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Abstract
Nanomedicine shows tremendous promise for improving medical diagnosis, treatment, and
prevention, but it also raises a variety of ethical concerns. Because of the paucity of data on the
physicochemical properties of nanoscale materials in biological systems, clinical trials of
nanomedicine products present some unique challenges related to risk minimization, management
and communication involving human subjects. Although these clinical trials do not raise any truly
novel ethical issues, the rapid development of nanotechnology and its potentially profound social
and environmental impacts, add a sense of urgency to the problems that arise.
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Introduction
Nanotechnology has moved quickly from the realm of science fiction into clinical research.
Pharmaceutical and biotechnology companies and government agencies are beginning to
explore and test a variety of applications of nanotechnology in medicine (or nanomedicine).
Nearly a dozen nanoparticle-based therapies or imaging devices are currently in clinical trials,
are awaiting clinical trials, or have already been approved by the Food and Drug Administration
(FDA). Several nanotechnology treatments for cancer have been approved or are currently
being tested on human subjects.[1],[2] The National Cancer Institute (NCI) has initiated a $144
million cancer nanotechnology initiative that will fund seven cancer nanotechnology centers
of excellence.[3] Other countries are also spending large sums of government money on
nanomedicine research and development.[1]

Industry analysts expect that within the next five years, nanotechnology will augment
diagnostic testing and drug delivery. In ten years, it may be used in artificial biological
structures for tissue repair and remodeling. Micro-machines are also on the horizon with many
different medical applications, including destruction of cancer cells, drug delivery, diagnosis,
and tissue repair.[4] According to many experts, the nanotechnology revolution will have as
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great an impact on biomedicine as the genetic revolution. The market for pharmaceutical
applications of nanotechnology is expected to increase to about $18 billion per year by 2014.
[5]

The public reaction to nanotechnology so far has been mixed. While there have not been many
well-organized protests against nanotechnology, some environmental groups have raised
concerns.[6] Surveys have shown that most people in the United States and Europe know very
little about nanotechnology and have not formed definite opinions about it.[6] So far, media
coverage of nanotechnology has been mostly balanced, with equal discussion of the benefits
and risks of nanotechnology in mainstream newspaper stories.[6] Although some fictional
accounts of nanotechnology, such as Michael Crichton’s Prey, have sounded an alarmist tone,
few popular writers have taken aim at nanotechnology.[7] One television series, Jake 2.0,
portrayed nanotechnology in a positive light, as the hero used his nanotechnology-enhanced
powers to protect society.

Scientists and government officials have cautioned that it is important to educate the public
about nanotechnology and discuss ethical and social issues upfront to avoid creating a response
similar to the uproar in Europe over genetically modified (GM) foods.[6] One explanation of
why many consumers have had such a negative reaction to GM foods is that private companies,
such as Monsanto, tried to impose their GM agenda on society without first engaging the public
in an honest and open discussion of the social and ethical issues raised by this new technology.
[6] Thus, it would be wise to explore the social and ethical issues raised by nanotechnology
while this new advancement is still in its infancy.[8]

Nanotechnology raises many ethical and social issues that are associated with many emerging
technologies, such as questions concerning risks to human beings and the environment and
access to the technology, and several new questions, such as the use of nanotechnology to
enhance human traits,.[9],[10],[11],[12] Because the physicochemical properties of nanoscale
materials have not been fully studied, clinical trials involving nanomedicine present some
unique challenges related to risk minimization, management and communication involving
human subjects.[10],[13] Although these clinical trials do not raise any truly novel ethical
issues, the rapid development of nanotechnology and its potentially profound social and
environmental impacts, create a sense of urgency to the problems that arise and proposals for
reforming the current system.

What is Nanotechnology?
Nanotechnology is the science and manipulation of matter in the range of 1–100 nanometers.
[14] A nanometer (nm) is one billionth of a meter. A hydrogen atom is about 0.1 nm; DNA,
1–2 nm; a virus, 3–50 nm, and a red blood cell is 300 nm. Ultra fine particles (UFPs) are
nanoparticles that occur naturally, such as volcanic ash, viruses or smoke, or result from human
activities, such as fumes from automobiles, electric motors, and power plants.[13]

Manufactured nanomaterials have properties different from similar materials at a larger scale.
Two characteristics of nanomaterials with a significant affect on biological activity are surface-
area-to-mass ratio and physicochemical properties. Because nanoscale materials have a greater
surface-area-to-mass ratio than larger particles and chemical reactivity occurs primarily on the
surface of a material, there is more opportunity for biochemical interactions. Also, at the
nanoscale, the quantum mechanical properties of the atom strongly influence the
physicochemical properties of the material, conferring electrical, optical and magnetic
properties not present in corresponding materials at a larger scale. Additionally, the
fundamental properties of nanomaterials, such as melting point, color, and electrical
conductivity may vary with size and shape of the material within the 1–100nm range.
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Nanomaterials often have unique—and unexpected—chemical or physical properties that can
be useful in different applications.[14] Some popular shapes of nanomaterials include, tubes
(nanotubes), rods, wires, belts, brushes, particles (nanoparticles) and shells (nanoshells).[15]
Because they can transmit one electron at a time, carbon nanotubes may function as electrical
conductors, insulators, chemical sensors and biological sensors.[16] Nanoparticles with
potential industrial and medical applications include fullerenes, C60 carbon shells, and
quantum dots.[15].

