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QbD and GMPs: How the Convergence of Science and
Compliance Will Change the Way We Work

The focus on the design space will lead to a new workspace and
will affect staff in the development, manufacturing, and quality functions

uly 2, 2008, marked a significant milestone
for the biopharmaceutical industry. That’s
when the US Food and Drug Administration

on good manufacturing practices (GMPs). What
will QbD mean in that regard? The answer
lies in the convergence of science and compli-
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ance at the heart of QbD: (1) robust processes
designed to provide statistically defined per-
formance characteristics that ultimately result
in products with a defined target product pro-

nnounced its pilot program for the submission
of quality information for biotechnology prod-
ucts consistent with the principles of Quality
by Design (QbD).
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The greater product and process
understanding provided by QbD can
help companies in a variety of ways.
Greater process understanding means
more accurate and thorough valida-
tion and more robust processes, thus
improving quality. More robustness
also helps lower manufacturing costs
by increasing yield, reducing manu-
facturing downtime, and decreasing
the amount of rework and rejected
batches. By strengthening the manu-
facturing process, QbD can speed time
to market, thus increasing the return
on investment. In addition, QbD holds
out the promise of reduced regulatory
burden, including fewer postapproval
submissions, reduced end-product
release testing, and the possibility of
introducing process improvements
without further agency review.

Achieving those many benefits,
however, will require adopting new
ways of working and a new outlook

file, and (2) good biopharmaceutical quality,
defined as an acceptably low risk of failing to
achieve the target profile. In other words, QbD
combines increased scientific understanding
of products and processes with the risk-based
compliance that such understanding makes
possible.

This convergence of science and compliance
will profoundly affect all areas of GMPs, includ-
ing the nearly 20 such areas covered in the
International Conference on Harmonization
(ICH) Q7 guideline.! Each GMP could, of
course, be the subject of extended discussion
in light of QbD, but more generally, the con-
vergence of science and compliance will mean:
e more integrated, coordinated activities across

departments that have traditionally worked

in separate silos

e fundamental changes in focus for many per-
sonnel in development, manufacturing, and
quality

e changes in training to establish these new
ways of working.

Photodisc/Getty Images




Compliance Notes

QbD requires creating a continuous feedback loop
between development and manufacturing.

Under QbD, GMPs will be recon-
ceived as a framework, rather than
as the driver, for the performance
of risk-based, flexible processes. In
other words, if biopharmaceutical
companies are to maximize the
benefits of QbD, the technical and
compliance revolution it embodies
will need to be accompanied by a
cultural and organizational revolu-
tion.

COORDINATION ACROSS
DEPARTMENTS

Most companies have spent years
carefully establishing and elab-
orating the steps involved in the
manufacturing of biopharmaceuti-
cal products—from the initial cell
culture vial through scale-up, bio-
reactor production, downstream
processing, formulation, filling,
and packaging. Not surprisingly,
this approach has encouraged the
development of functional silos,
each narrowly focused on its area
of expertise, inhibiting the diffu-
sion and integration of knowledge
throughout the organization.

This model of drug production,
with little crossfunctional involve-
ment after each hand-off to another
function, and with quality ensured
through analytical testing near
the end of the process, has served
biopharmaceutical companies rea-
sonably well for decades. But with
tighter regulation and cost pressures
that now reach into development
and manufacturing, companies are
seeking more efficiency in manufac-
turing processes by improving pro-
cess understanding and control.

QbD, with its aim of achieving a
scientific understanding of manu-
facturing processes as early in the
development process as possible, and
of enabling continuous improve-
ment in manufacturing, requires a

much more integrated and holistic
approach by staff in all functional
areas. For example, in elucidating
and, in particular, documenting the
process design space (defined in ICH
Q8)2, development groups may need
to operate with an increased atten-
tion to GMP guidelines because the
data they develop by using design
of experiments (DOE) to define the
design space will be used to sup-
port manufacturing decisions to the
FDA. Analytical and bioanalytical
support functions will share in the
responsibilities for this key element
of process design and control.

In essence, succeeding with QbD
requires creating a continuous feed-
back loop between development
and manufacturing, with upstream,
downstream, and analytical person-
nel increasingly looking as far down
the production process as possible,
and manufacturing personnel reach-
ing back into earlier stages of devel-
opment, all tied tightly together by
improved communication and doc-
umentation facilitated through IT
groups.

CHANGES IN JOB FOCUS

This holistic way of operating will
mean some fundamental changes
in focus by staff in key functions.
For example, consider the age-old
disjunction between development
and manufacturing. It’s often been
said that development personnel
“threw their creations over the
wall” to manufacturing who would
say, in effect, “thanks, we'll take
it from here.” GMPs meant sim-
ply following the rules established
during validation and then per-
forming quality assurance (QA) to
make sure each batch of product
met product specifications.

But validation under a QbD
regime aims to establish the design

space within which changes may
be made to process or product
inputs while keeping the product
within specifications. As a result,
development and manufacturing will
have to look together over the entire
lifecycle of the process. Development
personnel will therefore widen their
scope to include issues of manufac-
turability. Conversely, manufactur-
ing personnel will be looking at
development data. Further, risk-based
compliance means that manufactur-
ing personnel, who have tradition-
ally focused on issues of efficiency,
will have to become decision-makers
and risk managers, deciding which
parameters to change when neces-
sary or desirable and understanding
the associated compliance risk.

