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Introduction
A Brief Overview of Nanotechnology and 
Nanomedicine 
While the definitions employed by different govern-
mental agencies and scientific societies differ some-
what, the term “nanotechnology” is generally under-
stood to refer to the manufacturing, characterization, 
and use of man-made devices with dimensions on the 
order of 1-100 nanometers (1 nanometer [nm] = 1 bil-
lionth of a meter). Devices that comprise a fundamental 
functional element that is nanotechnological are also 
frequently comprised within nanotechnology, as are 
manufactured objects with dimensions less than one 
micrometer. The differences in definition lead to occa-
sional paradoxes, such as the fact that the most widely 
used nanodrug (albumin nanoparticles of dimensions 
up to 300 nm, comprising the anticancer drug pacli-
taxel) is labeled a “nanopharmaceutical” by govern-
ments of European countries, Canada, and Australia, 
but it is not a nanotechnology for the U.S. Food and 
Drug Administration (FDA). It is also common in sci-
entific domains to restrict the term “nanotechnology” 
to objects that possess special, “emerging” properties 
that only arise because of their nanoscale dimension. 
Our perspective has been further restrictive, requiring 
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that the experimental data pointing to the existence of 
the emerging property be accompanied by a construc-
tive proof of the necessity of the emergence of these 
properties, based on basic principles.1 “Medicine” is a 
field, and “medicines” are pharmaceutical products; 
similarly, “nanomedicine” is a field comprising medi-
cal applications of nanotechnology, while “nanomedi-
cines” are pharmaceutical products that comprise an 
enabling nanotechnological component, often a car-
rier, or vector, for the drug itself.

Fundamental events in the establishment and 
development of nanotechnology include the discov-
ery of carbon-60 molecules, termed fullerenes or 
buckyballs, for which Nobel Prizes in Chemistry were 
awarded to Richard Smalley, Robert Curl, and Harold 
Kroto in 1995. The term “nanotechnology” was first 
used by Norio Taniguchi in 1974,2 though many con-
sider Richard Feynman’s “There is plenty of room at 
the bottom” address at the American Physical Society 
at Caltech in 1959 as the visionary moment, the veri-
table manifesto of nanotechnology.3 Feynman envi-
sioned the ability to construct machines and devices 
one-atom-at-a-time, in what is now referred to as 
“bottom-up” nanotechnology. Nobel Prizes in Phys-
ics were awarded in 1986 to Gerd Binnig and Harold 
Rohrer for scanning tunneling microscopy, a technol-
ogy that affords the ability to pick up individual atoms 
and assemble them in desired arrangements on a sur-
face, which therefore significantly enabled bottom-up 
nanotechnology. Most recently, the 2010 Nobel Prizes 
in Physics were awarded to Andre Geim and Konstan-
tin Novoselov for the discovery and characterization of 
graphene, a form of carbon based on a bi-dimensional 
arrangement of its atoms on the nanoscale.4 The writer 
Isaac Asimov is frequently credited with early visions 
of nanotechnology, but the word itself is never found 
in his writings, though it then became a very com-
mon term in more recent science fiction. In his book 
Fantastic Voyage, Asimov envisioned nanoscale and 
microscale submarine-like robots that would travel 
through the bloodstream with miniaturized humans 
at the helm.5 The notion of shrinking people to molec-
ular size is obviously not compatible with the laws of 
science. Unfortunately, designing miniature “nanoro-
bots” with nanoscale versions of the transport and 
guidance systems of their larger counterparts is also 
scientifically untenable.6 The most successful nano-
medical implements to date are indeed nanoparticles 
for intravascular injection and preferential transport 
to desired targets within the body. However, these par-
ticles have no guidance system, and owe their ability 
to concentrate within tumors to the fact that cancer 
blood vessels are typically hyper-permeable, and to 
the molecular recognition and transport properties of 

some of its constituents, as reviewed below in greater 
detail. The word “nanotechnology” was introduced 
into general use several years after a broad spectrum 
of scientific and technological developments at the 
nanoscale had taken place, which called for a new, 
encompassing term that embraced them — as com-
monly happens in the sciences. These nanotechnology 
precursors include the whole fields of colloid science 
and ultrafine particles, reverse osmosis membranes, 
zeolites, liposomes, and submicron fluidic systems, 
among others. 

The most pragmatically impactful vision for nano-
technology, in our opinion, is owed to legendary entre-
preneur Gordon Moore, who in 1965 predicted that 
the computational power of microchips would grow 
linearly in time, and more specifically would double 
every 18 months.7 It is almost miraculous that his pre-
diction, now known as “Moore’s Law,” has been hold-
ing true for about 50 years, so that now our everyday 
pocket electronics have much more computational 
power than NASA had at its disposal when flying Arm-
strong and Aldrin to the Moon. To increase computa-
tional power, it is necessary to develop devices where 
the charge message brought by electrons reaches its 
destination in a shorter time. Electrons travel through 
materials with a given speed, thus the only solution 
to gain computational power is to reduce the sizes. 
Therefore, the necessary enabler for this dazzling, his-
torical, deeply society-changing growth in computa-
tional power is the ability to manufacture microchip 
components that become increasingly smaller — that 
is, to move from chip microtechnology to chip nano-
technology. The word “microchip” is still used for rea-
sons of convenience; however, basically all electronics 
employed today are based on chip components that 
have dimensions in the tens of nanometers — truly 
“nanochips.” Nanoelectronics used to be a small, aca-
demic part of the field of electronics, until a decade 
ago. Nowadays, nanoelectronics dominate all domains 
of electronics. The approaches used to manufacture 
electronic chips start with silicon wafers, and create 
thousands of identical copies of the chips through a 
process of addition of layers and selective removals 
of parts thereof through a technique known as pho-
tolithography. Thus, this type of nano-manufacturing 
does not involve the manipulation of individual atoms, 
but rather the carving out of nano-components from 
larger structures. Techniques of this type are referred 
to as “top-down” nanotechnologies. It is estimated that 
more than 1000 products using nanotechnologies are 
commercially available, with a global market size of 
billions of U.S. dollars, and rapidly rising, even outside 
of electronics.8 All of these products are based upon 
top-down nanotechnologies. Bottom-up approaches, 
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however, provide essential enablers for fundamental 
scientific research, and may emerge with practical 
applications of great importance in future times. 

