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Abstract
Background: The United States (U.S.) Food and Drug Administration, as protectors of public health, encourages
generic drug development and use so that patients can access affordable medications. The FDA, however, has
limited mechanisms to encourage generic drug manufacturing.
Main results: Generic drug manufacturers make decisions regarding development of products based on expected
profitability, influenced by market forces, features of the reference listed drug, and manufacturing capabilities, as
well as regulatory restrictions. Barriers to the development of generic drugs include the challenge of demonstrating
bioequivalence of some products, particularly those that are considered to be complex generics.
Conclusions: We present here a focused review describing the influences on generic manufacturers who are
prioritizing drugs for generic development. We also review proposed strategies that regulators may use to
incentivize generic drug development.
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Background
The use of generic drugs products typically yields lower
costs to insurers and patients than use of branded products. Efforts to increase generic drug utilization have
proven helpful in reducing healthcare spending in the
United States (U.S.) [1]. According to the most recent
report from the Generic Pharmaceutical Association,
generic drugs accounted for 88 % of all dispensed retail
prescriptions in the U.S in 2014, while consuming only
28 % of total drug spending [2]. The use of generics,
where available, is estimated to have saved the U.S.
healthcare system $1.68 trillion between 2005 and 2014,
with $254 billion saved in 2014 alone [2]. Patent expiration for a number of blockbuster drugs from 2010 to
2014, followed by the launch of generic equivalents, has
played an important role in healthcare cost savings.
Despite evidence that generic drugs bring value to the
healthcare system, these products are not uniformly
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valuable to their manufacturers. Manufacturers are appropriately deliberate about investing in the development of
generic products. The United States (U.S.) Food and Drug
Administration, as protectors of public health, encourages
generic drug development and use so that patients can access affordable medications; however, the FDA has few
mechanisms to incentivize generic manufacturing. Herein,
we present a review aimed at exploring the forces that
limit the development and production of generics in the
U.S. and the ways in which the FDA could conceivably reduce barriers to the development of generic drugs. Our
objective was to review the influences on manufacturers,
which are the parties responsible for prioritizing drugs for
generic development, as well as the strategies that regulators may use to incentivize generic drug development in
the U.S.
Pathways to generic drug development

The Drug Price Competition and Patent Term Restoration
Act of 1984, often referred to as the Hatch-Waxman Act,
amended the Federal Food, Drug, and Cosmetic Act to create an abbreviated pathway for the approval of new drugs
that are therapeutically equivalent to a branded drug [1].
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Under this Act, a manufacturer needs only to demonstrate
the bioequivalence of a generic product to a reference
listed drug through an abbreviated new drug application
(ANDA), rather than repeating the costly and time consuming safety and efficacy studies required of innovative,
new chemical entities [3–5]. The FDA considers a generic
drug to be bioequivalent to the reference listed drug if the
rate and extent of absorption of the generic drug do not
show a significant difference from the rate and extent of
absorption of the listed drug when administered at the
same molar dose of the therapeutic ingredient under similar experimental conditions in either a single dose or multiple doses [3]. Pharmaceutically equivalent drugs are
products with the same active ingredients, dosage form,
strength, and route of administration. Of these, those
proven to be bioequivalent are consequently considered
therapeutically equivalent or substitutable - with the expectation that they have the same safety and efficacy profile. Once the FDA approves the ANDA and the branded
version is no longer protected by patent or market exclusivity, the generic product can be brought to market.
When identifying a new development target, generic
manufacturers first seek an informed perspective on the
competitive landscape about potential generic competitors
before prioritizing resources and making a decision to
proceed [6]. Strategies for generics development have
evolved rapidly, responding to market dynamics [7]. Between 1984 and 2012, generic manufacturers focused
largely on the production of “simple” to formulate small
molecules, and won the market via mass production. The
years between 2012 and 2017 have been called the “patent
cliff”, when many drugs considered to have been “blockbuster drugs’ lost, or will soon lose, their patent protection. This opened important opportunities for generic
manufacturers, who commonly apply one or more strategies. The first is the “portfolio-centric approach”. Generic
manufacturers include re-innovation design (i.e., the
process of producing the next generation of generics with
revised and refined features of successfully-launched products) in their portfolio ostensibly to provide personalized,
cost-effective generic products that meet the demand of
healthcare systems, policymakers, and patients [8]. One
way is through what is called re-innovation or sometimes
called the production of “super generics”. The products
have modifications beyond the originator generic; these
often require a submission to FDA of a new drug application rather than an ANDA. An example is the generic
drug, abraxane, which the manufacturer expected to gain
market share over paclitaxel. The active ingredient, paclitaxel, is unchanged but abraxane has the molecule coated
in albumin, allowing the company to claim fewer adverse
reactions for the patient [9, 10]. The second is the “therapeutic area dominance”. With this approach, generic manufacturers compete within a specialized area of generic
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drugs such as cardiovascular, oncology, or rheumatology
drugs [11]. For example, Relax Pharmaceuticals (an Indian
generic manufacture) specializes in the manufacturing of
generic antibiotics and gastrointestinal products. Finally,
market experts have predicted that after 2017, when many
branded drugs have lost their patent protection, generic
manufacturers will shift resources to the production of
complex generics such as drug/device combinations and
sterile injectables, or may move into the marketplace for
biosimilar products [5, 12].
Manufacturing considerations