Nanomedicine Clinical Trials
As noted earlier, two main types of nanomedicine products are currently in clinical trials:
diagnostic tests and drug delivery devices. Researchers have developed an assay that uses gold
nanoparticles to detect proteins, DNA, and other compounds found in biological samples. The
main difference between this diagnostic test and a standard biochemical assay is that the
indicators are nanoparticles.[1] A study of the efficacy of this diagnostic test would pose
minimal risk to human participants because the subjects would not need to be exposed to
nanomaterials, only their tissue samples would be exposed. However, researchers are also
developing diagnostic tests that expose human subjects to nanomaterials. In one application,
investigators are exploring the use of quantum dots, with their size-dependent fluorescence, to
illuminate organs, such as lymph nodes, and tumors. This type of application would be similar
to the use of radioactive dyes to elucidate body structures. The employment of quantum dots
may pose risks to human subjects because the dots contain heavy metals that have the potential
to diffuse into surrounding tissue over time and disrupt cellular functions.

One of the drug delivery devices undergoing clinical trials is a nanoparticle shell containing a
chemotherapy agent. The shell will not release its payload until it encounters a cancer cell in
the body. When this happens, the shell binds to the surface of the cancer cell, the chemotherapy
agent enters the cancer cell, and the cell begins to die. This drug delivery system is literally a
“magic bullet” because it specifically targets malignant cells. Researchers hope that it can
improve the effectiveness of chemotherapy by minimizing the impact of chemotherapy on
healthy cells.[1] However, it is also possible that nanoshells used to deliver drugs will
accumulate in the body and cause damage. The FDA classifies this device as a “combination
product” because it combines a drug (chemotherapy) and medical device (the nanoparticle
shell).[17]

Before initiating a clinical trial involving a nanomedicine product, manufacturers in the United
States must present data to the FDA from pre-clinical studies involving animals, human cells
or tissues, or chemicals in vitro.[18] These studies are designed to determine whether the
product is safe to use in humans. Pre-clinical drug studies, for example, describe the
biochemical, toxicological, and pharmacological properties of the drug to determine a safe
human dose. When the FDA determines that the drug is safe enough to introduce in humans,
it gives the manufacture permission to conduct a small study (25–100 subjects), known as
Phase I trial, to determine the maximum tolerable dose in human beings. If a drug is safe enough
to use in humans, the FDA will allow the manufacturer to conduct larger studies (100–500
subjects), known as Phase II trials, to investigate the drug’s efficacy and to gather additional
data pertaining to safety. If the drug makes it past this stage, the FDA will allow manufacturers
to conduct much larger studies (500–3000 subjects) to gather more data on safety and efficacy.
When Phase III testing is complete, the FDA will examine the data to determine whether to
approve the manufacturer’s new drug application (NDA) to market the drug in the United
States. If the FDA approves the NDA, the manufacture may start selling the drug and may also
conduct additional studies, known as Phase IV trials (or post-marketing studies), to gather
additional information about safety, efficacy, dosing, side-effects, and adverse reactions. The
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FDA encourages but does not require Phase IV studies. The FDA also encourages physicians
who prescribe the drug to report any adverse reactions or other safety concerns.[19]

A duly constituted institutional review board (IRB) must approve any study involving an
investigational drug, biologic, or medical device. The IRB is charged with evaluating the ethical
aspects of the study and protecting the rights and welfare of the research subjects.[20] In
deciding whether to approve a study, the IRB must determine whether 1) risks will be
minimized; 2) risks will be reasonable in relation to expected benefits to the subjects (e.g.
medical therapy) or society (e.g. the knowledge gained); 3) provisions for data and safety
monitoring (if appropriate) will be adequate; 4) informed consent will be properly sought and
documented; 5) selection of subjects will be equitable; 6) protections for vulnerable populations
(if appropriate) will be adequate; and 7) privacy and confidentiality will be protected.[21] We
will not discuss all of these criteria for IRB approval of research, since we think that
nanomedicine does not raise any especially challenging issues for some of them. Instead, we
will focus on the first four criteria in the list, which deal with the minimization, management,
and communication of risks.