QA personnel also will need to
be involved in defining the design
space during validation, working
closely with development staff. QA
will change its focus from proce-
dures and investigations to ensuring
that the design space isn't breached
and that risks are appropriately iden-
tified, assessed, managed, or miti-
gated. QA will likely ensure that the
appropriate personnel have weighed
in on a situation and that there is
documented justification for deci-
sions and actions taken. Often, jus-
tifications will come from technical
reports, which in most organizations
are not as regulated as GMP docu-
ments. This may require a new flex-
ibility on the part of QA, because
non-GMP documents may take on a
new level of credence in the approval
process and beyond.

From one point of view, it’s possi-
ble that flexibility for QA could come
in the form of fewer deviations and
investigations, because the design
space will provide clear boundaries
to define these. Under QbD, there
could be fewer release data to be scru-
tinized, and acceptance criteria for
release specifications would be more
scientifically justified. Upstream pro-
cess data could become more essen-
tial to the product quality equation,
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rather than only quality control (QC)
end product testing. Batch records
themselves might be less directive
and more prescriptive. QA will need
to ensure the appropriate data and
justifications are documented dur-
ing processing, rather than simply
recording actions taken. All of this
may require more process knowledge
on the part of QA, but more likely
requires only a different outlook on
data credibility. For example, dur-
ing vendor audits, the job will be
to assess the risk that materials and
services rendered pose to the valid
design space. This will require an
approach that is more scientifically
based than a GMP-checklist style
audit, which is currently common in
the industry.

From another point of view, it’s
possible that the FDA's evaluation
of GMPs will not accommodate
a completely flexible approach to
document requirements. Because
data produced by development staff
must help define the space in which
the manufacturing group is free to
operate and make changes, qual-
ity oversight may in fact increase
under QbD. How these issues are
resolved between the industry and
the agency will be important for
conferring the freedom to operate
within a design space. The prospect
of having such freedom is a major
appeal of QbD to the industry in
the first place.

Changes in the nature of the QC
group’s work will be driven by the
trend toward real-time quality con-
trol embodied in initiatives like pro-
cess analytical technology (PAT).3
This carries two implications for
QC. First, insofar as such control
becomes increasingly automated,
some QC staff will be freed up to
focus on attributes deemed critical
to product quality. Second, smart
companies will not simply throw
new technology at process controls.
Instead, armed with greater process
understanding, they will be able
to determine precisely where the

In vendor audits, QA will have to assess the risk
that materials pose to the design space, rather
than conducting a GMP-checklist style audit.

greatest risks and opportunities lie
in their operations and to address
them strategically. Personnel sup-
porting the manufacturing pro-
cess therefore will need to become
adept at creating, maintaining, and
refining PAT and control strategies
in line with the goal of continuous
improvement embodied in QbD.

TRAINING FOR NEW
WAYS OF WORKING

These changes in the ways various
functions do their part in ensuring
GMPs will require additional train-
ing, which under ICH Q7 is itself a
GMP.1 Different functions will, of
course, require different kinds of
training. For example:

e QC staff will need training in
PAT technology and strategy and
in complex upstream analytics.

* QA and manufacturing personnel
will need training in risk-based
assessment and compliance, and
in appropriate process and analyti-
cal understanding

e Development staff will need help
with DOE, and effective, or even
compliant, documentation, and
manufacturing constraints such as
cost-of-goods efficiencies, GMPs,
and risk analyses.

But the convergence of science and

compliance in QbD lends a com-

mon theme to all such training:
the understanding of the design
space. For some personnel, that will
mean understanding the design
space conceptually and, in specific
instances, knowing the relevant
parameters for purposes of control
and the like. For others, particu-
larly those who actually determine
the design space, it means familiar-

ity with the advanced statistical
methods that are used to map the
complex relationships among prod-
uct quality attributes, the manufac-
turing process, and clinical safety
and efficacy, and to determine the
various permutations of critical
input variables that will keep the
product within specifications.

SUMMARY

It is precisely because biological
processes involve many raw materi-
als, numerous upstream and down-
stream processing steps, numerous
types of equipment and operat-
ing conditions, and high levels of
variation that the analytical and
statistical rigor of QbD are required
for designing highly robust and
reliable systems. Many biophar-
maceutical companies already use
many of these statistical tools but
not necessarily in a full-fledged
QbD program. However, these tools
are rarely subject to compliance
oversight, and they are not easily
amenable to the current procedural
GMPs practiced in most biotech
companies.

Achieving GMPs in a QbD envi-
ronment will also require that
personnel from diverse functions
learn how to work in crossfunc-
tional teams. Such teamwork will
be required to ensure product qual-
ity and that each function achieves
some degree of crossfunctional
understanding. For example, devel-
opment, IT, and statistics personnel
will need an appreciation of GMPs,
while the quality and manufactur-
ing groups ensure that the spirit
of GMPs is captured as part of the
project and lot histories. If effective
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and accountable team leaders are deployed, then cross- vision of more efficient development and production of
functional teams can function smoothly as long as they = biopharmaceuticals. ¢
have management support.
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