When generic manufacturers are selecting products for
development, the expectation of an adequate return on
investment is the foremost consideration. This can be
forecast, to some extent, by knowing the demand for the
product and the requirements for production.
Market forces

Generic manufacturers understandably focus on drugs
with a potential for high profit. Companies are often interested in developing a generic if the branded medication
has a high average wholesale price, which is expected to
translate into a profitable generic. Similarly, chronic diseases, with a larger population health burden, are also
often targeted areas for generic manufacturers. For example, cardiovascular and central nervous system diseases
are the two largest market segments, composing nearly
38 % of the global generic pharmaceutical market together
[13, 14]. Generic manufacturers may also choose to avoid
densely populated therapeutic classes, when deciding
whether to join the competition.
Features of reference listed drug

The Hatch-Waxman Act defined single-dose pharmacokinetic studies as the method of establishing bioequivalence
for systemically acting drug products. However, there are
formulations or routes of administration where systemic
blood levels cannot be used to determine bioequivalence,
such as when the product is not intended to be systemically active. Therefore, drugs that are used topically in the
eye; or dosage forms intended to act within the gastrointestinal tract lumen without absorption, do not have
clear paths for demonstrating bioequivalence, which is a
major deterrent to their production. The FDA has made
significant progress in defining bioequivalence methodologies for many of these non-systemically active drug products; [15] however, a number of products remain without
clearly defined methodology, including inhaled drug products and transdermal preparations. This impacts the production of generics for inhaled corticosteroids, such as for
asthma treatment, and transdermal testosterone for hormone replacement, as examples. In the absence of
product-specific guidance, drug developers may ask the
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FDA development questions via the controlled correspondence process or request to meet with FDA scientists
in pre-ANDA meetings. Sponsors also may develop their
own analytical tools and study protocols through which
they can demonstrate bioequivalence, and then work with
the FDA for approval of their plan [2].
Manufacturing capabilities of complex drugs

Generic manufacturers also consider their technical ability
to manufacture generic versions of branded products. They
evaluate the complexity of the manufacturing that is needed
to produce a generic equivalent, the cost of manufacturing,
and their own research and development capabilities. For
example, small molecule pharmaceutical products are simpler to create and therefore are more likely to be developed
generically than complex large molecules. Dosage form also
may play a role in generic drug development; solid oral
forms (e.g., tablets, capsules) and parenteral solutions have
a higher likelihood of being easily developed than more
complex drug delivery systems (again, inhaled products,
topical products). These differences are due to technological barriers and manufacturers’ capabilities. For
example, the drug delivery system development process is
particularly complicated for inhaled products with manufacturers needing to work around the bans on ozonedepleting propellants and the multiple patents on
hydrofluorocarbon-free devices. Generic manufacturers
need sufficient research and development resources to
manufacture these technically challenging generic products.
Innovative products have become increasingly complex
and, necessarily, so have their generic equivalents [16]. Each
complex generic is “complex” in its own way [17, 18]
(Table 1). The development of complex generics requires
substantial commitment from the manufacturer, which
may lower the benefit to cost ratio for its production. The
manufacturer may be asked to repeat clinical studies due to
the challenges of demonstrating bioequivalence for these
products or do additional physiochemical characterization
testing [11]. Furthermore, for complex generics the pathway to drug approval may differ substantially from one
product to another product; [13] the FDA’s Office of Generic Drugs (OGD) manages each submission on a case-bycase basis. Complex generics are expected to eventually become a significant percentage of the generic market, but
the approval challenges first must be overcome.
Table 1 Complex generics examples [11]
Complex Active Ingredients Peptides, complex mixtures, natural source
products
Complex Formulations

