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Primary cancer of the exocrine pancreas is one of the 
leading causes of mortality worldwide and it represents the 
fourth cause of cancer-related death in United States and 
Western Regions (1,2). At present, incidence rate equals 
mortality rate (3-5) and, According to the American Cancer 
Society Statistics (1), the 5-year overall survival rate of 
patients with pancreatic adenocarcinoma is 6%, registering 
a slightly increase from the 2% of 1975-1977 (6). In the last 
few years several studies were conducted to obtain more 
insights into this cancer (7), to improve early diagnosis and 
to identify new therapeutic strategies to improve quality of 
life and survival time (7-9). Nevertheless, at present, surgery 
remains the only option to eradicate pancreatic cancer, 

but it is feasible in approximately 20% of patients due to 
invasion of local structures or to metastases in other organs 
at the time of diagnosis (10), while the prognosis of patients 
in which surgery is not amenable is still miserable even 
combining all the proved therapeutic interventions (11-13). 
New therapeutic modalities have been introduced in recent 
years, such as radiofrequency, laser ablation, microwaves, 
and cryo-ablation therapies to provide additional therapeutic 
options when conventional therapies fail or are not applicable 
in a broad-spectrum of disease (14). Notwithstanding the 
successful of these methods to treat other tumours, these 
procedures are not yet envisaged by current treatment 
guidelines for pancreatic cancer, probably due to the 
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significant risk of collateral damages to neurovascular 
structures or due to risk of massive pancreatitis (15,16).

Likewise, liver cancer is among the commonest 
malignant neoplasms worldwide and it accounts for more 
than 600,000 new cases every year (1,17). It is the sixth 
most common cancer worldwide and the third most 
common cause of cancer-related deaths (1,18). Although 
most cancers in liver are metastatic lesions, hepatocellular 
carcinoma (HCC) is the most common of primary liver 
cancer accounting for more than 90% of primary neoplasms 
(19,20). Surgery is the cornerstone in the management of 
patients with HCC, however only few patients are eligible 
for hepatic resection upon diagnosis and, moreover, 
recurrence is common with a 5-year recurrence rate of over 
50% (21-23). Liver transplantation can provide an ultimate 
treatment but liver grafts are insufficient and not all 
patients with HCC can be transplanted because of tumour’s 
or general characteristics (24). In the last decade local 
ablative therapies like radiofrequency ablation (RFA) and 
transarterial chemoembolization (TACE) led a revolution in 
the treatment algorithm for HCC (25-30). However, RFA 
may not be well tolerated in patients with cirrhosis, severe 
complications may occur after prolonged ablation (31) and 
2-year survival rate after TACE is only around 30% (30,32).

High intensity focused ultrasound (HIFU) is a totally 
non-invasive and extracorporeal technique that has recently 
emerged as a new ablative therapy for both primary solid 
tumours and metastatic disease (33,34). The ultrasound 
beams used in HIFU deliver mechanical energy required 
to raise the target tissue temperature to a cytotoxic level 
(60/80 ℃), inducing a coagulative necrosis, through a 
short lasting thermal stimulation (10/30 seconds) and can 
be focused at a distance from the therapeutic transducer 
(35-39). HIFU ablation with US guidance (USgFUS) has 
been widely validated for the local treatment of tumours in 
abdominal organs (39-41), becoming an accepted clinical 
alternative to conventional ablative techniques in patients 
with both liver and pancreatic cancers (42-44). Magnetic 
resonance imaging (MRI) guided focused ultrasound 
surgery (MRgFUS) is a newly introduced treatment that 
combines MR imaging for precise targeting and monitor 
with a tumour-ablative apparatus (HIFU). MRgFUS 
recently received FDA and CE approval for clinical 
treatment of uterine fibroids and bone tumours (45) and it 
is, actually, under evaluation through preclinical or clinical 
trials (46) for other applications. MRI offers significant 
advantages in the guidance of thermal ablation of focused 
US, such as high-resolution imaging in any orientation for 

treatment planning and, most important, the ability to create 
quantitative temperature maps (47). MRI thermometry, 
indeed, is the only technique that can control the energy 
deposition on the ablation target, monitoring also thermal 
effects on surrounding tissues (47). Beside these advantages, 
MRgFUS is facing decisive challenges in treatment of 
abdominal organs due to organ movements during the 
ablation (42,48). 

