinical stage offering; continuous flow
chemistry is able to address quite a few scale-up issues,
especially with hazardous reactions involving energetic
compounds, which makes them a lot safer to perform.
We’ve also implemented the technology in our Karlskoga,
Sweden, facility.”
Given a magic wand for a day, would John make any
fundamental changes to the current pharmaceutical
industry? The good news is no … but he does, like many, bear
the brunt of the ever-changing regulatory environment. “It’s
sometimes difficult to make rational decisions in a fluctuating
landscape of rules and regulations, making sure we comply
with appropriate controls and ensure public safety,” he says.
More positively, John emphasises: “My experience with
Cambrex has been that, as the company has evolved, we’ve
hired a lot of high quality personnel that really understand
the business, which makes a huge difference when dealing
with all the technical and regulatory challenges. We also get
to work with very knowledgeable people who encourage us
to push ourselves and achieve more. I enjoy the challenge
of working with people to solve problems. Each day brings
new challenges, but I appreciate knowing that I work for a
company that makes products that help people.”

About the author
John Andrews,
Director of Operations,
Cambrex

First published: Manufacturing Chemist
Title: The fine art of plant management and outsourced
manufacturing
Date: October 2018
Article: Click here

Talking about the growth of biologics and high potency
APIs in the industry, John reflects that, at the Charles City
facility, “our focus is on small molecule development and
production, so we don’t really deal with biologics; but, we
do have a number of laboratories dedicated to the highly
potent API work. That’s a quite significant development,
dating back to 2008, which has helped us to keep up to
speed with the growing demand for analytical chemistry.
Otherwise, Cambrex has been investing regularly, year on
year, in equipment, plant and facilities to ensure our service
offering is fit for purpose and has the capacity available to
fulfil customer requirements.”
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Setting up a modern analytical
laboratory to meet current
pharmaceutical challenges
When designing a new analytical laboratory, whether the project
is a complete new build or the repurposing of an existing space for
a new use, it is essential to carefully consider and plan numerous
aspects of the laboratory.
Although many of these points may seem obvious,
overlooking them can lead to a delay in the build or, worse,
an inefficient end result. At the outset, it is important to
define exactly what analytical services will be required from
the laboratory to plan properly for the instrumentation,
space and computer systems needed to support those
services. Additionally, one must ask what additional items will
be required to support the instruments, such as software and
hardware qualification, as well as considering the transfer,
revision or implementation of standard operating procedure
(SOPs). Importantly, once these are defined, it’s important to
assess whether the projected budget matches the vision for
the laboratory’s capabilities.
Additional considerations must be made in some
circumstances, including whether the laboratory will be
servicing internal clients or those from elsewhere. This will
determine the outputs from the laboratory regarding how to
meet the requirements and expectations of those clients.
When repurposing an existing space, it is particularly
important for upfront planning to be done carefully,
including a thorough evaluation of existing physical aspects
such as heating, ventilation and air conditioning (HVAC),
electricity supply, plumbing and the building infrastructure.
This will allow the build and/or the move to go smoothly
and efficiently… and without large amounts of disruption
or unforeseen costs being incurred. From a budgetary
standpoint, the more detailed a vision is laid down at the
outset and the more thorough the initial groundwork is,
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the better. It is important to envisage where delays and
issues may arise and make plans for contingency actions.
Factoring all these items into timescales and budgets will
give a project manager greater control of the project, while
simultaneously providing the opportunity for most of these
situations to be prevented. This will minimise the number of
changes to the plan once the project is under way.

Phase one: Funding and planning
The planning process should get under way at least 6
months before the laboratory is scheduled to go live.
At the outset, the funding levels required to achieve the
desired scope of the project should be established and, as
mentioned, key to success here is a detailed understanding
of the laboratory’s purpose and its expected services and
deliverables. These will direct the instrumentation that will
be required within it, and the amount of space that will be
necessary to ensure the full complement of staff can work
efficiently and comfortably. Compatibility with current or
future planned computer data systems is also important.
The more complete the vision of the finished lab, the easier
it will be to get it constructed and running on time and
within budget.
With the basic plan in hand, conceptual drawings indicating
the eventual locations of everything from water and utility
lines and power supply to computers and instruments can
be created. This is always a more extensive (and intensive!)

Setting up a modern analytical laboratory to meet current pharmaceutical challenges
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exercise than might be imagined at the outset. As well as
large infrastructure items such as transformers and HVAC,
there are decisions to be made such as whether to reuse
previous cabinetry or invest in new, or whether to stay with
existing, familiar instruments and software or opt for new
equipment. Retaining the same instrument supplier will
avoid having to retrain analysts, and existing spare parts
should be directly useable. As with other capital expenditure
processes, it is always advisable to get at least three quotes
for everything to assess the cost and “value” of investments.
If new analytical instruments are chosen, then there may be
knock-on additional requirements such as revising SOPs or
possibly even writing new ones, as well as considerations
regarding equipment qualification efforts and documents.
If these are not in place in good time, there is a risk that there
will be a fully functional laboratory that cannot be used — as
it is impossible to qualify the instruments for good laboratory
practice (GLP) and good manufacturing practice (GMP)
purposes without suitable SOPs. The process of installation
and qualification should be addressed well ahead of the
scheduled opening, as well as considering compatibility with
current or planned computer data systems and software.
Less tangible issues must also be considered, such as
software and data integrity, and also validation requirements.
In some cases, additional investment may prove to be
cost-saving down the line. For example, although a state-ofthe-art glassware washing system may cost in the region of
$50k, it takes just an hour to take glassware from dirty to dry
— compared with several days with some less expensive or
more basic systems. The upfront investment, although costly
on paper, not only saves a lot of time but also reduces the
outlay on glassware while simultaneously accommodating
for potential future expansion.

Phase two: Revising
and executing plans
As the project gets under way, perhaps 2–4 months ahead of
the laboratory’s go-live date, fine-tuning these initial plans is
essential to keep progress moving on and avoid the need for
rework. It is at this stage that keen observation and insightful
thinking will pay dividends in meeting planned timelines.
There are many moving parts and doing everything at the
right time, and in the right order, is essential.
Keeping rework to a minimum will reduce the likelihood of
budget overruns. It is therefore important for the facility
manager to keep on top of all the contractors’ activities, and
carefully co-ordinate the building/installation of walls, floors
and ceilings with the piping, drainage, electrical works, HVAC
and so on. Items such as an uninterruptable power supply,
computers and cabling, and the location of lab benches and
fume hoods must be considered. Even auxiliary items such
as a refrigerator, a microwave, sink and filtered water in the
break room require advance planning.
The timing of inspections must also be co-ordinated if the
building’s Certificate of Occupancy — or equivalent outside
the US — is to be granted in time for laboratory operations
to start. Staffing should also be considered at this stage, as it
takes time to interview and hire the right people if the work
represents an expansion from existing capabilities.
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Phase three: The plan comes together
In the month or two before opening, the hard work and
planning done during the earlier stages start to come to
fruition. Readily available commonplace laboratory items
such as glassware, consumables, balance supplies and
chemicals are ordered during this time, but there may be
some last-minute items, which may be important but not
necessarily critical, that will come to light. These will often be
items that one takes for granted and may have been missed
off initial budgets, such as lab stools or printers, or specialty
chemicals or other materials. This is why it is important to
have a contingency fund so such omissions can be remedied
without exceeding the budget. However carefully everything
is planned, something is always missed. But the greater the
detail and thought involved in that planning, the less impact
on the budget this is likely to have.
At this stage, the preplanned co-ordination of relocating
people should be under way. When will they start in the new
lab and what capabilities need to be in place to provide them
with a viable work environment as quickly as possible?
How can work output be maintained during the move? And
if this is an additional laboratory, rather than a replacement,
how will staff in the two locations communicate with each
other, particularly if they are some distance apart?

Phase four: Going live
At this stage, all of the major equipment and instruments
should have been installed and qualified for GMP use,
complete with fully approved SOPs. The laboratory spaces
will be appropriately stocked to allow for proper workflow,
with staff in place doing analytical tests.
However, this is not the end of the process. Once the lab
is occupied and in operation, it is important to take stock
of what happened to inform future planning processes.
The different stages of the project should be revisited to
determine whether any improvements in planning might
have made a difference to the time or cost of the project.
That way, the next time a similar project is undertaken, it
should be easier, quicker and more cost-efficient, with fewer
items required for a fully functional laboratory being missed.
Detailed planning and careful execution of those plans are
key to a smooth operation.

About the author
Mark Shapiro,
Director Analytical Research &
Development,
Cambrex

First published: Manufacturing Chemist
Title: Setting up a modern analytical laboratory to meet
current pharmaceutical challenges
Date: September 2018
Article: Click here
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Building capacity for
potent API production
Demand for highly potent APIs continues to rise. Highly potent APIs
(HPAPIs) are an increasingly important segment of the API market.

While there are many contract development and
manufacturing organizations (CDMOs) that claim to have
potent compound production capabilities, few have the
facilities, equipment, and trained personnel needed for the
production of highly potent compounds with occupational
exposure levels (OELs) of 10 µg/m3/8h. CDMOs with
established expertise are investing in expanded capabilities
to meet the growing need for HPAPI production capacity.

Fast growing market
Global demand for HPAPIs is estimated by various market
research firms to be approximately $17 billion in 2018 and
expanding to about $26 billion by 2023, according to
Claudio Salvagnini, director of CDMO API and HPAPI activities
at Minakem. The rapid growth is driven largely by the global
oncology market, as many highly potent compounds are used
for the treatment of cancer.
This market has already surpassed $100 billion in global
sales and is expanding at double-digit rates, according to
intelligence reports reviewed by Minakem.
Maurits Janssen, head of commercial development, API
development, and manufacturing with Lonza Pharma &
Biotech, adds that the percentage of HPAPIs that are cancer
treatments has grown from more than 50% in 2015 to
approximately 60% in 2018, with the rest found in hormonal
treatments, central nervous system treatments, and all
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other therapeutic areas. There are also many rare diseases
under focus, and many of these conditions are being treated
with highly active compounds according to Marko Salo,
vice-president of marketing and sales with Fermion.
Three-quarters of HPAPIs are novel compounds. In particular,
the growing focus on precision and personalized medicines
such as antibody-drug conjugates (ADCs) that treat specific
patient subgroups or conditions is driving development of
novel APIs. Innovation is therefore another important factor
in the growth of the HPAPI market, according to Salvagnini.
He adds that despite the increasing number of biologic drugs
in the pharmaceutical pipeline, the HPAPI market remains
dominated and is foreseen to continue to be dominated within
the next five years by small molecule, chemical APIs.
Lonza also expects the generic HPAPI market to see strong
growth over the next few years due to patent expirations
of some branded HPAPI products, according to Janssen.
Another driver for the growth of HPAPI capacity demand
is the additional knowledge being obtained for existing
compounds that previously were not considered to be
HPAPIs. As new toxicity data are generated, some of these
compounds are being reclassified as HPAPIs, according
to Salo.
Outsourcing of HPAPI production is also expected to expand
faster than the overall HPAPI market, according to Janssen.
“This growth is due to the fact that the majority of innovation
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is taking place in smaller emerging biotech companies with no
in-house manufacturing capabilities and therefore the need to
outsource,” he explains.

Limited options for highly
potent production
The number of companies advertising highly potent
manufacturing capabilities is quite high, according to a
recent survey conducted by Minakem. “In a market analysis,
approximately 100 [contract manufacturing organizations
(CMOs)]/CDMOs were identified as claiming to focus on high
potency and making numerous investments in the past 10
years, so what was once a niche segment appears to be more
crowded,” Salvagnini notes.
Upon closer look, however, Minakem found that classification
of highly potent manufacturing capability comes down to how
each company defines potent vs. highly potent. Many of these
companies are capable of processing compounds with OELs
down to 10 µg/m3/8h, but only a handful of active CDMOs
have the capability of handling highly potent intermediates
and APIs with OELs of 0.10–0.01 µg/m3/8h and lower,
Salvagnini says. This HPAPI business is highly concentrated in
Western countries, according to Janssen.
Salo adds that many of these recent investments have
involved smaller capacities. Janssen notes that the majority
of HPAPI equipment for commercial manufacturing is
mid-scale (4–6m3), where there is the highest demand.
“Only a few companies, including Lonza, can cover the
full range of reactor scales along the drug lifecycle from
2–10m3, allowing customers to access phase-appropriate
equipment for their individual needs,” he says.
“Entry into this segment of the market is limited by the high
initial investment required to install containment systems,
glove boxes, proper air flow and conditioning systems;
develop effective processes; and train operators,” observes
Salvagnini. He adds that having a solid reputation for success
in HPAPI manufacturing is probably more important than in
other segments of the pharma industry, given that the safety
of operators, the environment, and patients is a key concern.
“We have seen that clients looking for HPAPI services conduct
more thorough audits and risk assessments when evaluating
potential outsourcing partners,” Salvagnini says.
There are currently no indications of overcapacity in the
market, according to Janssen, but increasing competition may
lead to a lower perceived market growth of the segment in the
future. Continued investment will still be needed, however; as
manufacturing and handling technologies for HPAPIs continue
to improve, older facilities will require upgrading from time to
time to prevent becoming sub-standard.

Investments at Cambrex
In late 2017, Cambrex announced a $24 million investment in
a new facility to manufacture HPAPIs at its Charles City, IA
plant in the United States. The 4500 sq. ft. production area
will operate to an OEL of 0.1 µg/m3 and have a total reactor
capacity of 2200 gallons and be able to manufacture batches
from 50 to 300 kg. The small-scale manufacturing area at
the site is also being reconfigured to provide a single highcontainment building to support early stage development
and manufacturing. Construction and installation of all new
equipment is expected to be completed by Q1 2019.
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The investment is in response to the growing number of highly
potent, small molecule APIs in the pharma pipeline, according
to Shawn Cavanagh, COO of Cambrex. It is also part of an
ongoing strategic campaign to invest in small molecule API
development and manufacturing across Cambrex’s global
network of facilities.

Overcoming challenges
Implementing new HPAPI development and manufacturing
capabilities presents multiple challenges that must be
addressed within a limited timeline, according to Salvagnini.
“Multiple departments are involved, so cross-functional
teams with representatives from environmental health and
safety, program management, R&D, production, etc., must
collaborate with external consultants and project design and
construction companies. Having solid internal experience in
containment technology and working efficiently together in
close collaboration on a daily basis is essential for keeping
such types of investment projects on track,” he says.
Previous experience with the addition of HPAPI units is
also highly beneficial for successfully completing new
projects on time and without major issues, according to
Salo. Janssen agrees: “Considering Lonza’s 20 years of
experience in handling HPAPIs and in maintaining the
required facilities, the construction of new capacity was
supported heavily from past experience, and progress was
demonstrated by the short realization timeline and absence
of critical challenges,” he observes. He also notes that
Lonza has found it extremely valuable to build on a stable
team of specialists and to keep everyone pointed in the
same direction.

What’s next?
In addition to the expected healthy growth of the HPAPI
market that is expected to continue in the coming years,
significant changes in manufacturing and logistics are
anticipated in response to changing market dynamics.
“The move into personalized and specialized medicines
means that large numbers of molecules will be produced
at small scale, which is quite a massive change from the
way the supply chain operates today,” asserts Salvagnini.
There is also a movement toward higher containment
protection levels, according to Salo. Molecular complexity will
increase further as well and present ongoing manufacturing
challenges, according to Salvagnini. In addition, many HPAPIs
in the pharma pipeline face bioavailability challenges and/or
require modified-release technologies, according to Janssen.
“As a result, HPAPI production and manufacturing today
requires more specialized capabilities than ever before,”
he says.
In addition, many drug formulating companies are closing
their in-house production facilities and shifting toward
contract outsourcing as a more cost-effective approach
to HPAPI manufacturing. “These companies are looking
for external CDMOs that offer integrated services and can
tailor their enhanced technology platforms and supplychain solutions to specific companies’ needs to facilitate
development and reduce time to market,” Janssen comments.
Outsourcing, he adds, is strongly driven by emerging and
mid-sized pharmaceutical companies, which account for
most of the innovations in the pharma industry today.
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“CDMOs will need both flexibility and agility to accommodate
the broader range of chemistries, toxicities, delivery
technologies, and product volumes for highly potent
intermediates and products that will exist in the near future,”
asserts Salvagnini. Responsiveness will also be important, as
increasing numbers of projects are designated as accelerated
approval programs. “Minakem is preparing by adapting
both its facility and internal organization, building dedicated
supply-chain and building project teams in order to rapidly
proceed through increasingly complex processes and stay
on the critical path for shortened timelines,” Salvagnini says.
He adds that its ongoing investments are made with this
new future in mind, including investments in analytical
capabilities and skilled and talented workforce.
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CMOs expand
manufacturing capacities
New and expanded facilities point to the continuing growth of the
biopharmaceutical industry. Biopharmaceutical manufacturing
continues to see growth as contract manufacturing organizations
(CMOs) expand their services.
The following is the latest news about new CMO facilities,
partnerships, and services.

New and expanded facilities
On May 15, 2018, Cambrex reported that it had completed
a pilot plant expansion at its High Point, NC facility with the
installation and commissioning of a fourth reactor suite.
The new 400 sq. ft. suite includes two 2000 L glass-lined
reactors and a Hastelloy C22 filter dryer, allowing the
manufacture of batch sizes ranging from 10–100kg under
cGMP conditions for clinical-phase projects. The installation
increased the site’s reactor capacity by approximately 30%,
according to a company press release. The company noted
that it also upgraded its analytical chromatography data
systems for quality control and analytical R&D to Empower
3 software (Waters).
The company also reported on May 15 progress in
construction for a $24-million facility at the company’s
Charles City, IA plant, for the manufacture of highly potent
APIs. A 4500 sq. ft. production area, which will have a
reactor capacity of 2200 gallons and will manufacture
batches from 50–300kg, will operate to an occupational
exposure limit down to 0.1 µg/m (1).
On April 30, 2018, WuXi Biologics, part of WuXi AppTech,
announced plans to invest $389 million (¤325 million) in
a new biomanufacturing facility in Mullagharlin, Dundalk,
Ireland. According to the company, the new facility
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will use multiple single-use bioreactors for commercial
biomanufacturing and is designed to be able to run
continuous bioprocessing (2). A total of 48000 L fed-batch
and 6000 L perfusion bioreactor capacity will be installed.
The site, on a 26-hectare (64-acre) campus, is the company’s
first site outside of China. The investment is expected to
create more than 400 jobs over a five-year span. The project
is supported by the Irish Government through IDA Ireland, an
economic development body for Ireland.
Lonza announced on April 10, 2018 that it has opened its
dedicated cell- and gene-therapy manufacturing facility in
Pearland, TX (3), a 300000 sq. ft. facility built in anticipation
of rising demand from developers of cell and gene therapies.
The facility offers integrated, “everything-under-one roof”
access to cell- and gene-therapy manufacturing technologies,
the company reports. The Lonza Houston Center of
Excellence is operational and is recruiting more than 200
full-time staff, including scientists, engineers, business
personnel, and biotechnology professionals.
AGC Biologics, a contract development and manufacturing
organization (CDMO) specializing in the clinical and
commercial manufacture of therapeutic proteins, announced
in March 2018 plans for a new building complex that will
house the company’s headquarters in Bothell, WA.
The new 150000 sq. ft. complex will hold the company’s
process development labs and corporate administrative
offices and will provide expansion space for additional
manufacturing capacity (4).
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According to the company, the new facilities allow it to
continue its expansion in the United States and will include
a new R&D center dedicated to novel manufacturing
technologies for faster development of therapeutic proteins.
The company also announced the addition of a 2000 L
single-use bioreactor to its Berkeley, CA, facility to support
its biologics capacity (5). AGC Biologics was formed
recently with the integration of Asahi Glass Company
(AGC) Bioscience, a glass and chemical producer under
AGC; Biomeva, a CMO; and CMC Biologics, a contract
biologics manufacturer (6).

Partnerships
Catalent Pharma Solutions and Valerius Biopharma, a Swiss
biopharmaceutical company, announced on May 14, 2018
that Catalent Biologics will provide cell line development and
support cGMP manufacturing activities from Phase I through
to commercial stages at its biologics manufacturing facility
in Madison, WI for Valerius’ biosimilar products.
The project will use Catalent’s GPEx technology, which
creates production cell lines in a variety of mammalian
host cells. The company reported in a press release that, to
date, more than 460 different monoclonal antibodies and
monoclonal antibody fusions, and more than 50 different
recombinant proteins, have been produced using the GPEx
system, achieving fed-batch production titers of over 7 g/L.
Valerius Biopharma was founded to develop biosimilar
products as alternatives to high-priced biologics, for
indications where there is a substantial medical need.
The company’s current product pipeline includes four
biosimilar products in different development stages (7).
Cesca Therapeutics, a company specializing in automated
cell processing and autologous cell-based therapies,
has signed a license agreement through its subsidiary,
ThermoGenesis, with IncoCell Tianjin, a wholly-owned
subsidiary of China-based Boyalife Group, for chimeric
antigen receptor (CAR)-T-related and other cellular
processing contract development and manufacturing
services (8).
Under the agreement, ThermoGenesis has granted IncoCell
an exclusive license to purchase and use its X-Series cellular
processing research devices, consumables, and kits for
CDMO operations in certain Asia-Pacific countries. In
exchange, ThermoGenesis is entitled to a percentage of
IncoCell’s gross contract development revenues, including
any potential upfront payments, future milestones, or
royalty payments.
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Continuous flow:
Where chemistry
meets engineering
Shawn Conway, Director of Engineering – R&D at Cambrex High Point,
discusses the growing movement towards continuous flow operations
in pharmaceutical manufacturing.
In the pharmaceutical manufacturing sector, batch
production has been the traditional workhorse of the
industry, whereas, historically, continuous flow chemistry
was reserved primarily for high energy, hazardous reactions.
However, driven by the availability of new technologies and
equipment, there has been a growing movement towards
continuous flow operations.
Continuous flow chemistry has traditionally been used by
the API manufacturing sector only when batch operations
were considered too dangerous: it was, and remains, a safe
way of dealing with high energy products and reagents.
These reactions have traditionally been carried out in batch
processes in bunkered production facilities located well
away from main manufacturing areas with vessel sizes and
inventories being kept deliberately low so that in the case
of an uncontrolled event, any damage could be easily
contained and the risk to personnel and the surrounding
area would be limited.
However, these restrictions meant that the cost of
establishing and maintaining these facilities, together
with the small scale of the reactions, was prohibitive.
Developing new continuous flow processes has been
challenging because of the nature and inflexibility of
commercially available equipment, meaning significant
investment in bespoke facilities has been necessary for
custom manufacturing organizations (CMOs) looking to
move into this field.
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For larger pharmaceutical companies, the impetus to
develop drugs faster, more cost-effectively, and for smaller
patient populations, has fuelled the drive towards replacing
batch production with continuous flow, and a large number
have invested in continuous flow operations for API
production as well as formulation or both.
Notably, GSK has invested in continuous flow API
development capabilities in its facilities in the UK, US and
Singapore, while Vertex and Johnson & Johnson have both
invested in continuous flow formulation technology, and
Novartis, in collaboration with Massachusetts Institute of
Technology (MIT), is looking at a combination of continuous
flow synthesis and continuous flow formulation.
There are five main areas where continuous flow chemistry
offers clear benefits over the more traditional batch
operation, these being cost savings, quality improvements,
scale-up and scale-out, safety and the ability to handle new
technologies and reagents.
In terms of cost, the comparative investment for a new
batch facility can be up to four times more than the
expenditure on a comparable continuous flow facility.
Additionally, continuous flow requires less labour and
may lead to fewer analytical procedures, representing a
reduction of up to 20% in operating expenditure.
For a continuous process that is well understood and
tightly defined, control and quality can be maintained
with simplified measurements. In such cases, the process
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analytical technology (PAT) required is generally easier
than that of batch production – often with only temperature
probes and flow meters being required to ensure that
the process remains within the acceptable parameters
(i.e. defined process window) to afford product of a known
quality. If desired or necessary, sophisticated PAT probes
can be easily integrated into a flow process to allow for rapid
detection of deviations, in addition to nearly continuous
monitoring of instantaneous quality, as opposed to waiting
on a single batch sample and corresponding measurement.
Energy consumption can be cut by up to 30%, while
solvent usage will also be reduced significantly, or in some
cases, eliminated entirely; less waste solvent will also be
produced which reduces costs associated with its disposal.
Furthermore, the footprint of a new continuous flow
facility can be less than half that required by a traditional
batch operation.
Scaling-up (or scaling-out) is easier and more cost-effective
with continuous flow, as rather than having to transfer
the process from a small reactor to a larger one and the
validation requirement this entails, scaling up a continuous
flow process can be achieved by the addition of another
reactor of the same size to run in parallel.
It is still the case today that continuous flow operation is the
best and safest way of handling energetic and hazardous
reactions. However, by enabling these operations to take
place in a standard manufacturing plant they can be linked
more directly to the other downstream processes giving
the advantage of integration of operations. Finally, certain
technologies such as photochemistry and electrochemistry,
do not lend themselves to batch operations but are easily
facilitated in continuous flow.
Laboratory chemists typically start off with small glass
flasks and the flasks get larger and larger in volume as
development progresses. Chemical engineers, on the other
hand, have spent a lot of time studying continuous flow
processes, and the important step for companies is to form
dedicated continuous flow teams consisting of chemists,
chemical engineers and analytical chemists to integrate
skills, experiences and expertise to maximize the chances
of a project’s success. As with every new technology and
application, the more case studies that are published, the
greater the likelihood the industry will see the potential
benefits and continue to look positively at the promise of
continuous flow chemistry.
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Moving forward with
mutual recognition of
cGMP inspections
Mark TePaske, PhD, Senior Director, Global Regulatory Affairs,
Quality and Compliance at Cambrex, comments on the US and
European regulators’ plans to mutually recognise each other’s
pharmaceutical manufacturing inspection procedures.
At the end of October 2017, the US Food and Drug
Administration (FDA) announced that it will recognise
eight European drug regulatory authorities as capable of
conducting inspections of manufacturing facilities that meet
FDA requirements. (1) The eight regulatory authorities are
those located in Austria, Croatia, France, Italy, Malta, Spain,
Sweden and the UK.
This marks an important milestone to successful
implementation of the amended Pharmaceutical Annex
to the 1998 US–EU Mutual Recognition Agreement (MRA)
that enables US and EU regulators to utilise each other’s
good manufacturing practice (cGMP) inspections of
pharmaceutical manufacturing facilities.
We spoke to Mark TePaske, PhD, Senior Director, Global
Regulatory Affairs, Quality and Compliance at Cambrex, a
life sciences company that provides products and services
for small molecule active pharmaceutical ingredients
(APIs). Cambrex has cGMP manufacturing facilities in the
US and Europe, and customers worldwide, so the FDA’s
announcement of mutual recognition could have a direct
and potentially positive impact on the way the organisation
operates.
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Pharmaceutical manufacturing
frequently involves domestic
and overseas ingredients and/
or manufacturing steps – how
complicated can this make things,
from a view of cGMP inspections
along the supply chain of a product?
Dr TePaske: Pharmaceutical companies are required to
ensure the integrity of their entire pharmaceutical product
supply chain and eliminate the risk of contamination,
counterfeiting and misbranding. Proper control of the supply
chain is important to business success and continuity, while
poor control can pose significant risks to the business,
quality, the environment and patient safety.
Supply chain integrity is controlled by the traceability and
pedigree of materials used for manufacturing. As a general
principle, the shorter the supply chain, the more secure it
will be.
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In the past, did inspections from
US and European regulators differ
significantly?

