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Drug companies must
adopt green chemistry

John L. Tucker and Margaret M. Faul describe how they transformed their
company to save time and money by making drugs sustainably.

ceutical companies have moved to using

green-chemistry practices for drug dis-
covery, development and manufacturing.
These firms include ours, Amgen, and others
such as the Merck Group, Abbott, Johnson &
Johnson and Roche. Ranking systems such
as the Dow Jones Sustainability Indices and
the Pacific Sustainability Index" track how
well firms are doing. This shift is being
driven by the realization that processes that

In the past decade, many large pharma-

are cheaper and environmentally superior
deliver a competitive advantage.

Success depends on instilling a culture of
sustainability into a firm. Staff at all levels
— from management to lab scientists —
need to understand the concepts of green
chemistry and how they might be embraced
to everyone’s benefit. The future rewards of
major operational changes need to be visual-
ized and funding must be put in place before
any results are realized.
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Here we set out how to build such a culture,
based on our experience at Amgen, which is
headquartered in Thousand Oaks, California.
Change cannot be achieved overnight, but
we found that a series of small wins can build
momentum until the vision becomes clear
and is accepted. By following a combination
of bottom-up® and top-down® approaches,
Amgen rose from having a C+ rating on the
Pacific Sustainability Index in 2007 to become
one of the top-rated (A+) companies in »
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P 2012 (see ‘Sustainability scores’). The
ingredients are: an empowered team with
management support to lead the transforma-
tion; staff education, awareness and recogni-
tion; investment in technology; development
of metrics and tools; and external collabora-
tion and outreach®’.

Our approach focuses on the ‘triple
bottom line”® — profit, people and planet
— and the 12 principles of green chemis-
try’, which include minimizing ingredi-
ents, waste, toxicity and energy. Each of
these principles can be applied to a sector
or product. For instance, a detergent’s for-
mula might be redesigned so that it degrades
without accumulating, persisting or releas-
ing toxic chemicals into the environment.

Drug development has its own challenges.
A pharmaceutical’s therapeutic response
depends on its molecular structure. Existing
drugs have already survived a battery of toxi-
cological and therapeutic tweaks, as well as
clinical studies that took years to complete.
Redesigning a drug to be more readily degra-
dable could become an entirely new develop-
ment project — changing its structure might
alter its function. But many green-chemistry
principles can make processes more effi-
cient, for example by reducing the number
of reaction steps, or by using less energy or
materials (see ‘Green-chemistry principles
to drive sustainability’).

The challenge is to catalyse a new
norm across the industry while meeting
institutional expectations and demonstrat-
ing value.

SEVEN STEPS

Empower champions. The first step taken
at Amgen was to create a high-level green-
chemistry team that spanned the company’s
many functions. The aim was to define and
entrench green-chemistry expectations
across the company — framed as ‘how, why,
what and where’ The team initially com-
prised six scientists — a chair (one of us,
J.L.T.), representatives from process and ana-
Iytical chemistry, engineering, environment,
health and safety, and drug-production
technologies — and was supported by an
executive sponsor (the other of us, M.M.E).
Medicinal-chemistry teams and biological-
molecule representatives were added later.
All steps of drug discovery, development
and manufacturing at Amgen were con-
sidered across the company’s multiple sites.
Resources had to be secured for communi-
cation, collaboration and development of
green methodologies and technologies.

Raise awareness. The green-chemistry
team at Amgen set up a series of lectures
by innovators and thought-leaders from
within and outside the company to spread
knowledge of green-chemistry principles,
their potential for drug development and
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examples of good practice. Websites and
visuals were created and disseminated.
For example, notices highlighting the
12 principles were placed on hoods and in
laboratories, and green-solvent and reagent-
selection guides were supplied. Challenges
had to be acknowledged, including practi-
cal difficulties in using sustainable methods
and materials, the importance of maintain-
ing industry competitiveness during the
transition, as well as the need for transpar-
ency in meeting regulatory expectations.
The greatest difficulty we encountered
was providing a vision of the future state
of the organization and convincing people
that it was achievable and worth pursu-
ing. Employees needed strong incentives
to adopt sustainable principles in their
already challenging careers. Productivity
and operational efficiency were expected
to rise regardless of change, and developing
new drugs across the industry was becom-
ing increasingly difficult. Converting scep-
tics was hard. Scientists demanded data,

SUSTAINABILITY SCORES

precedents and straight answers as to why
or how an initiative should or should not be
pursued. Business leaders wanted figures on
efficiency, cost and environmental impact.

