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Purpose: This study investigated functional outcomes in lower urinary tract symptoms (LUTS), the incidence of incidental 
prostate cancer (PCa), and changes in prostate-specific antigen (PSA) levels after holmium laser enucleation of the prostate 
(HoLEP) in patients with elevated PSA and benign prostatic hyperplasia (BPH).
Methods: A retrospective review of a prospectively designed protocol for patients who underwent HoLEP at our institution 
from January 2010 to May 2020 was conducted. Patients were classified into low-PSA (<3.0 ng/mL) and high-PSA (≥3.0 ng/
mL) groups at baseline. Follow-up for PSA was performed at the sixth postoperative month. Baseline and postoperative clini-
cal parameters, functional parameters, PCa incidence, and postoperative changes in PSA were compared between the low- 
and high-PSA groups.
Results: The baseline PSA of 1,296 patients (mean age, 69.7±6.8 years) was 4.0±4.1 ng/mL, with 712 patients (55.0%) in the 
low-PSA group (1.6±0.8 ng/mL), and 584 patients (45.0%) in the high-PSA group (6.9±4.7 ng/mL). Incidental PCa was de-
tected in 82 patients (6.3%), with a similar incidence in the low-PSA (41 patients, 5.9%) and high-PSA (41 patients, 7.0%) 
groups (P>0.05). At 6 months postoperatively, both groups showed significant improvements in the maximum flow rate, 
postvoid residual volume, and all domains of the International Prostate Symptom Score (P<0.05). At postoperative 6 months, 
the PSA level significantly decreased by 66.6%±23.6% in all patients (54.3%±23.9% in the low-PSA group; 79.6%±14.7% in 
the high-PSA group) (P<0.05), and the PSA levels of 1,264 patients (97.6%) had normalized.
Conclusions: In patients with elevated PSA presenting with LUTS/BPH, our study demonstrated significant improvements in 
functional parameters and decreased PSA after HoLEP. The incidental PCa detection rate did not show a statistically signifi-
cant difference between the low- and high-PSA groups. Timely surgery for LUTS/BPH without delay due to PSA monitoring 
should be considered.

Keywords: Prostatic hyperplasia; Prostate-specific antigen; Lower urinary tract symptoms; Transurethral resection of prostate; 
Lasers; Solid-state
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is becoming increasingly 
common with population aging, and more men presenting 
with lower urinary tract symptoms (LUTS) caused by BPH are 
seeking treatment [1]. Upon screening, prostate-specific anti-
gen (PSA) elevation is often observed in patients with BPH, 
which is sometimes difficult to differentiate from the PSA ele-
vation observed in prostate cancer (PCa) patients [2].

Managing patients with bothersome LUTS and persistently 
elevated PSA is a modern urologic dilemma when making clin-
ical decisions [3]. For patients with persistent PSA elevation, 
urologists have a tendency to conduct continuing PSA moni-
toring and multiple additional prostate biopsies (P-Bx) for PCa 
evaluation over a long period of time. This can delay optimal 
surgical treatment, prolong LUTS, and decrease the quality of 
life (QoL) [4]. Several algorithms have been proposed to deal 
with this situation, without a clear consensus [5].

Limited studies have evaluated the clinical outcomes of trans-
urethral resection of the prostate (TURP) in patients with 
LUTS and elevated PSA. Cho et al. [6] reported that in patients 
with BPH and elevated PSA, TURP improved functional out-
comes and reduced PSA levels. Tinmouth et al. [7] also ana-
lyzed the importance of PSA as an objective tool for evaluating 
BPH treatment. However, a more detailed understanding of the 
outcomes of patients with PSA elevation and LUTS receiving 
holmium laser enucleation of the prostate (HoLEP) could assist 
in clinical decision-making for timely surgical treatment.

Our clinical experiences suggested that timely surgical treat-
ment of patients with elevated PSA and BPH without a delay 
due to PSA follow-up could show comparable clinical outcomes 
to those of patients without PSA elevation. We hypothesized 
that there would be significant differences between low- and 
high-PSA groups in terms of symptom improvement and the 
incidence of incidental PCa detection.

