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MRI analysis of prostate morphometry and periprostatic anatomical relationships before and 

after partial high-intensity focused ultrasound treatment of localized prostate cancer. 

Abstract:  

Introduction: Little is known regarding anatomical changes to peri-prostatic tissues after focal high intensity focused ultrasound 

(HIFU) for localized prostate cancer. We sought to provide a standardized approach to assess prostato-pelvic anatomical 

morphometric magnetic resonance imaging (MRI) changes post-focal HIFU.  

Material and Methods: 38 patients over two institutions (Lille University Hospital and Duke University Hospital) undergoing 

focal HIFU with pre-and post-treatment (≥6 months) MRI were included. Pre- and post-treatment MRIs were assessed for 

prostate and treatment region volumes.  Prostate-pubic symphysis and prostate-rectum distances were also measured to 

account for the overall post-treatment prostate-pelvic changes.  Within the cohort, two subgroups were identified, those with 

recurrence (positive biopsy and/or subsequent whole gland treatment) and those without recurrence. Specific MRI features 

were also described within those two subgroups. 

Results:  

The estimated median treated-lobe volume was of 16.8 ml (IQR 10.6-21.5) on pre-treatment MRI and of 10.2 ml on post-

treatment MRI (IQR 7.2-14.8). Comparison of volume on pre-treatment MRI vs. post-treatment MRI showed a significant 

difference (p<0.01). The median percentage reduction of treated lobe volume for the entire cohort was 28.5% (IQR: 17-47). No 

significant difference was identified between the non-recurring group and the recurring group for prostate volume and treated 

lobe-volume both at baseline and after treatment. 

The analysis of prostato-rectal measurements was performed for the 17 patients. The mean value of the median prostato-rectal 

distance was 2 mm (SD 1) in pre-treatment and 1.97 mm (SD 1.1) in post-treatment.  No significant difference in either the pre-

treatment or post-treatment configuration (p=0.78 and p=0.1 respectively) between the subgroups of recurring and non-

recurring patients were noted. 13 patients concerned by the prostato-rectal analysis were qualitatively classified as presenting 

an aspect of loss of symmetry in the prostato-rectal space on post-treatment MRI. No significative difference was identified 

between the recurring and non-recurring group for this parameter. 

Conclusion: With this study, standardized method of morphometric alteration post-focal HIFU is demonstrated to be feasible. 

The presented preliminary data incite further investigations to assess the significance of these findings and clinical implications 

of this approach in a larger prospective cohort.    

  



   
 

   
 

 

1.Introduction 

Prostate cancer (PCa) is a frequently diagnosed disease which is responsible for numerous 

deaths worldwide.1 In 2020, 1 414 259 individuals were diagnosed with prostate cancer and 375 

304 deaths related to PCa were estimated .2 Those diagnoses also result in a high volume of 

surgeries from the primary localized setting.   The “Haute Autorité de Santé” (Health High-

Authority) in France count approximatively 20 000 radical prostatectomy (RP) cases per year in 

France.3 In a similar proportion, it is estimated that 90,000 RPs are performed annually in the 

United States.4 These figures give us an idea of the public health challenge of managing prostate 

cancer. 

1.1 Focal therapy for localized prostate cancer 

In addition to the standard treatments, the last two decades have seen the development of an 

additional treatment technique particularly dedicated to the management of localized prostate 

cancer called Focal Therapy (FT).5 This is defined as an anatomy-based (zonal) treatment strategy 

that targets the part of the prostate harboring the index lesion (i.e.. the zone comprising the 

clinically significant cancer).5,6  This part can either be a quadrant, a lobe or both lobes sub-

totally.7–9  Several types of energy sources have been used so far to perform the focal therapy 

treatment modality and one of the most established now is high intensity focused ultrasound 

(HIFU) which will be the focus of our study.9 

 

 

 



   
 

   
 

1.2 High-Intensity Focused Ultra-Sound 

High-Intensity Focused Ultra-sound (HIFU) has become during the last decades one of the more 

widely used techniques of thermal ablation (either whole gland or focal).8,10 This ablation method 

relies on the use of high-intensity focused ultrasound inducing destruction of tissue by raising 

temperatures above 60° C.8  Two precise mechanisms account for the effectiveness of the tissue 

ablation: one is the thermal effect which consists of induction of a temperature increase above 

a certain threshold that induces  coagulative necrosis of prostate tissue and other the mechanical 

effect which consists of the creation by ultrasound of a negative pressure on targeted tissue and 

results in internal cavitation of the tissue and its subsequent destruction. 11,12  

The first historical report of tissue destruction by HIFU occurred in 1944 by Lynn and Putman 

where they published a case of cerebral lesions treatment by using focused ultrasound.13 The 

earliest trace of application in urology dates back to the 1980s with mainly a first usage to treat 

benign hyperplasia which then slowly transitioned to an oncological application.12  

 Current indication of HIFU use in the FT setting has been notably detailed in the review by Valerio 

et al. They reported that in the collected studies reviewed, patients had either low, intermediate 

or high-risk localized prostate cancer with median age of 63 yrs (IQR: 62–70 yr.) and median PSA 

of 7.3 ng/ml (IQR: 5.8–8.3 ng/ml).8 This heterogeneity in the profile of patients who have 

benefited from focal HIFU in the various series of the literature is therefore reflected in the 

European and American recommendations, which still consider that HIFU in a focal setting cannot 

be elevated to the rank of a standard treatment option (EAU, NCCN, AUA).14 The European 

Urological Association (EAU) thus states that this technique should still be considered 

experimental and recommends to offer it within the frame of a clinical trial setting or well-



   
 

   
 

designed prospective cohort study.15 The National Comprehensive Cancer Network (NCCN) 

acknowledges the wide availability of data but nonetheless do not recommend focal HIFU as 

routine primary therapy for localized prostate cancer notably due to lack of long-term data 

comparing it to standard-of-care procedures (this position also applies to all focal therapy 

approaches).16 Specific to HIFU, the NCCN stance is that it can recommend it as a treatment 

option for local therapy after EBRT recurrence without metastasis noted.16  

The reported performance for HIFU is considered good overall compared to the standard of care 

offered at an equally considered state. In a multicenter study providing 5-year Outcomes 

