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Endoscopic Resection Improved High-Intensity Focused Ultrasound Ablation Outcomes for Prostate
Cancer: A Meta-Analysis of Comparative Studies

Yang Pan'#, Shangren Wang'#, Hang Zhou'#, Shuai Niu', Xiaogiang Liu'*

Purpose: High-intensity focused ultrasound ablation (HIFU) is emerging as more data on its efficacy arises for
prostate cancer (PCa). However, it is indefinite whether to combine endoscopic resection and uncertain to say who
the ideal candidates are for the combined treatment. Therefore, we aimed to conduct a meta-analysis to compare
outcomes of sole HIFU therapy with that of HIFU in combination with endoscopic resection in patients with lo-
calized PCa.

Materials and Methods: Electronic databases were searched following the PRISMA guidelines and PICOS for-
mats. The inclusion criteria were as follows: 1) studies on HIFU for PCa patients; 2) comparative studies on HIFU
in combination with endoscopic resection for localized PCa men. Exclusion criteria include non-comparative stud-
ies and salvage HIFU therapy. Meta-analysis results were mainly present using forest plots. Sensitivity analysis
and Egger's test were adopted to determine the stability and assess the publication bias.

Results: Six comparative studies with 767 patients were eligible, including 487 cases in the combination therapy
group and 280 cases in the monotherapy group. There was no statistical difference in age, preoperative PSA levels,
and prostate volume between two groups. No statistical difference was found in postoperative PSA nadir (MD =
-0.02, 95%CI: -0.35 to 0.31, P = 0.90), disease-free survival rate (RR = 0.95, 95%CI: 0.83 to 1.09, P = 0.47), and
preoperative IPSS score (MD = -0.69, 95%CI: -1.63 to 0.26, P = 0.15; I*= 8%) between two groups. The combi-
nation therapy group had significantly lower postoperative IPSS score (MD = -5.49, 95%CI: -6.47 to -4.51, P <
0.001) and shorter catheterization time (MD=-13.70, 95%CI: -19.24 to -8.16, P < 0.001) than the monotherapy
group. The rates of urinary incontinence (7.4% vs. 13.9%, RR = 0.45, 95%CI: 0.29 to 0.70, P = 0.0004; 12=4%),
acute urinary retention (6.8% vs. 10.5%, RR=0.36, 95%CI: 0.14 to 0.89, P =0.03; 12 = 0%), urinary tract infection
(10% vs. 33%, RR = 0.27, 95% CI: 0.18 to 0.4, P < 0.001; I*= 0%), epididymitis (1.2% vs. 15.7%, RR=0.11, 95%
CI: 0.02 to 0.59, P = 0.01; I> = 0%), and urethral stricture (7.1% vs. 23.2%, RR = 0.3, 95%CI: 0.18 to 0.51, P <
0.001; I*= 0%) in the combination therapy group were all significantly lower than that in the monotherapy group.
Sensitivity analysis revealed findings were convincing and no publication bias (P = 0.62) was observed using
Egger’s test.

Conclusion: It appears that the addition of endoscopic resection to the HIFU operation might not impact onco-
logic outcomes and could show better functional outcomes compared to the HIFU monotherapy in localized PCa
patients.
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INTRODUCTION like multiparameter magnetic resonance imaging and

Prostate cancer (PCa) is a common urological disease
in males, with the prevalence being extremely relevant
to age, which was approximately 155 per 100,000 in
55-59 years old, 510 per 100,000 in 65-69 years old,
and 751 per 100,000 in 75-79 years old, respectively .
A lot of localized PCa usually expand tardily and might
not result in destructive impacts throughout PCa pa-
tients’ lifetime. However, some comorbidities like uri-
nary tract obstruction and ache of bone metastases may
result from clinically significant cancers. Over the past
many years, prostate-specific antigen (PSA) exams and
prostate biopsy were two main methods applied for the
diagnosis of PCa. In recent years, some new techniques

genetic testing have been increasingly utilized as well®.
Treatments of PCa are based on lesion position and dis-
ease stage. Active surveillance could avoid excessive
clinical management and not impact the chance of cure
©): however, it is an observational treatment for patients
with low risk disease™. The objective of radical pros-
tatectomy is the extermination of carcinoma and pres-
ervation of urinary function and erectile function. Out-
comes after radical prostatectomy are associated with
both surgeon’s experience and the overall strength of
the hospital®®.

