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In the relentless drive for greater operational
efficiencies, market penetration, optimal
capacity utilization, and global agility, more
and more pharmaceutical companies face
the unique challenges of international tech-
nology transfer. Government regulations, tax
benefits, and mergers and acquisitions are
also helping make international technology
transfer a required competency for more
and more companies. Whether the transfer
is intra-company, inter-company, or to a con-
tract manufacturing organization (CMO);
whether it involves active pharmaceutical
ingredients, in-process material, finished
product or analytical methods; and whether
the product is in early development, post-
approval, or any stage in between in its life-
cycle, the ability to perform international
transfer faster, more reliably, and cost-effec-
tively can generate significant competitive
and operational advantages.

Nevertheless, many companies continue to
treat each international transfer of technolo-
gy as a one-off event rather than as a replic-
able, repeatable business process that can
be designed, improved, and controlled just
like any other process. Technology Transfer
by Design (TTbD) provides just such a sys-
tematic, repeatable method for executing
international technology transfer, as well as
domestic transfer. Just as at the product
level where Quality by Design (QbD)
depends upon an understanding of the inter-
actions in manufacturing processes of multi-
ple variables that keep the resulting product
within specifications, TTbD at the portfolio
level provides a systematic way to under-
stand all of the elements that go into the
design of a company'’s tech transfer process
and ensure that they stay in synch to pro-
duce a successful transfer (Alaedini, Snee
and Hagen 2007).

Common Pitfalls in International Transfer
Given the complexities of international tech-
nology transfer, including scientific as well as
regulatory obstacles, challenging problems
can arise at any stage of the process for any
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size company, from biotech start-ups to

global pharmaceutical giants. For example,

a pre-clinical stage biotech company seek-

ing to bring its first recombinant therapeutic

drug into Phasel clinical trials needed to
transfer a manufacturing process developed
in-house at a U.S. site to a CMO in Europe.

However, implementation was severely ham-

pered by organizational, cultural and techni-

cal barriers.

Cross functional project teams had been
established at both sites, but the European
team was not empowered to make deci-
sions, even relatively minor, day-to-day oper-
ational decisions. Team meetings were
severely hampered and unnecessary project
delays occurred as post-meeting issues and
recommendations were brought to the
European site’'s senior leadership for
approval, often generating further indirect
feedback and additional questions. The cul-
tural differences prevented the European
team from functioning effectively.

Further, the European site process scien-
tists were unable to successfully replicate
the manufacturing process developed at the
U.S. site. Communication barriers, both ver-
bal and written, frustrated attempts by the
U.S. team to isolate the source of the techni-
cal difficulties encountered in the European
facility. The self-confident CMO team had
been introducing what they thought were
process improvements with each run, never
actually replicating the process being trans-
ferred. Moreover, when it was proposed that
key people from the U.S. go to the CMO for
several weeks to run the process side-by-
side with the European team, the senior
management at both sites resisted, which
ultimately resulted in significant project
transfer delays and increased costs.

The company had fallen into some of the
most common pitfalls of international tech-
nology transfer. Such pitfalls include:

* Language: The barrier of differing lan-
guages applies not just to clear communi-
cation between sites and organizations
but also to documentation. For example,
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production batch records are often in a
language unfamiliar to personnel at the
receiving site. Translation services are
expensive and need to be planned, and, in
the case of transfer to a CMO, specifically
addressed.

People/culture/work ethic: Cultural barriers
can be as formidable as language barriers.
Overcoming cultural barriers requires the
commitment of senior leadership on both
sides of the transfer and the exchange of
people between sites.

Regulatory differences: Although ICH
guidelines have significantly narrowed
regulatory differences between the EMEA
and the FDA, differences remain (ICH
2005).

