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17.1

Introduction

Emerging technologies bring with them concerns and uncertainties
about how they should be regu
lated [1]. Clearly, when these
technologies relate to human healthcare, regulation in some form
is warranted. But, what if the regulatory agencies lack the expertise
or will to fully understand these technologies? There can be other
barriers to regulation when current laws lack clear direction or
are non-uniform. For example, an identical dose of the same active
ingredient (e.g., caffeine) in a supplement as a powder is regulated
differently than if it were in an over-the-counter compressed hard
tablet or blended into a soft drink. These are some of the critical
issues facing regulatory agencies globally. Since the early 1990s,
the US Food and Drug Administration (FDA) has struggled to
handle the issue of nanogovernance. The “baby steps” this federal
agency has taken in the past decade are generally inadequate and
have contrib
uted to regulatory uncertainty. How long will this
bumpy ride last? Has such inaction contributed to discouraging
commercialization? Will it stifle big pharma’s desire to pursue
nanodrug development? Will the consumer-patient loose
confidence in nanotherapeutics? Will venture shy away even more?
Obviously, the FDA is a critically important regulatory agency of
the US government. In fact, the breadth of products that it regulates
represent about 20% of US consumer products worth billions of
dollars. Employing various laws and regulatory mechanisms (and
depending on the particular product class (Section 17.3)), the
FDA conducts specific pre-market and/or post-market oversight.
The mission of the FDA is to ensure that drugs, medical devices,
vaccines, veterinary products, and tobacco prod
ucts reaching
the consumer are both safe and effec
tive. It is responsible
for the safety of foods (including dietary supplements and food
additives), dyes and cosmetics. This is a tough job for an agency
that is plagued by numerous issues that impact its effective
performance. There are many high-profile instances where it has
failed in its mission of providing safe and effective products to the
American consumer in a timely manner.
Many products that the FDA sees during its review utilize
nanotechnologies or contain nanomaterials, some lack disclosure
of this while other identify them as such. Should these products be
regulated? If so, how and to what degree? These are some of the
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questions the FDA is grappling with in relation to “nanogovernance”
(Box 17.1).
Internationally, robust regulatory guidance for nanotechnology
is also lacking. In fact, regulatory agencies around the world continue
to struggle in their efforts to develop, meaningful regula
tory
definitions and balance them with policies that are already in
place (Section 17.3). However, guidance is critically needed to
provide clarity and legal certainty to manufacturers, policy-mak
ers, healthcare providers, and the consumer-patients. Common
sense warrants that some sort of guidance, oversight, or regulation
by the FDA is in order, at least on a case-by-case basis. But, so far
it has chosen to regulate nanomedicines and nanoproducts solely
via laws and regulations that are already on the books. There
are hundreds, if not thousands, of nanoproducts in the market
for human use, but little is known of their health risks, safety data,
or toxicity profiles. Even less is known of nanoproducts that are
released into the environment that can potentially contact humans.
Then, there are products such as cosmetics that are flooding
the market but are not even subject to any pre-market review by
the FDA. Under the current regulatory regime, it continues to
be the FDA’s position that nano-ingredients (e.g., nanoparticles)
are presumed to be “bioequiv
alent” to their bulk counterparts
(Section 17.3). Thus, manufacturers of nanoproducts are neither
required to obtain pre-market approval from the FDA nor
required to list nano-ingredients on product labels at this time.
These nanoproducts, whether they are a drug, device, biologic, or
combination of any of these, are creating challenges for the FDA
regulators as they struggle to accu
mulate data and formulate
testing criteria to ensure the development of safe and efficacious
nanoproducts.
In 2011, the FDA reopened a dialog on nanotech regulation
when it published “proposed” guidelines on how the agency will
identify whether nanomaterials have been used in FDA-regulated
products. However, since these draft guidelines and their later
revision in 2014, there has been little concrete movement on this
issue. Meanwhile, evidence continues to mount that many (if not
most) nanoproducts inherently possess novel size-based properties
and toxicity profiles. This scientific fact was initially largely
ignored by the FDA. Even now, the agency continues to adopt
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a precautionary approach to the issue in hopes of countering
negative publicity. In a sense, the FDA has simply maintained
the status quo with regard to its regulatory policies pertaining to
nanotech, content to rely on laws already on the books. As a result,
it has been criticized for having a “one-size-fits-all” approach to
nanogovernance.
Box 17.1 Key questions for the FDA to consider regarding nanogovernance:
Balancing public health and encouraging nanomedicine development

• When will nanotech take prominence on the FDA’s regulatory agenda?

• It is likely that various marketed nanoproducts (e.g., sunscreens
containing zinc oxide and titanium dioxide) warrant some sort of safety
labeling to alert the unsuspecting consumer. Are most nanomaterials
used in nanoproducts inherently toxic?
• Are nanoscience and nanotechnology moving too fast for meaningful
FDA review to take place? Can regulations truly tame the vastness
encompassed by “nano”? Should a different set of principles for regulating
products as diverse as cosmetics and cancer medicines be sought?
• As a general rule, should industry input drive the formulation of
appropriate rules and regulations by US federal agencies?
• It is clear that the FDA is pushing industry to provide the agency with
product specific data for areas like cosmetics, where the FDA lacks
statutory pre-market review authority. Are such voluntary industry
measures transparent and meaningful?
• Is the FDA’s so-called “broadly inclusive approach” of considering
whether FDA-regulated products containing nanomaterials or involving
nanotechnology sufficient?
• It does not appear that the present nanotech specific review process/
regulatory framework at the FDA is appropriately based on current
science. Has the FDA kept pace with emerging advances in nanotech R&D
with respect to predicting, defining, measuring and monitoring potential
“nanotoxicities”?
• Should there be a wider coordinated effort on the part of federal
agencies to review, amend, or create nanoregulations where appropriate
and warranted? Who in addition to the FDA should be given the key
responsibility to regulate nanomedical products for human use?
• Can nanotech, as applied to public health, be solely regulated under
existing regulations and authorities?
• Are new regulations needed for all FDA-regulated products containing
nanomaterials or involving nanotechnology or should they be limited to
only a subset of products containing nanomaterials?
• It appears to this author that there is a general lack of strategic planning,
effective collaboration and cohesion among US federal agencies with
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respect to a nanogovernance framework. In fact, in 2012, the President’s
Council of Advisors on Science and Technology (PCAST) concluded
that “individual agency contributions” to the NNI strategic plan “lack
the cohesion of an overarching framework.” Has this delayed and
uncoordinated effort hurt venture and commercialization activities
in the US? [The NNI is the US government’s interagency program
for coordinating, planning and managing R&D in nanoscale science,
engineering, technology, and related efforts across 25+ agencies and
programs. The NNI is regularly reviewed by the PCAST since the council
was designated in 2004.]
The FDA has “unofficially” embraced the inaccurate definition of
nanotechnology proposed by the NNI (Section 17.2). What is the
“official” position of the FDA regarding the definition of nanotechnology,
nano-scale, nanotherapeutic, nanodrug, nanomaterial and nanomedicine?
Industry and stakeholders fully understand that generalized and broad
guidelines, assays or tests may not be possible for all nanomedicines
or nanoproducts. Still, will the FDA provide selective guidelines,
at least on a case-by-case basis (other than nonbinding, unofficial
“draft guidelines”), for industry to rely upon in determining whether
their nanoformulations or products might be subject to regulatory
examination beyond what is typical for small-molecule drugs?
How much harmonization of drug regulation can reasonably be expected
between the US and the rest of the world? Should pharmacoeconomic
data be required prior to commercialization of nanomedicines to
demonstrate both social and economic added value in comparison to
“conventional” established treatments?
Can the safety and efficacy of complex follow-on nanotherapeutics
(nanosimilar products) ever be assured without a full slate of clinical
trials? Will the complexity and expense of approving such nanosimilar
products tilt the balance in favor of the original inventors (branded
products) even after patents expire?

17.2

Defining Nanotechnology in the Context of
Medicine: Does Size Matter?

