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In the clinical practice, therapeutic drug monitoring (TDM)
concerns the analytical determination of pharmaceutical drug
concentrations in patients’ bio-fluids at specific time intervals to
allow a close and timely control of their dosage. This practice allows
for rapid medical intervention in case of toxicity-related issues and/or
adjustment of dosage to better fit the therapeutic demand.

In the treatment of cancer diseases TDM becomes particularly
important, since the antineoplastic drugs show a narrow range
of efficacy between non-efficacy and toxicity, which is generally
characterized by severe adverse effects.

The therapy is strictly depending on each individual patient, their
clinical conditions and characteristics (e.g., weight, age, etc.), and
other concomitant drug therapy. Furthermore the pharmacokinetics
of any drug is subject to metabolic processes that are finally related to
the genomic profile of the patient. Hence, each patient might respond
differently to the same therapy. It is then clear that the best results can
be obtained when a personalized therapy becomes available.

Clinical medicine has thus to face a challenging task aimed at
personalized therapy and real time diagnostics.

However, TDM is currently performed in centralized laboratories
equipped with bulky instruments, such as immunoassay analyzers
and mass spectrometry, which can be used by trained personnel only.
Particularly mass spectrometry, coupled with high-performance liquid
chromatography (HPLC-MS), is routinely used in core facilities.

The financial costs related to instrumental operation and
maintenance, and the time required for the preparation and analysis
of samples, for processing the results, severely affects the application
of TDM in medical practices. Therefore, a new generation of analytical
tools, capable of providing rapid, sensitive and reliable diagnosis,
is necessary to respond to the timely need of drug administration or
reduction aiming at effectively treating cancer patients [1].

A device that allows TDM in real-time at point-of-care testing
(POCT) [2,3] will help medical doctors avoiding toxic side effects and
enhancing drug efficacy [4]. The availability of such devices would allow:
(i) to complete analytical tests without involving traditional central
laboratories, thus improving the quality and the effectiveness of the
process, with a corresponding decrease of costs (benefiting the Health
care System); (ii) to improve the effectiveness of a particular anticancer
drug, while reducing its toxicity by adjusting the administered therapy
in real-time, based on the real plasma concentration, thus leading to an
increase of benefits for the patients [4].

Technological advances in the field of nanosciences and biosensors
offer the unique opportunity to meet such requirements.

There two essential integrated components that make a
sophisticated device to be a biosensor: a biological sensing element
(bioreceptor) and a transducer. The former is a biological molecule,
such as enzyme, antibody, or aptamer that can specifically interact and
recognize the analyte (e.g., biomolecule, synthetic drug) present in
the sample. The second component is a system capable of transducing
the recognition event into a measurable signal, usually in the form of
optical or electrochemical readout. The exquisite blend of sensitivity
and specificity of biology and the phyisical properties of transducers

offers unique bio-analytical tools that can be easily made portable and
user-friendly.

Biosensors can be grouped and classified according to different
parameters, but classifying them according to their signal transduction
readout and working principles can be helpful, especially when
considering that continuous technological novelty can modify and
implement such classification. In the past years, a plethora of very
interesting reviews dealt with biosensors providing the readers with
technological advances and useful applications. We reported some of
the most significant and recent ones in the references [5-7]. Essentially,
biosensors can be divided into three main types, according to their
working principles and detection technology: electrochemical [8],
optical [9], and mass-based [10] biosensors.

To date, very few examples are reporting the use of biosensor
in TDM application, and almost none are ready for POCT, with the
exception of glucose sensor that is the only commercially available
device used worldwide, even though it may not be strictly considered
a TDM sensor.

However, very recently a real-time biosensor, capable of
continuously tracking a wide range of circulating drugs in living
subjects, has been developed. The device, based on microfluidic
electrochemical detection, was applied for in vivo continuous
monitoring (MEDIC). The nanotechnology behind such device rely on
electrodes modified with aptamers that are specific for analyte target,
doxorubicin (a chemotherapeutic) and kanamycin (an antibiotic). It
has been proven to work very nicely with live rats and human whole
blood for several hours with high sensitivity and specificity at sub-
minute temporal resolution [11]. MEDIC envisions what it should be
expected for the future of therapeutic drug monitoring with real-time
measurements using a simple and effective platform.

Another interesting and recent example described a portable
device for monitoring an anticancer drug, the folate analog
metothrexate (MTX), whose concentration was determined by surface
plasmon resonance (SPR). In the assay, folic acid-functionalized gold
nanoparticles (FA- AuNP) compete with MTX to bind to human
dihydrofolate reductase (hDHFR) immobilized on the SPR sensor
chip, thus significantly affecting the signal readout. Promising results
were obtained on human serum samples [12].

There are still challenges that the community has to face in the next
future to make POCT devices come into reality. Besides the identification
of the specific needs required for TDM and exhaustive clinical tests, it
is also fundamental that the scientific and medical communities work
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alongside industrial partners to push this technology towards a higher
level of development required for regulatory clearance. However, there
is very little doubt that, thanks to the advancement in nanoscience and
micro/nano-fabrication technologies, biosensors will provide in the
very next future new tools for clinical and point-of-care testing, as well
as for pharmaceutical drug discovery.
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