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INTRODUCTION

 

A newcomer to the biotechnology industry, probably immersed in a highly special-
ized aspect of the scientific subject with scant knowledge of the outside world, may
be surprised to find that their work is subject to the scrutiny of outsiders, often
strangers without the specialized knowledge that our young scientist is bringing to
the field. This may cause confusion and, perhaps, even resentment. However, with
maturity and growth, it will become evident that the external review process is not
dissimilar to the review process for a scientific publication in a refereed journal.
There is an advantage, however, in that the object of this review is to place a product
in the marketplace and thereby derive income for the company, to everybody’s
benefit. 

The main external review body in the biopharmaceutical and pharmaceutical
industries is the Food and Drug Administration (FDA), but at some later stage it
may be necessary to prepare a monograph for the quality control of a new product
and this would be achieved by interacting with officials from the United States
Pharmacopeia (USP) in order to have a section published in the pharmacopoeia. The
purpose of this chapter, therefore, is to introduce both of these organizations and
provide an understanding of their basic functions.
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THE FDA

O

 

RIGINS

 

 

 

AND

 

 O

 

RGANIZATION

 

Founded by Congress at the beginning of the last century in response to a perceived
need to protect the public from unacceptable manufacturing practices encountered,
at that time, mainly in the food industry, one finds that even today members of the
organization take their function of protecting the public extremely seriously. Fortu-
nately today the often disgusting practices found in the food industry have been
corrected, although current concerns about BSE (bovine spongiform encephalopa-
thy) passing from the cattle population to humans has shown a continuation in some
very questionable areas.

Currently based in Rockville, MD, the FDA is organized under a commissioner
who reports to the Department of Health and Human Resources. There is a central
headquarters in Rockville with various offices around the country. The headquarters
is organized into numerous functionary groups. From the pharmaceutical perspective
the two most important are the Center for Drug Evaluation and Research (CDER)
and the Center for Biologics and Research (CBER). Unfortunately, although these
acronyms are very similar, broken down, the functions of these two groups are self-
explanatory. Not equal in size, it is remarkable that the FDA has so quickly recog-
nized the relative importance of biologically derived pharmaceutical products by
creating CBER and it is to be hoped that this represents a pattern for the future.

The FDA has turned its attention to the regulatory control of the pharmaceutical
industry. Following the ethylene glycol incident in the late 1930s in which this toxic
solvent was used in a liquid sulfanilamide formulation, the agency was charged with
ensuring that drugs and other components of pharmaceutical products were safe to
use by the general public. This was achieved by only allowing a new product to go
on the market following review and scrutiny of documents submitted by the manu-
facturer.

This process worked well, despite frustration expressed by the companies at the
expense of preparing the paper work requested by the reviewers and the inevitable
delays in getting a new drug product to market. However, the remit of the agency
was vastly expanded when Congress demanded that the efficacy of a drug substance
should also be determined. This has proven to be a major obstacle to getting a drug
onto the marketplace, and this delay needs to be taken into account when a company
is planning its marketing strategy.

Since the FDA does not have laboratories of its own that are capable of checking
the submitted information, the data is closely reviewed by agency scientists who do
not necessarily have relevant and related expertise but who are quite capable of
exercising scientific judgment. In the final stages external review committees, con-
sisting mainly of medically qualified experts in the area of interest, will review the
data again and recommend if the drug should be allowed to enter the marketplace.
The agency does not have to accept the recommendation although it often does.

The FDA also has another function in that, like the interaction it has with the
food industry, pharmaceutical manufacturing plants are subject to inspection. The
stated purpose of the inspections is to ensure that the product is safe for consumption
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by the general public and not contaminated at any stage of the manufacturing process.
In actual fact, there are rarely instances where some dangerous contaminant can get
into the product and all the inspector is doing is following the process to ensure that
the literal letter of the law is being adhered to, with an appropriate bureaucratic
paper trail. The main exception here is microbiological contamination which repre-
sents a major threat in the food industry but, again, is less common in the pharma-
ceutical arena.

It might be appropriate here to echo the mantra used by all involved in the
manufacturing process, the subsequent quality control processes, and the FDA
inspector:

 

“

 

If it wasn’t written down it never happened!”

 

Of course, this mantra is not confined to the pharmaceutical industry but now
forms the underlying basis for quality control of many industrial products.
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In the early 1950s it seemed that the pharmaceutical manufacturing industry was
composed of a number of eccentric individuals who had considerable expertise in,
for example, color coating tablets but who were unwilling to share their technology.
Every company had its own experts and they were jealously guarded and protected.
Unfortunately difficulties arose when these individuals retired or were, rarely, pro-
moted since there were only inadequate records or, in some cases none whatsoever.
There was also no lateral movement of the technical knowledge, with inevitable
problems.

