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Abstract: To compare oncological and functional outcomes of high-intensity focused-ultrasound
(HIFU) focal therapy (FT) versus laparoscopic radical prostatectomy (LRP) in patients treated for low-
or intermediate-risk prostate cancer (PCa), we retrospectively analyzed data of consecutive patients
comprising 30 men, who underwent HIFU-FT, and 96 men who underwent LRP, in an academic
center. Oncological outcomes were assessed based on the follow-up prostate-specific antigen values.
We used the International Index of Erectile Function short form score to assess erectile function (EF).
Urinary continence status was defined based on the number of pads used per day. Median follow-up
was 12.5 and 19.1 months in the LRP and HIFU-FT groups, respectively. The effects were computed
after propensity score matching and expressed as average treatment effect (ATE). Compared to LRP,
HIFU-FT was associated with increased risk of treatment failure (ATE 0.103–0.164, depending on
definition, p < 0.01) and lower risk of urinary incontinence (ATE −0.808 at 12 months, p < 0.01). Risk
of erectile dysfunction was higher in the LRP group (ATE 5.092, p < 0.01). Our results demonstrate
that HIFU-FT may be a reasonable treatment option in selected PCa patients, willing to preserve their
EF and urinary continence yet accepting a higher risk of treatment failure.

Keywords: prostate cancer; focal therapy; high-intensity focused-ultrasound; urinary incontinence;
erectile dysfunction

1. Introduction

Prostate cancer (PCa) is one of the most prevalent malignancies in the world. As
reported by the World Health Organization (WHO), over 1.4 million new cases were
diagnosed worldwide in 2020, which translate to 36 new diagnoses per 100,000 men [1].
Surprisingly, the mortality rates of PCa seem less appalling and are over three times lower
than in lung cancer.

PCa is a very heterogeneous disease and its clinical course may vary. Patients with
aggressive, poorly differentiated cancers may experience rapid metastatic spread and
death despite early implementation of systemic treatment. Others, diagnosed with more
indolent forms may never progress, remaining stable in observation without undergoing
any treatment at all. Therefore, according to the European Association of Urology (EAU)
Guidelines, every patient should receive treatment adapted to their stage and grade [2].
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Active surveillance is the strategy of choice in low-risk patients, whereas those with organ-
confined disease but at higher risk of progression should undergo radical treatment.

However, some men diagnosed with low- to intermediate-risk PCa are either reluctant
to undergo surveillance or unwilling to accept the potential side effects and complications
of radical treatment. Focal therapy (FT) was developed as a novel modality aimed at
answering their needs, potentially allowing the patient to undergo active treatment while
decreasing their risk of functional outcomes being compromised. Unfortunately, the use of
FT remains controversial, as no reliable data from randomized controlled trials assessing
its oncological efficacy are available. Thus, the purpose of our study was to compare
the oncological and functional results of FT to the outcomes of patients treated with
laparoscopic radical prostatectomy (LRP).

2. Materials and Methods

We retrospectively analyzed the data of consecutive patients who underwent high-
intensity focused-ultrasound (HIFU) FT or LRP in our institution between 2016 and 2019.
The inclusion criteria were as follows: (i) low or intermediate risk as per EAU risk group
definition (T1c–T2b, grade group 1–3, prostate-specific antigen (PSA) ≤ 20 ng/mL), (ii) not
having undergone prior treatment for PCa, (iii) Charlson Comorbidity Index ≤ 4 at surgery
(not including the points for prostate solid tumor), (iv) Eastern Cooperative Oncology
Group (ECOG) score at surgery equal to 0.

2.1. Treatment Methods

All the low-risk PCa patients who received active treatment had refused to undergo
active surveillance. All the PCa patients eligible for active treatment had been offered
radiotherapy before proceeding with LRP or HIFU-FT.

All patients who underwent HIFU-FT had been initially diagnosed with multipara-
metric magnetic resonance imaging (mpMRI) and prostate biopsy. Potential treatment
modalities had been discussed with each patient, and FT had been offered only to those
highly motivated to actively treat their disease but unwilling to undergo any form of radical
treatment. If the calculated probability of lymph node (LN) invasion, as assessed with
the Briganti nomogram [3], had exceeded 5%, the patient would be informed about the
risk and would undergo HIFU-FT only if refusing to undergo LRP with extended LN
dissection (eLND).