Following Focal Therapy in Treating Clinically Significant Nonmetastatic Prostate Cancer, 

Guillaumier et al. reported results for 625 patients, failure-free survival, metastasis-free survival, 

cancer-specific survival, and overall survival were 88%, 98%, 100%, and 99%, respectively.17 In 

their series, the overall rate of urinary incontinence (any pad use) reported in post-treatment 

follow-up was 2%.17 

Despite the quality of the existing data and the certain oncological hindsight on this technique, 

there are still many challenges around the use of HIFU.18 First, we note that in some manner and 

as underlined in both European and American guidelines, to this date, there is still a lack of long-

term results (> 10 years) to support the oncological efficacy of focal therapy in general and focal 

HIFU in particular.15,16 Concerning the question of refining the indication of treatment, it will 

notably depend on the diagnostic technologic progress which allows, as outlined by Chaussy in 

his review, to more accurately image and localize tumor lesions and foci.12  

Technological advancement is considered one of the answers to some of the challenges we 

evoked previously, as it relies notably on a wider use of pre-treatment planning, particularly 



   
 

   
 

mpMRI pre-planning, and the development of new devices (FOCAL ONE, SONABLATE). The 

advances with those new devices include during treatment US/MRI fusion use, refined real-time 

imaging and more precise tracking and adjustment of energy delivered.11,19–21 One of the major 

challenges around HIFU is post-treatment imaging. It is this point that we will address in more 

detail and that will be the focus of this study. 

1.3  Current limitation in post-treatment assessment after partial HIFU 
 
Despite, the increased interest for FT over time, as evidenced by the increase, year-after-year, in 

the volume of publications related to this theme (Figure 1), we note several limitations in post-

treatment assessment after partial HIFU. 

 

Figure 1: Evolution over time of the volume of HIFU publications in the prostate cancer field of research 

One limitation is the lack of standardization in the post-treatment imaging assessment after 

partial HIFU for localized prostate cancer. This is noted firstly in the absence of guidelines on this 

point from the referenced learned societies (AUA, EAU, NCCN) and notably in the variability in 

post-assessment protocols reflected in the multiple systematic review studying partial 
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HIFU.15,16,22,23 The scarcity  of evidence in the literature is one of the major explanations for the 

aforementioned lack of standardization. In 2015 Rouviere, particularly emphasized the desperate 

need for solid evidence in post-treatment imaging and the situation is today similar for the focal 

treatment setting. What is generally true for all PCa settings happens to also be true in localized 

disease treated by focal therapy. 24 

Among the limitations to making partial HIFU a standard treatment is the prospect of the lack of 

knowledge about the ulterior outcome for patients who benefited first from focal and then whole 

gland salvage. This point has been particularly outlined by Valerio et al. as they stated that 

“before focal therapy (and thus partial HIFU) becomes an alternative standard option” many 

issues remain to be addressed and particularly determine which ablative technology has better 

functional and oncologic outcome, the margin of normal tissue required, and the long-term 

disease-control outcomes.23 However, we can point out that the literature includes some 

proposals to standardize the evaluation of post-treatment recurrence, but evaluations 

specifically dedicated to the aftermath of focal treatments remain rare.  Potretzke et al, for 

instance, in their review provide insight about post-treatment prostate MRI including expected 

post-treatment anatomy and imaging characteristics, and the typical appearance of local tumor 

recurrence after radical prostatectomy, radiation therapy, and focal therapy for prostate cancer. 

25 They emphasized how much the multi-parametric MRI approach remains paramount just as in 

the treatment-naïve gland in post-treatment assessment while providing elements supporting 

the importance of the dynamic contrast-enhanced MRI sequence for evaluation in this setting.25 

Another example of interest that illustrates the vital role of post-treatment imaging is the 

development of the use of Gallium-68 prostate-specific membrane antigen positron-emission 



   
 

   
 

tomography (68Ga-PSMA-11 PET/CT). Recent efforts have been directed towards demonstrating 

the usefulness of this technology as shown in the Pawal et al. study that stated in a series of 247 

men this techniques potential effectiveness in detecting the recurrence of PCa to guide the 

choice of salvage therapy.26 

All these elements lead us to affirm that there is a need to further study the potential role of 

imaging, particularly of MRI, in the post-treatment setting after partial HIFU. 

 

1.4 Metric analysis on MRI after partial HIFU, an uncharted territory  

 

Thus, although a certain oncological efficacy of focal HIFU therapy has been demonstrated 

regarding the selected indications for localized prostate cancer, there are still limitations both on 

the prospect of long-term efficacy and also on the tools used for post-treatment follow-up and 

particularly imaging. Concerning post-HIFU imaging as discussed above, little is known about the 

special features of prostate MRI after treatment with partial gland HIFU ablation.27  

Notably, to date and to our knowledge, the anatomical changes of the prostate and its 

relationship to the surrounding organs have not been studied exhaustively.27  These anatomical 

modifications resulting from treatment may result in different approaches in therapeutic 

strategies, especially in the potential subsequent treatment of the entire gland (e.g. surgical 

difficulty or preservation of organs at risk in radiotherapy).28,29  

We propose that a systematic approach to these techniques by morphometric analysis (size and 

location of diseased areas, overall prostate volume and conformation to surrounding pelvic 

structures) of pre- and post-treatment MRIs would allow a description of the changes in prostatic 

anatomical conformation induced by partial treatment techniques by focal therapy.   



   
 

   
 

The primary objective of this work is therefore to establish the contribution of morphometric 

analysis in the evaluation of changes in prostatic anatomical conformation following partial HIFU 

treatment of localized prostate cancer. The secondary objective focuses on the determination of 

possible morphometric specificities of patients who have experienced a failure of their first line 

of treatment with partial HIFU.  

 
2. Material and Methods  
 
2.1 Recruitment, source population and inclusion/exclusion criteria, study design 
 
This study is therefore a retrospective observational cohort study involving human patient data. 

