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Introduction

A toy plane has a handful of parts. A Boeing 747 has several millions. This
makes sense: toy planes are small, simple models, while 747s are large, high-
performance aircraft that travel more than 500 mph with thousands of component
systems acting together. The toy costs a few dollars because it is easy to manufacture.’
The 747 costs about $225 million because of its highly complex nature, testing, and the
need to ensure safety. This comparison is worth keeping in mind as the debate heats up
on generic biopharmaceuticals.?

Biopharmaceuticals are one of the fastest growing—and most expensive—
categories of drugs. The Food and Drug Administration (FDA) issued marketing
approval on 36 biopharmaceuticals in 2002; it also approved 37 in the following year,
40 in 2004, and 38 in 2005.* Biopharmaceutical approvals are predicted to grow at a
rate of 16—30%, compared with an approximate 4% growth of traditional small-molecule
drugs.® As of May 2006, 111 biopharmaceuticals were in late-stage development in 190

indications—including 87 new molecular entities, 25 that had completed Phase Il trials,



and 24 that already had FDA approval in other indications.® Many more new
biopharmaceuticals reportedly are in the approval process.’

Most biopharmaceuticals are dispensed through a specialty pharmacy system.
The four biopharmaceuticals accounting for the majority of sales are erythropoietin (e.g.,
Epogen®, Procrit®, and Aranesp®), recombinant DNA insulin (e.g., Humulin® and
Novolin®), human growth hormone (e.g., Saizen® and Somatropin®) and granulocyte
colony stimulating factors (e.g., Neupogen®, Neulasta®, and Leukine®). Costs of these
biopharmaceuticals exceed that of traditional small-molecule drugs, whose cost rose by
6% in 2006 while spending on specialty biopharmaceuticals increased by 21%.2

Single-source biopharmaceuticals have the potential to present important new
pressures on the federal budget.” Congress has voiced concern over drug cost
increases and is concerned with the possibility that competing low-cost substitutes to
the brand-name biopharmaceuticals might not be available when the patents expire.°
As a result, several bills introduced over the past two years would create an expedited
marketing approval pathway for follow-on biologics (FOBs),** paving the road for a
policy change that will someday allow for an easier process to approve these FOBs.

This Member Briefing will explore the viability of approving FOBs and discuss how

allowing an expedited process might reduce costs of these expensive
biopharmaceuticals. First, it will define biopharmaceuticals. Next, it will review the
science of biopharmaceuticals. Then it will explore the regulatory framework. It will also
review the issues surrounding FOBs. Additionally, it will summarize the bills pending in
Congress. Finally, it will explore the potential economic impact of creating a new

framework for expedited approval of FOBs.



What are Biopharmaceuticals?

A. Biological Products

Biological products are proteins that are made by recombinant DNA technology.
They function as a drug and carry many names, including biopharmaceuticals, biotech
drugs, biological products, or therapeutic biological products.*? For the purpose of this
paper, we will refer to them as biopharmaceuticals.

The term biological product is defined in the Public Health Services Act (PHSA)™
as a product comprised of a biological product that is derived from and produced in
living materials (e.g., microbial cells, mammalian cell lines, plant cell cultures,
transgenic animals, or plants) and “are intended for use in the prevention, treatment or
cure of a disease or condition in human beings.”**

This definition overlaps with that for drugs. The term drug includes “articles
intended for use in the diagnosis, cure, mitigation, treatment, or prevention of disease in
man or other animals.”® As a result, biopharmaceuticals are considered both “biological
products,” which are regulated under the PHSA, and “drugs,” which are regulated under
the Food Drug & Cosmetic Act (FDCA). We will discuss the regulatory scheme for
biopharmaceuticals in Section Ill of this paper, but first look back at the evolution of the

biopharmaceutical industry.