In this clinical scenario our research group at Sapienza 
University of Rome - Umberto I Hospital performed 
a preliminary study to evaluate feasibility and safety 
of MRgFUS for treatment of selected pancreatic and 
liver tumours (49,50) and we are still enrolling patients 
to evaluate pain palliation in patients with pancreatic 
adenocarcinoma and potential decrease in tumor growth or 
tumor. The aim of this paper is to review the results of our 
experience and to discuss limitations and future perspectives 
of this technique.

Materials and methods

Patient selection, treatment feasibility and endpoints

Our preliminary study received institutional review board 
approval and all the enrolled patients signed a dedicated 
informed consent. Inclusion criteria were as follow: biopsy-
proven unresectable primary liver or pancreatic cancer, 
failure or refusal to control tumour growth and/or symptoms 
by conventional treatment. Exclusion criteria were: distant 
metastases, life expectancy less than 3 months, contraindication 
to general anaesthesia or contrast-enhanced MR. At the time 
of enrolment patients with pancreatic adenocarcinoma were 
treated with a standard chemotherapy regimen since at least 
3 months before the MRgFUS treatment and underwent 
unsuccessful radiotherapy for pain palliation at least 1 month 
before MRgFUS; all patients continued the CHT after the 
procedure during the follow-up period. 

Tumour identification and staging were performed with 
both CT and MR. CT examinations were performed using 
a 64-slice scanner (Somatom Definition, Siemens, Erlangen, 
Germany) before and after the intravenous administration 
of 0.5 mL/kg of an iodinated contrast agent (Iomeron 400, 
Bracco SpA, Milan, Italy) that contains iodine at a high 
concentration of 400 mgI/mL. Both pancreatic and portal 
venous phase images were acquired. MR examinations were 
performed on a 3T scanner (Discovery MR750, GE Medical 
Systems, Milwaukee, Wisconsin, USA) with a combination 
of T1- and T2-weighted morphological sequences acquired 
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with and without spectral saturation of the fat signal, as well 
as dynamic 3D contrast-enhanced T1-weighted sequences 
acquired after the administration of 0.5 mL/kg of gadobenate 
dimeglumine (MultiHance, Bracco SpA, Milan, Italy). 

CT and MR were used to assess feasibility of MRgFUS 
treatment. Patients were considered eligible for MRgFUS 
according to the following criteria: 

v Lesion located in easily accessible portion of the 
pancreas (body/isthmus);

v Lesion visible on both MR and CT images;
v Lesion not shielded by extensive scarring, metal 

clips, hollow viscera or bone.
Patients were considered ineligible for MRgFUS in 

presence of one or more of the following reasons:
v General contraindications to MR or to the 

administration of iodinated and/or gadolinium 
based contrast agents;

v Target lesion located in the deep head portion of 
the pancreas or in the pancreatic tail due to bowel 
loop interposition;

v Extensive scarring along the energy path of the 
planned treatment area; 

v Pre-existing acute or chronic medical conditions 
(including cardiovascular, respiratory, neurologic 
or infectious diseases) which would impede 
anaesthesia or overall treatment.

Clinical  endpoints  in pat ients  with pancreat ic 
adenocarcinoma were pain control and palliative tumour 
ablation; meanwhile in patients with HCC, endpoint was 
complete tumour ablation.

