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Abstract: The innovation of the radio-guided surgery exploiting β- emitters is the higher tumor-to-non-
tumor ratio (TNR) allowing both a smaller radiopharmaceutical absorbed dose to detect cancerous remnants 
and the possibility of extending the technique also to cases with a large uptake of surrounding healthy 
organs, as for brain tumors. Our first study cases are meningiomas since an appropriate β- emitting tracer is 
already available (90Y-DOTATOC) but the goal is to apply the technique to gliomas. We verified the uptake 
to the radiotracer in 8/10 patients affected by meningiomas with TNR≥10 and in 9/12 patients with a TNR≥4 
in case of gliomas. We developed prototypes of the intraoperative probe detecting β- with millimetric 
scintillator core made of para-terphenyl, adopted due to its high light yield and low density. Tests in 
laboratory showed that with a radiotracer activity on the tumor of 5 kBq/ml and a TNR of 10 a 0.1 ml 
cancerous residual can be detected in 1s. That corresponds to administer about 1 MBq/kg of a 
radiopharmaceutical to the patient. Finally we estimated with a detailed simulation the exposure of the 
surgeon resulted in ~0.1 µSv/h on the whole body, ~1 µSv/h on the hands well below the corresponding 
values for established RGS with 99mTc. 
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TUMORS 

Purpose: The radio-guided surgery (RGS) [1] represents a significant surgical adjunct to intraoperatively 
detect millimetric tumor residues by administering to the patient a radio-marked tracer that is preferentially 
taken up by the tumor. It is crucial for those tumors where the surgical mass removal is the only possible 
therapy. It has been demonstrated, in fact, that a radical resection, intended as whole enhancing mass 
removal, is positive both for a recurrence-free survival and the overall survival of the patients. The 
innovation of the RGS exploiting pure β- emitters [2] is the higher tumor-to-non-tumor ratio (TNR) 
compared to the established techniques using γ or β+ radiation [3-7]. Low background from healthy tissue 
around the lesion allows both a smaller radiopharmaceutical absorbed dose to detect cancerous remnants and 
the possibility of extending the technique also to cases with a large uptake of surrounding healthy organs 
(e.g. abdominal or brain tumors).  

Methods: As first application of this technique we are investigating brain tumors, where a relapse is 
particularly dangerous and where other RGS techniques are limited by the large uptake of the brain. The goal 
is to apply the technique to gliomas, but the first study cases are meningiomas since, based on our experience 
with the Peptide Receptor Radionuclide Therapy (PRRT) [9-11], for them an appropriate β- emitting tracer is 
already available, namely 90Y-DOTATOC. The same tracer can be marked with 68Ga, thus allowing for an 
estimate of uptake prior to surgery with a Positron Emission Tomography (PET) exam. Extending the results 
of meningiomas after considering the different tracer uptakes will allow prediction on gliomas. To this 
purpose, we performed a study on 68Ga-DOTATOC Positron Emission Tomography (PET) exams on 10 
patients affected by meningiomas and 12 patients affected by gliomas.  

In order to implement the proposed RGS technique, we have developed prototypes of the intraoperative 
probe detecting β- radiation. Given the short range of electrons and essentially no γ contamination (being the 
bremsstrahlung contribution, with a 0.1% emission probability, negligible), the sensitive detector is a small 
scintillator tip made of para-terphenyl. This material was adopted after a detailed study [8] due to its high 
light yield (3.5 times larger than typical organic scintillators), non-hygroscopic property and low density, 
minimizing the sensitivity to photons. Different sizes of the sensitive detector were tested. The best 
candidate resulted in a cylinder of 5 mm of diameter and 3 mm of height, shielded against radiation coming 
from the sides. The device is encapsulated inside an easy-to-handle aluminum body with the size of a pen, as 
protection against mechanical stress and has a blinding 10 µm-thick aluminum front-end cap. The 
scintillation light is guided to a photo-multiplier tube (PMT) by optical fibers. A prototype with a silicon 
photo-multiplier is also under development. The readout electronics is portable and customized to match the 
surgeon needs. A wireless data transfer to the PC is envisioned.  