Risk Minimization
There are many different methods and procedures that investigators can use to minimize risks
to research subjects, such as conducting a thorough literature review to understand the potential
risks of research documented in previous animal or human studies; developing criteria for
excluding subjects who are likely to be significantly harmed while participating in the study;
carefully monitoring of clinical data during the study; reporting adverse events to the IRB and
study sponsor; following-up with subjects after the study is finished; and using standard
operating procedures to ensure consistency in the implementation of the study design.[20],
[22]

Since the risks of human exposure to nanomaterials have not been well studied at this time,
understanding and predicting risks is the most significant challenge for risk minimization. A
new discipline known as nanotoxicology examines the effects of nanomaterials on organisms
and the environment.[23] Nanotoxicologists are conducting in vitro studies using animal and
human cell systems to characterize the basic chemical and physical properties of nanomaterials.
They are also conducting in vivo experiments using rodent model systems to provide
information about absorption, distribution, metabolism, and excretion of nanomaterials. The
NCI has established a laboratory to conduct in vitro and in vivo experiments on nanomaterials
that may be used in cancer treatment or diagnosis, and the National Toxicology Program (NTP)
at the National Institute for Environmental Health Sciences (NIEHS) is conducting in vitro and
in vivo research on dermal application of metal oxides.[24] The NIEHS, the Environmental
Protection Agency (EPA), the National Science Foundation (NSF), and the National Institute
for Occupational Safety and Health (NIOSH), have also devoted considerable resources to
studying the risks of exposure to nanomaterials.[14]

To understand the risks of nanomaterials to animals and humans, it is important to grasp some
basic facts about nanomaterials. First, the risks of nanomaterials may vary according to the
route of exposure, such as dermal, oral, respiratory, and intravenous.[13] Second, because there
is tremendous diversity among nanomaterials, it is not possible to make any generalizations
about the safety of all nanomaterials: one must consider each type of material separately.[13]
Third, the risks of exposure to manufactured nanomaterials may be different from the risks of
exposure to the naturally occurring nanoscale materials, the ultrafines, since humans have had
millions of years of evolution to adapt to natural exposures.[13] Fourth, the size, shape and
physicochemical properties of nanomaterials are very dependent on their microenvironment
and may change once they enter an organism. For example, a 100 nm particle could break apart
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into 100 particles that are 1 nanometer in size or agglomerate into microscale size particles.
Serum or lung surfactant proteins may coat the nanoparticles. Changes in size, shape, and
composition may, or may not, be accompanied by changes in the quantum properties of the
material. Fifth, like some heavy metals, such as mercury or lead, nanomaterials may accumulate
in the body and exert toxic effects.[25]

Researchers – federal, academic, and industrial – are just beginning to understand how acute
exposure to nanomaterials activates the body’s defense mechanisms: the inflammatory and
oxidative stress responses, and innate and adaptive immunity. Because nanomaterials, by
definition, have novel properties, they may affect animals and humans in unpredictable ways.
Studies have shown that nanomaterials may not be retained in the exposure organ. For example,
inhaled nanoparticles can traverse the alveolar endothelium and enter the capillaries, and
particles can penetrate the skin and translocate to the lymph nodes.[13] When nanoparticles
enter the circulatory system, they are transported to the liver, spleen, lymph nodes, and bone
marrow.[13] Additionally, nanomaterials can traverse cell membranes and accumulate in the
mitochondria and cross the blood-brain barrier.[26] [27] Chronic exposure studies that
investigate accumulation of nanomaterials in the human body have not been performed to date,
nor have large-scale studies investigating potential novel biological responses. While some of
the risks of nanomaterials are known, many are simply not known at this point, and much more
research is needed.[13]

Although pre-clinical studies will play an important role in minimizing the risks of
nanomedicine, animal experiments have significant limitations. The first of these limitations
is that there may be differences in the way that humans and the animal models used in pre-
clinical testing (usually rodents) react to the same material or substance. Because there may
be differences in how animals and humans absorb, distribute, metabolize, or eliminate a
substance or material, something that is not toxic to animals at a low exposure might be toxic
to humans at a low exposure and vice versa.[28],[29] As illustrated by a disastrous Phase I trial
conducted in the United Kingdom in 2005, biological materials that do not cause a significant
immune system reaction in animals can cause a significant immune response in humans.[30]
Six research subjects in this study became critically ill after receiving a monoclonal antibody
known as TGN1412. Animals receiving TGN1412 showed no signs of toxicity when
administered 500 times the human dose. TGN1412 triggered a severe immune reaction in the
six research subjects, which had not been observed in animals.[31] This incident should serve
as a warning to researchers who are planning to expose human subjects to substances or
materials that may trigger an immune response, such as some types of nanomaterials. To
improve their understanding of the risks to human subjects posed by a substance or compound,
investigators should conduct human cell and tissue studies to identify any potential differences
between animals and humans, in addition to animal studies.[30]

