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A structured framework for optimizing  
high-intensity focused ultrasound ablative 
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High-intensity focused ultrasound (HIFU) treatment has recently been pursued to reduce radical treatment-related morbidity in 
low-to-intermediate-risk localized prostate cancer (PCa), especially in older men. The aim of this study was to develop a dedicated 
framework for HIFU therapy. All clinical data, such as risk categories, magnetic resonance with functional parametric imaging, and 
histopathology, are essential for driving proper HIFU treatment. All needed data can be added to the framework to localize areas 
that need to be treated. Once PCa areas have been featured, quantified, and located, planning can be adapted to drive accurate 
HIFU treatment. Our planning framework may be useful for all ablative therapies in order to standardize treatment for both clinical 
and scientific purposes.
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INTRODUCTION

Prostate cancer (PCa) is the second most common tumor 
after cutaneous malignancy in men, with an estimated 
161,360 new cases in 2017, and is the third leading cause of 
cancer death in the United States [1]. The recent ProtecT 
trial showed that PCa-specific mortality was low at a 
median of 10 years irrespective of the treatment assigned 
(monitoring, surgery, or radiotherapy) in men with lo-
cali zed disease [2], but that treated men reported worse 
urinary, bowel, and sexual functions and significant effects 
on quality of  life [3]. Therefore, it is clear that radical 
treat ment of localized PCa in most men, particularly the 

elderly, may be an overtreatment with severe adverse ev-
e nts, because the survival benefit conferred by radical 
the ra py is seen over 10 to 15 years compared with ac-
tive monitoring [2]. Several forms of  ablative therapy, 
main ly high-intensity focused ultrasound (HIFU), laser 
ablation, and brachytherapy, have been pursued to reduce 
treatment-related morbidity in patients with low-to-
intermediate-risk PCa [4]. The medium-term efficacy of 
HIFU in men with localized intermediate-risk and high-
risk PCa was recently demonstrated by Guillaumier et 
al. [5], who published a large, multicenter study of 5-year 
outcomes. They reported a failure-free survival rate of 
88%, metastasis-free survival rate of  98%, and cancer-
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specif ic survival rate of  100% at 5 years [5]. The new 
Focal One® is a HIFU robot-assisted prostate tumorectomy 
device (EDAP TMS, Vaulx-en-Velin, France). It enables 
accurate and magnetic resonance (MR)-fused imaging. The 
MR target can be displayed on a live ultrasound image, 
treatment planning is adjustable in real time, HIFU shots 
can be followed live, and end-of-treatment imaging can be 
validated with contrast-enhanced ultrasound. To maximize 
such characteristics, however, treatment planning should 
be as accurate as possible. The objective of this study was 
thus to develop a dedicated HIFU framework. In fact, 
many frameworks are available in the literature and they 
have been developed and applied to reduce technology-
induced errors [6]. 

MATERIALS AND METHODS

In line with these findings, our dedicated framework was 

necessary because we believed that 1) Treatments should be 
standardized, both for clinical and scientific purposes, and 
2) Physicians should feature, quantify, and correctly locate 
PCa in the gland in order to correctly treat the lesions and 
likely improve oncological outcomes.

We started to use the Focal One® HIFU device in De-
cember 2014 and we adopted this dedicated framework (Fig. 
1). The study was approved by INRCA Ethics Committee 
(approval number: DGEN 44/2018). In our framework, 
it is possible to insert all needed information regarding 
the patient’s characteristics. Featuring in our framework 
means to report the patient’s age, multipara metric MR 
(mpMR) imaging lesions according to Prostate Imaging–
Reporting and Data System version 2 (PI-RADS v2) score 
3 to 5 [7], prostate-specific antigen (PSA) value, number of 
positive biopsies, and corresponding Gleason score [8]. These 
parameters help to stratify each man with localized and 
locally advanced PCa into low, intermediate, or high-risk 
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Fig. 1. (A) Prostate cancer localization: clinical, biopsy, and multiparametric magnetic resonance (mpMR) imaging data have to be dotted in 27 sectors 
according to Dickinson et al. [9]. (B) High-intensity focused ultrasound (HIFU) preplanning: mpMR lesions and biopsy findings are both dotted in the plan. 
Their localization drives ablation in radical (whole gland) or partial (target, quadrantectomy, hemiablation, zonal) treatment. Picture modified with per-
mission from Dickinson et al. [9]. PSA, prostate-specific antigen; TRUS, transrectal ultrasound; SV, seminal vesicles.
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groups for biochemical recurrence [8]. Quantifying implies 
tumor volume at mpMR, number of cores with cancer, the 
length/proportion of  carcinoma-positive cores, the extent 
of tumor involvement per biopsy core, and the percentage 
of Gleason score [8]. Lastly, locating means to identify the 
lesion with mpMR (unifocal/multifocal, right/left) and to 
correctly report the localization of each single core of the 
prostate biopsy (right/left, base, middle, apex, anterior/
posterior) [8]. Despite guideline recommendations for 10 to 12 
cores, not all patients receive sufficient systematic biopsies [8]. 
Therefore, even negative biopsy findings may be added to 
the framework to get an idea of the mapping performed.