One of the major problems that regulators, policy-makers, researchers, and lawyers continue to face regarding nanotechnology is
the confusion about its definition [2a, 2b, 3]. Although this “generic”
term is widely used, there is no internationally accepted definition
or nomenclature for it. In fact, nanotechnology is a misnomer,
since it is not one technology but encompasses many technical and
scientific fields like medicine, materials science, chemistry, physics,
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engineering, and biology. One can view nanotechnology as an
umbrella term used to define products, processes, and properties
at the nano/microscale. Clearly, the need for an internationally
agreed definition for key terms like nanotechnology, nanoscience,
nanomedicine, nanobiotechnology, nanodrug, nanotherapeutic,
nanopharmaceutical and nanomaterial, has gained urgency. In this
chapter, conforming to convention, the applications and products
of nanotechnology as they relate to medicine or pharma will be
referred to as nanomedicines. Alternate analogous terminology used
in the scientific literature or in patents includes nano-biotechnology
and medical nanotechnology. Nanomedicines include drugs,
therapeutics, vaccines and biologicals that are intended to remedy a
medical condition or disease.
Due to the confusion over nano-nomenclature, numerous
size-based or dimension-based definitions of nanotechnology have
sprung up over the years. One often cited, yet clearly incorrect,
definition is that proposed in the 1990s by the US National
Nanotechnology Initiative (NNI), a federal R&D program established
by the US government to coordinate the efforts of government
agencies involved in nanotechnology. The NNI defines
nanotechnology as “the understanding and control of matter at
the nanoscale, at dimensions between approximately 1 and 100
nanometers, where unique phenomena enable novel applications…”
[4]. Various regulatory agencies and entities such as the FDA, the
European Medicines Agency (EMA), Environmental Protection
Agency (EPA), Centers for Disease Control and Prevention (CDC),
National Institute for Occupational Safety and Health (NIOSH), the
US Patent and Trademark Office (PTO), International Organization
for Standardization (ISO), ASTM International and the Organization
for Economic Cooperation and Development (OECD) continue to
use this definition based on a sub-100 nm size. This overly rigid
NNI definition presents numerous difficulties. For example,
although the sub-100 nm size range may be important for a
nanoelectronics or nanophotonics company where quantum
effects are critical, this size limitation is meaningless to a drug
company from a formulation, delivery, or efficacy perspective
because the desired or novel physiochemical properties (e.g.,
improved bioavailability, reduced toxicities, lower dose, or
enhanced solubility) may be achieved in a size range greater
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than the arbitrary size limit of 100 nm. For example, the surface
plasmon-resonance (SPR) in gold or silver nanoshells or nanoprisms
that imparts their unique property as anticancer thermal drug
delivery agents is often because of their size being greater than
100 nm. Similarly, at the tissue level, the enhanced permeability
and retention (EPR) effect that makes nanoparticle drug delivery
an attractive option operates in a wide range, with nanoparticles of
100–1000 nm diffusing selectively (extravasation and accumulation)
into the tumor. At the cellular level, size range for optimal
nanoparticle uptake and processing depends on many factors but is
often beyond 100 nm. Liposomes in a size range (diameter) of about
150–200 nm have been shown to have a greater blood residence
time than those with a size below 70 nm. Furthermore, there are
numerous FDA-approved and marketed nanopharmaceuticals
where the particle size does not fit the sub-100 nanometer profile
(Table 17.1): Abraxane (~130 nm), Myocet (~190 nm),
DepoCyt (10–20 micometer), Amphotec (~130 nm), Epaxal
(~150 nm), Inflexal (~150 nm), Lipodox (180 nm), Oncaspar
(50–200 nm), etc. Moreover, the NNI definition excludes
numerous devices and materials of micro-meter dimensions
(and also of dimensions less than 1 nm), a scale that is included
within the definition of nanotechnology by many nanoscientists.
Compounding this confusion is the fact that nanotechnology is
nothing new and has been around for hundreds, possibly thousands,
of years. For example, Damascus sword blades, encountered by
Crusaders in the 5th century, have now been shown to sometimes
contain nanowires and carbon nanotubes. Another early example
of nanomaterials in products dates back to the 4th century in
stained glass where gold nanoparticles were incorporated therein
to exhibit a range of colors. The most prominent examples of this
is the Lycurgus Cup on display at the British Museum. One of the
earliest known use of nanoparticles is in the 9th century when
Arab potters used nanoparticles in their glazes so that objects
would change color depending on the viewing angle (the so-called
“polychrome lustre”). Nanoscale carbon black particles (“high-tech
soot nanoparticles”) have been in use as reinforcing additives in
tires for over a century. The accidental discovery of precipitation
hardening in 1906 by Wilm in Duralumin alloys is considered a
landmark development for metallurgists; this is now attributed
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to nanometer-sized precipitates. Modern nanotechnology may be
considered to start in the 1930s when chemists generated silver
coatings for photographic film. In 1947, Bell labs discovered that
the semiconductor transistor had components that operated on
the nanoscale. A large number of nanomaterials and nanoparticles
have been synthesized over the last two decades, yet the
Environmental Protection Agency (EPA) and the Food and Drug
Agency (FDA) are uncertain as to how to regulate most of them.
Obviously, consumers should be cautious about potential exposure
but workers should be more concerned. Technically speaking,
biologists have been studying nanoscale biomolecules (antibodies,
viruses, etc.) long before the term “nanotechnology” was coined or
became fashionable.
The NNI definition presents limitations and the “bright-line”
demarcation of sub-100 nm may blur with respect to what is
truly nanoscale. In this context, consider the following sample
questions and the limitation of this absurd definition will become
amply clear vis-à-vis nanomedicine products:
• What if, the primary nanostructures (below 100 nm) are
in an agglomerated or aggregated form that is above 100 nm?
• What if, the unique “nanocharacter” is lost if the nanomaterial,
nanoproduct or nanoparticles are not in an agglomerated or
aggregated form?
• What if, the size of this agglomerate or aggregate lies
outside of the NNI definition but they nervelessness possess
or display novel nanocharacteristics identical to their
nanoscale counterparts from which they arose?
• What if, unique or novel properties exist at various size
ranges, some above 100 nm?
• What if, only a fraction (1%, 10%, 50%, 90%, etc.) of
nanomaterial, nanoproduct or nanoparticles are in the
sub-100 nm nanoscale while the rest are not?
• What if, macroscale agglomerates (e.g., in a nanoformulation)
give off primary nanoparticles in the presence of surfactants,
enzymes or via action of certain biochemical agents?
• What if, there is a wide batch-to-batch variability in size or
dimensions, yet the batches retain their unique nanoscale
properties? What if, this variability with respect to
nanoscale size is based on unique manufacturing protocols?
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• What if, the assay and characterization of the same
nanomaterial, nanoproduct or nanoparticles provided
disparate data on size (range, fraction, etc.)?
• What if, the nanomaterial, nanoproduct or nanoparticles
display nanoscale properties in a functional context in
certain biological environments but not in others?
• What if, the unique nanocharacter or novel toxicity profile is
only manifested when exposed to a biological environment?
• What if, it loses its nanocharacter in certain biological
environments or as a result or interaction with certain
tissue?

Although the FDA is part of the NNI and participated in the
development of the narrow definition of nanotechnology, it has
not adopted the NNI’s definition for its own regulatory purposes.
Neither has it established any formal or official regulatory
definition of nanomaterials, nanoscale, nanodrug, nanotherapeutic,
nanotechnology or nanomedicine. Instead, as of 2015, the agency is
still taking a so-called broadly inclusive approach by determining
whether FDA-regulated products contain nanomaterials or whether
they involve nanotechnology (Section 17.3). So far, this uncertain
proposal does not appear to be an optimal one.
While the sub-100 nm real-estate may be where much of nanomedicine operates, having an arbitrary cut-off of 100 nm
excludes much of the broad field. A specific and arbitrary sizerange is irrelevant and has no significance to nanomedicine. In
light of this background, the following practical definition of
nano
technology, unconstrained by an arbitrary size limitation,
has been developed by the author [2a, 2b, 3]:
The design, characterization, production, and application of
structures, devices, and systems by controlled manipulation of
size and shape at the nanometer scale (atomic, molecular, and
macromolecular scale) that produces structures, devices, and systems
with at least one novel/ superior characteristic or property.

This definition above has four key features [2b]:

• First, it recognizes that the properties and performance of
the synthetic, engineered “structures, devices, and systems”
are inherently rooted in their nanoscale dimensions. The
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definition focuses on the unique physiological behavior of
these “structures, devices, and systems” that is occurring at
the nanoscale; it does not focus on any shape, aspect ratio,
specific size or dimensionality.
• Second, the focus of this flexible definition is on “technology”
that has commercial potential from a consumer perspective,
not “nanoscience” or basic R&D conducted in a lab-setting
that may lack commercial implication.
• Third, the “structures, devices, and systems” that result must
be “novel/superior” compared to their bulk, conventional
counterparts in some fashion.
• Fourth, the concept of “controlled manipulation” (as compared
to “self-assembly”) is critical.

17.3

FDA Confronts Nano

Professor Gregory N. Mandel, law professor and noted scholar on
intellectual property law, has highlighted the inherent limitations
of and opportunities for regulating nanotech [5]:
Regulatory systems are designed to handle the technology in place
when the regulatory system is adopted. New technologies place stress
on and disrupt these systems. It is not surprising that an advance as
transformative as nanotechnology raises substantial problems for
the existing, mature (some would say “ossified”) regulatory regime.
This disruption, however, can provide an opportunity to illuminate
problems with the existing system and to rethink how emergent
technologies are governed. For the first time in history, there is the
opportunity to develop a governance system simultaneously with an
emerging technology.

There is growing evidence that various nanoproducts marketed
for direct and indirect human consumption may be unsafe
[6, 7]. These products could present unexpected human toxicity
effects due to (i) increased reactivity compared with their “bulk”
counterparts, and (ii) an increased potential to traverse biological
barriers or membranes and reach or accumulate in tissues and
cells owing to their smaller size [8, 9]. In addition, there are concerns
about the occupational and environmental risks associated with
the manufacture and disposal of nanoproducts [10, 11].