Patient positioning and pre-treatment imaging

All procedures were performed on 3T MR scanner 
(GE medical systems), featuring a 208 element annular 
phased-array HIFU transducer embedded into the patient 
table (ExAblate 2100, InSightec, Haifa, Israel, diameter: 
120 mm; radius of curvature: 160 mm; focal distance: 60-
200 mm; frequencies: 0.95-1.35 MHz; and energy range 
100-7,200 J) by an experienced abdominal radiologist 
and certified MRgFUS operator (A.N.—12 years of 
experience in abdominal imaging, 5 years of experience 
in MRgFUS). Treatments were performed under general 
anaesthesia with patients placed in prone position. An 
intestinal preparation of 12 h was observed by all patients 
to reduce the distension of stomach, small bowel, and colon. 
A convex gel pad was used to compress the abdominal wall, 
to displace viscera, to minimize distance between transducer 

and target and to achieve an optimal acoustic window 
avoiding air and gas interference. An anaesthesiologist 
controlled the amount of air to be inhaled by the patient 
and the duration of the apnoea, using an MR-compatible 
respiratory monitoring system with a mechanical ventilator 
(iVent201), as previously for USgFUS ablation of liver and 
pancreatic tumours (51-53). A combination of T1-w, T2-w, 
and DWI sequences were acquired and repeated three times 
to confirm organ shift and lesion position in all planes in the 
expiratory phase of controlled respiration. Before starting 
the planning, 3D GRE T1-w contrast-enhanced sequences 
(0.5 mL/kg of gadobenate dimeglumine—MultiHance, 
Bracco SpA, Milan, Italy) were acquired on three-planes to 
define the target area correctly. 

Treatment planning, ablation and post-procedural care

Based on images acquired with patients lying in treatment 
position, the operator plans the treatment. First of all the 
operator chooses and confirms the initial position and 
orientation of the transducer with respect to the target lesion. 
Then the operator performs a manual segmentation of the 
region of treatment (ROT) including a margin of 4-5 mm 
tumour-free tissue into the ablation area. After the drawing 
of the ROT, treatment plan proceeds with the identification of 
limited energy density regions (LEDR), including skin surface 
and bowel, in order to limit the energy dispersion outside the 
ROT. The system software automatically calculated the optimal 
ablation coverage of the lesion with a minimal number of 
sonications, taking into account the defined LEDRs to protect 
adjacent tissues; this automated treatment plan was adjustable by 
the operator in every aspect, including the sonication’s locations 
and numbers, the energy levels, the sonication’s duration and 
the spot’s sizes. After defining ROT and LEDRs, a low-energy 
(350-400 J, 1.10 MHz) test sonication is performed to confirm 
the path and to correct the direction of the ultrasound beam 
into the ROT for calibration purpose, avoiding ribs and 
bowel. Then the treatment stage began using the full-energy 
sonication routine, with a temperature threshold of 65° to 
define successful ablation in the ROT. Real-time quantitative 
MR thermometry is obtained using a phase-difference fast 
spoiled gradient-echo sequence that provides temperature-
dependent images in real-time, substantially independent 
from tissue type and thermally induced tissue changes. 
Thermometry (54) was used to evaluate temperature 
variations in the target area and surrounding tissues, and 
to provide a closed-loop control of energy deposition, with 
temperature accuracy of 1 ℃, spatial resolution of 1 mm, and 
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temporal resolution of 3 seconds. Temperature-sensitive MR 
images were obtained following each sonication to estimate 
tissue temperature and ablated volume. In order to reduce 
movement, ablation was performed during controlled deep 
inspiration, at the same extent at which the morphological 
imaging sequences had been acquired. Treatment was 
considered complete once the lesion and 5-mm of tumour-
free margins have been completely ablated. 

Contrast-enhanced T1-w sequences were acquired 
immediately after treatment to verify the effects of the 
ablation on the target lesion and to exclude thermal damage 
to surrounding structures. Immediately after treatment skin 
was evaluated on site to identify skin burns or other forms 
of thermal damages and then patients were hospitalized for 
24 hours to monitor adverse effects. All the patients received 
e.v. infusion of steroids (40 mg methylprednisolone) to avoid 
vascular compression by the intra- and extra-lesion edema 
to prevent portal thrombosis (33). During the 24 hours 
of hospitalization we monitored vital signs (oximetry, 
electrocardiography, blood tests), pancreatic functionality 
(to detect early signs of pancreatitis), on-demand drug 
administration (analgesics and/or antiemetics) and 
morphine infusion via a disposable elastomeric pump.