The debut of nanomedicine in the clinic occurred 
in the mid-90s, with the regulatory approval in the 
U.S. and Europe of two liposomally encapsulated 
drugs: the anticancer agent doxorubicin and the anti-
fungal antibiotic amphoteracin B (also used largely 
in the oncological setting).9 Liposomes are nanoscale 
particles that are formed of lipid molecules in a way 
that resembles the basic structure of the cell mem-
brane. Upon injection into the bloodstream, they 
concentrate with some degree of preferential dis-

tribution in certain cancers, owing to the fact that 
the new (angiogenic) blood vessels that support the 
growth of cancer lesions are typically leaky, present-
ing architectural defects (fenestrations) that allow the 
passage of the liposomes from the blood stream into 
the tumor proper. This physical phenomenon, known 
as Enhanced Permeation and Retention,10 allows the 
drug to be delivered in higher concentrations to the 
tumor, thus increasing its local efficacy and reducing 
the undesired side effects that arise when the anti-
cancer drugs accumulate in healthy parts of the body. 
The first liposomal nanodrug, Doxil, was originally 
afforded expedited review as a reformulation of the 
approved drug doxorubicin, approved for Kaposi’s 
sarcoma in 1995 in response to strong public outcries 
for medical treatments during the AIDS crisis.11 Lipo-
somal nanodrugs have gone on to secure approval for 
many other cancer types and are widely used in clin-
ics worldwide to treat cancers of the breast, ovaries, 
central nervous system in children, and many others. 
Approximately 130 multi-agent clinical trials involv-
ing liposomal drugs together with other conventional 
agents are currently taking place.12 The “passive tar-
geting” EPR effect is at the foundation of all but two 
clinical nanoparticle therapies to date involving lipo-
somes, or any other type of particles (two exceptions 

will be discussed shortly). Despite over 30 years of 
research, no therapies have ever been approved that 
have added to the nanoparticle carriers a molecu-
lar recognition agent such as an antibody, aptamer, 
or a peptide. However, several clinical trials assess-
ing these “active targeting” strategies are currently 
ongoing.13 If successful, these would usher in a new 
era for medicine, allowing for the biologically specific 
targeting of therapeutic compounds to cancers and 
other intended pathological sites. Specific targeting 
is expected to result in a dramatic increase in thera-
peutic efficacy, and a concurrent decrease in adverse 
side effects. 

Two exceptions to the EPR mode of action have a 
fundamental role in the history of nanomedicine, 
in that they introduce truly divergent paradigms. 
The first is a special type of particle (categorized as 
“nano” outside of the U.S.) consisting of the biologi-
cal molecule albumin and comprising the anticancer 
drug paclitaxel.14 Approved in 2005 in the U.S., and 
shortly thereafter in many other countries, this for-
mulation has proven extremely beneficial in ovarian 
and breast cancer, is the subject of many clinical trials 
for other cancer types, and has a market size that is 
beginning to rival those of the most successful cancer 
drugs of any type. The paradigmatic switch of albumin 
nanoparticles for the field is that they not only are sub-
ject to EPR, but most importantly also take advantage 
of the molecular chaperoning and transport effect 
of albumin itself, which allows them to actively pen-
etrate the vascular walls (although with limited or no 
tumor selectivity) and enter the tumor to deploy its 
therapeutic payload. These particles are the first ever 
to have received approval by the FDA with a Mode of 
Action (MoA) that explicitly cited its albumin-assisted 
mode of transport, rather than the molecular MoA 
of the drug. The second exception to the EPR domi-
nance in nanomedicine is the use of locally adminis-
tered, superparamagnetic iron oxide nanoparticles, 

Despite over 30 years of research, no therapies have ever been approved 
that have added to the nanoparticle carriers a molecular recognition agent 
such as an antibody, aptamer, or a peptide. However, several clinical trials 

assessing these “active targeting” strategies are currently ongoing. If successful, 
these would usher in a new era for medicine, allowing for the biologically 

specific targeting of therapeutic compounds to cancers and other intended 
pathological sites. Specific targeting is expected to result in a dramatic increase 

in therapeutic efficacy, and a concurrent decrease in adverse side effects. 
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which received approval in Germany and the Euro-
pean Union in 2010 for the treatment of the uniformly 
deadly brain cancer, Glioblastoma Multiforme.15 The 
particles are infused directly into the brain tumor with 
imaging guidance, and therefore EPR is immaterial, 
and the broad generality of the method in oncology 
may be limited. The paradigmatic innovation here 
resides in the fact that the “drug” is the nanoparti-
cle itself, and the mode of action is not traditionally 
pharmacological, but is rather in the form of thermal 
ablation therapy: upon selective irradiation of the 
nanoparticle-infused tumors with magnetic energy, 
the particles heat up and destroy the surrounding 
cancer tissue. There are many different variations on 
the theme of thermal ablation by different forms of 
exogenous energy (e.g., mechanical, radiofrequency, 
optical, X-ray, etc.) assisted by different nanoparticles 
acting as signal-converting antennae. Some of these 
are in clinical trials while most are in the preclini-
cal, proof-of-principle stage. Gold nanoshells16 were 
the first example of optically activated nanothermal 
therapy and are now in early stage clinical trials. It is 
interesting to note that they were classified as devices 
by the FDA rather than as drugs or biological or com-
bination products.

To date, it has been impossible to secure regulatory 
approval for molecularly targeted nanoparticle ther-
apy. We believe that there is a deep underlying reason 
for this: any increase in localization selectivity that 
may follow from the biological recognition of mol-
ecules expressed preferentially in cancer is adversely 
counterbalanced by an increase in the difficulty of 
transport across the biological barriers that largely 
determine the fate of agents circulating in the blood 
stream. Nanoparticles that are decorated with molec-
ular targeting agents such as cancer-specific antibod-
ies become much larger, “stickier,” immunogenic, and 
likely to be cleared by the trapping organs of the body 
such as the liver, spleen, and lungs, as well as other 
defensive mechanisms.17 To address the sequence of 
biological barriers and deploy the therapeutic agents 
in a more selective fashion, we have developed mul-
tistage vectors (MSV), which are essentially nested 
nanoparticle systems with a primary “mothership” 
submicron-sized carrier.18 We have demonstrated the 
superior properties of MSV for RNAi therapeutics of 
ovarian cancer,19 nanothermal therapy of metastatic 
breast cancer,20 and imaging contrast,21 among others. 
We believe that multistage systems are a third genera-
tion of therapeutic carriers and will afford a general 
method of cancer therapy. On the other hand, some 
individual nanoparticles with targeting agents have 
secured major advances in clinical trials and may also 
provide specific opportunities for novel treatments. 

For instance, cyclodextrin nanoparticles with trans-
ferrin as a targeting moiety enabled the first-ever clin-
ical trial of siRNA therapeutics.22 

Applications of nanotechnology to medicine involve 
several platforms that are not nanoparticle therapy-
based. For instance, nanomaterials offer advantages 
for cell cultures and the programming of differentia-
tion of stem cells for applications in regenerative med-
icine.23 Nanochannels can be used for time-release 
drug delivery from implants24 and immunoisolation of 
cell transplants.25 A broad variety of nanotechnologies 
has been demonstrated to have applications in labora-
tory medicine.26 Several of these platforms will be con-
sidered below within the framework of the discussion 
of the ethical implications of nanomedicine.

Finally, some literature presentations of nanomedi-
cine include the discussion of “nanotoxicology,” or the 
possible adverse health effects of nanotechnologies. 
In this article, however, we will largely focus on nano-
technologies for medical applications only, though a 
brief discussion of the societal impact of other indus-
trial nanotechnologies is presented in the next chapter. 

Nanomedicine and Personalized Medicine 
A fundamental reason why nanomedicine may be 
expected to acquire a central importance in health 
care, as has been the case for nanoelectronics in the 
communication industry, is that nanotechnology 
comprises a set of necessary enablers for personalized 
medicine therapeutics to become reality. The notion 
of “personalized medicine” refers to the ability to pro-
vide the right therapeutic treatment to any individual 
patient at any time point in the evolution of their dis-
ease. This may be based on genetic, proteomic, meta-
bolic, and/or other individual signatures of a disease 
in the context of the patient history and other health 
indicators. In such a detailed situation, it becomes 
necessary to have tools that are very specific, control-
lable in time and space, and responsive to changes in 
therapeutic needs as the patient progresses though 
therapy. It is our contention that nanotechnology has 
the most potential to enable this kind of therapeutic 
regimen.

