
Nanomedicines : Medicine of the future

Among the new therapeutic substances under development, nanodrugs are of great interest
because of their size (in general between 1 and 1000 nm), which is close to that of many
biological substances (proteins, lipids, enzymes, cell membranes, etc.). As a result, interactions
between these nanodrugs and biological substances are favored, leading to a number of
advantageous properties, such as:

● Favored internalization in tumor cells;
● Efficient targeting of tumor cells. This can either be passive, through the enhanced

permeability and retention effect (diffusion of nanodrugs through the holes of the blood
vessels supplying the tumor), or active, by attaching substances to nanodrugs, such as
antibodies that will specifically recognize tumor cell membrane receptors;

● Favored diffusion through the blood vessels, when nanodrugs are made in such a way to
avoid capture by cells responsible for “cleaning” the body, such as macrophages;

● Multiplication of the therapeutic activity, due to assembly of several therapeutic active
substances such as antibodies or chemotherapeutic agents, usually smaller in size than
the nanodrugs, in a single block;

Thus, a number of nanodrugs have been developed and tested in humans, leading to an
improvement in therapeutic efficacy and/or a decrease in toxicity compared to non-nanometric
drugs.

In addition to the advantages linked to their size, another property of nanopharmaceuticals
makes it possible to foresee new perspectives in medicine, especially in oncology: the
possibility of activating these therapeutic substances on demand by exposing them to an
external source of energy, such as a magnetic field. Current treatments such as chemotherapy
and radiotherapy can be very toxic. Beyond problems related to the side effects of these
treatments, it is sometimes impossible to use the doses of chemotherapy and radiation required
to completely eradicate cancer in some patients. Thus, current treatments are sometimes
unable to offer appropriate therapeutic efficacy in some cancer patients. With an on-demand
activation of the drugs, it becomes possible to activate the treatment only when the therapeutic
substance is in the tumor, to reactivate it as many times as necessary until destruction of the
tumor has occurred, and therefore potentially to increase very substantially drug efficacy while
reducing drug toxicity.



Among the nanodrugs that can be activated by an external source of energy are different types
of metallic nanoparticles, notably iron oxide nanoparticles, which have been used in humans as
contrast agents and are known to be relatively non-toxic. Most of the time, these metallic
nanoparticles are heated locally to induce antitumor activity.

Numerous scientific publications describe antitumor results (often spectacular) obtained with
these nanodrugs in murine models. However, very few of these therapeutic substances are
available clinically, which can be attributed to the high cost of developing these treatments, and
to a still poor understanding of the underlying mechanisms involved in the antitumor activity.

This figure details nanodrugs under development or already on the market.