For this study, the patients analyzed came respectively from the cohorts of patients treated with 

HIFU for localized prostate cancer at the Lille University Hospital and the Duke University 

Hospital. Candidates for inclusion were identified within the registries maintained for HIFU 

patients within these institutions. Inclusion criteria comprised: being over 18 years old, having 

received HIFU treatment as first-line therapy for localized prostate cancer, and having had a pre-

treatment MRI up to 3 years prior to the date of treatment and a post-treatment MRI between 6 

and 18 months after treatment. Patients who had received other prior localized treatment or for 

whom the MRI timing criteria were not met were excluded from the study. 

A patient was considered to have a recurrence if he had a post-treatment biopsy demonstrating 

the presence of significant cancer and/or had received another oncologic treatment following 

the first HIFU treatment. 

 

 

 



   
 

   
 

2.2. Clinical and bio-pathological data 

For each patient included, a precise study of the medical file was carried out and an exhaustive 

database allowing the establishment of a clinical profile of the cohort was established. All the 

data recorded are detailed in appendix 1. From this initial collection of pre- and post-treatment 

clinical data, a profile of the cohort could be established. Those clinical data were collected from 

computerized medical records to create a project-specific database. 

2.3 Treatment modalities and pattern 

Patient from both center were treated with Ablatherm® Fusion device (produced by EDAP TMS, 

Lyon, France).30 Regarding the treatment template, each patient were treated with a partial 

template, either hemi-ablation or quadrant ablation pattern. The gross anatomical aspect of 

those treatment pattern is illustrated in figure 2. 

 

 

Figure 2. Schematical representation of partial HIFU treatment pattern 

 

 

 



   
 

   
 

2.4 MRI metrics acquisition 

2.4.1. Overall MRI protocol  

All patients benefited from standard of care multiparametric MRI.31  Patients treated at Duke 

University Hospital underwent the examination with an endorectal antenna while the patients 

treated at Lille University Hospital had a surface antenna. MRI in both centers operated at a 

strength of 1.5 Tesla. 

2.4.2 List of metrics used 

This first list established with the research team was the subject of an in-depth methodological 

discussion with the referring uro-radiologists of the two institutions and the referring urologists 

for the use of the techniques. In order to facilitate the collection of imaging data and the 

reproducibility of the method, it was decided to restrict the list of measured criteria to standards 

previously tested in the literature for prostate-specific measurements.29,32–35 For pelvic and 

prostato-rectal conformation measurements, the choice was also made to restrict them in 

number to limit the intra and inter-patient variability of the measurement and adhere to a simple 

and easily reproducible geometrical method detailed below. 

The definitive list of collected measurements is as follows:  

Concerning the pre-MRI data, we collected the prostate volume, future treated lobe volume, the 

untreated lobe volume , the index lesion volume, the distances (long and short) between the 

anterior prostate and pubic bone, the distance between the median part of the rectum and the 

posterior wall of the prostate at mid-gland; for patients who did not benefited from an endo-

rectal coil during their MRI acquisition we also realized/obtained  standardized measurements of 



   
 

   
 

the distance between the mediolateral point between the anterior rectal wall and the posterior 

prostate at the mid-gland level.  

For the acquisition of these prostatorectal metrics, we proceeded to tracing the lateral tangents 

between the prostate and the rectum at the medio-glandular level, followed by tracing the 

tangents of the anterior face of the rectum which realizes the intersection of the median 

prostatorectal line and the lateral tangents; the mediolateral prostatorectal distance was 

measured using the orthogonal line passing through the midpoint of the last tangents obtained.  

The whole measurement technique is summarized in figure 3.   

We reproduced the same method of measurement for the post-MRI acquisition minus the index 

lesion volume assessment (since it was supposedly destroyed in the process of the treatment). 

Additionally based on the pre- and post-MRI metrics value, we identified a simple calculation to 

assess the overall change of conformation of the prostate and prostato-rectal space. We, thus, 

assessed the overall percentage of prostate volume reduction after treatment, the treated-lobe 

volume reduction, the difference between pre- and post- prostato-rectal distances, and anterior 

prostate-pubic bone distances.  

Finally, in patients who did not have an endorectal coil during their MRI image acquisition, we 

calculated the variation of median prostato-rectal distance by subtracting the pre-treatment 

value to the post-treatment value. We also assessed the difference in right and left medio-

prostatorectal distances in pre- and post-treatment and then the absolute change in this distance 

to evaluate the possible loss of symmetry. This loss of symmetry of the prostatorectal space post-

treatment was also assessed qualitatively by determining its presence or not. 



   
 

   
 

All measurements were performed using a dedicated prostate image processing software: Invivo 

DynaCAD Prostate (GE Healthcare©). All metrics were captured on an intranet server dedicated 

specifically to research with secure and anonymous storage of images used for research 

purposes. The data collection on MRI was performed by two authors (DS and SK).  

Figure 3.  Anatomical and geometrical repair, axial plane]: 1: pubic bone, 2.a/2.b: prostatorectal lateral tangent, 3: prostate, 4: rectum, 5.a/5.b: 

Anterior rectal wall tangent. Established measurement (red arrow): A; longer distance between anterior prostate and pubic bone, B: shorter 

distance between anterior prostate and pubic bone, C: Median distance between rectum anterior wall and prostate posterior wall, D: Left 

mediolateral distance between rectum anterior wall and prostate posterior wall, E: Right mediolateral distance between rectum anterior wall and 

prostate posterior wall 

 

 



   
 

   
 

2.5 Endpoints criteria 

The primary endpoint for this study was the percentage reduction in volume of the treated 

lobe. Secondary endpoints for the metrics analysis include: prostate volume variations and 

post-treatment reduction percentage, variation in prostatorectal distances (median and 

mediolateral ones) for patients eligible for the measurement, qualitative presence or not of an 

aspect   symmetry loss in the prostatorectal conformation in patients eligible for this 

description and for the oncological correlation to the metrics, the search for significant 

differences in the above-mentioned metrics between the group of patients with  recurrent 

cancer and those without recurrence.  

 

2.6 Statistical Analysis  

We first performed a description of the whole cohort and the two subgroups (patients with and 

without recurrence). The variables for these two subgroups were compared. Qualitative variables 

are described in numbers (percentage) and for quantitative variables, the normality of the data 

distribution was assessed using the Kolmogorov Smirnov test. Thus, those variables were 

described as the median [interquartile range (IQR)].  