A second limitation of pre-clinical research is that animal studies generally last from 28–90
days and rarely investigate the long-term effects of new drugs, biologics, or medical devices.
[32] However, some of the harmful effects of materials may only materialize after many years
of exposure. For example, most cancers in human beings develop after many years or even
decades of exposure. To determine whether a chemical is a carcinogen, animal studies usually
expose animals to mega-doses of the chemical over a much shorter period of time and measures
rates of malignant and non-malignant tumors and other changes related to carcinogenesis. The
theory behind this methodology is that carcinogenesis is a dose-dependent phenomenon, so
that a high exposure for a short time-frame should provide useful information about a low
exposure over a long time-frame.[33] But some forms of carcinogenesis—and other disease
etiologies—may not conform to this model. To model the effects of long-term human exposure
to nanomaterials, researchers may need to consider conducting dosing studies that last several
years or more.[34]
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Although our main concern in this article is that false negative data (or a Type II Error) from
pre-clinical animal testing may erroneously suggest that a type of nanomaterial poses a low
risk to humans, we also realize that false positive data (Type I Error) from pre-clinical studies
might prevent the development of beneficial therapies and devices. Some substances that are
harmful to animals may pose little risk to humans. For example, mega-doses of saccharin cause
cancer in laboratory rats but lower doses of saccharin probably do not pose a cancer risk to
humans, because saccharin forms toxic salts in rat bladders during urination but not in human
bladders.[35] Studies on genetic, metabolic, immunologic, and physiologic differences
between animals and humans can help investigators deal with both of these problems with
extrapolating from animals to humans.

Once Phase I trials of a nanomedicine product are complete and investigators have permission
to conduct Phase II studies, the next challenge for minimizing risks will be to understand the
long-term risks to humans. As noted earlier, investigators gather data on the risks of drugs,
biologics, and medical devices during the four phases of clinical testing, and the FDA may
continue to receive adverse event reports for many years after a product has been on the market.
Data and safety monitoring boards (DSMBs) can play a crucial role in risk minimization during
clinical trials by carefully analyzing risks, adverse events, and other problems.[36] Information
from DSMBs can be useful to IRBs, sponsors, and research subjects. Since clinical trials that
expose human subjects to nanomaterials may involve more clinical uncertainties than
conventional clinical trials, DSMBs should consider taking additional precautions to protect
research subjects in these studies, such as monitoring data more frequently and thoroughly,
and developing stopping rules that place the obligation to protect the safety of subjects ahead
of the obligation to develop definitive results.

While DSMBs can help monitor and minimize risks, they only address risks that materialize
during the course of a study; hence, they do not help to minimize long-term risks that occur
after the study is completed. Indeed, most clinical trials do not last long enough to detect long-
term risks to subjects or patients, such as diseases that result from genetic damage or tissue
damage. The first three phases of clinical trials usually last no more than seven years, and post-
marketing studies, if conducted at all, last only a few additional years. Diseases resulting from
genetic or tissue damage, such as cancer, may take decades to develop. Most smokers do not
develop lung cancer until age 50, after 30 or more years of exposure to tobacco smoke.[37]
Adverse event reporting, which may continue for decades, only covers obvious harms, such
as toxic drug reactions. To understand whether the administration of a nanomedicine over a
long period of time increases the risk of an adverse health outcome one would need to conduct
a longitudinal study of research subjects and/or patients who are exposed to the medicine.
Manufacturers probably will not sponsor such studies, since the FDA does not require them
for product approval, and the outcomes could negatively impact the marketability of products.
To protect the public from these potential harms, government agencies should sponsor
longitudinal studies of research subjects and/or patients who are exposed to nanomaterials for
many years.

A third challenge for risk minimization is to understand rare adverse reactions (1 case out of
1000) of nanomedicine products. Clinical trials usually do not include enough subjects to detect
rare side effects. One needs to follow 3,000 research subjects to have a 95% chance of detecting
a rare drug reaction, but drugs often enter the market after being tested on fewer than 1,000
subjects.[38] As a result, more than half of all new drugs require revisions in their safety
information after they have been on the market, such as labeling changes or black box warnings.
[38] To avoid this problem, enrollment in pre-marketing clinical trials should include at least
3,000 total subjects and manufacturers should be required to conduct post-marketing studies.
[39]