Perhaps in no other field of medicine the neces-
sity of personalization is as clear as in cancer.27 The 
extraordinary diversity of cancer presentations is the 
fundamental reason why the war on cancer has been 
less successful than desired. In metastatic disease, 
patients normally have multiple lesions with different 
molecular signatures and treatment responses. Unless 
therapy can be suitably “personalized,” it is difficult 
to imagine that the war on cancer will ever be won. 
Personalization of therapy requires five fundamental 
achievements: 
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1.  Prediction of individual patient response to 
therapy

2.  Delivery to the right location
3.  Delivery at the right time
4.  Triggering of beneficial biological defenses and 

healing processes
5.  Rapid and efficient monitoring of efficacy and 

adverse effects during treatment for real time 
tailoring as the disease changes in response to 
therapy 

As previously mentioned, these five functions have 
the potential to be enabled by nanotechnological plat-
forms.28 For example, nanoparticle vectors can enable 
site-selective delivery of therapeutics. Nanochannel 

systems can be used to produce “nanoglands” that 
release drugs from implants to enable timed-release 
and triggering of beneficial responses. These sys-
tems are capable of timed-release in a metronomic 
or self-regulated fashion that mimics the correspond-
ing functions of the immune and endocrine systems 
of the body.29 The engagement of the body’s healing 
processes and the ability to enhance these processes 
is at the very heart of regenerative medicine, and 
nanotechnology and nanomaterials have an essential 
role in providing stimulatory and protective scaffolds 
where stem cells can rebuild, repair, and regenerate 
dysfunctional and damaged tissue.30 The monitoring 
of the efficacy of therapeutic regimens requires the 
querying of soluble molecular biomarkers, which can 
be associated with pathological conditions and their 
evolution under therapy. Be these of the proteomic 
type, or simply measures of metabolism or other bio-
logical processes, the tests required will be performed 
by sensors, proteomic capture surfaces, or in combina-
tion with particulate matters such as signal amplifiers, 
i.e., platforms that are inherently nanotechnological, 
and will be more and more so over time.31 It is exactly 
because of its expected pervasiveness that an ethical 

inquiry into nanomedicine and its expected impact is 
essential at this point in time. 

Current Nanomedicine and Bioethical 
Considerations
Twenty-five years after Taniguchi coined the term 
“nanotechnology,” Congress began hearings on the 
creation of the National Nanotechnology Initiative. 
This program was widely supported and implemented 
the following year, with an announcement by Presi-
dent Clinton at Caltech in 2000.32 The initiative was 
created to stimulate nanotechnology research with an 
infusion of almost $500 million for funding by the 
NSF, the Pentagon, the Energy Department, NASA, 
the Commerce Department, and the NIH.33

As the pace of nanotechnology innovations accel-
erated, so did concern about the unknown impact of 
new technologies on the environment, human health, 
and society. To address the growing need to regulate 
applied nanotechnology, Congress began hearings on 
the societal impact of nanotechnology and consid-
ered the creation of the American Nanotechnology 
Preparedness Center in 2003.34 At this time, “nano-
technology” was still in the process of being defined, a 
task that would continue for years and is still debated 
today.35

The ethical issues were also in the early stages of 
definition and included risk/benefit balance of poten-
tial harm from manufacturing mishaps, loss of control 
of the technology, economic disruption from techno-
logical progress, potential for negative environmental 
impact, economic barriers to consumer access to ben-
eficial technology, and abuse of technology for nefari-
ous purposes like bioterrorism and biowarfare.36 In 
addition, Peter Singer cautioned us to carefully con-
sider the equity of this technology on a global scale, 
taking care to consider the needs and applications of 
nanotechnology in developing countries.37 While of 
great concern, these are not issues unique to nanotech-

The need for oversight and regulation to ensure the safety of emerging applied 
nanotechnology is generally agreed upon, though the extent and nature of this 

oversight is hotly debated. As the technology has developed, the regulatory 
challenges have become clearer: defining biocompatibility, biodistribution, 

manufacturing standards and environmental protection regulations, regulatory 
classifications, and new regulatory pathways for approval of multifunctional 

nanotechnologies. The greatest challenges are in the creation of standards and 
manufacturing specifications for nanoparticles, materials, and devices.
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nology, but are concerns we repeatedly face during the 
early and rapid development of any new technology. 

That being said, the need for oversight and regu-
lation to ensure the safety of emerging applied nan-
otechnology is generally agreed upon, though the 
extent and nature of this oversight is hotly debated.38 
As the technology has developed, the regulatory chal-
lenges have become clearer: defining biocompatibility, 
biodistribution, manufacturing standards and envi-
ronmental protection regulations, regulatory classi-
fications, and new regulatory pathways for approval 
of multifunctional nanotechnologies.39 The greatest 
challenges are in the creation of standards and manu-
facturing specifications for nanoparticles, materials, 
and devices.

Most agree that because of these regulatory chal-
lenges, one of our primary challenges is defining 
nanotechnology from a regulatory standpoint.40 The 
nanotechnology applications that have been the focus 
of regulatory studies to date are often simple composi-
tion materials with size-dependent properties such as 
carbon nanotubes. However, more sophisticated and 
complex nanomaterials are on the horizon and require 
flexibility in our regulatory framework to address their 
assessment when the time comes.41 Maynard argues 
that we should not define nanotechnology too tightly 
or as a unique class of materials based solely on size, 
but instead be guided by a list of about ten adaptive 
triggers for regulation based on shape, porosity, sur-
face area, and chemistry with standard quantitative 
parameters around each that define how much of a 
change is tolerable before the regulatory process is ini-
tiated.42 In addition, consideration of the application 
of a nanomaterial is critical for defining the regulatory 
context of the technology.43

Biodistribution and toxicity issues comprise a sec-
ond area that is a critical area in need of definition and 
standardization. Previously clearly defined toxicity 
properties for a material are often rendered irrelevant 
when the same material is reduced to the nanoscale, 
which radically alters surface area and often imparts 
new properties to the material that make it behave dif-
ferently in the body.44 Carbon nanotubes are a good 
example of these challenges; carbon is a nontoxic 
material with an acquired property of toxicity that is 
size- and shape-dependent.45 Defining the toxic poten-
tial of materials is essential information to underpin 
safety regulations for nanomaterial manufacturing 
and oversight in the market and clinic.46 

Despite the early understanding of these challenges, 
these same challenges and regulatory issues continue 
to be a major issue in the field as discussed in detail 
in the Institute of Medicine Nanotechnology and 
Oncology Workshop Summary of 2011.47 The lack of 

progress on this front calls for more attention to these 
hurdles, with a major conclusion from the workshop 
being that consensus on definitions and standards 
within the field, and collaboration between research-
ers and regulatory agencies on policy, was essential to 
move forward.48 As these policies are developed, we 
are cautioned to consider lessons from past regulatory 
challenges, suggesting that we emphasize post-market 
monitoring, multi-agency monitoring, public input, 
adaptability, clarity of regulatory goals, and provision 
of adequate review panel expertise and other resources 
required for accurate assessment of technologies.49

Continuing research is needed to develop stan-
dard tools for imaging, tracking, and classification 
of nanoparticles. With these tools and standards in 
place, the stage is set for universal risk/benefit anal-
ysis, and mathematic/computer-guided design of 
nanoparticles for clinical applications.50 In this way, 
we can approach the development of nanotechnology 
proactively, minimizing regulatory delays and protect-
ing public health. At the same time, we can maximize 
the potential for advancement of the field with com-
parative data and the realization of innovations in 
medicine that come from technologies with this kind 
of revolutionary potential.51

In our laboratory, we approach medical research in 
a translational fashion, that is, with a dominant focus 
on bringing innovation to the clinic. Thus, the ethical 
framework we employ parallels the canons of medi-
cal ethics, which comprise four classical, fundamental 
principles: Beneficence, Non-Maleficence, Respect, 
and Justice. These are not competing principles, nor 
do they have a priority ranking among themselves. 
Rather, they need to be integrated and balanced within 
any decision-making process, in keeping with the eth-
ical framework of the medical provider or researcher 
and those impacted by the medical decision. In what 
follows, we will discuss these four ethical consider-
ations as they apply to nanomedical platforms.