We used a chi-square test for comparison of quantitative variables. If the quantitative variables 

were normally distributed, comparison of independent groups (recurrent patients versus non-

recurrent patients) was performed with a Student's t test and the Mann-Whitney test for non-

parametric values. For the comparison of related groups (comparison of pre-treatment variables 

versus post-treatment variables), a paired-sample Student's t test was performed for the 

normally distributed values and a Wilcoxon test was performed for the non-parametric ones. 

All statistical analyses were performed using SPSS software (version 25.0; IBM, Armonk, NY, USA). 



   
 

   
 

2.7 Ethical framework  

This retrospective collection of medical data has received institutional review board approval. 

The study was registered under the number 110175. The data was stored digitally in a password-

protected, anonymized database. The entire research protocol was conducted in accordance 

with the rules of the Declaration of Helsinki. 

 

3. Results 

3.1 Cohort profile 

All baseline and follow-up characteristics of the overall cohort and each subgroup are 

summarized in table. 1. 

 The total number of patients included was 38.  18 were free of cancer recurrence during the time 

of follow-up, while 20 patients had a recurrence. Among the 38 patients included, 21 had an 

endorectal coil during both the pre-treatment and post-treatment MRIs. Those patients were 

excluded from the specific prostato-rectal conformation analysis.  

Concerning the baseline characteristic of the overall cohort, we note that most of the patients, 

30 (83.3%) were of intermediate risk according to the D’Amico classification, most of their index 

lesions were classified as Gleason grade group 2, (24 patients, 63.2%).  

There were no significant differences identified at baseline between the group of patients who 

presented without recurrence after initial treatment and those who had recurrence. During 

follow-up, there were significant differences in PSA values between the group of non-recurring 

patients and the recurring ones. The median (IQR) earliest PSA measured for the former was 1.29 

(0.9-2.9) and for the latter 4.62 (1.4-7.1), p-value estimated as 0.025. A similar difference was 



   
 

   
 

identified for the latest PSA measured (before the diagnosis of recurrence for the group of 

recurring-patients and the latest available for the non-recurring group), median (IQR) was 1.5 

(0.6-4.9) for the non-recuring-group versus 5.3 (2.3-8.1) for the recurring-group, p-value 

estimated at 0.048. 

Among the group of patients with recurrence, 19 benefited from post-treatment biopsy. One was 

directly offered treatment based on the rising PSA level.  A total of 12 (66.7%) patients presented 

with in-field recurrences. One patient among this group was lost to follow-up after the diagnosis 

of his recurrence.  

 

Bio-clinical profile of the cohort     

 
Overall 
cohort (38) 

Non-
Recurring 
patients (18) 

Recurring 
patients 
(20) 

p-value 
(Non-
recurring vs 
Recurring) 

Demographic aspect     

Age at treatment, mean(sd) 66 (7,5) 67 (8.1) 64.8 (6.6) 0.233 

Charlson Comorbidity Index, mean (sd) 53 (21-53) 37 (21-53) 53 (21-53) 0.379 

Oncological data at baseline     

Pre-op Hormonal use (AA or castration), n 0 0 0 NA 

PSA, ng/mL, median (IQR) 6 (4.5-10.6) 5.5 (4.5-8.2) 6.8 (4.7-11) 0.349 

PSA density 
0.15 (0.09-
0.27) 

0.13 (0.09-
0.22) 

0.18 (0.09-
0.26) 0.35 

D’Amico, n (%)   low : 4 (11.1) 2 (12.5) 2 (10) NA 

 
intermediate: 
30 (83.3) 13 (81.3) 17 (85) NA 

 high : 2 (5.6%) 1 (6.3) 1 (5) NA 

     

Index lesion GGG, n (%) 1: 9 (23.7) 4 (22.2) 5 (25) NA 

 2: 24 (63.2) 10 (55.6) 14 (70) NA 

 3: 5 (13.2) 4 (22.2) 1 (5) NA 

Treatment pattern, n (%) 
Right : 24 
(63.2) 11 (61.1) 13 (65) NA 

 Left : 13 (34.2) 7 (38.9) 6 (30) NA 

 
Anterior : 1 
(2.6) 0 (0) 1 (5) NA 



   
 

   
 

Oncological data at Follow up     

PSA profile     

Time from treatment to first PSA measurement, median (IQR), 
month 2 (1-3) 2.3 (1-3) 2 (1-3.7) 0.964 

First PSA after treatment, ng/mL, median (IQR) 2.45 (1-5.2) 1.29 (0.9-2.9) 
4.62 (1.4-
7.1) 0.025 

PSA at 6 months, ng/mL, median (IQR) 2.2 (0.7- 5) 0.82 (0.5-2.9) 3.6 (1.8-6.8) 0.018 

PSA at 12 months, ng/mL, median (IQR) 2.7 5 (0.7-5.9) 0.7 (0.3-2.6) 5.2 (2.5-7.7) <0.01 

Latest PSA available, ng/mL, median (IQR) 3.3 (1-7.4) 1.5 (0.6-4.9) 5.3 (2.3-8.1) 0.048 

Percentage of PSA reduction between pre-treatment and latest 
measurement, median (IQR) 31 (-2.7-77.8) 73 (23-84) 19 (-36-56) 0.033 

Follow-up Biopsy     

Number pts  having subsequent biopsy, n (%) 21 (55) 3 (16) 19 (95)  

In-field positive, n (%) 12 (57.1) 0 12 (66.7) NA 

     

Out-field positive, n (%) 15 (71.4) 0 15 (83.3) NA 

Post-HIFU treatment     

RARP, n (%) 6 (31.6)  6 (31.6) NA 

Radiation, n (%) 5 (26.3)  5 (26.3) NA 

Radiation + ADT, n (%) 3 (15.8)  3 (15.8) NA 

AS, n (%) 1 (5.3)  1 (5.3) NA 

Repeat HIFU, n (%) 4 (31.6)  4 (31.6) NA 
Table 1. Bio-clinical profile of the cohort 
 

3.2 Prostatic metrics 

For the overall cohort, the median estimated prostate volume was 43.35 ml (IQR :32.5-52.5) on 

pre-treatment MRIs and  33.1 ml (IQR 23.6-41.4) on post-treatment MRI. Comparison of matched 

groups, pre-treatment MRI versus post-treatment MRI, showed a significant difference in 

prostate volumes between the initial MRI and post-treatment MRI (p<0.01). Concerning the 

treated-lobe volume, the median estimated volume was 16.8 ml (IQR 10.6-21.5) on pre-

treatment MRI and 10.2 ml on post-treatment MRI (IQR 7.2-14.8). Comparison of matched 

groups (pre-treatment MRI versus post-treatment MRI) showed a significant difference in 

treated-lobe volumes between the initial MRI and post-treatment MRI evaluation (p<0.01). The 



   
 

   
 

median percentage reduction of treated lobe volume for the entire cohort was 28.5% (IQR: 17-

47).  