FDA Confronts Nano

Regulating nanoproducts—whether they are a drug, device,
biologic, or combination of any of the above—is creating challenges
for FDA regulators as they struggle to accumulate data and
formulate testing criteria to ensure the development of safe and
efficacious nanoproducts [12, 13]. To facilitate the regulation of
nanoproducts, the FDA formed a Nanotechnology Task Force, which
issued an FDA Task Force report back in 2007 [14]. One of the
sweeping conclusions of this report was that existing regulations
were sufficiently comprehensive to ensure the safety of all nano
products because these products would undergo premarket
testing and approval [14, 15]:
FDA’s authority over products subject to premarket authorization is
comprehensive and provides FDA with the ability to obtain detailed
scientific information needed to assess the safety and, as applicable,
effectiveness of products, including relevant effects of nanoscale
materials.

However, this conclusion by the FDA in 2007 was errone
ously
based on the assumption that regulatory requirements in place
would detect any and all toxicity issues via the required clinical
studies, even if nanoproducts presented size-related unique “nano”
properties. Many experts, correctly, criticized this inaccurate
extrapolation at that time, especially since most FDA-approved
nanoproducts obtained approval based in-whole or in-part on
studies of “non-nanoversions” (i.e., approval was based on their
already-approved bulk counterparts). In other words, the approvals
of nanoproducts were granted based on safety data for equivalent
non-nanoversions and the nanoproducts did not undergo the
full medical device premarket approval (PMA) process or new drug
approval (NDA) process.*
It has generally been the view of the FDA, especially in the
early 1990s, that existing health and safety tests that it uses to
assess the safety of normal-size materials (i.e., non-nanoversions
or bulk counterparts) are generally considered adequate to assess
*The FDA Task Force report of 2007 [14] did allude to the need for more oversight
of some nanoproducts, but offered no regulatory remedy or framework: In some
cases, the presence of nanoscale materials may change the regulatory status/
regulatory pathway of products. The Task Force believes it is important that
manufacturers and sponsors be aware of the issues raised by nanoscale materials
and the possible change in the regulatory status/pathway when products contain
nanoscale materials.
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the health effects of nanoproducts [12–15]. However, studies
over the years have clearly established that not all nanoscale
materials are created equal. Some nanomaterials or products that
incorporate nanotechnology may be toxic and their toxicities
depend upon various factors that are material-specific (charge,
polarity, chemical residues) and/or geometry-specific (size, shape,
nanoscale features). Although nanoparticle toxicity is complex,
it is well-established that nanoscale products and particles often
have fundamentally different properties as compared to their
larger bulk counterparts [16, 17]. Put differently, “nanoscale” does
not just mean that a product is smaller; it often means that it is
fundamentally different, and one cannot presume that it will be
safe or “bioequivalent” to its larger bulk counterpart.
Let us further elaborate this scientifically [2b]:

• In general, as a particle’s size decreases to nanoscale
dimensions, a greater proportion of its atoms are located on
the surface relative to its core, often rendering the particle
more chemically reactive or endowing the particle with
size-dependent melting properties. The enhanced activities
could either be advantageous (antioxidation, carrier capacity
for drugs, enhanced uptake and interaction with tissues) or
disadvantageous (toxicity issues, instability and induction of
oxidative stress) depending on the intended use.
• It is also a scientific fact that, as we granulate a particle
into smaller particles, the total surface area of the smaller
particles becomes much greater relative to its volume (i.e.,
an enormously increased surface area-to-volume ratio). As
materials are scaled down from macroscopic to nanoscopic,
the interfacial and surface properties dominate particle
interactions instead of gravity. However, from a drug delivery
perspective, smaller particles have a higher dissolution rate,
water solubility and saturation solubility compared to their
larger counterparts. This change in properties may result
in superior bioavailability, as a higher percentage of active
agents are available at the site of action (tissue or disease
site). This may translate into a reduced drug dosage needed
by the patient, which in turn may reduce the potential side
effects and offer superior drug compliance.

FDA Confronts Nano

• Finally, nanoscale particles have a greater potential for
interaction with biological tissues, i.e., an increase in
adhesiveness onto biosurfaces. Again, this can be a tricky
double-edged issue. On one side, the multiple binding sites
of nanodrugs (“multivalence”) allow for superior binding to
tissue receptors, but on the other side, intrinsic toxicity of
any given mass of nanoparticles is often greater than that
of the same mass of larger particles.

Clearly, the current scope of FDA’s regulatory authority is
limited. The guiding principle here is that the FDA regulates end
products, not any technology per se. The agency does not regulate
nanomaterials or manufacturing processes, but the end products.
In other words, the FDA only regulates nanoproducts (i.e., products
that incorporate nanotechnology) and not nanotechnology per se
[18].
In 2011, the FDA reopened the dialog on nanotech regulation
by publishing a draft guidance document on how the agency will
identify whether nanomaterials have been used in FDA-regulated
products. The guidelines were published in the Federal Register in
2011. [The FDA’s use of “unofficial” definitions and “draft” guidance
documents is legendary and the subject of concern, ridicule and
criticism.] Their initial purpose was to help industry and developers
identify when to consider the possible regulatory status, safety,
effectiveness, or health issues that could arise from the use of
nanomaterials or nanotech in FDA-regulated products. However,
in this regard it has miserably failed to assist industry stakeholders,
patent practitioners, policy makers or the venture community. All
of this clearly highlights the importance of establishing a uniform
“nano” terminology for harmonized regulatory governance. In
fact, the FDA uses an awkward, loose and “unofficial” size-based
definition for engineered nanoproducts or products that employ
nanotechnology that either (i) have at least one dimension in the
1–100 nm range; or (ii) are of a size range of up to 1000 nm
(i.e., 1 μm), provided the novel/unique properties or phenomenon
(including physical/chemical properties or biological effects)
exhibited are attributable to these dimensions outside of 100 nm.
In other words, if needed, the FDA applies the upper limit of
1000 nm (rather than 100 nm proposed by the NNI), albeit
unofficially. The FDA like other governmental bodies in the
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US and abroad, cannot let go of a specific size range while
discussing nanoproducts. Obviously, this is scientifically and
legally counterproductive. In this context, another unofficial FDA
guidance document dated June 2014 (based on the original 2011
document mentioned above) is worth quoting where you can
clearly note the FDA grappling with this size issue yet promising
to “refine” this at a later date [19]:
At the present time, available scientific information does not
establish a uniform upper boundary above 100 nm where novel
properties and phenomena similar to those seen in materials with
dimensions in the nanoscale range cease for all potential materials
or end products. For this reason, at this time, FDA finds it reasonable
to consider evaluation of materials or end products engineered to
exhibit properties or phenomena attributable to dimensions up to
1,000 nm, as a means to screen materials for further examination
and to determine whether these materials exhibit properties or
phenomena attributable to their dimension(s) and associated with
the application of nanotechnology. An upper limit of one micrometer
(1,000 nm) applied in the context of properties or phenomena
attributable to dimensions serves both to: (1) include materials
with dimension(s) outside the nanoscale range of approximately
1 nm to 100 nm that may exhibit dimension-dependent properties
or phenomena associated with the application of nanotechnology
and distinct from those of macro-scaled materials; and (2) exclude
macro-scaled materials that may have properties attributable to
their dimension(s) but are not likely associated with the application
of nanotechnology. An upper limit of 1,000 nm, combined with
the presence of dimension-dependent properties or phenomena
similar to those seen in materials with dimensions in the nanoscale
range, provides an initial screening tool to help identify materials
or products with properties or phenomena of particular relevance
for regulatory review. The use of 1,000 nm as a reference point in
this context should not be interpreted to mean that materials or
products with dimensions above 1,000 nm cannot exhibit dimensiondependent properties or phenomena of importance to safety,
effectiveness, public health impact, or regulatory status of the
material or product. As noted above, we may further refine these
Points to Consider, including this upper limit, either as applicable
broadly to FDA-regulated products or as applicable to specific
products or product categories…

FDA Confronts Nano

In a 2012 FDA publication, the then-FDA commissioner, Dr.
Margaret Hamburg, emphasized science-based nanoregulation
[20]:
Our goal is to regulate these products using the best possible science
… Understanding nanotechnology remains a top priority within the
agency’s regulatory science initiative and, in doing so, we will be
prepared to usher science, public health, and FDA into a new, more
innovative era.

Surprisingly, in the same publication [20], FDA officials
make the following sweeping assessments, this time pointing to
cosmetics, without any scientific or legal basis:
FDA has experience with regulating emerging technologies.
Challenges of regulating nanotechnology are not unlike those related
to other emerging and cross-cutting scientific and policy issues...

Right now, we don’t have any information to make us believe that use
of nanotechnology in cosmetics would cause a safety issue...