Resnik and Tinkle Page 6

Contemp Clin Trials. Author manuscript; available in PMC 2009 June 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Risk Management
Risk management in clinical trials involves the identification and assessment of risks and
benefits and the balancing of risks and benefits. As noted earlier, the federal research
regulations require that risks to research subjects be reasonable in relation to benefits to the
subjects or society. All prominent international ethics guidelines, such as the Helsinki
Declaration and the Council for the International Organization of Medical Science (CIOMS)
Guidelines have similar requirements.[40] To determine the reasonableness (or justification)
of risks, one must have sufficient information about both sides of the equation. One of the most
important distinctions in the ethics and regulation of research is the distinction between
research that poses no more than a minimal risk to subjects and research that poses more than
a minimal risk.[41] If the risks of a study are minimal, the benefits need only be more than
minimal for the risks to be justified. For example, providing 50 ml of blood is considered to
be a minimal risk.[41] The risks of a study that only requires subjects to provide 50 ml of blood
for assay development would be reasonable, provided that benefits from the knowledge gained
are more than minimal. The clinical trial mentioned earlier, in which researchers are developing
a diagnostic test that uses gold nanoparticles to detect biochemical compounds, would probably
be classified as a minimal risk study, if the main risk of the study is providing a blood or urine
sample.

If the risks of a study are more than minimal, the benefits must also be more than minimal.
Additionally, special protections for vulnerable populations, such as children, fetuses, and
prisoners, apply to more than minimal risk research.[41] In thinking about research that poses
more than a minimal risk to subjects, it is important to distinguish between research that offers
subjects a medical benefit, such as diagnosis, treatment, or knowledge about their condition,
and research that does not.[42] Risks to subjects that are much greater than minimal can be
justified only if subjects are expected to receive direct, medical benefits. For example,
chemotherapy can involve many different risks, such as nausea, weight loss, nerve damage,
anemia, neutropenia, thrombocytopenia, fatigue, hair loss, infections, dizziness, headaches,
emotional problems, and even death. Nevertheless, the risks of a Phase II clinical trial
investigating a new chemotherapy agent can be justified if the benefits to the subjects (e.g.
treatment) and society (e.g. new knowledge) are expected to be very significant.[42] If the risks
are more than minimal and the subjects are not expected to receive direct, medical benefits,
the risks will be reasonable only if the risks are not much greater than minimal and the benefits
to society are large. For example, the risks to subjects in Phase I drug trials are usually more
than minimal, since Phase I studies are designed to study the toxic effects of medications in
human beings. Nevertheless, the risks of a Phase I clinical trial involving a new drug can be
justified if the risks are not much more than minimal and the benefits to society (e.g. knowledge
gained and drug development) are great.[43]

If a study that exposes research subjects to nanomaterials, the risks will probably be more than
minimal. Thus, the expected benefits to subjects or society must outweigh these risks for the
study to meet ethical and legal requirements. Let us consider, for a moment, the risks and
benefits of a study involving the nanoparticle drug delivery device mentioned earlier. A Phase
I study of the device could enroll healthy or unhealthy subjects. Although most Phase I studies
of new drugs include only health adults, many Phase I studies of new cancer treatments enroll
cancer patients.[44] Since the nanomedicine device is designed to deliver chemotherapy, let
us assume that the subjects will be cancer patients. Although Phase I cancer trials are not
designed provide medical benefits to the subjects, there is often the slight chance that subjects
will receive some medical benefit from their participation. Assuming that the risks of this study
would be more than minimal, the benefits would also need to be more than minimal for the
study to be justified. Since the subjects may not receive any benefits, the question we would
need to ask is whether society would receive any benefits.
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As noted earlier, the potential benefits to society of a device that targets chemotherapy to cancer
cells are potentially very high, since the device could enhance the effectiveness of
chemotherapy and help to reduce its side effects. For chemotherapy, the potential benefits of
a drug delivery device are straightforward and uncontroversial. However, suppose that the
device is designed to help deliver a therapy that has been proven to be safe and effective with
few side effects, such as the administration of insulin for diabetes. The risks of this type of
device might be more difficult to justify, since the benefits of the device might not be very
significant. It may be may be difficult to justify other types of research that involves exposing
human subjects to nanomaterials when patients already have access to safe and effective
therapies, since exposure to nanomaterials may create unnecessary risks.