MATERIALS AND METHODS

This study reviewed a patient cohort at our institution from 
January 2010 to May 2020. The Institutional Review Board 
(IRB) of the Seoul National University Hospital approved this 
study (IRB No. H-2111-182-1277). The same clinical pathway 
under a prospectively designed study protocol for BPH surgery, 
including preoperative and postoperative follow-up evaluations 
and the timeline thereof, was applied to all surgical patients af-

ter 2009 at Seoul National University Hospital. With treatment 
optimization in mind, an order set was made in the electronic 
medical record system so that the same work-up was applied to 
all eligible patients. Data from the patient group following a 
prospectively designed patient study protocol were analyzed 
retrospectively.

The inclusion criteria included patients aged ≥50 years with 
a clinical diagnosis of BPH who underwent HoLEP. The exclu-
sion criteria were patients who had a history of genitourinary 
cancer and pelvic surgery, and neurogenic lower urinary tract 
dysfunction. Patients with minimal neuropathy, such as tran-
sient ischemic attack, which had little effect on LUTS as judged 
by a history and physical examination, were included in this 
study. The PSA level (Roche Diagnostics, Indianapolis, IN, 
USA) was measured at both baseline and postoperatively. For 
patients whose PSA was elevated at baseline, a meticulous 
screening work-up was conducted to eliminate cancer risk in 
patients who were indicated for prostatectomy for BPH. Uri-
nalyses were conducted for all patients to detect urinary tract 
infections (UTIs), which were treated if diagnosed, and the pa-
tients were followed up until no evidence of infection was de-
tected. Medications for LUTS, the number of acute urinary re-
tention (AUR) episodes, the International Prostate Symptom 
Score (IPSS) [8], total prostate volume (TPV) and transitional 
zone volume (TZV) measured using transrectal ultrasonogra-
phy, the number of transrectal P-Bx, uroflowmetry parameters, 
and urodynamic parameters were evaluated as previously de-
scribed in the literature [9]. P-Bx was considered when the PSA 
level was high ( ≥3.0 ng/mL), when a digital rectal exam 
showed suspicious findings, and/or when imaging showed ab-
normal findings [10]. For patients taking 5-alpha reductase in-
hibitors (5-ARIs), the PSA value was multiplied by 2 [11], and 
this doubled value was used to determine whether to perform a 
P-Bx. At our institution, until 2017, 12-core biopsies were con-
ducted near the base, midgland, and apex. After 2018, 14-core 
P-Bx including both transitional zones were conducted [12,13].

HoLEP was conducted using the technique we previously de-
scribed [14]. The intraoperative parameters that were evaluated 
were operative time, energy use, the weight of enucleated pros-
tate tissue, and morcellation time. After surgery, all BPH medi-
cations were discontinued. If patients experienced overactive 
bladder symptoms postoperatively, anticholinergics and/or 
beta-3 agonists were prescribed. In patients who were diag-
nosed with PCa based on surgical pathology, the pathological 
results followed the Gleason staging system [15], the tumor vol-
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ume percentage was recorded, and they were referred to uro-
logic oncologists.

Postoperative parameters were collected and complications 
were evaluated at postoperative 2 weeks, 3 months, and 6 
months, as previously described in the literature [16]. In princi-
ple, 6 months after surgery, open follow-up was conducted. 

Follow-up was extended and individualized for a small number 
of patients who showed abnormal findings during follow-up, 
such as persistently elevated PSA or pyuria, 6 months after sur-
gery.

The patients were classified into low-PSA (<3.0 ng/mL) and 
high-PSA (≥3.0 ng/mL) groups. The preoperative parameters, 

Table 1. Baseline patient characteristics    

Characteristic Whole population 
(n=1,296)

Low-PSA group PSA< 
3.0 ng/mL (n=712)

High-PSA group PSA≥ 
3.0 ng/mL (n=584) P-valuea)

Age (yr) 69.7±6.8 69.5±6.6 69.8±7.2 0.55

Body mass Index (kg/m2) 24.2±2.9 24.5±3.0 24.0±2.8 0.14

Symptom duration (mo) 42.5±64.6 43.9±72.9 40.7±52.8 0.37

Preoperative medications for LUTS

Alpha blockers 923 (71.2) 508 (71.3) 415 (71.0) 0.23

5-α reductase inhibitors 447 (34.5) 253 (35.5) 194 (33.2) 0.17

IPSS-storage symptom score 8.0±4.6 7.9±4.5 8.1±4.6 0.55

IPSS-obstructive symptom score 11.8±6.7 12.1±6.4 11.5±6.9 0.20

IPSS-total score 19.8±10.5 20.0±10.2 19.6±10.8 0.41

IPSS, quality of life score 4.2±1.5 4.2±1.5 4.3±1.5 0.42

Maximum flow rate (mL/sec) 9.3±4.7 9.6±4.9 9.2±4.5 0.13

Postvoided residual volume (mL) 130.5±169.0 133.4±139.0 129.6±170.0 0.38

Acute urinary retention (times) <0.001

0 1,002 (77.3) 599 (84.2) 403 (69.0)

