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It is ironic that for all of the articles that
have been published over the past few
years about the rapid innovations in

drug development automation, the phar-
maceutical industry lags severely behind
other automated industries in one key aspect:
manufacturing quality analysis. 

To address this quality control
problem and thereby ensure the best
medicinal products for U.S. citizens,
the FDA assembled a subcommittee
in 2001 to establish guidelines for the
use of quality testing methods that it
called process analytical technologies
(PATs). In August 2003, the agency
issued a draft guidance document for
PAT implementation (1), which it
suggests “will encourage the volun-
tary development and implementa-
tion of innovative pharmaceutical
manufacturing and quality assurance.”

The Challenge
“Pharmaceutical manufacturers have contin-
ued to generously allocate funds to discov-
ery and marketing, while allocating insuf-
ficient funds to manufacturing,” says Justin
Neway, executive vice president and CSO
of Aegis Analytical Corp. (2). “Without
strong manufacturing operations, many of
the new drugs will produce less revenue than
their full potential as a result of longer-than-
necessary process start-up and scale-up times,
too many lost batches, process instability
and quality problems, and fines and recalls.”

On the R&D side of the pharmaceu-
tical coin, modern drug discovery includes
a wide variety of automated and integrat-
ed technologies, ranging from organic
synthesis to spectrometric and chromato-
graphic systems to in vitro and in vivo test-
ing systems. On the manufacturing side,
however, innovation seems to move more

slowly, and manufacturers are being asked
to rely on processes that have remained
largely unchanged for the past 30 years.

Because it is a less mature field than
many other manufacturing industries such
as petroleum or automobile, regulators

decided that pharmaceutical production
needed guidance to develop more effective
methods of analysis. This decision is the
driving force behind the PAT initiative.

PAT on Paper
The PAT initiative is designed to improve
the efficiencies of both the manufacturing
and regulatory processes through the use of
an integrated approach to quality analysis.
The key components of this approach are
data analysis, process analytical tools, process
monitoring, and continuous feedback.

Data analysis. The formulation of a
drug involves the complex coordination of
a variety of physical, chemical, and biolog-
ical products and processes. Thus, any prac-
tical efficiency improvements will have to
incorporate a “knowledge base” that consists
of a scientific understanding of how these
variables interrelate and a means of apply-
ing the knowledge to different formula-

tion scenarios. In short, design-of-experi-
ment evaluation will be critical.

Thus, by analyzing current methodolo-
gies and results in a systematic and statisti-
cal manner, drug manufacturers should be
able to simulate and test new processes to

help reduce product development
times. This informatics approach should
allow companies to determine what
variables are most critical to the final
desired product, where controls should
be inserted into the process, and what
factors control sample degradation.

Analytical tools. The PAT docu-
ment considers analysis as a method
not just for the chemical analysis of a
substance but for physical, microbio-
logical, statistical, and risk analysis as
well. Analytical pharmaceutical test-
ing has traditionally occurred either
off-line in a test laboratory or at-line

in the production area. Off-line testing can
result in a significant time lag between sample
taking and results analysis. Similarly, at-line
sampling can introduce physical artifacts
and the potential for contamination.

As a supplement to these methods,
the PAT document recommends the use
of other sampling methods. These include:
• on-line methods, where sample is divert-

ed from the main product stream and
can be returned after measurement;

• in-line methods, where a probe (e.g, a
pH electrode) is inserted into the process
stream; and

• noninvasive methods, where a sensor
(e.g., a Raman detector) is used that never
physically contacts the material, and
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the process stream remains undisturbed.
Last May, at Purdue University’s

Advancing Manufacturing Summit in West
Lafayette, IN, researchers from Eli Lilly &
Co. presented some ideas about the types
of analytical methods that could be adapt-
ed for real-time analysis of various steps in
the pharmaceutical manufacturing
process (3). Among these methods were:
• FTIR spectroscopy for reaction

analysis;
• NIR spectroscopy to measure prod-

uct dryness and uniformity;
• HPLC, GC, NMR spectroscopy,

and MS for reaction analysis and
product identity; and

• ultrasound to measure granularity.
Process monitoring. Of course,

having the methods to analyze the
production stream does you no good
if you can’t respond to what the results
are telling you. Thus, the PAT docu-
ment recommends the development
of a process measurement system that
allows real- or near-real-time analy-
sis of each of the critical product
attributes. Similarly, process controls
that allow the manufacturer to make
production adjustments on the basis
of this analysis should be in place.