Would you like to see
mutual recognition rolled
out to other countries?

Dr TePaske: My personal experience has been that
inspections performed by US and EU regulators are quite
similar as all Health Authorities share the same goal of
ensuring public safety.

Dr TePaske: The US FDA is scheduled to complete its
assessment of all 28 EU inspectorates by mid-2019. I fully
expect this programme to be expanded as evaluations
are completed.

US and EU inspections follow similar process flows that
include introductions, inspectional activities, wrap-up
meetings, follow-up and inspection closure. The EU and US
API cGMP regulations have been harmonised for many years,
and each of the Cambrex manufacturing sites has been
required to satisfy the same regulations.

Additionally, the MRA is initially targeted for surveillance
inspections. Over time, systems may evolve to allow MRA
to be suitable for prior approval inspections as well.

The US FDA has commonly performed domestic inspections
without prior notice whereas, until very recently, EU
inspectorates had provided prior notice. Whilst EU
inspectorates are now starting to perform unannounced
domestic inspections, foreign inspections are still only
performed with prior notice. Prior notification allows sites
to prepare for the inspection to ensure data, facilities and
personnel are available for review.
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In effect, a site needs to operate in a state of audit readiness
at all times, and cGMP compliance entails operating in a
state of control and doing the job right every time.

What sort of impact is the MRA likely
to have on Cambrex?
Dr TePaske: The MRA affects facilities in the US and the
EU where EU authorities will inspect facilities within their
own countries and the FDA will inspect facilities within the
US. The EU and the FDA have agreed to recognise each
other’s inspections and can choose to forego conducting
their own inspections in the other’s countries. Both the FDA
and the EU have reserved the right to inspect facilities in
each other’s countries at any time.
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Cambrex has manufacturing sites in Italy, Sweden and
the United States. In fact, in May 2017, Cambrex hosted
simultaneous inspections performed by the US FDA and
L’Agenzia Italiana del Farmaco. Ideally, mutual recognition
will reduce the number and/or frequency of health authority
inspections performed at Cambrex’s sites
to obtain the same number of regulatory approvals.

Does the development of
mutual recognition reflect the
US’s current political pro-business
and jobs-growth attitude?
Dr TePaske: The process for mutual recognition was
initiated during the Clinton administration and was
re-invigorated during the Obama administration.
It was accomplished through cooperation in establishing
common goals and expectations, coordination of efforts,
effective communication, mutual respect and commitment.
Agencies mutually scrutinised each other to prove
competency, capability and trust-worthiness. I believe
this was accomplished through years of hard work.
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Developing an industrial
process for manufacturing
hydromorphone hydrochloride
Pär Holmberg, Senior Scientist at Cambrex, describes a case study
applying process optimization to reduce the number of synthetic
steps, eliminate hazardous reagents and allow for easier material
handling of an existing, mature product, affording a new, efficient
process to ensure longevity of the product in the future.
As small molecule drugs evolve throughout their lifecycle,
it is important that manufacturers look to be able to produce
products efficiently and effectively to keep up with the
market economics. This may lead to engineers looking to
improve how processes are carried out on plant by improving
the safety and handling requirements, or developing new
routes using new and emerging technologies.

Cambrex already had in its technological portfolio a highly
efficient process for making hydrocodone via a redox
isomerization of concentrate of poppy straw (CPS) rich
in codeine and when looking for a new synthetic route
to hydromorphone, the first thought was to perform a
3-O-demethylation of hydrocodone.

HO
O
N
O
Figure 1. Hydromorphone.
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The opioid pain medication hydromorphone (Figure 1) was
first synthesised in Germany in 1925, and introduced to the
market in 1926 under the brand name Dilaudid. Traditionally,
hydromorphone has been synthesised in a two-step process
from morphine, however, this is inefficient and low yielding.
More recently, hydromorphone has been prepared from
oripavine in a two-step sequence which includes a selective
hydrogenation followed by hydrolysis.

3-O-demethylations of opiates can either be performed
under acidic or basic conditions, however, hydromorphone
is intrinsically unstable under basic conditions, so that option
was ruled out.
A survey of the relevant literature for 3-O-demethylations
of opiates provided an interesting paper published in 1992,
by Andre et al. (1) The authors discuss the use of a methane
sulfonic acid (MSA) / methionine acting as a hard acid / soft
nucleophile system in the 3-O-demethylation of different
opiates, a method originally reported by Yajima (2) and
Kiso (3) in the deprotection of peptides.
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This groundwork laid the foundation for the first generation
industrial process for the manufacturing of hydromorphone,
shown in Figure 4. This is essentially a two-step process
(one of which is telescoped without isolation of the
intermediate) from hydrocodone to the hydrochloride
salt of hydromorphone, followed by a recrystallisation in
methyl ethyl ketone (MEK).

When Cambrex attempted to replicate the conditions
using hydrocodone as the starting material (Figure 3) the
result was disappointing. The reaction yielded a black,
sticky, tar-like product, however, ultra-performance liquidchromatography with mass spectrometry (UPLC-MS)
showed the presence of hydromorphone in the mixture.

This process was successful in that it demonstrated that
codeine CPS could be converted to hydromorphone without
the need for isolation of the intermediate hydrocodone.
Surprisingly, hydromorphone was not isolated as the
expected MSA salt, but as the triflate salt (identified by 19F
nuclear magnetic resonance spectroscopy). The isolation
of the crude triflate salt was not trivial as the product had a
tendency to oil out in the presence of different anti-solvents,
however, MEK was found to precipitate out the triflate salt.
A seeding protocol was implemented in the production to
ensure robustness of the process.

It became clear that the appropriate choice of the hard
acid and soft nucleophile was essential for the success of
developing a manufacturing process for hydromorphone.
What followed was a development process involving
screening various combinations of acid, co-acid and sulfide.
The use of a DynaBloc heater, combined with Design of
Experiment (DoE) software afforded the generation the
qualitative/quantitative results within a short time frame.
The DynaBloc heater allows 18 reactions to be run in
parallel, and DoE is a systematic method to determine the
relationship between factors affecting a process and the
output of that process. The DoE software enabled reaction
model prediction by statistical analysis, allowing the team
to better assess where to direct their process development.
In all, over 450 reactions were run using a combination of
6 acids, 11 co-acids and 40 different sulfides.

MeO

HO

The hydromorphone triflate could directly be converted
to the corresponding hydrochloride salt, thus avoiding
any of the instability issues of hydromorphone under
basic conditions.

HO
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Hydromorphone

The use of UPLC-MS in the project facilitated the analysis
of a large set of reaction mixtures within a short period of
time providing not only chromatography data but also mass
data. These studies identified trichloroacetic acid (TCA) as
the solvent, a mixture of MSA / trifluoromethanesulfonic
acid (triflic acid, TfOH) as the hard acid and dibutyl sulfide
as the soft nucleophile, as the optimal system to execute the
3-O-demethylation of hydrocodone.

Andre et al treated N-allyl-noroxycodone with 30 equivalents
of MSA and 1.5 equivalents of methionine (Figure 2) for
15 hours at 40°C, affording naloxone in 60% yield after
recrystallization.

N

O

Figure 3. U
 sing hydrocordone as a starting material
yielded hydromorphone.

The paper reported how naloxone, which is structurally
similar to hydromorphone, can be made from N-allyl
noroxycodone. Naloxone exerts an antagonistic effect on
the opioid receptor and has recently received wide attention
from the media in its use of treating opioid overdoses.
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There were drawbacks with the first generation process,
one of which was the use of triflic acid which is one of the
strongest acids known and reacts with glass and stainless
steel. This limited the type of vessels that could be used for
process at large scale. Special precautions needed to be
taken in the plant to ensure the safety of the operators when
handling triflic acid, and the use of trichloracetic acid in the
process which is hygroscopic also led to handling issues.
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•	Remove the use of triflic acid to eliminate materials of
construction and safety issues
•	Switch the hygroscopic solid trichloracetic acid to
trifluoroacetic acid (TFA) to improve handling
•	Remove one step in the process by eliminating the salt
swap i.e. isolating hydromorphone hydrochloride directly
from the reaction mixture.
The successful second generation process (Figure 5)
fulfilled all the goals, and afforded the hydrochloride salt of
hydromorphone in a 74% yield. Hydrocodone was treated
with TFA, dibutylsulfide and MSA with a catalytic amount
of water. The role of water had been shown by DOE studies
to play a critical role for the outcome of the reaction when
using TFA instead of TCA. The reaction was run for at least
16 hr at 50 ± 5°C, before determining reaction completion by
using UPLC-MS.
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The intermediate hydromorphone was not isolated, but
hydrochloric acid was charged to the mixture, followed by
the addition of an anti-solvent to provide a thick slurry. The
hydromorphone hydrochloride was conveniently isolated by
a filtration as a white to off-white solid.
The work carried out was successful in that two highly
selective hydrocodone O-demethylation processes have
been developed for the synthesis of hydromorphone
hydrochloride. Both processes gave the desired product in
good yield and high purity.
Process optimisation led to a more efficient second
generation process that reduced the number of synthetic
steps, eliminated hazardous reagents and allowed for easier
material handling.
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The life of an API

Jonathan Knight, VP New Product Development, Cambrex, traces the life
cycle of an API and the interaction between Big Pharma and CDMOs.

The lifecycle of a small molecule drug starts with early R&D,
followed by a program of lead discovery and optimisation,
and on to preclinical development. Based on the outcome
of these preclinical research studies, the drug candidate
may be selected to enter clinical studies, starting at
Phase I and if successful, subsequently Phase II and
Phase III investigations. After satisfying key clinical
milestones, the drug candidate will enter the registration
process within the relevant healthcare authorities and be
accepted (or rejected) for commercial launch. Once the
relevant patents expire on the new chemical entity (NCE),
the protection and exclusivity subside and the market
becomes open to generic competition.
Estimates vary, but current consensus is that it may cost
more than $2bn to bring a drug from initial discovery to
market. This is often seen as a fairly daunting challenge in
a market where progression from one stage to the next
has high attrition rates, and only 1 in every 5,000 compounds
makes it to launch. Indeed, for every 5,000 compounds
that are discovered, only 5% proceed into preclinical
development. The number of candidates are then reduced
down further when companies finally decide to bring
between one and five compounds forward into
clinical development.
Despite the seemingly overwhelming odds, it is not all that
discouraging once you look at the increasing number of
drug approvals making their way to market and adding to
the global pharmaceutical market which now represents
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more than $1 trillion/year in sales. When the average drug
can earn in excess of over $1m sales/day, it shows that the
rewards far outweigh the risks.
As a drug progresses from early clinical development
through clinical trials and on to commercialisation, the
original synthetic route of the small molecule active
pharmaceutical ingredient (API) may not always be the
most efficient, sustainable or cost-effective process as
the scale of manufacturing increases.
Most non-clinical studies can be completed with no more
than 100g to 250g of non-GMP API, which is required for
toxicology and stability studies as well as formulation trials.
Through the clinical trial phases, the API requirements
dramatically increase to 100kg or more, and then beyond
that, and in order to support commercial launch quantities,
API requirements may reach several tons/year.
Reviewing the manufacturing process of an API or key
intermediate as a project moves towards commercialisation
can offer significant gains in terms of innovation, process
improvement and reduced cost of goods. Steps that have
been developed early in the process may use hazardous
or specialised chemistries, or expensive key intermediates,
which may become prohibitive as scale increases.
For contract development and manufacturing organisations
(CDMOs), opportunities to advise and assist in the
development of more efficient routes can present challenges
at many stages. Smaller biotech companies or ‘virtual’
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pharma companies may seek advice early on at the
preclinical stage when resource or expertise is not available
in-house to allow the first scale up.
For larger innovator companies, process improvement
opportunities are often driven by the in-licensing activity
of late-stage projects from small biotech companies to
large and medium sized pharma companies. This often
happens at Phase IIb or even Phase III, and depending
on how much resource had been available initially in the
molecule’s development, the processes are frequently
far from optimised, very expensive, environmentally
unsustainable or very difficult to scale up and make into
a viable commercial process.
Due to the time it takes to progress through the clinic,
CDMOs may have access to technologies and techniques
that were not available during initial development to bring
down the costs of an API, and because CDMOs run multiple
projects and have a wealth of experience across chemistries
for a number of products and processes, tapping into this
knowledge through collaborative approaches can benefit
both parties.
The restructuring of pharmaceutical companies over the last
decade or so has seen these companies focusing on their
key strengths, which are R&D and marketing, and selling off
the larger manufacturing assets within their infrastructure.
By Phase III and commercialisation stages, the volume
demands of APIs often lies outside the capacity of many
pharmaceutical company’s manufacturing assets and hence
there is a definite need to identify and partner with a reliable
CDMO that can help them achieve their drug substance
supply throughout their various development milestones.
More proactive CDMOs review market intelligence data
to scrutinise the compounds that are entering Phase III or
above to ascertain the potential competitiveness of the
published synthetic routes. This exercise allows a CDMO to
identify potential opportunities to create significant technical
advantage, thereby offering potential customers the benefits
of significant cost reductions, sustainable robust processes
and additional intellectual property.
This process requires investment in both resources and
time, but while the potential rewards may be great, these
opportunities also entail a high degree of technical and
commercial risk. It is important to select these projects
carefully, to ensure that the opportunities exist to maximise
the returns, and these include evaluations of what chemistry
opportunities exist, in terms of both known literature
methods and the freedom to operate without infringing on
any pre-existing patents or intellectual property.
A cost simulation will also need to be carried out, for
both the existing manufacturing process and the proposed
innovative process to assess the level of possible
cost savings.
In addition, the market must be analysed, to review any
potential competitive products in the pipeline that may
significantly influence the market dynamics.
From a customer perspective, a CDMO proposing a new
and ‘better’ route is often welcome, however, any cheaper
route must be balanced against the cost of change, and any
quality and regulatory consequences that change brings.
Customers will need a good reason to switch from their
current synthesis or supply chain to the one offered by the
CDMO, and this is primarily achieved by offering a significant
reduction in the cost of goods.
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The process of route change can take several months in
research and small scale work to establish a proof of concept
in a new process. The process must also be scalable and
undergo safety and quality aspects of the process carried
out on plant. Cross-discipline teams of scientists, engineers,
analysts, supply chain and regulatory professionals must be
involved to ensure all aspects of the projects are considered.
The key elements to consider when developing an
innovative process and/or cost improvement project are:
•	Evaluation of which steps have the greatest impact on
the cost of the original process and where improvements
can be made
•	Evaluation of which steps limit the scalability of an
existing process
•	An understanding of the cost of goods for the
competitive processes
•	A thorough knowledge of the patent landscape to ensure
freedom to operate
•	An understanding of the key cost drivers within the
innovative process
•	An understanding of the cost and availability of raw
materials
•	Where yields can be improved
•	How processing times can be improved, and which steps
could be telescoped to reduce the number of isolated
intermediates
•	What chemistries can be reproduced efficiently to ensure
yields and quality specifications are met in each and
every batch
• Ensuring a limited and manageable waste stream
•	Where recycling solvents could be possible, within a tight
regulatory framework to reduce costs
•	Using standard equipment where possible to avoid
additional capital investment
For experienced process development chemists, there will
always be aspects of processes that immediately show
improvements will be possible. Long, stepwise syntheses
with non-convergent chemistry, chromatography purification
steps, or late-stage metal-catalysed transformation steps
can have an effect on product yields and quality. High
energy steps can mean restrictions of reaction scale, causing
increased processing times, as do processes that require
the isolation of intermediates throughout, rather than steps
being able to be telescoped into each other.
Finally, as a drug reaches the end of its patent life and
becomes generic, the economic pressures on a process
increase again. Pharmaceutical companies prepare for this
many years in advance and seek to establish new, efficient
routes to reduce costs and to stave off the competition from
generic manufacturers who also see the opportunities in
breaking into the API market. Having intellectual property on
a new, low cost route can ensure a level of market protection
of a generic API.
For CDMOs, there are a number of aspects to managing the
API life cycle to take advantage of the growing opportunities
in the market. However, there are certain factors that are
crucial if the benefits are to outweigh the risks; the first and
foremost of these is initial project selection.
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Clear project goals should be established at the outset and
referred to frequently, and existing patent landscapes should
be investigated and understood.
For collaborations between a pharmaceutical company and a
CDMO, communication and expectations are crucial. CDMOs
have the ability to bring significant expertise in the relevant
manufacturing area, but must be able to be responsive and
flexible to match the needs of the project.
For companies with multiple sites with expertise across
various scales of manufacturing, having expertise in technical
transfer across sites is important, and similar to route
development, communication amongst experts from multiple
disciplines can ensure projects can progress seamlessly.
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Flexible and modular
containment solutions
for niche products
Growth in the potent pharmaceutical HPAPIs market indicates the
containment sector is likely to grow to meet the increased demand.
Angharad Kolator Baldwin reviews the past year in the containment
sector, looking at the main drivers and growth in the sector.
The global highly potent active pharmaceutical ingredients
(HPAPIs) market is set to reach nearly $18.5bn in 2020
according to a new report by iHealthcareAnalyst. This
growth in the potent pharmaceutical HPAPIs market means
that the containment sector must also grow to meet the
containment requirements of these potent ingredients.

As the biological activity and specificity of active
pharmaceutical ingredients increases, dosage strengths
are decreasing, which has led to molecules becoming more
potent in nature. The pharmaceutical industry’s on-going
demand to shorten drug development times, saving both
time and money, is driving technological advances.

The main drivers in the market are cited in the report as the
patent expiry of blockbuster drugs and a growing trend in
pharmaceutical outsourcing. The shift toward HPAPIs has
not only led to a pipeline of more effective medicines that
require lower doses and lead to fewer side effects, but also
to new manufacturing challenges.

The traditional product development route of formulating
a solid dosage form for Phase I studies typically involves
a range of complex activities including analytical method
development, prototype development, short-term stability,
process/formulation refinement, validation and finally
clinical manufacture.

Cambrex, manufacturer of small molecule and generic
active pharmaceutical ingredients (APIs), has responded
to this growth by investing $24 million in a new facility to
manufacture HPAPIs, at its Charles City, Iowa plant. The
4,500 sq. ft production area will operate to an occupational
exposure limit (OEL) down to 0.1 µg/m3 and have a total
reactor capacity of 2200 gallons made up of a range of
200, 500 and 1,000 gallon glass and Hastelloy vessels to
manufacture batches from 50–300 kg. The project will also
reconfigure the existing small scale manufacturing area
providing a single high containment building to support early
stage development and manufacturing, providing flexibility
across a broad scale range. Construction and installation
of all new equipment is expected to be completed by the
beginning of 2019.

Manufacturing drug in capsule (DIC) is a way to significantly
reduce both the time and financial investment at the early
stage of the drug development process, providing faster
delivery for first-time-in-man. This approach minimises the
use of costly APIs and reduces the amount of formulation
and analytical development necessary to support an
investigation new drug (IND) application or investigational
medicinal product dossier (IMPD).
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Biosafety labs
The industry has also seen an increase in the number
of biosafety containment labs being built globally. One
reason for this increase could be pressure from the World
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Health Organization (WHO) to limit and certify research
facilities handling biohazardous materials, meaning more
biocontainment measures must be implemented.
One example of this is the WHO’s plan to limit and certify
research facilities that use poliovirus, which means those
facilities have to implement special biocontainment
measures. The Strategic Advisory Group of Experts (SAGE)
on Immunization met in April in Geneva, Switzerland. At the
meeting SAGE noted the progress in the implementation
of biocontainment of poliovirus and the development of
post-certification strategy, which aims at defining the
essential functions that need to be sustained to maintain
a polio free world post certification; these include
containment, detection and response to outbreaks,
protection of population.
To reduce the risk of reintroduction of polio caused by
improper storage, misuse or incorrect action a Global Action
Plan (GAP III) has been introduced. GAP III offers a set-up
of a Bio Risk Management System, which can be used as a
framework. The requirements are similar to the requirements
of a biosafety level 3 (BSL 3) laboratory.
Biocontainment labs are also being built that are better
able to withstand extreme weather conditions.

Containment equipment
The need for clean, particle and germ free environments play
an ever important role in both industrial manufacturing and
scientific research. While elaborate cleanroom facilities have
played their part in protecting products and processes, they
are costly to design and purchase and expensive to maintain.
The industry has therefore seen an inevitable increase in
smaller enclosed systems for processes, which are more cost
efficient than bigger cleanrooms.