Also in 2012, Dr. Hamburg summarized in general terms a
“broadly inclusive initial approach” with respect to nanogovernance
in a two-page policy paper published in Science [21]:
[The] FDA does not categorically judge all products containing
nanomaterials or otherwise involving the application of
nanotechnology as intrinsically benign or harmful. As with other
emerging technologies, advances in both basic and applied
nanotechnology science may be unpredictable, rapid, and unevenly
distributed across product applications and risk manage
ment
tools. Therefore, the optimal regulatory approach is iterative,
adaptive, and flexible ... . It is iterative by developing and delivering
incremental components of a regulatory system, such as guidances
specific to product areas, each as warranted and when ready. It is
adaptive by providing a mechanism, within statutory constraints,
to change the rules, presumptions, or pathways for these regulatory
components, in light of new information gained from research or
from experience in regulating earlier products. And it is flexible by
using all available means, ranging from workshops to consultations
to guidances to rules, in order to match the burden of regulation to
its need. (citations removed).
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Box 17.2 FDA’s 2015 Approach to Regulation of Nanotechnology Products
(Source: FDA; see: http://www.fda.gov/)

• FDA is maintaining its product-focused, science-based regulatory
policy. Technical assessments will be product-specific, taking into
account the effects of nanomaterials in the particular biological
and mechanical context of each product and its intended use. And
the particular policies for each product area, both substantive and
procedural, will vary according to the statutory authorities. We advise
manufacturers to consult with the FDA early in their development
process to facilitate a mutual understanding of the scientific and
regulatory issues for their nanotechnology products.

• FDA’s approach respects variations in legal standards for different
product-classes. Food additives are considered safe when there is a
reasonable certainty of no harm from their intended use. Drugs, by
contrast, are evaluated not only on the basis of their risk profile but also
their predicted benefit. These differing legal standards demonstrate
how different contexts could lead to different regulatory outcomes,
even if two products present the same level of risk. Other products
regulated by FDA are subject to yet different standards for safety or
effectiveness. The result may be divergent regulatory outcomes for
different product classes and different applications of nanomaterials,
even where objective measures of risk are similar.
• Where premarket review authority exists, attention to nanomaterials
is being incorporated into standing procedures. For example, new
drugs, new animal drugs, biologics, food additives, color additives,
certain human devices, and certain new dietary ingredients in dietary
supplements are subject to premarket review requirements. Premarket
review processes for these products require applicants to submit data
to answer questions related to the safety, effectiveness (where
applicable), or regulatory status of the product. Individual premarket
review procedures include attention to whether the use of nanomaterials
suggests the need for additional data on safety or effectiveness, as
applicable.

• Where statutory authority does not provide for premarket review,
consultation is encouraged to reduce the risk of unintended harm
to human or animal health. Some FDA regulated products, such as
dietary supplements (except certain new dietary ingredients), cosmetics
(except color additives), and food (except food or color additives) are
not subject to mandatory premarket review. In these cases, FDA relies
on publicly available or voluntarily submitted information, adverse
event reporting (where applicable), and on post-market surveillance
activities, to provide oversight. Where nanotechnology applications
are involved, FDA encourages manufacturers to consult with the
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agency before taking their products to market. Such consultation can
help FDA to advise companies, review safety information, and design any
necessary post-marketing safety oversight.

• FDA will continue post-market monitoring. FDA will continue to
monitor the marketplace for products containing nanomaterials and will
take actions, as needed, to protect consumers.
• Industry remains responsible for ensuring that its products meet
all applicable legal requirements, including safety standards.
Regardless of whether products are subject to premarket review
or authorization, manufacturers are required to ensure that their
product satisfies applicable safety standards and complies with other
applicable requirements. Therefore, industry must work with current
information in product development, and continue to monitor products
once marketed. FDA encourages industry to consult early with the
agency to address questions related to the regulatory status, or to
the safety, effectiveness, or other attributes of products that contain
nanomaterials or otherwise involve application of nanotechnology.
These early consultations afford an opportunity to clarify the
methodologies and data that will be needed to meet the sponsor’s
obligations. Additional public meetings or workshops may be held to
advance regulatory science, identify product-specific data needs, or seek
input on specific issues.
• FDA will collaborate, as appropriate, with domestic and international counterparts on regulatory policy issues. FDA engages
in policy dialogue with other U.S. government agencies through the
“Emerging Technologies Interagency Policy Coordination Committee”
and other forums, among other things, to contribute to overarching U.S.
government policies relevant to nanotechnology and, as appropriate,
coordinate its policy activities. FDA also works with foreign regulatory
counterparts to share perspectives and information on the regulation of
nanotechnology products and their intended uses.

• Both for products that are not subject to premarket review and those
that are, FDA will offer technical advice and guidance, as needed,
to help industry meet its regulatory and statutory obligations. FDA
prepares guidance documents for its staff, applicants/sponsors, and
the public to describe the agency’s interpretation of or policy on a
regulatory issue. Guidance documents will emerge over time, and
(depending upon the product-class) will address interpretation of
relevant statutory and regulatory standards, and provide guidance on
the technical data needed to meet those standards (see list below for
guidances already published). FDA will tailor guidances to the unique
confluence of the statute governing the product-class, the level of
scientific knowledge relevant to those applications, and the likely extent
of effects on human and animal health.
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The FDA on its website highlights certain issues in its
nanoregulatory approach that on their face appear most appropriate
(Box 17.2). However, underneath this veneer remains the real
point for nanoregulation: “attributes” of materials at the nanoscale
(“nanocharacteristics”) that may require unique assays/testing
and premarket approval beyond what current laws or regulations
can tackle to provide safe products to the consumer. Moreover,
clear guidance is needed, instead of nonbinding draft reports,
regulatory discussions or a listing of what will be done by the FDA
in future. Regulation of nanomedicine must be conducted with the
overarching principle that it is science-based, not politically
motivated or policy-based. Transparency is also urged, not internal
close-door meetings where critical stakeholders are specifically
excluded from discussion (e.g., the 2nd Nanotechnology Regulatory
Science Research Symposium held at the FDA on May 29, 2015
touted as “a venue for FDA Scientists and Reviewers to share
their regulatory science research activities, review challenges and
issues, build contacts for communication and collaboration, and
share new innovations in nanotechnology.”) Real progress in
nanoregulation is needed that is meaningful from an industry and
public perspective.
The “baby steps” by the FDA regarding nanoregulation, continue
to be criticized as being lax and generally uncoordinated. As of
November 2015, no clear industry guidelines or regulations have
been proposed by the FDA. In this regard, it should be restated
that industry and key stakeholders understand that no broad
and overarching nano-guidelines, documents, assay protocols or
regulations are needed. In this context, only clearer, transparent
and science-based guidelines, documents, assays or regulations
are requested that address key points on a case-by-case basis. For
example, the agency has data on liposomal drugs that dates back
to the 1950s. Perhaps such data pertaining to “nanoliposomes”
can be compiled and released into the public domain as this will
be invaluable to a potential sponsor developing nanoliposomal
medicines (which the majority of current nanomedicines submitted
for FDA review are). At present, the only document that industry
can rely upon is the June 2014 draft guidance that is short on
specifics [19]. The so-called “broadly inclusive initial approach”
that Hamburg alluded to in her 2012 Science policy paper
[21] needs to be expanded into real-world regulatory guidelines
that can be depended upon by industry and consumers alike.
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All in all, US regulatory agencies are still in disarray over
nanotech. The situation is not much different at regulatory
agencies in other countries either [22–27]. As numerous nanoproducts move out of the laboratory and into the clinic, US federal
agencies such as the FDA [11–14, 18–20, 27, 28] and the PTO
[1, 2a] continue to struggle to encourage the development of
nanoproducts while imposing some sort of order. Numerous
challenges confront the FDA as important unanswered questions
linger (Box 17.1). All the while, a steady stream of nanoproducts,
particularly nanomedi
cines (Fig. 17.1; Table 17.1), continue to
be approved by the FDA under preexisting regulations. A large
number of these approved nanomedicines have already reached
the marketplace, approved by the FDA, EMA or foreign equivalent.
Both FDA and industry data clearly shows that most of the
approved or pending nanotherapeutic formulations/nanodrug
products are oncology-related and based on protein-polymer
conjugates and liposomes. The first FDA-approved nanomedicine
was Doxil® while AmBisome® was the first one approved by EMA
in Europe. It should be noted, however, that a nanoparticulate
iron oxide intravenous solution in the market since the 1960s and
certain nanoliposomal products approved in the 1950s and later
should, in fact, be considered true first nanomedicines. There
is no formal definition for a nanotherapeutic formulation (i.e.,
nanodrug product); my definition being: (1) a formulation, often
colloidal, containing therapeutic particles (nanoparticles) ranging
in size from 1–1,000 nm; and (2) either (a) the carrier(s) is/are
the therapeutic (i.e., a conventional therapeutic agent is absent)
or (b) the therapeutic is directly coupled (functionalized,
solubilized, entrapped, coated, etc.) to a carrier. This definition
parallels that proposed by numerous experts and disregards
that presented by US federal agencies like the NNI.†

†See also:
Bogunia-Kubik, K., Sugisaka, M. (2002). From molecular biology to nanotechnology
and nanomedicine. BioSystems, 65, 123–138.
Junghanns, J.-U. A. H., Müller, R. H. (2008). Nanocrystal technology, drug delivery and
clinical applications. Int. J. Nanomed., 3(3), 295–310.
Ledet, G., Mandal, T. K. (2012). Nanomedicine: Emerging therapeutics for the 21st
century. U.S. Pharm., 37(3), 7–11.
McDonald, T. O., Siccardi, M., Moss, D., Liptrott, N., Giardiello, M., Rannard, S., Owen,
A. (2015). The application of nanotechnology to drug delivery in medicine. In: P.
Dolez, ed. Nanoengineering: Global Approaches to Health and Safety Issues, Elsevier,
pp. 173–223.