Site/country validation requirements after
transfer: Sometimes drug substances
(APIs) or drug products needs to be
shipped, for example, back to the U.S.
This requires shipping validation and can
affect stability study design.
Documentation requirements from site to
site: Care must be taken with standard
operating procedures (SOPs), particularly
for biologics where cell bank handling and
consistency can be critical. In addition,
process descriptions must be site-specific.
Differences in raw materials: A U.S. sourc-
ing/supply chain can produce product
characteristics that might not work in the
transferred process. Even with vendor
qualification and certificates of analysis,
suitability of material from a new supplier
may present issues that can cause delays
and add costs. For example, at a receiv-
ing site for a biologic, a previously unob-
served peak in an HPLC assay occurred,
causing the drug substance to be out of
specification. A simple change to a Tris
buffer from a new supplier, which met the
product specifications on a Certificate of
Analysis, was nevertheless discovered to
be the source of the unknown peak.
Equipment dissimilarities, scale, and func-
tion: These issues may be even more pro-
nounced for cell culture bioreactors than
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for traditional small molecule manufactur-
ing, but the challenges still remain if differ-
ences exist. It may not be possible to
exactly replicate operating procedures.
Only about 10% of biotech technology
transfers to CMOs occur without need for
further process development, but the
expectations of management are usually
much higher. In many instances of small
molecule transfers, either the process is
tweaked or the formulation is slightly mod-
ified (within ICH guidelines) in order to
achieve a viable product.

Cleaning validation/Cleaning Validation
Master Plan: Does the transferred material
fall within the parameters or does it create
anew extreme? This is a question that the
receiving site needs to address up front.
Failure to understand this question will
definitely affect the transfer timeline.
Utilities: Because utilities would have been
qualified for the equipment in the facility, at
the time the facility was commissioned,
they should have no impact to the transfer
of a small molecule. However, there can
be substantive delays, work-arounds and
costs for certain utilities unique to some
biologics, such as supplying water for
injection (WFI) and virus containment.
Deliverables, time lines, responsibility:
These should be defined at the outset,
especially with CMOs. Also with CMOs,
how to handle failed runs, including who
bears the costs, must be decided in
advance — it is rarely as simple as who's at
fault.

Executive Involvement: Organizations often
underestimate the amount of time needed
for key managers to manage technology
transfer, especially when it involves manag-
ing CMOs. Technology transfer project
demands can affect the progress of other
projects involving those managers, especial-
ly in the case of small to mid-size biotech
companies.

As this necessarily partial list of pitfalls
suggests, the challenges of international
technology transfer cover virtually every
aspect of the business: people, operations,
technology, and regulations. Only a system-
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atic, comprehensive approach to technology
transfer, such as TTbD, is likely to ensure
that all of these and the many additional pit-
falls are addressed and ensure that organi-
zations acquire the ability to successfully
transfer technology across borders again
and again.

Technology Transfer by Design (TTbD)
Technology Transfer by Design applies to
technology transfer the advances made over
the past 25 years in process understanding
and improvement by such methodologies as
Six Sigma and Lean (Snee and Hoerl 2003,
2005) and integrates them into a repeatable
approach to transferring technology for sin-
gle products or for many simultaneously.
Depending upon the kind of transfer taking
place, the number of process steps may
vary, but in a typical site-to-site transfer there
are roughly ten steps involved in creating the
transfer process and investigating problems
that might arise:

1.

2.

3.

Determine scope, risks, and strategy.
Determine the number of plants and prod-
ucts involved, the markets that the prod-
ucts supply, the regulatory submissions
required, and the staffing and skills
requirements — information that should be
documented and approved by senior
management. Assess the regulatory, finan-
cial, and marketing risks. If the transfer
entails the closing of a plant, the public
relations risks should also be calculated.
With an understanding of the project's
scope and risks, you can then determine
the optimal strategy for the transfer —
where, when, and, if relevant, to whom
(CMO or intra-company site) to make the
transfer. At all times, these analyses
should be guided by an unwavering focus
on the bottom line.

Determine overall gaps. Do executives
have the time and the project manage-
ment skills to manage the transfer? What
gaps exist in culture, language, regula-
tions, plant capabilities, plant capacities,
and personnel in both locations?
Develop a governance body, champions,
and mentors. The governance body
should include senior management from

. Develop and

operations, supply chain, quality, regula-
tory affairs, marketing, technology/R&D,
and any other functions that have a stake
in the transfer. People to champion the
transfer should be designated in those
departments and mentors selected to
counsel them throughout the process.