Isolators and glove boxes
Today in many instances, it is now sufficient to create a
localised cleanroom environment. The Spetec Flow Box FBS
or CleanBoy has been developed for this purpose. The use
of a Laminar Flow Box or a CleanBoy establishes cleanroom
conditions at the location where they are needed, available
as a floor standing or table-top device.
The Spetec cleanroom devices are equipped with a type H14
filter. These have a filtration efficiency of 99.995 %, meaning
the filter captures at least 99.995 % of all particles of a size
of 0.12 μm. The filtration efficiency is approx. 99.9995 % for
particles with a size of 0.3 μm. This laminar airflow, below
the flow modules means that there is no crossover with dirty
air from the outside and the air moves as a parallel stream,
offering a simple and cost effective solution.
Manufacturers are constantly striving to meet rapidly
changing customer demands and one solution to the
growing requirement for production agility and nimble
response is the flexible compact isolator (FCI) from
Hosokawa Micron. This small footprint, adaptable isolator
can be linked to several units or used for multiple processes.
With containment levels of 1 µg/m3, it can contain a range
of potentially hazardous products, protecting both the
products and the personal working on them.
The FCI has all round visibility and a range of rigid, semi rigid
or disposable canopy options. The increased speed is not
easy to achieve with large or static isolators.
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FPS have also met the growing need for modular
isolators and recently supplied a complete system of
high containment isolators, each designed for a specific
containment task, to a global pharmaceutical company.
The key advantages of this system is the maximum flexibility
during all activities, the comfort for the operator, who can
perform all process in one complete and integrated system,
and the high containment level guaranteed in each step.
The use of gloves to reach into and work inside of isolators
is common, but also involves a risk of contamination that
should not be underestimated. Therefore, it is crucial to
check the tightness of gloves. In order to meet that need
SKAN launched the WirelessGT, a fully automated glove
tester, which GSK Singapore purchased this year. GSK
Singapore purchased the thousandth WirelessGT, 83% of the
thousand glove testing systems were sold for SKAN isolators
and 17% for isolators of other manufacturers.

Aseptic filling
The increased interest in aseptic processing equipment
may, in part, be associated with increased attention from
regulatory agencies and the drive towards compliance
as a result. The presence of micro-organisms and other
contaminants can have severe consequences should material
enter the blood following administration of an injectable drug
product. However, manually washing vials is cumbersome
and inefficient and the purchase of pre-sterilised containers
can be cost prohibitive as a long-term solution.
Continuous aseptic processing therefore has significant
advantages, which is likely why it has fast become a
recommended practice within manufacturing facilities,
where equipment can be used in a way that strictly adheres
to cGMP guidelines.
As time-to-market cycles in the pharmaceutical industry
grow shorter, the machine concepts need to offer more
flexibility. Smaller batch sizes often demand high flexibility
due to processing different containers and products on the
same filling line. Ensuring sterility in these circumstances
without compromising productivity calls for a flexible
filling system that can be easily re-equipped for the most
important standard containers.
Increasingly, pre-sterilised objects are used for aseptic filling
and closing of cost-intensive biotech products, where the
trend moves towards smaller batches. With this in mind,
Groninger developed the FlexPro 50 ready engineered
machine concept to process pre-sterilised, nested and
ready-to-use syringes, cartridges and vials. By changing
a few parts, nested syringes, cartridges and vials can be
filled and closed with FlexPro 50 in one line configuration.
Interchangeable machine trolleys permit additional line
configurations allowing for an integrated nest/bulk process
line which achieves an output of up to 4,700 objects per hour.
The use of aseptic processing is very beneficial to the
manufacturing process and equipment can be used in a
way that strictly adheres to cGMP guidelines, satisfying the
strictest of process and cleaning or software compliance.
Ultimately leading to better compliance and safer products.

Transfer equipment
Many pharmaceutical manufacturing facilities are under
pressure to improve material transfer bioburden control.
Manual wiping operations, lack of continuous control and
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remaining contamination risks while transferring bags of
goods from a lower to a higher grade classified area, tend
to create bottlenecks in many facilities. In addition, many
research facilities are using low temperature sterilisation
methods to reduce bioburden on incoming materials to
ensure consistent research outcomes.
The new safe dock valve from Dec, also aids material
transfer, providing a contained solution that is easier
to manipulate and operate, as well as having a clean in
place (CIP) capability. This is the latest addition to Dec’s
Containment out of the Box, powder handling solutions.
Safe Dock Valve allows connection of a powder transfer
system (PTS) flexible hose to rotating equipment in a fully
contained way, using a unique split valve system. The split
valve features a flexible ‘active’ section, hosting all valves
and controls that mates with a ‘passive‘ section that is rigidly
attached to the equipment. This provides a solution that is
easier to manipulate and operate.

Downflow booths
In the pharmaceutical industry downflow booths are one
of the most widely recognised means to protect workers
from dust and activities, which generate airborne particles.
Keeping workers safe from fumes and dust that may
damage health is a legal requirement under UK Health and
Safety at Work, COSHH regulations. As an alternative to
cumbersome personal protective equipment (PPE) the
user-friendly working environment offered by downflow
booths, combined with the high levels of protection they
can afford, has led to the use of downflow booths providing
clean air. However, to fully protect workers, booths must be
regularly monitored, inspected and maintained to preserve
their installation performance levels.
While pharmaceutical and biopharmaceutical producers
are focused on quality, safety and drug efficacy, they are
continuously challenged to reduce costs and improve
manufacturing efficiencies. To meet these demands the
industry must constantly evolve and innovate to meet
regulatory demands, while also satisfying clients and
retaining a competitive edge.
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Continuous pharmaceutical
manufacturing
Exploring the advantages of continuous over batch manufacture.

Continuous manufacturing techniques are not new. Back in
the days of the Industrial Revolution they allowed products
such as paper to be made more quickly and in larger
quantities. Although the concept made inroads into the
oil refining and chemical manufacturing space more than
100 years ago, it only started to be genuinely explored in
the pharmaceutical sector around the turn of this century.
Starting off in academic research laboratories, the idea
was gradually assimilated by R&D groups in some of the
larger pharmaceutical companies, and momentum is
continually building.
The first example of a drug product made via continuous
manufacturing was in 2015, when the U.S. FDA gave the
go-ahead to Vertex’s cystic fibrosis combination drug,
Orkambi (lumacaftor/ivacaftor). Janssen was not far behind,
with the approval of HIV drug Prezista (darunavir) in 2016.
Both companies have made significant investments in
production lines dedicated to the manufacture of these
final drug products.
The use of continuous technology to manufacture active
pharmaceutical ingredients (APIs) is following close behind.
While several organizations have made investments to
drive innovation in this field, the industry leader is arguably
Eli Lilly and Company, which established an industry-first
continuous manufacturing line at its site in Kinsale, Ireland,
where a three-step continuous process to synthesize the
investigational cancer drug prexasertib is being used to
manufacture clinical trials supplies under GMP conditions.
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Advantages over batch
One major advantage of continuous over batch manufacture,
is that it can expand the available processing space, both
in terms of capacity and capabilities. Effectively shrinking
the size of the necessary equipment not only reduces the
footprint of the manufacturing space required, but also
makes key process parameters such as temperature and pH
easier to control within the chemical process. This enhanced
control can manifest itself in a reduction in impurities, and
therefore, an improvement in product quality, by minimizing
the likelihood of side reactions, which are common in large
batch reactors.
Safety is obviously another big driver. As the reactions are
carried out on a far smaller scale, energetic chemistries
and toxic compounds can be handled with far less risk, in
contrast to the much greater hazards that are inherent in
a large volume batch reactor. Furthermore, a potentially
unstable intermediate can be made in situ and then used
immediately in the next step, with the quick associated
timescale minimizing the safety and quality impacts of
degradation, and may eliminate them entirely. Similarly,
some final products are unstable to the reaction conditions
required to make them, and continuous flow reactors are
generally designed to minimize residence time under such
harsh conditions.
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Additionally, commercial quantities for newly developed
drugs may be less than that of their counterparts. For
example, some drugs are highly potent, or have a limited
target market with relatively few patients. Small commercial
batches are extremely expensive to carry out in largescale equipment because of high infrastructure costs, as
well as verification and cleaning procedures still being
required. Developing a continuous process makes the use of
dedicated, or even disposable equipment for small volumes
more feasible, which could have an impact throughout the
entire supply chain.
Further exploring the commercial benefits of continuous
manufacturing, there are notable examples of companies
making significant investments in facilities and equipment
in the late stages of the development process, only for
the project to fail in Phase III. Investment in continuous
processing represents a lower risk approach as although
costs may be slightly higher for process development, in the
long term they could well be significantly lower. The same
equipment that was employed for process development
and pilot-scale manufacture could potentially be used for
commercial manufacture, minimizing, or even avoiding, the
additional infrastructure costs, while streamlining process
validation efforts in terms of both time and expense.
Another big impact on potential timelines involves the
scaling up process. Having to scale up multiple times, from
laboratory scale to pilot scale for clinical trials, and then up
to the final commercial scale can be very time-consuming
and costly. With a continuous process, the scale up becomes
much easier, as the scaling factor is much smaller, and may
not exist at all: the equipment that is used for the process
development becomes the commercial equipment. A large
portion of the development cycle can thus be significantly
reduced, if not completely eliminated, which is a strong
argument that advocates for the inclusion of continuous flow
in the early portions of a product’s development.
Additional process development gains can rise from the
freedom to explore a wider process window from the onset.
Standard commercial batch equipment can have certain
limitations in terms of temperature or pressure capabilities,
and as a result, the process and product development is
forced to operate within those same limitations. Performing
the process in flow may remove such constraints at the
outset, and more extreme conditions such as elevated
temperatures and pressures can be explored to see if they
might accelerate the kinetics of the process, while reducing
the risk of stability issues. This broader window of potential
parameters can be a powerful tool in the development
phase, and can allow a process to be optimized from a
chemistry perspective. If the reaction can be made more
selective and make fewer side products as a result of fine
adjustments to the conditions like this, it will make the whole
process more efficient and will have a markedly favorable
impact on process intensity by reducing, or eliminating,
additional purification steps that will be required later.

Applicable technologies
While in theory any synthetic process could be carried out in
continuous mode, in practice, the chemical reaction must be
relatively quick. If the reaction time cannot be reduced below
a few hours, it is unlikely to be a good candidate for moving
away from batch manufacturing. That aside, most current
technologies have an analogue in the continuous world, and
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flow also opens up some types of chemistry that are not
scalable using current batch processes. Photochemistry is an
obvious reaction type that is generally not compatible with
large batch reactors, but in continuous flow there is a real
opportunity to use this chemistry in a production setting.
Continuous processing really comes into its own with
those types of reaction that are difficult or dangerous to
do in batch reactors. The most obvious example would be
energetic chemistry, as it is unwise to use large quantities of
explosives in a batch reactor. Other good candidates include
steps involving highly toxic reagents and intermediates,
where the need to handle or isolate them can be removed,
and reactions where very high temperature or pressure are
necessary. If a process has a very tight operating window
where any deviations from ideal conditions will negatively
impact quality, this will also be a good candidate, due to the
enhanced control capabilities.

Multistep processes
Another key advantage of continuous flow is the ability to
connect multiple reactor modules together so that several
steps can be carried out without isolating intermediates. In
some cases, it is as simple as connecting one module to the
next in series, where the output of the first step is the direct
feed for the next, without the yield impact of isolating the
product. This is particularly advantageous if this intermediate
is toxic or genotoxic, by reducing the safety precautions that
will be required. It is also ideal if the intermediate is unstable,
again having a positive impact on yield and quality. A further
cost advantage is that the equipment and time that would
otherwise be required for isolation is unnecessary.
In some instances, direct connection of multiple steps may
not be feasible due to logistical challenges and changes in
product flow, but these issues can be solved by introducing
a surge tank to catch the product from one step, where it
can accumulate for a short time before being fed into the
next step, facilitating the overall multistep process. This also
gives some contingency in the event of a process upset or
mechanical failure, while also providing a natural point in the
process for lot identification and traditional off-line sampling
and analysis.
It is also possible to engineer out the potential for crosscontamination between products, which can be a particular
issue in a multipurpose facility that is not dedicated to a
single product. Although the cost of small-scale reactors and
equipment is certainly not negligible, it is significantly lower
than the investment required for batch-scale machinery.
But if an ingredient or process is highly destructive to the
equipment or poses a high risk of contamination, it might be
feasible to consider the equipment effectively as disposable.
This is clearly not the case with a large, multipurpose batch
facility, which must be thoroughly cleaned before running a
different process.
Some chemistries are notoriously known as ‘black magic’
chemistry, sometimes failing for reasons that are unknown.
Committing high value materials into batch production,
where the possibility of failure is high, is not an appealing
proposition. However, continuous flow can help ameliorate
this problem. Real-time monitoring of product quality from
a flow reactor allows sub-standard materials to be diverted
to a hold tank for recycling or disposal. Once the parameters
are tuned and the reaction is working well, a clean, good
quality product can be collected.
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And the future?
Now that continuous processes are starting to make inroads
into the pharmaceutical market, it seems likely that many
more APIs will be made in this way in the future. More and
more pharmaceutical companies are turning to continuous
processing for developmental drugs in their pipeline. As
more and more compounds reach commercial launch,
companies will publish their positive continuous flow results,
perhaps inspiring others to follow in their footsteps.
Regulatory agencies are becoming more supportive of flow
chemistry as well, and discussions between industry leaders
and regulators are ongoing, providing valuable insight about
key parameters such as what constitutes a ‘batch’, and what
testing and validation data will be required.
These developments in continuous flow certainly do not spell
the end of the road for batch chemistry, which will continue
to play an important role in the manufacture of APIs. Instead,
batch and continuous manufacturing will co-exist, as there
will always be some processes that are better suited to
batch mode.
But as we continue to develop new drugs, especially those
for niche, targeted indications where only small quantities
of API will ever be required, and complex chemistries where
continuous manufacturing makes the process simpler,
quicker or safer, flow chemistry will gain in importance.
Production in continuous flow is an important tool in our
ever-growing synthetic toolbox, and is certain to become
part of the wider arsenal for development and production
of APIs in coming years.
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Dedicated to excellence

Cambrex’s Shawn Cavanagh talks operational excellence and what it
means to the CDMO.

Cambrex is an innovative life sciences company that provides
pharmaceutical products, expertise and technologies that
accelerate small molecule therapeutics into markets across
the world.
The company has a network of development and
manufacturing plants across Europe and North America.
With Cambrex’s recent acquisition of Halo Pharma, the
company now offers formulation development and
finished dose clinical and commercial manufacturing
services. Cambrex’s acquisition of Halo creates a leading
small molecule contract development and manufacturing
organization (CDMO) with a broad range of capabilities and
a robust customer base.
Its team of more than 1,650 experts offer an end-to-end
partnership for the research, development and manufacture
of small molecule at every stage of the lifecycle, and
handle classical and advanced chemistry, enzymatic
biotransformations, high potency APIs, high energy chemical
synthesis, controlled substances and continuous processing.
Contract Pharma had the chance to sit down with Cambrex’s
executive vice president and chief operating officer, Shawn
P. Cavanagh, to talk operational excellence and Cambrex’s
ongoing mission to be the leading small molecule contract
manufacturing organization (CMO).
Contract Pharma: We hear the phrase “operational
excellence” being used a lot in the industry.
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What does Cambrex mean by it,
and what are the goals of the
initiative in the company?
Shawn Cavanagh: Operational excellence (OE) is more than
a process improvement tool set at Cambrex. It is a program
that applies to all aspects of the business and fosters a
continuous improvement culture delivering meaningful
business results year over year. When we think broadly
about our value stream of delivering quality products to our
customers, we see that every function of our global business
plays an important role, and while production and quality
may be the most obvious areas touching our products,
OE has shown us that there is much more.
The concept of OE has been within the company since 2004,
but in 2016, as an executive team, we agreed to focus on it as
a core component of our growth strategy. We have created
a tight link between our OE program and business results
and this has improved everything from the front end process
of developing new business opportunities to the back end
customer service and shipping.
We established a team within the company with members
from all the sites we operate, which reports back every
month to the executive team, which in turn provides ongoing
updates to our board of directors.

Chemistry & Technology
We do set annual goals to keep the program focused on the
priorities of the business, and as we target new capabilities,
our metrics and goals will be adapted to keep us focused on
the right priorities.

CP: What have been the challenges
you have faced in this initiative,
especially working on a global basis?
SC: We are not unique in the challenges we face regarding
OE and its implementation. Often, these challenges relate
to driving and sustaining engagement across the whole
organization and as you would expect, communications
and constant reinforcement of the principles we are looking
to adhere to are a must. Establishing a global center of
excellence model that includes our OE site leads from around
the world helps drive consistent communications across the
business, and because of the way we structured this, and
with the strong support this has from the Executive Team,
we maintain oversight of all the local OE programs at a high
level and are able to communicate key messages at regular
town hall events across all sites.
Overall, OE requires the same reinforcement and consistent
messaging as any initiative the company embraces, but
we have seen that the maintenance of the tight linkage
between OE and our overall business results has been a
critical component of our success. In our fast-paced business
environment OE must deliver like everything else, so needs
a similar, sustained input of effort from all areas in order to
deliver the results we want.

CP: How do you measure success?
Are the results of the program
quantifiable?
SC: We measure OE performance as a component of our
monthly strategy review with all of our operating sites,
and from a financial perspective, we measure cash savings
and cost avoidance. Since the beginning of the program, we
have saved millions of dollars as a direct result of the hard
work of many employees across the company.
In addition, we look at quality measures for executing
production batches ‘Right First Time’ and various
metrics that help ensure we have the appropriate level of
engagement and participation across the business. In the
two years that we have been measuring OE performance,
it has been truly remarkable what OE has done for us.

CP: Can you give some specific
examples of where the program
has been particularly successful?
Have there been any surprise or
unexpected benefits?
SC: There have been several projects that highlight the range
of OE benefits that we have seen across the business.
For example, one of our earliest OE projects addressed
cleaning and related validation improvements in our
Charles City, IA production facility. Our ‘Right First Time’
performance improved by more than 50%, while reducing
cleaning times between projects by 20%.
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This freed up plant capacity while saving costs that could
be utilized toward other improvement opportunities.
In our generic API manufacturing plant in Milan, Italy solvent
recycling and material usage improvements have not only
produced sustainable cost savings, but also had a significant
positive environmental impact. In Karlskoga, Sweden, we
have introduced visual boards and “Pulse” meetings, which
have greatly improved the speed of decision-making and
issue resolution across the site.
As a contract manufacturer, we do need to be careful
and ensure that our customers are in agreement with
any changes that may impact their product areas. These
customer interactions have provided several unexpected
benefits, however, for example, one of our larger customers
had its OE representatives work with ours to share best
practices and introduce improvements at one of our
Cambrex sites. Aside from the financial and operational
improvements in the near term, we gained a better working
relationship with that customer which we hope will become
a long term benefit for everyone.
We have a large team at Cambrex spread across the world,
and internally, we have seen more and more people reaching
out to our OE program leaders to share ideas. Although
there were already established mechanisms to share ideas
throughout the company and across sites, the unsolicited
input from the OE program has highlighted the passion that
people have for our company and what we can be.

CP: And what is the future of
the program, how do you
see it developing?
SC: As we look down the road, OE will continue to be a
strong component of our growth strategy. We expect the
program to grow by tackling more complex challenges within
our business, and we also see opportunities to partner with
customers to address issues across the entire value stream.
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Taking a realistic approach
to risk assessment
Not all highly potent compounds require extreme containment!
In this article, Jeff Pavlovich, senior process safety engineer at
Cambrex Charles City, examines the intricacies of risk assessment
and the importance of a realistic approach.
There is a growing demand for capacity for the manufacture
of highly potent active pharmaceutical ingredients (HPAPIs).
This is partly due to the growing number of molecules in
drug development pipelines that are thought of as highly
potent, but it also reflects the fact that some of these drugs
are now reaching patent expiry and are now subject to
generic competition.
HPAPIs need to be carefully handled in a contained
environment and before a synthesis is begun, a full
assessment of the potential hazards of manufacturing
and handling of the products must be carried out. As
well as the HPAPI itself, every reagent and intermediate
requires assessment, and for a contract development
and manufacturing company (CDMO) or plant manager,
there is a careful interplay of ensuring the appropriate
potency strategy for the safety of operators and the local
environment, and the avoidance of overlaying excessive
operating costs to customers by over-specifying the
containment required.

Some take a very conservative view and may decide that
most potent molecules are in fact highly potent; whereas
others will deem very few to be highly potent.
It is important to remember that potency is not the same as
toxicity. A drug may be both highly potent and toxic, but this
is not necessarily the case. A highly potent drug is one for
which only a very small dose is required to give a therapeutic
effect, but by no means is it a given that it will also be highly
toxic. Both have an impact on the way it will need to be
handled in the manufacturing facility.

Defining potency

The first step for any risk assessment is to gather known
information about the safety properties of the molecule,
including the OEL. A large amount of safety data will already
have been compiled for any molecule that is heading into
large scale manufacture. As well as pre-clinical toxicology
and animal studies, this may also include insights gleaned
from Phase I clinical trials. This is used to inform the OELs
and Occupational Exposure Bands (OEBs) determined
by risk assessors, and then to select the appropriate
containment and personal protective equipment, as well
as the engineering strategies that will be applied.

If a compound has an eight-hour time-weighted average
occupational exposure limit (OEL) of 10 µg/m3 or less, it is
deemed ‘potent’. In the absence of a formal definition of
‘highly potent’, however, different risk assessors may define
the hazards posed by an individual compound differently.

However, toxicity data from preclinical and clinical work do
not directly translate into the process of determining an OEL:
they are designed to discover at what level the drug should
be dosed to humans, bearing in mind its therapeutic effect
and the side-effects it may cause.
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There is a huge difference between orally imbibed or
intravenous exposure, and the route by which operators
might be exposed in the facility, which is far more likely to
be inhalation or topical contamination.
It does, however, give insight to what effects might occur
with both acute and chronic exposure. Acute problems might
include respiratory or lachrymatory problems, whereas
chronic effects could be that the compound is carcinogenic,
mutagenic or a sensitizer on prolonged exposure.

The spectrum of effects
The dose–response curve gives an insight into effects. At the
no observed effect level (NOEL), a compound has no
biological effect. Next is the no adverse event level (NOAEL),
which is often mentioned in risk assessments. Continuing
up the curve, there is the low effect level (LOEL), and the
low adverse effect level (LOAEL), then well-tolerated doses.
After the maximum tolerated dose has been reached, any
higher doses are likely to prove hazardous. In animal models,
ED 50 represents the dose at which half the test subjects will
experience an effect, whereas at TD 50 half will experience
toxicity, and LD 50 , half of test subjects will experience a
lethal dose.

