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Modern Technology Transfer 
Strategies for Biopharmaceutical 
Companies
by Richard Dennett

FOCUS ON...         MANUFACTURING

A pplication of industrial 
biotechnology has changed 
dramatically over the past 
decade. Stainless steel process 

equipment has largely given way to 
disposable systems, facilitating easier 
and quicker process configurations and 
up-scaling. Suppliers generally made 
incremental advances in the quality of 
raw materials and consumables to 
ensure that those could more readily 
comply, “off the shelf,” with regulatory 
expectations. Once out-of-reach 
analytical equipment such as mass 
spectrometers and cell analyzers are 
becoming more common place in 
development laboratories, which better 
enables biopharmaceutical companies 
to characterize products and processes 
and confirm that specifications are 
being met. Advances in process and 
analytical technologies thus have raised 
the bar of what is possible in-house. 
Technology transfer continues to play 
an important role in this modern 
scenario, whether manufacturing and 
analytical testing are outsourced or 
retained and transitioned in-house.

In its attempts to find the next 
medical blockbusters, the industry is 
throughputting new product 
candidates at an accelerated rate and 
outsourcing process and analytical 
activities more than ever before. The 
latter may result from a lack of 
sufficient internal capacity, a common 
reason for outsourcing in the past. It 
also may come from decision makers 
grasping the positive fact that 
outsource partners (if chosen correctly) 
tend to be specialized at what they do 
and therefore can reduce overall 

program risk. Technology transfer 
during product development, whether 
internal or outsourced, must perform 
flawlessly the first time, meet 
expectations, and ensure appropriate 
comparability of product. Regulatory 
requirements for demonstrating a life-
cycle development approach are ever 
paramount. Therefore, technology 
transfer is just as important as (if not 
more so than) it has ever been. 

A CritiCAl ConsiderAtion

Some bioprocess developers might 
wonder why technology transfer is so 
critical. “Surely we just hand over the 
process, analytical methods, and a bill 
of materials,” they might say. “How 
hard can it be?” In fact, if you ask a 
typical university start-up company 
how long technology transfer is likely 
to take, the answer may be, “a couple 
of weeks.” For a well-versed 
biotechnology company, however, the 
(more realistic) answer probably will 
be “six to nine months.” 

The International Conference on 
Harmonisation of Technical 
Requirements for the Registration of 
Pharmaceuticals for Human Use 
provides a very powerful statement on 
the importance of technology transfer 
(1): “The goal of technology transfer 
activities is to transfer product and 
process knowledge between 
development and manufacturing, and 
within or between manufacturing sites 
to achieve product realization. This 
knowledge forms the basis for the 
manufacturing process, control 
strategy, process validation approach 
and ongoing continual improvement.” 

Although it is an essential part of 
product development (Figure 1), in 
some instances technology transfer can 
be erroneously underrated and too little 
effort put in too late. During a 
product’s life-cycle, process change is 
inevitable and unavoidable: Process 
modifications, product refinements 
such as posttranslational awareness and 
impurity profiles, up-scaling, and 
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increasing compliance with current good manufacturing 
practices (CGMPs) each involve related technology transfers 
(Figure 2). A failed transfer can easily lead to several months 
of effort in recovery and high expenditure in putting things 
right — not to mention making a big dent in investor trust 
(or even a complete breakdown of investor confidence. So 
although the cost of development never gets any cheaper, 
seamless technology transfer is essential for “right first time” 
results. Comparability of process and product equivalence at 
every significant step change or pivotal-trial materials change 
is also a fundamental regulatory requirement that is usually 
underpinned by technology transfer data.

FormulAting An ACtion PlAn

The precise nature and application of technology transfer 
first depends on your company type (see the “Demographics” 
box), what can be done internally, and what needs to be 
outsourced. Technology transfer doesn’t have to be difficult, 
but diligent planning, close project management, and full 
company buy-in are an absolute requisite.