B. History of Biopharmaceuticals

Although the first biopharmaceutical was approved in 1982, modern
biotechnology began in 1953 when Watson and Crick revealed the three-dimensional
structure of DNA.'® Over the next thirty years, new breakthroughs and techniques such
as cell-culturing, synthesis of nucleic acids, understanding of how DNA is replicated,

how DNA and RNA work, and gene cloning were discovered. In 1961, the genetic code



was understood for the first time and, in 1967, the first automatic protein sequencer was

perfected.
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Table 1
2006 Name of Biologic 2005

successful recombinant DNA experiment, using

bacterial genes, and in 1975 the first monoclonal 1 Enbrel 1
2 Aranesp 3
antibodies are produced. Two years later, genetically 3 Rituxan 4
4  Remicade 5
engineered bacteria were first used to synthesize 5  Procrit 2
6 Herceptin 9
human growth (hGH) protein.*” In 1982 Humulin®, 7 Epogen 6
8 Neulasta 7
Genentech's human insulin, was produced by 9  Novolin
10 Avastin 13
genetically engineering bacteria.*® Since that time, more 11 Lantus 11
12 Humira 12
than one hundred biopharmaceuticals have been 13 Levemir
14 NeoRecormon 8
approved by the FDA and are being marketed in the 15 Avonex 10
16 Rebif 14
United States. In 2006, worldwide biopharmaceutical 17 Neupogen 15
18 Humalog 16
sales were more than $64 billion.'° The 19 Betaseron 20
20 Pegasys 18

biopharmaceuticals listed in Table 1 were the 20 largest

selling biologic drugs in 2006, accounting for $49.4 billion in sales worldwide.?°



Il. The Science of Biopharmaceuticals
A. Not Just Your Old Biochem Class

Many scientific disciplines contribute to biotechnology: molecular biology,
microbiology, biochemistry, genetics, chemical engineering, and cell biology.?* The
traditional medicines (often called small-molecule drugs)—historically the mainstay of
medical, nursing, and pharmacy school education about drugs—are synthetic small
molecules produced through chemical processes. They are discovered through high-
throughput screens of tens of thousands of randomly generated compounds. On the
other hand, biopharmaceuticals are macromolecules that are produce by living systems
and created from amino acids and nucleic acids.

B. Synthetic Versus Biotechnology-derived Medicinal Products

Biopharmaceuticals are generally much

HO
more complex than small-molecule drugs, and

their manufacture often entails the use of live

ibuprofen
cells and complicated biologic processes.? (MW = 206.28 Daltons)

Erythropoietin (34,000 Daltons)

The proteins are usually substantially large, Polymer: 1 ERYTHROPOIETIN ; Mutation:
N24K, N38K, N83K, P121N, P122S;
. Chain: A
complex molecules that may be mixtures of Polymer: 2 EPO RECEPTOR
Fragment: EXTRACELLULAR DOMAIN
distinct entities.*® For example, in Figure 2, we o 1o2Q N1EAQ AZLIE

compare ibuprofen to erythropoietin. Ibuprofen’s structure (C13H150>) is relatively simple
and may be depicted with a simple diagram. It has a molecular weight of 206.28 Daltons
and is synthesized chemically from isobutyl benzene.*

On the other hand, erythropoietin (EPO), a glycoprotein hormone (a cytokine), is
produced by recombinant DNA technology in mammalian cell culture. Its molecular

description is much more complex.?



The process under which biopharmaceuticals are made is almost equally
important to the structure of the drug. Even well-characterized, highly purified
recombinant proteins may exhibit minor degrees of structural variability from lot to lot
resulting from variations in the manufacturing process. The quality and nature of natural
source products can vary depending on condition of the source material, processes

used to extract and purify the product, and other factors.?

[1I. Regulatory Framework for Biologics
A. Timeline

Biologics were regulated in the United States four years before the federal
government began to regulate drugs.?’ In 1902, the Biologics Controls Act was passed
in response to contaminated smallpox vaccines. The Act allowed the federal
government to license and inspect facilities that were manufacturing biologics.”® The
statute was later re-codified into the PHSA?®in 1944, and licensing of the biological
products themselves was also required. Generally, from 1944 to 1972 both biologics
and the manufacturing facilities were regulated by the National Institutes of Health
(NIH). However, in 1972, the responsibility for regulating biologics was turned over to
the FDA’s Center for Biologics Evaluation and Research (CBER).

In 1997, the Food and Drug Administration Modernization Act (FDAMA) replaced
the dual licensing (facility and product) with a new single licensing system: the Biologics
License Application (BLA). Since June 2003, the responsibilities for regulating biologics
have been divided between CBER and the FDA'’s Center for Drug Evaluation and

Research (CDER). However, all licensing is through the NIH under the PHSA.*® See



Table 2 for a flow chart describing how different biopharmaceuticals are licensed and

regulated.