Figure 1. Points of departure.
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Dose–Response Assessment

Increasing Dose
When calculating a molecule’s OEL, various uncertainty
factors will be included to compensate for the fact that not
everything is known about the compound. Components that
can affect it include the duration of the study, inter-subject
variation, the severity of the effect, and factors such as
bioavailability, bioaccumulation and pharmacokinetics.
Some risk assessors will also include modifying factors.
These might be the slope of the dose–response curve, the
clinical significance of a critical effect and whether it is
reversible, and whether this is relevant to operators within
the plant.
With so many uncertainty and modifying factors that
might be included, there is little wonder that there is so
much variability from one risk assessor to the next — it is not
unheard of for the OEL from one assessor being 100 million
times greater than the OEL established by another.
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Looking at the real world
Getting around this variability in risk assessments involves
the application of real world context, notably a consideration
of what level of exposure risk is acceptable for an operator.
A starting point of one-in-a-thousand, is probably more true
than one-in-a-million.
Taking a more realistic view can have a huge impact on cost,
and this is why the use of categorisation of molecules into
OEBs is more useful to inform containment requirements. A
compound in OEB1, the lowest level, is non-toxic, and an OEL
of 500 µg/m3 is appropriate. Moving up, an OEB2 compound
will be more hazardous, and so the OEL has to be lower;
and similarly, OEB3 chemicals have greater hazards. The
highest banding, OEB4, represents those molecules where
the hazards are extreme, and containment must be at the
forefront of engineering design.
It is at the OEB3 level where significant savings can be made
by taking a real-world view. A theoretical OEL is based on an
eight-hour exposure, but if the operator could only ever be
exposed for a few minutes, then containment and protection
requirements are not so great. It may be that containment
within a normal plant will already be acceptable; otherwise
relatively low-cost options such as HEPA filters or additional
soft-sided isolators could be sufficient. Surrogate testing
should be used to prove that this approach will be successful.
By taking a realistic approach, it is clear that some
compounds that might be considered highly potent do
not, in reality, require extreme containment. Isolators
should be reserved for those projects for which they are
truly necessary. HPAPI capacity can easily be maximised
and costs minimised by not using an isolator where it is
not needed.
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FDA approves EU
authorities to ensure
public safety
Mutual Recognition Agreement (MRA) enables both EU and US
regulators to use each other’s cGMP inspections of pharmaceutical
manufacturing facilities.
Last year, the US Food and Drug Administration (FDA)
announced that it will now recognise eight European drug
regulation authorities — those of Austria, Croatia, France,
Italy, Malta, Spain, Sweden and the UK — as being capable
of conducting pharmaceutical manufacturing facility
inspections that meet their requirements. As a contract
manufacturing organisation (CMO) with facilities in both the
US and Europe, and serving a global market, Cambrex will
be just one of the CMOs affected by the plans for mutual
recognition. Here, Mark TePaske, PhD, Senior Director
of Global Regulatory Affairs, Quality and Compliance at
Cambrex outlines some of the potential implications for
such organisations.
FDA’s announcement is an important development in the
implementation phase of the amended Pharmaceutical
Annex to the 1998 US–EU Mutual Recognition Agreement
(MRA). This new reciprocal arrangement enables both EU
and US regulators to use each other’s cGMP inspections of
pharmaceutical manufacturing facilities, avoiding replication.
The EU had previously announced in June 2017 that it had
found the US inspectorate to be capable, with FDA then
announcing in October 2017 that eight EU inspectorates
had been determined to be capable, with “capable” in this
instance meaning that the inspectorate can effectively
ensure public safety. FDA is now scheduled to complete
its assessment of all 28 EU inspectorates by mid-2019, with
the programme expected to be expanded as evaluations
are completed.
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The latest amendment to the MRA covers both surveillance
and preapproval inspections … but is initially expected to
be used for surveillance inspections only. FDA has stated
that because of the special requirements of preapproval
deadlines, such as unique application deadlines and a
specialised focus on the product, it will not always be
possible for FDA to rely on an inspectorate within the EU to
conduct Prior Approval Inspections (PAIs). With time, the
MRA may also prove to be reliable and efficient for PAIs.
The decisions taken by the EU and FDA in 2017 were
informed and intentional, and the latest phase of the
MRA was accomplished through a co-operative process
to establish common goals and expectations, a co-ordination
of efforts, effective communication, mutual respect
and commitment.
The MRA is applicable for facilities in the US and the EU,
whereby EU authorities will inspect facilities in their own
countries; similarly, FDA will inspect facilities within the US.
The EU and the FDA have agreed to recognise each other’s
inspections and can choose to forego conducting their own
inspections in the other’s countries. Both the FDA and the
EU have reserved the right to inspect facilities in each other’s
countries at any time.
Says TePaske: “We are a manufacturing organisation with
facilities in Italy, Sweden and the United States; in May 2017,
we actually hosted simultaneous inspections by FDA and
L’Agenzia Italiana del Farmaco. This new mutual recognition

Chemistry & Technology
is expected to reduce the number and/or frequency of health
authority inspections performed at Cambrex’s sites to obtain
the same number of regulatory approvals.”
“The EU and US API cGMP regulations have been
harmonised for many years now, and each of the Cambrex
manufacturing sites has been required to satisfy the same
regulations,” he added.
Regardless of where they are undertaken, inspections are
performed to verify the suitability of facilities and equipment,
with verification also undertaken to ensure that facilities are
adequately staffed with knowledgeable and well-trained
personnel, who are following procedures that control all
operations that may affect the quality of drugs to ensure
patient safety. All of this must be properly documented and
the raw data must be readily available for review during the
inspection. Data must be collected, analysed, reported and
retained in a manner that is accurate, truthful and completely
and accurately represents what actually occurred.
“A site needs to operate in a state of audit readiness at
all times, but every inspection is time-consuming and
exhausting, and involves a large number of site personnel.
Harmonising the inspection process should ensure that
patient safety is not compromised, while increasing
the efficiency of the process for both regulators and
manufacturers,” concludes Mark.
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Highly potent APIs:
Hazards in classification
and handling
This variability and subjective nature of classification means that the
OEL is best considered as a tool for site risk management teams.

The pharmaceutical industry definition of potent is a
compound with an occupational exposure limit (OEL) at
or below 10 µg/m3 of air as an 8 h time-weighted average.
However, there is no specific definition regarding what
constitutes a highly potent compound, and different risk
assessment experts frequently have different opinions on
the same molecule.

Why assessments vary
Making a judgement about the risks to employees starts
with scientific assessments, animal studies and clinical trials
that are done by the drug developers, giving an insight
into the potential hazards and the dose–response effects.
Risk assessment experts use their professional judgment
to interpret this data and generate critical effect risk-based
values, including OELs and occupational exposure bands
(OEBs). These assessments allow a manufacturing facility
and its management team to put engineering and industrial
hygiene strategies in place to control and minimise the risk of
exposure. As well as training, these will include containment
and personal protective equipment (PPE) strategies.
It is important to note, however, that available toxicological
data were not intended for occupational risk evaluation as
clinical drug trials, for example, are generally designed to
determine endpoints such as tolerated dose or effective
dose, neither of which can be used directly to determine the
“no-effect,” safe exposure level for workers.
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Additionally, study patients in trials may already have
compromised health, so it is difficult to compare them with
healthy plant operators, and dosage strategies within trials
are not comparable with dust inhalation levels that would
be considered safe.
However, studies will indicate if any acute exposure problems
might be expected, such as somnolence, respiratory
arrest, adrenergic or lachrymatory effects, or whether it
is an allergen, corrosive or an irritant. Issues that might
cause chronic exposure include being a carcinogen,
mutagen, clastogen or sensitiser, and also whether it has
developmental or reproductive effects, or toxicity that
arises after repeated doses.
Either way, the critical effects of that exposure then need
to be identified, whether that is a pharmacological effect or
target organ toxicity, and the relationship between the dose
and these effects. Different molecules have different dose–
response curves, and the effect that they have changes with
the dose, as does the way people behave in response to
that dose.
Importantly, potency and toxicity are not the same thing:
potency refers to the relative amount of drug it takes to
produce the target pharmacological effect; whereas toxicity
refers to off-target adverse effects. For example, some
highly potent molecules have a pharmacological effect at
a very low dose, but toxic effects do not kick in until the
administered dose is much higher.

Highly potent APIs: Hazards in classification and handling
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This large therapeutic index is exactly what is required for
an anaesthetic – a wide gap between the effect and the sideeffect. In contrast, an old-fashioned cytotoxic chemotherapy
drug may have fairly low potency but high toxicity, which
means the likelihood of toxic effects occurring at a
therapeutic dose is much higher. In risk assessment terms,
the two examples are very different.

The factors included in the numerator are those that increase
occupational exposure; the denominator comprises those
that reduce it. Two of the components of the denominator –
a composite uncertainty factor and a modifying factor – are
designed to compensate for this uncertainty. There are many
factors that can contribute, and some examples are shown in
Table I.

And it’s this variation that provides the difficulty in assessing
risks. For an industrial chemical, there is likely to be a large
amount of available data on effects to inform the risk
assessment. The level at which there will be no effect – the
no observed effect level (NOEL) – will be clear, and moving
up the dose–effect curve there is the no adverse event level
(NOAEL), which is commonly seen in risk assessments. Then
there is low effect level and low adverse effect level (LOEL
and LOAEL), before one moves past the well tolerated dose
to the maximum tolerated dose, and through to the ED 50 ,
TD 50 and LD 50 , the doses at which half the animal subjects
experience an effect, a toxicity event or die (Figure 1).

Table 1. Contributors to uncertainty.

Uncertainty factors
Intraspecies variation

Figure 1. Points of departure.
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The dataset is never going to be complete, however;
therefore, uncertainties must be accounted for. This equation
can be used to calculate the OEL (Figure 2).

Relevance of critical effect to workers
Read-across similarity
Lack of independence for uncertainty factors

Clearly, these can introduce a huge amount of variability into
assessments. Even just including the first five on the list of
uncertainty factors can give up to 120,000-fold variability
in the final OEL value, and so it is not surprising that there is
so much variability between different risk assessors. Some
assessors also include modifying factors from the second
list in the table, which can give a variation in the final OEL by
anything from 0.3 to 108. Reconciling this variability in the
final risk assessment represents a significant challenge.

Figure 2. OEL equation.

From theory to reality
OEL ( g/m ) =
3

PoD x BW
UFc x MF x V
Where:
OEL
=
Occupational Exposure Limit
PoD
=	Point of Departure for Extrapolation
		
(mg/kg-bw/day)
BW
=
Body Weight (kg)
UFc
=
Composite Uncertainty Factor
MF
=
Modifying Factor
V
=
Volume of air breathed during
		
workshift (m3)
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So how can one assess the impact of uncertainty factors in
the real world, not just as an exercise on paper? The critical
question to ask is, what risk is it acceptable to expose the
worker to? A very cautious risk assessor might deem that
to be one-in-a-million, but in reality, one-in-a-thousand is
a more acceptable risk. In occupational settings, this is a
common number to select for the chance of having a
severe injury in the most hazardous work environment.
The dose would then be based on this. This is three orders
of magnitude difference between the two assessors.
The difference is important because of the vast disparity
in cost between the two. If a molecule moves from OEB2
to OEB4 purely because there are less data and more
uncertainty factors, enhanced containment will be required
— at the expense of both cost and time of the project.
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How can this level of uncertainty be reduced? It is important
not just to consider the risks of the drug itself, but also
the intermediates involved in its production. There may
often be a calculated OEL for the API… but not for
those intermediates.
Exposure modifiers represent another important
consideration that is often overlooked, particularly if the
person generating the OEL does not know the facility. In
particular, does the process produce dust, or solid material,
as the former is much more likely to pose an airborne hazard.
One also needs to consider how long a worker is likely to
be exposed to the material. The theoretical OEL is based on
an 8 h exposure; but, in reality, the exposure during a batch
manufacturing process might be just for 5 or 10 minutes
while, for instance, a tray dryer is changed over.

Both labs and production facilities are set up with a room
pressure cascade, so that the room in which the material
is being handled is at the most negative pressure.
In contrast, for OEB4 materials, the process is designed
around the containment, with dedicated isolators set up for
various process operations, and if necessary the process
modified to fit within them. Rapid transfer ports are usually
employed for OEB4+ materials.

Balancing needs versus practicality

It is therefore appropriate to modify the risk assessment on a
site-specific basis. Additionally, another aspect that is often
overlooked is that the particles suspended in the air are not
deposited into the lungs at that rate; maybe one third will
actually reach the lungs. A risk assessor may automatically
include a 10-fold uncertainty factor for inhalation exposure,
yet the maximum will only be 30% of the total at most.

There is often a temptation to take a very conservative
approach towards HPAPIs, with the use of maximum
containment at all times; but, for most manufacturers,
including CMOs, this is impractical. To do this would incur
additional costs and added time and delivery schedules
for projects, factors that raise the manufacturing costs
significantly. For a CMO, this additional cost would have
to passed on, and justified to customers. An appropriate
alternative approach is to assign a conservative OEL at
first and relax the handling requirements with time if the
data support it, ensuring the safety of workers is not
compromised at any point by economic pressures.

Using occupation exposure bands
to handle highly potent APIs

About the author

By using OEB strategies to classify compounds into four
major categories, general principles in handling and
manufacturing approaches can be adopted. Category 1
compounds are essentially non-toxic, although exposure
is targeted to be below 500 µg/m3 in all circumstances.
Category 2 represents molecules with special hazards; for
example, carcinogens commonly fall into OEB2.
The real opportunity for customisation comes with category
3, as this is when the special considerations for real-world
behaviour will come into play. Category 4 includes highly
potent toxic materials, which are those that require special
handling, including careful containment, and less opportunity
for customisation. The most hazardous – those ultra-potent
compounds with an OEL below 0.1 µg/m3 – fall into an
additional 4+ category.
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For projects in OEB3, the containment is designed around
the process. It may fit within existing fixed equipment within
the plant, or some modifications may need to be made
to provide additional safeguards. This might be achieved
using soft-sided isolators or HEPA filters, with the decision
made after a physical hazards assessment has been made.
Physical equipment and infrastructure is a more conservative
approach to minimising exposure risks than using personal
protective equipment as a failsafe.
Other aspects that should be included in the risk assessment
include the solvents. It is important that these should not
degrade the isolator, O-rings, gloves or even the engineering
controls that are in place for worker protection. The special
hazards associated with every individual process must
be considered; for example, it might be necessary to limit
how long people can work on a specific project, or it if is
teratogenic then pregnant women should not be involved.
Surrogate testing is required to assess whether the
containment strategies are working; any issues these bring
to light can then be addressed before there is a problem
with the real material.
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Lot release testing analytics
for small molecule drugs
Experts weigh in on up-to-date analytical procedures for the lot
release testing of small molecule pharmaceuticals.

Successful lot release testing for small molecule drugs is
dependent on efficient analytical tools and practices. This
article explores the analytics of this testing process with
Mark Shapiro, director, Analytical Research & Development,
and Daniel M. Bowles, PhD, senior director, Chemical
Development, both at Cambrex in High Point, NC.

Methodology advancements
PharmTech: What are some common analytical methods
used for the lot release testing of small molecule
pharmaceuticals? Have there been any recent advances to
these methods?
Shapiro and Bowles (Cambrex): As a manufacturer of
small molecule APIs, all the batches of products we make
undergo rigorous analytical protocols to ensure their quality.
Depending on the type of molecule, we would generally use
either HPLC or capillary gas chromatography (GC). Each
method gives us the option to use various detection modes:
for HPLC, there are ultraviolet, charged aerosol detection
(CAD), a mass spectrometer or a triple quadrupole mass
spectrometer (TQMS); and for GC, there are flame ionization
detector (FID), electron capture detector (ECD), thermal
conductivity detector (TCD), or again, a mass spectrometer.
We would also use other techniques such as inductively
coupled plasma-mass spectrometry (ICP-MS) to ensure
there were no elemental metal or inorganic impurities, as
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well as infrared spectroscopy and nuclear magnetic
resonance (NMR). Additionally, we would test water
content using Karl Fischer (KF) titration, and undertake any
appropriate United States Pharmacopeia (USP) tests, as well
as analyzing particle size distribution, while also using X-ray
powder diffraction to confirm that we have produced the
correct polymorph.
In terms of advances, developments in HPLC in terms of
porous shell columns and shorter columns, as well as the
introduction of UHPLC across our sites, have shortened
method times, and increased the efficiency of the analysis we
undertake. The greater sensitivity that is also possible with
modern mass spectrometers, as well as the increased use of
CAD for non-UV active components, has also improved the
ability and speed of analytical departments to both develop
methods and undertake quality control (QC) analysis.

Procedure walk-through
PharmTech: Can you walk us through your small molecule lot
release testing procedures?
Shapiro and Bowles (Cambrex): For any molecule we
manufacture, there will be a predefined procedure that
contains all the information pertinent to its release, including
specifications, methods, and any outsourced testing
necessary. Once a batch is made, a sample is submitted
to the QC team along with a material release form which

Chemistry & Technology
tracks the data associated with the sample throughout
the analytical process. An analyst is assigned the sample
who will ensure the testing is carried out in accordance
with its needs, and when completed the data are reviewed
and verified to ensure compliance with all specifications.
A certificate of analysis is then generated by the quality
analysis (QA) department which then releases the material
to the customer.
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PharmTech: What are some products/instruments that
have been recently incorporated into your small molecule
lot release testing procedures? How are these products
improving testing quality and analytical capabilities?
Shapiro and Bowles (Cambrex): The use of a TQMS alongside
HPLC allows the sensitive and specific analysis of potential
genotoxic impurities (PGIs) to sub-1 ppm level. ICP-MS allows
us to test for elemental impurities as per the new USP <233>
inhouse, and we have an autosampler on this instrument
to allow us to undertake efficient method development
and validation. Our use of coulometric oven KF reagents
removes the dependence on the solubility parameter with
the traditional direct KF. This can be critical in early-phase
molecules where a small change in production parameters
can result in large changes in solubility, resulting in the
inability to perform direct KF in the qualified solvent.

Best practices
PharmTech: What are some best practices for conducting
small molecule testing?
Shapiro and Bowles (Cambrex): The pharmaceutical industry
is highly regulated, and so as analysts we must adhere to
these regulations by using appropriate, qualified, and verified
or validated methods to ensure product and patient safety at
all times. At Cambrex, we have clear and effective standard
operating procedures laid out to ensure we can maintain
a proper compliance stance at all stages, in line with good
manufacturing, distribution, and laboratory practices.
Internally, these include the development and writing of clear,
safe procedures that can be easily and effectively executed
by all QC staff, and we encourage open communication
between disciplines (manufacturing, QC, and QA) throughout
the process of method development. Our testing procedures
are passed from the analytical R&D team to the QC
department through an intermediary validation stage to
provide enhanced method robustness. During the QC stage
of lot release, we parse the testing across a number of
colleagues to enhance the throughput and efficiency of
the process.
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Classifying potent and
highly potent molecules
Determining how much containment is needed for API handling
requires evaluation of multiple factors.

Highly potent drugs represent a growing proportion of
medicines, including therapies in development and those
commercially available. As older products reach patent
expiry, generic-drug companies are also moving into this
space, creating an increasing demand for capability and
capacity to manufacture highly potent APIs (HPAPIs),
particularly for contract manufacturing organizations
(CMOs).
A significant proportion of HPAPIs are in the oncology field,
and as approximately one-third of all new drug approvals
are currently cancer medicines, this represents a substantial
market opportunity. Other therapeutic areas where drugs
may be highly potent include asthma and pain management.
The chemistry to make these molecules is not necessarily
difficult; however, the greater challenge is in the handling and
containment of them to ensure operator and environmental
safety. It is vital that a careful assessment is made of the
hazards posed by each individual product, reagent, and
intermediate involved in the synthesis ahead of manufacture.
If the risks are underestimated, people within and around
the plant will be in danger. Conversely, if the risks are
overestimated, the result will be excessive amounts of money
spent on containment and an increase in project costs.
A compound is deemed to be potent in pharmaceutical
terms if it has an eight-hour, time-weighted average
occupational exposure limit (OEL) of 10 µg/m3 or less.
There is, however, no formally agreed definition of the OEL
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level that constitutes a “highly potent” compound. To add
to the confusion, the same compound might be classified
differently by individual risk assessors. This variability
in classification is exemplified by a study carried out by
Cambrex in which a panel of 38 molecules was sent to three
risk assessors. Three different results were provided: one
assessor deemed five of the 38 to be highly potent, one
assessed 37 of the 38 to be highly potent, and the third fell
somewhere between the two extremes.
The subjective nature of these results highlights that any
CMO managing a facility to manufacture multiple APIs that
may, or may not, be highly potent should consider each
project on a case-by-case basis. A flexible approach allows
manufacturing techniques, equipment, and containment
options to be tailored to the molecule’s properties, and the
requirements of each individual step of the synthesis. The
result should be increased safety, lower costs, and enhanced
capacity for the manufacturing of HPAPIs.

Risk determination
When determining risk, the starting point is the OEL and
other safety-related properties of the molecule determined
as part of the drug development process. Once an
investigational drug reaches the large-scale manufacturing
stage, extensive safety data will have been compiled,
including results from preclinical toxicology assessments,
animal studies, and early-stage clinical trials.

Chemistry & Technology
These data on potential hazards and dose–response
effects are used as a basis by experts in risk assessment to
generate OELs and occupational exposure bands (OEBs)
that allow informed decisions to be made about engineering
strategies and industrial hygiene requirements. Appropriate
containment and personal protective equipment should be
supplemented by comprehensive training to ensure their
proper use.
There is an important caveat. Although toxicological data
offer a useful starting point, there is a difference between
potency and toxicity. Potency is a measure of how much
of the API is required to have a therapeutic effect; toxicity
is a measure of its adverse effects. A cytotoxic drug to
treat cancer may be extremely toxic but its potency might
be low, and therefore, side-effects are likely. Conversely,
for some drugs that only require very small doses to have
a medical benefit, the dose that causes side-effects may
be substantially larger. The handling requirements in the
manufacturing plant will be very different for the two.
Toxicology data gleaned from preclinical research or clinical
trials are not designed for direct application to OELs, either.
The aim of an early-phase clinical study is to determine
optimal doses, balancing therapeutic benefit and what
patients can tolerate. There is a huge difference between
exposure in this context, and the inadvertent inhalation of
dust in a manufacturing facility; there is no direct correlation
between these clinical trial data and the safe exposure level
for operators.
The data will, however, provide indications to issues that
might occur with acute exposure. If they highlight issues
such as respiratory problems, lachrymatory issues,
adrenergic concerns, or somnolence, for example, acute
problems might be anticipated in manufacture. There may
be indicators toward chronic exposure issues, also, if there
are indications that the compound might be carcinogenic,
mutagenic, a sensitizer, or a clastogen.
With this information in hand, the next step is to identify
any critical effects that exposure might have, such as target
organ toxicity or pharmacological effect, and the dose–
response curve. However, inter-person variation makes it
difficult to make a definitive risk assessment.

Figure 1. Points of departure.

Potency

Clinical Dose Range
LOAEL
LOEL
BMDL

High Uncertainty
Not very useful

MTD

Well-tolerated

More Certainty

Increasing Severity

LD50

ED50

NOEL

Increasing Dose
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OEL ( g/m3) =

PoD x BW
UFc x MF x V
Where:
OEL
=
Occupational Exposure Limit
PoD
=	Point of Departure for Extrapolation
		
(mg/kg-bw/day)
=
Body Weight (kg)
BW
=
Composite Uncertainty Factor
UFc
=
Modifying Factor
MF
=
Volume of air breathed during
V
		
workshift (m3)

The OEL equation (Equation 1) includes uncertainty factors
(Table 1) that compensate for unknowns. The numerator
comprises factors that will increase occupational exposure,
while the denominator includes those that will reduce it,
including uncertainty factors. Those components that can
contribute to uncertainty include variation between species
and between subjects, the duration of the study, the severity
of the effect, bioavailability and bioaccumulation, and
pharmacokinetics.

Uncertainty factors

TD50

NOAEL

Equation 1. OEL equation.

Table 1. Contributors to uncertainty.

Dose–Response Assessment

(Scaling if common
mode of action)

At the lower end of the dose–response curve (Figure 1) is
no-observed-effect level (NOEL), where the chemical causes
no effect at all. The next point moving up the curve is the
no-adverse-event level (NOAEL), which is commonly cited
in risk assessments. Next, there are the analogous low-effect
level (LOEL) and low-adverse-effect level (LOAEL), and
then doses that are well tolerated, followed by the maximum
tolerated dose (MTD). Past this point, the APIs are likely to
be hazardous. In animal tests, at the ED 50 point, half of the
animals will experience an effect; at the TD 50 point, half will
experience toxicity; and at the LD 50 point, half the study
animals will die at that level of exposure.

Intraspecies variation

10

Interspecies variability

2-12

Study duration

3-10

LOEL to NOAEL

1-10

Database sufficiency

1-10

Severity of effect

1-10

Bioavailability

1-10

Bioaccumulation

1-10

Pharmacokinetics

3-10

Route-to-route

3-10

Allosteric adjustment (rat)
Table 1 continues on page 34
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Table 1 Continued. Contributors to uncertainty.