No significant difference was identified between the non-recurring group and the recurring group 

for prostate volume and treated lobe-volume both at baseline and after treatment (respectively 

p=0.65 and p=0.21). There were not differences between those groups in the percentage 

reduction of treated lobe volume (p=0.3). Results concerning specific prostatic metric findings 

are available in Table 2 and Table 3 (Overall MRI features and comparison of MRI features pre-

versus post-treatment). An example of the set of measurements performed on MRI is shown in 

Figure 4, which represents the imaging elements of a patient treated by right hemi-ablation. 

  



   
 

   
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.a Pre-treatment MRI measurements for a patient treated by right Hemi-ablation 
  



   
 

   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4b. Post-treatment MRI measurements for a patient treated by right Hemi-ablation 
  



   
 

   
 

MRI features 
(Overall 
Cohort)          

Pre-treatment 
mpMRI     

Post-
treatment 
mpMRI     

 
Overall 
cohort 

Non-
Recurring 
Patients 

Recurring 
Patients 

p-value 
(Non-
recurring 
vs. 
Recurring)  

Overall 
cohort 

Non-
Recurri
ng 
Patient
s 

Recurrin
g 
Patients 

p-value (non-
recurring vs 
Recurring) 

     

Time from 
treatment to 
MRI, month, 
mean (sd) 10 (3.7) NA NA NA 

Prostate 
volume, 
ml,median 
(IQR) 

43.35 
(32.5-
52.5) 42 (32-48) 

46.2 (31-
57.2) 0.65 

Prostate 
volume, 
ml,median 
(IQR) 

33.1 
(23.6-
41.4) 

30.7 
(22.2-
41.1) 

35.3 
(25.3-
46.3) 0.21 

Targeted-Lobe 
Volume, 
ml,median 
(IQR) 

16.8 
(10.6-
21.5) 

15.9 
(10.5-21) 

17.2 (10.7-
23.1) 0.55 

Treated lobe 
volume, 
ml,median 
(IQR) 

10.2 
(7.2-
14.8) 

10.1 
(5.9-
12.1) 

10.4 
(7.2-
16.9) 0.37 

Non-treated 
lobe volume, 
mean (sd) 16.5 (6.4) 15.9 (6.3) 17 (6.6) 0.59 

Non-treated 
lobe volume, 
mean (sd) 

14.7 
(6.1) 14.2 (6) 15 (6) 0.6 

Index lesion 
Volume, 
ml,median 
(IQR) 

0.6 (0.3-
1.2) 

0.68 
(0.35-1.6) 

0.37 (0.23-
0.78) 0.173      

Shortest 
Mean 
Distance 
between 
Pubic bone 
and AFMS, 
mm, mean 
(sd) 13.8 (5.7) 11.7 (4.8) 15.8 (5.9) 0.02 

Shortest Mean 
Distance 
between Pubic 
bone and 
AFMS, mm, 
median (IQR) 

14 (9.8-
17) 

11.5 
(7.6-
14.7) 

16.2 
(12.8-24) 0.001 

Descriptive 
features of 
MRI changes 
(Post vs. Pre-
treatment 
MRI)          

 
Overall 
cohort 

Non-
Recurring 
Patients 

Recurring 
Patients 

p-value 
(Non-
recurring 
vs. 
Recurring)      

Reduction 
percentage of 
overall 

18.4 
(13.3-
33.4) 

27.2 
(17.5-
36.6) 

18.5 (9.5-
26) 0.06      



   
 

   
 

prostate  
volume, 
median (IQR) 

Reduction 
percentage of 
treated lobe 
volume 
reduction, 
median (IQR) 

28.5 (17-
47) 

41.2 (15-
53.6) 

26.5 (18.4-
35.6) 0.3      

Change in 
distance 
between 
prostate and 
pubic 
symphysis, 
mm, mean 
(sd) 0.69 (5.2) -0.7 (4.7) 1.2 (5.5) 0.11      

 
Table 2. Overall MRI features 
 
 
 
 
 

Comparison of pre-treatment 
MRI metrics versus post-
treatment MRI metrics 

   

 Pre-treatment value Post-treatment value p-value (Pre- vs. Post-treatment) 

Prostate volume, ml,median 
(IQR) 
 

43.35 (32.5-52.5) 
 

33.1 (23.6-41.4) 
 

<0.01 

Treated-Lobe Volume, 
ml,median (IQR) 
 

16.8 (10.6-21.5) 
 

10.2 (7.2-14.8) 
 

<0.01 

Non-treated lobe volume, mean 
(sd) 

16.5 (6.4) 14.7 (6.1) <0.01 

Shortest Mean Distance between 
Pubic bone and AFMS, mm, 
mean (sd) 
 

13.8 (5.7) 
 

14.5 (6.3) 
 

0.42 

Left mediolateral prostato-rectal 
distance, mm, mean (sd) 

2.7 (1.2) 
 

3.7 (2.2) 
 

0.057 

Right mediolateral prostato-
rectal distance, mm, mean (sd) 
 

2.5 (1) 
 

3.1 (1.6) 
 

0.14 

Table 3. Comparison of pre-treatment MRI metrics versus post-treatment MRI metric 

  



   
 

   
 

 
3.3. Peri-prostatic metrics (relation to pubis and rectum) 

3.3.1. Prostatopubic distances assessment  

The prostatopubic measurements were conducted on the whole cohort. The mean value of the 

shortest pubic-prostate distances for the overall cohort was 13.8 mm (SD: 5.7) at pretreatment 

MRI, the median at post-treatment was 14 mm (IQR 9.8-17). At the pre-treatment MRI versus 

post-treatment MRI comparative analysis, there was no significant difference between the mean 

distance measured pre-treatment and post-treatment, p=0.42. 

