Interview with Dr. Antonella Castellano
Neuroradiology Unit, San Raffaele Scientific Institute and Hospital

Milan, Italy
Dr. Antonella Castellano was lead author of a paper recently published in Neuro-Oncology. The study assessed the role of diffusion tensor magnetic resonance tractography in predicting the extent of resection in glioma surgery. The study was performed in the Neuroradiology Department and CERMAC (High Field MR Excellence Center), San Raffaele Scientific Institute and Vita-Salute University, directed by Prof. Andrea Falini, in collaboration with the neurosurgical team of the Surgical Neurooncological Branch of the University of Milano, directed by Prof. Lorenzo Bello. Dr. Castellano spoke to EANO about this research.
Q. What prompted this research / what was the need?
A. In this work we analysed the impact of DTI tractography, an advanced MR technique, in predicting the possibility of removing a cerebral glioma, in other words, to estimate the extent of resection achievable during surgery. To date, DTI tractography is the only non-invasive method allowing in vivo the identification of white matter tracts adjacent to or inside tumour; in our neuroradiology department we apply this technique as a part of a preoperative clinical workup to characterise brain tumours, together with functional MRI and other advanced MR techniques. We aimed to assess if, in this workup, tractography could have a ‘prognostic’ role for glioma patients, besides its well-known, ‘descriptive’ role in the preoperative planning of surgical intervention.

Q. Is DTI tractography currently in wide use in neurosurgical planning?

A. Over the last few years DTI tractography has reached an extremely wide diffusion in all the major neuroimaging centres and neurosurgical departments; this technique provides unique information about the normal course, the displacement or the infiltration of white matter fascicles by the tumour. This information is reliable and accurate and shows a high correlation with data coming from intraoperative subcortical mapping, as our group demonstrated in a previous study performed with Prof. Lorenzo Bello, a neurosurgeon with a great and renowned experience in brain mapping techniques. Tractography data depict a map of the main eloquent tracts, like motor or language fascicles, near or inside a tumour: this map can be useful both in preoperative planning, to decide the best approach to avoid injuring these structures during surgery, and in guiding intraoperative mapping, particularly for lesions involving speech or motor areas. 
Q. What key, new insights do your results provide?

A. Our results demonstrate that, when tractography shows the main eloquent tracts involved by the tumour, the probability of a total surgical resection of the tumour is extremely low, even if the tumour is very small; conversely, when tractography shows intact motor or language fascicles, the probability of total resection is significantly higher. This suggests a new, prognostic role for tractography: as the extent of surgical resection critically influences the natural history of gliomas and the outcome of these patients, predicting this extent is of great clinical value to candidate to surgery patients that will benefit from the intervention, and eventually to refer to other types of treatment those patients in whom an extensive resection will be improbable and the risk of postoperative morbidity high. As an example, in low-grade glioma patients in whom tractography shows a high infiltration of fascicles, a biopsy followed by preoperative chemotherapy could be proposed, aiming to reduce this infiltration before a major surgical procedure. 
Q. Why do you think smaller tumours (with fascicular infiltration) are much less likely to achieve total resection? Is there any physiological reason that you know of?

A. This is certainly the most intriguing finding of our work: although the small preoperative volume suggests per se a favourable surgical outcome, we demonstrated that the involvement of fascicles could worsen this outcome. This is probably due to the infiltrative growth of gliomas that typically invade the surrounding brain tissue along white matter tracts. Moreover, cerebral gliomas are frequently located in or close to eloquent areas: so a patient with a small tumour in an ‘unfavourable’ brain region, near language or motor tracts, for example, has considerably less chance of having a complete surgical resection without sequelae than patients with the same small lesion, but in a functionally silent area. This seems to be intuitive: however, the identification of the white matter structures involved by the tumour is clearly showed only by tractography. 

Q. Were the results as you expected? 

A. In some way, our results confirmed the general idea that the involvement of functionally-critical structures may affect surgical outcome; in the past years the group of Peter Black and colleagues in Boston demonstrated that preoperative variables - including larger maximum diameter of the tumour and presumed eloquent location, as indirectly inferred by conventional imaging - are the strongest predictors of an incomplete resection. The great difference of our approach is that tractography gives an immediate depiction of these structures at a subcortical level, and this is of great relevance especially in those cases in which anatomical structures are not clearly identifiable in morphological images because of the disruption of white matter architecture by the tumour.

Q. Have the results altered your practice in your institute?

A. Of course; these results have made us work in even closer collaboration with our neurosurgeons, to discuss our cases using a multidisciplinary approach, by involving our neuro-oncologists and radiotherapists in the discussion of therapeutic indications, also on the basis of neuroimaging findings. I think that tractography, as all the advanced MR techniques, if used in a critical way, can greatly ameliorate the management of our patients.

Q. What recommendations would you make to your neuro-surgical peers on the basis of your results?

A. I strongly suggest that they discuss and - hopefully - share their decisions with their neuroradiologists! Tractography could be extremely useful, if correctly used (if you can forgive the pun). Moreover, most of these new MR techniques are still imperfect, but they give us an incredible, deeper insight into brain pathology, whose comprehension requires a deep cooperation between all the critical figures involved in our patients’ care, as mentioned above.
Q. Are you planning any follow-on research, based on the results you found? And, if you are, can you explain a little about it?

A. We are planning to extend our preliminary results, as in this study we have considered the involvement of only three of the most representative bundles of subcortical fibres, namely the corticospinal tract, the inferior fronto-occipital fascicle and the superior longitudinal fascicle; therefore, in the next analyses we will include other bundles potentially involved by the tumours, for example, in the circuits of speech, such as uncinate fascicle and inferior longitudinal fascicle, or in the visual pathways, such as the optic radiation.
We also intend to improve our tractography technique, even if the approach proposed in the current study is very simple and widely applicable in clinical practice. We will also explore new approach based on new methods of probabilistic tractography, in order to standardise the reconstruction of fibre tract starting from fMRI cortical activation sites, thus improving the ‘resolution’ and accuracy of the information that we will transfer to our colleagues. 
References:

Castellano, A. et. al. Role of diffusion tensor magnetic resonance tractography in predicting the extent of resection in glioma surgery. Neuro Oncol. 2011.

Bello, L. et. al. Motor and language DTI fiber tracking combined with intraoperative subcortical mapping for surgical removal of gliomas. Neuroimage. 2008;39: 369-382.

Talos, I.F. et. al. Supratentorial low-grade glioma resectability: Statistical predictive analysis based on anatomic MR features and tumor characteristics. Radiology. 2006;239: 506-513.