Modifying factors
Slope of dose–response curve
Choice of critical effect
Susceptible subpopulations
Clinical significance of critical effect
Reversibility of critical effect
Relevance of critical effect to workers
Read-across similarity
Lack of independence for uncertainty factors

Modifying factors are also considered by some risk
assessors, including the slope of the dose–response curve,
and the choice of critical effect and its clinical significance,
its reversibility, and its relevance to workers. Susceptible
subpopulations and read-across similarity may also be
considered, as may a lack of independence for
uncertainty factors.
This uncertainty is at the root of the variability in risk
assessments. Depending on the magnitude of uncertainty
values that are applied, and whether modifying factors are
given weight, there is the potential for as much as eight
orders of magnitude of difference in the OEL determined by
individual assessors. Reconciling this variability in the final
risk assessment is a major challenge.
The solution lies, at least in part, in applying real-world
context to the uncertainty factors. Perhaps the most
important is the acceptable exposure risk for an individual
operator, and even for the most conservative risk assessor,
a one-in-one-thousand risk may well be more realistic than
the one-in-one-million risk to be an appropriate likelihood
of an exposure happening. The one-in-one-thousand risk is
not without context: it is commonly cited as the chance of a
severe injury in a hazardous work environment.
Three orders of magnitude difference in acceptable exposure
risk can represent a major difference in cost. If an API is
placed in a higher OEB in the absence of data and with a
large weight placed on uncertainty factors, then far more
costly containment will have to be employed, and the
manufacturing process will take longer. How necessary
is it that the API is treated as so much more hazardous?
And what about the intermediates involved in its production?
It is less likely that there will be a calculated OEL for
those intermediates.
It is important to carefully consider exposure modifiers. Is
the process likely to generate dust? If so, the likelihood of
airborne hazard is far greater. How long will the operator be
exposed to the material? Theoretical OELs are based on an
eight-hour exposure; however, the time of potential exposure
may be only a few minutes. A case-by-case assessment of
the actual facility, process, and procedures will give a far
more realistic picture of the hazard. There may be limits on
how long people can work on individual projects because
of the potential for chronic effects. If an API is a known
teratogen, it may be advisable for pregnant women to
keep well away.
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Determining OEBs
Occupational exposure bands are a useful tool for matching
a hazard with containment requirements. APIs that fall
into OEB1 are non-toxic, and a standard exposure level of
500 µg/m3 will suffice. OEB2 compounds will have special
hazards, such as carcinogenicity, and the OEL will need to
be lower.
At OEB3, where the hazards are greater but not extreme,
the opportunity to customize handling to account for realworld situations is greater; this is where the greatest cost and
time savings might be anticipated. Here, the containment
could—and should—be designed around the process
itself. The existing plant may suffice; alternatively, safety
requirements might be met by introducing high-efficiency
particulate air (HEPA) filters or soft-sided isolators, a more
conservative approach than simply using personal
protective equipment.
The risk assessment should also consider the solvents and
whether they can degrade processing or containment
equipment. A program of surrogate testing is required
to prove that the containment strategy is appropriate
and working successfully before the hazardous material
is introduced.
OEB4 APIs are more highly potent and toxic, and special
handling and careful containment will be required. An
additional band, OEB4+, encompasses compounds that are
so potent that their OEL falls below 0.1 µg/m3. For OEB4
and OEB4+ compounds, the opportunity for customization
is limited, and the process must be designed around the
containment, and not the other way around. Dedicated
isolators will most likely be employed, and rapid transfer
ports for APIs deemed to be OEB4+.
This type of complete containment is extremely expensive,
and while the conservative approach would be to use
such containment for all highly potent compounds, in
reality it may be overkill for OEB3 APIs. Instead, it may
be more realistic to start out with the assumption that
full containment is required, but then relax the handling
requirements as further data become available, if the data
suggest this will be safe. This level of flexibility will allow a
CMO to offer its customers a more cost-effective solution,
and faster timelines.

About the author
Jeff Pavlovich,
Senior Process Safety Engineer,
Cambrex

First published: Pharmaceutical Technology
Title: Classifying potent and highly potent molecules
Date: August 1, 2018
Article: Click here
Citation
J. Pavlovich, “Classifying Potent and Highly Potent
Molecules,” Pharmaceutical Technology Outsourcing
Resources Supplement (August 2018).

Chemistry & Technology

Handling highly potent
APIs? Here’s how…
There are more drugs and therapies than ever being developed and
coming to the market that are classified as “highly potent”, as well as
a number of commercial products reaching patent expiry.
Simon Edwards, vice president of Global Sales & Business
Development at Cambrex discusses how these products
represent a challenge to manufacture and handle safely, and
the part that CMOs can play to ensure safe containment.
Handling highly potent active pharmaceutical ingredients
(HPAPIs) requires specialised assets and expertise, offering
opportunities for contract manufacturing organisations
(CMOs) with the experience and capacity to benefit from
the current demand. The true size of the market for these
HPAPIs is unknown, but estimates suggest that in 2016 it
was approximately US$15 billion, a figure that could almost
double by 2023.
There is a common perception than HPAPIs are
predominantly oncology drugs, however other therapeutic
areas where drugs may be highly potent include asthma
and pain management.
For CMOs, the chemical challenges of a HPAPI is no
different to that of any other drug, but it is the handling
and containment of the product and/or intermediates,
and the risk to the operators and environment that is of
the greatest concern. A balance needs to be struck when
undertaking a project involving a potent, or highly potent
molecule, between underestimating the risks and potentially
exposing people to danger, and being overly cautious by
having higher levels of containment than is necessary and
increasing the cost of a project.
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Definitions vary
The pharmaceutical industry defines a “potent compound”
as one with an occupational exposure limit (OEL) at or below
10 µg/m3 of air as an eight-hour time-weighted average.
However, there is no specific definition as to what constitutes
a highly potent compound and a molecule can be judged
very differently by different risk assessment experts based on
personal opinions and a variety of other factors.
This variability and subjective nature of classification means
that the OEL is best considered as a tool for site risk
management teams and many CMOs employ a categorisation
technique for molecules that are based on OELs and
occupational exposure bands (OEBs) as the OEL gets smaller,
which determines the level of containment and handling
solutions necessary for a molecule.
However, it is important for companies to treat each
molecule’s classification as a non-fixed number, which can
change as more data becomes available. Early stage projects
may only have preclinical toxicology data, which is not
designed for direct application to OELs, so it is likely that a
more conservative view on the containment needs may be
applied at the start.
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Determining potency versus toxicity
There is also an important distinction between potency and
toxicity that needs to be made: potency measures how much
of an API is required to have a therapeutic effect, whereas
toxicity is a measure of its adverse effects. A cytotoxic drug
to treat cancer may be extremely toxic but its potency might
be low and therefore side-effects are likely. Conversely,
for some drugs that only require very small doses to have
a medical benefit, the dose that causes side-effects may
be substantially larger. The handling requirements in the
manufacturing plant will be very different for the two.
OEBs provide a useful basis to match the risks of a molecule
with appropriate containment, from the lowest level
where an API is non-toxic and a standard exposure level
of 500 µg/m3 is adequate. Going up the bands, where a
drug may have a specific hazard, such as being a carcinogen,
the OEL will need to be reduced. For APIs with higher
hazards, striking a balance between containing the molecule
around existing assets with additional levels of safe handling,
and minimising exposure is important. This may involve
modifying specific aspects of the plant equipment, an
increased level of personal protective equipment used,
or limiting the time employees can work on a project,
all of which can incur higher costs.
It may be that only for the most potent drugs with an
OEL below 0.1 µg/m3 that having dedicated isolators may
be appropriate, but what is important is that the process
must be designed around the containment and not the
other way around.

CMOs offer solutions
For a CMO, having experience in assessing a molecule’s
risk and the necessary flexibility of assets is crucial to
adapt to the changing customer demands, while remaining
competitive and responsive to their needs.
Cambrex has invested across its global development and
manufacturing network to ensure it can offer customers the
capacity and expertise that is required to meet the growing
demands of the HPAPI industry. This includes a project at its
Charles City, Iowa site where construction is underway on
a new US$24 million facility that will see the installation of
over 8,000 litres of reactor capacity, operating to an OEL
of 0.1 µg/m3, enabling batches to be manufactured between
50-300kg. This new facility will integrate into the site’s
existing early stage high potency containment and
development capabilities, providing flexibility across a
broad range of scale. The facility is expected to be
operational in the first half of 2019.
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Turmoil in generics
brings opportunity
for fine chemicals firms
Change in the finished-dose generic drug business is creating
openings, albeit modest ones, for pharmaceutical ingredient makers.

In brief
With price erosion and market saturation battering the
generic drug industry and a new generation of high-tech
specialized drugs poised to lose patent protection, the
off-patent drug sector appears primed for transformation.
Some manufacturers of active pharmaceutical ingredients
see an opportunity to put specialized chemistry expertise
to work on redesigning synthesis routes and beating the
pack to the first wave of high-tech generics. Read on to
see how the “boring” generic pharmaceutical chemicals
business is perking up.
“When I worked at Cambrex, I learned that generics are
kind of boring,” says Kenneth Drew, senior director of
North American sales and business development at Flamma,
an Italian manufacturer of active pharmaceutical ingredients
(APIs). Drew began his sales career at Cambrex in 2007,
moving to Flamma in 2010. “All people wanted to talk
about was price,” he says.
The sector was defined by an all-too-familiar and simple
strategy, Drew recalls, whereby generic drug companies
knocked each other out by selling cut-rate commodity
versions of what often had been billion-dollar branded
drugs. Competition in the generics market, he says, had
the brutal qualities of an arms race.
Today, things are changing. Flamma and Cambrex,
pharmaceutical service firms that emphasize the exclusive

Page 52

synthesis of APIs for customers developing branded drugs,
now see an opening to grow their generics operations by
putting special expertise in chemistry to work. With the
traditional commodity-generics sector foundering, especially
in the U.S., API makers’ skill in complex chemistry is emerging
as a competitive advantage as they eye a new wave of
low-volume, high-value generics, such as oncology drugs,
set to enter the market.
The move by some contractors into formulation and finaldose drug manufacturing also comports with new strategies
in generics, industry watchers contend. The ever-increasing
inquiries from potential customers looking to shift business
from Asia to the U.S. and Europe also hint at future growth
in generics.
Meanwhile, the passage of the U.S. Generic Drug User Fee
Amendments (GDUFA) last year is expected to lend
predictability to the market by shortening approval times
and weeding out noncompliant competition in low-cost
regions such as India and China.

Beleaguered customers
The major generic drug makers that are the traditional
customers for API suppliers are less upbeat, as they face
extreme challenges, especially in the U.S., the largest arena
for generics. Indeed, major generics firms are reeling.
The largest of them, Teva Pharmaceutical Industries,
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announced plans last year to cut about 14,000 jobs, a quarter
of its workforce, and close multiple manufacturing and
research sites. The company is responding to plummeting
prices in the U.S., increased competition, and a huge debt
load following its $45.5 billion acquisition of Allergan’s
generic drug business.
Novartis is expected to sell its Sandoz oral-dose generics
business in the face of price erosion in the U.S. And Sanofi
just announced plans to sell its European generics business
Zentiva to Advent International, a corporate carve-out
investor, for $2.4 billion.
Meanwhile, at Mylan, U.S. sales, which account for nearly
half its $12 billion in revenue, were down 12% last year.
The company is still dogged by the charges of profiteering
from its EpiPen that made headlines in 2016.
Part of the problem is that generics are no longer a growth
business. “Generics penetration has reached a kind of
nexus by volume,” says Graham Lewis, vice president
of pharmaceutical strategy at the market research firm
Iqvia, noting that even developing markets have reached
“virtual saturation.”
Generics account for nearly 90% of pharmaceutical sales by
volume in the U.S. and 80% in Germany. The range is between
85 and 90% in developing countries such as China, India,
Russia, Turkey, and Mexico. “The only exception is Japan,
which is at 60%,” Lewis says.
The problem is compounded by an oversupply of small
molecule generics, Lewis says. Drug retailers are taking
advantage by demanding lower prices. Nor have generic
biologic drugs, known as biosimilars, emerged, as many
had predicted, as a savior for the big generics companies.
“There is little wiggle room” for generic drug suppliers,
Lewis says. “We are not in a situation we would call normal
supply and demand.”

Cost, consolidation, complexity
“This is a time of unprecedented change in the generics
market, particularly in the U.S.,” says Brandon Boyd, a
generics analyst at the data provider Clarivate Analytics.
“The industry is now entirely globalized and heavily
dependent on places like China and India for starting
materials and raw materials.”
Competing on price, therefore, is a matter of efficiently
managing a complex supply chain. “Today, more than ever,”
Boyd says, “the conversation is all about cost—from the
manufacturer to the wholesale and retail outlets.”
A wave of consolidation among buying groups—Boyd
points to Walgreens’s purchasing partnership with Boots
and AmerisourceBergen and a similar agreement between
Cardinal Health and CVS Caremark as examples—has put
tremendous pressure on finished-dose drug manufacturers
to bring down their costs, pressure that is passed along to the
API supplier.
Meanwhile, the U.S. Food & Drug Administration and other
regulatory agencies around the world have accelerated the
approval of subsequent-entry generics—“not just the first
or second or third generic to market but the fifth, the sixth,
the seventh, the 15th,” Boyd says. “If you take an established
generic product with a new competitor coming to market, you
will see price erosion from 15 to 20%.” This is after the price of
the branded drug was decimated with the first generic entry.
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Generic drug manufacturers have responded by consolidating,
Boyd says. Endo acquired Par, Mylan bought Meda, and Teva
took on Allergan’s generics unit. The strategy has not worked
well in most cases.
“As these companies sought new products, new markets, and
buying leverage, they just continually encountered further
price erosion,” Boyd says. “Or else the regulators required
divestitures far above what they’d planned.” Much of the
value that generics companies expected to gain from
acquisitions was lost.
Nor have attempts to creep up the value chain into more
complex, less competitive products panned out. In addition
to the unexpectedly slow debut of biosimilars, Boyd points to
several complex products, such as drug-device combinations,
that have flummoxed attempts to launch generic versions.
Mylan’s epinephrine-delivering EpiPen and GlaxoSmithKline’s
Advair respiratory device have both proved elusive for
generics firms.

Upside, maybe
Any transformative crisis suggests opportunity for
innovative companies, and if there is an optimistic player
in the beleaguered generics market in 2018, it is the API
manufacturer. The API business kicked off in the mid-20th
century with the introduction of generic drugs and in more
recent years flourished with a shift in attention to branded
pharmaceuticals. The niche chemistry expertise honed at
the major API firms is now viewed as precisely what is
needed in the no-longer-staid generics field.
Some API manufacturing firms have also moved into
formulation services and final-dose manufacturing, a
capability that affords the option of manufacturing
generic drugs.
The API maker Hovione, for example, provides particle design
services for generic and other inhalant formulations.
Johnson Matthey, on the other hand, now works in
partnerships that develop and manufacture finished generic
drugs. One example is a partnership with Mayne Pharma
Group in Adelaide, Australia, to manufacture and sell
dofetilide capsules, a generic version of Pfizer’s Tikosyn,
an antiarrhythmic agent. Under such agreements, Johnson
Matthey’s partners commercialize the drugs in what Paul
Evans, vice president of generic products at Johnson Matthey,
calls a flexible profit-sharing arrangement that
in some cases involves special pricing for its API.
James Bruno, president of the consulting firm Chemical
& Pharmaceutical Solutions, notes that such downstream
services translate well to generic drugs, where low cost will
continue to hold sway as more complex molecules enter the
market. “Contractors have looked at shorter synthesis routes,
different solvents that are easier to recover and reuse, and
spending more time on efficiency,” he says.
API makers are also getting to work on better ways of
synthesizing drugs years before their patents run out,
Bruno notes. “I have seen generic drugs commercially
available before the innovator gets approval for a generic
version,” he says.
Consultant Roger LaForce notes that the general swing of
pharmaceutical chemistry production from low-cost Asian
countries back to the West also offers an opportunity for
API firms in Europe and the U.S. But he questions whether
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companies will be able to move quickly enough to capitalize
on opportunities in generics.
“European players are enjoying good growth in custom
manufacturing but have somewhat neglected to furnish their
pipelines of generics,” LaForce says. “In four or five years, the
custom manufacturing will again settle down, and they will be
happy to have other pillars of business, other income sources.”

The chemistry angle
API manufacturers have long maintained portfolios of
generic drugs. These tend to be relatively small businesses
at companies that emphasize exclusive synthesis, and in
many cases they garner little corporate care and feeding.

FIS was motivated to make changes to its generics business
by the decline of blockbuster drugs like Crestor and Lipitor.
“The megabrand time is gone forever,” Perfetti says, and
the market is evolving toward smaller-volume, higher-value
products. “The strategy now is to target niche generics where
we can fully deploy and exploit our expertise.”
Although FIS has invested millions of dollars to expand
high-potency chemistry and add spray drying, Perfetti
sees little likelihood that the firm will move into final-dose
drug manufacturing.
“We want to stay in the API arena because in selective cases,
we believe it is the API that can make the difference,” he says.
“If it is truly difficult to make the API, the option of having an
integrated proposition is not so relevant.”

But that is changing, in part because of gravitation in the
service sector toward integrating API and finished-dosage
manufacturing, a combination that can be applied to
generics. Growth in oncology and other therapies requiring
complex chemistry also offers opportunity for firms that
specialize in high-potency chemistry and comparable
high-tech capabilities.

Siegfried, a Swiss API specialist, significantly increased its
size in 2015 when it purchased three fine chemicals sites
from BASF. That deal doubled the company’s generics sales,
according to Craig Douglas, head of its generic API business.
The firm also made two acquisitions in sterile finished-dose
drug manufacturing.

“When I joined Flamma in 2010 we had our generic line, and
we let it lapse,” Drew says. “We didn’t push forward to find
newer things to bring into our pipeline. But three or four years
ago, we started to find some targets that were good for
us—niche products for the chemistry that we do, such as
high-value amino acid chemistry.”

“We have close to 70 APIs,” Douglas says, “just under half
of which are legacy Siegfried products that we have had for
many years, heavily in the controlled-substance narcotics
category.” Douglas characterizes the products from BASF as
diverse, including commodity substances such as ibuprofen
and caffeine and “niche specialties where we make 5 kg every
two years.”

The company also looked ahead to see which drugs matching
its expertise were scheduled to come off patent over the
next seven years. For example, the company is at work on
tasimelteon, a treatment for non-24-hour sleep-wake disorder
that is expected to come off patent in 2021. Drew notes that
generics were an impetus for opening a kilo lab to produce
small volumes of APIs in Italy recently.
And Flamma’s new facility in China is also an asset, allowing
the company to keep costs down by manufacturing its own
starting materials and intermediates.
Flamma CEO Gianpaolo Negrisoli adds that controlling
manufacturing from the start helps meet the increasing
challenge of winning regulatory approval. “From the custom
manufacturing business we learned a lot of things,” Negrisoli
says. “The approach to synthesis, performing impurity profiles,
and paying attention to quality. Now all these points are going
into generics.” Filing an application for a generic, he says, has
become as complicated as filing for a new drug.
Generics currently account for about 25% of Flamma’s
business. While the firm is not looking to make a major
change in that proportion, it now seeks to bring at least
one generic into its pipeline every year.
Another Italian API maker, Fabbrica Italiana Sintetici (FIS),
got its start in generics 60 years ago, adding exclusive
synthesis in the 1990s. Today 20% of the company’s
$650 million in annual sales accrues from its portfolio
of about 60 generic APIs, according to Giuliano Perfetti,
senior director of sales, marketing, and business development.
The company decided three years ago to make some
changes. FIS opened a new facility at its main plant dedicated
entirely to developing and launching generic APIs. With a
staff of 20, soon to be increased to 35, and fully equipped
labs, the generics operation will develop specialty APIs as
portfolio products and in custom development agreements
with customers.
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Whereas Siegfried had been selling its generics entirely in the
U.S. and Europe before the BASF acquisition, it now supplies
80 countries.
A sizable generics portfolio can provide stability in the
face of the more volatile business of manufacturing branded
APIs, Douglas says, just as having a business in exclusive
synthesis provides a counterweight to any cycles in the
generics business.
And traditional generic drugs are likely to cycle down in the
years ahead, given the drop in new drug approvals by FDA
for nearly a decade before 2014. Douglas, however, sees
growth in developing efficient routes to high-tech generics
that will begin to enter the market. The timetables established
by GDUFA will lend needed predictability to these efforts,
he adds.
“Before GDUFA, it was hard to put together a business
case because you didn’t know if it would take three years
or five years or eight years to get the new process and
route to synthesis for an API approved for your customers,”
Douglas says.
As for the legacy portfolio, he anticipates unpredictability in
sales of pain management APIs due to the pressure on opioids
but opportunities for growth in addiction treatment drugs,
including naloxone and naltrexone, for which Siegfried has
developed new syntheses.

Movement in the U.S.
Ampac Fine Chemicals, a specialist in high-potency chemistry
and chiral separations, has long had a small generics business,
according to CEO Aslam Malik. That business will get a boost
from Ampac’s recent acquisition of a former Boehringer
Ingelheim plant in Petersburg, Va., with controlled-substance
manufacturing capabilities. Ampac announced earlier this year
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that it will begin producing APIs for Noramco, a manufacturer
of controlled-substance APIs that is running short on capacity.
As for standard small molecule generic APIs, Malik says
Ampac is receiving an increasing number of inquiries from
drugmakers looking to find alternatives to Indian and Chinese
suppliers. It’s still impossible to beat the Asian producers
on price, but he is optimistic the tide will eventually turn.
“This is an interesting time with President Trump’s push for
Made in America and Make America Great Again.”
Ampac is not making a particularly aggressive push, however.
It has no plan to pursue business by developing efficient
second-generation synthetic routes, for example, or by
expanding into formulation and final-dose manufacturing.
“We have not gone over to the other side,” Malik says.
“We want to focus on what we do best.” He is hoping for
growth in generic controlled substances and what he calls
specialty generics—“APIs requiring high potency and difficult
chemistry that requires them to be made in the U.S.”
Unlike Ampac, Cambrex has a sizable generics business.
Now the New Jersey-based firm is making its first foray
into finished generic drug products.
“We make about 75 generic APIs. We have been in the
category for a long time, and it’s been a successful business
for us,” CEO Steven M. Klosk says. “But we have been thinking
about whether it makes sense to use our position in generic
APIs to extend in a limited way into generic drug product”
with a partner that would develop and make the dosage form.
Last year the company moved ahead, filing three applications
for new generic drugs, and Klosk expects to file more this
year. “It is a relatively small number of molecules. We haven’t
disclosed them.”
The company spent $4 million to develop generic drug
products last year and will spend about as much this year,
Klosk says.

Iqvia’s Lewis says Villax’s perspective is typical. Most of the
API producers he speaks with tell him they are satisfied with
the status quo. Few indicate they are interested in adding
downstream services to support final drug production, he
says, though some say pressure is mounting on them to do
so. How this would impact the generics business is unclear.
Siegfried’s Douglas notes that his company is unlikely to put
its finished-dose capabilities to work on producing generic
drugs. “We have a strict policy that we will not compete with
our customers,” he says.
On balance, the business will remain tricky, according to
Douglas. “Customers are shaving more and more on the price
and also signing shorter contracts, so the ability to forecast
demand is becoming less and less,” he says. “There will be
periods of feast and famine. This will remain a challenge for
the industry going forward.”
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Currently, generic APIs, most of which are manufactured
at Cambrex’s plant in Paullo, Italy, account for 20% of the
firm’s sales. “It’s a tough market right now because of price
deflation,” Klosk says. “The good news is GDUFA. The FDA
is definitely reducing the approval times, plus there are more
inspections targeting quality issues that certain low-cost
regions of the world are having. And we are getting more
inquiries from people wanting to come back” from Asia to the
U.S. and Europe.

Holding off
Not every API producer with a significant generics business
is aggressively making changes. Hovione, which makes about
half its sales from generics, is an example of a company
disinclined to make big changes to a successful operation,
CEO Guy Villax says.
If anything, the company is scaling back, selling a $40 million
contrast agent business in China earlier this year. Villax
says the company wanted to shift resources away from the
commodity-like business. “We want to stick to generics where
we can differentiate,” he says.
Although Villax acknowledges that the turmoil in generics
suggests opportunities, he says he is not motivated to pursue
them aggressively. “We are not opportunistic,” he says. “We
don’t do that.”
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The rise and fall of the
U.S. pharmaceutical
chemical maker
A string of acquisitions has nearly cleared North America of
independent drug-service companies.

News this year of the sale of PCI Synthesis and Ampac
Fine Chemicals to French and South Korean companies,
respectively, came as something of a surprise. Both drug
contract manufacturing organizations (CMOs) had been
doing well, investing in growth and honing a focus on
technologies and services that are in high demand.