357

358

FDA and Nano

Figure 17.1 Schematic Illustrations of Nanoscale Drug Delivery System
Platforms (Nanotherapeutics or Nanodrug Products). Shown are
nanoparticles (NPs) used in drug delivery that are either approved, are
in preclinical development or are in clinical trials. They are generally
considered as first or second generation multifunctional engineered NPs,
generally ranging in diameters from a few nanometers to a micron. Active
biotargeting is frequently achieved by conjugating ligands (antibodies,
peptides, aptamers, folate, hyaluronic acid) tagged to the NP surface via
spacers or linkers like PEG. NPs such as carbon nanotubes and quantum
dots, although extensively advertised for drug delivery, are specifically
excluded from the list as this author considers them commercially
unfeasible for drug delivery. Non-engineered antibodies and naturally
occurring NPs are also excluded. Antibody-drug conjugates (ADCs) are
encompassed by the cartoon labelled “Polymer-Polypeptide or PolymerDrug Conjugate.” This list of NPs is not meant to be exhaustive, the
illustrations are not meant to reflect three dimensional shape or
configuration and the NPs are not drawn to scale. Abbreviations: NPs:
nanoparticles; PEG: polyethylene glycol; GRAS: Generally Recognized
As Safe; C dot: Cornell dot; ADCs: Antibody-drug conjugates.
NOTICE: Copyright © 2016 Raj Bawa. All rights reserved. The copyright holder permits
unrestricted use, distribution and reproduction of this figure (plus legend) in any
medium, provided the original author and source are clearly and properly credited.
Reproduction without proper attribution constitutes copyright infringement.

nanocrystal fenofibrate

nanocrystal aprepitant,
nanocrystal fosaprepitant
dimeglumine

TriCor

Emend

propofol liposomes

nanocrystal sirolimus
(rapamycin)

Rapamune

Diprivan

amphotericin B
liposomes (<100 nm)

AmBisome (AmBi)

intravenous injection

oral capsule,
intravenous injection

oral solid tablet

oral solution,
oral solid tablet

intravenous injection

albumin-bound paclitaxel (taxol) intravenous infusion
NPs (~130 nm)

Abraxane (ABI-007,
nab-paclitaxel)

intravenous injection

Delivery System/
Route

doxorubicin hydrochloride
(adriamycin) pegylated
liposomes (~100 nm)

Nanoscale
Formulation

Fresenius Kabi,
Hospira, Teva

Merck, Sandoz

AbbVie
Lupin, Mylan,
Valeant

Pfizer (Wyeth)

Astellas, Gilead

Celgene

Janssen, ALZA,
Sun

Manufacturer/
Alliance/
Marketer/
Generic

1999, 2003,
2015

1997
2000

2005, 2012,
2013

1995, 1999,
2003

Year
Approved

intensive care sedation and conscious sedation
for surgical as well as diagnostic procedures

nausea in chemotherapy patients

(Continued)

1989, 1991,
1993

2003, 2005,
2008

2004
primary hypercholesteremia, mixed
lipidemia (Fredrickson Types IIa and IIb),
hypertriglyceridemia (Fredrickson Types IV and
V hyperlipidemia);
oral tablet versions approved in 1993 and 2001
to Abbott are discontinued

immunosuppressant for the prophylaxis
of organ rejection in patients aged
≥13 years receiving renal transplants,
lymphangioleiomyomatosis (LAM)

fungal and protozoan infections
Cryptococcal meningitis in HIV patients

various cancers

AIDS-related Kaposi’s sarcoma, ovarian
cancer, multiple myeloma in combination with
bortezomib; sold as Caelyx in the EU; Lipodox,
the generic version of Doxil, was the first
nanogeneric approved by the FDA in 2013

Therapeutic Indication + Comment

Select FDA-Approved Nanopharmaceuticals (Copyright © 2016 Raj Bawa. All rights reserved.)

Doxil

Drug Product

Table 17.1
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doxorubicin HCl liposomes
(~190 nm)

Myocet

topical emulsion

ophthalmic
intravitreal injection

pegaptanib sodium
(polymer-aptamer conjugate)

estradiol hemihydrate
micellar emulsion

Macugen

Estrasorb

intravenous injection

intrathecal injection

intravenous injection

oral solid tablet

oral solid tablet

Delivery System/
Route

DaunoXome (L-DNR) daunorubicin citrate liposomes
(~45 nm)

sustained release cytarabine
liposomes (~10–20 µ)

nanocrystal fenofibrate

Triglide

DepoCyt
(Liposomal Ara-C)

cross-linked poly(allylamine)
resin (sevelamer hydrochloride)

Nanoscale
Formulation

(Continued)

Renagel

Drug Product

Table 17.1

Gilead, Eyetech

Valeant (Medicis)

Gilead
Galen

Sigma-Tau, Pacira

Sopherion,
Cephalon, Teva

Skyepharma
(Shionogi),
Aenova

Genzyme

Manufacturer/
Alliance/
Marketer/
Generic

neovascular (wet) age-related macular
degeneration

moderate to severe vasomotor symptoms of
menopause

first-line therapy against advanced Kaposi’s
sarcoma associated with HIV

lymphomatous meningitis

Breats neoplasms, not approved by
the FDA

lipid disorders; reduces elevated plasma
concentrations of triglycerides, LDL and total
cholesterol and raises abnormally low levels of
HDL; 50 mg tablet is now discontinued

2004

2003

1996

1999
(accelerated
approval),
2007 (full
approval)

2000
(EU, Canada)

2005

Year
Approved

reduction of serum phosphorus in patients
2000, 2004,
with end-stage renal disease (ESRD), serum
2007
phosphorus in patients with chronic kidney
disease (CKD); oral capsule approved in 1998 is
discontinued

Therapeutic Indication + Comment
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PEGinterferon α-2a
(polymer-protein conjugate)

copolymeric mixture of
L-glutamic acid, L-alanine,
L-tyrosine and L-lysine
(polypeptide colloidal
formulation) (1.5 to 550 nm)

PEG-G-CSF or PEG filgrastim
and monomet hoxypolyethylene
glycol
(polymer-protein conjugate)

Neulasta

Copaxone
(glatiramer acetate,
Copolymer 1)

PEGvisomant (PEG-hGH)
(polymer-protein conjugate)

Somavert

pegylated bovine
adenosine deaminase
(pegademase bovine)
(polymer-protein conjugate)

PEGASYS

Adagen

amphotericin B liposomes
(< 5 µm)

Nanoscale
Formulation

Abelcet

Drug Product

subcutaneous
injection

subcutaneous
injection

subcutaneous
injection

subcutaneous
injection

intravenous injection

intravenous injection

Delivery System/
Route

Teva

Amgen

Pfizer
(Pharmacia &
Upjohn)

Hoffmann-La
Roche, Nektar

Sigma-Tau,
Enzon

Sigma-Tau

Manufacturer/
Alliance/
Marketer/
Generic

relapsing-remitting multiple sclerosis (RRMS)
20-mg daily dose
40 mg thrice-a-week dose

febrile neutropenia

growth hormone receptor antagonist for the
treatment of acromegaly in patients who have
had an inadequate response to surgery or
radiation therapy, or for whom these therapies
are not appropriate

chronic hepatitis B and C virus infection

(Continued)

1996
2004

2002

2003

2002

1995

Year
Approved

enzyme replacement therapy for the treatment 1990
of severe combined immunodeficiency disease
(SCID) associated with a deficiency of adenosine
deaminase

invasive fungal infections in patients who are
refractory to or intolerant of conventional
amphotericin B therapy

Therapeutic Indication + Comment
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nanocrystal megestrol acetate

Megace ES

Elestrin

Meda, DPT

Crucell
Berna Biotech

Sigma-Tau
Baxter

Merck

Sequus
Alkopharma

Manufacturer/
Alliance/
Marketer/
Generic

oral liquid suspension PAR
TWI

transdermal gel

intramuscular,
in the deltoid
muscle

hepatitis A vaccine adjuvanted
with immunopotentiating
reconstituted influenza
virosomes (IRIV) (~150 nm)