Beneficence
The principle of Beneficence involves the necessity of 
providing the greatest good to society. In the absence 
of the balancing function of the other three principles, 
Beneficence merges with utilitarianism and suffers 
from the risks associated with subjective definitions of 
“good.” Historically, differing perspectives on societal 
good have given rise to clear benefits, but also to medi-
cal horrors such as eugenics, which had its fundamen-
tal roots in pre-war Germany and the United States.52 
To place the need for Beneficence into perspective, 
it may be helpful to bear in mind that a person dies 
from cancer every minute in the U.S., every three 
in Europe, and about every fourteen in the world.53 
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These numbers have not changed significantly over 
the years. Cancer is the leading cause of death in the 
U.S. for people aged 85 and younger.54 Nanomedicine 
can contribute toward Beneficence in the manners 
discussed above, i.e., by providing methods for more 
refined personalized treatments and reducing adverse 
side effects. 

Molecular sensors and biomarker nanotechnolo-
gies can help screen populations for the occurrence 
of disease and yield opportunities to detect disease 
at early stages when treatment has the greatest likeli-
hood to succeed. The very notion of risk assessment 

based on individual gene signatures is tightly linked 
to nanotechnology: gene sequencing technologies 
such as “microarrays” and “DNA chips” were initially 
developed in the early 1980s, when the fundamental 
manufacturing technology they were based on (i.e., 
photolithography, exactly the same as in the micro-
electronic industry) was only able to produce on-chip 
testing domains 50-100 microns, and thus the terms 
“microarray” and “microchip” were introduced.55 The 
manufacturing platforms have evolved to control fea-
ture sizes on chips to tens of nanometers, and while 
the “micro” terminology has remained the same, the 
reality is that nanotechnology now dominates elec-
tronics. In parallel, biomolecular “nanochips” now 
have the ability to address much more complex prob-
lems than the sequencing of the human genome, 
such as the deconvolution of the proteome, metabo-
lome, transcriptome, and other collections of biologi-
cal molecules. Definition of these “omes” will expand 
our ability to assess the health and risk of acquiring 
a disease from our current capabilities — the domain 
of genes and probabilities, largely disconnected from 
the dynamic nature of life and interactions with the 
environment — to a much more global, accurate, and 
dynamic monitoring of health and disease risk for an 
individual in real time. From the perspective of Benef-
icence, then, it may be concluded that nanomedicine 
offers substantial opportunities for transformational 
improvements in health care. No novel issues or cat-
egories of ethical analysis appear to be required for 

nanomedicine, with respect to Beneficence: the same 
classes of considerations and approaches apply to any 
other form of innovation in medical research. 

Non-Maleficence 
The principle of Non-Maleficence echoes the Hip-
pocratic tenet, “First, Do No Harm.” It is certainly 
the case that nanomedicines and nanotechnology-
based devices can have unintended adverse effects in 
patients, as discussed in more detail later in this sec-
tion. This is the case for all medical interventions, and 
the balance of risks and benefits must always be taken 

into consideration. The primary purpose of regula-
tory agencies such as the FDA and their counterparts 
in other countries is exactly the examination of safety 
of drugs and medical devices, and it is carried out in 
a largely successful manner. It must be recognized, 
however, that the notion of complete safety is not only 
unrealistic, but also directly contrary to the efficacy of 
medical interventions:56 a surgeon with a dull scalpel 
will be unable to accurately excise diseased tissues, 
yet a sharp scalpel may cause collateral harm in the 
process of surgery. Likewise, cancer chemotherapeu-
tics used throughout history are among the most toxic 
substances on earth, and it is precisely their ability to 
effectively kill proliferating cells that renders them 
suitable for their medical uses; however, many “nor-
mal” and necessary cell types that proliferate and 
reproduce in the body at any given time are also killed 
by this therapy, not only those that form cancers. 

Regulatory agencies in several countries have been 
successful at examining classes of nanomedicines 
and nanomedical devices, and their findings have 
authorized the clinical uses of the above-summarized 
classes of nanomedical products. No new general cat-
egories of examination, no new tests, no new proto-
cols of analysis have been mandated for the regulatory 
approval of nanomedical products. These nanomedi-
cal products are classified in the traditional categories 
of devices, drugs, biological, and combination prod-
ucts, and follow exactly the same approval pathway as 
all entities in these classes. To date, judging from the 

From the perspective of Beneficence, then, it may be concluded that 
nanomedicine offers substantial opportunities for transformational 

improvements in health care. No novel issues or categories of ethical analysis 
appear to be required for nanomedicine, with respect to Beneficence:  

the same classes of considerations and approaches apply to any  
other form of innovation in medical research.
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actions of the regulatory bodies, there appears not to 
have been any need to introduce novel forms of tox-
icity analysis for nanomedical products. Actually, it is 
interesting to note that both major classes of clinically 
available nanodrugs have essentially received their 
regulatory approval based on their ability to provide 
equal or greater medical benefit to patients, while 
reducing adverse side effects for the same amount of 
active pharmaceutical ingredient.57 The potent tradi-
tional chemotherapeutic agent doxorubicin has sev-
eral side effects dose-limiting toxicities, especially 
related to heart damage. However, its nanopharma-
ceutical version (doxorubicin encapsulated within 
liposomes of approximately 100-150 nm diameter) 
dramatically reduces cardiotoxicity, and was initially 
approved on this basis in 1994, at the height of the 
AIDS crisis, for the treatment of Kaposi’s sarcoma.58 
Liposomal doxorubicin, however, suffers sometimes 
from two other adverse side effects, including the so 
called “hand and foot syndrome,” which may have 
been masked by the cardiac toxicities presenting first 
in doxorubicin-treated patients.59 Secondly, patients 
sometimes experience pseudo allergy reactions 
(CARPA) due to complement activation by the lipo-
somes, which can be minimized with pretreatment 
regimens. The potent conventional chemotherapeu-
tic drug paclitaxel, which is widely used, for instance, 
for breast and ovarian cancer, in its current clinical 
formulation requires an additive that is extremely 
proinflammatory. Thus, patients receiving treatment 
must be co-treated with steroidal anti-inflammatory 
medications, which are simultaneously beneficial, but 
highly damaging substances themselves. It is actually 
the steroids that are the dose-limiting factor in these 
taxane treatments. A primary benefit in the introduc-
tion of paclitaxel containing nanoparticles of albumin, 
now among the most widely used anticancer drugs, 
was the fact that the inflammatory additives were 
not needed in the formulation. Based on this, larger 
amount of paclitaxel can be administered, without the 
limitations imposed by the use of steroids. 