When Is Technology Transfer Needed? First consider 
what is being transferred.  Examples include 

• a product’s transition from early development to 
CGMP

• a pivotal change from producing phase 1 material to 
producing phase 2 material incorporating process scale-up

• in-house, site-to-site transfer
• scale-up to commercial manufacturing
• process/analytics transfer to an outsourcing partner.
Such transfers don’t happen on their own; we need to 

resolutely project-manage them with a sufficiently detailed 

and accurate plan and protocol. We also need to document 
each transfer properly, typically with a technology transfer 
report. And we first need to define acceptance criteria for a 
transfer, which will enable us to determine whether a 
transfer has been successful. This process should incorporate 
a multidisciplinary team — top management and a project 
manager with personnel from development, analytical, 
CGMP, quality, and engineering groups, for instance). If a 
project is being outsourced, team members should be 
involved from both the client and service provider. 

BreAking it down

Whether a transfer is internal or external, many aspects 
remain the same. Consider a process manufacturing a 
biologic product with supporting analytical methodology. 
Let’s take as an example scenario, transfer of product from 
early development into CGMP for manufacture of phase 1 
clinical material with transfer to an outsourcing partner.

Fundamental Information: What is our process, what is 
our product, and how do we intend to test it? How much 
product do you need to make (consider clinical 
requirements, testing materials, and retains)? Is the 
associated technology preexisting/in-house or is it 
envisioned to come from an outsource partner? 

Outsource partnering could be initiated through meeting 
at an industry event, from an online search, or by 
recommendation. Do your homework. Make a list and ask 
around, then narrow it down to a short list. Be clear about 
what you want and ask for an indicative quote. Visit 
contract manufacturing organizations (CMOs), and if 
possible, take along someone with previous insight and 
expertise. Costs can vary dramatically, so when comparing 
quotes you need to ensure a high-quality output (e.g., 
regulatory-aligned documentation). 

Make sure the CMO has a good, proven track record or 
can readily adapt to your process and product. Remember 
you are buying into a partnership, and it has to feel right. 
CMOs will need to coordinate timeslots with other 
projects, so your project campaign may be scheduled for 
several months down the line. 

Do not hide anything from your CMO. This is critical. 
Do your process and analytical methods work well? Is the 
characterization of your product sufficient, or do issues 
remain to be resolved (e.g., posttranslational modifications, 
impurities, productivity)? Be honest up front, or the CMO 
will ultimately uncover problems, leading to delays and 
costs in putting things right. If development work such as 
characterization and optimization will be required, then 
such needs will need to be identified and planned. 

Figure 1: Technology transfer across the product development life cycle 
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Figure 2: The necessity of technology transfer as a consequence of 
change
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Make sure the CMO can 
adequately reconfigure its facility and 
equipment to accommodate your 
process without having to 
inappropriately adapt your process 
instead. This is not so essential earlier 
on, but it will be a more significant 
criterion at more advanced stages of 
process realization.

Once a clear CMO is shortlisted, it 
will be important to establish formal 
quality and technical agreements (they 
may be one and the same). They define 
the technology transfer scope and 
related deliverables, payment stages, 
and who will be accountable for what 
and when. Read these agreements 
carefully — especially the small print 
— because they are contractual and 
legally binding. Because setting up 
agreements can take time, it may be 
possible to begin “at risk” by 
commencing transfer of a bill of 
materials or procuring an essential item 
of equipment, which can involve the 
longest lead time within a program.

For an internal transfer (e.g., from an 
early development group to CGMP 
manufacturing), the general philosophy 
is essentially similar to that of 
outsourcing described above, but the 
interplay of information should be 
more accessible and immediate. Do not 
overlook the importance of cohesive 
meetings including everyone to ensure 
a common understanding. The 
“Initiation” box provides a starting-
point checklist.

Component Parts: Figure 3 lists key 
aspects of technology transfer. Early 
and late-stage transfers have different 
considerations and acceptance criteria 
(summarized in Figure 4).

Those are the basic criteria, and they 
may seem easy at first: The basics of 
transferring materials, methods, 
process, equipment, and knowledge 
include showing that those are 
appropriately prequalified and 
ultimately meet final acceptance 
criteria. However, any and all aspects of 
this process are capable of going wrong 
Technology transfer is the sum of its 
parts, in which one mistake can ruin 
the –results. Most often, that thing is 
the one you haven’t planned for.