Liposomes and iron colloids

Complex Route of Delivery

Locally acting drugs

Complex Drug-Device
Combinations

Metered dose inhaled products and
transdermal systems
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Materials challenges

Some generic products are challenging to develop because of inadequate source raw materials, although this
is not unique to generics. The International Conference
on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use guidelines are
the main instructions for sourcing qualified raw materials for any drug manufacturing [19]. Drugs with carcinogenicity or toxicities may require suitable handling
conditions in clinical practice and during development,
which may be a deterrent to production, particularly if
the return on investment cannot be assured [20, 21].
Regulatory considerations
180-day exclusivity period

The Hatch-Waxman Act gave additional protection to
the inventors of innovative, new drugs by lengthening
patent terms and by providing guaranteed periods of
data exclusivity (5 years for a new chemical entity). The
Act, in return, offers the first generic manufacturer to
file an ANDA a 180-day period of market exclusivity. An
effect of this regulation, however, is that the exclusivity
period prevents other generic manufacturers from bringing their generic product to market during this time.
This is typically not advantageous for consumers because it is not until roughly six generic products are
available that the full cost savings of generics are typically realized; although the largest price decrease occurs
with the entry of the second product [22].
Pay for delay

The 180-day exclusivity advantage provided to generic
manufactures under the Hatch-Waxman Act encourages
generic manufacturers to challenge the existing patents
of brand manufacturers (“the Paragraph IV challenges”).
It has, however, also encouraged generic drug manufacturers to settle and accept compensations from brand
manufacturers for their delaying entry into the market
[16]. This is counter to forces that encourage generic development and introduction to the market. Kesselheim
describes studies measuring the impact of the HatchWaxman act; he notes that there are no well-controlled
studies of the economic impact of Paragraph IV challenges and the effect of settlements on generic drug
availability and public health outcomes [23].
These settlements have taken the form of a cash payment (so called “pay for delay”) to reimburse some or all
of a generic manufacturer’s legal fees, or non-cash deals
where the brand manufacturer agrees to purchase their
product’s active ingredients from the generic manufacturer or not to market their own generic version of the
product (i.e., an authorized generic) for a period of time
[21]. In one notable case of cash payments, Cephalon
made reverse payments totaling $300 million dollars to
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four generic drug manufacturers to drop patent challenges and suspend marketing of generic versions of
Cephalon’s drug Provigil for six years. During that time,
Cephalon earned an additional $4 billion dollars in sales
for Provigil [24]. This was later found to be unlawful by
the Federal Trade Commission (FTC) on the basis of
these settlements being anticompetitive.
Pay for delay has posed a threat to the timely development of generic drugs and a substantial cost to the U.S.
healthcare system. According to an FTC study, these
deals cost consumers and taxpayers $3.5 billion in higher
drug costs each year [25]. In 2013, there were more than
100 settlements reached between brand and generic
manufacturers. In a suit filed by the FTC against the
pharmaceutical company, Actavis, the U.S. Supreme
Court ruled in 2013 that reverse payments are subject to
U.S. antitrust laws [26]. Larger penalties to brand manufacturers, as well as generic manufacturers who accept
such payments, may be needed to dissuade settlements
that delay the availability of generic products. Hemphill
and Lemley described a strategy called earning exclusivity that they proposed would improve the effect of the
Hatch-Waxman Act on encouraging generic drug development [27]. They suggested that under the strategy of
earning exclusivity, generic manufacturers would have to
earn the 180-day exclusivity offered by FDA by successfully defeating the weak or bad patents on the branded
products, without settlements. This would be done by
demonstrating that the patent was invalid or by demonstrating that the generic product does not infringe upon
the existing patent. Barr won an exclusive marketing
rights challenge against Lilly for the production of a generic version of Prozac in 2000, which was 2 years before
the patent was expected to expire [28].
Access to the branded reference products

