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Abstract

Prostate cancer is the second most common malignant tumor in men worldwide, and its
incidence is increasing in China. Treatment methods of prostate cancer include surgery,
radiotherapy, chemotherapy, endocrine therapy, and local therapy. Compared to all treatment
options for prostate cancer, local treatment has the advantage of less trauma and fewer
complications. With the wide application of PSA screening, improvement and enhancement
of transperineal puncture technology under template positioning and the development of
multi-parameter MRI, more and more low-grade and localized prostate cancer are detected.
Most prostate cancer patients receive total gland therapy after diagnosis, but patients with
localized prostate cancer may not benefit from treatment because of the side effects of total
gland therapy. With the development of imaging technology and the "main focus" theory, focal
therapy techniques have been greatly developed. Focal therapy (FT) is a treatment method
for localized prostate cancer (Pca), which mainly targets low and medium-risk localized
disease to reduce whole-gland treatment. Such as radical prostatectomy (RP) or the adverse
effects of radical external radiotherapy, FT has the advantage of preserving more sexual and
bladder function while controlling the tumor. The current focal therapy techniques used in clinic
mainly include high-intensity focused ultrasound, focal laser ablation, cryotherapy, irreversible
electroporation, and photodynamic therapy. In this study, we reviewed the clinical trials of
focal therapy in recent years and found that high-intensity focused ultrasound and focal laser
ablation have better failure-free survival and postoperative functional control.
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Introduction

Prostate cancer is one of the most common malignancies in men.
According to the latest global tumor data, prostate cancer is the
second most common malignancy among men in 2020, after
lung cancer, and its fatality rate ranks fifth globally [1]. In China,
although the incidence of prostate cancer is lower than that of
European and American countries, it has increased significantly
in recent years within the aging population [2]. Especially with the
popularization of prostate-specific antigen (PSA) screening, more
and more early localized anterior adenocarcinoma are detected
[3]. By analyzing data released by the World Health Organization,
China will have about 110,000 new cases of prostate cancer in
2020, which ranks 10th among malignant tumors. The number
of deaths in that year was about 50,000, and the total number
of cases in five years will be about 400,000. Patients with low-
risk localized prostate cancer often opt for surveillance or whole-
gland treatment. The disadvantages of monitoring are mainly
repeated biopsies, which may increase the financial burden of the
patient; Secondly, regular, long-term, and strict monitoring has
higher requirements for patients' compliance and psychological
bearing capacity [4, 5]. Total gland therapy refers to the treatment
of the entire prostate, including radical prostatectomy (RP) and
radical radiotherapy (RT). At present, the related complications
caused by total gland therapy can not be completely avoided,
such as erectile dysfunction, urinary incontinence and lymphatic
fistula after radical surgery [6-8], urinary tract obstruction,
bleeding, rectourethral fistula and pelvic bone complications
after radiotherapy [9, 10]. Therefore, total gland therapy not
only reduces patients' quality of life, but also brings additional
treatment-related complications and economic burden. Due to the
above shortcomings of monitoring and total glandular therapy,
focal treatment of prostate cancer has gradually gained attention
of urologists. Focal therapy involves the elimination of locally
identified lesions while monitoring other remaining glands (Figure
1). A 2009 study showed that prostate cancer metastases originate
from the same clone, known as the primary focus. If the primary
focus can be accurately identified and targeted, focal treatment can
lead to better therapeutic outcomes [11, 12]. This article reviews
the current status of focal therapy.

Focal location

The overall efficacy and safety of focal therapy depends on the
precise localization of the tumor before and during treatment,
which mainly relies on multiparameteric magnetic resonance
imaging (MP-MRI) before surgery. Studies showed that MP-MRI
increased diffusion weighted imaging (DWI), dynamic-contrast
enhanced (DCE) and apparent diffusion coefficient (ADC) images
significantly aid in the improvement of prostate MRI imaging. In
addition, with the release and update of prostate Image-Reporting
and data system (PI-RADS), prostate imaging has provided a clear
standard for the lesion score of each sequence. After synthesizing
the results of each sequence to obtain an overall score, the clinical
significance of the lesions can be judged more accurately [13-15].
MP-MRI cannot only locate the lesion more accurately, but also
detect the morphological changes inside the tumor to evaluate
its progression and treatment response [16, 17]. Felker et al. [18]
confirmed that MP-MRI is significantly superior to continuous
prostate specific antigen (PSA) measurement in predicting tumor
residue after laser ablation of focal lesions. Nevertheless, MP-
MRI also has few limitations. First, it often underestimates the
size of the lesion in prostate cancer cases with a low Gleason score
[19]; Second, MP-MRI may still rule out clinically significant
prostate cancer, which can lead to missed lesions on biopsy or
focal treatment [20]. Therefore, accurate fusion of MP-MRI and
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intraoperative ultrasound is required for focal lesion localization.
Focal treatment
High intensity focused ultrasound