In current clinical practice, ablation therapy represents
a more recent concept among active surveillance, radi-
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Table 1. The definition of “subjective” and “objective” cure rate of the included studies

Author Year Study Country Study design Study duration Anesthesia Ablation Type NOS Score Quality assessment"
Sumitomo et al. 2010 Japan Case-control study Apr. 2002-Mar. 2010 NR ‘Whole-gland 8 High-quality
Chaussy et al. 2003 Germany Case-control study NR Spinal Anesthesia Whole-gland 8 High-quality
Poissonnier et al. 2007 France Cross-sectional study 1993-2003 NR Whole-gland 8 High-quality

Otsuki et al. 2008 Japan Case-control study Apr. 2015-Aug. 2006 NR ‘Whole-gland 4 Moderate-quality
Baumunk et al. 2013 Germany Case-control study 2005-2009 NR Whole-gland 7 High-quality
Horiuchi et al. 2016 Japan Case-control study Nov. 2006-Apr. 2010 General anesthesia Whole-gland 6 Moderate-quality

Abbreviations: HIFU, High-intensity focused ultrasound ablation; NOS, Newcastle-Ottawa quality assessment scale; NR, Not reported.

aQuality was evaluated by Newcastle-Ottawa quality assessment scale.

ation, and definitive radical treatments. Ablation ther-
apy can target the most aggressive lesions of PCa and
preserve the function of non-invasive prostate tissue;
thus, ablation therapies may minimize treatment tox-
icity and could provide relatively better equilibriums
among functional and oncological outcomes”. A pre-
vious consensus meeting reported that ablation therapy
could be identified as the coagulative necrosis of index
lesions®. The distinguishing characteristic of ablation
therapy is to directionally destroy PCa lesions and pro-
tect adjacent normal tissue. Common ablation therapies
are mainly made up of focal laser ablation, cryotherapy
ablation, and high-intensity focused ultrasound ablation
(HIFU) @, These treatment methods use individual tem-
plates including index lesion ablation, gland Hemi-ab-
lation, and whole-gland ablation"”.

Among available alternative therapeutic options for
PCa, HIFU represents a promising technique. Ultra-
sound waves had been first used to focus on and treat
lesion tissues about 80 years ago"?. HIFU can directly
focus ultrasound waves on cancer tissue, which can heat
the tissue and lead to coagulative necrosis"'”. Plenty
of diseases such as uterine fibroids, liver tumors, and
breast tumors have been managed by HIFU and showed
considerable efficacy and safety*'. In regards to
urological diseases, HIFU is regarded as an available
treatment for localized PCa patients, or regarded as a
salvage treatment in failure cases after radiation treat-
ment currently'®. Panzone et al. reported that HIFU
was proved as an effective and feasible management for
patients having localized PCa with satisfying oncologic
control and function preservation in the short term!”.
Schmid et al. also reported that ablation of PCa diseased
tissue using HIFU therapy was feasible and presented a
(sl%)tisfactory incidence of perioperative adverse events
HIFU is emerging as more data on its efficacy arises
U9 When HIFU is performed independently and not
combined with other additional procedures, a frequent
complication is the occurrence of urinary tract obstruc-
tion resulting from edema or fibering®”. Subsequently,
patients could be painful because urinary catheter was
required to retain longer time for avoiding the occur-
rence of acute urinary retention (AUR) or other serious
complications. Thus, an obvious downside is that the
urinary catheter has to be indwelled for 2-3 weeks af-
ter HIFU operation. The catheterization for a long time
could result in urinary tract infections (UTIs), urethral
stenosis, and other comorbidities. Many prior articles
revealed a relatively high urethral stenosis rate after
HIFU. Thus, experts advocate new opinions and ways
in order to reduce postoperative urinary catheter in-
dwelling time.
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Some studies have reported that performing HIFU
combined with endoscopic resection could significant-
ly decrease the incidence of prolonged catheterization
retention significantly and result in a more favorable
evolution in the international prostate symptom score
(IPSS)?%® However, it is indefinite whether to com-
bine endoscopic resection. Therefore, our meta-anal-
ysis aimed to analyze functional and oncologic out-
comes and evaluate the feasibility and efficacy of HIFU
combined with endoscopic resection compared to sole
HIFU therapy in patients with localized PCa. In doing
so, our study could illustrate who the ideal candidates
are for the treatment, such as smaller gland, no LUTS
and so on.

