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In radiation oncology, while radiation is 
effective in killing cancer cells, the dose safely 
deliverable to the target volume is often lim-
ited by the possibility of collateral damage 
to surrounding healthy tissues. However, for 
some cancer sites, it has been shown that a 
dose escalation in the tumor could signifi-
cantly improve local control and patient sur-
vival  [1]. While recently developed methods 
such as intensity-modulated radiation therapy, 
volumetric-modulated arc therapy and image-
guided radiation therapy have improved the 
delivered radiation dose conformality, dose 
escalation remains an important clinical chal-
lenge that needs to be addressed to improve 
the efficacy of radiation therapy [2].

Nanoparticles design is a rising landscape 
in the era of modern oncology offering new 
perspectives. The enhancement of radiation 
effect induced by radiosensitizing nanoparti-
cles is probably one of the most translational 
aspects. Radiosensitizing nanoparticles 
increase the radiobiological effects within 
the site of disease while maintaining the cur-
rent clinical constraints on dose delivered to 
healthy organs. The photoelectric interaction 
increases strongly as a function of the atomic 
number of the nanoparticle (proportional to 
Z4–Z5), giving these particles a high interac-
tion probability with low-energy photons and 
allowing the formation of additional diffused 
photons, photoelectrons, Auger electrons and 
reactive oxygen species that have the poten-
tial to amplify the biological damage. Even 

under high-energy photon irradiation, high-
Z nanoparticles can interact with primary or 
secondary species permitting a highly effi-
cient nanoscale dose deposition around the 
nanoparticle  [3]. Consequently, the differen-
tial effect between healthy tissue and tumor 
tissue is improved.

The efficacy of nanoparticles as radiosensi-
tizers has been demonstrated at the preclinical 
level for multiple high-Z nanoparticles since 
Hainfeld et al. demonstrated the potential of 
gold nanoparticles after systemic injection [4], 
and at the clinical level for hafnium nanopar-
ticles  [5]. However, because of the injection 
method (intratumoral injection) and because 
of their size (50 nm), the hafnium nanopar-
ticle applications are mainly limited to easy-
to-access tumor sites, such as sarcoma, head 
and neck and prostate cancers. For the major-
ity of other cancer sites, intravenous injec-
tion remains an obligation. To address these 
limitations while still ensuring low toxicity 
to the healthy tissues, theranostic nanopar-
ticles were created, combining diagnostic and 
therapeutic properties.

Gadolinium is the most well-known ele-
ment for biomedical applications. Its use in 
medicine is directly correlated with the devel-
opment of contrast agents for MRI, a nonin-
vasive and nonionizing method for acquiring 
volumetric images with high spatial resolu-
tion and excellent soft-tissue contrast. Some 
clinics have begun to replace CT simulation 
with MRI simulation for radiation treatment 
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planning purposes, and future MR-LINAC and MR-
based real-time tumor tracking techniques are under 
development [6,7]. Besides their use for imaging applica-
tions, gadolinium-based compounds are also envisaged 
for therapeutic applications. Gadolinium displays high 
capture cross-section due to its relatively high atomic 
number (Z = 64) and can interact with high energies 
irradiations, making it an effective radiosensitizer.

Our group developed AGuIX (Activation and Guid-
ance of irradiation by x-ray), a sub-5 nm nanoparticle 
based on a polysiloxane network surrounded by gado-
linium chelates  [8,9], designed to be an effective MRI 
contrast agent and radiosensitizer. Because of the VEGF 
produced by tumor cells to stimulate the tumor angio-
genesis and of the lack of effective lymphatic drainage 
in the tumor tissues, AGuIX can penetrate the tumor 
after a systemic injection thanks to the enhanced 
permeability and retention effect. The nanoparticles 
stay inside the tumor for a significant period of time, 
before being cleared by the kidneys, avoiding toxicity 
issues by limiting their exposition to healthy organs. 
Preclinical studies conducted in various tumor models 
have demonstrated that low concentrations of AGuIX 
injected intravenously were attractive radiosensitizers 
with a significant therapeutic effect, while confirming 
that the nanoparticle is nontoxic  [10]. In addition, its 
high longitudinal relaxivity allows for better contrast 
properties than current US FDA-approved gadolinium 
chelates, creating a potential for future use in MRI-

guiding radiation therapy, notably with the upcoming 
MR-LINAC technology [11,12].

The logical step after demonstrating the potential of 
AGuIX at the preclinical level for several tumor localiza-
tions is to continue the nanoparticles development to 
the clinical step. A current GMP manufacturing process 
has been developed and the regulatory toxicity tests on 
two animal models (rodents and monkeys) have shown 
no evidence of toxicity. A clinical Phase I will be investi-
gated in France by our group in close collaboration with 
NH TherAguix SAS in order to determine the safety of 
AGuIX and its maximum tolerated dose in patients con-
currently treated with standard chemoradiation; define 
the recommended phase II dose of AGuIX; and define 
the biodistribution of a single intravenous injection as 
well as multiple AGuIX injections in order to provide a 
rationale of AGuIX dosing administration. These results 
will demonstrate the translationality of using nanopar-
ticles as image-guided radiation therapy agents and 
further clinical trial will be performed to quantify the 
therapeutic benefits of AGuIX. The proof-of-concept of 
using AGuIX as a theranostic agent in human will be a 
breakthrough approach for patient benefit.
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