High intensity focused ultrasound (HIFU) is one of the most
commonly used focal treatment modalities. The ultrasound probe
is placed in the rectum at the beginning of the procedure. The
prostate volume is measured, and an image is created. The doctor
marks the treated area on the image. Through HIFU, precise,
concentrated ultrasound waves are delivered to the target tissue.
Within 2-3s, the temperature of the tissue can be raised to nearly
100 °C and coagulate necrosis can occur [21]. Guillaumier et al.
[22] conducted a study, which included the largest clinical trial
of HIFU for prostate cancer to date, involving 625 patients with
non-metastatic prostate cancer. The 5-year failure-free and overall
survival rates for the entire patient cohort were 88% and 99%,
respectively. Ganzer et al. [23] followed up 538 patients with
local prostate cancer treated with HIFU alone in a single center
for nearly 10 years. According to the statistics, the 5-year and 10-
year biochemical disease-free survival rates were 81% and 61%,
respectively, and the 10-year tumor-specific survival rates were
as high as 94% to 97%. In another study, de Castro Abreu et al.
[24] followed up 7 patients who underwent HIFU semi-glandular
ablation by enhanced transrectal contrast ultrasound (TRUS).
The median follow-up after HIFU was 15 (13-20) months, and
the prostate volume decreased by 32.5% (range 0-74%), 82%
reduction in PSA levels (range 30% to 95%). The median duration
of PSA decline was 3 months (range 2 to 12 months). Nahar et
al. [25] conducted a study that included a total of 52 patients, and
17% (5/30) of the patients had positive biopsy results 12 months
after surgery. After 5 months, Ghai et al. [26] found that residual
prostate cancer was detected in 7% (3/44) of the patients at the
treatment site. In addition, Albisinni et al. [27] found no statistical
difference in the probability of requiring further treatment due
to disease progression after HIFU versus RP. These studies all
confirmed that HIFU can achieve better tumor control outcomes
in the focal treatment of prostate cancer. At the same time, HIFU
also has obvious advantages in terms of safety as Guillaumier et al.
[22] confirmed that 98% (241/247) of patients achieved complete
pad free urine control; Nahar et al. [25] also found that the urinary
system function of the patients recovered to the baseline level
in 3-6 months, and the sexual function recovered in 12 months.
Ghai et al. [26] proposed that the median international index of
erectile function at 5 months after surgery, IIEF and international
prostate symptom score (IPSS) have no significant differences
with baseline prostate symptom score. HIFU has a good treatment
success rate, and the safety is guaranteed. At the same time, the
operation can be carried out under spinal anesthesia or intravenous
anesthesia without incision on the skin, and the patients recover
quickly after surgery [21]. However, in Guillaumier et al. [22]
found that patient follow-up was insufficient, with only 222
patients receiving puncture biopsy after treatment, and the results
obtained were not reliable enough. Therefore, clinical studies with
large samples and long-term follow-up are still needed to observe
the therapeutic effect of HIFU.

Focal laser ablation

Focal laser ablation (FLA) is treated by inserting a small laser
fiber, which is through the perineum or rectum into the tumor and
using its discharge to heat up rapidly, causing coagulation necrosis
in the controlled area, thereby reducing the risk of damage to
adjacent structures [28]. The number of clinical studies on FLA
is small, and most of them are small samples. Walser et al. [29]
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Figure 1. Diagrammatic drawing for focal therapy strategies. A: Lesion-targeted unifocal ablation; B: Lesion-targeted multifocal ablation; C:
Lesion-targeted index lesion ablation; D: Region-targeted hemiablation. The red circles represents prostate cancer with clinical significance and
the green circles represents prostate cancer with insignificance. The yellow circles represent the neurovascular bundles and the blue rectangle

represents the ablation zone.