More generally, the objective of anticancer nanopar-
ticle formulations, their very raison-d’etre, is to 
increase the concentration of the drugs they carry at 
the tumor site while reducing the amount dispersed in 
the healthy parts of the body. This conceptual design 
seeks to reduce adverse side effects while increasing 
efficacy (i.e., improving the “therapeutic index”). In 
the clinical trials that lead to the approvals of these 
nanodrugs, no deaths or major adverse events were 
attributed to the nanoparticles themselves. Of course, 
nanoparticles can potentially be damaging and toxic 
to patients. The strategy we recommend, and have 
always used in our primary investigations, is to always 

use nanoparticles that are fully degraded in the body, 
in a period of time that is well characterized (typically 
on the order of days to a few weeks), and with known, 
harmless degradation byproducts, which already 
exist in the body in much larger concentrations, and 
for which the metabolic pathways are satisfactorily 
understood. Materials that have these properties to an 
extent sufficient to warrant their clinical use include 
albumin and other proteins, certain lipids, meso- or 
nano-porous silicon (which degrade into orthosilicic 
acid), and certain biodegradable polymers (poly-lactic 
and poly-glycolic acids, and their copolymers). Novel 
nanotherapeutics that require non-degradable or 
partially degradable particles such as those compris-
ing iron oxide, or gold nanoshells or fullerenes and 
carbon nanotubes may also be medically acceptable, 
if they can be excreted in a complete and sufficiently 
rapid manner. Again here it is helpful to recognize 
the medical context: non-degradable nanoparticles 
may be used for the thermal ablation of cancer, and 
may reside safely where they were infused for long 
periods of time, perhaps for the duration of the life 
of the patient, as routinely happens for macroscopic 
objects such as surgical clips or orthopedic implants. 
While no evidence suggests that they will be harmful 
long term (i.e., 20-30 years), it remains possible that 
the ill effects of these particles may be incompletely 
understood and could pose a risk for the safety of the 
patient as they age. Yet the question remains: do these 
concerns prohibit the use the nanoparticle-assisted 
nanothermal therapy in patients with uniformly lethal 
disease and a very short life expectancy? Diseases con-
ferring a 6-9 month median survival time from diag-
nosis are particularly relevant in this context, such 
as glioblastoma multiforme, pancreatic adenocarci-
noma, and hepatocellular carcinoma. It is perhaps not 
a coincidence that iron oxide nanoparticle-assisted 
thermal ablation therapy was first approved for glio-
blastoma multiforme.60

Another possible cause of unintended harm may 
arise from unintended distributions of the vectored 
drug in the body, such as to a body compartment where 
the naked drug typically does not concentrate as much. 
Of course, these are the occurrences that are studied 
in great detail in preclinical studies in animal mod-
els, and normally become evident in the early stages of 
clinical trials. On this topic, there seems to have been 
some major misunderstandings in the “nanotoxicol-
ogy” literature, where this concern is sometimes pre-
sented as caused by the ‘smallness of nanoparticles, 
that allows them to reach otherwise inaccessible parts 
of the body.’ This is indeed a gross misunderstanding: 
small as they are, nanoparticles are literally millions 
of times larger than the drug molecules they carry and 
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are readily blocked by the compartmental biologi-
cal barriers of the body.61 The very reason why small 
molecule drugs have been the dominant force of the 
conventional pharmaceutical industry to date is that 
these molecules are so small that they can exit the 
blood stream and permeate almost any location in the 
body (and that is also why they create such adverse 
side effects). Nanoparticles do not have anywhere near 
comparable ease of permeation. 

A related health care consideration in the realm of 
Non-Maleficence is the consideration of the adverse 
environmental effects of nanoparticles and nanotech-
nologies from non-medical industries. Concerns about 
the toxicity of nano-artifacts are reasonably height-
ened by the increasing number of industrial products 
being launched in many different markets, including 
sporting equipment, paints, textiles, sunscreens, and 
many others. It is estimated that over 1,000 different 
nanotechnology-containing products are currently 
present in the market.62 Our article focuses on medi-
cal nanotechnologies and not with the health effects 
of non-medical nanotechnologies, which are treated 
elsewhere in this symposium. However, it may be 
appropriate to point out that all medical products are 
screened for safety, and rigorous methods are enforced 
for their distribution, handling, and disposition. This 
is obviously not the case for non-medical industries; 
the safety of all commercial products, nano- and non-
nano, is effectively governed by the dynamics of other 
regulatory agencies, our legal system, and its empha-
sis on personal injury litigation. In the absence of 
pre-market safety testing, the a priori concerns about 
the safety of non-medical nanoparticle-containing 
products may well be justified, though fortunately, no 
death or serious injury to anyone has been attributed 
to any of these nanotechnologies to date. Recently, 
a whole field of investigative endeavor has emerged, 
which focuses on studying the potential adverse 
effects of industrial nanoparticles. While these stud-
ies may yield useful insights into novel forms of tox-
icity that pertain to nanoscale objects only, we hold 
the opinion that the field of “nanotoxicology” will not 
reach full maturity until suitable scientific standards 
are developed and validated. The currently available 
data are largely a collection of observations in conve-
nient cell cultures and animal models, without quan-
titation, and without a demonstrated link to human 
safety. For preclinical research involving animal mod-
els, it is expected that these models recapitulate forms 
of human physiology and disease in a scientifically 
demonstrable fashion. Nanotoxicology might benefit 
from the application of similar standards of scientific 
rigor, which are regularly applied in the regulatory 

setting, and in expert toxicology laboratories,63 but are 
often forgotten in the scientific literature.

Drug delivery approaches involving nanoparticles 
essentially predicate their success in enhancing ther-
apy upon their ability to favorably negotiate the bio-
logical barriers that comprise a defensive system of 
the body.64 It is then clear, though a chilling thought, 
that the same nanoparticle systems could be weapon-
ized and used as agents of biological warfare or bio-
terrorism, and potentially mediate mass destruction. 
For instance, nanoparticles could be used to change 
the modality of infection of certain viruses, from 
blood contact-only to nanopathogens that are effec-
tive through inhalation or oral ingestion. To achieve 
this potentially devastating effect, it would suffice 
to package the virus into a carrier that enhances its 
bioavailability (concentration in the blood stream). 
Nanocarriers are available to transport viruses across 
biological barriers, such as the intestinal epithelium 
when administered orally, or via the lung alveolar 
macrophages if inhaled. Thus, for instance, a hemor-
rhagic virus that causes only limited damage because 
its infection can only be transmitted by direct contact 
with blood or biological fluids, could be intentionally 
spread to large populations through the air, or by con-
taminating food supplies. The technology required 
for this weaponization is relatively simple, and since 
terrorists are not required to secure FDA approval or 
OSHA standards, it could be manufactured by adapt-
ing methods published in the scientific literature on 
drug delivery for larger-scale production. Faced with 
the terrifying thought that one’s research in medical 
technology could be used by others for these nefarious 
purposes, researchers may consider the ethical impli-
cations of their work in the context of Non-Malef-
icence and be faced with a limited cadre of options. 
They may stop research altogether, thus infringing 
dramatically on the ethical responsibilities arising 
from the principle of Beneficence. Or, they may con-
tinue research and warn all of the possible risks of 
weaponization of their research in the open litera-
ture. This second option poses the risk of drawing the 
attention of adverse parties and terrorists. One option 
is to continue medical research and inform only the 
“good people,” but of course this requires the highly 
subjective judgment of “good,” and a level of informa-
tion control that would impede research and develop-
ment. The simplest approach, and perhaps a frequent 
one, is simply to ignore these uncomfortable thoughts 
and continue on with one’s research. In our laboratory, 
we have decided to only focus on research and devel-
opment of drug delivery systems for intravenous injec-
tion and subcutaneous implantation. The risk of these 



772 journal of law, medicine & ethics

SYMPOSIUM

becoming biological weapons is extremely low as they 
do not facilitate mass distribution.

