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Abstract 

Malignant brain tumors still represent an unmet medical need given their rapid 

progression and often fatal outcome within months of diagnosis. Given their extremely 

heterogeneous nature, the assumption that a single therapy could be beneficial for all 

patients is no longer plausible. Hence, early feedback on drug accumulation at the 

tumor site and on tumor response to treatment would help tailor therapies to each 

patient’s individual needs for personalized medicine. In this context, at the intersection 

between imaging and therapy, theranostic nanomedicine is a promising new technique 

for individualized management of malignant brain tumors. Although brain 

nanotheranostics has yet to be translated into clinical practice, this field is now a 

research hotspot due to the growing demand for personalized therapies. In this review, 

the barriers to the clinical implementation of theranostic nanomedicine for tracking 

tumor responses to treatment and for guiding stimulus-activated therapies and surgical 

resection of malignant brain tumors are discussed. Likewise, the criteria that 

nanotheranostic systems need to fulfil to become clinically relevant formulations are 

analyzed in depth, focusing on theranostic agents already tested in vivo. Currently, 

magnetic nanoparticles exploiting brain targeting strategies represent the first 

generation of preclinical theranostic nanomedicines for the management of malignant 

brain tumors. 

Statement of significance 

The development of nanocarriers that can be used both in imaging studies and the 

treatment of brain tumors could help identify which patients are most and least likely to 

respond to a given treatment. This will enable clinicians to adapt the therapy to the 

needs of the patient and avoid overdosing non-responders. Given the many different 

approaches to non-invasive techniques for imaging and treating brain tumors, it is 

important to focus on the strategies most likely to be implemented and to design the 

most feasible theranostic biomaterials that will bring nanotheranostics one step closer 

to clinical practice. 
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