Preventing Failure: Considered 
planning and protocols – the key to 

Process: Make sure you have a process 
flow diagram with inputs, outputs, and 
in-process controls clearly marked. 
Ideally, this will be an actual or draft 
batch manufacturing instruction. Make 
sure the process configuration can be 
appropriately replicated or scaled 
(immediate and projected).

Materials: Ensure that raw materials and 
consumables are of appropriate quality 
and come from reputable suppliers. This 
will have to be ordered, with possibly 
greater quantities and/or testing, so lead 
times need to be factored into the 
process.

Process and Analytical Methods (with 
Training): Methods need to be 
transferred, including standard operating 
procedures (SOPs) or instructions, and 
shown to be reproducible with 
appropriate accuracy and precision. This 
will also require operator training. 
Defining and meeting the acceptance 
criteria of transferring the methods 
(acceptable operation and data) can take 
appreciable time. When possible, 
someone from your company/
department should go to the CMO (or 
from development to CGMP and vice 
versa if internal) to help demonstrate 
analytical methods and also to be 
involved in training if necessary, 
especially if analytical methods are 
complex. Because of their distinctiveness, 
some analytical methods may need to be 
outsourced to a separate third party.

Equipment: Make sure that equipment 
is adaptable/configurable. Sometimes 
in-house equipment may have to be 
transferred or new equipment bought 
and qualified.

Knowledge Transfer: The “warm-
blooded” people aspect (scientific know-
how) is by far the most important factor. 
Spend the time needed to scientifically 
discuss your process and product. Are 
there any issues or peculiarities with 
either/both? You need to make sure that 
understanding is accurately shared.

Acceptance Criteria: How can 
technology transfer be concluded? What 
are the minimum sensible subset 
acceptance criteria (e.g., batch 
production meeting certain defined 
specifications)? Remember that early and 
late-stage transfers differ. In early stage 
transfers the process is not yet properly 
defined, and analytical methods and 
specifications may not be fully worked 
out, so a “best-fit” acceptance might 
suffice. Later-stage transfer usually 
includes process and analytical 
definitions that help. For pivotal stages 
(e.g., CGMP clinical production), the 
importance of meeting regulatory 
compliance is essential. 

Documentation: Include a technology 
transfer report, comparability report 
(describing associated product testing), 
and batch release records.

initiAtion oF teChnology trAnsFer

Figure 3: Coordinated technology transfer team of sending and receiving units 
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getting it right — includes project 
management, a technology transfer 
plan, risk assessment (audit of facility, 
equipment, materials, and so on), and 
a protocol. 

They are interrelated. Finally, a 
technology transfer serves as the 
cornerstone of this exercise.

A Technology Transfer Plan: The 
objective is to transfer expertise, 
technical information (e.g. concerning 
raw materials and specifications), and 
technologies. A technology transfer 
plan (which often takes the form of a 
GANTT chart, as in Figure 5) should 
include the sequence of all transfer 
activities. It should describe the timing 
and dependencies for each transfer 
activity and expected milestones for 

meeting the acceptance criteria of 
achieving valid technology transfer. In 
addition, regulatory expectations and 
responsibilities should be stated, along 
with the regulatory milestones and 
outputs that may be linked to the 
technology transfer effort. 

A technology transfer protocol 
should list the proposed stages of the 
technology transfer: key personnel and 
responsibilities; materials, methods, 
and equipment; documentation that 
each stage has been suitably completed 
before the next initiates; applicable 
critical controls; experimental design 
and acceptance criteria for analytical 
methods; supporting information on 
development, production batches, 
qualification batches, and process 

validation; change control procedures 
for process deviations; evaluation of end 
products and associated acceptance 
criteria; provisions for keeping retention 
samples, intermediates, and finished 
products; and a conclusion with lines 
for signed approvals.

teChnology trAnsFer rePort

Documented evidence that transfer of 
technology is considered to be 
successful should be formally captured 
in a technology transfer report. It 
should describe the scope of the 
technology transfer and cross-
reference the technology transfer 
protocol. The report should also list 
associated critical parameters and 
show how acceptance criteria were 
met, along with discussion and 
conclusions. List all discrepancies and 
applicable corrective actions. 