FDA inspectors rapidly realized these issues were sometimes serious enough as
to affect the quality of the products and started to put together a codified document
in order to control manufacturing processes across the industry. Strongly resisted
by industry initially, it took a while for the managers to realize that there were some
advantages to be gained in sharing information. Strongly influenced by the earlier
British Orange Guide, these FDA documents eventually became known as the current
Good Manufacturing Practices (cGMPs). Originally written in the early 1970s, these
regulations are still undergoing development in details, and are known worldwide.
Many smaller countries have either adopted them wholesale or have adapted them.
It can be safely said that in many ways the FDA made a major contribution to the
science and technology of pharmaceutical manufacturing by insisting on this codi-
fication and this has proved to be beneficial to everyone concerned.

The emphasis is, as noted in the saying above, on the written word. Every process
is written down in detail, describing what is to be produced and how. Each stage is
described and signed off by the operators involved and their responsible managers
before the product is taken to the next stage. Admittedly a bureaucratic procedure,
it does enable external inspectors to check the whole manufacturing process from
beginning to end in order to determine whether or not the product is suited for its
stated purpose. Of course, the process works to the manufacturer’s advantage since
they are no longer dependent on individual operators; there is improved safety for
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the patient and fewer manufacturing errors are made which means fewer expensive
product recalls.

That pharmaceutical manufacturers are now totally committed to cGMPs as a
fact of life, reluctantly admitted by the newer and inexperienced biopharmaceutical
technology-based companies. Indeed, there are examples of young companies going
out of business because they felt that this was an unnecessary bureaucratic process
that would hinder the application of their wonderful new product. This attitude was
perilous in the extreme because, ultimately, the FDA has to approve the drug and
its process before it can be marketed.

It is interesting to note that since the introduction of cGMPs, other codified pro-
cedures have sprung up such as Good Clinical Practices, Good Clinical Trial Practices,
Good Laboratory Practices, and the like. Failure to follow these often mandated reg-
ulations can be dire, especially if something goes wrong because they were not
followed.

As noted, the FDA has statutory powers to inspect and evaluate a company to
determine if there are any potential threats to the health and safety of patients taking
the product. This can take some interesting forms such as the use of federal marshalls
to break down the front door of a plant locked to keep inspectors out. This is, perhaps,
an extreme example although it appears that every inspector could tell of similar
experiences gained during their professional career. However, inspection of facilities
is one of the main and original functions of the FDA. The inspectors usually work
in teams and operate out of offices situated near concentrations of the industry, such
as San Francisco, Chicago, and New York. However, they also inspect plants overseas,
such as Ireland, the UK, China, and India. The inspectors have the right to be admitted
to a plant without prior notice and, as noted, even have the right to break down doors
if necessary to access records and equipment. Naturally, in some quarters there has
been resistance to this concept and inspectors have been threatened to the point where
some are entitled to carry firearms. Whether or not these statutory powers have ever
been used against members of the so-called “Big Pharma” is a moot point, especially
when the companies know there is so much to be lost by opposing the inspection
process. It should also be noted that inspectors have the powers to close a plant down
immediately if there is a perception that it is being operated with a total disregard
for protocols and written procedures or a particular area is found to be unclean or
unsafe.

Although the inspectors usually turn up without advance notice, most plants are
now prepared for this eventuality and internal procedures have been set up to deal
with this type of contingency. A senior management personnel such as the Head of
Quality Assurance is usually assigned to the task of meeting the inspectors. As soon
as the inspectors identify themselves they are conducted to a meeting room and they
will then discuss with their guide what they wish to see during this visit. The pro-
ceedings should be courteous and efficient but, as is the way in the real world,
sometimes there are disagreements and these will be discussed in the meeting room
after the inspection has been made. The senior inspector and his team will then prepare
a series of observations and present these to the company management on the dreaded
Form 483. If a really serious issue is raised it is usually necessary for a company chief
operating officer to be present so that he can hear the issues for himself. Either way,
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the form has to be presented to senior management and a written response is usually
required within a prescribed time frame. Some have deemed it necessary to ignore
their response or delay in providing answers, but, as experience has shown, there
are penalties invoked when the FDA perceive that this is happening.

Although these Form 483 observations are supposed to be confidential, only
between the regulatory agency and the company, some ingenious lawyers have found
that it is possible to access them through the Freedom of Information Act, and often
this information is used by competitors or stock market analysts to determine just
how well the company is run.