MATERIALS AND METHODS

Search strategy

The present systematic review and meta-analysis were
performed as per the PRISMA guidelines. The research
question was based on the PICOS rule: population (pa-
tients with PCa), intervention (endoscopic resection in
combination with HIFU), comparison (sole HIFU ther-
apy), outcomes (treatments outcomes and follow-up
outcomes), and study design (the type of studies in
terms of their methods).

PubMed, Embase, and Cochrane Library were system-
atically retrieved. The retrieval time range was set up
to July 10, 2022. The searching keywords included:
(“prostate cancer”) AND (“high-intensity focused ul-
trasound ablation””) AND (“endoscopic resection” OR
“bladder neck incision” OR “urethrotomy” OR “tran-
surethral resection of prostate” OR “holmium laser
enucleation of the prostate”). All patients included in
the results must be an adult. Sole HIFU therapy was
defined as only HIFU operation for PCa and not using
other surgeries. HIFU with endoscopic resection meant
that HIFU operation and other endoscopic resection
surgeries such as HOLEP were both applied for man-
aging PCa. All identified studies were then reviewed
for eligibility. The reference lists and citations from key
studies were also reviewed for additional eligible stud-
ies associated with our topic.

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) study types:
prospective or retrospective comparative studies; 2)
studies on HIFU for PCa cases; 3) comparative studies
on HIFU in combination with endoscopic resection for
localized PCa men. Besides, the exclusion criteria were
set according to the following items: 1) non-compara-
tive studies; 2) salvage HIFU therapy; 3) comment; 4)
case report; 5) review; 6) repeated publication.
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Figure 1. Flow diagram of identification and screening of eligible studies (PRISMA flow diagram).

Data extraction and outcome measurement

All available data in each eligible study were extracted,
respectively, by two separate authors and next verified
one another. If there was any controversy, a third author
would participate in and debate with the previous two
authors to make an agreement. Meanwhile, we tried our
best to get in touch with the authors of each included
study to demand complete data. We considered that the
complete oncologic, functional, and other detailed data
were extremely beneficial to better analyze relevant re-
sults of HIFU combined with endoscopic resection for
localized PCa.

Functional outcomes included preoperative IPSS score,
postoperative IPSS scores in 6 months, the urinary
catheter indwelling time, urinary incontinence rate, and
erectile dysfunction (ED). Partial urinary symptoms
were assessed using IPSS score and then identified as
mild symptoms (0-7 scores), moderate symptoms (8-19
scores), and severe symptoms (20-35 scores). Partial
sexual potency was assessed using the International In-
dex of Erectile Function (IIEF-5) score scale and then
classified as severe ED (5-7 scores), moderate ED (8-
11 scores), mild to moderate ED (12-16 scores), mild
ED (17-21 scores), and no ED (22-25 scores). Onco-
logic outcomes included postoperative PSA nadir, av-
erage month to achieve PSA nadir level, and 2-year
disease-free survival rate (DFSR) after HIFU operation.

Quality assessment

The quality of eligible articles was evaluated, respec-
tively, by two separate authors and then verified each
other. Newcastle-Ottawa scale (NOS) was applied for
evaluating the quality of non-randomized controlled
studies®”. The quality was evaluated using the total
scores of 3 sections in the NOS scale, which were com-
prised of subject selection, group comparability, and
ascertainment of exposure or outcome. The assessed

study was identified as low-quality (0-3 scores), mod-
erate-quality (4-6 scores), and high-quality (7-9 scores).

Statistical analysis

Categorical variables were present in the form of N (%).
The mean difference (MD) with their 95% confidence
interval (CI) was used to assess the outcomes of pooling
different measures in meta-analysis to yield a summary
estimate. The risk ratios (RR) with 95%CI were used
to compare dichotomous variables. The heterogeneity
was analyzed using Cochrane Q test and Higgins 12
value. The fixed-effects model was performed if the
heterogeneity was acceptable (12 < 50%), and the ran-
dom-effects model was conducted if obvious heteroge-
neity existed (I2 2> 50%). Moreover, we have accounted
for some confounding covariates in our analysis, such
as age, PSA, and prostate volume. Sensitivity analysis
was applied for identifying the reliability of outcomes
through excluding one study each time. Egger's test was
performed to analyze the publication bias. All statistical
analysis was performed using Review Manager 5.4 and
STATA 15.1 software. The p-value of < .05 was con-
sidered statistically significant.