conducted a study, including 120 patients with low - and medium-
risk prostate cancer, 17% (20/120) of whitch received further
treatment for recurrence after 1 year of rectal FLA treatment
[29]. Alhakeem et al. [30] also reached a similar conclusion, with
20.4% (10/49) of patients still having tumors in the treated area
after treatment. However, there were some evidence,which were
from the United States authoritative Surveillance, Epidemiology,
and End Results (SEER) database, showing that the difference
in cancer specific mortality (CSM) between FLA and RP is
not statistically significant [31] , while RT had a significant
advantage in survival benefit [32]. The advantages of FLA were
mainly reflected in effectiveness and safety: most patients had
no significant differences in IPSS, sexual health inventory in
men (SHIM) scores. Besides that, some patients would return to
baseline over time even if affected [29]. In addition, FLA can be
performed under local anesthesia with less surgical risk.On the one
hand, its disadvantages are reflected in the higher requirements

for clinicians in terms of technology [33] , on the other hand, there
is still a lack of long-term follow-up data.

Cryotherapy

Cryotherapy mainly involves quick freezing, slow thawing,
and a repetition of the freeze-thaw cycle. There are two main
mechanisms by which cryotherapy destroys tissue: one is cell
damage from the cooling and heating cycles; The other is
progressive failure of tissue microcirculation and blood vessel
stasis. The temperature of frozen tissue should reach -50 ° C for
tumor treatment, but there is no consensus on the optimal duration
of freezing [34]. Chuang et al. [35] performed negative biopsies
on 61 patients who underwent half-side cryotherapy (22/27). Tan
et al. [36] used fractional cryoablation, which had 1-5-year fail-
free survival rates of 98%, 89%, 84%, 75%, and 75%, respectively.
By risk stratification, Mercader et al. [37] found that biochemical
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Table 1. Key clinical study of different types of focal treatment for prostate cancer.

Guillaumier

2019 HIFU

Nahar 2020 HIFU

Ghai 2021  HIFU

Albisinni

2017 HIFU vs RP

Walser 2019 FLA

Alhakeem

2019 FLA

Zheng 2019 FLA vs RP

Zhou 2020 FLA vs RT

Chuang

2020 Cryotherapy

Tan 2021 Cryotherapy

Mercader

2020 Cryotherapy

Oishi 2019 Cryotherapy
Cryotherapy vs

Guo 2020 RP

625 NA

52 NA

44 5 months
55 NA

120 1 year
49 NA

321 pairs NA
FLA (n=428)

RT (n=93041) "*

61 NA

71 5 years
177 5 years
160 5 years
Cryotherapy

(n=1942) RP 10 years
(n=5826)

The 5-year failure-free and
overall survival rates were 88%
and 99%, respectively.

17% (5/30) of patients had
positive biopsy results at 12
months.

Residual cancer at the treatment

site was detected in 7% (3/44)
of patients at 5 months.

There was no statistically
significant difference in the
need for remedial treatment
after surgery.

After 1 year, 17% (20/120) of
patients were diagnosed with
tumor.

20.4% (10/49) of patients still
had tumor in the treated area.

FLA had a higher all-cause
mortality, but no significant
reduction in cancer-specific
mortality.

RT has obvious advantages in
terms of survival benefits.

At 6 months after treatment,
82% (50/61) of the patients
were positive. At 18 months
after treatment, 82% (22/27) of
patients had negative biopsies.

The 1-5-year failure-free
survival rates were 98%,
89%, 84%, 75%, and 75%,
respectively.

The survival times of low,
medium and high risk groups
were 70.2%, 70.3% and 50.0%.

The 5-year survival rate without

treatment failure was 85%
and the survival rate without
biochemical failure was 62%.

The 10-year tumor specific
survival rates of cryotherapy
and surgery were 98.1% and
99.2%, respectively.

98% (241/247) of patients
achieved complete pad free
urine control.

Urinary function recovered to
baseline level in 3-6 months,
and sexual function recovered
in 12 months.

There was no significant
difference between the median
1IEF-15 and IPSS scores and
baseline data 5 months after

surgery.

NA

There was no significant
difference in IPSS and SHIM
scores before and after
treatment.

IPSS scores did not differ
from baseline, and SHIM
scores declined in the first
year but did not differ from
baseline at 18 months.

NA

NA

NA

100% of the patients did not
use urine pad, and the IIEF-

5 and AUA symptom scores
of the patients were decreased
after decontamination.

95% of patients maintained
complete urine control.

97% of patients maintained
pad free urine control, and
73% of patients could achieve
full erection after surgery.