It should be noted that there are usually indicators of the seriousness of a
complaint. For example, only one inspector turning up who is gone within the hour
can be contrasted with a large team of as many as 20 inspectors who might take a
month to investigate particular issues—clearly an indication that something is per-
ceived to be wrong.

After the departure of the inspectors the company has a limited time to respond
to the concerns expressed on Form 483 and, if the agency is not satisfied, a letter will
be sent to the company warning them of the issues. Recently this letter has been
followed by fines on the company, in some cases of penalties in excess of $500 million.

In fairness it has to be admitted that visits from inspectors are often highly
professional. However, there have been suspicions that inspectors from certain local
offices have slightly different agenda that are usually unfavorable to the industry. It
is not a pleasant experience to hear an inspector openly taking credit for effectively
putting a company out of business; this should not be the purpose of the inspection
process.

 

T

 

HE

 

 R

 

EVIEW

 

 P

 

ROCESS

 

When a company feels that it is ready to market, say, a new chemical entity or drug,
appropriately tested and evaluated, it applies to the FDA for an approval letter. Before
this can be issued several critical stages need to be successfully passed. For example,
the agency needs to review and approve all of the documents relating to the initial
research, testing, and manufacture of the compound before it can be tested in humans.
Human testing is divided into four main stages, the first being a small trial in a
limited number of patients or volunteers to make certain the drug is absorbed and
is safe. The second and third stages are carried out with increasing numbers of
patients to determine if the drug is efficacious against the targeted disease in a clinical
setting. This is likely to result in a limited number of clinical trials to determine any
effects on the general population.

Unfortunately, this is often when issues arise. To illustrate this point, let us say
that 1 in 1000 patients show an allergic response to the new drug. This response is
unlikely to become evident in the small numbers of patients involved in the initial
clinical testing and such reactions only become increasingly likely as the number
of patients exposed to the drug increases. This is why it has become important to
have a fourth, postmarketing surveillance, stage. In this stage there is continual
surveillance in order to monitor the way in which the drug is administered and to
determine if there are any unexpected side effects, which otherwise would not have
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been predicted from results on the hundred or so patients involved in the earlier
stages of testing.

With so much bureaucracy to support it should not be surprising to realize that
the FDA is an expensive unit of the federal government paid for by the tax payer.
With this in mind Congress has recently allowed fees to be imposed, allowing the
companies who will benefit to provide some support.

Along the same lines, it has to be recognized that this regulatory process signif-
icantly increases the cost to the company, especially when it is required to demon-
strate that the drug is essentially free of toxicity. A recent survey from Tufts University
(2004) has suggested that the cost to a company of developing a new chemical entity
from discovery to the market is now approaching $900,000,000. Since in many cases
the company only has 5 remaining years of marketing exclusivity to recover this not
insignificant amount of investment, it is hardly surprising that the marketing costs
for a new drug often appear to be high. This issue will be discussed in more detail
in the final chapter.

The FDA has proved to be responsive to criticism, probably more so than many
other federal agencies. To give one example, in 1989 it took roughly 33 months for
a market approval letter to be issued from the date of request; 10 years later this
dropped to 13 months. Issues still remain, however. No new drug excipients had
been approved in over 20 years because no manufacturer was willing to spend the
money on the extensive toxicity testing required without commercial exclusivity or
protection.

A recently appointed commissioner has noted that, in fact, the number of appli-
cations for approval of drug 

 

and biologicals

 

 (my emphasis) has decreased, which
should be of no surprise to any student of economics. The commissioner also noted
that the genomically based drugs will become even more expensive to approve and
this factor alone will begin to have a significant impact on the overall cost of
healthcare. However, in contrast, it should also be pointed out that the new drugs
should be more effective, being targeted and precise in their application. This debate
is sure to continue.

 

THE UNITED STATES PHARMACOPEIA

 

At the present time the United States Pharmacopeia (USP) is the premier book of
pharmaceutical standards throughout the world. It is enforced as the book of drug
standards and is used by the FDA to define quality in the United States during
inspections and reviews.
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Historically, books of drug standards began to appear in Europe during the 14th
century, especially in the small states that comprised what is now Germany and Italy.
In the United Kingdom there was a London Pharmacopoeia dating from 1618, and
similar books were published in Edinburgh in 1699 and Dublin in 1807. Eventually
these were merged together into the British Pharmacopoeia in 1864 and this is still
being published although it is now subservient to the European Pharmacopoeia.