B. Current Biopharmaceutical Approval Process

Regardless of whether a biopharmaceutical will be regulated by CBER or CDER,
the regulatory review and approval standards are identical. Further, the development
processes are similar, going through basic research, preclinical studies (using
laboratory animals) to evaluate toxicity, pharmacokinetics, and pharmacodynamics.*!
After preclinical (animal) studies, the development of the biopharmaceutical continues
with clinical studies. As with other drugs, the manufacturer must submit an
Investigational New Drug Application (IND) to the FDA before instituting human subject
clinical trials. If the FDA concludes that the proposed clinical study can be conducted
without imposing unreasonable risk to the human subjects, and that the study is
properly designed to establish efficacy of the biopharmaceutical, the FDA will grant an

IND.



Biological Proteins ]

Table 2

BLAs

1. Monoclonal antibodies for in vivo use

2. Proteins intended for therapeutic use,
including: a. cytokins (e.g., interferons);
b. enzymes (e.g., thromboloytics); and
c. other novel proteins — except for those
specifically assigned to CBER (including
therapeutic proteins derived from plants,
animal or microorganisms, and recombinant
versions of those proteins)

w

Immunomodulators
proteins or peptides that are not antigen
specific that are intended to treat disease by
inhibiting or modifying a pre-existing
immune response
. proteins or peptides intended to act in
antigen-specific fashion to treat or prevent
autoimmune diseases by inhibiting or
modifying pre-existing immune responses
. Growth factors, cytokines and monoclonal
antibodies intended to mobilize, stimulate,
decrease or otherwise alter the production of
cellsin vivo. This also includes non-
biological agents administered as mobilizing
agents for their direct therapeutic effect, as
well as those administered for the purpose of
subsequently harvesting the mobilized,
stimulated, decreased or otherwise altered
cells for use in a human cellular or tissue-

based product (HCT/P)
FDA FAQs About Therapeutic Biological Products,, Q.2
available at: http://69.20.19.211/cder/biologics/qa.htm
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Clinical trials must follow specific quality assurance requirements* and will go through

/-

BLAs

7

1. Insulin

2. Hormones
(e.g., HGH,
glucagon,
hormones to
treat infertility,
menopause and
osteoporosis)

3. Certain
medical
enzymes (e.g.,
hyaluronidase,

urokinase)
Woodcock 3/26/07 Statement

1.

N

w
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Cellular products, includin Iproducts composed of
human, bacterial or animal cells (such as pancreatic
islet cells for transplantation), or from physical parts
of those cells (such as whole cells, cell fragments, or
other components intended for use as preventative or
therapeutic vaccines).

. Gene therapy products. Human gene therapy/gene

transfer is the administration of nucleic acids,
viruses, or genet_nca#le/ engineered microorganisms
that mediate their effect by transcription and/or
translation of the transferred genetic material, and/or
by mtegratln% into the host genome. Cells may be
modified in these ways ex vivo for subsequent
administration to the recipient, or altered in vivo by
gene therapy products administered directly to the
recipient.

. Vaccines and vaccine-associated products:

products, regardless of their composition or method
of manufacture, intended to induce or enhance a
specific immune response to prevent or treat a
disease or condition, or to enhance the activity of
other therapeutic interventions.

. Allergenic extracts used for the diagnosis and

treatment of allergic diseases and allergen patch
tests.

Antitoxins, antivenins, and venoms.

Blood, blood components, plasma derived
products (for example, albumin, immunoglobulins,
clotting factors, fibrin sealants, proteinase
inhibitors), including recombinant and transgenic
versions of plasma derivatives, (for example, clotting
factors), blood substitutes, plasma volume
expanders, human or animal polyclonal antibody
?reparatlons including radiolabeled or conjugated
orms, and certain fibrinolytics such as plasma-
derived plasmin, and red cell reagents.

Human cells, tissues and cellular and tissue-
based products (HCT/PSL. This category includes
HCT/Ps containing cells that have been harvested
following in vivo administration of a CDER-
regulated growth factor, cytokine, or monoclonal
antibody, as well as HCT/P’s requiring ex vivo
manipulation.

