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The development of nanoparticles for therapeutic 
applications was first described in 1959 by the Nobelist 
Richard Feynman in his famous lecture “there is plenty 
of room at the bottom”. Since then, the emerged field of 
nanomedicine has been gaining more attention for a number 
of therapeutic applications with the development of cancer 
treatment as priority.  A more recent trend has been the 
development of stimuli responsive particles, many of these 
have been formulated to be responsive to; pH, enzymes, 
redox, (internal triggers) temperature and pressure (external 
triggers). In particular, the development and application of 
temperature and pressure sensitive particles activated by 
focused ultrasound is an emerging field for efficient drug 
delivery. Nanoparticles that can be used in conjunction with 
ultrasound for drug delivery include: 1) thermosensitive 
liposomes, 2) theranostic liposomes, 3) nanobubbles 4) 
nanodroplets.

High intensity focused ultrasound (HIFU) is a method which 
enables the deposition of energy within a lesion without 
damaging the surrounding healthy tissue. High intensity 
focused ultrasound devices are mainly extracorporeal 
systems that target areas in the body as deep as 10 cm 
from the skin. Focusing of ultrasound beams can be 
achieved novel devices such as multi-element phased array 
transducer that adjust to a focal point electronically. High 
intensity focused ultrasound energy generates heat at a 
focal point of up to 85 °C.  On the other hand MRI is used 
to monitor the temperature increases, via MR thermometry. 
Being able to monitor the temperature is essential to 

spatiotemporally control of the energy deposition.  This lead 
to the development of magnetic resonance guided focused 
ultrasound (MRgFUS). The technique uses MR images to 
generate precise anatomical images of the tumour, that 
can then be used as a guide for the ultrasound treatment 
controlled by the temperature feedback. This non-invasive 
technique uses an MRI temperature map to continuously 
measure temperature changes inside the body, pinpointing 
and guiding the treatment. This is a new, FDA-approved, 
treatment for lesions and in research trials to improve drugs’ 
both distribution and permeation through membranes.
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Figure 1. Schematic of image guide drug 
delivery using thermosensitive liposomes 
labelled for MR imaging and MRgFUS

Fig. 2a) Schematic of hyperthermia 
treatment regime.

Fig. 2b) Near infrared fluorescence 
imaging of labelled nanoparticles 
from tumour uptake after 
treatment (label on the lipid).

Fig. 2c) Intrinsic topotecan 
fluorescence images indicating 
drug release from the liposomes 
after application of Focused 
Ultrasound. Centelles et al. Journal 
of Controlled Release, 2018.

Image Guided Drug delivery refers to the combination of 
drug targeting, imaging and intervention.  Image-guided 
drug delivery can be used for several different purposes, 
e.g. for improving biodistribution, bioavailability, target site 
accumulation, drug release and drug efficacy. Clinically, it 
holds significant potential for cancer treatments.  Image-
guided drug delivery has the potential to facilitate and 
advance personalised nanomedicine treatments.

We suggest the combination of labelled thermo-responsive 
nanoparticles and  MRgFUS as an efficient method to 
substantially improve tumour drug availability (Figure 1).

Nanoparticles accumulate in tumours initially through the 
enhanced permeation and retention effect (EPR).  MR imaging 
locates the nanoparticles (through Gadolinium contrast 
agents coupled onto the membrane) and coordinates with 
the focused ultrasound to provide the energy to increase the 
temperature locally at 42°C. Increase of the temperature in a 
control manner has a dual effect. On one hand temperature 
rise increases the permeability of the blood vessels, which 
allows more nanoparticles to enter the tumour (Super-EPR), 
on the other hand it induces a rapid drug release through 

the phase change thermo-responsive liposomes.

Figure 2 show this effect in mice administered nanoparticles 
labelled with imaging lipids and carrying the drug topotecan 
that has an intrinsic fluorescence. Topotecan’s fluorescence 
is quenched in the nanoparticle but recovers immediately 
when released. In this mouse the tumour on the right is 
treated with short applications of Focused Ultrasound. This 
leads to increased nanoparticle accumulation compared to 
the left tumour and a simultaneous drug release from the 
nanoparticles due to thermosensitivity.    

This technique has been applied successfully with a number 
of therapeutics such as antibodies (and derivatives), a 
number of small molecule drugs, and nucleic acids such as 
siRNA.  In all cases focused ultrasound improves the drug’s 
tumour biodistribution.

Currently combinations of focused ultrasound and drug 
therapies are in clinical trials for a number of indications. 
The technique holds promise for efficient drug delivery in 
brain and pancreatic tumours where the surrounding tissue 
forms a barrier for drugs to reach their 
target.  

Imaging can be combined with other 
interventions for accurate drug delivery 
as long as the drug is labelled. A number 
of technologies are in development that 
when combined with drugs they can 
significantly increase their therapeutic 
effect.

Richard Feynman’s vision of 
“swallowing the surgeon”  does not  
appear impossible
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