The ethical questions on how to deal with the pos-
sible weaponization of medical nanotechnologies by 
adverse parties extend beyond the domain of the con-
cerns of individual scientists. Nations that subscribe to 
treaties that ban biological warfare research may not 
want to study such weaponized nano-virus systems, 
but must nevertheless consider their responsibility 
in ensuring the protection of their citizens. However, 
it is generally impossible to build a protective system 
against a threat that is not well understood. Frighten-
ing as these thoughts may be, they are certainly not 
the first occurrence of ethical considerations concern-
ing the crossover of beneficial science into weapon 
systems that may be used for nefarious purposes. One 
is immediately reminded of The Manhattan Project, 
the Atomic Energy Act of 1946, and the formation 
of the Atomic Energy Commission. The example of 
atomic energy and nuclear weapons stands promi-
nently in the history of the ethical debate on dual-use 
research and development.65 A more recent example 
is the discovery of a highly contagious version of the 
H5N1 virus by Ron Fouchier that unleashed a media 
frenzy over the potential weaponization of the virus 
and intense international scrutiny that delayed pub-
lication of the work until the ultimate conclusion that 
the response was a overaction to a misunderstanding 
of the research.66 Far from being just limited to nano-
medicine and the nuclear industry, these ethical issues 
are more the norm than the exception in new fields 
of science and certainly pertain to biotechnology,67 
materials science,68 and many other fields of science 
throughout history. 

These considerations of the potential violent uses of 
medical technologies bring about a broader category: 
that of the unintended consequences of one’s research. 
The science fiction literature abounds in cataclysmic 
visions brought about by self-replicating, “swarming” 
nanosystems that take over the Earth, resulting from 
some killing mechanism with the exquisitely biological 
capability to reproduce.69 While these ideas are clearly 
fictional, there have been conceptual breakthroughs 
in the synergistic combination of engineering arti-

facts at the nanoscale with biological nano-compo-
nents. For instance, the molecular rotary domain of 
the F1-ATPase enzyme was connected with a silicon 
micromachined “propeller,”70 to generate a biohybrid 
engine that is capable of harvesting energy and gen-
erating motion in biological environments. Scientifi-
cally exciting as these developments may be, they are 
simplistic in comparison to the science fiction version 
and certainly do not enable the production of a “killer 
nanomachine.” In the face of the reality of the science, 
the very thought of these “swarm systems” appears 
impossible on the nanoscale. 

To close the discussion of Non-Maleficence, the 
urgent need to identify interventions for medical trag-
edies such as cancer is again brought to the forefront 
of this analysis. It may be argued that any unnecessary, 
avoidable delays in the implementation of solutions to 
problems that take enormous tolls in suffering and 
loss of life constitute maleficence. Certainly, identi-
cal considerations are relevant to fields beyond nano-
medicine; however, one must consider the delays in 
the safe and effective clinical implementation of novel 
nanotherapeutic agents that is due to a set of avoid-
able inefficiencies. These include: 

•  delays in scientific progress, brought about by 
the inertial resistance of the academic establish-
ment to emerging multi-disciplinary fields such 
as nanomedicine; 

•  delays in the formulation of a proper and effec-
tive regulatory framework (though the proactive 
initiatives of the FDA in nanomedicine are laud-
able, having started with considerable energy 
and vision in 2003 in partnership with the 
National Cancer Institute); and

•  the inertial resistance of the large pharmaceuti-
cal and medical technologies industries, which 
is reminiscent of the slow response of the chemi-
cal pharmaceutical industries to the advent of 
biotechnology and biopharmaceuticals about 30 
years ago.

The provision of health care is strongly guided by the 
dynamics of reimbursement protocols and the educa-

The ethical questions on how to deal with the possible weaponization of 
medical nanotechnologies by adverse parties extend beyond the domain  
of the concerns of individual scientists. Nations that subscribe to treaties 

that ban biological warfare research may not want to study such weaponized 
nano-virus systems, but must nevertheless consider their responsibility  

in ensuring the protection of their citizens.
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tion and preferences of the medical care providers. 
Thus, attention to these aspects is equally necessary 
in order to bring safe and effective nanomedicines to 
the clinic. Finally, and most importantly, no transfor-
mational advance should be brought into the com-
munity-at-large without suitable opportunities for 
everyone to participate in the discourse and affect the 
path of its deployment. Ethical considerations are the 
foundations of healthy progress, and must be openly 
participatory in their undertaking. We therefore con-
sider the publication of this volume on the ethics of 
nanotechnology and nanomedicine very timely and 
necessary for all stakeholders in the public, research, 
health care, industry, government, legal, and regula-
tory communities to participate in and expedite the 
building of consensus on this subject. 

Respect 
From our perspective, the principle of Respect is com-
prised of four major categories: the classical notion of 
Autonomy, and then informed consent, privacy, and 
performance enhancement. 

Informed consent is truly a matter of Respect for 
individuals, regardless of their degree of education, 
their sophistication, skills, and intellectual capabilities. 
With the increasing complexity of medicine, including 
nanotechnology-based approaches, it becomes more 
challenging to provide information about treatment 
and validate the degree of understanding by patients 
in order to make informed consent meaningful. With-
out a true understanding, obtaining a signature on a 
piece of paper is largely perfunctory.

Nanomedicine can provide the enhancement of per-
formance in many ways. For instance, performance-
enhancing substances can be administered in a target 
or time-released, self-regulated fashion from intra-
vascularly injected vectors, or subcutaneous implants 
acting as “nanoglands.” These can be envisioned to 
stimulate responses upon need, going beyond the 
capabilities of the “normal” individual. Among the 
questions that arise in this context is the definition 
of “normal” at the individual level, which of course is 
required to differentiate medical therapy from perfor-
mance enhancement. Obviously, “normal” is not an 
absolute category. The “normal” ability to run long dis-
tances among certain Kenyan populations, for exam-
ple, might be much greater than the world averages, 
and probably greater than any possible comparison 
group. If a slower-than-average runner in that Kenyan 
group implanted a running-aid nanocapsule, then 
would that be considered a therapy against a “running 
disability,” or a performance enhancement? Does the 
answer change if one considers the same treatment 
for someone in a different population? While adding a 

degree of greater potential efficacy and technological 
sophistication, nanomedicine does not create novel 
categories of ethical concerns with respect to perfor-
mance enhancement. Caffeinated substance, energy 
drinks, steroids for athletes, erectile dysfunction 
medications used in the absence of erectile patholo-
gies, and plastic surgeries for the non-disfigured pres-
ent largely analogous ethical queries. Of course, with 
the increase in cost that may be associated with novel 
approaches to performance enhancement, it is reason-
able also to ask what, if any, costs should be carried by 
society as opposed to the individual, if there is a “right” 
to performance enhancement, and what levels of risk 
are legitimately acceptable in the medical practice of 
providing enhancement. 