Each focal procedure was performed with a Sonablate 500 3G device (manufacturer:
Sonablate Corp., Charlotte, NC, USA). Under general anesthesia, the patient was placed in
the lithotomy position and a Foley catheter was inserted into the bladder. The HIFU probe
was then installed into the rectum, in the vicinity of the prostate. Next, the treatment was
meticulously planned and the procedure was launched. Depending on the extent of the
cancer focus, either a focal ablation of the index lesion together with a 5 mm safety margin
or hemiablation of the prostate was performed.

In the control group, LRP was performed with either extra- or transperitoneal ap-
proach, depending on the probability of lymph node invasion, as assessed with the Briganti
nomogram [3]. If the calculated risk had exceeded 5%, the patient underwent transperi-
toneal surgery with extended lymphadenectomy. Uni- or bilateral neurovascular bundle
preservation was performed whenever possible, depending on tumor location and char-
acteristics. All LRPs were performed with the intention of bladder neck preservation and
single-knot method with 4–0 running barbed suture used for urethrovesical anastomosis.

2.2. Oncological Outcomes

After the treatment, all patients were followed up with clinical visits and PSA testing
every 3 months during the first postoperative year and every 6 months thereafter.

In the HIFU-FT group, optional use of follow-up mpMRI was at the attending urologist
discretion. A prostate biopsy was performed in case of a rise in PSA or signs of treatment
failure on mpMRI.
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Three independent definitions of treatment failure in the HIFU-FT group were used
in this study. The first definition was adopted from whole-gland HIFU treatment: the
Stuttgart criteria [4] define biochemical recurrence (BCR) as a PSA increase of >1.2 ng/mL
above the nadir. According to the second definition, failure was defined as either BCR or
a positive prostate biopsy during follow-up. The third definition perceived failure as a
positive biopsy during follow-up, regardless of the indications that triggered the biopsy;
for the purpose of this study, a biopsy was considered positive only in cases when cancer
tissue was present in the cores taken from the treated zone.

Treatment failure in the LRP group was defined as either a postoperative or a follow-up
PSA level being above 0.2 ng/mL.

2.3. Functional Outcomes

All patients answered the International Index of Erectile Function short form (IIEF-5)
questionnaire at baseline and at 12 months after surgery. The difference in the change in
the IIEF-5 scores were used to compare the two groups.

Urinary continence status was defined based on the number of pads used per day
at 3 and 12 months. Full continence status was defined as use of 0 pads per day. The
difference in the number of pads used and the difference in the full continence rate were
used to compare the two groups.

2.4. Statistical Analysis

To reduce a possible bias caused by the imbalance in patient characteristics, we
performed propensity-score matching (PSM) prior to comparing outcomes. The PSM
was performed in a 1:1 ratio, using the following variables: age, baseline PSA level, prostate
volume, grade group at preoperative biopsy, baseline IIEF-5 score, preoperative clinical
stage at digital rectal examination (DRE, cT), and preoperative clinical stage at mpMRI (iT).

To express the results, we used average treatment effect (ATE), which translates to
the expected effect of treatment for a randomly drawn individual. Alongside this, we
calculated average treatment effect on treated (ATET), which describes the expected effect
of treatment for the treated individuals.

Kaplan–Meier curves presenting differences in failure-free survival were drawn for all
three definitions of FT failure.

The results were considered statistically significant if p value < 0.05.

3. Results

Thirty patients who underwent HIFU-FT and 96 who underwent LRP met the inclusion
criteria. Patient characteristics are presented in Table 1. Median follow-up was 12.5 months
in the LRP patients and 19.1 months in the FT group.

