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1. Introduction

The potential and promise of tumor-targeted nanomedicine has
dominated the drug delivery field over the past few decades [1]. In-
itiated by the seminal concept of Ringsdorf [2] on the polymer-drug
conjugates with a ligand interacting with tumor cells, the field has ra-
pidly developed resulting in numerous studies beyond polymer-drug
conjugates, extending to liposomes and nanoparticles of varying types
decorated with tumor-interacting moieties. This was further potentiated
by the observation of the enhanced permeation and retention (EPR)
effect by Matsumura and Maeda [3], which described the accumulation
of proteins and emulsions into solid tumors through leaky vasculature
and reduced drainage from tumors by ineffective lymphatics. More
recently, however, there has been a debate around the effectiveness of
so-called tumor-targeting nanomedicines [4] and the tumor EPR effect
is highly heterogeneous or absent in human tumors [5–7] resulting in
poor clinical translation [1]. In fact, nanoparticle targeting does not
exist; there is only a highly complex and dynamic distribution through
blood circulation. The realization of a clinical benefit is the chief ob-
jective [8] and, in my opinion, the “targeting” terminology has con-
founded progress. As discussed below, recognizing this truth and
pushing nanomedicine research beyond the elusive targeting concept
provides opportunities to improve the clinical impact of nanomedi-
cines.

2. Promise of nanomedicine

The plight of targeted nanomedicine reminds me of Napoleon's 1812
Russia Campaign, frequently called Napoleon's March and eloquently
illustrated by Charles Joseph Minard's map (Fig. 1) [9]. Napoleon is
considered one of the greatest military tacticians and he had the largest
and most powerful army at the time. However, only 2% of his original
troops returned from capturing Moscow and failed in their goal to
conquer Russia. It was not a great battle that caused the failed cam-
paign, but a lack of understanding of the many barriers his army faced
in the 1800 km round trip march [10]. Napoleon's 2% remaining troops
are analogous to about 2% delivery of nanoparticles reaching tumors.
One could question the validity of Napoleon as the greatest military
tactician and the greatness of his army. Similarly, the promise of na-
nomedicine is being drawn into question after the many failed clinical
studies.

Conversation on nanoparticle-based therapies and diagnostics is
often discussed in terms of their promise. The promise of nanoparticle
capabilities, behaviors, and other properties have been stated in journal
articles dating as far back as the 1970s, and the association of promise
with nanoparticles is particularly prevalent in research articles today
(Fig. 2). The majority of the research articles of nanoparticles deal with
tumor targeting, while there are many other important diseases to ad-
dress. The association of nano and promise has become poignant due to
few nanoparticle-based products currently available for clinical use and
a slowed progress in development [1]. Inherent within a promise is the
critical aspect of the terminology used.

3. The misnomer of “targeted nanoparticles”

3.1. “Active targeting”

Keeping the importance of terminology within a promise in mind,
we need to discuss what is probably the only other term with a greater
association to nanoparticles: targeting. The two terms have “grown up”
together with the idea of targeted medicine evolving from Paul Ehrlich's
magische Kugel concept of the 1890s and the concept of nanotechnology
first mentioned in a short story of the same period by Nikolai Leskov on
The Tale of Cross-eyed Lefty from Tula and the Steel Flea[11], although the
Japanese scientist Norio Taniguchi is credited with the first use of the
term nanotechnology [12].

In reference to nanomedicine, ‘active targeting’ is often used to
describe a nanoparticle system associated with a so-called “targeting-
ligand” that will recognize a specific biochemical entity (e.g., a cell
surface receptor, a protein component of the extracellular matrix, a
blood constituent, etc.). The goal of this targeted nanomedicine is to
have increased accumulation for treatment or detection of a specific
target site within the organism and minimize off-target distribution of
the nanoparticle. The terminology of ‘targeting’ is misleading in that it
indicates a process of active seeking, which is further compounded by
the terminology of “active targeting.” “Passive targeting” of the same
nanoparticles will have the same distribution at the intended target site
as the active targeting. The difference between active and passive tar-
geting, if it exists, can only occur after nanoparticles have a chance to
interact with the target cells.