“The only reason this is going to slow down is because there
isn’t anything left to buy. Pretty soon there will be only one
company left,” Bruno says, suggesting it might be Cambrex,
a publicly traded U.S. firm that in 2016 acquired PharmaCore,
a smaller U.S. player. More recently, Cambrex acquired Halo
Pharma, a finished-dose drug contractor.

On the other hand, the deals are only the latest in a string
of acquisitions marking an evolution in the pharmaceutical
chemical service sector toward large global operations
offering a menu of services from early-stage process
design to finished-drug manufacturing.

The acquired companies are not physically disappearing. For
example, BioVectra—purchased in 2013 by the biotech firm
Questcor, which was in turn acquired by Mallinckrodt—now
operates as an independent unit of a diversified company.

Notably, many of these large operations are based outside
the U.S. In the U.S., by contrast, independent pharmaceutical
CMOs have nearly vanished.
Many of the acquiring firms are European, which is not
surprising given that contract pharmaceutical chemical
production was pioneered by family-owned European
companies such as Fabbrica Italiana Sintetici and Olon
in Italy and Hovione in Portugal. The largest early player,
Switzerland’s Lonza, remains dominant.
“Who’s left?” asks James Bruno, president of Chemical
& Pharmaceutical Solutions, a consulting firm serving the
sector. Watching the nonstop activity in the U.S. and
Canada over the past five years, he saw financial buyers
and diversified service firms competing to pay top dollar
for U.S. operations. The activity was fueled by a long
stretch of profitability in the business.
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Many others are being integrated into comprehensive
service organizations in new roles that are likely to impact
how they do business. In some cases, the U.S. operation
becomes the front end, offering process design and smallscale manufacturing for projects that are transferred to
other divisions for subsequent work.
A typical example is Ricerca, which the Italian firm Olon
bought last year to gain a pipeline of early-stage projects
from U.S. biotech firms. “It gives them an opportunity to
take in projects early on that they wouldn’t normally have
done if it was just Olon alone,” Bruno says.
The problem is that a small specialist risks losing customer
focus when it becomes part of a chain of services. “Little guys
suffer,” Bruno says, “because they go into a big company and
they are a little bit of a lost number, all the way in the back
some place.”
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Guy Villax, CEO of Hovione, attributes the sweep-up of U.S.
firms to the sector maturing during a boom. The CMO market,
according to Villax, heated up incredibly in recent years with
Lonza’s acquisition of Capsugel, and initial public offerings
by Patheon, following its merger with DSM’s pharmaceutical
chemicals operation, and Catalent.

The handful of independent players remaining tend to
highlight a customer-focused business model similar to the
one Major touted as the basis for CML. They claim a higher
level of responsiveness than U.S. operations that are part of
widely dispersed service giants. They also regularly field calls
from interested buyers.

“These three things created a sector that has attractive
multiples,” Villax says, referring to the ratio of the amount a
buyer pays to the earnings of the acquired firm. A “massive
string” of deals followed. Active pharmaceutical ingredient
makers in the U.S. became prime targets for overseas
companies like Novacap, SK, and Porton that were interested
in a piece of the action.

“People call all the time,” says Louis Glunz, CEO of Morton
Grove, Ill.-based Regis Technologies, a family-owned business.
“But I’m quite happy owning the company.” Regis already has
the U.S. location that overseas conglomerates covet, and it’s
succeeding with a business model of R&D services in support
of manufacturing, Glunz says.

“I think everybody agrees you now have a genuine sector
being built,” Villax says, with “lots of money pouring in.”
Several of the targets were small, midwestern companies
launched by entrepreneurs with chemistry backgrounds
looking to take advantage of the fast-growing outsourcing
market. One of those entrepreneurs was Michael Major, who
launched Cambridge Major Laboratories (CML) in 1999 in
Germantown, Wis.
“I went into it because of my love of science and research,”
says Major, who describes himself as a dyed-in-the-wool
chemist. Success would hinge on solving process design and
manufacturing problems by working closely with customers.
Remaining independent was important.
By 2007, CML’s annual sales had reached $20 million, and
Major and his partner determined that further growth meant
becoming a “full service” contracting firm. Planning to add
formulation and regulatory consulting, Major sold a majority
interest in the company to Arlington Capital Partners to
access financial resources.
Major left the company shortly after that, and CML was sold
to another financial buyer that merged it with AAIPharma
Services, an analytical services firm in Wilmington, N.C.,
forming Alcami in 2013. Amid rumors of difficulties melding
the two pieces together, Alcami was sold to another financial
buyer this summer.
Ampac Fine Chemicals, on the other hand, emerged from
a diversified corporation, American Pacific, and established
itself as a specialist in simulated moving bed separations. In
2010, it acquired a fine chemicals plant in La Porte, Texas, and
in 2016, it bought a Boehringer Ingelheim plant in Petersburg,
Va. Ampac’s purchase by SK Holdings this year places it in a
more comprehensive and global organization, according to
Ampac CEO Aslam Malik.
Malik, who will remain at the helm of Ampac, says the
diversified South Korean company operates on four “pillars”:
chemistry, energy, semiconductors, and pharmaceuticals.
Ampac will join SK Biotek to compose the pharmaceutical
pillar.
“What this means is that now we belong to a family, and in
the family we have a sister,” Malik says. “We want to see what
we can offer customers on our own, but we also see a lot
of synergies.” It is possible now, he says, for SK to work on
starting materials in South Korea, transfer them to Ampac for
advanced chemistry, and then move the work to SK’s Swords,
Ireland, plant, which SK recently purchased from Bristol-Myers
Squibb, for downstream services.
“But it’s customer first,” Malik says. “If the customer doesn’t
want us to do synergies, we won’t.”
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The evolution of Regis’s competition from small to large
poses little threat, according to Glunz. “It’s not like someone’s
cornered the market on the raw material for something like
steel,” he says. There is demand for Regis’s approach to
chemistry services. He is expanding staff and finding a lot of
talented chemists on the job market.
Joseph Miller, who recently joined Regis as vice president
of chemistry and strategy after working at Patheon, says
employee motivation and morale tend to be higher at small,
independent firms. Top management is also more likely to be
regularly involved in projects, which is appealing to Regis’s
customers, most of which are located in the U.S.
“At small companies, workers know that what they do impacts
the bottom line,” Miller says. “At larger companies, it’s hard to
understand that.”
Bhaskar Venepalli is CEO of CiVentiChem, a Cary, N.C.-based
CMO that also operates a facility in India. The company is
doing well, he says, and next year will add a new clinicalscale plant in Cary certified to the U.S. Food & Drug
Administration’s current Good Manufacturing Practices quality
standard.
Recent acquisitions in the U.S. support the contention that
European companies are interested in a U.S. footprint,
Venepalli says, especially when it comes with a pipeline of
early-stage projects. He points to Novacap, which over the
past 10 years has amassed a European CMO business with the
acquisitions of Chemie Uetikon in Germany and PCAS outside
Paris. Novacap’s recent acquisition of PCI in Newburyport,
Mass., fits the model perfectly, he says.
Prospective buyers have contacted Venepalli expressing an
interest in CiVentiChem. As for his interest in selling: “Who
knows? Everything is for sale,” he quips. “What I find mind
boggling is, Where is the money coming from?”
Sources agree that companies have plenty of money to
invest and that the venture capital market still sees the CMO
business as primed for growth.
Industry watchers such as Major are even enthusiastic about
the prospect of entrepreneurs launching new companies. But
an investment in a start-up has a much longer payback cycle
than one in an acquisition, and venture capitalists may not
want to wait the five years it could take for a new plant to post
a return on investment.
Bruno says he hears a lot of discussion about new ventures.
“People talk to me all the time,” he says. “I know the rumblings
are there.” Bruno says speculators point to a shift in the
pharmaceutical business away from so-called blockbusters
to rare disease treatments, personalized medicines, and highpotency therapies, all of which require high-tech chemistry
and manufacturing services.
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Could an entrepreneur succeed in launching a U.S. firm that
serves the chemistry needs of small companies conducting
drug discovery and development? “Absolutely,” Bruno says.
“But I just don’t think we’d have the financial backing and the
right market to do that.”
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M&A in pharma and
CRO/CMO industry
Experts explain how to turn challenges caused by consolidation
into new business opportunities.

Recently, the pharmaceutical contract development and
manufacturing organization (CDMO) industry has been
extremely active in M&A, as is the pharma and generics
industry itself. The recent acquisitions of Capsugel by
Lonza and of Patheon by Thermo Fisher Scientific constitute
only the tip of the iceberg of the rising M&A activity in the
CDMO industry.

We wanted to know: “What current market developments
are most challenging for Pharma CDMOs and how can they
tackle them?”

Amid consolidation, the industry thrives. There continues
to be a demand for contractors that offer full service
manufacturing, but industry expectations for such suppliers
are evolving. In recent years, many drug companies have
tried to reduce the number of suppliers they work with,
forming strategic partnerships with contractors that offer
a broad range of services. The aim is to speed up time-tomarket, increase efficiency, and minimize oversight burden.

There have certainly been years when conditions are
better or worse but innovative, flexible, customer focused
organizations that operate at the highest quality level in a
price competitive market are likely to succeed.

While this trend continues, other factors such as the
increasing quality expectation from customers and
authorities and the demand for traceability have emerged,
influencing the range of capabilities that a full-service
contractor is expected to provide. Further, pricing pressures
(particularly in the generics sector), the advent of new
production technologies, and the entrance of new players
are changing the market dynamics and put even more
pressure on CDMOs, worsening also the overcapacity
problem. CHEManager International asked executives
and opinion leaders in the chemical and pharmaceutical
market to share their experience and advice.
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Big Pharma continues to
consolidate supplier lists

The small molecule CDMO market continues to grow for
perhaps the most sustained period since the 1980s and
90s. In such periods it is normal to anticipate the onset of a
downturn; however, there is no sign of that, but key factors,
such as the number of NCEs approved, related investment
in clinical development, and propensity to outsource could
change. Competition among CDMOs is always increasing
and at Cambrex we believe that we need to maintain a
leadership position by ensuring the highest quality, and
making a difference with our customer service, innovation
and delivery. Our experts really make the difference.
Big Pharma continues to consolidate preferred supplier
lists which can mean a CDMO finds itself excluded from a
particular customer for years. However, CDMOs are not in a
position to be a preferred supplier to more than just a few

Market & Outsourcing Trends
Big Pharma companies, otherwise the volume can be too
high. Also, the supplier lists change. The customers find that
there is a technology its suppliers cannot provide or they are
operating at full capacity and cannot meet a new deadline,
this is when new suppliers have the opportunity to break in.
It is not really any different to winning any new customer.
But tenacity and patience are key during the years you are
somewhat frozen out.
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A wide spectrum
of contract services
Is the end-to-end service model the way of the future for CDMOs?

With its pending $425 million acquisition of Halo
Pharmaceuticals, Cambrex joins other contract providers
that have used acquisitions in recent years to build end-toend service models that provide both active pharmaceutical
ingredients (API) and drug-product development and
manufacturing, including Lonza, Catalent, Patheon, and
Alcami among others.
By inking the acquisition of Halo Pharma, a Whippany,
New Jersey-headquartered contract development and
manufacturing organization (CDMO), Cambrex, a contract
manufacturing organization (CMO) of small molecule
APIs and intermediates, will enter the finished-dosage
form CDMO market. Halo Pharma provides drug-product
development and commercial manufacturing services,
specializing in oral solids, liquids, creams, sterile, and
non-sterile ointments.
“This acquisition opens a completely new segment of
the market for Cambrex in finished dose development
and manufacturing,” said Steve Klosk, President and
Chief Executive Officer of Cambrex in a July 23, 2018
statement, in commenting on the acquisition. “Halo’s
expertise in oral solids, liquids, creams and ointments
fits well with our small molecule API business and
brings a substantial new customer base and pipeline
of small molecule products.”
Halo Pharma operates two GMP-compliant facilities
located in Whippany, New Jersey and Montreal, Québec,
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Canada. Completion of the transaction is subject to
customary closing conditions and is expected to occur
during the third quarter of 2018.

Company on the move
The pending addition of Halo follows a series of investments
by Cambrex in its small molecule API capacity and
capabilities. In June, the company announced plans to
expand research and development (R&D) capabilities at
its site in Paullo, Milan, Italy. The company is investing to
construct a new R&D laboratory and recruit additional
scientists to increase the number of generic APIs in the
company’s development portfolio. Cambrex currently
manufactures over 70 generic APIs. The company also
installed a new pilot plant at the Milan site in 2017.
In May, the company announced plans to begin a $5 million
expansion of laboratory facilities at its site in Karlskoga,
Sweden. In 2017, Cambrex upgraded its continuous-flow
capabilities in Karlskoga with a dedicated commercial-scale
unit that is capable of producing multiple metric tons of
high-purity API intermediates per year, and it installed new,
large-scale manufacturing capacity at Karlskoga.
Cambrex is also making other investments as part of its
strategic plan to increase its development capacity and
resources in North America. The company is progressing a
new $24 million facility for manufacturing highly potent APIs

Market & Outsourcing Trends
at its site in Charles City, Iowa. The project will also see the
reconfiguration of an existing small-scale manufacturing area
to provide a single high-containment building to support
early-stage development and manufacturing. In January,
Cambrex announced an investment to expand chemical
and analytical development capabilities at its Charles City site.
In 2017, Cambrex completed expansions of cGMP small-scale
capacity and large-scale manufacturing capabilities at its
Charles City site, which followed the opening of a $50 million
multi-purpose manufacturing facility there in 2016.
Earlier in 2018, the company completed a pilot-plant
expansion at its facility in High Point, North Carolina with
the installation and commissioning of a fourth reactor suite,
upgraded the site’s analytical chromatography data systems
for quality control and analytical R&D, and completed the
installation of multiple continuous flow reactor platforms.
Cambrex gained the High Point site, through its acquisition
of PharmaCore, in 2016. At the facility, Cambrex produces
APIs and intermediates in batch sizes from milligrams to
100 kg to support clinical trials from Phase I to Phase III.
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Pharmaceutical industry
outlook is optimistic
Market trends in the pharmaceutical industry are favorable despite the
pressure on drug prices, experts say.

“In our field of drug substance development, outsourcing
to contract research and manufacturing organizations is on
the rise at 9%/year,” says Ross Burn, CEO, CatSci (Cardiff,
Wales, United Kingdom).
Other producers agree. “We have seen contract
manufacturing organizations (CMOs) experiencing increased
demand for their services, brought about by a combination
of a healthy development pipeline of small molecule drugs
and FDA approvals,” says Matthew Moorcroft, VP, global
marketing & intelligence at Cambrex (East Rutherford,
New Jersey). “From a small molecule perspective, the market
is positive. We can be even more bullish and say that we
are witnessing the fastest growing small molecule clinical
pipeline reported in the last 20 years, with more small
molecules in phases I, II, and III than ever before,” he adds.
Other positive factors that are supporting the optimistic
mood include more frequent FDA approvals, growing
demand for orphan drugs for rare-to-treat diseases, an aging
population, and increased levels of health-care spending,
according to CatSci. In addition, high levels of investment
through venture capital and IPOs in the biotechnology sector
will ensure that there are sufficient funds to develop new
drugs by small- and medium-sized enterprises, according
to Burn.
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Reshoring with emphasis
on quality rather than price
In addition, the market is also experiencing tailwinds
that include the reshoring from low-cost countries with
customers seeking quality and security of supply over price,
Moorcroft says. The onshoring trend “is being driven by a
number of factors, of which quality is the most significant,”
says Robert MacLeod, CEO, Johnson Matthey (JM).
JM also expects to see growing demand for its custom
pharma solutions, which is providing contract development
and manufacturing solutions to pharma companies. “This
demand is being driven by the continued trend towards
outsourcing, especially to service providers based in Europe
and the United States,” MacLeod says.
The trend towards niche products is expected to continue
with much of the early innovation remaining with the biotech
industry, according to JM. Demand for early and mid-phase
clinical services will remain strong, as these companies
develop therapies targeted toward niche applications.
“We will then see a lot of these assets licensed or sold to
large pharma,” says MacLeod. “Having capabilities to support
early innovation is essential, but having the breadth of
capability and global reach to support the eventual owners
of these developing products is also necessary,” he says.
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JM says that it expects to see continued focus on particle
engineering and solid-form services. The boundary
between primary and secondary manufacture is becoming
blurred, and producing actives in the right physical form
for the required pharmacokinetic profile and dose form is
becoming essential, according to JM. Cambrex expanded
its offering to include formulation development and
finished dosage manufacturing with the acquisition of
Halo Pharma in July. “Once the acquisition has closed, we
will integrate the new business into the existing Cambrex
network to create a leading small molecule CDMO [contract
development and manufacturing organization], with both
API [active pharmaceutical ingredients] and finished dosage
capabilities,” says Moorcroft.

seem to be about increasing collaboration, and sharing
risk and knowledge as ways to increase their chances
of success, according to Cambrex. “I also think the term
blockbuster needs to be reinvented for today’s vernacular,”
says Moorcroft. “The phrase is largely a throwback to
the 1990s referring to drugs intended for larger patient
populations. Some even go further to say that they could
also be described [as] overprescribed drugs that didn’t really
work well for the majority of patients who took them. Today,
blockbusters can be created in smaller and smaller patient
populations. Drugs approved in orphan indications that are
breakthrough therapies or that fulfil an unmet need have as
much chance of earning multi-billion dollar revenues as their
1990 counterparts,” he says.

Therapies are becoming increasingly more targeted and
effective, but along with this they are inevitably more potent,
according to JM. “Consequently we see significant demand
for high-containment manufacturing,” says MacLeod. JM
has an extensive background in controlled substances,
many of which are highly potent, so the company believes
it is well placed to use its expertise in high-containment
manufacturing. Cambrex paints a similar picture. Driven
by new drug approvals, there has been a growth of
chemistry involving highly potent molecules, the company
says. Cambrex has invested $24 million in a facility for the
manufacture of highly potent APIs at Charles City, Iowa.

But whatever the terminology, suppliers note it would be
foolish to write off big pharmaceutical companies. “They
are staffed with the best scientists with the most resources
at their disposal, so innovation is [almost] inevitable,” says
Moorcroft. They will always be at the forefront of developing
new types of treatment, identifying and exploiting new
targets, and innovating new ways to deliver treatment to
patients, he says.

For Cambrex and other manufacturers looking to capitalize
on this opportunity, the challenge is having the right capacity
and expertise available to meet the demands of the market.
Cambrex has invested more than $260 million in its facilities
since 2012 to meet demand. “The need for specialists and
experts is as important now as ever,” Moorcroft says.
Merely being a company with idle “capacity for hire” is not an
option, and it is crucial to invest in the right type of facilities
and technologies, he says. “Recruitment and retention of
excellent people, are the lifeblood of the company,” says
Burn, is a continuing challenge for companies like CatSci.
“Being able to expand capacity whilst ensuring technical
quality and customer service are maintained or improved,
in order to deal with the increased demand from customers,”
are challenges being faced by CatSci. “Convincing
prospective customers that it is essential to invest earlier
in appropriate manufacturing process development to
ensure that future supply is de-risked, efficient, and supplied
on time to the desired quality targets [is also a challenge],”
says Burn.
Many industry observers have pondered where the next
“blockbuster” drug, with annual sales in excess of $1 billion,
will come from. “There is a significant unmet need in many
patient populations,” Burn says. “Pharmaceuticals in general
are expected to deliver effective treatments that are truly
innovative or disease-modifying that affect the underlying
pathophysiology of the disease.” Big pharma is collaborating
and acquiring in order to both share risk and to enhance its
pipeline, according to CatSci. “But their expectations will be
to have significant peak annual sales above $1 billion for the
majority of their products,” Burn says. There will likely be
only a few emerging pharma companies that will develop
such products alone. “Most will inevitably co-develop to
a greater or lesser extent, [given] the total estimated cost
of developing a new drug [and bringing it] to market of
approximately $800 million,” says Burn.
While many will debate whether or not big pharma has lost
the ability to develop blockbusters, the solutions always
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It should also be noted that there has been a large increase
in the number of novel therapeutics being developed at
smaller and virtual pharma. “This has been fascinating to
watch, and casting your eye over the last few years, they are
actually outpacing their big pharma counterparts in terms of
new drug approvals,” he adds.
Cambrex anticipates seeing more clinical trials and drug
approvals being conducted outside of big pharma.
“Interestingly, despite the repatriation of the API supply
business to the west, we see an increasing trend for very
early stage pre-clinical development going on in Asia,
specifically China, as big pharma outsources more of its
discovery R&D,” Moorcroft says. “From the commercial and
distribution side of things, we have heard about the potential
shake-up to the wholesaler model, with established suppliers
such as CVS, AmerisourceBergen, and McKesson, with new
entrants such as Amazon, that will further put downward
pressures on drug pricing,” he adds.

FDA is limiting step in approval
of generics
The US FDA has been encouraging the development and
application of viable generics, particularly as a way of
curbing the price of certain products. The FDA has long
had the arduous task of dealing with the surge in generic
approvals, and has ultimately become the rate-limiting-step,
according to Moorcroft. Since the introduction of the Generic
Drug User Fee Amendments, progress has been made
with new abbreviated new drug applications (ANDAs) and
increasing the rates of approval in a more timely fashion, but
despite these efforts, the backlog of applications remains,
according to Cambrex.
“Generally speaking, when drugs lose patent protection
and generic competition ensues, whether that is four or
seven competitors, there is usually enough competition to
drive down price. All the FDA and other agencies can do
is approve products. They don’t set price,” says Moorcroft.
What the FDA may increasingly need to focus on is
approving generics where there are no existing ANDAs or
where there is a shortage of product. “That said the question
remains: is it willing to shorten the approval time and what
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documentation is needed?” Moorcroft asks. From a
CatSci perspective, the trend towards generics creates
opportunity. “Generic drugs require even more focus
on drug substance cost of goods, so development and
exploitation of cost-effective, environmentally sustainable
manufacturing processes will be vital, says Burn.
The drug development process is being streamlined in an
attempt to reduce development cost, Burn says. Large,
mid-sized, and emerging pharma companies are seeking
to minimize internal R&D headcount and costs. One way in
which they are addressing this is by outsourcing. “Increased
outsourcing of high-quality process R&D, in order to meet
the demands of both capacity and capability, [is a result
of] pressure on internal headcount [and other] resources,”
Burn says. “We see a significant strengthening in demand
for outsourcing pharmaceutical development,” says Burn.
There is also an increased need for high quality process
R&D at contract research organizations, along with a
lack of development capability at CDMOs, he says. More
collaboration is also being undertaken in an effort to share
risk, to improve pipelines, and to reduce cost, according to
CatSci. Many emerging pharmaceutical companies, which
account for up approximately 70% of the potential candidate
drugs in development, have a dearth of internal resources
to be able to do drug development, according to CatSci.
“We partner with them to provide access to our big pharma
knowledge, expertise, experience, and resources to help
them create cutting-edge therapeutics,” says Burn.
In addition to its assets in the United States and Europe,
JM also has pharmaceutical assets in Yantai, China and
catalyst manufacturing in Shanghai, China and Taloja, India.
“It is important to be able to service local markets,” says
MacLeod. “Our pharmaceutical customers expect us to be
competitive with our processes, so we use our Yantai facility
to prepare starting materials for our US and European good
manufacturing practice assets. Our customers expect JM to
operate with a global asset base that can provide the most
effective solutions to their specific geographic and economic
requirements,” he says.
The outlook for the pharmaceutical industry is also positive.
“Whilst historians of the fine chemical business will remind
us about industry cycles and how a fall-off in the number
of new chemical entities approved or related investment in
clinical development could alter this outsourcing dynamic,
the more forward-looking CMOs will be planning ahead,”
says Moorcroft.
JM says it remains positive about prospects in pharma.
“There are a number of emerging trends, such as the
development of companion diagnostics, and personalization
of medication that will over time radically change
the demands for how products are developed and
manufactured,” says MacLeod. “The time frames required
will continue to shorten and the technology and assets
required may be quite different in the future, if areas such as
continuous manufacturing come of age,” he says. Cambrex
says that it has invested in continuous flow technology
across its facilities so that reactions that might be difficult
to perform for safety or economic reasons can be handled
efficiently at a variety of scales. CatSci says that it expects to
see lots of acquisitions of commercial pharma with emerging
pharma to boost pipelines and increase the probability of
getting drugs to patients in need. Companies will continue
to strike a balance between diversity of product pipeline
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and focus on specific expertise. These needs will see
companies making acquisitions or hiving off business
units or therapy areas.
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Focusing on pharma

Simon Edwards has almost 30 years of experience in business
development roles in the pharmaceutical intermediate and API market.