3.1. Oncological Outcomes
3.1.1. High-Intensity Focused Ultrasound-Focal Therapy (HIFU-FT) Treatment Failure
Defined as a Prostate-Specific Antigen (PSA) Rise >1.2 ng/mL above the Nadir Only

Using this first definition, failure occurred in 7 (23.33%) patients treated with FT,
compared to 0 (0%) undergoing LRP. We found that men treated with FT had a 10.3%
higher probability of failure than those in the control group (ATE = 0.103, p < 0.01). Our
analysis also revealed that if they had undergone LRP instead, this risk would have been
reduced by 23.3% (ATET = 0.233, p < 0.01).
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3.1.2. HIFU-FT Treatment Failure Defined as Either PSA Rise > 1.2 ng/mL or a Positive
Biopsy during Follow-Up

According to the second definition, failure occurred in 10 (33.3%) patients treated with
FT, compared to 0 (0%) undergoing LRP. In this case, men treated with FT had a 16.4%
higher probability of failure than those in the control group (ATE = 0.164, p < 0.01). If they
had have received LRP instead, this risk would have been reduced by 33.3% (ATET = 0.333,
p < 0.01).

Table 1. Patient characteristics.

Parameter HIFU-FT (n = 30) LRP, Prior to PSM (n = 96) LRP, After PSM (n = 30)

Median age (years) 64.5 65.7 64.0
Mean PSA (ng/mL) 6.6 6.6 6.5

Mean PV (mL) 38.0 42.6 39.4
Mean baseline IIEF-5 score 19.2 14.7 19.9
Median follow-up (months) 19.1 10.4 12.5

cT1c a 17 (57%) 63 (66%) 16 (53%)
cT2a a 12 (40%) 14 (15%) 6 (20%)
cT2b a 1 (3%) 19 (20%) 8 (27%)

Grade group 1 20 (67%) 63 (66%) 18 (60%)
Grade group 2 9 (30%) 33 (34%) 12 (40%)
Grade group 3 1 (3%) 0 (0%) 0 (0%)
Nerve-sparing

any N/A 79 (82%) 27 (90%)
bilateral N/A 59 (61%) 25 (83%)

Intrafascial b N/A 47 (49%) 20 (67%)
Median hospital stay (days) 2.0 3.6 3.7

HIFU-FT—high-intensity focused ultrasound-focal therapy; LRP—laparoscopic radical prostatectomy; PSM—
propensity score matching; PSA—prostate-specific antigen; PV—prostate volume; IIEF-5—international index
of erectile function-5; N/A—non-applicable; a the cT1c–2b stages correspond to the clinical assessment at DRE.
b intrafascial dissection performed at least unilaterally.

3.1.3. HIFU-FT Treatment Failure Defined as a Positive Biopsy Only

Under the third definition, failure occurred in 8 (27.59%) patients treated with FT,
compared to 0 (0%) undergoing LRP. Men treated with FT had an 11.3% higher probability
of failure than those in the control group (ATE = 0.113, p < 0.01). If they had been treated
with LRP instead, their risk would have been reduced by 27.6% (ATET = 0.276, p < 0.01).

The Kaplan–Meier curves demonstrating the differences in failure-free survival be-
tween HIFU-FT and LRP groups are presented in Figure 1.

3.2. Urinary Continence

When determining urinary continence status, we compared the absolute numbers
of pads used by patients at 3 and 12 months after treatment. At both time points the
difference was significant and favored focal therapy (1.80 and 0.43 pads at 3 and 12 months,
respectively, which translates to ATE −2.093 and −0.808, respectively, p < 0.01). We also
discovered that HIFU-FT patients had a 90% lower probability of not being fully continent
(defined as using any pads) during follow-up (ATE −0.900, p < 0.01).

3.3. Erectile Function

The absolute difference between IIEF-5 score at baseline and at 12 months post-
treatment was used as the determinant of the impact of a treatment modality on erectile
function. We estimated that the change in IIEF-5 was higher in the LRP group (7.40 ver-
sus 0.03 points in the HIFU-FT group). The ATE amounted to 5.092, which means that
performing focal therapy altered IIEF-5 by 5.092 points less than LRP did (p < 0.01).
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Figure 1. Kaplan–Meier curves presenting differences in failure-free survival between the highly-
intensive focused-ultrasound (HIFU) and laparoscopic radical prostatectomy (LRP) groups: (a) treat-
ment failure (TF) defined as a prostate-specific antigen (PSA) rise >1.2 ng/mL above the nadir, (b) TF
defined as either PSA rise >1.2 ng/mL above the nadir or positive biopsy on follow-up, (c) TF defined
as positive biopsy on follow-up.