RESULTS

A PRISMA flow chart of screening articles was shown
in Figure 1. Overall, 272 relevant studies were retrieved
through PubMed, Embase, and Cochrane Library.
There were 60 remaining studies eligible for reading
full text. Eventually, six comparative studies were in-
cluded in quantitative synthesis®**>. According to NOS
scale, 4 studies were identified as high-quality and 2
study was identified as moderate-quality. There was no
low-quality study included in our review. The detailed
results of quality assessment using NOS scale were list-
ed in Table 1.

Most studies mentioned that endoscopic resection had
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Combination therapy Monotherapy
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Baumunk et al. 2013 70.89 4.29 44 72 442 20 25.3%
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Figure 2. Forest plots of age (A), preoperative PSA levels (B), and preoperative prostate volume (C) between the combination therapy group and the monotherapy group.

been undergone in order to decrease prostatic volume
or to manage patients complain of obstructive symp-
toms. Some studies mentioned that when prostatic vol-
ume before HIFU therapy was relatively small and less
than 40 cc, endoscopic resection and HIFU treatment
were usually conducted in single session; when pros-
tatic volume before HIFU therapy was large and more
than 40 cc, HIFU would be performed after 2-4weeks
of endoscopic resection. The type of HIFU ablation was
all whole-gland ablation in all included studies.
Totally, 767 PCa men were involved, including 487
cases in the combination therapy group and 280 cas-
es in the monotherapy group. According to D’Amico
criteria, 4 studies revealed that they used HIFU to man-
age low, intermediate, and high-risk PCa patients. Even
though high-risk PCa cases had been treated by HIFU,
the proportion of these high-risk cases in the overall
population was still relatively low (74/767, 9.6%).
Average age of all included cases distributed between
65.8 and 72.8 years old. Meta-analysis results showed
that no statistical difference was found in age between
both groups (MD = 0.15, 95% CI: -1.85 to 2.14, P =
0.89; I* = 59%; Figure 2A). Moreover, the mean PSA
levels before HIFU were distributed between 3.99 and
12.1 ng/mL in all included studies. Meta-analysis re-
sults showed that no statistical difference was found in
PSA levels before HIFU between both groups (MD =
0.22,95% CI: -0.95 to 1.39, P=0.71; I = 59%; Figure
2B). Similarly, the mean prostate volume before HIFU
was distributed between 19.9 and 38.9 mL in all includ-
ed studies. Meta-analysis results also showed that no
statistical difference was found in prostate volume be-
fore HIFU between both groups (MD =-1.17, 95% CI:
-2.61 t0 0.26, P = 0.11; I’= 0%; Figure 2C).

Most studies provided follow-up serum PSA levels and
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either the postoperative PSA nadir level or latest PSA
level. Average postoperative PSA nadir was distributed
between 0.007 and 0.846 ng/mL in all included stud-
ies, while mean months to PSA nadir ranged from 3.5
to 15.1 months postoperatively. Meta-analysis results
showed that no statistical difference was found in post-
operative PSA nadir between both groups (MD =-0.02,
95% CI: -0.35 to 0.31, P = 0.90; Figure 3A). However,
significant heterogeneity was reported (P = 0.01, I?
78%, Figure 3A).

Five studies reported the DFSR after HIFU in the two
groups, respectively. The DFSR in the short term was
82% (255/311) in the combination therapy group and
86% (197/229) in the monotherapy group. Meta-anal-
ysis results showed that no statistical difference was
found in the DFSR after HIFU between both groups
(RR=0.95,95% CI: 0.83 to 1.09, P = 0.47; Figure 3B).
Some comparative studies reported preoperative and
postoperative IPSS score between both groups. Me-
ta-analysis results revealed that no statistical difference
was found in preoperative IPSS score (MD = -0.69,
95% CI: -1.63 to 0.26, P = 0.15; I* = 8%; Figure 4A).
However, meta-analysis results revealed that the com-
bination therapy group had a significantly lower post-
operative IPSS score than the monotherapy group (MD
=-5.49, 95% CI: -6.47 to -4.51, P < 0.001; I* = 78%;
Figure 4B).