 

PH1873_C014.fm  Page 384  Friday, June 24, 2005  2:03 PM

© 2006 by Taylor & Francis Group, LLC



 

Regulatory and Compendial Issues

 

385

 

In pre-Revolutionary America most drugs were imported from London and the
standards of the London Pharmacopoeia were used. After the war nationalist feelings
became dominant and there was a suspicion that imported drugs were of poor quality,
especially after a sea voyage lasting up to 3 months. In addition, it was realized that
many drugs being imported were actually of native American origin, and it made
little sense to send materials for processing when it could be done more cheaply
and more satisfactorily at home.

A group of doctors under the leadership of Dr. Lyman Spalding met in 1807 to
determine if it was feasible to organize an American Pharmacopoeia. A convention
was organized based on the division of the now United States into four geographical
groups and the first United States Pharmacopoeia was published in Boston in 1820.
A second edition was published out of New York in 1830 (twice, because of errors
the first time around), and eventually it was published from Philadelphia as a national
pharmacopoeia published in five yearly revisions. Now in its 28th edition (2005),
the pharmacopoeia has lost its diphthong and is now published annually, with two
annual supplements to ensure that the compendium is current and up to date. The
National Formulary (NF) was added to the pharmacopoeia in 1975 and the book
contains standards for drugs and excipients as well as simple formulae for vehicles
and the like.

It should be noted that the function and format has changed over the years. For
example, the 1820 edition only contained formulae for 317 drugs and preparations.
Starting in 1880 the text started to contain rudimentary drug standards and a section
still headed Tests and Assays.

Like many organizations today, the USP has a mission statement and this was
stated in the 27th edition: the objective of a pharmacopoeia is to provide and
disseminate authoritative standards for medicines, other healthcare technologies and
related practices to maintain and improve public health, and to provide information
for practitioners and patients. In addition, the compendial activities of the USP are
also designed to support the availability of safe and good quality medicines for
consumers everywhere. In parenthesis, the term “quality” is not defined here because
it is intuitively understood by everyone. One working definition holds that a quality
item is one suitable for a stated purpose, but this is somewhat unsatisfactory and a
better definition is required.

Although the organization of the USP is obviously very complex and, by
definition, expensive, it must be emphasized here that the organization is a private
enterprise and is not government funded. The United States Pharmacopeia is still
published by a convention which meets every 5 years and is comprised of med-
ically and pharmaceutically qualified individuals who come as representatives or
delegates from medical and pharmacy colleges across the country. Other profes-
sional organizations are represented such as veterinarians and nurses and, increas-
ingly, representatives from the biochemical and biotechnological areas. One point
often not always appreciated is the fact that foreign experts are becoming increas-
ingly involved, especially in the area discussed under Harmonization. In many
ways the USP is, in a number of senses, an international enterprise in its own
right. At the time of writing it was announced that a Spanish language edition is
to be published.
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The convention is the engine that drives the organization, containing a nucleus
of permanent staff under the direction of a chief executive and a board of trustees,
rather like an industrial company but designed to be nonprofit. Income is principally
derived from the sales of the publications and reference samples required for many
chemical and biological assays. Expenditures are maintenance and upkeep of the
buildings, salaries of the secretariat and expenses involved in bringing in members
of the committees of experts as well as the organization of various conferences
designed to discuss current technical issues. Since the expertise required to prepare
and publish monographs on the many different types of drug in the compendium is
obviously very diverse, the main part of the pharmacopeia is put together by com-
mittees of experts with different responsibilities. It is evident that the entire process
of putting a pharmacopeia together is heavily dependent on interested volunteers
donating their time and energy; without their contributions the whole process would
become too unwieldy to function effectively. Typically a monograph for a new drug
would be put together by a single member of a committee, then the  committee as
a whole would review the draft. The draft would then be edited by the permanent
staff and published in the Pharmacopeial Forum (PF).

The PF is a bimonthly publication in which changes or additions to the phar-
macopeia are published for public review and comment. This is usually the first
sight of a proposal and the PF is turning out to be a very important document for
those who are involved in quality control. Proposed changes are described in a page-
by-page collation and, usually, there are discussion articles so that the scientific
background is available to allow appreciation of the significance of present or future
technical proposals.

Once a monograph has been published in PF a period of time is allowed for
discussion or submissions, usually by pharmaceutical companies who might be
affected. The draft monograph might then be rewritten and again published in PF
to ensure that there is comfort with the proposal. After approval by the board of
trustees the monograph then goes forward for incorporation into the next edition of
the PF. However, even after publication the monograph is not written in stone and
can be modified in detail if necessary, changes going through the same process.