4. Discussion

Focal therapy is a PCa treatment strategy aimed at direct ablation of predefined
cancer lesions in the prostate while leaving the rest of the gland untreated. The wide
adoption of mpMRI in treatment-naive patients in recent years has led to more accurate
detection of cancer foci and more careful patient selection [5]. According to the current
literature, FT provides good cancer control [6–8] and is associated with excellent functional
outcomes [7–9]. The rates of severe complications also seem to be lower than those of
radical treatment modalities [10]. Several energy sources have been used to date (high-
intensity focused ultrasound, cryotherapy, irreversible electroporation etc.) [11–16], but no
reliable data favoring one source over another exist [17].

Although FT is promising, several controversies have arisen. First, no data from
randomized controlled trials comparing its oncological efficacy with radical treatment
are available. Second, no agreement exists on what really determines the focality of
the therapy [9,16]. Historically, the name FT was used for the treatment of both uni-
and bilateral disease. In unilateral and unifocal cases, some clinicians tend to perform
hemiablation of the prostate, whereas others restrict ablation to predefined cancer lesions.
In unilateral and multifocal disease, hemiablation is also widely used, yet focal destruction
of all known cancer foci or ablating only the so-called index lesion has gained popularity.
The same discrepancies apply to bilateral cancer cases. No data favoring one strategy over
another exist. When deciding to target the lesion, the clinician needs to define the safety
margin surrounding the cancer tissue, but no reliable recommendations are available. This
uncertainty is disturbing, as it seems likely that the range of ablation may alter both the
efficacy and toxicity of the method. At our facility, we perform either focal ablation of
the index lesion together with a 5 mm safety margin or hemiablation in the case of bigger
cancer foci; however, no particular cut-off point is used, and the decision depends solely
on surgeons’ judgment.
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Furthermore, treating only a part of the gland makes the follow-up more challenging.
In contrast to radical prostatectomy, the levels of post-treatment PSA after FT are very
hard to predict, and a rise does not necessarily imply failure. Many different definitions
of BCR after FT have been proposed, however none of them was validated or deemed
appropriate [9]. Although ideal biochemical criteria are yet to be determined, in everyday
practice PSA testing remains an important issue. Two cut-off points are widely used for
focal therapy: the Phoenix criterion (rise > 2 ng/mL over nadir) and the Stuttgart criterion
(rise > 1.2 ng/mL over nadir). As shown by Kongnyuy et al., both may be used to determine
BCR in PCa patients who underwent focal therapy [18].

Since treatment failure cannot be diagnosed solely with PSA testing, many experts
define it as a positive prostate biopsy during follow up. It is generally agreed that only
the presence of cancer tissue in cores from the treated zone implies true ineffectiveness of
the procedure. However, whether the biopsy should be performed on a regular basis at a
particular time point or only be triggered by a suspicious PSA level or mpMRI findings
remains a matter of dispute. According to an international expert consensus meeting,
persistence of grade group 1 cancer in the treated zone with a core length ≤3 mm is
clinically acceptable and not considered treatment failure if the primary lesion was of a
higher grade or a higher volume prior to the intervention [19]. Not all clinicians performing
FT agree with this statement.

Given the lack of clear definition of treatment failure, we believe that the follow-
up of patients after FT should not be based on a single variable and should preferably
combine PSA kinetics monitoring with mpMRI and biopsy [20]; however, it is evident that
establishing an optimal protocol will require further studies.

In our study, we found that HIFU-FT was inferior to LRP in terms of cancer control.
However, it was associated with much better preservation of urinary continence, as well as
erectile function, even despite nerve-sparing was performed in 90% of LRP patients (after
PMS). The outcomes were consistent across all tested failure definitions and corresponded
with those recently presented by Garcia-Barreras [21]. However, it is worth mentioning
that while all of our patients underwent pure LRP, performing robot-assisted LRP instead
could have led to better functional results, as suggested by the literature [22–24], which
would have diminished the observed superiority of HIFU-FT.