In thinking about balancing the benefits and risks of research, investigators and IRB members
should consider not only risks to subjects, but also potential risks to members of the research
team (second parties) and others (third parties). While human research regulations and
guidelines tend to focus on risks to human subjects, researchers also have an ethical obligation
to address potential harms to second and third parties when designing and implementing
research.[45] Because nanomedicine experiments might expose people to nanomaterials other
than the subjects, these experiments could cause harm to research staff, fetuses, breast-fed
infants, or even family members. It is also possible that the manufacturing process used to
make nanomaterials for medicine could cause harm to factory workers as well as the
environment.[11] Because most experiments that pose risks to second and third parties also
provide significant benefits to the research subjects and society, deciding how to balance
benefits to subjects and risks to second and third parties is not an easy task, especially when
risks may be speculative or unknown.[45]

Risk Communication
The final issue we will consider in this article concerns that communication of research risks
to human subjects during the informed consent process. Almost all research regulations and
guidelines require that subjects (or their representatives) provide their informed consent to
participate in a study.[40] Investigators should inform subjects about the study’s goals,
procedures, benefits, risks, costs, confidentiality protections and alternatives to participating
in the study.[42] Investigators should also inform subjects about new findings that may affect
their willingness to continue participating in the study and provisions to compensate subjects
for research-related injuries, if any.[42] Although investigators and subjects often regard
informed consent as simply another form to sign, informed consent should be much more than
a document: it should be a process in which investigators and subjects communicate about the
research.[42] Investigators should explain their study in lay-language, and subjects should feel
free to ask questions.

The therapeutic misconception is a well-documented problem that can undermine risk
communication in research. The therapeutic misconception occurs when a research subject
fails to understand the difference between medical research and medical therapy. As a result,
they may believe, mistakenly, that the studies they are participating in are actually a type of
therapy, or they may overestimate the medical benefits that they may receive from their
participation and underestimates the risks.[46],[47] Although many clinical studies combine
medical research and medical therapy, there are important differences between the two. In
research, the primary goal is to develop knowledge that can help other patients or society. In
therapy, the primary goal is to benefit the patient. A research study may include tests or
procedures whose sole purpose is to collect data for the study, whereas therapy only includes
tests or procedures designed to diagnose or treat the patient.[20] Since the distinction between
research and therapy is sometimes not even clear to researchers, it is not surprising that
laypeople often fall prey to the therapeutic misconception. Hope is another reason why people
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succumb to illusion. People who are sick will believe that they are receiving something that
will help them get well, even though they have been told they are participating in research.
[46]

The therapeutic misconception may also affect the informed consent process in nanomedicine
research, especially if biomedical researchers, government officials, business leaders, and
journalists exaggerate nanotechnology’s medical potential. People exposed to this hyperbole
may enter a clinical trial already expecting to receive medical benefits from their participation.
For a historical precedent, consider gene therapy. In the 1990s, many people touted gene
therapy as the next medical breakthrough. There is evidence that the therapeutic misconception
has affected the consent process in gene transfer clinical trials by instilling false hope in
research subjects.[48]

Although investigators should be concerned about avoiding the therapeutic misconception
when communicating risks to subjects, they may also encounter the opposite problem. Research
subjects may overestimate the risks and underestimate the benefits of nanomedicine, especially
if nanomedicine and nanotechnology receive negative publicity from the media and political
interest groups. Potential research subjects who encounter this bad press may have a negative
impression of nanomedicine and avoid enrolling research studies that could benefit them or
society. For a historical precedent, consider public opposition to GM foods in Europe, which
has been fueled by environmental and consumer groups, farmers, politicians, and the media.
[8] GM foods are currently illegal in Europe, but they are legal in the United States. One might
argue that Europeans have developed an irrational fear of GM foods that is hampering the
development of useful and safe foods and crops.[49] For want of a better term, we will refer
to this problem as the malevolent misconception.

Investigators should take steps to dispel the therapeutic misconception and the malevolent
misconception during the informed consent process. They should describe the benefits and
risks of nanomedicine clearly and candidly in the consent document and in their oral
communications. Investigators should neither overestimate nor underestimate the risks that
research subjects may encounter. Investigators should continue to discuss risks and benefits
after subjects have enrolled in a study, informing subjects of new developments that may affect
their assessment of risks and benefits.

Conclusion
Nanomedicine has the potential to offer immense benefits to human health, but it also raises a
variety of ethical, social, and legal issues. In this article, we have examined problems that arise
in risk minimization, management, and communication in clinical trials involving
nanomedicine. Although these concerns about risk minimization, management, and
communication routinely arise in the testing of new medical products, the application of
nanotechnology to medicine may exacerbate these perennial problems and create a sense of
urgency to proposals for reforming current regulations.[50],[51] Lack of knowledge about the
potential risks of nanomaterials to human beings is currently the most significant issue
pertaining to clinical trials involving the application of nanotechnology to medicine. Additional
research focused on the physicochemical properties of nanomaterials and their potential impact
on humans and the environment will be critical to the responsible development of
nanomedicine.

Acknowledgments
This research was supported by the National Institute for Environmental Health Sciences, National Institutes of Health.
It does not represent the views of the National Institute for Environmental Health Sciences or National Institutes of
Health. We are thankful to Nigel Walker and Errol Zeiger for helpful comments.