Evaluation of treatment outcome

Treatment success was assessed by a clinical point of view in 
terms of pain palliation while tumour control was assessed 
according to imaging findings. Clinical criteria were 
primarily based on changes in the visual analog pain score 
(VAS), a Likert-type scale with values between 0 and 10 to 
express pain severity, and, secondarily, on changes in the 
drug schedule, evaluated at 1, 3, 7, 14 days and, thereafter, 
at 30-day intervals following treatment. Imaging evaluations 
were performed immediately after ablation and, therefore, at 
3 and 6 months of follow-up by two experienced abdominal 
radiologists (M.A.—8 years of experience, and B.C.M.—6 years 
of experience) in consensus. Treatment effects were assessed 
according to qualitative changes in tissue density/intensity 
and contrast enhancement on both CT and MR that were 
consistent with tumour necrosis; recurrence in the ablated 
area was assessed as well. A third independent radiologist 
(F.Z.—5 years of experience in abdominal imaging) 
performed a quantitative analysis on 3D contrast-enhanced 
T1-w MR sequences to obtain non-perfused volume (NPV). 
NPV was defined as the volume of cancer tissue enhancing 
at baseline that did not show any contrast uptake after 
treatment and it was used as a quantitative indicator of local 

tumour control. The procedure was considered successful if 
at least 50% of the ablated area was considered overlapping 
with NPV at follow-up. 

Statistical analysis

Statistical analysis was performed using dedicated software 
(SPSS Statistics 19 for Macintosh; IBM Company, Armonk, 
NY, U.S.A. and Stata SE 12 for Macintosh, StataCorp, 
Lakeway Drive, Texas, USA). All continuous values were 
expressed as mean ± SD [95% confidence interval (CI)], 
qualitative values were expressed as n (%). Differences in 
NPV values between baseline and follow-up examinations 
were tested using the analysis-of-variance (ANOVA) for 
repeated-measures and paired-sample T-test as appropriate 
in relation to the number of tested observations, repetition 
of measurements and data distribution. The Wilcoxon 
signed-rank test was used to test differences in VAS’ 
values between pre- and immediately post-treatment 
interviews; overall differences between pre- and follow-
up examinations were tested using ANOVA for repeated-
measures. Spearman’s correlation coefficient was used 
to verify correlation between the NPV values and VAS 
changes immediately after treatment. A P value <0.05 was 
considered statistically significant for all tests.

Results 

We enrolled seven patients (five males, two females, average 
age 67±5 years) with biopsy proven, TNM stage III, 
unresectable adenocarcinoma of the pancreatic body, and 
one patient (female, 64 years) with atypical, biopsy-proven 
hypovascular HCC in liver segment VI. Six patients with 
pancreatic cancer underwent MRgFUS treatment; a single 
case (1/7, 14.3%) was excluded due to the interposition of 
the transverse colon between the transducer and the target 
area that inhibits a safe ablation. MRgFUS treatment for 
patients with pancreatic adenocarcinoma was performed 
30±5 days after the initial diagnosis; patient with HCC was 
already waiting for a liver transplant. Treatment details are 
shown in Table 1. All patients were monitored for adverse 
events and discharged uneventfully the day after treatment. 

From a clinical point of view, all the patients with 
pancreatic adenocarcinoma experienced symptom relief 
after treatment. There was indeed a significant decrease 
of VAS’ values from 7±1 at baseline to 3±1 one week 
after treatment (P=0.017). During the sequent follow-
up evaluations no significant changes were detected and 
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analgesic medications were discontinued in all patients. 
Pancreatic adenocarcinomas mean volume at baseline was 
20±5.66 mL (95% CI, 13.8-29.1). Vascular encasement 
(celiac artery, superior mesenteric artery and/or portal vein) 
was present in all patients. Follow-up CT and MR imaging 
as well as NPV demonstrated technical success in all patients 

in terms of local tumour control. In details, tumour necrosis 
was qualitatively identified in all cases; mean NPV was of 
(60±5)% [mean tumor volume at baseline: 20±5.6 mL; mean 
NPV at 6-month follow-up: (12.9±4.6)%] of the ablated area, 
without tumour re-growth in five cases (Figure 1). In a single 
case CT and MR at the 6-month follow-up demonstrated a 