Interestingly, although four patients experienced biochemical failure after radical
prostatectomy, no case of failure was found in the LRP group after PSM. According to
contemporary guidelines, patients with organ-confined disease and long life-expectancy are
offered either active surveillance (AS) or radical treatment, depending on their disease stage
and grade. Unfortunately, some men are either not eligible for or reluctant to undergo AS
but at the same time they do not accept the potential side effects and complications of radical
treatment. Focal therapy may be an option for them. Our data suggest that FT may be
considered inferior to radical prostatectomy as far as treatment failure rates are concerned;
however, observations based on bigger patient cohorts, published by Shah and Albissini,
show that the oncological outcomes may actually be similar to radical treatment [6,8].
Furthermore, the occurrence of failure after FT does not preclude successful treatment.
Second-line FT is considered feasible and acceptable if the retreatment rates do not exceed
20%. The oncologic outcomes of salvage radical treatment after FT seem comparable with
radical treatment performed in the primary setting [25]. Iatrogenic periprostatic fibrosis
may be considered a potential obstacle when considering salvage surgical management
in patients who had previously underwent HIFU-FT. However, a study by Marconi et al.
revealed, that salvage robot-assisted laparoscopic prostatectomy (RALP) after focal therapy
results in no increase in toxicity when compared to primary RALP [26]. On the other
hand, Spitznagel et al. reported higher rates of Clavien-Dindo III complications in patients
undergoing salvage RALP after HIFU-RT in comparison to primary RALP patients [27].
Nevertheless, in our opinion, focal therapy remains an interesting treatment option for
selected patients with organ-confined prostate cancer. Thorough staging, wise case selection,
and the provision of detailed information to the patients seem crucial to success.
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Important advantages of our study are the use of ATE and ATET to illustrate treatment
outcomes and the presentation of the oncological results of focal therapy under three
independent definitions of failure. The major limitation is the retrospective design of the
study. Several baseline patient characteristics could have influenced both the treatment
selection, as well as observed outcomes, and while this could be avoided in a prospective
trial, the lack of designed patient selection and randomization poses a non-negligible risk
of bias to our results. Propensity score matching was employed to partially overcome this
limitation. Other important limitations include small sample size, relatively short follow-up,
and non-adjusting for surgeon experience when analyzing the functional outcomes.

5. Conclusions

In our study, HIFU-FT was associated with a higher rate of treatment failure than
laparoscopic radical prostatectomy. However, it provided significantly better functional
outcomes. Based on the presented results, we believe that HIFU-FT remains a viable
treatment option in selected patients motivated to preserve their erectile function and
urinary continence yet accepting a slightly increased risk of compromised oncologic results.

Author Contributions: Conceptualization, Ł.N., W.M. and S.P.; methodology, W.M. and R.W.; soft-
ware, R.W. and H.K.; formal analysis, R.W. and H.K.; investigation, W.M. and B.Z.; writing—original
draft preparation, W.M. and R.W.; writing—review and editing, Ł.N., W.M., S.S., R.W., W.K., P.K. and
H.K.; supervision, Ł.N., H.K. and S.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Due to the non-interventional character of the study, data
having been collected anonymously, and all patients admitted to our institution having signed an
informed consent that their anonymized medical data might have been used in future retrospective
studies, an ethics board approval was not required for this study, which was in accordance with
country law regulations.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data analyzed in this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ferlay, J.; Ervik, M.; Lam, F.; Colombet, M.; Mery, L.; Piñeros, M.; Znaor, A.; Soerjomataram, I.; Bray, F. Global Cancer Observatory:

Cancer Today; International Agency for Research on Cancer: Lyon, France, 2020. Available online: https://gco.iarc.fr/today
(accessed on 24 May 2021).

2. EAU Guidelines. Edn. Presented at the EAU Annual Congress Milan 2021; EAU: Arnhem, The Netherlands, 2021;
ISBN 978-94-92671-13-4.

3. Briganti, A.; Larcher, A.; Abdollah, F.; Capitanio, U.; Gallina, A.; Suardi, N.; Bianchi, M.; Sun, M.; Freschi, M.; Salonia, A.; et al.
Updated Nomogram Predicting Lymph Node Invasion in Patients with Prostate Cancer Undergoing Extended Pelvic Lymph
Node Dissection: The Essential Importance of Percentage of Positive Cores. Eur. Urol. 2012, 61, 480–487. [CrossRef] [PubMed]

4. Blana, A.; Brown, S.C.; Chaussy, C.; Conti, G.N.; Eastham, J.A.; Ganzer, R.; Murat, F.J.; Pasticier, G.; Rebillard, X.;
Rewcastle, J.C.; et al. High-intensity focused ultrasound for prostate cancer: Comparative definitions of biochemical fail-
ure. Br. J. Urol. 2009, 104, 1058–1062. [CrossRef] [PubMed]