The baseline and post-treatment values for the non-recurrent and recurrent groups were 

significantly different, respectively, on pre-treatment MRI 11.7 (SD 4.8) vs. 15.8 (SD 5.9) p=0.02 

and on post-treatment MRI 11.5 (IQR 7.6-14.7) vs. 16.2 (IQR 12.8-24), p=0.001.  

The mean change in prostatopubic distance (short distance comparison) was 0.69 mm in the 

entire cohort. There was no significant difference in this distance variation between the recurrent 

and non-recurrent groups. All detailed results concerning the prostatopubic distance assessment 

are available in Tables 2 and 3.  

 

3.3.2 Prostatorectal conformation assessment  

The detailed analysis of prostatorectal measurements was performed only on the 17 patients in 

the cohort who did not have an endorectal coil during their MRI image acquisition. 

The mean value of the median prostatorectal distance was 2 mm (SD 1) in pre-treatment and 

1.97 mm (SD 1.1) in post-treatment.  Comparison of these distances for the recurrent and non-

recurrent groups showed no significant difference in either the pre-treatment or post-treatment 

configuration (p=0.78 and p=0.1 respectively). 



   
 

   
 

Regarding the subcohort "patients without endorectal antenna", the matched analysis (pre vs. 

post treatment analysis) of the right and left mediolateral measurements did not identify a 

significant difference between the mean value of its measurements at pre-treatment MRI 

compared to post treatment MRI.  For the left distance the mean pretreatment was 2.7 mm (SD 

1.2) and post-treatment 3.7 mm (SD 2.2), p=0.057 and the mean right mediolateral distance pre-

treatment was 2.5mm (SD 1) versus 3.1mm (SD 1.6) in post-treatment, p=0.14.  

The mean distance variation of the medial prostatorectal measurement in the whole subcohort 

"patients without endorectal antenna" was -0.03mm (SD 1.2); it was 0.9 (SD 1.5) for patients 

without recurrence and -0.3 (SD 1) for patients with recurrence. The difference between the 

latter two groups was not significant, the corresponding p-value being 0.08. 

The mean change in the difference in right and left mediolateral distances between pre- and 

post-treatment was 0.37mm (SD 2.6) for the same subcohort. When comparing the group of non-

recurring and recurring patients, the identified values were -0.4 (SD 4.1) for the patients without 

recurrence and 0.6 (SD 2) for the patients with recurrence. The difference between the latter two 

groups was not significant, the p-value being equal to 0.5. 

A total of 13 of the 17 patients concerned by the prostatorectal  specific measurements were 

qualitatively classified as presenting an aspect of loss of symmetry in the prostatorectal space on 

post-treatment MRI. No significative difference was identified between the recurring and non-

recurring groups regarding this parameter.  

All results concerning the prostatorectal conformation are summarized in Table 4. 



   
 

   
 

 
Table 4. Prostatorectal MRI features 
  

Prostatorectal MRI features 
(Non-endorectal coil patients, 
N=17) 

         

Pre-treatment mpMRI     Post-treatment 
mpMRI 

    

 Overall 
cohort 
(17) 

Non-Recurring 
Patients (4) 

Recurring 
Patients (13) 

p-value (Non-
recurring vs. 
Recurring) 

 Overall cohort 
(17) 

Non-Recurring 
Patients (4) 

Recurring 
Patients (13) 

p-value (non-
recurring vs 
Recurring) 

Distance between prostate 
posterior surface at mid-gland 
and anterior rectal wall mm, 
mean (sd) 
 

2 (1) 
 

1.9 (1.4) 2 (1) 0.78 Distance 
between 
prostate 
posterior 
surface at mid-
gland and 
anterior rectal 
wall mm, mean 
(sd) 

1.97 (1.1) 2.8 (1.8) 1.7 (0.7) 0.1 

Left mediolateral prostato-
rectal distance, mm, mean (sd) 

2.7 (1.2) 2.9 (2) 3.2 (1.7) 0.7 Left 
mediolateral 
prostato-rectal 
distance, mm, 
mean (sd) 
 

3.7 (2.2) 4.2 (3.8) 3.6 (1.7) 0.7 

Right mediolateral prostato-
rectal distance, mm, mean (sd) 

2.5 (1) 2.6 (0.9) 2.3 (0.7) 0.1 Right 
mediolateral 
prostato-rectal 
distance, mm, 
mean (sd) 

3.1 (1.6) 4.8 (1.2) 2.6 (1.6) 0.01 

difference between left-right 
mediolateral prostato-rectal 
distance (pre), mm,mean (sd) 

0.2 (0.9) -0.3 (1.3) 0.3 (0.7) 0.2 difference 
between 
left/right left-
right 
mediolateral 
prostato-rectal 
distance, 
mean,(sd)  

0.6 (2.7) -0.6 (4.5) 0.95 (2) 0.3 

Descripitive features of MRI 
changes (Post vs. Pre-
treatment MRI) 

         

 Overall 
cohort 

Non-Recurring 
Patients 

Recurring 
Patients 

p-value (Non-
recurring vs. 
Recurring) 

     

Median prostato-rectal 
variation, mm, mean (sd) 

-0.03 (1.2) 0.9 (1.5) -0.3 (1) 0.08      

Variation of the difference in 
left-right mediolateral 
prostato-rectal distance, 
mean, sd 

0.37 (2.6) -0.4 (4.1) 0.6 (2) 0.5      

Presence of an  aspect of 
prostatorectal space symmetry 
loss  n (%) 

13 (76) 4 (100) 9 (70) 0.21      



   
 

   
 