RESULTS 

The framework was developed with the intent of trans-
lating all the above data in a simple way. It is made up of 
two sheets. In the first one (Fig. 1A), the physician has to 
report the patient’s information: name and date of birth, 

PSA, findings on the digital rectal examination, prostate 
volume, and type of biopsy (systematic or MR-fusion) with 
the number of  cores. In the panel, one has to write the 
localization of cores with cancer and their corresponding 
topographic layout in the 27 sectors according to Dickinson 
et al. [9], mm of  tumor/length of  the positive core, and 
Gleason score. All these data are dotted in the biopsy 
picture. Likewise, lesions detected during mpMR are dotted 
with their corresponding PI-RADS score in the MR figure. 
The second sheet (Fig. 1B) is the HIFU planning, where 
cancer cores and mpMR lesions are reported in Dickinson’s 
sectors. Both data drive ablation treatment, which can be 
partial or radical. In radical ablation, the whole gland is 
ablated. In partial ablation, we have defined four treat-
ments: 

1) Target: this is the typical focal therapy, that is, treat-
ment of the index lesion discovered at fusion biopsy (Fig. 2).

2) Quadrantectomy: half a lobe is ablated. This treatment 
includes complete ablation of lesions/positive core localized 

Fig. 2. Target ablation. (A) Red circles: localization of one PI-RADS v2 score 4 lesion found at multiparametric magnetic resonance (mpMR). Blue circles: 
cancer core localization. (B) Green area encloses ablation target. PI-RADS, Prostate Imaging–Reporting and Data System; PSA, prostate-specific antigen; 
TRUS, transrectal ultrasound; HIFU, high-intensity focused ultrasound; SV, seminal vesicles.
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in middle-base or middle-apex areas (Fig. 3).
3) Hemiablation: one lobe is entirely treated (Fig. 4).
4) Zonal: this treatment covers several lesions and/or 

positive cores localized in multiple areas (Fig. 5), such as 
a right quadrantectomy and left base (e.g., “hockey stick” 
ablation).

DISCUSSION 

In the present study we did not discuss the appropriate 
treatment ranges of  localized PCa. The appropriate 
treatment ranges are obviously those available in guidelines 
and consensus conferences. Our framework is useful as 
a tool for identifying the correct and tailored treatment 
plan for an individual patient, using simplified topographic 
planning, because it is easy, reproducible, and standardized. 
It quickly gives a graphical view of  cancer localization 
in the gland and may be useful in each man affected 
by localized PCa for counseling and therapeutic chance. 

The main aim of  this framework is not to replace the 
Focal One® MR and fusion importing program; rather, its 
usefulness is in pre-therapy planning that can homogenize 
the treatment of patients referred from other centers. In 
fact, those patients may have had nonfusion biopsies or 
biopsy data that cannot be imported into Focal One®. All 
patients with a standard biopsy have a subsequent prostate 
mpMR before HIFU treatment. The results of this mpMR 
can be

1) Negative for suspected cancer.
2) Positive for suspected cancer (PI-RADS v2 3, 4, and 5) 

and concordant with the results of biopsy.
3) Positive for suspected cancer (PI-RADS v2 3, 4, and 5) 

and discordant compared with the results of biopsy. 
In the last case, patients are submitted to fusion biopsy. 

All these situations and the index lesion are well and 
clearly displayed in our framework. Moreover, treatment 
margins in the target ablation area are not reported in 
the framework because the picture of the prostate is not a 
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Fig. 3. Right quadrantectomy, middle-apex. (A) Red circles: localization of one PI-RADS v2 score 4 lesion in the transitional zone found at multiparametric 
magnetic resonance (mpMR). Blue circles: cancer core localization. (B) Green area encloses ablation target. PI-RADS, Prostate Imaging–Reporting and 
Data System; PSA, prostate-specific antigen; TRUS, transrectal ultrasound; HIFU, high-intensity focused ultrasound; SV, seminal vesicles.
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scale image. Those margins are considered during real-time 
treatment. To the best of our knowledge, this is the first 
HIFU dedicated framework. However, this framework may 
be useful for all available ablative therapies, regardless of 
the energy used (e.g., HIFU, brachytherapy, cryotherapy). In 
fact, it may be the right way to choose the correct source of 
energy according to the proposed à la carte model reported 
by Sivaraman and Barret [10]. Indeed, they proposed to 
improve outcomes by using different sources of  energy, 
according to cancer location: brachytherapy for apical, 
cryotherapy for anterior, and HIFU for posterior tumors [10]. 
Several conceptual frameworks similar to ours are available, 
most of which have been developed in medical oncology [11-
15]. For example, one of the most important was developed 
in 2013 by the American Society of Clinical Oncology, with 
the aim of assisting medical oncologists in comparing the 
clinical benefit, toxicity, and cost of  medical treatments 
[11]. Moreover, Slomiany et al. [16] and Chandra et al. [17] 
reported the importance and utility of  those oncological 

frameworks not only in clinical trials but also in clinical 
practice. 

CONCLUSIONS

In conclusion, we believe that our framework may be 
a powerful and useful tool to be adopted for providing 
a standardized approach to assist urologists in ablative 
treatment planning, considering that focal therapy for PCa 
is gaining popularity worldwide.
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Fig. 5. Zonal ablation. (A) Red circles: localization of one PI-RADS v2 score 5 lesion found at multiparametric magnetic resonance (mpMR). Blue circles: 
cancer core localization. (B) Green area encloses ablation target (hockey stick). PI-RADS, Prostate Imaging–Reporting and Data System; PSA, prostate-
specific antigen; TRUS, transrectal ultrasound; HIFU, high-intensity focused ultrasound; SV, seminal vesicles.
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