5. Connor, M.; Gorin, M.A.; Ahmed, H.U.; Nigam, R. Focal therapy for localized prostate cancer in the era of routine multi-parametric
MRI. Prostate Cancer Prostatic Dis. 2020, 23, 232–243. [CrossRef] [PubMed]

6. Shah, T.T.; Reddy, D.; Peters, M.; Ball, D.; Kim, N.H.; Gomez, E.G.; Miah, S.; Evans, D.E.; Guillaumier, S.; van Rossum, P.S.N.; et al.
Focal therapy compared to radical prostatectomy for non-metastatic prostate cancer: A propensity score-matched study. Prostate
Cancer Prostatic Dis. 2021, 24, 567–574. [CrossRef]

7. Guillaumier, S.; Peters, M.; Arya, M.; Afzal, N.; Charman, S.; Dudderidge, T.; Hosking-Jervis, F.; Hindley, R.G.; Lewi, H.;
McCartan, N.; et al. A Multicentre Study of 5-year Outcomes Following Focal Therapy in Treating Clinically Significant Non-
metastatic Prostate Cancer. Eur. Urol. 2018, 74, 422–429. [CrossRef]

https://gco.iarc.fr/today
http://doi.org/10.1016/j.eururo.2011.10.044
http://www.ncbi.nlm.nih.gov/pubmed/22078338
http://doi.org/10.1111/j.1464-410X.2009.08518.x
http://www.ncbi.nlm.nih.gov/pubmed/19388986
http://doi.org/10.1038/s41391-020-0206-6
http://www.ncbi.nlm.nih.gov/pubmed/32051551
http://doi.org/10.1038/s41391-020-00315-y
http://doi.org/10.1016/j.eururo.2018.06.006


J. Pers. Med. 2022, 12, 251 8 of 8

8. Albisinni, S.; Aoun, F.; Bellucci, S.S.; Biaou, I.; Limani, K.; Hawaux, E.; Peltier, A.; Van Velthoven, R. Comparing High-Intensity
Focal Ultrasound Hemiablation to Robotic Radical Prostatectomy in the Management of Unilateral Prostate Cancer: A Matched-
Pair Analysis. J. Endourol. 2017, 31, 14–19. [CrossRef]

9. Arnouil, N.; Gelet, A.; Matillon, X.; Rouviere, O.; Colombel, M.; Ruffion, A.; Mège-Lechevallier, F.; Subtil, F.; Badet, L.;
Crouzet, S. Traitement focal par HIFU versus prostatectomie radicale robot-assistée pour cancer de la prostate localisé: Résultats
carcinologiques et fonctionnels à 1 an [Focal HIFU vs robot-assisted total prostatectomy: Functionnal and oncologic outcomes at
one year]. Prog. Urol. 2018, 28, 603–610. [CrossRef]

10. Valerio, M.; Ahmed, H.U.; Emberton, M.; Lawrentschuk, N.; Lazzeri, M.; Montironi, R.; Nguyen, P.L.; Trachtenberg, J.; Polascik,
T.J. The Role of Focal Therapy in the Management of Localised Prostate Cancer: A Systematic Review. Eur. Urol. 2014, 66, 732–751.
[CrossRef]

11. Ahmed, H.U.; Hindley, R.G.; Dickinson, L.; Freeman, A.; Kirkham, A.P.; Sahu, M.; Scott, R.; Allen, C.; Van der Meulen, J.;
Emberton, M. Focal therapy for localised unifocal and multifocal prostate cancer: A prospective development study. Lancet Oncol.
2012, 13, 622–632. [CrossRef]

12. Feijoo, E.R.C.; Sivaraman, A.; Barret, E.; Sanchez-Salas, R.; Galiano, M.; Rozet, F.; Prapotnich, D.; Cathala, N.; Mombet, A.;
Cathelineau, X. Focal High-intensity Focused Ultrasound Targeted Hemiablation for Unilateral Prostate Cancer: A Prospective
Evaluation of Oncologic and Functional Outcomes. Eur. Urol. 2016, 69, 214–220. [CrossRef]