Expand collaborations. To share knowl-
edge, Amgen joined the American Chemi-
cal Society’s Green Chemistry Institute’s
Pharmaceutical Roundtable and the IQ
Consortium’s Green Chemistry Working
Group. These interactions provided: indus-
try harmonized tools, such as solvent and
reagent guides; insight into industrial green-
chemistry strategies and practices; access to
metrics; opportunities to influence academic
research; and discussions with governmen-
tal agencies such as the US Environmental
Protection Agency, the Food and Drug
Administration® and the National Science
Foundation. Getting many companies and
regulators around the same table helped to
smooth the adoption of green-chemistry
principles, ensuring that cheap, safe and fast
access to new therapies would continue.

The Pacific Sustainability Index rates information reported on the websites of the 20 largest drug
companies. Scores out of 100 are given in areas including environmental and social measures, and are
based on a standard questionnaire. The top 4% receive A+ ratings; the bottom 4%, F.

Grade
A+ A HB

Merck Group
Amgen

Abbott Labs
Roche Group
Johnson & Johnson
Allergan
Novartis
GlaxoSmithKline
Daiichi Sankyo
Bristol-Myers Squibb
Eli Lily

Biogen Idec
Sanofi-Aventis
Astellas Pharma
Novo Nordisk
Pfizer

Takeda

Merck & Co.
McKesson
AstraZeneca
EISAI

Genzyme

ucB

C ED HF

54 (out of 100)

Amgen scored highly in
social and environmental
intent by reporting on

areas that it still needs to
improve, such as water
and air emissions.

Pfizer posted a lot of
information, but more
specifics on topics such as
employee relations would
have raised its scores.

UCB published its first
Corporate Social

Teva Pharmaceutical
Cardinal Health
Suzuken
AmerisourceBergen
Mylan Labs

Gilead Sciences
Toho Holdings

()
=

Responsibility Report in
2011 that stated goals for
improvement.

2012 index based on companies in the Forbes 2010 Drugs and Biotechnology sector list.
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Define metrics. We collated and shared
quantitative tools for identifying internal
strengths and weaknesses and best prac-
tices. Large pharmaceutical firms track the
efficiency and waste of their drug portfolios
through metrics such as the E factor, which
measures kilograms of waste generated
per kilogram of product, or process mass
intensity (PMI), a similar metric that meas-
ures the total mass of materials per mass of
product. The Amgen green-chemistry team
developed metric calculators for the elec-
tronic notebooks used by scientists in the
lab to pinpoint the most inefficient steps and
operations within projects and to compare
progress as a project moves through process
development.

The metrics exposed a clear correla-
tion between reducing waste and lowering
process costs across Amgen. For example,
using fewer materials in one synthetic pro-
cess that was being developed for a new
clinical candidate reduced the E factor by
82% and the cost by 83% while also improv-
ing the overall yield.

Recognize achievements. An internal
award programme raised awareness among
employees of the impact and advantages
that green chemistry brings. The competi-
tion sought and broadcast the best exam-
ples of how adopting the principles led to
better outcomes. Leaders presented prizes
and the winners served to inspire oth-
ers. For example, researchers working on
etelcalcetide (which is being assessed as
a treatment for a complication of chronic
kidney disease) received Amgen’s green-
chemistry award for developing a process
that reduced their organic-solvent use by
more than 400,000 litres and shortened the
projected manufacturing processing time.