Gibbs, J,, et al., The Fundamentals of Life Sciences Law: Drugs,
Devices, and Biotech, page 70.

three phases to demonstrate the safety, purity, and potency of the biologic for the

proposed indication. Once clinical trials are completed, the manufacturer will submit a

Biologics License Application (BLA) to the FDA*® to establish the efficacy, safety, purity,

and potency of the biologic for the proposed indications and to show that its




manufacturing facilities comply with the current good manufacturing practice
requirements.?

IV.  FOBs

FOBs—also called biosimilars, biogenerics, biopharmaceuticals, follow-on
proteins, or biocomparable proteins**—may be a way to greatly reduce rising drug
prices. The term FOBs generally refers to protein and peptide products that are
intended to be similar enough to an already approved biopharmaceutical so that the
follow-on manufacturer can rely on certain existing scientific knowledge about the safety
and effectiveness of the biopharmaceutical.*

Given the large costs associated with the development and clinical testing of a
biopharmaceutical, the manufacturer of such a product almost always will obtain patent
protection for the product before investing in testing and the FDA approval process.
Because of the long approval process, most manufacturers will have only 7-12 years of
market exclusivity provided by the patent. Once the patent expires, other manufacturers
would conceivably be free to seek approval to manufacture the product. Some
biopharmaceutical patents have already expired. A number of others are due to expire
in the next few years.®’

However, the potential opportunity for price reductions versus the originator
biopharmaceuticals remains to be determined, as the advantage of a slightly cheaper

price may be outweighed by the hypothetical increased risk of side-effects from FOBs

that are not exact copies of the originator protein.*®



A. The Drug Price Competition and Patent Term Restoration Act of 1984

All drugs and biopharmaceuticals must have either a new drug application (NDA)
or a BLA approved before they may be marketed in the United States.? Historically,
generic drug manufacturers would need to file a complete NDA before marketing their
products—making it a difficult, cumbersome, and expensive process to bring a generic
to market. *°

In an effort to make it simpler for generic products to be introduced into the
market, two alternative shorter processes were created by the Drug Price Competition
and Patent Term Restoration Act (the Hatch-Waxman Act) in 1984.*! Section 505(j)*
created the abbreviated new drug application (aNDA) process. Using the aNDA
process, a generic manufacturer seeking to market a product having the same active
ingredient, route of administration, dosage form, and strength as the brand-name drug
may rely on the safety information from the original manufacturer. This allows for
generic companies to seek approval by showing bioequivalence prior to the innovator’'s
patent expiring, so that the generic drug can be available on the day the patent
expires.*

A second abbreviated process exists for products that do not have the same
active ingredient, route of administration, dosage form, or strength. Under Section
502(b) (2),** drugs that either differ from an approved innovator product or require
additional human studies for approval may rely upon safety and efficacy studies
performed by others such as the original manufacturer.

As discussed above, biopharmaceuticals are considered to be “drugs.”

Therefore, theoretically this second pathway could apply to biopharmaceuticals allowing



a shortened approval process for FOBs. However, the FDA has only applied 505(b)(2)
pathway to those biopharmaceuticals that have been regulated as drugs under the
FDCA, such as human growth hormone, “° taking the position that additional legislation
is required to provide such a pathway for those biopharmaceuticals that are licensed as
“biologics” under the PHSA.*

B. Generic Substitution

After the FDA approves a generic, the question of whether it is generically
substitutable is a matter of state law. Generally, a drug may be generically substituted
when it: (1) has the identical amount of the same active chemical ingredients; (2) is in
the same dosage form; (3) meets applicable standards of strength, quality, and purity
according to a nationally recognized compendium; and (4) if administered in the same
amounts will provide comparable therapeutic effects.*® The states differ on how they
determine which products are generically equivalent. Some states have a “positive

formulary” that lists all of the products that may be generically substituted in that state.*°

Others have a “negative formulary,”

which lists those drugs—generally narrow
therapeutic index (NIT) drugs>*—that may not be substituted. Others default to the
FDA’s determination of whether the product is bioequivalent.

For those states that allow generic substitution according to the FDA'’s
determination of bioequivalency, pharmacists must consult the FDA'’s publication
Approved Drug Products with Therapeutic Equivalence Evaluations (commonly known

as the Orange Book).>® The Orange Book identifies approved drug products except for

those drugs covered by the ongoing Drug Efficacy Study Implementation (DESI) review



(e.g., Donnatal® tablets and Librax® capsules) or pre-1938 drugs (e.g., Phenobarbital
tablets).