13. Barqawi, A.B.; Huebner, E.; Krughoff, K.; O’Donnell, C.I. Prospective Outcome Analysis of the Safety and Efficacy of Partial and
Complete Cryoablation in Organ-confined Prostate Cancer. Urology 2018, 112, 126–131. [CrossRef] [PubMed]

14. Bahn, D.; Abreu, A.L.D.C.; Gill, I.S.; Hung, A.J.; Silverman, P.; Gross, M.E.; Lieskovsky, G.; Ukimura, O. Focal Cryotherapy for
Clinically Unilateral, Low-Intermediate Risk Prostate Cancer in 73 Men with a Median Follow-Up of 3.7 Years. Eur. Urol. 2012, 62,
55–63. [CrossRef] [PubMed]

15. Bos, W.V.D.; Scheltema, M.J.; Siriwardana, A.R.; Kalsbeek, A.M.; Thompson, J.E.; Ting, F.; Böhm, M.; Haynes, A.-M.; Shnier, R.;
Delprado, W.; et al. Focal irreversible electroporation as primary treatment for localized prostate cancer. Br. J. Urol. 2018, 121,
716–724. [CrossRef]

16. Moore, C.M.; Azzouzi, A.-R.; Barret, E.; Villers, A.; Muir, G.H.; Barber, N.J.; Bott, S.; Trachtenberg, J.; Arumainayagam, N.;
Gaillac, B.; et al. Determination of optimal drug dose and light dose index to achieve minimally invasive focal ablation of localised
prostate cancer using WST11-vascular-targeted photodynamic (VTP) therapy. Br. J. Urol. 2014, 116, 888–896. [CrossRef]

17. Valerio, M.; Cerantola, Y.; Eggener, S.E.; Lepor, H.; Polascik, T.J.; Villers, A.; Emberton, M. New and Established Technology in
Focal Ablation of the Prostate: A Systematic Review. Eur. Urol. 2017, 71, 17–34. [CrossRef]

18. Kongnyuy, M.; Lipsky, M.J.; Islam, S.; Robins, D.J.; Hager, S.; Halpern, D.M.; Kosinski, K.E.; Schiff, J.T.; Corcoran, A.T.;
Wenske, S.; et al. Predictors of biochemical recurrence after primary focal cryosurgery (hemiablation) for localized prostate
cancer: A multi-institutional analytic comparison of Phoenix and Stuttgart criteria. Urol. Oncol. Semin. Orig. Investig. 2017, 35,
530.e15–530.e19. [CrossRef]

19. Donaldson, I.A.; Alonzi, R.; Barratt, D.; Barret, E.; Berge, V.; Bott, S.; Bottomley, D.; Eggener, S.; Ehdaie, B.; Emberton, M.; et al.
Focal Therapy: Patients, Interventions, and Outcomes—A Report from a Consensus Meeting. Eur. Urol. 2015, 67, 771–777.
[CrossRef]

20. Rosenhammer, B.; Niessen, C.; Rotzinger, L.; Reiss, J.; Schnabel, M.J.; Burger, M.; Bründl, J. Oncological Outcome and Value of
Postoperative Magnetic Resonance Imaging after Focal High-Intensity Focused Ultrasound Therapy for Prostate Cancer. Urol. Int.
2019, 103, 270–278. [CrossRef]

21. Garcia-Barreras, S.; Sanchez-Salas, R.; Sivaraman, A.; Barret, E.; Secin, F.; Nunes-Silva, I.; Linares-Espinós, E.; Rozet, F.; Galiano,
M.; Cathelineau, X. Comparative Analysis of Partial Gland Ablation and Radical Prostatectomy to Treat Low and Intermediate
Risk Prostate Cancer: Oncologic and Functional Outcomes. J. Urol. 2018, 199, 140–146. [CrossRef]

22. Asimakopoulos, A.D.; Fraga, C.T.P.; Annino, F.; Pasqualetti, P.; Calado, A.A.; Mugnier, C. Randomized Comparison between
Laparoscopic and Robot-Assisted Nerve-Sparing Radical Prostatectomy. J. Sex. Med. 2011, 8, 1503–1512. [CrossRef]