Four comparative studies that reported the postoper-
ative urinary catheter indwelling time between both
groups. Meta-analysis results revealed that the com-
bination therapy group also had a significantly shorter
time than the monotherapy group (MD = -13.70, 95%
CI: -19.24 to -8.16, P < 0.001; I* = 95%; Figure 4C).
Five comparative studies reported the rate of urinary
incontinence. The rates of urinary incontinence were
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Figure 3. Forest plots of postoperative PSA nadir (A) and disease-free survival rate (B) between the combination therapy group and the monotherapy group.

7.4% (32/433) and 13.9% (32/230) in the two groups,
respectively. Meta-analysis results revealed that the
rate of urinary incontinence in the combination therapy
group was significantly lower than that in the mono-
therapy group (RR = 0.45, 95% CI: 0.29 to 0.70, P =
0.0004; I* = 4%; Figure SA)

The rates of de novo ED postoperatively were 39.4% in
the combination therapy group and 41.7% in the mon-
otherapy group. Meta-analysis results showed that no
statistical difference was found in the postoperative ED
rate between both groups (RR = 1.09, 95% CI: 0.59 to
2.02, P =0.78; I* = 83%; Figure 5B).

All included studles reported the rates of postoperative
complications. The rates of AUR (6.8% vs. 10.5%, RR
=0.36, 95% CI: 0.14 to 0.89, P = 0.03; I*= 0%; Fig-
ure 6A), UTIs (10% vs. 33%, RR = 0.27, 95% CI: 0.18
to 0.4, P < 0.001; I* = 0%; Figure 6B), epididymitis
(1.2% vs. 15.7%, RR = 0.11, 95% CI: 0.02 to 0.59, P =
0.01; I*= 0%; Figure 6C), and urethral stricture (7 1%
VS. 232%,RR 0.3, 95% CI: 0.18 to 0.51, P < 0.001;
I> = 0%; Figure 6D) in the combination therapy group
were all significantly lower than that in the monother-
apy group.

When removing the study by Baumunk et al., 12 of
postoperative PSA nadir decreased from 78% to 0%.
It indicated this research was the main reason for het-
erogeneity of postoperative PSA nadir. Heterogeneities
of other outcomes were small and steady, while 1 or 2
studies were removed each time. Thus, sensitivity anal-
ysis revealed our outcomes were reliable. Moreover, no
publication bias on outcomes such as the postoperative
urinary catheter indwelling time (P =0.109, Figure 7A)
and the rate of urethral stricture (P = 0.62, Figure 7B)
was observed with the Egger’s test.

DISCUSSION
This study innovatively compared outcomes of HIFU

combined with endoscopic resection with that of sole
HIFU therapy in localized PCa patients. Meta-analysis
of comparative studies revealed that the combination of
endoscopic resection with HIFU treatment might not
impact postoperative PSA nadir and DFSR. Further-
more, we found that the combination therapy could 1)
shorten postoperative urinary catheter indwelling time;
2) decrease the rates of postoperative urinary inconti-
nence, AUR, UTIs, epididymitis, and urethral stricture;
and 3) improve postoperative urinary symptoms signif-
icantly. Therefore, the addition of endoscopic resection
to the HIFU treatment appeared not to impact oncologic
outcomes and could show better functional results in lo-
calized PCa men compared to the HIFU monotherapy.
Moreover, patients with large prostate volume or LUTS
might be ideal candidates to choose the combined re-
section therapy.

According to previous experience, the urinary catheter
was usually indwelled for approximately fourteen to
twenty-one days after HIFU operation®**”. Further-
more, there were nearly a third of the patients need-
ed additional treatments such as urethrotomy to treat
obstruction postoperatively. To avoid the risk of pro-
longed urinary retention associated with post-HIFU
edema and the risk of urinary obstruction, endoscopic
resection was performed preoperatively in many institu-
tions. EAU guidelines mention that the resection of the
prostate or the bipolar enucleation could be proposed as
the first choice for the operative treatment of relative-
ly large prostatic volumes®. The combination of en-
doscopic resection with HIFU showed many benefits.
Calcifications on the prostatic transitional zone might
influence the focus and efficacy of HIFU surgery. En-
doscopic resection could eliminate these calcifications
and subsequently reduce the operating time of HIFU.
Moreover, endoscopic resection can decrease the diam-
eter of anterior-posterior zone in the prostate with a rel-
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Figure 4. Forest plots of preoperative IPSS score (A), postoperative IPSS score (B),
group and the monotherapy group.