Table 1 Treatment details 

Patient
MRgFUS 

duration (min)

Ablation 

temperature (℃)

Sonication 

duration (s)

Sonication 

number

Deployed energy 

(J)
Baseline VAS

Post-MRgFUS 

VAS

Pancreatic adenocarcinoma

1 95 72 12 35 3,123 9 4

2 80 62 12 27 2,790 6 2

3 74 64 12 24 2,644 6 2

4 88 74 12 33 3,089 8 4

5 77 72 12 31 2,847 8 3

6 78 69 12 29 2,833 7 3

Average ± SD 82±7.9 68.83±4.83 12±0.0 29.8±4.0 2,887.67±184.1 7.3±1.2 3±0.9

HCC

7 95 65 13 41 2,351 – –

MRgFUS, MR-guided focused ultrasound surgery; VAS, visual analog pain score; HCC, hepatocellular carcinoma.

Figure 1 Pre-treatment axial (A) and sagittal (B) contrast enhanced CT scan demonstrates the presence of a solid tissue within the pancreatic 
isthmus (A and B, arrows). After the MRgFUS treatment, axial (C) and sagittal (C) contrast enhanced CT show the presence of a non-
perfused area (C and D, arrows) corresponding to the ablated area. Axial (E) and coronal (F) contrast enhanced MRI images obtained after 
MRgFUS confirm the non-perfused area in the target (E and F, arrows).

A C

D E F

B
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small cluster of solid, enhancing tissue at the periphery of the 
ablated area. Spearman’s correlation coefficient demonstrates 
a positive, statistically significant correlation between NPV 
and VAS after MRgFUS treatment (rho=0.87; P=0.000). The 
tumour volume remained essentially stable over-time with 
mean volume of 21 and 24 mL, at 3 and 6 months respectively 
(P>0.05); in a single patient the overall tumour volume 
increased (17.7 mL at baseline; 30 mL at 6 months) due 
to peripheral tissue growth while the NPV core remained 
stable (13.2 and 12.9 mL at 3 and 6 months, respectively). 

The patient with HCC showed complete ablation of 
the target area without residual viable tissue (100% NPV) 
both at immediate post-treatment MR than at 1-month 
follow-up examination (Figure 2). Subsequent follow-up at 
3- and 6-month showed a small focus (8 mm in maximum 
diameter) of recurrent tumour tissue along the lateral edge 

of the ablation zone, with a NPV of 85%. Sixteen months 
after MRgFUS, the patient underwent liver transplantation; 
histopathology demonstrated coagulation necrosis of 
ablated area with a focus of tumour regrowth along the 
ablation margins.

Discussion

Background

The ideal treatment of a solid cancer should achieve tumour 
cell death without damage to the adjacent normal tissues. 
Accordingly, in the last few decades percutaneous techniques 
have achieved wide-spread acceptance in medical community 
also due to significant technological improvements and 
reduced complication rates of these techniques. At present, 
RFA, transcatheter arterial chemoembolization, percutaneous 

Figure 2 A 64-year-old female with biopsy proven hypovascular HCC in liver segment VI. Pre-treatment T1-W MR images acquired after 
intravenous administration of contrast medium demonstrate hypovascular lesion in segment VI (A and B, arrows). Post-treatment T1-W 
MR images acquired after treatment demonstrate extensive necrosis of the targeted area overlapping the original lesions (C and D, arrows), 
without evidence of damage to surrounding structures. HCC, hepatocellular carcinoma.

A

C

B

D
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ethanol injection, cryoablation, microwave coagulation, laser-
induced interstitial thermotherapy, and HIFU, have been used 
to ablate solid tumours and are still spreading throughout daily 
clinical routine. However, HIFU is slightly different from the 
others, being the only one to be completely extracorporeal 
and incision less. Moreover the coupling of this totally non-
invasive technique with the capability of real-time granted by 
US guidance led to an increasing interest for this technique in 
the management of solid tumours in abdominal organs (48). 
However, despite the advantages of US guidance, USgFUS is 
performed without real-time assessment of thermal damage 
leading to a possible suboptimal lesion necrosis and need of re-
treatment. Moreover, US has some issues related to intrinsic 
limitations of the technique itself that can limit the accessibility 
of pancreatic lesions thereby compromising treatment (55). In 
this clinical scenario, the MR guidance completely overcomes 
these limitations, allowing detailed morphological evaluation 
of both the target lesion and the adjacent anatomic areas 
throughout all treatment stages, enabling, moreover, real-
time monitoring of temperature and, therefore, estimation of 
thermal damage.