In addition, the list contains therapeutic equivalence evaluations for approved
multisource prescription drug products. In general, drugs that are A or AB rated are
generically substitutable.>*

C. Difficulty with Generic Biopharmaceuticals

Because it will be difficult to show bioequivalency, biopharmaceuticals will most
likely not be A or AB rated. Pharmacists therefore will not automatically be able to
generically substitute similar products. With small molecular products, there is a long
history to support the use of various scientific approaches to establishing
bioequivalence between products with the same active ingredient(s) produced by
different manufacturers. >> We know now that these bioequivalent®® products can
generally be expected to behave in a pharmacologically interchangeable manner when
used in patient care. >’ With biopharmaceuticals, the FDA has not determined how
interchangeability can be established for complex proteins.>®

Because of the variability and complexity of protein molecules, the FDA believes
that current limitations of analytical methods—and the difficulties in manufacturing a
consistent product—make it unlikely that, for most biopharmaceuticals, a manufacturer
of a follow-on protein product could demonstrate that its product is identical to an
already approved product.®® This is because while the patent lists the ingredients, the
manufacturing process for the product is likely protected as a trade secret.®®

One alternative is to use the safety and effectiveness data of an already-

approved biopharmaceutical. This could be done by extending the 505(b)(2) process to



all biopharmaceuticals, including those that have been issued a BLA. However,
demonstrating the similarity of a FOB is more complex and requires more new data than
is needed to determine whether a manufacturing change will affect the product.®*

In general, the required new data will be influenced by the extent to which the
FOB can be demonstrated to be sufficiently similar (structurally, functionally, and
clinically) to an approved protein product to permit some degree of reliance on the
findings of safety and effectiveness for the approved product.®® In addition, the amount
and type of new data needed will be influenced by the clinical use of the product and the
amount and type of clinical experience that has been accumulated about the approved
product as well as related products.®®

Current technologies such as peptide mapping, protein sequencing, and mass
spectroscopy enable manufacturers to determine, with certainty, the amino acid
sequence of a recombinant protein. However, the amino acid sequence is the most
rudimentary characteristic of a protein, making the current method of evaluating
equivalence fraught with uncertainties.®* Thus, predicting the clinical comparability of
two products depends on our understanding of the relationship between the structural
characteristics of the protein and its function, as well as on our ability to demonstrate
structural similarity between the follow-on protein and the reference product.®®

The most critical safety concern relating to biopharmaceuticals is

immunogenicity.®® All biopharmaceuticals are biologically active molecules derived from
living cells and have the potential to evoke an immune response. Although the
immunogenic potential cannot be predicted through chemical or structural analyses of

the biopharmaceutical, several factors are known to affect a product’'s immunogenic



potential. The presence of impurities in the final product, structural modifications as a
result of the manufacturing process, or storage conditions can increase
immunogenicity.®’

V. Current Legislative Initiatives

There are four bills proposed in the 110th Congress to create an expedited
marketing approval pathway for “comparable” biologics.?® The Access to Life-Saving
Medicine Act, introduced as H.R. 1038 and S. 623,°° would amend the PHSA™ to allow
the FDA to determine, on a case-by-case basis, what studies were necessary to
establish comparability. Under this bill, the FOB manufacturer would have to prove that
the FOB had a comparable principal structure to the innovator drug. Similar to the aNDA
process, the FOB would be required to have the same mechanism of action (if the
mechanism of action for the innovator product is known, the same administration route,
dosage form, and strength).”

The Patient Protection and Innovative Biologic Medicines Act of 2007 would
require the FDA to publish guidance documents for various classes of biological
products setting forth what data and information would be required to be filed before
approving the FOB.” Similarly, the Affordable Biologics for Consumers Act would
require the FDA to develop guidance.”