How or why did you become a part
of the specialty chemical industry?
After graduating university in the UK as an organic chemist,
I spent three years in process development and clinical
supply at GSK before joining International Biosynthetics as
a business development manager. The driver for the move
was to get into a business role while using my chemistry
knowledge. That was all back in the 1980s, but that was
when I became involved in fine chemicals, supplying not only
the pharmaceutical industry but agrochemical, photographic
and other less well-known industries such as u.v. curing. In
the 1990s I started to specialize in pharma and moved to the
U.S. in 1997 to work exclusively on custom development and
manufacturing for the pharmaceutical industry.

What are the market drivers that
make specialties attractive?
Cambrex is focused entirely on small molecules for the
pharmaceutical industry. In 2017 the FDA approved the
highest number of small molecule new molecular entities
(34) in the last decade. There now exists the fastest
growing and largest small molecule clinical pipeline in
the last 20 years with more small molecules in clinical
Phase I, II and III. We are also seeing the outsourcing trend
of pharmaceutical companies continue to increase while
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also favoring well-established, high-quality western suppliers
that can offer security of supply. This is particularly the case
in the U.S. where the growing pipeline described above is
increasingly dominated by small to mid-size pharma that
do not manufacture in-house at all. These are some of
the key drivers that make the market attractive today.
The market does remain almost as fragmented, and
competition is strong. The other thing that does not change
is that the world population is always growing, and they all
need medicine, so the growth in demand is always there.

What do you think are the most
pressing challenges facing the
industry and the pharma sector
in particular?
Given these trends, the major challenge facing the industry
in the U.S. is having the right capacity to meet demands.
Cambrex invested $260 million in facility expansions,
equipment, technology and EHS upgrades to ensure these
needs can be met while also ensuring standards in quality
and customer service are enhanced. Perhaps the key
challenge is characterized by the phrase, “the right capacity.”
For example, to operate in highly potent technology one
needs to be able to handle the ultra-potent that might
require small scale, in the 20-150 liter range while others
will require 500 gallon scale or even more. This same
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uncertainty in volume can also apply to any new product
as forecast demand prior to launch very rarely matches the
actual post launch. As a supplier you must have the flexibility
to deal with either the disappointment of lower demand or
an unexpected higher demand. Having capabilities across
a range of scale and to have available capacity is always
the challenge.

As a Vice President of Global Sales
and Business Development, what
are some of the historical trends
you have seen during your time
in the industry, and how are they
manifesting themselves today?
Cambrex presented the history of the contract
manufacturing organization (CMO) industry from 1975 to
date in a webinar back in 2016. After interviewing industry
veterans, we came to view the history in four stages, which
we referred to as the Early Years, Growth Years, Competitive
Years and Resurgent years. The early years describe the
birth of the industry, characterized by the beginning of
the blockbuster drug era and the consequent need for
pharmaceutical companies to outsource specifically difficult
to handle reagents. The growth years describes the raceto-the-top as the blockbuster era got into full swing, R&D
expenditure ballooned, and efficiencies resulted in a thriving
rate of new chemical entities (NCEs). CMOs had to develop
their GMP quality systems quickly and significantly to meet
the demand and shift from single step, difficult reagent
products to multi-step advanced intermediates or even
API. The competitive years, the race-to-the-bottom, were
characterized by the downturn in the number of NCEs,
which coincided with major patent expiries and the drive
for pharmaceutical companies to cut costs. The gold rush
moved from the West to the East as Indian and later Chinese
suppliers entered the market with excess capacity. Then
came the resurgent years, the 2010s, which have seen us
come almost full circle. NCEs are back to all-time highs and
pharmaceutical companies looking to outsource not only
to high-quality suppliers but to those that can offer new
technologies for which they have no desire to invest in inhouse facilities.

What’s one big trend you are
watching?
As a supplier to the pharmaceutical industry you cannot
get away from constant monitoring of the clinical pipeline.
The need to introduce new technologies and capabilities
to ensure innovative solutions is also important. There is
also a trend towards smaller API volumes, so it is difficult
to pick out one trend to follow because you must take all
of these and more into account. One thing that is providing
some interest, however, is the drift into the one-stop-shop
approach of some suppliers. We are watching that to
determine whether there is true value to the customers
or not.
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A formula for growth

A leading manufacturer of small molecule innovator and generic
APIs, Cambrex was awarded across all six categories at the 2018
CMO Leadership Awards.
Simon Edwards, vice president of Global Sales and Business
Development, tells Speciality Chemicals Magazine about the
company’s success.

What are the drivers behind
Cambrex’s success?

For the fourth year running, Cambrex has been recognised
at the Outsourced Pharma awards ceremony held in
New York on 21 March. This year, it won in all six categories:
capabilities, compatibility, service, expertise, quality and
reliability. Its people matter, too; company individuals
received awards for accessible senior management
and strength of science, among its other accolades in
innovation, on-time reputation, ‘right first time’ and
state-of-the-art.

Our ambition is to become the number one small molecule
contract manufacturing organisation (CMO) in the
pharmaceutical industry. Cambrex is almost unique within
the leading global CMOs in its approach to focus solely upon
small molecule chemical development and manufacture.
With development and manufacturing sites across Europe
and North America, we serve the pharmaceutical industry
through an end-to-end partnership for the research,
development and manufacture of small molecule APIs at
every stage of the lifecycle to a broad base of both innovator
and generic customers.

“The awards are in recognition of the highest level of
accomplishment that drug development and manufacturing
organisations have attained in serving the needs of their
biotechnology and pharmaceutical customers and
partners,” says Louis Garguilo, chief editor and conference
chair of Outsourced Pharma. “They are especially
meaningful because recipients are only evaluated by
the customers they have actually worked with… An award
in any of these categories adds to the distinction and
reputation of CMOs throughout the global drug discovery,
development, manufacturing and marketing industries.”

Congratulations on your awards!

Page 68

A formula for growth

Back to Contents

Through constantly listening to our customers as well as
researching the needs of the small molecule market, our
investments in key technologies and assets have resulted in
our extraordinary growth over the past decade.

What are the advantages of
outsourcing?
For a pharmaceutical company developing a drug, using a
CMO or CDMO allows access to expertise, technologies and
manufacturing capacity that is often not available in house.
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This could be to overcome a single, technical challenge
where an external company may have that expertise or
allow multiple projects to be progressed simultaneously,
without committing resources through hiring or investing
in infrastructure.
We are increasingly seeing pharmaceutical companies
moving from a fixed cost to a variable cost business model,
which is ideally suited to outsourcing. Additionally, in some
cases, customers may use a CMO to access a manufacturing
footprint in geographies that align with an intended drug
launch, or to access its proven quality and regulatory
framework to ensure supply chain security.
In other instances, customers may wish to utilise the
experience of a CMO in commercial drug launches and
this is particularly the case with emerging and small
pharmaceutical companies that may require a greater level
of support in terms of technical and production expertise.

Can you tell me about your recent
developments/innovation?
Cambrex has invested heavily in its sites across the globe,
to increase the capacity and capabilities of each. To meet
growing demand from clients, brought about in part by
continued FDA acceptance of new drugs, and the reshoring
of projects from manufacturers in India and China, it is
important for CMOs to have available capacity, but most
importantly, the right capacity. Contract manufacturing is
notoriously difficult to predict and investment in the wrong
capacity not only costs money, but finding projects to fill
these assets can be a lengthy exercise. Finding the balance is
crucial and, as such, Cambrex has looked into historic market
trends and spent time analysing the current pipeline of drugs
in order to assess what the future market demands could be.
It is this data that has assisted the company in determining
its investment strategy going forward.
Since 2012, we have invested around US$200 million on our
manufacturing infrastructure. Our principle manufacturing
site in North America, located in Charles City, Iowa, has seen
the addition of a new, 7,500 sq. ft. facility, which was opened
in 2016, and we have worked to build a state of the art,
4,500 sq. ft., highly potent production area, which will
operate to an occupational exposure limit (OEL) down to
0.1 µg/m3 and have a total reactor capacity of 2,200 gallons –
suitable for manufacturing batches from 50-300kg.
In 2017, we completed the installation of new, large-scale
manufacturing capacity at our cGMP facility in Karlskoga,
Sweden and we also undertook a multi-year construction
project to increase the site’s wastewater processing
capabilities. The expansion included the installation of
various multi-purpose reactors, ranging from 4m3 to 12m3
in size, in addition to a 9m3 hydrogenation reactor.
In addition to the capacity investment at the Karlskoga site,
we have introduced a dedicated continuous flow production
unit, capable of producing multiple tonnes/year of high
purity intermediates.
In 2017, we also started construction of the new wastewater
treatment plant to support the expansion and improve
existing biological processes. It is being phased over a
three-year period. The 30.5M SEK (US$3.5 million)
investment will process over 4,000m3 of water each
day and handle variations in the composition of effluent.
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When completed, the facility will reduce the emission of
nitrogen, total organic compounds and suspended material,
improving the site’s environmental footprint.

What do you predict will be the
major trends for the speciality
chemicals industry over the
next decade?
Small molecules continue to dominate in the pharmaceutical
market, with the FDA approving 34 small molecule new
molecular entities (NMEs) in 2017, which is the highest
number in the last decade. There now exists the fastest
growing small molecule clinical pipeline reported in the last
20 years, with more small molecules in phases I, II and III
than ever before.
However, the volume demanded of each API is declining,
with many new chemical entities (NCEs) forecast to reach
volumes in the region of tens of tonnes, rather than in
the blockbuster era, where the volumes were hundreds
of tonnes.
APIs are becoming more complex and the rise of highly
potent APIs – especially, but not exclusively, within
the oncology field – has given rise to the growth of
manufacturing facilities with specialised handling.
This growth looks set to continue as many of the APIs
that were the first to be designated as highly potent reach
the limits of patent protection and the drugs come under
competition from generic manufacturers.
Small molecule API manufacturing is still widely outsourced
and many pharma companies who saw the attraction of
low-cost providers in countries such as India and China as
beneficial in the earlier parts of the century have moved
away from that strategy. The reshoring of projects back
to traditional, western CMOs is now under way. With this
growth of the market, CMOs face the challenge of standing
out among the competition and ensuring that the services
they offer match the need of the clients. This is more
than being seen as ‘capacity for hire’, but with a focus on
quality and culture, backed up by efficiency, investment in
technologies and speciality capabilities, customer service
and on-going innovation to promote long-term relationships.
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Make China great again

China is on course to reclaim its historical position as the world’s largest
economy by 2050. But the Chinese government, not satisfied with this
trajectory, wants to modernize its economy and occupy the highest
parts of global production chains – including pharma – much sooner.
Will “Made in China 2025” succeed?
We speak with industry insiders, consultants and academics
to find out where The Red Dragon is headed – and what
non-Chinese pharma companies need to know.
Taking a long-view of history, China’s current economic
standing, relative to other countries, is an aberration.
For most of recorded history, China has accounted for
around 30 percent of the world population and 40 percent
of world GDP. Indeed, as late as 1820, China’s share of
global GDP was greater than Western Europe, Eastern
Europe, and the United States combined (1).
As Henry Kissinger notes in “On China,” Western observers
encountering China in the early-modern era were stunned
by its material prosperity. In the 1760s, French political
economist Francois Quesnay said, “[N]o one can deny this
state is the most beautiful in the world, the most densely
populated, and the most flourishing kingdom known”
(1). As Kissinger points out, although China traded with
foreigners and occasionally adopted ideas and inventions
abroad, it often believed that the most valuable intellectual
achievements were to be found within its borders. They
had a point. For most of history, Chinese technological
achievements matched their Western European, Indian and
Arab counterparts, and prior to the industrial revolution,
China was for centuries the world’s most productive
economy. But as Europe developed railroads, steamboats,
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mining and agriculture during the 18th and 19th century,
China remained reluctant to embrace foreign innovations.
A “Great Divergence” followed – along with a rapid decline
of China’s global share of GDP.
But on its current trajectory, China will reclaim its historical
position as the world’s largest economy by 2050 –
accounting for around 20 percent of global GDP (2) and
rivaling the combined economic might of the US and the
EU27. Gone are the days when China looked upon Western
technological and economic achievements with disdain.
Today, the Chinese government seeks to emulate their
successes – even copying foreign methods and institutions.

Trade wars
The United States’ trade deficit with China has become a
significant issue for President Trump’s Administration. In
March 2018, Trump unveiled plans for a 25 percent tariff
on steel imports and a 10 percent charge on aluminum.
The move followed forced technology transfer and IP
misappropriation claims in a “Section 301” proceeding –
which, under the Trade Act of 1974, requires the United
States Trade Representative to take action in response to
a foreign government’s violation of a trade agreement –
initiated in August 2017. “The technology transfer issue was
part of the negotiation of China’s accession to the WTO
in the late 1990s, and it has continued to be an issue since
then,” says Abbott.
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In May 2018, the trade war was put on hold while the two
countries sought an agreement. According to the joint
statement, “Both sides attach paramount importance to
intellectual property protections, and agreed to strengthen
cooperation. China will advance relevant amendments to
its laws and regulations in this area, including the Patent
Law.” However, in June 2018, Trump decided to push on with
plans to impose tariffs. The tariffs target mainly Chinese
industrial machinery, aerospace parts and communications
technology; but pharmaceuticals were removed from the
original tariff list.
“Current US trade policy designed to slow down China’s
technological advance seems designed to reinforce the need
for China to concentrate on the development of its own
technology and industrial capacity,” says Abbott. “It is odd
that the US administration has ‘Made in USA’ as a central
policy theme, yet in the same breath it is complaining about
China’s policy. How do you square that?”
Chow argues that the US might be able to effect change
in China’s technology transfer regime, but he does not
agree with the current approach taken by the Trump
Administration. “A more effective approach is through
the use of regional treaties, such as the Trans-Pacific
Partnership,” he says. “This has specific provisions prohibiting
some of China’s technology transfer laws. But the US
withdrew from the TPP…”

Made in China 2025
Made in China 2025 is the Chinese government’s plan to
create a “modern,” more globally competitive economy.
The idea is to transition away from “dated” industries, such
as coal and steel, to make way for higher value industries,
focused on science and innovation. Labor productivity is
several times lower in China than in industrial countries and
even some developing countries (2). Moreover, Chinese
enterprises use an average of just 19 industrial robots per
10,000 industry employees, compared to 531 in South Korea,
301 in Germany and 176 in the United States (2). China
seeks to change this by making use of production lines
and management processes based on modern information
technology and highly automated machines.
“Singapore, Japan, Korea, the US, Germany and Britain
have all implemented similar strategies in the past,” says
Diana Tan, General Manager of Kantar Health China, a global
healthcare consulting and research firm. Miao Wei, Minister of
Industry and Information technology (MITT) in the Chinese
government adds, “By 2025 [...] China will basically realize
industrialization nearly equal to the manufacturing abilities of
Germany and Japan at their early stages of industrialization,”
(3). According to Tan, Made in China is widely seen as being
modelled on German Industry 4.0 and other countries’
similar plans or blueprints. It will focus on:
• improving manufacturing innovation
• integrating technology and industry
• strengthening the industrial base
• fostering Chinese brands
• enforcing green manufacturing
• promoting breakthroughs in “10 key sectors”
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• advancing restructuring of the manufacturing sector
• promoting service-oriented manufacturing and
manufacturing-related service industries
• internationalizing manufacturing.
“The scope and the effort put into the strategy is quite
remarkable,” says Max Zenglein, researcher at the Mercator
Institute for China Studies. “Although the top down industrial
policy is nothing new to China, the complexity has greatly
increased. To reach its targets, the government is employing
a wide set of tools, including setting up massive funds and
supporting the build-up of a new environment for innovation
and industrial clusters. There are efforts to learn from past
failed experiences and attempts to reduce inefficiencies
in resources. In part, the effort also includes integrating
successful private companies to complement efforts by
state-owned companies.”
The state will play a significant role in Made in China 2025,
providing an overall framework, as well as financial and fiscal
tools, through the creation of manufacturing innovation
centers (15 by 2020 and 40 by 2025). “China is and will
be for the foreseeable future a state controlled economy,”
says Mark Wareing, Minister-Counsellor and Director,
Advanced Manufacturing, Innovation, Technology and
Transport at the UK Department for International Trade.
“There will be restructuring of old industries and investment
in modern industrial parks with incentives offered for
foreign investment, plus relaxation of company ownership
laws. This is already happening, not only in the Tier 1 cities,
but also in other, poorer areas. There is also the proposed
Greater Bay Area initiative, which will link the areas of the
Pearl River Delta with the entrepreneurial heartland of
Shenzhen and the financial might and logistics portal of
Hong Kong.”
One of the “10 key sectors” targeted by the Chinese
government is pharma and medical devices. China currently
has the second largest pharmaceutical market in world – only
the US is bigger. A clear goal is to make Chinese biopharma
companies more competitive, and to have Chinese firms
move up the value-added chain in production.
The Chinese pharma industry has seen rapid growth over the
past decade, with sales increasing from $26.2 billion in 2007
to $107.1 billion in 2015 (4) – something that Fadia Gadar,
VP Global Business Development at SGS, has witnessed
first-hand. “When I first visited China over a decade ago,
I would never have thought things could get to where they
are now,” she says. “Over the past three years, things have
begun to really change. For example, just a few years ago
you would barely see any foreign cars, now you see Hondas,
Toyotas, and, more recently, BMWs and Mercedes. And on
the business side, when you look at the qualifications of the
people we hire, in terms of their knowledge and ideas – it’s
very impressive.”
However, though pharmaceutical sales have rapidly
increased in China, research and development remains
relatively low: the ratio of R&D to sales was around
2.7 percent for most Chinese pharmaceutical companies
in 2012 – significantly lower than that of US counterparts
(ranging from 15–20 percent). Most Chinese firms, therefore,
engage in low-value-added activities, such as manufacturing,
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formulating, packaging and distributing generic products.
The sector also struggles with overproduction of certain
drugs. For example, in 2012 there were 1272 applications
of generic drugs, each of which was submitted by different
sponsors more than 20 times, accounting for 60.7 percent
of the total. And in 2014, the China Food and Drug
Administration (CFDA) released the first list of overproduced
drugs (more than 500): 34 categories of drugs were
manufactured by more than 500 pharmaceutical companies
in China, such as aspirin, ibuprofen, metronidazole and
norfloxacin. Overproduction has become a serious problem
for the Chinese pharmaceutical industry: manufacturers
rarely exceeded a single-digit profit margin, often failing
to make a profit entirely (5).
But the Chinese government is keen for things to change.
One big challenge is that R&D costs money – and most
generics companies in China’s fragmented market can’t
afford to invest. As of 2012, there were around 4500
domestic pharmaceutical manufacturers and 14,000
domestic pharmaceutical distributors in China, and more
than 70 percent of pharmaceutical manufacturers were
small-scale enterprises with less than 300 employees
and revenues of less than $3 million (5).

A regulatory revolution
To remedy the situation, the Chinese government will need
to promote stricter standards, which should price out smaller
companies, leading to consolidation and, thus, greater
economies of scale – which it is doing, largely based on
the US FDA model.
“They are following the FDA by the book – to show the rest
of the world that they are trustworthy,” says Gadar. Carolina
Ung, lecturer at the University of Macau, and co-author of a
paper looking at the obstacles and opportunities in Chinese
pharmaceutical innovation, cited above (5), believes that the
current reform of China’s regulatory system is a multifaceted
undertaking. “From the waves of new and revised policies
and regulations seen in the past years to the recent major
historical structural reforms of the regulatory system, it is
obvious that China is aiming to improve regulation efficiency
and consistency,” she says.
Frederick Abbott, Professor of International Law at
Florida State University, USA, and author of a WHO
report on Chinese policies to promote local production
of pharmaceutical products (6), believes China is making
substantial strides in improving the quality and safety
of the medicines it produces. “There has been a great
deal of attention on good manufacturing practices, new
mechanisms for medicines approvals (including allowing
transfers of marketing approvals between researcherapplicants and third-party producers), environmental
controls, recognition of foreign approvals, foreign investment
controls, competition law, IP, and so on.”
As Abbott’s report for the WHO shows, China’s
pharmaceutical industry developed when the country
was relatively isolated from international trade – and while
the economy was closed, regulation was not a priority.
“This left the regulatory framework with a lot of need
for improvement,” says Abbott. “But a lot has already
been accomplished.”
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A big change came with the 2010 revised edition of Good
Manufacturing Practice for Pharmaceutical Products.
According to the WHO report, “It was widely anticipated that
these strengthened GMP regulations would raise compliance
costs to the point where smaller and less well-capitalized
manufacturers would cease doing business.” In fact, Pharma
China estimated that over 1000 Chinese pharmaceutical
companies would be pushed out of business, while Chinese
experts predicted that compliance with the 2011 standards
would raise the cost of drug products by 30 percent (6).
Tan argues that regulations are rapidly evolving in other
areas. “One area is Generic Consistency Evaluation (GCE),
which has recently set higher standards for ingredients and
manufacturing processes,” she says. “Generic drugs will need
to show therapeutic equivalence in efficacy and safety to
their innovator counterparts, through bioequivalence testing.
Companies that comply with the new policy will benefit
from a lower tax burden of 15 percent (versus 25 percent).
What is essentially a quality initiative will also have an impact
on affordability and lowering the cost of healthcare in China
(premium pricing for off-patent drugs will be difficult
to justify.”

Warning leaders
China is in the process of overhauling its regulatory system
to bring its standards closer to those in the US and Europe,
but there is still a long way to go. Data published by the
FDA on inspections, warning letters and red lists (import
alerts) across the world gives an insight into the scale of
the challenge.
From 2016 onwards, China received the greatest number of
warning letters and red lists (refusing an inspection or gross
misconduct), of any country in the world (see Figure 1).
This may be a reflection of the dramatic pace at which the
Chinese pharmaceutical market has grown over the past five
years, as well as a decline in compliance. The figures also
demonstrate how globalization is forcing the FDA to spend
an increasing amount of time abroad. In fact, as of 2017, the
FDA is inspecting foreign and domestic drug facilities in
equal number (see Figure 3).
The figures also revealed that 88-100 percent of all foreign
drug manufacturing sites added to the FDA red list during
the five-year period (2013-2017), remained there as of June
2018 (see Figure 4). This suggests that is takes a significant
amount of time and effort to “de-list” and the vast majority
of firms are not managing it. Of those 191 sites still on the red
list, 88 were in China and 54 in India, collectively contributing
74 percent of the total import alerts.
Overall, these findings suggest that Chinese (and Indian)
pharmaceutical producers still have a long way to go, with
more stringent quality controls, more rigorous monitoring
and documentation needed.

( Source: FDA, “Import Alerts," (2018). Available at:
bit.ly/2KWowCs.)
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China is also making significant improvements to its
regulation of clinical trials. “We see more clinical trial centers
– from specific clinical sites accredited with GCP (Good
Clinical Practice) to all qualified hospitals, improvement
in Ethics Committee processes, a greater number of drug
reviewers hired, as well as self-inspection of clinical trial
data,” says Tan.

Figure 2. FDA Red List by country/region.
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Figure 3a. FDA GMP inspections of registered domestic
and foreign drug establishment by region.
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Figure 4. Drug manufacturing sites added to the FDA
Redlist from (2014-2017) that are still on the Redlist
(as of June, 2018).
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China’s decision to join the International Conference on
Harmonisation of Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH) is another step
towards higher standards as part of the country’s regulatory
reforms. To join the ICH, new members must implement a
basic set of regulatory requirements for the manufacture
of pharmaceuticals, for the conduct of clinical trials, and
for stability testing of pharmaceutical products. But many
smaller companies still struggle to meet ICH standards.
Abbott points out that, as with India, “There are substantial
differences between the quality controls in place among the
major producers with international presence and smaller
producers addressing only the national/local market.”
“When you look at our client portfolio at SGS, the vast
majority are local companies,” says Gadar. “We find that the
regulations are still quite loose for the smaller companies, in
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local markets, whereas the larger firms will closely monitor
quality. Once we had the FDA approval in our laboratory
in Shanghai, we started to see an increase in business with
the large, multi-national companies, suggesting that that for
those companies, CFDA approvals are not enough to satisfy
their outsourcing requirements and strategies.” (However,
quality concerns are not limited to small firms selling into the
domestic market, as detailed in 'Warning Leaders,' shows.)
China also faces the problem of competing with private
industry for individuals well-trained in regulation, making
it difficult to retain staff. “I would not underestimate
language as a barrier to training of personnel,” says Abbott.
“There are not many pharmaceutical specialists from the
OECD who are fluent in Chinese and available to conduct
training programs.”