atively large volume, so using single-session HIFU to
manage PCa in the peripheral zone could come true®”.
Two significant functional outcomes included urinary
incontinence and ED after the HIFU procedure. He et
al. found that the overall incidences of urinary inconti-
nence and ED post HIFU ablation operation were 10%
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and postoperative urinary catheter indwelling time (C) between the combination therapy

and 44%, respectively®®. Our study revealed similar

rates of incontinence and ED post HIFU ablation oper-
ation in localized PCa with previous studies. Moreover,
we showed similar ED rates between the combination
therapy group and the monotherapy group. However,
the combination therapy group had a significantly low-
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Figure 6. Forest plots of acute urinary retention (A), urinary tract infection (B), epididymitis (C), and urethral stricture (D) between the combination therapy

group and the monotherapy group.

er rate of urinary incontinence in comparison with the
monotherapy group
Ripert et al. conducted large-scale research to deter-
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Figure 7. Egger’s plots for the postoperative urinary catheter indwelling time (A)

and the rate of urethral stricture (B).

mine oncologic outcomes after HIFU treatment without
a combined endoscopic resection in localized PCa men
and revealed that the range of postoperative PSA nadir
value was 0.01-14 ng/mL“”. Similarly, Ganzer et al.
also completed a single-center study on 538 PCa men
to assess oncologic results in a long period using HIFU
without a combined endoscopic resection for localized
PCa. They found that the exact rate of biochemical
failure was 19 and 39% at postoperative five and ten
years, respectively™®. Our study found that the DFSR
was almost consistent with these previous studies and
no obvious difference was found in the DFSR between
both groups. It seems that oncologic outcomes had not
been impacted by the addition of endoscopic resection
to the HIFU operation.

There were no comparative studies that reported the
results of partial-gland HIFU and endoscopic resection
therapy. Therefore, we did not analyze the therapeutic
results using partial-gland HIFU ablation in combina-
tion with endoscopic resection in the present study.
Whole-gland HIFU ablation and partial-gland HIFU
ablation have their special advantages. Regardless of
the types of HIFU ablation (whole-gland ablation, or
partial-gland HIFU ablation), when HIFU is performed
independently, the disadvantages such as large volume
prostate or calcifications on the prostate could still exist.
Thus, HIFU combined with endoscopic resection might
still be beneficial for patients using partial-gland HIFU
ablation. More prospective trials are also required to
validate the exact differences between the partial-gland
HIFU ablation combined with endoscopic resection and
the sole partial-gland HIFU ablation therapy in local-
ized PCa patients.

Some limitations might exist in the present study. One
of main limitations is that the published articles about
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HIFU ablation and endoscopic resection for localized
PCa might exist potential heterogeneity. Even though
some international consensuses have attempted to pro-
mote terminology and follow-up of ablative treatment
standards, outcomes reported by different HIFU centers
might still show potential variation®”*, The methods
of reporting outcomes of survey questionnaires and
complications might also exist partial differences, even
though the majority of studies used the validated survey
questionnaires to obtain the postoperative outcomes.
However, sensitivity analysis indicated the findings
were relatively reliable and no obvious publication bias
existed according to Egger’s test. Therefore, our study
might still be helpful for providing some important in-
formation on HIFU therapy in localized PCa patients
with a relatively high level of evidence.

CONCLUSIONS

It appears that the addition of endoscopic resection to
the HIFU operation might not impact oncologic out-
comes and can improve localized PCa men compared
to HIFU monotherapy. The endoscopic resection with
HIFU treatment might reduce prostate volume, short-
en catheterization time, decrease postoperative urinary
incontinence, AUR, UTIs, epididymitis, and urethral
stricture rates, and improve urinary symptoms in com-
parison with HIFU treatment solely. Proper case in-
clusion, experienced surgeons with excellent HIFU
experience, and a multicentric prospective randomized
controlled trial with longer follow-up durations are re-
quired to confirm and validate our findings in the future.
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