By using such real-time methods,
the process end point no longer needs
to be a fixed time (e.g., mix for 10 min),
but rather can be the time required to
reach a specific state or condition
(e.g., mix until humidity drops below
5%). The document is quick to point
out, however, that this recommendation
does not abrogate the need for established
process times, although when using this
method, a time window or spread might be
more appropriate. After all, if your sample
is drying in 5 min when it usually takes
20–25 min, something is likely to be wrong.

Feedback. Continuous learning and
information management will be perhaps
the most critical component to the success
of PAT. As indicated earlier, it will be impor-
tant for manufacturers to understand the
significance of each data point and how
best to use this information to justify
proposals for postapproval process changes.
Similarly, the assembly and dissemination
of this information will be important both
within the company and with the FDA as
part of the approval process. On this point,
Neway is at his most vocal. “The lack of
timely, cost-effective data availability with

connectivity to the point of use may be the
single largest hurdle to compliance and
operating efficiencies in pharmaceutical
manufacturing today,” says Neway (2).
“PAT must be part of a comprehensive
manufacturing enterprise-wide solution
that ensures relevant time data availability

and must provide a validated environment
for data-intensive decision-making.”

The Response
Whereas companies are quickly seeing
the merits of the PAT document, accept-
ance is not without some reservations.
Perhaps number one on this list is the fear
of regulatory reprisals from the FDA should
companies implement PAT on existing
drug processes only to find problems in the
system that wouldn’t have been observed
under normal process monitoring. The
FDA, however, recognizes this concern and
is quick to allay manufacturers’ fears.

“FDA does not intend to inspect research
data collected on an existing product for the
purpose of evaluating the suitability of an
experimental process analyzer or other
PAT tools,” according to the PAT guide-
lines. Instead, “FDA’s routine inspection of

a firm’s manufacturing process that incor-
porates a PAT tool for research purposes will
be based on current regulatory standards
(e.g., test results from currently approved
or acceptable regulatory methods).”

In fact, the FDA has gone so far as to
suggest that companies that voluntarily

initiate the PAT process will be
protected by something akin to a
safe-harbor clause. “We don’t want
to penalize companies for doing
the right thing,” says Ajaz Hussein,
deputy director of the CDER Office
of Pharmaceutical Science (4). “We
want companies to identify prob-
lems and improve their processes.”

Another concern about the imple-
mentation of PAT is the sheer cost
of restructuring production lines.
Although these costs can easily be
absorbed by many of the larger phar-
maceutical manufacturers, such
requirements can be quite daunt-
ing to smaller firms. Undoubtedly,
the return on investment might well
be long in coming, but the FDA is
hoping to convince corporate
management that the savings gained
from more efficient resource usage,
optimal machinery operation,
reduced waste, and a greatly reduced
risk of product recall should more
than outweigh the money needed to
implement PAT. Furthermore, by
having a more thorough data stream
to follow production, FDA approval
times are likely to be shortened.

But perhaps the most persuasive argu-
ment for introducing PAT tools to the
production process is a sense of inevitabil-
ity. As numerous analysts have comment-
ed, regulatory guidelines have a tendency
to become laws, and it is probably better
to be ahead of the curve than play catch-
up. To that end, there is no shortage of
consultants and suppliers who are ready
to help pharmaceutical companies imple-
ment PAT systems (Table 1).
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ABB www.abb.com
Aegis Analytical www.aegiscorp.com
Alliance Technologies www.alliancetechgroup.com
Analytical Spectral Devices www.asdi.com
Avalon Instruments www.avaloninst.com
Bio-Rad www.bio-rad.com
Bruker Optics www.brukeroptics.com
Büchi Analytical www.buchi-analytical.com
Center for Process 
Analytical Chemistry www.cpac.washington.edu

ChemImage www.chemimage.com
CimQuest www.cimquest.com
FOSS www.foss.dk
Jobin Yvon Horiba www.jyhoriba.com
Kaiser Optical Systems www.kosi.com
Mathis Instruments www.mathisinstruments.com
NuGenesis www.nugenesis.com
Ocean Optics www.oceanoptics.com
PerkinElmer www.perkinelmer.com
QCT Solutions www.qctsolutions.com
Remspec www.remspec.com
Rockwell Automation www.rockwellautomation.com
Smiths Detection www.smithsdetection.com
Spectral Dimensions www.spectraldimensions.com
SSCI www.ssci-inc.com
Thermo Electron www.thermo.com
Tunnell Consulting www.tunnellconsulting.com
Umetrics www.umetrics.com

Table 1. Some Companies Involved in
Process Analytical Technology