Manufacturers, necessarily, must have access to the reference listed reference drug to perform the bioequivalence testing that the FDA requires of a generic product
under an ANDA [29]. There have been instances, however, of brand manufacturers preventing generic manufacturers from accessing their product [23]. Some brand
manufacturers have used the restrictions in their Risk
Evaluation and Mitigation Strategies (REMS), and other
restricted access programs, to prevent generic manufacturers from accessing brand drug samples for testing.
These manufacturers have argued that they cannot provide generic manufacturers with samples of such REMScovered products because doing so would be outside the
FDA-sanctioned, restricted distribution pathway [30].
The Fair Access for Safe and Timely (FAST) Generics
Act, first proposed in Congress in September 2014, was
considered a solution to this REMS barrier [31]. The
FAST Generics Act would create a pathway for generic
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manufacturers to secure a branded drug from its maker,
wholesaler, or specialty distributor regardless of whether
the product was subject to REMS, and impose stiff penalties for non-compliance. Ultimately, the branded drugs
and their generic equivalents would then share a single
REMS. At the time of writing, neither the House nor
Senate has passed the FAST Generics Act [32].
Strategies for promoting generic drug utilization and
development

In order to encourage generic drug development, two
strategies have been frequently proposed by researchers
and policymakers: implementing initiatives or reforms to
increase generic utilization (thereby stimulating the generic economy by inducing demand) and offering aids or
incentives for generic drug innovations [9, 33].
Godman and his colleagues proposed a 4 “E” methodology (Education, Engineering, Economics and Enforcement) for developing initiatives to increase generic drug
utilization in Europe [8] (Table 2). Initiatives focusing on
“Education” are usually programs that influence generic
prescribing by disseminating educational materials. Initiatives that focus on organizational interventions (“Engineering”) include agreements on price and volume of
existing drugs or disease management programs. Financial incentives (“Economics”) are for increasing generic
drug utilization through the use of positive and negative
incentives for physicians and patients. Finally, regulatory
or law enforcement (“Enforcement”) methods may include mandatory generic substitution laws to which
pharmacists must adhere. Some of these initiatives can
benefit generic utilization in the U.S., while others may
face unique challenges in the U.S. marketplace.
Indeed, the U.S. healthcare system has mechanisms that
promote generic usage. For example, most insurance companies incentivize patients to use generic drugs by requiring less cost-sharing for generic versus branded products.
In addition, 14 states currently have mandatory generic
substitution laws for pharmacists and the remainder, except Oklahoma, have laws permitting substitution by
pharmacists [34]. However, it is unlikely that federal laws
promoting generic substitution will be enacted due to the
organization of the U.S. legal system, and “engineering”
Table 2 Strategies for increasing generics development and
utilization: the four “E” method [8]
Education

Educational materials: treatment guidance and
educational outreach visit

Engineering

Organizational interventions: agreements on price and
volume of existing drugs

Economics

Financial incentives: positive and negative incentives for
physicians

Enforcement Regulatory or law enforcement: mandatory generic
substitution laws
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initiatives may be challenging given the fragmented nature
of the U.S. healthcare system. Evidence is needed about
the effects on generic development and utilization of those
initiatives already in place, and future research should
assess the potential impact of supplemental initiatives
such as those involving education of patients and health
care providers.
The above activities are promising but all hinge upon
the production of new generic products. With more
complicated branded products losing their patent protection, bioequivalence methodologies for complex drugs
or dosage forms need to be developed. Guidance documents with updated standards or reference documents
from the FDA may encourage generic manufacturers to
proceed with the development of new products [8, 35].
Regular engagement with OGD may help drug manufacturers contain costs and decrease time-to-market delays.
The OGD now has provisions to grant pre-ANDA meetings for complex generics [36].

Conclusions
We have described in this review select U.S. federal policies, and described the regulatory environment and
market forces influencing generic developers. Generic
drug developers choose candidate drugs based on the
market forces, features of the reference listed drug, and
manufacturing capabilities, as well as regulatory restrictions. With suitable policy and regulatory incentives to
increase generic utilization or facilitate the generic drug
development process, as described, generic manufacturers may be encouraged to develop new generic drugs
that will help increase access to medications, improve
population health, and contain healthcare spending.
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