Resnik and Tinkle Page 9

Contemp Clin Trials. Author manuscript; available in PMC 2009 June 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
1. Service R. Nanotechnology takes aim at cancer. Science 2005;310:1132–1134. [PubMed: 16293748]
2. Gordon E, Hall F. Nanotechnology blooms, at last. Oncol Rep 2005;13:1003–7. [PubMed: 15870914]
3. National Cancer Institute. Cancer Nanotechnology Plan. Bethesda, MD: Department of Health and

Human Services; 2004.
4. Kubik T, Bogunia-Kubik K, Sugisaka M. Nanotechnology on duty in medical applications. Curr Pharm

Biotechnol 2005;6:17–33. [PubMed: 15727553]
5. Hunt, W. Nanomaterials: nomenclature, novelty, and necessity. Journal of Materials. Oct2004

[Accessed: November 29, 2005]. (Accessed July 21, 2006 at:
http://www.tms.org/pubs/journals/JOM/0410/Hunt-0410.html

6. Friedman S, Egolf B. Nanotechnology: risks and the media. IEEE Technology and Society Magazine
2005 Winter;:5–11.

7. Crichton, M. Prey. New York: Harper Collins; 2002.
8. Mills K, Federman C. Getting the best from nanotechnology: approaching social and ethical issues

openly and proactively. IEEE Technology and Society Magazine 2005 Winter;:18–26.
9. Grunwald A. Nanotechnology--a new field of ethical inquiry? Sci Eng Ethics 2005;11:187–201.

[PubMed: 15915859]
10. Davis, J. Managing the effects of nanotechnology. Woodrow Wilson Project on Emerging

Nanotechnologies. [Accessed July 21, 2006]. at: http://www.nanotechproject.org/index.php?id=39
11. Colvin V. The potential environment impact of engineered nanomaterials. Nature Biotech

2003;21:1166–68.
12. Sheremeta L. Nanotechnology and the ethical conduct of research involving human subjects. Health

Law Rev 2004;12:47–56. [PubMed: 15706708]
13. Oberdörster G, Oberdörster E, Oberdörster J. Nanotoxicity: an emerging discipline evolving from

studies of ultrafine particles. Environ Health Persp 2005;113:823–39.
14. National Nanotechnology Initiative. [Accessed July 21, 2006]. at: http://www.nano.gov/
15. Chang K. Tiny is beautiful: translating ‘nano’ into practical. New York Times February 22;2005 :A1.
16. Baughman R, Zakhidov A, de Heer W. Carbon nanotubes--the route toward applications. Science

2002;297:787–92. [PubMed: 12161643]
17. Food and Drug Adminstration. FDA Regulation of Nanotechnology Products. [Accessed July 21,

2006]. at http://www.fda.gov/nanotechnology/regulation.html
18. Food and Drug Administration. Investigational new drug application process. [Accessed July 21,

2006]. at: http://www.fda.gov/cder/regulatory/applications/ind_page_1.htm
19. Strom B. How the US drug safety system should be changed. JAMA 2006;295:2072–75. [PubMed:

16670415]
20. Levine, R. Ethics and the Regulation of Clinical Research. Vol. 2. New Haven, CT: Yale University

Press; 1988.
21. 21 C.F.R. 56.111 (1998). See also 45 C.F.R. 46.111 (2005).
22. Gallin, J. Principles and Practice of Clinical Research. San Diego: Academic Press; 2002.
23. Service R. Nanotoxicology: nanotechnology grows up. Science 2004;304:1732–1734. [PubMed:

15205504]
24. National Cancer Institute. Nanotechnology Characterization Laboratory. Bethesda, MD: Department

of Health and Human Services; 2005.
25. Tinkle S, Antonini J, Rich B, Roberts J, Salmen R, Depree K, Adkins E. Particle penetration of the

skin as a route of exposure in Chronic Beryllium Disease. Env Health Persp 2003;119(9):1202–1208.
26. Hoet P, Brüske-Hohlfield I, Salata O. Nanoparticles—known and unknown health risks. J

Nanobiotechnology 2004;2:12–27. [PubMed: 15588280]
27. Geiser M, Rothen-Rutishauser B, Kapp N, Schürch S, Kreyling W, Schulz H, Semmler M, Im Hof

V, Heyder J, Gehr P. Ultrafine particles cross cellular kembranes by nonphagocytic mechanisms in
lungs and in cultured cells. Env Health Persp 2005;113:1555–1560.