23. Willis, D.L.; Gonzalgo, M.L.; Brotzman, M.; Feng, Z.; Trock, B.; Su, L.-M. Comparison of outcomes between pure laparoscopic vs
robot-assisted laparoscopic radical prostatectomy: A study of comparative effectiveness based upon validated quality of life
outcomes. Br. J. Urol. 2011, 109, 898–905. [CrossRef] [PubMed]

24. Park, B.; Kim, W.; Jeong, B.C.; Jeon, S.S.; Lee, H.M.; Choi, H.Y.; Seo, S.I. Comparison of oncological and functional outcomes of
pure versus robotic-assisted laparoscopic radical prostatectomy performed by a single surgeon. Scand. J. Urol. 2012, 47, 10–18.
[CrossRef] [PubMed]

25. Marra, G.; Valerio, M.; Emberton, M.; Heidenreich, A.; Crook, J.M.; Bossi, A.; Pisters, L.L. Salvage Local Treatments After Focal
Therapy for Prostate Cancer. Eur. Urol. Oncol. 2019, 2, 526–538. [CrossRef] [PubMed]

26. Marconi, L.; Stonier, T.; Tourinho-Barbosa, R.; Moore, C.; Ahmed, H.U.; Cathelineau, X.; Emberton, M.; Sanchez-Salas, R.; Cathcart,
P. Robot-assisted Radical Prostatectomy After Focal Therapy: Oncological, Functional Outcomes and Predictors of Recurrence.
Eur. Urol. 2019, 76, 27–30. [CrossRef] [PubMed]

27. Spitznagel, T.; Hardenberg, J.; Schmid, F.A.; Rupp, N.J.; Westhoff, N.; Worst, T.S.; Weis, C.A.; Mortezavi, A.; Eberli, D. Salvage
Robotic-assisted Laparoscopic Radical Prostatectomy Following Focal High-Intensity Focused Ultrasound for ISUP 2/3 Cancer.
Urology 2021, 156, 147–153. [CrossRef]

http://doi.org/10.1089/end.2016.0702
http://doi.org/10.1016/j.purol.2018.07.285
http://doi.org/10.1016/j.eururo.2013.05.048
http://doi.org/10.1016/S1470-2045(12)70121-3
http://doi.org/10.1016/j.eururo.2015.06.018
http://doi.org/10.1016/j.urology.2017.10.029
http://www.ncbi.nlm.nih.gov/pubmed/29126844
http://doi.org/10.1016/j.eururo.2012.03.006
http://www.ncbi.nlm.nih.gov/pubmed/22445223
http://doi.org/10.1111/bju.13983
http://doi.org/10.1111/bju.12816
http://doi.org/10.1016/j.eururo.2016.08.044
http://doi.org/10.1016/j.urolonc.2017.03.016
http://doi.org/10.1016/j.eururo.2014.09.018
http://doi.org/10.1159/000502553
http://doi.org/10.1016/j.juro.2017.08.076
http://doi.org/10.1111/j.1743-6109.2011.02215.x
http://doi.org/10.1111/j.1464-410X.2011.10551.x
http://www.ncbi.nlm.nih.gov/pubmed/21933328
http://doi.org/10.3109/00365599.2012.696137
http://www.ncbi.nlm.nih.gov/pubmed/22835035
http://doi.org/10.1016/j.euo.2019.03.008
http://www.ncbi.nlm.nih.gov/pubmed/31412013
http://doi.org/10.1016/j.eururo.2019.03.007
http://www.ncbi.nlm.nih.gov/pubmed/30904357
http://doi.org/10.1016/j.urology.2021.04.059

	Introduction 
	Materials and Methods 
	Treatment Methods 
	Oncological Outcomes 
	Functional Outcomes 
	Statistical Analysis 

	Results 
	Oncological Outcomes 
	High-Intensity Focused Ultrasound-Focal Therapy (HIFU-FT) Treatment Failure Defined as a Prostate-Specific Antigen (PSA) Rise >1.2 ng/mL above the Nadir Only 
	HIFU-FT Treatment Failure Defined as Either PSA Rise > 1.2 ng/mL or a Positive Biopsy during Follow-Up 
	HIFU-FT Treatment Failure Defined as a Positive Biopsy Only 

	Urinary Continence 
	Erectile Function 

	Discussion 
	Conclusions 
	References