To clarify the concept with my students I often use the analogy of a
GPS system commonly used in motor vehicles. The role of the vehicle
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is the transportation; I am only able to transit where my vehicle is
capable of traveling. A large sport utility vehicle may be limited in
traveling through narrow city alleyways in much the same way a
compact car may be limited over rough terrain. Regardless of what my
GPS may tell me, I would not try to drive through the Pacific Ocean on
my recent trip from USA to New Zealand, as I know my vehicle cannot
overcome that barrier. The role of the GPS is solely to tell me whether
I am in the right location (and too often I hear “take a U-turn”). When I
am in the correct location it states that I have arrived at my destina-
tion and I know to stay there. The GPS does not actively bring me to
the location. In much the same manner, a “targeting ligand” does not
actively bring a nanoparticle to the target site. It simply retains the
particle at the site once it has distributed there. This is only if the
nanoparticle has a chance to interact with the receptor on the target
cell surface. This is in contrast to the descriptors that are often found
within targeted nanomedicine research articles that include: “di-
rected”, “attracted”, “brought to”, “steered”, “converged”… fre-
quently combined with “active.”

Given the misnomer of a ‘targeting ligand’, I propose the use of an
alternative term: “retention ligand”. This more accurately describes the
processes involved as delineated with the GPS analogy above.
Additionally, ‘targeting’ should be used judiciously to ensure it is not
replacing the accurate terms of “distribution and/or accumulation”. As
mentioned above, Paul Ehrlich used the term “magic bullet” for the first
time, but it does not mean the drug goes only to the target. It means that
a substance, which distributes throughout the body, interacts with
specific disease-causing agents without harming the body itself. If a

drug is only effective when and where it is necessary, it appears to be
targeted, but targeting only to the intended site does not actually exist.

3.2. “Passive targeting”

If we consider that ‘targeting’ is a misnomer because it does not
exist, we must also reconsider the term ‘passive targeting’. Although the
use of “passive” removes the implication of an active process, it is still a
fallacy to call it ‘targeting’ for the same reasons mentioned previously.
The processes that are occurring are a distribution based on physico-
chemical properties of the nanoparticles and their interaction and ac-
cess through physiological and/or biochemical processes. The ter-
minologies of distribution, biodistribution, and/or accumulation are
more accurate descriptors, while keeping in mind that the distribution
may be spatially and/or temporally preferential based on the phy-
siology and biochemistry (preferential distribution).

Further, ‘passive targeting’ is largely associated with the EPR effect,
while “distribution” has a more broad application. Equating passive
targeting or distribution with the EPR effect could carry a negative
implication, since the clinical applicability of the EPR effect in cancer
has come into question [5]. Preferential distribution of nanomedicines
may have great clinical application beyond cancer, including through
vascular leakiness in other disease states, as we recently reviewed [13],
or through physicochemical nanoparticle properties, physiological
properties (disease and healthy state), and/or biochemical processes.
Many of these preferential distributions hold a strong clinical potential,
as in many cases they may be less heterogeneous within the clinical
population relative to the EPR in cancer patients. Are we limiting the
application of nanomedicine by focusing almost entirely on the EPR
effect? Additional mechanisms of preferential nanomedicine distribu-
tion have been largely understudied in a systematic fashion.

3.3. “Evading mononuclear phagocytic system (MPS)”

The best-studied mechanisms of preferential nanomedicine dis-
tribution are strategies to achieve prolonged blood circulation as dis-
cussed elsewhere [14–16]. This is typically achieved through the stra-
tegies of size reduction below 260 nm and increasing the surface
hydrophilicity to prevent serum protein adsorption. In both cases, this
reduces the capability of macrophages to detect and clear nano-
particles, often known as the mononuclear phagocytic system (MPS)
evasion. This terminology has been rightly updated from the previous
terminology of reticuloendothelial system (RES) evasion to more ac-
curately describe the mechanism and cells involved in the nanoparticle

Fig. 1. Charles Joseph Minard's map of Napoleon's 1812 March to Moscow (tan) and return (black). The thickness of the line depicts the number of troops (from reference [9]).
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Fig. 2. Number of papers when using the search term “nano” with “promise” or with
“targeting”. Search was performed on January 12, 2018 using ScienceDirect.
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