Epaxal
(HAVpur,
VIROHEP-A)

calcium phosphate NPs of
estradiol

intravenous or
intramuscular
injection

PEGINTRON

Oncaspar
PEGasparginase (50–200 nm)
(PEG-L-asparginase) (polymer-protein conjugate)

intravenous injection

Delivery System/
Route

subcutaneous
injection

amphotericin B liposomes
(~130 nm)

Nanoscale
Formulation

(Continued)

PEGinterferon α-2b
( polymer-protein conjugate)

Amphotec

Drug Product

Table 17.1

anorexia and cachexia associated with AIDS

moderate to severe vasomotor (hot flashes)
symptoms in menopausal women

active immunization against hepatitis A for
adult and children >12 months (age may vary
and depend upon the country); not approved
by the FDA

first line treatment of patients with acute
lymphoblastic leukemia (ALL) and for
the treatment of patients with ALL and
hypersensitivity to native forms of
L-asparaginase

chronic hepatitis C virus infection in patients
with compensated liver disease
Sylatron approved for melanoma with nodal
involvement after surgical resection

invasive aspergillosis patients who are
refractory to or intolerant of conventional
amphotericin B

Therapeutic Indication + Comment

2005

2006

Canada
and
elsewhere

1994

2011

2001

1996, 2014

Year
Approved
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denileukin diflitox NPs

paclitaxel micelles

sodium ferric gluconate
complex

Ontak

Taxol

Ferrlecit

intravenous injection

intravenous injection

intravenous injection

verteporfin liposomes (<100 nm) intravenous injection

Visudyne

intravenous injection

vincristine sulfate encapsulated
liposomes (~120 nm)

Marqibo (ONCO
TCS, optisomal
vincristine,
vincacine, VSLI)

Sanofi-Aventis
Hikma, Watson

Bristol Myers
Squibb, HQ, SPCLT
Teva, Mylan,
Actavis, Hospira

Eisai

QLT, Valeant,
Novartis

Talon

oral liquid suspension Bristol-Myers
Squibb, Teva,
PAR, Roxane,
Wockhardt

Delivery System/
Route

nanocrystal megestrol acetate

Nanoscale
Formulation

Megace

Drug Product

Manufacturer/
Alliance/
Marketer/
Generic

iron deficiency anemia in adult patients and in
pediatric patients age 6 years and older with
CKD receiving hemodialysis who are receiving
supplemental epoetin therapy

cancers

(Continued)

1999

1992

2000

2012

1993

Year
Approved

persistent or recurrent cutaneous
1999
T-cell lymphoma whose malignant cells express
the CD25 component of the IL-2 receptor

wet age-related macular
degeneration; light-activated
drug used in photodynamic therapy

philadelphia chromosome-negative
(Ph-) acute lymphoblastic leukemia

anorexia and cachexia associated
with AIDS; oral tablet is discontinued

Therapeutic Indication + Comment
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iron sucrose NPs

Nanoscale
Formulation

(Continued)

sevelamer carbonate
(polymer-polymer conjugate)

Renvela

brentuximab vedotin (~10 nm)
(antibody-drug conjugate)

peginesatide acetate
(polymer-polymer conjugate)

Omontys

Adcetris

pegloticase
(pegylated uricase)
(polymer-protein conjugate)

ferumoxytol
(iron SPION)

Krystexxa
(Puricase)

Feraheme

Cimzia
PEGylated anti-TNF-α
(certolizumabpegol, (polymer-protein conjugate)
CDP870)

Venofer

Drug Product

Table 17.1

intravenous injection

oral solid tablet
or oral suspension

intravenous or
subcutaneous
injection

intravenous injection

intravenous injection

intravenous injection

intravenous injection

Delivery System/
Route

Seattle Genetics

Genzyme

Takeda

Savient

AMAG

UCB

Therapeutic Indication + Comment

2010

classical Hodgkin lymphoma (HL), systemic
anaplastic large cell lymphoma (sALCL)

control of elevated serum phosphorus
(hyperphosphatemia) in CKD patients on
dialysis

2011

2007

2012
erythropoiesis-stimulating agent (ESA) for
anemia due to CKD in adult patients on dialysis;
product discontinued following postmarketing
reports of serious hypersensitivity reactions

chronic gout in adult patients refractory to
conventional therapy

iron deficiency anemia in adult patients
with CKD

2009

2000

Year
Approved

Crohn’s disease, rheumatoid arthritis, active
2008, 2013
psoriatic arthritis, active ankylosing spondylitis
in adults

Luitpold, Fresenius iron therapy for the treatment of iron
American Regent, deficiency anemia in adult and pediatric
Vifor
patients 2 years and older with CKD

Manufacturer/
Alliance/
Marketer/
Generic
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methylphenidate HCl
nanocrystals

Ritalin LA

dexmet hylphenidate HCl
nanocrystals

morphine sulfate nanocrystals

Avinza

Facalin XR

tizanidine HCl nanocrystals

Zanaflex

lucinactant
(synthetic peptide surfactant)

Surfaxin

poractant α (porcine lung
homogenate) liposomes

Curosurf

beractant (bovine lung
homogenate) liposomes

Nanoscale
Formulation

Survanta

Drug Product

oral extended-release
capsule

oral extended-release
capsule

oral extended-release
capsule

oral solid capsule
or tablet

intratracheal
suspension

intratracheal
suspension

intratracheal
suspension

Delivery System/
Route

2002

1996

2012

1999

(Continued)

2005

attention-deficit hyperactivity disorder (ADHD) 2002

management of pain severe enough to require
daily, around-the-clock, long-term opioid
treatment and for which alternative
treatment options are inadequate

muscle spasticity

RDS in premature infants; company announced
plans in 2015 to cease production due to
restructuring

rescue treatment of RDS in premature infants

Year
Approved

respiratory distress syndrome (RDS) (hyaline
1991
membrane disease) in premature infants whose
lungs have not fully developed

Therapeutic Indication + Comment

Novartis
ADHD
Intelli, Mylan, Teva,
Watson

Novartis
Barr, Watson

King, Pfizer
Actavis

Acorda
Apotex, Core,
Dr. Reddys, Mylan,
Prosam, Sandoz,
Su, Teva, Unichem

Discovery

Chiesi

Abbott

Manufacturer/
Alliance/
Marketer/
Generic
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lanreotide acetate

ado-trastuzumab
emtansine (~10 nm)
(antibody-drug conjugate)

Somatuline Depot

Kadcyla

nanocrystal paliperidone
palmitate

pemetrexed or
pemetrexed disodium

Alimta

Invega Sustenna

leuprolide acetate
agonist/synthetic
nonapeptide analog

Nanoscale
Formulation

(Continued)

Eligard

Drug Product

Table 17.1

intramuscular
injection

intravenous injection

subcutaneous
injection in
superior external
quadrant of the
buttock

intravenous injection

subcutaneous
injection

Delivery System/
Route

Janssen

Genetech

schizophrenia, schizo affective disorder as
monotherapy and as an adjunct to mood
stabilizers or anti-depressants

HER2-positive, metastatic breast cancer who
previously received trastuzumab and a taxane,
separately or in combination

acromegaly, gastroenteropancreatic
neuroendocrine tumors

in combination with cisplatin for (i) treatment
of malignant pleural mesothelioma (MPM);
(ii) the initial treatment of advanced
nonsquamous non-small cell lung cancer
(NSCLC); (iii) for treatment of advanced NSCLC

Ipsen

Lilly

palliative treatment of advanced prostate
cancer

Therapeutic Indication + Comment

TOLMAR

Manufacturer/
Alliance/
Marketer/
Generic

2009

2013

2007

2004, 2008

2002

Year
Approved
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Copyright © 2016 Raj Bawa. All rights reserved. All requests to reprint or use this table should be directed to the copyright holder.

8. The company names may not be comprehensive and subject to change. Changes result from acquisitions, mergers, name changes, restructuring,
distributor changes, manufacturer changes, etc.

7. All updates and errors should be reported to Dr. Bawa (bawa@bawabiotech.com). Negative side effects should be reported to the FDA (www.fda.
gov/medwatch or 1-800-FDA-1088).

6. Abbreviations: NPs: nanoparticles; EU: European Union; EMA: European Medicines Agency; AIDS: acquired immunodeficiency syndrome; HDL:
high-density lipoprotein; LDL: low-density lipoprotein; PEG: polyethylene glycol; PEG-G-CSF: pegylated granulocyte colony-stimulating factor;
PEG-hGH: pegylated human growth hormone; VEGF: vascular endothelial growth factor; SPION: superparamagnetic iron oxide nanoparticle;
ONCO TCS: optisomal vincristine; ESA: erythropoiesis-stimulating agent; VSLI: vincristine sulfate liposomes; RRMS: relapsing-remitting
multiple sclerosis; ALL: acute lymphoblastic leukemia; SCID: severe combined immunodeficiency disease; CKD: chronic kidney disease; LAM:
lymphangioleiomyomatosis; IRIV: immunopotentiating reconstituted influenza virosomes; ESRD: end-stage renal disease; RDS: respiratory distress
syndrome; ADHD: attention-deficit hyperactivity disorder; NSCLC: non-small cell lung cancer; HL: Hodgkin lymphoma; sALCL: systemic anaplastic
large cell lymphoma; MPM: malignant pleural mesothelioma; CHC: chronic hepatitis C.