Pancreatic adenocarcinoma

Pancreatic adenocarcinoma is often inoperable at time 
of diagnosis, therefore palliative therapy for pain relief is 
mandatory and the development of effective local therapies 
will likely be essential for this purpose. However pancreatic 
lesions still represent a challenge in terms of accessibility and 
ablation, due to the highly complex neurovascular anatomy 
of the region and to the risk of potentially severe collateral 
damages to surrounding structures with gastrointestinal 
bleeding, hollow viscera perforation and massive necrotizing 
pancreatitis (16). With the advent and sequent diffusion of 
USgFUS, initial successful experience in the treatment of 
pancreatic lesions in swine and in porcine model were reported 
without any significant adverse effects such as skin burns or 
evidence of pancreatitis suggesting that HIFU treatment for 
pancreatic cancer may be feasible and safe (56,57). 

In 2011 Khokhlova (58) published a review analysis 
considering all the papers published in period 2000-2011. 
The first record of USgFUS used for palliative treatment 
of pancreatic cancer is an open-label study performed in 
China in 251 patients with advanced pancreatic cancer 
(TNM stages II–IV) (59). In this study USgFUS resulted in 
significant pain relief in 84% of the patients and, moreover, 
a significant reduction of volume was achieved in some 
cases without any significant adverse effects or pancreatitis, 

resulting in prolonged survival. After this breakthrough 
in pancreatic adenocarcinoma management several 
nonrandomized studies have investigated the potential 
role of USgFUS. Mostly were conducted in China and 
provided additional evidences to confirm that USgFUS can 
provide pain palliation without significant adverse effects 
(33,55,59-64). Actually the adverse effects reported were 
mild pancreatitis in two cases from Wang et al. (61); few skin 
burns, subcutaneous sclerosis and a pancreatic pseudo cyst 
reported by Xiong et al. (62) and a single case of portal vein 
thrombosis reported by Orsi et al. (33) Beside these adverse 
effects, pain relief was successfully achieved in almost all 
the studies with success percentage of almost 66.7% and, 
although it is still unclear, has been hypothesized that pain 
relief results from thermal damage to the nerve fibres in 
the tumour. Moreover in two studies USgFUS was used in 
combination with systemic chemotherapy (gemcitabine), 
leading to similar results in terms of pain relief and safety, 
but suggesting also a survival benefit (63,65).

In our opinion, MRgFUS is the natural evolution of 
USgFUS. The MR guidance could overcome the technical 
limits of USgFUS and therefore it could represent a more 
accurate, non-invasive ablation modality. Our experience 
is the first one to be reported in terms of treatment of 
advanced pancreatic adenocarcinoma using MRgFUS 
(49,50). Although the inclusion criteria we adopted in our 
study were strict, MRgFUS was performed successfully 
in all the enrolled patients but one excluded due to bowel 
interposition. There were no adverse effects after treatment 
and all patients were discharged uneventfully the day after 
confirming the safety of MRgFUS.

To overwhelm problems related to breathing movements, 
we performed our treatment using general anaesthesia 
and controlled respiration during the ablation cycle. This 
approach is feasible and adequate to treat pancreas without 
significant errors in targeting. This finding has a key role 
since lesion targeting in upper abdomen is one of the main 
challenges in MRgFUS due to the need to continuously 
track targeted lesions despite breath- and peristalsis-
induced movements in the absence of a built-in monitoring 
device for respiratory gating. The retroperitoneal location 
of the organ contributed to the success of this approach as 
well as the adoption of the gel-pad cushion that displaces 
abdominal viscera from the pancreatic surface. Controlled 
respiration helps to limit also another significant issue in 
MRgFUS of upper abdominal, indeed movements can cause 
artefacts in thermometry measurements that may prevent 
correct assessment of tissue damage (66). However, despite 
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the efficacy of our method, real-time motion tracking 
devices for precise targeting of the ultrasound beam in 
abdominal moving organs are currently under development, 
both from vendors and technological consortia (67) 
(FUSIMO, Collaborative Project, funded under the 
EU’s Seventh Framework Programme for Research and 
Technological Development. Work programme topics 
addressed: ICT-2009.5.3), in order to overcome movement-
related limitations, mostly with regards of liver and kidney 
tumours’ treatment. 