An additional bill, S. 1695, is titled the Biologics Price Competition and Innovation
Act of 2007. Under S. 1695, a FOB may be designated as either a “biosimilar” or an
“interchangeable” product. In general, under S. 1695 a follow-on product is biosimilar if
(1) analytical, animal, and clinical studies show that it is highly similar to the reference

product, notwithstanding minor differences in clinically inactive components, (2) the two



products have the same mechanism of action, (3) the condition of use in the proposed
product has been previously approved for the reference product, and (4) the route of
administration, dosage form, and strength of the two products are the same. ™ A follow-
on product is interchangeable if (1) it can be expected to produce the same clinical
result as the reference product in any given patient and (2) the risk, in terms of safety or
diminished efficacy or switching between the two products, is not greater than the use of
the reference product without such alternation.” It is unlikely that the 110th Congress
will pass any of these bills, but this is likely to be a hot topic beginning in 2009.

VI. How Much Money Will FOBs Save?

Will the follow-ons be cheaper than the originals? To some degree, that depends
on Congress and whether a resulting law requires limited or extensive clinical trials.
What cannot be legislated away is the high cost of producing biopharmaceuticals. "
Even if Congress passes a bill creating a method to approve FOBs, the follow-ons most
likely will not be generically substitutable. A finding of safety and efficacy is distinct from
determining that the FOB would be substitutable (e.g., A or AB-rated) for the innovator
biopharmaceutical.

In addition to not being generically substitutable, a follow-on manufacturer would
need to engage in additional tests to demonstrate that the two products would be
therapeutically substitutable. This would requiring showing that switches between the
products would not negatively affect the safety or effectiveness of the products as a
result of immunogenicity. For many follow-on protein products—and in particular, the

more complex proteins—repeated switches between products may negatively impact



safety or effectiveness. Therefore, the ability to make determinations of substitutability
for follow-on protein products may be limited.””

Protein drugs require living cells and a delicate, very expensive manufacturing
process that pushes the cost of developing a new drug (even a look-alike) to $200-300
million—less than the average $900 million you need to launch an original drug.’® But it
is much more than what it costs to copy a simple molecule like the one in Zocor or
Zantac.

It is unclear how much savings developing a FOB abbreviated pathway will yield.
One recent study estimated a savings over a ten-year period of approximately $71
billion.” Another study estimated that Medicare Part B (which pays for drugs such as
chemotherapy which are administered at a physician’s office) could save approximately
$14 billion from 2007 to 2017.2° Another study estimated savings would be only $3.6
billion over the next 10 years.?

Critics have said that these estimates may be overstated,®? because of the more
expensive manufacturing process than small molecule drugs® and the need for the
follow-on manufacturer to engage in costly marketing including hiring salespeople to
educate the prescribers about the interchangeability.®* Because FOBs will most likely
not be A- or AB-rated generics, making them similar to narrow therapeutic index drugs,
pharmacists will need to contact physicians for a new prescription if a patient requests—
or their health plan encourages—that the FOB be dispensed. Although a FOB may
prove to be as safe as the originator product, switching the patient between products

will need to be handled with caution.®® Manufacturers, physicians, and pharmacists will



need to provide information to patients and their caregivers so that they can assess the
risks involved in switching from an established product to a FOB.%°

Further, biopharmaceuticals tend to have smaller target markets for which
incentives to entry may not be as high, and they tend to be used to treat life-threatening
diseases, for which managed care organizations are often less likely to utilize price
control measures.?” As a result, some economists argue that very few FOB companies
are likely to emerge, making price drops for consumers unlikely to utilize price control
measures.® Historically, when there are only a small number of generic drugs available,
prices generally do not go down very much. For example, the average price reduction
for a generic that has been granted 180-day exclusivity® is only 30%, as compared to a
70% amount for multisource generics®.

On example of disappointing discounts is Omnitrope,™ a biosimilar version of
Pfizer's human growth hormone (HGH) Genotropin.® Omnitrope was launched under
special rules in Europe and the U.S. several years ago by Novartis’ Sandoz subsidiary.
The first biosimilar to reach patients in the developed world, it has captured less than
1% of the $831 million European HGH market. Aitken attributes this performance to the
conservatism of doctors, as well as issues around its delivery mechanism. Also, the
price is only 20-25% below that of the patented version as opposed to 50-70% below
for traditional generic medications.*

However—even if savings from FOBs turn out to be far less than some predict—
there are many for whom the savings are important, such as legislators who are

struggling with the deficit and the increase in federal healthcare program costs, as well



as patients.” It will be interesting to watch the evolution of FOBs, how they will improve

patient care, decrease overall drug spending, and help the world.
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