[22]

[27]

[29]

[30]

[31]

[32]

[35]

[37]

HIFU: High intensity focused ultrasound; IIEF-15: International Index of Erectile Function -15; IPSS: International Prostate

Symptom Score; SHIM: Male Sexual Health Questionnaire; AUA: American Urological Association; RP: Radical prostatectomy;

FLA: Focal laser ablation; RT: Radical radiotherapy; IRE: irreversible electroporation; VTP: vascular targeted photodynamic
therapy; NA: Not available.
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Table 1. Key clinical study of different types of focal treatment for prostate cancer (Continued).

Shah 2021

Blazevski
2020

Collettini
2019

Flegar
2021

Gill 2018

Chelly
2020

Tarcey
2020

Cryotherapy

IRE

IRE

VTP vs RP

VTP vs Active
monitoring

VTP

VTP

58 12 months
123 3 years
28 6 months
VTP (n=41)

RP (n=49) 4 years
VTP

(n=201)

Active NA
monitoring

(n=206)

82 NA

50 NA

NA

The 3-year failure-free
survival rate was 96.75%
and the metastasis-free
survival rate was 99%.

The recurrence rate was
17.9%.

At 12 months after VTP,
57% (12/21) of the
biopsies were negative.
At 24 months, 40%
(2/5) were negative, and
RP100% were negative.

Negative rates at the most
recent biopsy were 50%
(104/206) in the VTP
group and 14% (30/207)
in the active surveillance

group.

NA

82% (40/49) of patients
had no detectable
Gleason grade 2 or higher
in their primary lesion at
3 months after treatment.

The probability of
returning to baseline for
IPSS and I1EF scores

was 78% and 85% at 12
months and 87% and 89%
at 24 months.

[40]

At 24 months after
treatment, 98.8% (80/81)
of patients did not need

to use a urine pad; 76%
(40/53) maintained erectile
function.

[43]

At 12 months after
surgery, there was no
significant difference in
urinary and reproductive
function from baseline (P
=0.58 and P=0.07).

[46]

Patients with VTP and
RP retained erectile
function 71% and 30%,
respectively.

(51]

[50]

Median IIEF-5 score:

3 points lower than
baseline at 6 months after
treatment, 1 point lower
at 1 year and 2 years, no
statistically significant
difference from baseline at
3,4, and 5 years.

[52]

After 3 months of
treatment, the median
IIEF-5 score decreased

by 1.0 from the baseline,
the median IPSS score
decreased by 1.0 from

the baseline, and pad less
urine control was observed
in 100% of patients.

[53]

83

HIFU: High intensity focused ultrasound; IIEF-15: International Index of Erectile Function -15; IPSS: International Prostate
Symptom Score; SHIM: Male Sexual Health Questionnaire; AUA: American Urological Association; RP: Radical prostatectomy;
FLA: Focal laser ablation; RT: Radical radiotherapy; IRE: irreversible electroporation; VTP: vascular targeted photodynamic
therapy; NA: Not available.
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progression-free survival rates were 70.2%, 70.3% and 50% in the
low, medium and high risk groups, respectively. However, their
study used neoadjuvant therapy for 3 months for 5-year treatment,
failure free survival rates of 85% ,meanwhile biochemical failure
free survival rates of 62% in patients with larger prostate volume
[38]. In addition, there was much data, which was from SEER,
reflecting that the 10-year tumor-specific survival rates for
cryopreservation and surgery were 98.1% and 99.2%, respectively
[39]. Freezing was also associated with better outcomes. Besides
that, the above studies also analyzed the safety, 95% to 100% of
patients can maintain pad free urine control after surgery [36-
38]. Shah et al. [40] detected that the probability of IPSS and
IIEF scores returning to baseline 12 months after surgery was
78% and 85%, respectively. Through the above analysis, it can
be found that cryotherapy has a good oncologic outcome, but
the standardized treatment procedures still need to be further
explored. Some studies suggest that 3D mapping biopsy, which is
before cryotherapy for prostate cancer, can better stratify patients'
risk and reduce the failure rate of treatment [41]. At the same
time, cryoablation has a certain impact on function, and more
exploration is needed in the subsequent use.