 
4. Discussion  
4.1 Key points 
 
This study provides interesting answers to the question of post-partial HIFU MRI aspects from a 

morphometrics view point. Despite a certain lack of power that did not allow us to reach 

statistical significance for all points/features evaluated, we were notably able to demonstrate 

that in our cohort there was a median reduction of nearly 30% in the volume of the treated 

lobe between pre-treatment and post-treatment MRI (IQR 17-47). The difference between the 

estimated mean treated lobe volumes on pre- and post-treatment MRI was significant, with a 

median volume of 16.8 ml (IQR 10.6-21.5) on pre-treatment MRI versus 10.2ml (7.2-14.8) on 

post-treatment MRI. These results are consistent with the few preexisting studies addressing 

this matter in the literature.29,33,36 Thus, we could notably mention the recent example of the 

study by  Schaudinn et al. who observed in a small cohort of non-recurrent patients treated 

lobe shrinkage in 93% of the cases with an average percent volume change of -37% (range: -

70% to +108%).29 

Beyond this main result, which is consistent with the literature, one of the important strengths 

of this study lies in the proposal of an innovative, standardized and reproducible method of 

measuring periprostatic relations. To our knowledge, this is a novel work that quantitatively 

measure and allows one to account extensively for the prostatorectal conformation on MRI 

before and after treatment. We notably demonstrated in our study the feasibility of gaining 

assessable measurements such as the mean distance variation of the medial prostatorectal 

measurement that we estimated being of -0.03mm (SD 1.2) for the sub-cohort of eligible 

patients in this analysis. The mean measurement was estimated to be 0.9 mm (SD 1.5) for 



   
 

   
 

patients without recurrence and -0.3 mm (SD 1) for patients with recurrence. In a similar 

fashion, we also provided the mean change in the difference in right and left mediolateral 

distances between pre- and post-treatment which was 0.37mm (SD 2.6). In the comparative 

study of the subgroups (recurrent versus non-recurrent), none of the values compared were 

statistically significantly different, but there was a tendency towards significance, especially 

when comparing the variations in median prostatorectal distances, respectively for the non-

recurrent versus recurrent groups; 0.9mm (SD 1.5) versus -0.3 (SD 1), p=0.08. 

4.2 Main limitations 

Naturally, this work suffers from biases that can be considered limiting in the scope of 

interpretation of the results. The retrospective nature of the study led to a certain limitation in 

the use of available data, clinical data may have been missing, and the data used may suffer 

from a certain heterogeneity inherent to the nature of the study design. Although the 

exploitation of MRI data was entirely exhaustive, the recording of clinical data may have 

suffered from some attrition due to memory bias (data not recorded in the patient file, loss to 

follow-up patients, referral to an external institution). In particular, we were not able to exploit 

all the data recorded during HIFU because of the lack of access to the data stored in the 

machines used for the treatment. Another main limitation related to the retrospective nature 

of the study is the width of the time frame for postoperative MRI, as a reminder, the time 

frame for postoperative MRI is 10 months (SD 3). This relative heterogeneity certainly also 

participates in the variability of the compiled results and calls for a careful clinical interpretation 

of our results. The scope of interpretation of our study was also limited by the modest size of 

the cohort (38 patients) and especially for the prostatorectal analyses where, for the reasons 



   
 

   
 

mentioned above, it could only be conducted on 17 patients of the cohort. This small cohort 

size certainly contributes to the lack of significance of the comparisons established for the 

recurrent and non-recurrent patient sub-cohorts.  

Lastly as a limitation, we want to underline that the interobserver variability was not assessed 

in this study even though for the MRI measurement, the two authors who performed it were 

not blinded from each other and each one of them reviewed the data collection performed by 

the other. However, we note that when the inter-observer correlation was evaluated in the 

literature, it was reported as very high as seen in the study of Kirkham et al. where the 

correlation coefficient was r>0.9.33  

The nature of the biases detailed above leads us to interpret with caution the correlation to a 

clinical significance of the results, it is therefore difficult to establish a direct link between these 

metrics and the good realization of the HIFU treatment, its effectiveness and the potential 

prediction of possible post-treatment recurrence. 

4.3 Next steps and ulterior perspective  

4.3.1 Consolidating the evidence 

The main interest of our study is to produce a reproducible method of morphometric evaluation 

of prostate MRI performed after focused ultrasound treatment of localized prostate cancer. The 

results, although non-significant for a part and suffering from the limitations detailed above, lays 

the foundation for further studies. Replication of this methodology in a prospective study with a 

larger cohort would allow further testing of the hypothesis of the correlation between the 

metrics and the correct conduct of the treatment and its effectiveness. As also mentioned by 

Rouvière and Kirkham, respectively, a prospective protocol would allow all patients to be 



   
 

   
 

assessed at a fixed time point and would decrease the heterogeneity of results.27,33,36  The 

conduct of multivariate analysis within a prospective study would also make it possible to 

establish the links between the various parameters and to refine the clinical relevance attributed 

to them. 

4.3.2 Extension to the use of other MRI data, the example of contrast-enhanced sequences 

As a further perspective on the use of these results, we can also highlight the possibility of their 

correlation to the use of contrast-enhanced sequences. Previous studies have made descriptions 

of prostate appearance on contrast-enhanced sequences on post-HIFU MRI, including Hötker 

who described specific aspects of early versus late post treatment MRI.28 In their study, rim 

enhancement of the ablation zone and  hypointense rim around the ablation zone on T2-

weighted images  were found at earlier times after ablation (respectively; 18-22.5 days vs. 409-

593 days and 53-57.5 days vs. 279-409 days).28 However, they only described these aspects, no 

correlation was established with other MRI features (post treatment prostate volume) or 

treatment performance aspects such as correlation to devascularization of the treated area. In a 

similar fashion in a setting of biochemical recurrent patients, Rouviere et al also exploited so 

benefit of contrast-enhanced sequence.37 They analyzed at post-treatment MRI 77 lesions and 

described which sequence element allowed to identify it, among them some were detected only 

on DCE images (n = 52), T2w images (n = 2) or both (n = 23).  Again, these results were only 

correlated with post-treatment clinical elements (here the result of the biopsy confirming the 

diagnosis of recurrence). Therefore, it seems interesting to us to consider a study compiling the 

morphometric elements as we have described them and the contrast-enhanced sequences in 

order to, among other things, help predict the good devascularization of the treated areas (which 



   
 

   
 

is strongly correlated to the effectiveness of the treatment carried out) and, more broadly, to 

establish the correlations between these different parameters and the general outcomes of the 

treatment. 