A dominant aspect of rubric under Respect is 
Autonomy. Control over one’s own medical treatment 
is a statement of respect for the sovereign authority of 
an individual over his/her own body and fate. Many 
prior studies have discussed the impact of genomic 
medicine on Autonomy.71 By providing the scientific 
basis for assessing the likelihood of the developing dis-
eases, genetic screening on one side affords the abil-
ity to try to prevent, treat more effectively, or manage 
these. On the other hand, it poses many substantial 
ethical questions. Who, if anyone other than the indi-
vidual, is entitled to learn about one’s genetic predis-
positions to disease? What are the roles and right of 
the family, the employer, the insurance company, and 
the government? In the social arena, does a spouse-
to-be have the right to learn about predispositions to 
illness of the person s/he is about to marry? Whether 
the information is provided directly or through con-
sent of the individual, what are its ethically accept-
able uses? Can a genetics-based risk profile be used 
to deny employment or insurance coverage, or to set 
its price? We do pay premiums on insurance, in differ-
ent domains, if we are at higher risk of adverse events, 
and pre-existing conditions have historically been the 
base for denial of coverage. Returning to the medical 
insurance arena, where is the line that demarcates the 
“pre-existing condition” that can be grounds for denial 
of coverage, or its premium pricing? Cancer typically 
takes 5-15 years to develop into a clinically detect-
able disease. The progress toward the malignant, and 
ultimately deadly, metastatic phenotype normally 
requires multiple stages of cellular transformation, 
triggered by environmental insults or simply adverse 
random mutations. So, at what point is a cancer a can-
cer? We do not know, and possibly never will, which 
of the intermediate stages in the progression to the 
clinically detectable malignant cellular phenotype is 
a point-of-no-return, with commitment to a malig-
nancy that cannot be treated by the individual’s own 
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immune defenses, at the particular point in time and 
environmental circumstances that the individual is in. 
The distinction between “pre-existing condition” and 
genetic inclination is largely arbitrary and scientifi-
cally indefensible. Along the same lines of argument, 
the distinction between therapy and prevention is a 
blurry artifact, a resounding statement of our medi-
cal ignorance. Sharp distinctions are not scientifically 
warranted, though they are pragmatically convenient 
in some cases. 

A better approach perhaps would be that of intro-
ducing a metric — the notion of a stochastic “distance” 
between a state of health and a recognized state of 
disease. This is a conceptual transition that is already 
happening as our scientific frame of reference transi-
tions from genomics to “multi-omics.” The analyses of 

collections of molecular families, such as proteomics, 
transcriptomics, metabolomics, lipidomics, and many 
others, provide a more comprehensive analysis of 
personal health. Nanotechnology is critical for these 
“omics” and therefore enables more comprehensive 
molecular profiling of individuals. These other areas 
are intrinsically more complex problems than “simple” 
genomic sequencing. This may well be recognized by 
considering three facts that make proteomics the ulti-
mate needle-in-the-haystack problem. First, there is 
at least a 50-1 ratio of proteins to genes. Second, the 
protein concentration in blood and biological fluids 
varies by as much as 10 orders of magnitude. Third, 
no amplification techniques exist, such as PCR for 
protein analysis. The technology platforms that are 
required to handle challenges like this are by neces-
sity of a nano-scale nature. An illustrative metaphor 
to visualize the necessity of going beyond genomics 
is that the genes are the cards one is dealt while the 
protein and other molecular portraits are the images 
of the card game, play-by-play, fully dynamic and 
interactive. 

Nanotechnology will afford us the ability to tran-
sition from the fixed probability analysis of genomic 
medicine to a more comprehensive profile of health, 
disease risk, and responses to therapy for an indi-
vidual. With this, the ethical questions that pertain to 

genomic medicine are current matters of debate and 
also considerations for nanotechnology.72 What uses 
can be allowed for this information? An argument 
against applying a tax or similar measure that uses 
societal pressure to affect behavioral changes (e.g., 
discourage smoking, drinking alcohol, or eating high-
fat diets) is that it infringes on the freedom of individ-
uals who can manage these behaviors without causing 
harm to themselves, or others. What happens when 
we have enough information to discern between those 
who can balance behaviors and those who cannot? Or 
those who respond positively or negatively to the same 
stimulus such as cigarettes, alcohol, high-fat diets, etc., 
and we can positively predict their responses using 
“-omic” measures enabled by nanotechnology? Not 
long ago syphilis testing was required in many states 

to obtain a marriage license. The requirement disap-
peared over time, largely because of the availability of 
treatment, and not on ethical grounds. Is there any 
difference between requiring testing for syphilis, and 
requiring a full genomic profile, with a map of prob-
ability for many diseases? Is it the right of a spouse-to-
be to know that the person he or she is about to marry 
has a 70% likelihood of dying of glioblastoma before 
age 40? Is it the right of an employer to know the same 
about someone they are about to spend years and 
resources training for a pivotal position? Can employ-
ment be then denied based on “distance to disease”? 

These are ethical concerns that resemble those of 
genomics, but perhaps in a much heightened form 
because of the potential breadth of information that 
may be enabled by nanotechnology. In the domain of 
Autonomy with respect to therapeutic choices, there is 
also a qualitative but perhaps not quantitative parallel 
between “-omic” nanomedicine and genetics. Molec-
ularly targeted drugs are extremely efficacious and 
often curative of otherwise untreatable diseases, but 
their efficacy is limited to a small fraction of the popu-
lation with a nominally identical cancer. For instance, 
a patient with a HER2/neu positive breast cancer typi-
cally respond well to Herceptin treatment.73 However, 
only 5-15% of all breast cancer patients have HER2 
positive disease, and not all of these respond equally 

Nanotechnology will afford us the ability to transition from the fixed probability 
analysis of genomic medicine to a more comprehensive profile of health, disease 
risk, and responses to therapy for an individual. With this, the ethical questions 

that pertain to genomic medicine are current matters of debate and also 
considerations for nanotechnology. What uses can be allowed for this information?
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well, some not at all. One underlying reason is that the 
HER2 overexpression is not a matter of black or white; 
it is a graded, quantitative metric, and the response is 
also influenced by other factors such as immune sta-
tus and unknown factors. The question then is: what 
is the right ethical approach to deciding who gets the 
molecularly targeted drug? These are typically very 
expensive, and there is no guarantee of their efficacy. 
Should the patient be entitled to request the treatment, 
though there is only a 10% likelihood that it will work 
for them? Does it make any difference if the patients 
pays for it themselves, or it is covered by their private 
insurance or the government? Does it make any dif-
ference if it is the doctor who recommends the treat-
ment on the grounds that there is nothing else that 
can be done, even though the prognosis is not good? 
What efficacy probability value justifies treatment? 
How is that number decided upon, and by whom? Do 
factors such as age, overall health status, value to soci-
ety, criminal record, wealth, employment, marriage 
status, age, number of dependents, military service, 
or others factors enter the life-or-death algorithm? If 
these are to be governmental decisions, then it may be 
reasonable for some to resort to a utilitarian algorithm 
— that is, to invest resources in a manner that ensures 
the greatest good for the population as a whole. But 
then, is the individual autonomy not violated de facto? 
If it is a collective governance body that decides who 
gets what treatment, is there not a risk that there will 
be a funneling of resources toward preferred segments 
of the population, thus effectively creating a “cast of 
ubermensch”? And then again, how is this different, 
if at all, from the current state of affairs, where life 
expectancy in some regions of the world exceeds 70 
years, while in others it hovers around 40 years? The 
advent of nanomedicine will heighten our awareness 
of these classes of concerns, even if they clearly pertain 
to all domains of medicine. 