According to clinical results, in our cohort MRgFUS 
treatment was adequately successful for pain management: 
VAS values revealed a statistically significant and stable 
decrease of pain severity after ablation, without relevant 
recurrence at follow-up. This leads to a significant decrease 
in analgesic consumption immediately after treatment. As 
already hypothesized for USgFUS, pain relief could be 
probably related to the thermal damage of the peripheral 
fibres of the celiac plexus encased by tumour growth, in line 
with the pain modulation effects described for MRgFUS in 
several other applications, including spinal rhizotomy (68), 
bone metastases (69) and periosteal ablation in patients with 
symptomatic osteoid osteoma (70). 

Our study demonstrates also a positive result in terms of 
induction of tumour necrosis. Indeed in all the patients the 
targeted area was successfully ablated with post-treatment 
images consistent with tissue necrosis as already demonstrated 
by other research group (71). There is a regrowth of tumour 
tissue in a single case 6 months after therapy, but it didn’t 
extend beyond the outer borders of the originally ablated 
lesion. However one of the greatest advantage of MRgFUS 
over almost all the other percutaneous technique is the chance 
to re-ablate recurrence since MRgFUS can be repeated several 
times on the same target without significant side effects. 

Another major advantage of MRgFUS is the safety. It has 
been quite well demonstrated that USgFUS has only minor 
adverse effects (58) however in our small sample experience 
we registered neither minor nor major complications or 
adverse events related to the physical effects of treatment. 
MR guidance has a key role in this achievement thanks to 
the real-time control of energy deposition and therefore the 
chance to correct treatment while proceedings. Moreover, 
none of our patients demonstrated clinical or laboratory signs 
of pancreatitis after treatment, which is in agreement with 
what has already been demonstrated for US-guided HIFU 
ablation of pancreatic cancer (55). The absence of pancreatitis 
is probably related to a non-lytic cell death with degradation 
and inactivation of pancreatic enzymes; a phenomenon, 

known as thermal fixation. Thermal fixation is probably due 
to the relatively low temperature used in both MRgFUS and 
USgFUS as compared to the other ablation techniques and 
this could play a major role in preventing post-treatment 
pancreatitis. MR guidance allows also extremely precise 
planning preserving vessels from injury. Even in case of major 
vessels encasement, perivascular ablation can be performed 
safely without damages to vascular vessels leading to another 
major advantage of MRgFUS over the other percutaneous 
technique. 

The preliminary results obtained in our study are promising 
in terms of both pain relief and palliation of local tumor 
growth however this study has several limitations that need to 
be addressed. First of all in our cohort all the tumours were 
located in the pancreatic body. While we choose this location 
for safety reason, we have not demonstrated device-accessibility 
of deep head or tail lesions. Another limitation arises from the 
inclusion criteria, the lack of histological support. According 
to advanced stage of selected patients, our patients have 
not underwent surgery after MRgFUS hence we have no 
histological data to demonstrate thermal damage, however the 
effects of thermal damage were accurately demonstrated by 
post-treatment imaging, with findings that are similar to those 
observed after other ablation procedures (72). Moreover HIFU 
induced thermal damage has been extensively demonstrated in 
uterine fibroids, bone, breast and prostate cancer (69,70).

Hepatocellular carcinoma (HCC)

HCC represents a problem of crescent interest worldwide. At 
present surgery still remains the cornerstone for management 
of these patients however only few patients are eligible for 
hepatic resection upon diagnosis (21-23). Beside resection, 
liver transplantation is the other definitive solutions but the 
shortage of deceased-donor liver grafts makes it impossible 
for everyone in need of this treatment. Bridging therapies, 
specifically intended to slow down tumour progression, like 
RFA and TACE led a revolution in the treatment algorithm 
for HCC however are not well tolerated in all patients and 
recurrence rate is still too high (25-32).