4.3.3 Morphometric data as potential additional tools in clinical decision making 

Beyond the simple replication of the methodology used in this work in a more solid design 

(prospective multicentric with large cohort), the integration and correlation of morphometric 

elements extended to other dimensions of the management of localized prostate cancer could 

give them a new light.  Among other observations, a correlation with post-treatment 

anatomopathological results could make it possible to establish a link between changes in the 

volume treated and the presence of necrosis. This approach has already been partially considered 

by Rouvière who assessed correlation between post-HIFU MRI findings and the proportion of 

necrosis on follow-up biopsies, unfortunately in this study no correlation could be established 

between those parameters36.  

The integration of morphometric data can also be integrated as part of the planning of 

retreatment after initial HIFU failure. Indeed, although in our study no specific MRI features could 

be specifically correlated to a recurrent or non-recurrent disease status, morphological changes 

induced by focal therapy may have an impact on the oncological and functional outcome of 

salvage treatments.38,39 This is a critical point in decision making since, as Ribeiro et al. 

demonstrated in their multicenter study, the initial treatment can have an impact on the 

outcome of salvage treatment (in this case prostatectomy), they notably reported in their 

multivariable analysis that men who benefited from salvage whole-gland surgery after focal 

therapy experienced a higher risk of biochemical recurrence (HR 0.36, 95% CI 0.16-0.82, 



   
 

   
 

p=0.02).39 Thus, morphometric data could eventually be used to refine possible indications for 

salvage treatment. A recent example of this perspective comes from the study of Thompson et.al 

who evaluated the oncological and functional results after salvage prostatectomies after partial 

HIFU.40 Their criteria for selecting patients for salvage prostatectomy included the notion of 

"surgical resectability" on MRI, although in this study it was not clearly defined by objective or 

measurable criteria. It seems to us that the morphometric evaluation on MRI has a potential role 

in the refinement of these criteria and could eventually help to judge, among other things, the 

surgical resectability in the hypothesis of the necessity of a surgical salvage treatment.  

A similar reflection can be conducted in the hypothesis of post-HIFU salvage radiotherapy, where 

again post-initial treatment and pre-salvage treatment evaluation is crucial. This is highlighted in 

the Hardenberg study, which evaluated the triggers and oncologic outcome of salvage radical 

prostatectomy, salvage radiotherapy and active surveillance after focal therapy of prostate 

cancer.41 They emphasized the need to keep in mind that in post-FT the peripheral zone was 

subject to periprostatic adhesions that could increase the toxicity of a possible salvage 

radiotherapy option.38,41 Here again, the precise description of these periprostatic changes was 

lacking and it is reasonable to conceive how a morphometric analysis such as the one initiated in 

our study would elucidate this point. 

Ultimately, and despite the biases inherent to the design of this study, it opens perspectives of 

interest for the use of imaging data after partial treatment with HIFU and invites the conduct of 

studies on larger cohorts in more methodologically robust designs to refine the results 

adumbrated here. 

  



   
 

   
 

 

Conclusion 
 
This study supports the feasibility and usability of morphometric data obtained on pre- and post-

HIFU MRI. It tends to show that simple parameters such as the estimation of the reduction of the 

treated lobe volume or the variations of symmetry of the prostatorectal space can subsequently 

be used as an indicator of the quality and the effectiveness of the treatment conducted and also 

as a potential tool to guide the clinical decision of salvage treatment in the event that it is needed. 

This tendency cannot be affirmed based on our only study because of its inherent bias but opens 

the perspective of further work on larger prospective cohorts in order to deepen its meaning and 

to judge in fine the clinical relevance of its morphometric measurements. 
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Résumé : 

Introduction : La littérature est limité sur la description des modifications anatomiques des tissus péri-
prostatiques après un traitement par ultrasons focalisés de haute intensité (HIFU) pour un cancer de la 
prostate localisé. Nous avons cherché à fournir une approche standardisée pour évaluer les changements 
anatomiques morphométriques prostato-pelviens par imagerie par résonance magnétique (IRM) après un 
HIFU focal.  
Matériel et méthodes : 38 patients répartis sur deux établissements (CHU de Lille et CHU de Duke) ayant 
bénéficié d’HIFU focaux avec IRM pré et post ablation (≥6 mois) ont été inclus. Les IRM pré et post-
traitement ont été évaluées pour les volumes de la prostate et de la région de traitement. Les distances 
prostate-symphyse pubienne et prostate-rectum ont également été mesurées pour tenir compte de 
l'ensemble des modifications prostate-pelviennes post-traitement. Au sein de la cohorte, deux sous-groupes 
ont été identifiés, ceux avec récidive (biopsie positive et/ou traitement ultérieur de la glande entière) et ceux 
sans récidive.  
Résultats : Le volume médian estimé du lobe traité était de 16,8 ml (IQR 10,6-21,5) à l'IRM avant 
traitement et de 10,2 ml à l'IRM après traitement (IQR 7,2-14,8). La comparaison du volume sur l'IRM avant 
traitement et sur l'IRM après traitement a montré une différence significative (p<0,01). Le pourcentage 
médian de réduction du volume du lobe traité pour l'ensemble de la cohorte était de 28,5 % (IQR : 17-47). 
L'analyse des mesures prostato-rectales a été effectuée pour les 17 patients. La valeur moyenne de la 
distance médiane prostato-rectale était de 2 mm (SD 1) avant le traitement et de 1,97 mm (SD 1,1) après le 
traitement. 13 patients concernés par l'analyse prostato-rectale ont été qualitativement classés comme 
présentant un aspect de perte de symétrie dans l'espace prostato-rectal à l'IRM post-traitement. Aucune 
différence significative n'a été identifiée entre le groupe récurrent et non-récurrent pour ce paramètre. 
Conclusion : Cette étude démontre la faisabilité d'une méthode standardisée d’évaluation des altérations 
morphométrique post-focale HIFU. Les données préliminaires présentées incitent à poursuivre les 
recherches pour évaluer la signification de ces résultats et les implications cliniques de cette approche dans 
une cohorte prospective plus importante.   
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