Invest in technology. We explored new
methods. For example, we switched to using
enzymes as reagents in the synthesis of small
molecules, moving away from convention
reactions catalysed by transition metals. This
reduced the number of steps and increased
reaction throughput. For example, enzyme
catalysis allowed us to make a key fragment
of a drug candidate in early development,
reducing the time to manufacture by 80%. It
also eliminated* volumes of organic solvent
used during chromatographic purification
of small molecules, doubled the yield and
reduced the cost of the starting material by
more than 99%.

A standard procedure for oxidizing
double bonds to aldehydes is ozonoly-
sis (aldehydes are key chemical groups
that enable the assembly of molecules).
In one case study, our initial synthesis of
an aldehyde intermediate used a flam-
mable solvent in the presence of oxygen.
Using a ‘continuous flow’ process — in

GREEN-CHEMISTRY PRINCIPLES TO DRIVE SUSTAINABILITY

CONCEPT
Atom economy
Minimize solvent use

Optimize reagents

Convergent synthesis
(produce several pieces of a
molecule at once)

Reduce energy use

Analyse reactions in real time

Prioritize safety

GOOD FOR PLANET
Fewer by-products.
Less waste, less energy.

Recyclable reagents and
catalysts minimize volume of
chemicals needed.

Increases efficiency, saves
energy.

Less pollution from power
generation and transport.

Reduces exposure or release to
environment.

Non-hazardous materials
reduce risk of exposure, release,

GOOD FOR PROFIT

More value from less material.
Higher throughput.

Higher efficiency.

Higher efficiency, fewer
operations.

Shorter, more efficient processes
under milder conditions.

Increases throughput and
process efficiency, fewer
reworks.

Reduces potential harm to
workers, down time and need for

which the conditions of a stirred reactor
are optimized in real time to maximize the
yield — rather than batch mode allowed us
to process large quantities of material in a
short time (5 kilograms of aldehyde inter-
mediate in 18 hours) without building up
dangerous amounts of reagents, intermedi-

ates, solvents, ozone and oxygen gas.
Even simple changes, such as using
large, disposable plastic rather than stain-
less steel vessels for manufacturing bio-
logic drugs (made

“Corporate using recombinant
reporting must ~ DNA technology),
betransparent  saved time, space,
and present an effort and money.
unvarnished and  Although it creates

more solid waste,
single-use vessels
do not need rooms and resources such as
water or steam to clean or sterilize them.
Costs fall and production capacity can grow
without increasing — and even by decreas-
ing — the waste footprint of the plant.

accurateview.”

Promote outreach. To spread the sustain-
ability mindset across the industry, it will be
crucial to work with academics to prepare
the next generation of green chemists and
with regulators to assess and reward efforts.
To this end, Amgen scientists regularly give
talks in universities on green chemistry. The
public and investors value sustainable prac-
tices (albeit in ways that are hard to quantify)
so it is important that they know of the com-
pany’s commitment. To this end, corporate
reporting must be transparent and present
an unvarnished and accurate view.

All this hard work has paid off. In 2013,
Amgen was declared a top performer in the
pharmaceutical industrial segment by the
Dow Jones Sustainability Index, and placed
21stin Newsweek’s 2015 ranking of green US
companies from all sectors.

The financial benefits are already clear.
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explosions and fires.

special control measures.

Sustainable Asset Management, a company
that directs investment dollars, has named
Amgen a ‘sustainability mover, opening up
new sources of investment.

Amgenss initiative is not window dress-
ing. It is rooted deep in a broad commitment
to deliver medicines to people in a way that
uses fewer resources and promotes industry
competitiveness. We will continue to focus
on the principles of green chemistry, seek
operational efficiency, explore new technolo-
gies and support education and research. And
we will work with other companies in non-
competitive areas to encourage the spread
of green chemistry throughout the industry.
There is still much to do to convince others to
create a culture of sustainability.

Green chemistry can deliver for people,
planet and profit. Those who embrace it will
reap the benefits in future. Those who fail to
evolve may cease to be relevant.m

John L. Tucker is a senior scientist in
process development, and Margaret
M. Faul is executive director of process
development, at Amgen Inc., Thousand
Oaks, California, USA.

e-mail: tuckerj@amgen.com;
mfaul@amgen.com
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