 

F

 

ORMAT

 

The format of the modern pharmacopeia remains roughly similar to those early
medieval compendia that effectively listed drugs or the crude galenicals made from
them in individuals monographs. Of course, these early documents were written in
Latin but nowadays about the only remaining traces of Latin are in the titles of
occasional botanical descriptions, which have recently made a return to official
pharmacy under the rubric of Nutritional Supplements.

A modern monograph is devoted to a drug substance and starts with a concise
description of the product. This is followed by instructions for packaging and storage,
relevant USP reference standards, identification, and procedures for the assay of the
drug or the product components. There is sufficient information for those “skilled in
the arts” to be able to analyze the drug and its components, making the compendium
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a valuable source of information in its own right. There are also limits and simple
tests for contaminants or impurities.

The addition of the National Formulary section to the pharmacopeia, followed
more recently by the section of Nutritional Supplements, has resulted in a consid-
erable increase in the numbers of substances described by an official monograph.
These are mainly excipients and diluents for the NF and standards for the popular
Nutritional Supplements (including my personal favorite, Chocolate).

There are two sections in the modern compendium that would not be familiar
to the early pioneers, the Notices and the General Chapters. The first, described as
General Notices in the text lays down the guidelines for subsequent interpretation
and is required reading for any individual who picks up the pharmacopeia, providing,
as it does, definitions of parameters such as temperature and methods of calculating
percentages.

The most valuable information in the whole compendium, perhaps, is to be
found in the various General Chapters. There are currently 1251 chapters, indicated
by brackets, < >, although the observant reader will notice that the editors have held
some of the assigned numbers back for later use.

These chapters contain specific information about the principles of assays defined
in the text and contain what may well be the most comprehensive guide to the science
of measurement in the scientific literature. Both the NF and the Nutritional Supple-
ments have their own general chapters. Guidelines to Good Manufacturing practices
are supplied, with guidance to small-scale pharmaceutical operations such as those
encountered in a typical dispensing pharmacy.

It has to be said, there are a remarkable mix of topics in this section, ranging
through a complete discussion of biotechnology-derived articles (<1045> and
<1047>), cell and gene therapy products (<1046>), and validation of compendial
(test) methods (<1225>). Specific methods for detection and measurement of sus-
pended particulate matter are discussed in <788>, and there are detailed instructions
on how to measure weights, <41>, volume <31>, or temperature <21>. Every
student and, indeed, their supervisors need to be aware of what is in this valuable
section; there is so much valuable information that the compilers cannot be praised
enough.

It might be noted that these topics are not just confined to products on the market
and in the pharmacopoeia. For example, there are only a few products currently available
derived from biotechnology or from gene engineering on the market place or being the
subject of a compendial monograph and yet the future needs are anticipated. This is an
impressive achievement, especially when one considers that each chapter has the poten-
tial to be updated every year, thereby avoiding obsolescent information.

 

H

 

ARMONIZATION

 

In compendial-speak harmonization is a new word rapidly becoming significant in
today’s world and may suggest that, in the future, there may only need to be one
pharmacopoeia for international purposes. This may or may not come about but the
intention is certainly there.
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This whole subject came about during informal discussions during the late 1980s
when it was realized that there were only three significant pharmacopoeias on the
world scene: the United States, Japan, and Europe. However, looking at the three it
was evident that there were discrepancies between them for substances described in
compendial monographs, which were probably otherwise identical. One example
was lactose, a common excipient with three different specification for the same
substance in commerce, often with only minor or trivial differences. This was held
to be significant in terms of world trade since a manufacturer had to label the material
differently according to where it was being marketed, even if the material in the
container was identical in composition.

Gradually these discussions have broadened in scope and an official body was
formed under the name of The Pharmacopoeal Discussion Group, consisting of
representatives from each of the three pharmacopoeias. They are currently coordi-
nating changes in monographs for excipients and in some cases analytical methods
covered in the General Chapters. The progress over the past decade has been
impressive and the work is proceeding. It is possible or even likely that the influence
of local practices influencing each individual pharmacopoeia will hold sway for at
least a while so the need for regional compendia will continue. Who knows what
will happen in the future?

It might be of interest to observe here that this logical need to harmonize on an
international scale is not exactly new. In the United States there was a move in the
1860s to harmonize or join the United States Pharmacopoeia (as it was spelt in those
days) with the British Pharmacopoeia, which had just been published for the first
time. However, nothing came of this move for various reasons and we have had to
wait for another hundred years before harmonization has come about with some
unanticipated partnerships.

There can be little doubt about the international nature of business these days
and anything that removes potential trade barriers is usually welcomed. This is
happening and now it does not matter from where we purchase our lactose.
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