Resnik and Tinkle Page 10

Contemp Clin Trials. Author manuscript; available in PMC 2009 June 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.tms.org/pubs/journals/JOM/0410/Hunt-0410.html
http://www.nanotechproject.org/index.php?id=39
http://www.nano.gov/
http://www.fda.gov/nanotechnology/regulation.html
http://www.fda.gov/cder/regulatory/applications/ind_page_1.htm


28. Shenton JM, Chen J, Uetrecht JP. Animal models of idiosyncratic drug reactions. Chem Biol Interact
2004;150:53–70. [PubMed: 15522261]

29. Gerde P. Animal models and their limitations: on the problem of high-to-low dose extrapolations
following inhalation exposures. Exp Toxicol Pathol 2005;57 (Suppl 1):143–6. [PubMed: 16092721]

30. Bhogal N, Combes R. TGN1412: time to change the paradigm for the testing of new pharmaceuticals.
Altern Lab Anim 2006 May;34(2):225–39. [PubMed: 16704293]

31. Wood A, Darbyshire J. Injury to research volunteers--the clinical-research nightmare. N Engl J Med
2006;354:1869–71. [PubMed: 16672696]

32. Nuffield Council on Bioethics. The Ethics of Research Involving Animals. London: Nuffield Council
on Bioethics; 2005.

33. Toxicity tests in animals: extrapolating to human risks. Environ Health Perspect 1993;101(5):396–
401. [PubMed: 8119247]

34. Soffiti M, Belpoggi F, Esposti D, Lambertinin L, Tibaldi E, Rigano A. First experimental
demonstration of the multipotential carcinogenic effects of aspartame administered in the feed to
Sprague-Dawley rats. Environ Health Perspect 2006;114:379–85. [PubMed: 16507461]

35. Cohen S. Human relevance of animal carcinogenicity studies. Regul Toxicol Pharmacol 1995;21:75–
80. [PubMed: 7784639]

36. Slutsky A, Lavery J. Data safety and monitoring boards. N Engl J Med 2004;350:1143–7. [PubMed:
15014189]

37. The Rhode Island Cancer Council. Lung Caner Facts. [Accessed July 28, 2006]. at:
http://www.ricancercouncil.org/cancer-info/lung-cancer-facts.php

38. FDA. The need for post-marketing surveillance. [Accessed July 28, 2006]. at:
http://www.fda.gov/medwaTCH/articles/medcont/postmkt.htm

39. Strom B. How the US drug safety system should be changed. JAMA 2006;295:2072–75. [PubMed:
16670415]

40. Emanuel E, Wendler D, Grady C. What makes clinical research ethical? JAMA 2000;283:2701–11.
[PubMed: 10819955]

41. Wendler D, Belsky L, Thompson KM, Emanuel E. Quantifying the federal minimal risk standard:
implications for pediatric research without a prospect of direct benefit. JAMA 2005;294:826–32.
[PubMed: 16106008]

42. Amdure, R. Institutional Review Board Member Handbook. Sudbury, MA: Jones and Bartlett; 1992.
43. Shamoo A, Resnik D. Strategies to minimize risks and exploitation in phase one trials on healthy

subjects. Am J Bioeth 2006;6(3):W1–13. [PubMed: 16754430]
44. Horng S, Emanuel EJ, Wilfond B, Rackoff J, Martz K, Grady C. Descriptions of benefits and risks

in consent forms for phase 1 oncology trials. N Engl J Med 2002;347:2134–40. [PubMed: 12501226]
45. Resnik D, Sharp R. Protecting third parties in human subjects research. IRB 2006;28(4):1–7.

[PubMed: 17036432]
46. Appelbaum P, Roth L, Lidz C, Benson P, Winslade W. False hopes and best data: consent to research

and the therapeutic misconception. Hastings Cent Rep 1987;17(2):20–4. [PubMed: 3294743]
47. Lidz C, Appelbaum P, Grisso T, Renaud M. Therapeutic misconception and the appreciation of risks

in clinical trials. Soc Sci Med 2004;58:1689–97. [PubMed: 14990370]
48. Henderson G, Easter M, Zimmer C, King N, Davis A, Rothschild B, Churchill L, Wilfond B, Nelson

D. Therapeutic misconception in early phase gene transfer trials. Soc Sci Med 2006;62:239–53.
[PubMed: 16000230]

49. Dixon B. Genes in food--why the furore? Biochem Soc Trans 2003;31:299–306. [PubMed: 12653625]
50. Couzin J. Gaps in the safety net. Science 2005;307:196–98. [PubMed: 15653480]
51. The Institute of Medicine. The Future of Drug Safety: Promoting and Protecting the Health of the

Public. [Accessed: October 11, 2006]. Available at: http://www.nap.edu/catalog/11750.html#to

Resnik and Tinkle Page 11

Contemp Clin Trials. Author manuscript; available in PMC 2009 June 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.ricancercouncil.org/cancer-info/lung-cancer-facts.php
http://www.fda.gov/medwaTCH/articles/medcont/postmkt.htm
http://www.nap.edu/catalog/11750.html#to