Results: From the PET exams, the tracer uptakes from meningioma tumors resulted in 8/10 cases with a 
TNR equal or greater than 10, whereas for gliomas the uptakes were less evident with TNR≥4 in 9/12 cases. 
With tests in laboratory using the prototype of the β- intraoperative probe, we estimated that requiring a TNR 
of 10 for a cancerous residual of 0.1 ml and acquiring data for 1s, a radio-tracer activity on the tumor of 5 
kBq/ml is sufficient. That corresponds to administer about 1 MBq/kg of a radiopharmaceutical to the patient. 
Such activity approximates that administered for a Computed Tomography (CT) scan. 
To quantify the exposure of the medical staff during a meningioma resection with β- RGS technique, we 
have implemented a full simulation with FLUKA [12] and found that the surgeon would take ~0.1 µSv/h on 
the whole body, ~1 µSv/h on the hands [2]. The corresponding values for established RGS with 99mTc radio-
label tracer are more than one order greater as estimated with the simulation, which was consistent with [1]. 
It has to be noted that exploiting pure β- emitting tracers before and after the surgery the core of the radiation 
is screened by the patient’s body itself. As an example we reported the measurements performed with a 
dosimeter close to a 95 kg patient after 24 hours from the administration of 2GBq 90Y-DOTATOC for radio-
metabolic treatment of a hepatic metastasis. In 15 minutes of exposure the skin dose was 29 µSv near the 
patient and 2 µSv at a distance of 1 m and the effective dose resulted 2 and ~0 µSv in the same positions 
respectively. Scaling these values of a factor 20 that is the ratio between the dose administered for this 
treatment and the dose we estimated for the RGS (1MBq/kg), the skin dose measured near the patient would 
be ~6 µSv/h in agreement with ~1 µSv/h on the surgeon’s hands expected by the simulation. 

Discussion:	   The applicability of the traditional RGS to other tumors is limited by the highly penetrating 
behavior of the γ radiation that can traverse large amounts of tissue: an eventual uptake of the tracer in 



nearby healthy tissue would represent a non-negligible background. A significant background requires a 
larger dose to increase the TNR and sometimes prevents the applicability of the technique. Such 
considerations apply also in the comparison with the RGS exploiting β+ emitters since in this case the γ 
background is in any case present. From the detector side, this problem forces the probes to be shielded or 
vetoed against photons coming from sources other than the tumor, thus limiting the configurations and in 
particular not allowing for very compact detectors. 
A β- probe, instead, detecting electrons and operating with low radiation background, provides a clearer 
delineation of margins of radioactive tissue and it is a simple and compact tool, an essential feature for 
application in surgery as the access to the lesion is limited. Furthermore, measurements performed in 
absence of background require by definition shorter read-out times than measurements with background 
subtraction, as in the case of RGS exploiting β+ emitters.  
We have presented pre-clinical tests of a prototype probe supporting the above statements. From these 
measurements we extrapolated with a detailed simulation the expected performance with meningioma, 
representing our test clinical case. Nonetheless, the actual uptake on the margins of the lesion, the impact of 
tissue between the probe and the residual and the effect of the nearby blood is something to be estimated in 
clinical tests. Once the feasibility of such technique will be demonstrated with meningioma, it will be 
possible to extend it to other clinically relevant cases, eventually together with the development of specific 
radio-tracers. 

Conclusion: A potentially very promising technique for radio-guided surgery is being developed. The low 
background and the low dose delivered by the radiotracer can allow for a large diffusion of such technique 
and extending the technique also to cases with a large uptake of surrounding healthy organs (e.g. abdominal 
or brain tumors) where the established approach with gamma radiation suffers due to the non-negligible 
background. Lower background rates also result in smaller radiopharmaceutical dose required to detect a 
tumor remnant and lower exposure for the medical team. 
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