In the last few years HIFU has been proved to be safe and 
effective in patients with HCC improving also the quality 
of life. Xu et al. demonstrated symptoms improvement and 
pain relief in 84.8% of the 145 patients they treated with a 
2-year survival rate from 46.5% in stage IIIa patients to 80% 
of stage Ib patients (73). Ng et al. treated 49 patients with 
unresectable HCC demonstrating technical success in 79.5% 
of cases with 1- and 3-year overall survival rates of 87.7% and 
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62.4% respectively (36). Zhang et al. demonstrated HIFU’s 
safety in patients with distance between HCC and main 
blood vessels (inferior vena cava, main hepatic vein branches 
and portal vein) of less than 1 cm; indeed, despite this short 
distance between target and vessels, no vessel’s injury was 
observed (74). HIFU has been used also in combination 
with transarterial (TACE). Jin et al. (75) demonstrated a 
response significantly higher in HIFU + TACE group than 
in the TACE group alone (44.5%, P<0.05) supported also by 
survival rates at 1-, 2-, 3- and 5-year that were significantly 
higher in the HIFU + TACE group (47.2%, 16.7%, 2.8% 
and 0%, respectively, P<0.01) (75). Moreover, USgFUS 
ablation is well tolerated in HCC patients with cirrhosis 
because ultrasound energy travels much better in water than 
in air therefore the presence of ascites actually facilitates 
energy propagation to the lesion lowering the chance of 
adverse reactions (35,76). 

The recent introduction of MRgFUS could be another 
step further in non-invasive treatment of HCC. MR 
can depict far better the anatomy of liver and indeed it 
is, actually, considered the reference standard for HCC 
diagnosis (77,78). Moreover the MR can provide real-time 
in-procedure quantification of thermal dose and thermal 
damage to targeted tissue allowing a more precise evaluation 
of treatment response. Our experience is too limited but 
our patient was successfully treated without side effects 
demonstrating safety and efficacy of treatment. Pathological 
correlation obtained at liver transplant confirmed total 
ablation of target tissue with a scar detected where the HCC 
used to be. As for the treatment of pancreatic cancer, the use 
of general anaesthesia and controlled respiration allow us to 
overwhelm problems related to breathing movements using 
a feasible and adequate approach. However the improvement 
of real-time motion tracking devices will be a major 
breakthrough in treatment of upper abdominal organs and 
will lead to further diffusion of this technique (67). 

Limitations

Despite these promising results, there are some limitations 
of technique that need to be addressed.

The upper abdominal organs lay behind the ribcage. 
Bone reflects and refracts the ultrasound that induces tissue 
overheating on the bone surface itself (79). Moreover this 
physical obstacle denies targeting of lesions located behind 
the ribs. A technique based on the time-reversal process to 
focus HIFU through the ribcage is under development (80) 
and will be probably implemented in close future. 

The second important limitation of MRgFUS is related to 
movement of abdominal organs. MR is only capable of near 
real-time imaging and anatomic monitoring therefore organ 
movements (up to 20 mm during respiration) may significantly 
affect lesions targeting and ablation efficacy (81). Our 
approach including controlled breath-hold allows precise 
MRgFUS ablations however this is a roughly technique and 
in the next future will be replaced by more sophisticated 
methods of targeting like the adaptive method, in which the 
HIFU beam and the temperature monitoring automatically 
follow in real-time the motion of the target organ basing on 
pre-generated models from navigator echoes (67,82).

Conclusions

Our preliminary experience demonstrates that MRgFUS 
is feasible and safe for the ablation of selected liver and 
pancreatic tumours. The breathing-control approach 
was shown to be safe without significant errors in lesion 
targeting or thermometry. Notwithstanding these results, 
further developments in real-time motion tracking 
and thermal mapping techniques are indispensable to 
consolidate and expand the field of application of this 
technique in abdominal organs.
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