Irreversible electroporation

The increase in membrane permeability,that results from the
application of a pulsed electric field, is known as electroporation.
Electroporation can be reversible or irreversible, depending on
different current parameters and cell characteristics. The principle
of irreversible electroporation (IRE) stems from it [42]. IRE causes
cell death by forming nanopores inside the cell membrane without
causing thermal effects. There are some advantages of IRE, for
example, it does not affect the therapeutic efficacy through energy
dissipation due to heat loss [43]. A preclinical study in dogs showed
that collagen structures such as blood vessels and nerves were not
damaged after IRE treatment [44]. If this discovery is confirmed,
it could encourage the wider use of IRE. Blazevski et al. [45]
conducted a clinical trial including 123 patients, with a 3-year
failure-free survival rate of 96.75% and a metastasis-free survival
rate of 99%. Collettini et al. [46] found that the recurrence rate
after 6 months was 17.9% (5/28). In addition, IRE for apex ablation
of the prostate also achieved a surprising outcome, with a failure-
free survival rate of 90% (36/40) after follow-up of more than 3
years [47]. Within 1 year after IRE, the overall urinary control
function of patients was almost back to baseline level, and even
76% to 94% of patients maintained erectile function after surgery
[45-47]. IRE has a good oncologic outcome and a low complication
rate after treatment. Because it may be selective and can preserve
blood vessels, nerves and other tissues, IRE has broad application
prospects. The defects of IRE are mainly manifested in the need
for general anesthesia and evaluation during treatment [43] , and
may lead to arrhythmia in patients during treatment. Nevertheless,
synchronizing the pulse frequency with the heart rhythm during
treatment can reduce the incidence of arrhythmias [48].

Photodynamic therapy

Photodynamic therapy (PDT) depends on three components:
photosensitive compounds, visible light, and oxygen.
Photosensitive compounds selectively accumulate in
hyperproliferative target cells, which then undergo necrosis and
apoptosis under the action of visible light and reactive oxygen
species [49]. In vitro experiments, confirmed that the mechanism
of photodynamic therapy, which is to change the permeability
of mitochondrial membrane and eventually lead to the death
of target cells, suggesting that the regulation of mitochondrial
membrane permeability-related proteins may be the key to the
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efficacy of photodynamic therapy [50]. This study focuses on
vascular targeted photodynamic therapy (VT-P). Flegar et al. [51]
made a comparison between VTP and RP, and the conclusion was
not optimistic. However, the follow-up in this study was weak,
and there was no matching between VTP and RP patients, at the
same time only 79% of patients received MP-MRI and targeted
needle biopsy before VTP, resulting in biased results. Compared
with active monitoring, VTP still had a greater advantage. After 4
years, the negative rate of biopsy in the VTP group and the active
monitoring group was 50% (104/206) and 14 (30/207), respectively.
The probability of further treatment after VTP was also lower.
There are some side effects of VTP, and Flegar et al. [51] found that
12% of the patients had obstruction of the bladder opening. Grade
3 treatment-related adverse effects occurred in 12% (6/50) of
patients included in their study. Besides that, urination and erectile
function scores decreased after VTP, and it took longer for patients
to return to baseline [52, 53]. VTP is also a promising treatment for
localized prostate cancer. However, there are few studies on VTP,
and they are small sample studies, with relatively poor oncology
outcomes, and more and longer follow-up is needed to determine
its efficacy and side effects.

Figure 1 shows the focal therapy strategies in clinical
application. Table 1 is a summary on key clinical study of
different types of focal treatment for prostate cancer.

Summary and Prospects

The mechanisms and the highlights of various focal treatments
are summarized in Table 1 and Table 2. It shows that HIFU and
FLA have better failure-free survival rate and postoperative
functional control, and the treatment process is more perfect and
standard. Combined with the expert consensus in recent years
and the experience of Gulou Hospital, the ideal patients for focal
treatment of prostate cancer are: (1) PSA < 15 ng /mL; (2) Clinical
stage < T2a; (3) Gleason score < 3+4 (ISUP2); (4) Life expectancy
> 10 years; (5) PI-RADS score 4-5 points (no capsular and seminal
vesicle infiltration; (6) The patient is fully informed [54, 55] .

Combined with the above discussion, the following types of
patients can also be considered for focal treatment: (1) newly
detected prostate cancer patients unwilling to accept active
monitoring; (2) Wish to maximize the preservation of original
function; (3) Old age or can not tolerate general anesthesia surgery.
Despite the lack of long-term follow-up data, focal therapy
remains a promising treatment option for localized prostate
cancer. Nevertheless, a consensus of indications ,as well as a more
standard treatment regimen needs to be reached by domestic and
international experts before it can be widely used, meanwhile its
long-term oncology outcomes and impact on patient quality of life
must be thoroughly analyzed.
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