. Determine communication and reporting

channels. Make the reporting channels at
each site and among sites absolutely
clear. Include the reporting structure to
senior management, the frequency of
communication, the modes of communi-
cation, and the approach to addressing
language barriers.

. Determine metrics. Appropriate measures

should be selected to measure the
progress and success of technology
transfers. These metrics could include but
are not limited to: meeting the budget,
meeting timelines, speed and rate of suc-
cess for validation, regulatory submission
approval rate, labor hours by job title,
labor costs (internal and external), and
opportunity costs in terms of sales as a
result of delays.

train transfer teams.
Designate the transfer teams in headquar-
ters, in the sending plant and, if it's an
intra-company transfer, in the receiving
plant. Ideally, teams in both the sending
and receiving plants will include senior
people from manufacturing, quality, tech-
nical services, engineering, and supply
chain. Train the teams in troubleshooting,
problem-solving, communication, and
time management.

. Determine responsibilities for each group

and individual. A proven, effective
method for assigning and monitoring
responsibilities is RACI charting, which
identifies and charts who is Responsible,
Accountable, Consulted, and Informed for
each activity involved in a project.

. Conduct gap analysis for each product.

Just as you conduct gap analysis of your
overall transfer capability, you should also
closely examine each product or group of
products for your shortfalls there. Two
issues are paramount: (1) the current



state of your product-related process
understanding and (2) factors that will
determine success at the receiving site,
including manufacturing processes, doc-
uments, analytical methods, equipment,
plant capabilities, and regulatory and
safety issues. It is almost impossible to
successfully transfer a process you do not
understand. Six Sigma and Lean method-
ologies offer tools such as process map-
ping, value stream mapping, process
capability and control, and statistical
modeling, all of which are invaluable for
achieving true process understanding
and executing transfer using proven
process design and improvement
methodologies (Snee 2006).

9. Develop the technology transfer strategy
and risk mitigation plan. With true process
knowledge and receiving-site understanding
in hand for each product or group of prod-
ucts, you can now develop a plan to fill the
gaps, develop the transfer strategy, including
knowledge transfer. All of this should be
rolled up in a strategy document, accompa-
nied by a risk assessment of the strategy
and a risk mitigation plan, and approved by
upper management at both the sending and
receiving sites. =»

10. Manage, review, and follow up all activi-
ties. Conduct frequent and regular man-
agement reviews at both the level of the
overall technology transfer program and
at the level of the individual transfer. In
the case of an intra-company or CMO
transfer, make sure there is a plan in
place to sustain the performance of the
processes at the receiving site.

Once you have completed those ten steps,

all of the elements will be in place for an

ongoing technology transfer capability, with
increased probability of success as a result
of TTbD’s unique advantages:

* Clear bottom line focus

* Support and involvement of senior man-
agement leadership

e Structured and disciplined approach

* Avoidance of project delays

» Good manufacturability at receiving sites
as a result of in-depth process under-

standing

* Strong supporting infrastructure with roles,
responsibilities, and management sys-
tems clearly defined and understood

In addition, you will have also created a key
group of mangers who now have experience
in international technology transfer and can
repeatedly execute it rapidly, reliably, and
cost-effectively.

Reaping the Benefits of TTbD

Companies that view technology transfer as
an ad hoc event rather than a core compe-
tency are likely to find themselves plagued
by costly delays, conflict and recriminations
between sending and receiving sites, and,
ultimately, a squandering of the benefits
technology transfer is intended to produce.
Meanwhile, companies that design, control,
improve, and institutionalize their approach
to international technology transfer through
TTbD will gain significant business benefits
and competitive advantages.

Excellence in international technology
transfer enables greater speed to market,
the ability to provide uninterrupted supply of
products, increased manufacturing efficien-
¢y, and significant bottom-line savings.
Further, the capability in international tech-
nology transfer can be readily applied to
domestic transfers as well, with similar ben-
eficial results. With a framework in place for
the increasingly crucial task of international
technology transfer, forward-looking compa-
nies will be ready to respond effectively and
rapidly to whatever strategic and operating
challenges arise to necessitate tech transfer.
And in an environment of inexorable global-
ization and relentless competition, the readi-
nessis all. M
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