A protectionist plan?
With China joining the ICH and bringing its standards in line
with the rest of the world, as well as implementing policies
to encourage foreign investment, some have seen Made in
China as a move towards globalization. And yet, the central
goal of Made in China 2025 is to occupy the highest parts
of global production chains – which some commenters
have described as “protectionist.” Indeed, the plan identifies
the goal of raising domestic content of core components
and materials to 40 percent by 2020 and 70 percent by
2025. Hitting this goal would represent a serious threat
to manufacturing industries across the developed world.
Max Zenglein and his team found that the Czech Republic,
Germany, Italy, Hungary, Japan and South Korea are most
vulnerable – “due to the importance of manufacturing in the
targeted industries in the relevant countries,” says Zenglein.
As for pharma, Zenglein’s team found that within the EU
economies, the pharmaceutical sector would be the sixth
most affected industry. “Based on the relevant importance
of the sector in their country, Belgium, Ireland and Denmark
are potentially most at risk,” he says.
That said, Zenglein believes China offers significant
opportunities for foreign companies – at least for now.
“China is still in dire need of key technology, which provides
great opportunities for foreign companies,” he says. “But
companies will also need to be aware that China is changing
as an economic partner. It is a market with great potential
but also one in which the government is heavily supporting
Chinese companies. One of the aims of Made in China 2025
is to increase the market share of Chinese companies in
the targeted sectors not only within China but globally.
Companies will need to balance their short-term business
interests with the long-term risks.”
Jin Zhang, pharmaceutical business strategist and the editor
of The Pharmaceutical Consultant offers some advice for
foreign companies looking to invest in China. “First, you
must recognize that the product is very important – focus
on companies with innovative products,” she says. “Second,
look for a team with experience in the Chinese market. Third,
recognize that the Chinese market has different needs from
other countries. And fourth, play by China’s rules – what
works in the US and the EU might not work in China.”
Foreign companies in China must also deal with further
so-called protectionist practices around intellectual property
enforcement. Daniel Chow, Ohio State University College of
Law, wrote a paper on the three major problems threatening
multinational pharma companies in China (7).
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“I first encountered the problems working for Procter &
Gamble in China,” he says. “I was in charge of protecting
P&G’s brands and discovered that there was a major
counterfeiting problem with various products, including
pharmaceuticals.” Chow argues that competition law
authorities use heavy-handed tactics, such as dawn raids
to intimidate multinational companies (MNCs) in China.
“PRC authorities also charge MNCs with price fixing, use
aggressive tactics to pressure MNCs to lower their prices,
and also accuse MNCs of engaging in bribery of PRC officials
to obtain business,” says Chow. “Chinese companies that
engage in far more egregious practices often have not
been prosecuted.”
Chow also argues that China has a web of policies that
force companies to transfer their pharmaceutical patents to
Chinese companies. “The lower level of protection in China
means that patent rights become available to the public
more rapidly than in the US or EU,” he says. “For example,
pharmaceutical companies will first apply for a patent before
they seek regulatory approval in China for the drug. The US
and EU provide a period of marketing exclusivity for the drug
after the end of the patent to compensate for the loss of the
patent term during the approval process. China does not,
effectively reducing the life of the patent by 40 percent.”
MNCs have also complained for years about forced
technology transfers in exchange for market access in
China. Gadar believes that foreign companies can’t do much
about this problem. “The issue is always the same – it’s trust,”
she says. “There may be things you can do, but at the end of
the day, you’re dealing with humans. The most important –
and difficult – thing is to find people you can trust.”
Mark Wareing believes there is a need in China to standardize
enforcement and raise penalties for IP infringement.
“Otherwise, the desire to innovate (and hence develop IP)
will not be achieved,” he says. “But you can expect to see
loosening of ownership structures (already announced by
President Xi) and tightening of IP laws – in fact, over 95
percent of IP cases in the courts are now Chinese on Chinese.
Also, several of the New Technology Parks and Zones
specifically reference local support for IP enforcement to
assuage foreign fears.” Wareing believes foreign investors
must pick their locations and their partner organizations
carefully and take good, impartial, local advice. “Embassies
are particularly supportive here,” he says.
Abbott also believes that China has undergone a transition
in the field of IP protection. “On their face, China’s IP laws
are consistent with the TRIPS Agreement, and the Chinese
government has been encouraging domestic filing of
patent applications, and the rate of patenting in China is
increasingly comparable with major OECD countries,” he
says. “Countries in the process of development go through
a transition between predominance of appropriation and
innovation. Enforcement is likely to be weak during the
appropriation/catch-up phase and to grow stronger as the
country becomes an innovator. Enforcement of IP in China
has improved substantially in recent years. As the Chinese
government is now focused on biopharma innovation,
patent enforcement is likely to be a more substantial priority.
Paradoxically, I expect that, within the next decade, OECD
industry will be as or more concerned by Chinese overenforcement of IP rights than under-enforcement.”
Chow disagrees. “My own view is that China under Xi
Jinping is moving in the opposite direction and will become
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even more protectionist and nationalistic in the near future
without effective intervention by the US and possibly other
allies,” he says. “The US government might be able to change
this course – and I know that the Trump Administration
is trying to do so with aggressive trade practices, such
as increased tariffs, directed against China. But this is a
dangerous, risky tactic that might backfire. It remains to be
seen what will happen.”

Will China dominate?
The world has already seen how the US and the EU –
because of their large markets and preference for strict
consumer and environmental regulations – have effectively
been able to export their regulatory standards to the rest
of the world. Could China replace the EU and the US as a
source of de facto global standards? The answer will hinge
upon the success or failure of China’s ambitious plans to
create globally dominant hi-tech industries, such as pharma,
as the country attempts to reclaim its historical position as
the world’s largest economy.
“There are around 100,000 State Owned Enterprises of
some form or another and China has massive resources,
particularly in finance,” says Wareing. “If it is the intention to
achieve the ambitions of Made in China 2025, then it will be
done.”
Zenglein isn’t so sure. “China certainly is an economic force
to reckon with and is quickly emerging as an increasingly
competitive and capable global player in more sophisticated
industries,” he says. “But it is doubtful that all of the targets
will be reached within the set timeframe by 2049.”
“China is providing incentives for talented expatriates to
return to China to pursue research,” says Abbott. “It is
training large numbers of PhD scientists; it is providing
R&D subsidies, including R&D parks; it is making it easier to
move products from laboratory to marketing authorization
and production; it has improved its patent system; it is
encouraging foreign investment in R&D centers. China
appears quite serious about becoming one of the major
biologicals R&D and production centers.”
The Chinese market will maintain its strong growth in the
next decade, according to Zhang. “The majority of Chinese
pharmas will focus on improving the quality of generic drugs
and expand their territories in China,” he says. “However,
some leading pharmas will definitely begin to enter overseas
markets and begin to play a more important role in the
global stage.”
So far, China’s regulatory capacity and the willingness to
elevate the protection of consumers and the environment
has not kept pace with its economic growth. And as Anu
Bradford argues in her paper on the “Brussels Effect,”
though China may soon be the largest consumer market,
GDP per capita is a better prediction of a country’s
regulatory propensity (8). “I think it’s a culture – mindset –
thing,” says Gadar. “Many in China have now been exposed
to the Western world but many are still driven by the local. I
think, in time, China will move towards a compliance culture.”
Gadar also points out that China is only one of the world’s
rapidly developing economies. “Malaysia, Indonesia, India
– the whole East Asia Pacific region is growing,” she says.
China may well create a globally competitive pharma
industry in the coming decades, but several other countries
will not be far behind.
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Taking charge –
come rain or shine
Are people born to lead or can they be cultivated? Here, I share
how we take a proactive approach to discovering and investing
in future leaders.
Leadership qualities are highly prized in today’s competitive
pharmaceutical market. After all, the right leader can guide
a company from a second-tier position (or below) into the
upper echelons of its sphere of business by motivating
and inspiring colleagues and employees. But all too often
“leadership” as a concept can be confused or conflated
with a specific role, title or position within the hierarchy
of an organization. In reality, leaders can emerge at all
levels within a business – from the boardroom to the shop
floor – regardless of job title and function. At my company,
Cambrex, everyone is expected to lead wherever they are in
the organization – and I believe this is a good direction for a
company to take.
Decision makers who are based in the “ivory tower” of a
company’s headquarters are often far removed from the
actual processes and products. To be successful, you need
those who are closest to the products and to the customers
to feel empowered to make decisions that will improve the
business. The traditional role of a leader is to set the pathway
for moving forward and to bring everyone along with them,
and it is still crucial to show leadership by example. To use
an old cliché, a leader must “walk the walk, as well as talk
the talk.” I believe that a leader must be able to inspire
people with their experience, by their presence and other
traditional qualities – but they must also be willing to get into
the trenches with them. You need someone who says,
“Look, this is going to be difficult, but we have to get in
there and do this. We are up against some crazy odds,
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but here is how we can get there and I am going to roll up
my sleeves and do this with you.”
Cambrex has always been relatively lean with few layers of
management, and most of our senior team have come up
through the operational side of the business and have the
ability to interact genuinely with all levels of the organization.
Our Chief Operating Officer, Shawn Cavanagh, is a chemical
engineer who has worked his way up through the company
into a leadership role. It is so important to be able to inspire
someone on the shop floor, as well as someone on the
executive team. Leaders must be able to connect with
someone in the plant talking about processes as readily
as discussing M&A strategy around the boardroom table,
and must be able to paint a picture and get people to
share a vision.
Another essential quality in a leader is discipline that
translates into process and order and setting a rhythm for
the organization. Typically, the culture of an organization
is set from the top, and you need to have leaders who are
setting an example through clear communication and
clear expectations.
The true test of a good leader is not how they behave when
things are going well, but how they show what they are made
of when things aren’t going so well. It is fairly straightforward
to manage a process or a project when everything is running
smoothly and all the resources are in place; how could you
not be successful in those circumstances? But if there is a
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major issue with a customer, which is potentially costly in
terms of money and reputation, does that leader bluster
and rage? Do they blame others? Or do they bring everyone
together, gather the best ideas, find a solution and galvanize
the team into moving forward? That is the kind of leadership
that is the most valuable – leading by example, but still
remaining open to suggestions.
It is in response to the worst-case scenario where true
leaders distinguish themselves from tactical managers.
Organizations will always have their ups and downs, resulting
from changes in the market or the regulatory landscape.
There are always high points and valleys; the questions is:
how do you get out of the valley and up to the next high
point? Things will inevitably go awry at times, and if a leader
cannot control their emotions when challenges arise, and
fails to understand that their role is to create a sense of calm,
then the company has a problem. In my 20-year career, I
have seen people who are extremely well-educated with
fantastic pedigrees who struggle when things don’t go their
way – sometimes to the point where you wonder if you
are working with a 50 year-old executive or a five year-old
child! Prior to joining Cambrex, I witnessed leaders at other
companies who were lauded for their leadership while the
organization was doing well. But as soon as the landscape
changed, they became “absentee leaders” because they did
not want to be tainted by the lack of success. They enjoyed
the celebrations and basked in the glory of the successes,
but when things were not going so well, they were quick to
blame others.

Cultivating talent and leadership

leadership roles and you want to ensure you have the best
people to fill them! In my eyes, it is crucial to look at what
you need talented employees to do to enable them to
continue to grow and be successful.
In our industry, like many others, we need to be nimble and
flexible. Cambrex is a contract manufacturing organization
and our clients range from big pharma to small and
emerging companies, so we have to be prepared to look at
what is new and coming along, and how we can add value to
it. We are constantly looking for people with agility in a range
of different situations – with regard to change, performance,
learning and interacting with people. We need to attract,
retain, develop and motivate talent, and these four basic
principles are applied to recruitment, through development,
learning and training to succession planning.
True leaders are those who show up at the toughest times
and also have the will to make dispassionate decisions on
how to move forward, while encouraging colleagues to put
their best ideas forward too. Investing in people who have
that potential means you are investing in the future success
of the company.

My top leadership tips
• Communicate expectations clearly and test for
understanding.
•E
 xpect things will go awry; that is when your ability
to lead will be tested.
•T
 ake accountability; own the outcomes of your actions
and those of your team.

A large part of being a good leader comes down to
temperament: how a person handles the challenges, and
interacts with others during tough times. Humans will always
make errors, but there is a difference between a person who
berates a subordinate for it, and a true leader who looks for
a way to fix it constructively.

•F
 oster a culture where everyone understands that they
are expected to lead from their role in the organization.

If leadership is a matter of temperament, it begs the question
whether people are born to be leaders, or whether they can
be taught. I think that to a large extent it is a personality trait,
but I also believe leadership skills can be learned over time
and through experience. Over the course of peoples’ careers,
most have seen examples of good and bad leadership, which
may lead them to aspire to be like the former, or vow to
never behave like the latter.

About the authors

My role over the past five years has included building a
very robust talent calibration process that measures an
employee’s performance in their role, but that only tells part
of the story. In particular, we are looking at how an individual
responds to being exposed to different stresses and how
they handle themselves in given situations. For example, one
individual may be very adept at handling change: they can
see change coming, appreciate the need for it, and handle
it effectively. On the other hand, another individual with a
similar background in the same role may not be able to cope
with change because they rely heavily on a routine. When
we add into the matrix real work examples and feedback
from managers, colleagues and subordinates, we can identify
those with high potential for leadership.
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From there, we look to see how we can best invest in them,
and what development they need to complement their
skills to take them to the next level. These individuals are
the future of the business. Every company will have key

Page 77

Taking charge – come rain or shine

Back to Contents

•T
 ap into the knowledge of those who are closest to
the product and the customer.

Louis Fioccola,
Global Director, HR,
Cambrex
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Small molecules
Big opportunities

Shawn P. Cavanagh
Executive Vice President &
Chief Operating Officer

Five minutes with Shawn Cavanagh. Talking innovation, challenges
and future growth after an eventful 30 years in the industry.

What are your company’s
major accomplishments over
the past 12 months?

Among the challenges the
industry faces, which do you
think are most pressing?

Over the past year we have invested significantly throughout
our global network of development and manufacturing
facilities. We have increased our pilot scale API capacity
in High Point, NC and Charles City, IA, added large scale
commercial capacity and continuous flow technology at
our Karlskoga, Sweden site and begun building a new,
$24 million high potent API manufacturing plant in
Charles City which will be completed in 2019.

Small molecules continue to dominate in the pharmaceutical
market, with the FDA approving 34 small molecule new
molecular entities (NMEs) in 2017, which is the highest
number in the last decade. There now exists the fastest
growing small molecule clinical pipeline reported in the last
20 years, with more small molecules in phases I, II and III than
ever before.

The Charles City expansion is in line with Cambrex’s
commitment of ongoing investment in small molecule
manufacturing, as well as responding to the rising number
of APIs that require specialized handling due to potency
and toxicity. Cambrex has built a strong reputation in
the clinical-scale supply of potent, and extremely potent
molecules, and the flexibility that this facility will give
allows us to effectively handle projects throughout their
development and commercial lifecycle.
A further accomplishment in 2017 was winning the API
Development Award at CPhI Worldwide for the second
consecutive year, where we presented a case study which
examined an alternative route developed by Cambrex
towards a drug used for the treatment of dyspareunia
which is now approved and on the market.

Page 79

Five minutes with Shawn Cavanagh

Back to Contents

The challenge for Cambrex, and other manufacturers
looking to capitalize on this opportunity, is having the
capacity to meet the demands of the market. Cambrex
proudly has a proactive approach to investment and ensures
expansions are analysed and fall in line with future market
needs. Since 2012 we have invested over $260m around
the globe in facility expansions, equipment, technology and
EHS upgrades to ensure that these demands can be met
whilst standards in quality, customer service, flexibility and
reliability are not only maintained but enhanced.

Our Expert Insights

What areas of innovation or
technology development
within the company are you
most excited about?
We are seeing significant interest in continuous flow
development and production, predominantly from
established pharmaceutical companies looking for process
improvements in phase II, and we recently began the
installation of multiple continuous flow reactor platforms at
our High Point site. This latest facility will focus on the rapid
and successful development of processes to supply clinical
as well as commercial demand for chemical syntheses.
We have designed the new laboratory and GMP pilot plant
with maximum flexibility in mind, allowing us to explore the
possibilities for both new and existing production projects,
either on a FTE or custom contract basis.
The investment at High Point underpins our ongoing
commitment to new technologies and aims to reinforce
our existing experience in continuous flow which includes
a dedicated, commercial-scale continuous flow production
unit at Karlskoga. This was expanded and upgraded in
2017, and now produces multiple metric tons of high purity
intermediates per annum.

How is your company implementing
sustainable business practices or
green technologies?
We view sustainable and green technologies as a priority
across all our sites and take these into consideration
when planning any facility investments and expansions.
In fact, last year we announced the construction of a
new waste water treatment plant to support a capacity
expansion at our Karlskoga site. This was designed to
improve existing biological processes, and is being phased
over a three-year period. The 30.5M SEK ($3.5M) investment
processes over 4,000m³ of water each day and handles
variations in the composition of effluent. The majority of
the construction project is now complete and the new
facility will reduce the emission of nitrogen, total organic
compounds and suspended material, improving the site’s
environmental footprint.

What milestones in your life
made you choose industry
as your career path?
In a way, the industry chose me very early in my career.
After obtaining my Chemical Engineering degree, I worked
for a couple of years in the miniature battery industry
with Eveready. A fellow engineer that I had worked
with at Eveready, left the company to work with FMC in
their Lithium division. It wasn’t long after that he helped
recruit me to FMC where I began my career in fine chemical
and pharmaceuticals.
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Small molecules
Big opportunities

Simon Edwards
VP, Global Sales &
Business Development

Five minutes with Simon Edwards. Examining sustainable practices,
major accomplishments and significant milestones that have defined
a career.
What are your company’s
major accomplishments over
the past 12 months?
The last year has seen Cambrex continue to grow and invest
in many aspects of our business. In manufacturing, we have
opened a new pilot plant in High Point, NC, and building
work is well underway at our new, $24 million facility for
highly potent APIs (HPAPIs) at Charles City, IA. That state
of the art facility will be completed early in 2019 and will
operate to an occupational exposure limit (OEL) down to
0.1 µg/m³ with a total reactor capacity of 2,200 gallons,
allowing batch sizes between 50 and 300kg.
In R&D, we have invested across our global sites, with
expansions underway in Karlskoga, Sweden, on a new,
600m² facility; also in Milan, where we have increased
laboratory space to develop our generic API portfolio;
and at Charles City, we have commissioned a new laboratory
to increase the size of the project development team.
At High Point, we have opened a new 1,000m² analytical
laboratory, as well as purchasing a second building,
allowing us to establish a center of excellence for API
clinical supply and process development.
Most significantly however, was the announcement in
July that Cambrex was acquiring Halo Pharma, to diversify
our business and enter the growing finished dosage
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form CDMO market. Our vision is to create a leading
small molecule CDMO, and integrate Halo’s expertise in
formulation, and its capabilities in creating dosage forms
for a wide range of indications, including pediatric products,
to provide comprehensive, best-in-class services to address
the needs of our growing customer base.

What areas of innovation
or technology development
within the company are you
most excited about?
The new high potency facility at Charles City means
Cambrex now has the ability and enhanced capacity
to handle highly potent products from laboratory to
commercial scale and across the full range of OEL.
This area of the industry continues to grow in importance,
and it is estimated that in 2016, HPAPI manufacturing
was worth approximately $15 billion, which could double
by 2023.
Continuous flow is however creating the most excitement
with our customers, and we have invested in both
commercial manufacturing capabilities as well as process
development using this technology. Although the
advantages of manufacturing using continuous flow in
respect to cost of capital and quality are well documented,
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for us it has been surprising how many opportunities it
has opened up. We have seen opportunities where the
technology has been more economically beneficial by
running small volumes as opposed to batch processing, but it
can also be applicable to running large volumes from a small
footprint that saves on capital. It also provides the flexibility
to efficiently perform certain reactions that may otherwise
not be possible, such as Grignard reactions.

What are the major challenges
that could impact your company’s
growth or plans in the near future?
The market for small molecule CDMOs has been buoyant,
and continues to grow for perhaps the most sustained
period since the 1980s and 90s. In such a period it is normal
to be anticipating the onset of a downturn, however, there
is no sign of that yet, but any key factor such as the number
of New Chemical Entities approved, related investment in
clinical development, and propensity to outsource could
change. Competition amongst CMOs and CDMOs is always
increasing and at Cambrex we believe that we need to
maintain a leadership position by ensuring quality is at the
highest level, and making a difference with our customer
service, innovation and delivery with the expertise of the
whole of our workforce. Our experts really make
the difference.

How did you get to your current
position in the company?
I have been in this industry for over 30 years, so long ago
that the term CDMO did not really exist when I started, and
custom synthesis and toll manufacturing were the key words.
Over that period I have seen the highs and lows, from the
early growth years to the times when pipelines dwindled,
customers consolidated and looked East to solve all of their
cost issues, but there has been a resurgence of staggering
proportion.
I started my career in business development in the early
years of chirality, and moved from the UK to the US as API
and GMP synthesis for suppliers came to the forefront.
After roles that saw the rise of biologics into custom
manufacturing portfolios, I joined Cambrex in 2013 as Vice
President of Global Sales and Business Development.
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Big opportunities

Shawn P. Cavanagh
Executive Vice President &
Chief Operating Officer

Adding value to our
core strengths in 2019.
Cambrex’s acquisition of both Halo Pharma and Avista
Pharma Solutions will make 2019 another exciting year. By
building on our core services, and extending and diversifying
our capabilities, we can reach both new customers and serve
existing ones better, assisting all of you to achieve your goals
and accelerate your products to market.
I’m looking forward to seeing where these new opportunities
in drug product and analytical services will take us, and the
expansion of our expertise in the small molecule market.
Throughout 2019 our customers can expect to hear more
from our experts sharing their knowledge and insights on
these new business areas and technologies. I hope you enjoy
them too.

Shawn P. Cavanagh
Executive Vice President & Chief Operating Officer
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Kelsey Kehrli
Data Review Scientist

Jason Marlette
Operator

Kim Alley
Senior Scientist

Our Webinars

Hanh Nguyen
Process Operator
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Clester Oxendine
Senior Research Associate

Our Webinars

Jesper Kumlin
Process Operator

Our Webinars

Along with writing and contributing to thought leadership articles for
industry publications, our experts regularly present informative and
educational webinars to share our knowledge. Take a look by clicking
the links below.
Continuous Flow for APIs
and Intermediates (Part 1 of 2)

Continuous Flow for APIs
and Intermediates (Part 2 of 2)

April 19, 2018

December 5, 2018

Get an introduction to, and explore, a brief history
of continuous flow processing at Cambrex, with a
stimulating discussion about potential solutions to
obstacles in implementing continuous flow development.

An expert analysis of recent examples of continuous flow
with a focus on practical applications, the use of PAT (Process
Analytical Technologies) with integrated control strategies
and highlighting processing advantages.

Watch now

Watch now

Highly Potent APIs – Markets,
Myths and Manufacturing

Development of Small Molecule
Drugs – From the Clinic to the Market

November 29, 2017

April 21, 2017

How does a CMO handle complexity? Learn about the
challenges presented by the rising popularity of potent
small molecule drug therapies.

A thought-provoking analysis of the development and
lifecycle of a small molecule drug, and the associated
API manufacturing requirements for CMOs.

Watch now
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Alex Maw
Director, Marketing and Communications
alex.maw@cambrex.com
www.cambrex.com