This report may be requested by a 
competent authority for approval of a 
site transfer or as part of a preapproval 
or normal GMP inspection. A 
technology transfer report also may 
constitute (or should directly correlate 
with) a required comparability report.

It is essential to have a scientifically 
passionate and coordinated technology 
transfer team (from both sides in an 
outsourcing relationship) with 
accurately planned, agreed upon, and 
timely communications. Perform a risk 
analysis to determine what can go 
wrong. Tools such as fishbone 
diagrams and failure modes analysis 
(Figure 6) can highlight the weak 
points here. Even the seemingly 
simple, every-day technology transfer 
for making a cup of coffee could fail 
on several fronts: milk (full, skimmed, 
or none at all); additives (sugar, other 
sweeteners, f lavorings, a combination, 
or none of the above); volume, 
strength, temperature, and quality of 
coffee (instant, decaffeinated, regular); 
cup type and size; and the time of day 
to make and drink it. 

The technology transfer process may 
sound futile to the uninitiated, but its 
importance is paramount from both a 
technical and regulatory perspective, so 
it should never be overlooked. It may 
look straightforward from a high level, 
but in reality, for biotech products and 
processes it is actually very complex. 

Figure 4: Early (top) and late-stage (bottom) technology transfer goals 
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Figure 5: Technology transfer plan (e.g., Gantt chart)
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This activity can cost a significant 
amount of effort, time, and money, 
which is a major reason to get it right. 
Failure can easily cost six months to a 
year of work to put things right. From 
my own experience, good and adherent 
planning is essential and can make the 
difference between failure and success. 

Absolutely consider conducting a 
preliminary engineering batch before 
formal technology transfer of CGMP 
manufacturing. This can demonstrate 
that the process runs as expected. 
Remember that effective training is 
not always factored in.

Acceptance criteria need to be 
objectively defined. Analytical 
qualification/validation also is 
necessary and can be an overlooked 
time constraint. Be sure to take into 
account the latest regulatory 
requirements. They are liable to 
change and need to be properly 
interpreted, especially (for example) in 
transfer of a legacy product. 

tAke-home messAges

In a process/product development life 
cycle, change is unavoidable. Companies 
must ensure that pivotal-stage clinical 
materials are the same from one trial to 
the next. Technology transfer therefore 
must ensure the management of such 
changes. Technology transfer is closely 
linked to comparability. Whether in 
house or outsourced, technology transfer 
efforts are much the same.

Secure buy-in from laboratory 
personnel up to senior management is 
essential. Technology transfer can and 
should involve development, CGMP, 
quality, and engineering groups. Do 
not rush things, which is by far the 
most common failing. Diligent 
planning and project management are 
key. Procurement of materials can take 
several weeks; method and process 
transfer also can take a long time to 
qualify (or validate as necessary), 
particularly with biopharmaceuticals 
that take a long time to manufacture.

CMOs are involved in many 
projects, so a timeslot probably will 
not be available immediately for your 
manufacturing campaigns but could 
open up several months in the future. 
Do not outsource anything that has a 
hidden problem, which will escalate 

inevitably. Ensure that quality outputs 
meet regulatory expectations. Ask for 
up-front examples, and try to speak 
with previous clients of your short-
listed CMO. 

Remember, in outsourcing you are 
buying into a scientific partnership of 
developing and manufacturing part of 
your product’s development life cycle. It 
is important to maintain a strong 
rapport. If you encounter a problem 
(development often can hold hidden 
surprises, even if in house), quick 
assimilation and decision making will be 
needed. Above all, the “people” aspect of 
technology transfer needs to work — 
especially for knowledge transfer and 
continual communication. Plan frequent 
teleconferences and meetings to 
maintain active working relationships.

Finally, keep the objective 
challenge in focus: The product 
development goal is to create a robust 
and reproducible process and a safe 
and consistent product. That is what 
technology transfer ultimately aims to 
underpin and establish.
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Figure 6: Technology transfer risk evaluation
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