5. Some discontinued products are included in the table.

4. The “Nanoscale Formulation” column includes the Active Pharmaceutical Ingredient (API), the nanomaterial or drug form and, in some instances,
the mean nanoparticle diameter.

3. The “Year Approved” column may list dates when the new or modified indication was approved in addition to the original approval date. It excludes
dates reflecting new dosage forms, drug strength changes, manufacturing changes or combination therapy supplemental approvals to expand the
indication.

2. Approval by FDA or equivalent foreign regulatory body does not necessarily mean that the approved drug product is commercially available to
consumers. Various factors, in addition to the regulatory approval (e.g., drug patents, drug exclusivity, litigation, manufacturing issues, adverse
reactions, etc.) influence the commercialization of a product.

1. This table lists selected FDA-approved nanopharmaceuticals; occasional non-FDA approved nanopharmaceutical is included. Specifically excluded
are: (a) nanomaterials, unless they serve as a drug product per se; (b) FDA-approved imaging and diagnostic agents; and (c) nanodrug candidates
in pre-clinical research, including basic research, bench-science or early animal testing.

NOTES:
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Given this backdrop, investors have been cau
tious and
confused as to what route, if any, the FDA will take in regulating
nanotechnologies, and to what degree. Additionally, the FDA’s delay
in addressing nanoregulation could have a chilling effect on public
confidence and commercialization efforts [13, 17, 27]. Meanwhile,
various stakehold
ers—government, industry, academia, and the
public at large—have offered various proposals (if/when needed)
to regulate nanomedicine. These include [29]:
• creating new laws and regulations;

• revising/modifying existing laws and regulations to cover
nanomedicine;
• designing new nonregulatory governance approaches such
as voluntary industry standards;
• revising/modifying existing nonregulatory approaches.

17.4

Nanoproducts as Combination Products?

Products submitted to the FDA for market approval, including
some that may contain nanomaterials or involve nanomedicine,
are evaluated according to a category-based system in one of the
nine centers that focus on a specific area of regulation. For example,
a drug, biologic, or device would be assigned for evaluation to
the Center for Drug Evaluation and Research (CDER), the Center
for Biologics Evaluation and Research (CBER), or the Center
for Devices and Radiological Health (CDRH), respectively.
Obviously, categorizing nanoproducts according to this legal FDA
classification is critical owing to the widely divergent regulatory
approval standards employed by the FDA [29, 30]. According
to the Federal Food, Drug and Cosmetic Act of 1938, the scope of
the FDA’s authority varies from category to category, with the
strongest authority being over new drugs and devices and the
weakest authority being over cos
metics and whole foods [12].
As a result of these variations, the FDA’s ability to regulate nanoproducts effectively will depend largely on the category into which
the product seeking approval falls.
However, certain therapeutics are “combination products,”
(Box 17.3) which consist of two or more regulated components
(drug, biologic, or device) that are physically, chemically, or
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otherwise combined or mixed to produce a single entity [31,
32]. The Federal Food, Drug, and Cosmetic Act (21 USC 353(g))
requires that FDA assign a component of the agency to have
primary jurisdiction for the premarket review and regulation of a
combination product. That assignment must be based upon a
determination of the “primary mode of action” (PMOA) of the
combination product. The PMOA of the product is “the single
mode of action of a combination product that provides the most
important therapeutic action.” However, this process is frequently
imprecise as it is not always possible to clearly elucidate a
combina
tion product’s PMOA. This is because, at the time
of an investigational application, it is not clear which mode
of action provides the most important therapeutic action or
because the product has two different equally critical modes
Box 17.3 FDA’s Definition of a Combination Product (Source: FDA)

A combination product is a product composed of any combination of a
drug and a device; a biological product and a device; a drug and a biological
product; or a drug, device, and a biological product. Under 21 CFR 3.2 (e), a
combination product is defined to include:

1. A product comprised of two or more regulated components (i.e., drug/
device, biologic/device, drug/biologic, or drug/device/biologic) that are
physically, chemically, or otherwise combined or mixed and produced as
a single entity;

2. Two or more separate products packaged together in a single package
or as a unit and comprised of drug and device products, device and
biological products, or biological and drug products;

3. A drug, device, or biological product packaged separately that according
to its investigational plan or proposed labeling is intended for use only
with an approved individually specified drug, device, or biological
product where both are required to achieve the intended use, indication,
or effect and where, upon approval of the proposed product, the labeling
of the approved product would need to be changed (e.g., to reflect a
change in intended use, dosage form, strength, route of administration,
or significant change in dose); or
4. Any investigational drug, device, or biological product packaged
separately that according to its proposed labeling is for use only with
another individually specified investigational drug, device, or biological
product where both are required to achieve the intended use, indication,
or effect.
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of action. Determining which framework will apply to any
combination product is the task of the Office of Combination
Products (OCP). Obviously, the OCP will be the first office within
the FDA to review many nanoproducts. The OCP makes its assign
ments on a case-by-case basis depending on the PMOA. But this
process is again, frequently imprecise as it is not always possible
to clearly elucidate a combination product’s PMOA, often because
at the time of an investigational application it is not clear which
mode of action provides the most important therapeutic action,
or the product has two different equally critical modes of action.
It is very possible that nanoproducts will blur the distinction
between mechanical and chemical action at the nanoscale or that
they may be both therapeutic and diagnostic in operation. In fact,
this spanning of regulatory boundaries between the various
categories has often resulted in inconsistency [33].