At this point of the analysis, the transition into the 
category of Justice is natural. This pertains to the 
notion that equitable access to health care should be 
provided to all. Of course, that has never happened in 
history, but with the growth of medical sophistication, 
the health care inequalities are growing at an unprec-
edented pace. Two generations ago, a blood cancer in 
a child would have also uniformly meant a death sen-
tence, no matter what the location, wealth, and soci-
etal importance of the family of the child. Fortunately, 
great progress has been made in the treatment of 
childhood leukemias, but just as unfortunately, only a 
small portion of the world population has access to the 
required drugs. So, a child will die unless born into a 
fortunate family and in a fortunate location. Similarly, 
death by cervical cancer has decreased dramatically in 

the wealthier part of the world, where it appears to be 
on its way to virtually disappearing.74 This fortunate 
development is due to the pervasive use of cytologi-
cal tests (the time-honored Papanicolau smear), new 
drugs, and vaccines against the general cancer caus-
ative pathogen, the Human Papilloma Virus. On the 
other hand, the most prevalent cause of cancer death 
in women in many African regions is still cervical can-
cer.75 The main reasons for this concern are cost and 
access. The new drugs and vaccines are typically not 
available in this part of the world, or are too costly. Pap 
smears must be administered with regularity by physi-
cians, but medical providers are frequently not avail-
able in sufficient numbers, especially in remote areas. 
Pap smears must be analyzed by cytology laboratories 
with suitable equipment and trained personnel, and 
both of these are also scarce resources. 

Nanotechnology can help address all three of these 
problems. Investigators have developed optical imag-
ing instrumentation (an “optical colposcope”) that can 
be used even by minimally trained operators to exam-
ine the cervical surface during an ambulatory visit.76 
During the examination, the existence and exact loca-
tion of a local malignancy or precancerous lesion can 
be readily visualized, without pathology services. Two 
basic detection modes can be envisioned for such a 
device: one in which the optical properties of the tissue 
itself can be used for the diagnosis, and one in which a 
nanoparticulate contrast agent with biological recog-
nition properties is used. In either case, the diagnosis 
is immediate, and may not require an attending physi-
cian. The next step along this development trajectory 
is to incorporate therapeutic modalities into the same 
instrument. These could be light-activated thermal 
ablation or the infusion of a therapeutic agent. While 
the current diagnostic, therapeutic, and preventive 
modalities for cervical cancers may be preferred over 
this system when available, the novel methodology 
probably would save many lives and greatly reduce the 
burden of suffering in areas where care is currently 
not available. This example illustrates a very innova-
tive and potentially beneficial paradigm for the devel-
opment of nanomedicine from the perspective of the 
principle of Justice77 — that is, to focus on developing 
nanotechnologies and nanomedical platforms that are 
designed with the purpose of reducing health care dis-
parities. In contrast, even in the most benign of con-
temporary approaches to bridging costly innovation 
and Justice, the norm is that industry first develops 
a new drug or device, which is invariably priced very 
much out of the reach of most health care systems 
in the world. This is then accompanied by the dona-
tion of sometimes large provisions of the new drug or 
device to underprivileged populations. We believe that 
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the direct development of low-cost systems that take 
into account the reality of the circumstances that lead 
to the health care disparities is a superior approach to 
enhancing Justice, for nanotechnology and medicine 
in general.

Even in the wealthiest regions of the world, the cost 
of novel medicines and medical devices are frequently 
prohibitive, and access to them is limited to the most 
privileged or denied for all because they are too costly 
to bring to market. Nanomedicines comprising an 
active “conventional” pharmaceutical agent, such as 
doxorubicin and paclitaxel, plus a vectoring nanopar-
ticle, are typically more expensive per dose or per unit 
mass of the active agent than the naked drug by itself. 
This may be a misleading observation, however, if it 
is related to the cost of manufacturing of the drugs; 
the price points for the pharmaceutical and medical 
device industries are governed by market dynamics, 
and only in minimal part by the cost of manufactur-
ing. Profit margins for the pharmaceutical industry 
on patented drugs are very high, which is partially 
justified by high costs of research and development, 
which requires experienced personnel, stable and 
technologically advanced infrastructure, equipment 
maintenance, experienced management, and culture 
of innovation. Be that as it may, in the pharmaceuti-
cal world, the profits overwhelm in magnitude the 
manufacturing expenditures. Thus, the higher costs of 
the clinically available nanodrugs may be attributed 
more to the fact that they are “newer” and more effec-
tive than their pharmaceutical principles alone, with 
the added manufacturing costs playing a minor role. 
The first-ever cost effectiveness analysis, directly com-
paring conventional cancer drugs and nanotherapies 
was recently presented.78 This analysis concluded that 
while nanodrugs are more expensive per treatment, 
the reduction of costs associated with the treatment of 
side effects and the additional health benefits induced 
by the nanodrugs make them overall a less costly 
option than conventional treatment on the basis of a 
Quality-of Life-Years adjusted analysis. 

Conclusions
Nanotechnology offers extraordinary opportunities 
for medical advances, especially as a set of enabling 
platforms for personalized medicine. The environ-
mental risks from medical nanotechnologies nanotech 
are very modest. It appears that current regulatory 
approaches to nanomedical innovations are adequate, 
as demonstrated by the fact that the first nanomedi-
cines were approved for clinical use about 20 years 
ago, and there are multiple classes of nanodrugs cur-
rently in broad clinical use, especially in oncology, 
with no recall or major adverse events to date. Proper 

attention must be given to potential concerns over 
the environmental implication of large-scale uses of 
industrial nanotechnologies, where there are no pre-
market safety screens. It is, however, comforting that 
no death or major injury have been attributed to nano-
technology to date. Risks associated with military and 
terrorist uses of nanotechnology and nanomedicine 
are speculative at this point, but may be substantial in 
the future. Nanotech-enabled personalized medicine 
poses ethical questions of autonomy and privacy, and 
there is a potential risk that nanomedicines might be 
available only to privileged societies, at least initially. 
On the positive side, nanotechnology offers yet largely 
unexplored opportunities for medical advances spe-
cifically directed at underprivileged populations with 
the intent to reduce health care disparities. With the 
evolution of more sophisticated nanomedical plat-
forms, the boundaries between medicine and perfor-
mance enhancement may become more blurred. In 
this respect, and in all respects explored in the field, 
the ethical questions posed by nanomedicine are the 
identical counterparts of questions that have arisen 
in multiple other domains of medicine and medical 
research: no new categories of bioethical thoughts 
have emerged to date. In this article, we have analyzed 
the current state and prospects of nanomedicine from 
the perspective of the four principle of medical ethics: 
Beneficence, Non-Maleficence, Respect, and Justice. 
Our conclusion is that the greatest risk in nanomedi-
cine at this time may well be in not taking advantage 
of its full potential for the benefit of society.
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