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A new method has been developed for the therapy of human liver affected with multi-focal 
and diffused metastases,  a pathology without any effective remedy up to now and responsible of a 
significant contribution to the deaths caused by cancer. 

The therapeutic concept is based on the neutron irradiation of the explanted  organ which, 
soon after such a treatment, is re-implanted according to the self-transplant procedure.  Metastases 
are generally numerous and not completely detectable by the current diagnostic methodologies: so it 
is necessary to irradiate the whole organ in a thermal neutron field to treat all metastases and to 
minimize the recurrence probability1-2. 

In 1987 we started to carry out a long term research, TAOrMINA∗,  whose main objective 
was to study the property  of tumors to absorb easily boron from particular solutions injected into 
the blood circle. Using Borophenylalanine (BPA) as a boron carrier we found that in the time 
interval from 2 to 4 hours, after BPA  perfusion, the boron concentration in tumor is higher than in 
healthy liver; the ratio T of boron concentration in tumor over normal tissue is at its maximum 
values ranging from 5 to 6. 

In a cell containing 10B and irradiated by thermal neutron is released a dose due to two 
particles emitted in the reaction 10B(n,α)7Li. When the ratio T is higher than a threshold value is 
possible to destroy the tumor cells saving the healthy ones. We apply this method to cure the liver 
affected by diffused metastases. 

The feasibility of the method,  proved by pre-clinical trials performed on rat model both in 
vitro and in vivo, depends on further conditions: 

1. The neutron treatment must be concluded in few minutes to avoid severe damages to the 
patient in anhepatic condition. 

2. The doses produced by γ background and processes other than the neutron-boron reaction, 
must be strongly reduced in comparison with the total absorbed dose. 

3. Neutron flux distribution at the irradiation position must be characterized  by a good degree 
of uniformity. 

4. The minimum dose absorbed by tumor during the treatment must be higher than 40 Gy-Eq. 
5. The maximum dose given to normal tissues must be lower than 15 Gy-Eq, assumed as a 

conservative tolerance level. 
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The irradiation position (fig. 1) into the thermal column of the Triga Mark II reactor of 
University of Pavia was designed by means of neutron transport code MCNP. The neutron flux 
components in air at the irradiation position are shown in fig. 2. 
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Fig. 1  Layout of the Triga Mark II reactor showing the liver irradiation position inside the modified thermal 
column. Two 10 cm thick Bi screens are also shown: they shield the core γ dose from 490 to 8 Gy/h. 
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Fig. 2 Neutron flux components in air at the irradiation position (250 KW reactor power). 

 

During the irradiation, to have a neutron flux inside the liver as flat as possible (in the 
longitudinal axis of the irradiation channel), we rotate the liver of an angle of 180° around the 
vertical axis. The irradiation of the liver is performed putting the organ inside a two teflon bags and 
than in another rigid teflon container equipped with two thermocuples to monitor the liver 
temperature. Fig. 3 shows the tunnel of the thermal column with cameras and neutron monitor. The 
teflon container is carried at the irradiation position by a semiautomatic trolley (fig.4): 
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Fig. 3 Thermal column tunnel showing the irradiation channel, the cameras and neutron monitor. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4  Semiautomatic trolley carrying the liver into the irradiation channel. 

At present our first clinical trial consist  in the treatment of a male 48 years old made on December 
19th 2001. The self-graft procedure and the neutron therapy were performed at S. Matteo Polyclinic 
and inside the thermal column of Triga Mark II reactor of the University of Pavia respectively.  The 
patient’s liver contained more than 20 metastases following the removal of a colon-adenocarcinoma 
few months before.  During two hours, before the liver explant, a solution of BPA-Fructose was 
infused via blood circle. The BPA dose was 300 mg/Kg of the body weight. After 1 and 2 hours 
from the infusion beginning, two biopsies were drawn, washed, and sent to the physicist team for 
boron concentration measurement in both tumor and normal liver. Then the liver was removed and, 



after washing, immediately sent to the reactor laboratory. Here, by following the treatment plan, the 
explanted liver was submitted to the thermal neutron irradiation up to reach the fluence of 4 .1012

 
cm-2. The boron concentration and the dose in the tumor were CT  = 47 ± 2 ppm and DT  = 62 ± 2 
Gy – Eq respectively, and  CH = 8 ± 1 ppm and DH = 8.6 ± 0.5 Gy – Eq in the healthy liver. The 
high value of tumor over normal liver boron concentration ratio (T = 6) ensured an optimal 
treatment of the liver in such a way that the normal tissues received a radiation dose noticeably 
under the tolerable level while the dose absorbed by the tumor tissues was such to guarantee severe 
and irreversible damages. Having been completed the neutron irradiation  (11 min), the organ was  
returned to the surgery room and re-implanted. 

The patient was discharged on  January 25th 2002, 37 days after the treatment. Before 
leaving the Polyclinic he recovered all of his functions and his general condition was good. As 
regarding the neutron therapy outcome, the CT scanning evidenced, about 10 days after treatment, 
the liver in  normal condition while the adenocarcinoma metastases appeared in a severe necrotic 
state. It’s particularly significant that after the neutron therapy the number of metastases detected by 
CT resulted larger than those visible before the treatment. Such a circumstance makes clear and 
concrete one of the most important characteristic of our novel therapy: neutron treatment operates 
everywhere inside the liver volume: small and large, visible and invisible metastases are attacked 
with the same effectiveness. It’s important to remark that, differently from any previous radio-
therapeutic procedure the patient, except his liver, was free from any radiation damage. Boron 
uptake by the human liver resulted in full agreement with the  results obtained in the study on the 
experimental model. 

At the present moment the situation can be focused as follows: 

• The physical therapy set up according to the lines of our scientific project met full 
success: the first human treatment, based on the described feasibility conditions, gave 
tangible proof of the possibility to irradiate the explanted organ into a thermal neutron 
field with no use of collimators, screens and similar. The result clearly evidenced the 
first and complete victory over the incurable pathology of cancer metastases. 

• Six months after treatment all radiological and clinical checks indicated a positive and 
hopeful trend of the patient’s condition. Of course the long term evolution of the 
therapeutic result cannot be evaluated yet. 

• As regarding the future, our research offers immediate perspectives for the therapy of 
cancerous organs and a favorable sign for further conquests in the war to cancer. 
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