17.5

Recommendations, Conclusions and
Future Prospects

Advances in medical or health-related nanotech and the system
for governing it are inevitably intertwined. However, emerging
technologies are particularly problematic for governmental
regulatory agencies, given their independent nature, slow response
rate, significant inertia and a general mistrust of industry. Major
global regulatory systems, bodies and regimes regarding
nanomedicines are not fully mature, hampered in part by a lack of
specific protocols for preclinical development and characterization.
Additionally, in spite of numerous harmonization talks and meetings,
there is a lack of consensus on the different procedures, assays
and protocols to be employed during pre-clinical development
and characterization of nanomedicines. On the other hand, there
is a rise of diverse nanospecific regulatory arrangements and
systems, contributing to a dense global nanotechnology regulatory
landscape, full of gaps and devoid of central coordination. It is
often observed that governmental regulatory bodies lack technical
and scientific knowledge to support risk-based regulation, thereby
leaving a significant regulatory void. In fact, the “baby steps” the
FDA has undertaken over the past decade have led to regulatory
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uncertainty. The bumpy ride is expected to continue. There are some
excellent reports highlighting this issue [34–39].
It appears that the Environmental Protection Agency
(EPA) is leading the way in nanomaterial regulation [27, 39].
However, numerous challenges confront all federal agencies
regarding reform of regulatory guidance for nano-toxicological
evaluation. Among these are the limited availability of information
correlating the physicochemical properties of nanomaterials
with risks, and a lack of validated preclinical screens and animal
models for the assessment of nanomaterials [40]. The toxicity of
many nanoscale materials will not be fully apparent until they
are widely distributed and their exposure is felt by a diverse
population. Therefore, postmarket tracking or a surveillance
system must be adopted (along with any proposed legislation) to
assist in product recalls. Although toxicological testing for health
risks of nanoparticles is not currently a complete science [41], it is
crucial to monitor their unique properties (if any) that may lead to
serious adverse effects and toxicity. Because it is well established
that premarket testing of drugs will not detect all adverse reactions
[42], it is essential that long term testing of nanoscale materials
be in place to allow safety testing. In this regard, toxicity data
specific to nanomaterials needs to be collected and an effective
risk research strategy devised.
This author recognizes the fact that current nanoproducts
and medical nanotechnologies fall within existing regulatory laws;
it is the adequacy of these frameworks (or lack thereof) and their
implementation that is at issue. Although in the past the FDA has
downplayed nanoproduct safety issues [43] and the need for
modification of the current regulatory regime, it now recognizes
that there are knowledge gaps and a lack of scientific expertise in
these areas [13, 14, 21, 27, 28]. Obviously, a greater understanding
of potential risks and their assessment along with sound scientific
information will be needed prior to refining legal provisions in
FDA law. Note that our knowledge base is expanding in this regard
and the FDA should “educate” itself via industry experts. Effective
regulation will require that the FDA take a science-based flexible
and adaptive approach based on various regulatory models. The
FDA is also encountering problems in applying its current
regulations to all nanoproducts, as well as in placing these
products into its present classification scheme. However, if the FDA
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plans properly now to mitigate foreseeable problems, it will go a
long way toward overcoming scientific, ethical, commercialization,
and legal obstacles. In any case, regulating these products will
require greater cooperation between drug companies, policymakers
and the FDA. In light of these challenges, a multidisciplinary team of
experienced regulators from the drug, biologic, and device areas of
the FDA (working with a scientific panel of experts) should be formed
to assist across the board. Box 17.4 lists additional recommendations
for the FDA to consider as it tackles the regulatory framework for
nanomedicine.
Because the FDA regulates only the claims made by the
manufacturer (“product sponsor”), if no nanoclaims regarding
the manufacture or performance of the product are specified,
the agency may be left in the dark during the product review and
approval process. Related to this and as discussed previously is
the critical issue of nomenclature and the definition of nanotech
(Section 17.2).
So far, the process of converting basic research in nanomedicine into commercially viable products has been difficult. Securing
valid, defensible patent protection from the PTO [2, 3, 44] along
with clear regulatory/safety guidelines from the FDA [5, 11–13,
18, 21, 27, 28, 34–38] is critical to any commercialization effort.
In spite of the above-mentioned bottlenecks, a large number of
FDA-approved nanomedicines (Table 17.1) have been launched,
and many more are poised to receive regulatory approval [16, 17].
Furthermore, there are currently hundreds of unregulated and unlabeled nanoproducts on the market that incorporate engineered
nanoparticles and nanomaterials. Tons of these continue to be
produced and recycled annually. It would be best if the FDA were
to acknowledge that some nanomaterial-containing formulations
(or “nanoformulations”) are indeed new chemical entities (NCEs).
When warranted, nanoversions of active ingredients should be
treated by the FDA as NCEs. This will ensure that drugs, biologics, etc. that have been previously approved by the FDA but later
modified as nanoversions will undergo a new and rigorous
round of safety testing in order to obtain premarket approval.
It is difficult to foresee how nanoproducts will be regulated.
Size changes within the nanoscale range and the potential
unpredictability arising therefrom are likely to add complexity
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to the FDA review process. The traditional product-by-prod
uct
regulatory model that the FDA currently employs may not be
effective for all nanoproducts (e.g., advanced nanotheranostics)
because it may be difficult to put them into one of the available
traditional classifications or categories (i.e., drug, device, biologic,
or combination product). However, in many cases, the FDA may
view nanoproducts as technologically overlapping (miniaturization
will blur distinctions between different categories) from a review
perspective, and therefore consider them as highly integrated
nanomedical combination products. These complexities are likely to
pose additional challenges and review issues for the FDA [13, 27,
28, 32, 33].
Currently, there are few reliable means to identify marketed
“nano-containing” products, and consumers are unable to judge
for themselves which ones may be toxic. Given this, the FDA
should seriously contemplate nano-ingredient labeling on a caseby-case basis, balancing the public’s desire for such labeling
with the likelihood that the public may shy away from some
beneﬁcial products given the negative image of certain nanoscale
ingredients.
For now, nanoproducts submitted for FDA review will
continue to be subjected to an uncertain regulatory pathway.
This could negatively impact venture funding, stifle research and
development in nanomedicine, and erode public acceptance of
nanoproducts. The end-result of this could be a delay in or loss of
commercialized nanoproducts. Some experts say this has already
happened. Ultimately, the true value of a particular nanoproduct
lies in its clinical utility balanced against any potential adverse
effects. Therefore, effective translation of nanomedicine candidates
requires a “technological push” coupled to a “clinical pull”
guided or catalyzed by regulatory agencies, patent offices and
venture community [45]. All of this has to be bridged by logical
intermediary data that mechanistically demonstrate the efficacy
and biosafety [45]. Whether the FDA eventually creates new
regulations, tweaks existing ones, or establishes a new regulatory
center to handle nanoproducts, for the time being it should at least
look at nanoproducts on a case-by-case basis. The FDA should
not attempt regulation of nanomedicine by applying existing
statutes alone, especially where scientiﬁc evidence suggests
otherwise. Incorporating nanomedicine regulation into the current
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Box 17.4 Recommendations for the FDA Regarding Nanomedicine
Regulation

• Safety and Risk

• On a case-by-case basis and in conjunction with industry, identify unique
safety issues associated with nanomedical products.
• Actively seek product safety data from industry where FDA statutory
authority exists for pre-market review.
• Incentivise and encourage voluntary industry submissions of safety data on
nanomaterials or products that incorporate nanotechnology prior to market
launch, especially in cases (e.g., cosmetics) where the FDA lacks statutory
authority for pre-market review.
• Correlate physiochemical properties with in vivo biological behavior and
therapeutic outcome.
• Since there are few protocols to characterize nanomedicines at the
physicochemical, biological and physiological levels, it is essential to develop
a research strategy that involves adsorption, distribution, metabolism, and
excretion (ADME) studies. A holistic approach to understanding ADME can
be realized through the integration of mechanistic ADME data through the
mathematical algorithms that underpin physiologically-based pharmacokinetic
(PBPK) modelling, routinely utilized to support regulatory submissions for
conventional medicines in the US by the FDA and in Europe by the EMA.
• Develop toxicology tests and conduct physico-chemical characterization
(PCC) studies for nanomaterials. Although complexity and diversity of
nanomedicines pose a problem, biocompatibility and immunotoxicity must
be taken into consideration during preclinical assessment.
• Understand mass transport across membranes and body compartments
as well as biodistribution profiles following administration via a specific
route.
• Develop standards that correlate the biodistribution of various nanomaterials
with safety/efﬁcacy by using parameters such as size, surface charge,
stability, surface characteristics, solubility, crystallinity, and density.
• With industry input, create a databank relating to the interactions between
nanomaterials and biological systems.

• Data

• Adapt existing methodologies, as well as develop new paradigms for
evaluating in vivo animal and clinical data pertaining to safety and efﬁcacy
of nanomedical products before and during the product life cycle.
• Develop guidance that provides speciﬁcs as to what kind of data is needed.
• Share data in an internationally harmonized environment.

• Standardization and Nomenclature

• Create reference classes for nanomaterials that are synthesized and
characterized.
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• Develop consensus testing protocols to provide benchmarks for the creation
of classes of nanoscale materials.
• Create uniform standards for and/or working deﬁnitions of nanomaterials.
Reﬁne the current deﬁnitions of nanomaterial, nanotechnology, nanoscale
and nanomedicine for the purpose of regulation.
• Explore international harmonization efforts and formal treaties.
• In addition to governmental bodies, involve in a major way various standardsetting organizations such as the ISO and ASTM International.
• Consult and collaborate with other federal agencies in a more effective,
transparent manner.

• Tools

• Assist in developing unique tools and techniques to characterize
nanoscale materials as it is well known that minor structural alterations
in nanomedicines can significantly alter biological properties and
biodistribution.
• Develop imaging modalities for visualizing biodistribution.
• Develop mathematical and computer models for risk/beneﬁt analysis.
Monitor quality, safety, product liability, and effectiveness.

• Classiﬁcation Scheme

• Reevaluate the current FDA classiﬁcation scheme.
• Develop a classiﬁcation based on (a) function or (b) risk of potential harm.

regulatory scheme is unwise. Regulation of nanotech must balance
innovation and R&D with the principle of ensuring maximum
public health protection and safety. Moreover, it is important to
note that regulatory oversight must evolve in concert with newer
generations of nanomedical products [46–48]. Two critical topics
important in the current regulatory regime include (i) nanosimilars
(which combine generic drugs and nanocarriers as innovative
excipient); and (ii) non-biological complex drugs (NBCDs) that
highlight critical issues in specific formulations (e.g., iron oxide
nanoparticles, glatiramoids, liposomes, polymeric micelles)
[46–49].
It is worth quoting a recent publication that highlights
some of the challenges confronting the FDA regarding nanotech
regulation [50]:
There are potentially serious and inhibitory consequences if
nanodrugs are overregulated, and a balanced approach is
required, at least on a case-by-case basis, that addresses the needs
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of commercialization against mitigation of inadvertent harm to
patients or the environment. Obviously, not every nanotherapeutic
or nano-enabled product needs to be regulated. However, more
is clearly needed from regulatory agencies like the FDA and EMA
than a stream of guidance documents that are in draft format,
position papers that lack any legal implication, presentations that
fail to identify key regulatory issues and policy papers that are often
short on specifics. There is a very real need for regulatory guidelines
that follow a science-based approach that are responsive to the
associated shifts in knowledge and risks.

It is hoped that the “baby steps” that the FDA has taken in
the past decade regarding nanogovernance will translate into
more meaningful, flexible and science-based guidance in the near
future. On the other hand, if the FDA makes subjective judgements
based on policy or priority and less on scientific rigor, we will
all continue on the bumpy road towards regulatory uncertainty.
In the end, the long-term prognosis of nanomedicine will hinge
on effective, transparent nanogovernance requiring the full
commitment of various regulatory agencies such as the FDA, as
well as the regulated community such as the manufacturing sector.
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