1 261 (20.1) 103 (14.4) 158 (27.1)

2 21 (1.6) 6 (0.8) 15 (2.6)

3 9 (0.7) 2 (0.3) 7 (1.2)

4 3 (0.2) 2 (0.3) 1 (0.2)

Prostate-specific antigen (ng/mL) 4.0±4.1 1.6±0.8 6.9±4.7 <0.001

Prostate volume 

Total prostate volume (mL) 68.3±33.6 54.3±23.3 85.4±36.3 <0.001

Transitional zone volume (mL) 39.6±26.6 29.0±18.8 52.3±28.8 <0.001

Prostate biopsy (times) <0.001

0 854 (65.9) 634 (89.1) 220 (37.7)

1 357 (27.5) 70 (9.8) 287 (49.1)

2 57 (4.4) 6 (0.8) 51 (8.7)

3 21 (1.6) 1 (0.1) 20 (3.4)

4 6 (0.5) 1 (0.1) 5 (0.9)

5 1 (0.1) 0 (0) 1 (0.2)

Bladder outlet obstruction index 44.5±2.9 39.0±25.0 51.1±32.0 <0.001

Maximal detrusor pressure at Qmax 67.1±27.5 60.8±25.2 74.9±28.1 0.002

Values are presented as mean±standard deviation or number (%).    
PSA, prostate-specific antigen; LUTS, lower urinary tract symptoms; IPSS, International Prostate Symptom Score. 
a)t-test for continuous variables, chi-square test for discrete variables.
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perioperative parameters, and postoperative parameters were 
compared between the low- and high-PSA groups. The statisti-
cal analyses were conducted using IBM SPSS Statistics ver. 22.0 
(IBM Co., Armonk, NY, USA). We expressed continuous vari-

ables as the mean±standard deviation. Differences between the 
low- and high-PSA groups were analyzed with the Student t-
test for continuous data, and the chi-square test for categorical 
values. The baseline characteristics, IPSS score changes, and 

Table 2. Comparison of functional outcomes between low and high-PSA groups    

Variable Whole population 
(n=1,296)

Low-PSA group PSA< 
3.0 ng/mL (n=712)

High-PSA group PSA≥ 
3.0 ng/mL (n=584) P-valuea)

Baseline 

IPSS-storage symptom score 8.0±4.6 7.9±4.5 8.1±4.6 0.55

IPSS-obstructive symptom score 11.8±6.7 12.1±6.4 11.5±6.9 0.20

IPSS-total score 19.8±10.5 20.0±10.2 19.6±10.8 0.41

IPSS, QoL score 4.2±1.5 4.2±1.5 4.3±1.5 0.42

Maximum flow rate (mL/sec) 9.3±4.7 9.6±4.9 9.2±4.5 0.13

Postvoid residual volume (mL) 130.5±169.0 133.4±139.0 129.6±170.0 0.38

Short-term postoperative outcomes (3 mo) 

IPSS-storage symptom score 5.6±4.9 5.8±5.1 5.3±4.8 0.06

IPSS-obstructive symptom score 3.7±6.8 4.4±7.3 2.9±6.1 0.001

IPSS-total score 8.6±11.0 9.5±11.7 7.5±10.0 0.001

IPSS, QoL score 1.9±1.9 2.0±2.1 1.7±1.7 0.003

Maximum flow rate (mL/sec) 21.5±10.9 21.0±12.2 22.0±14.8 0.02

Postvoid residual volume (mL) 88.5±93.5 89.6±102.9 87.2±67.8 0.69

Δ IPSS-storage symptom score  -2.4±5.2b) -2.1±5.1b) -2.8±5.3b) 0.26

Δ IPSS-obstructive symptom score -8.0±7.8b) -8.2±7.4b) -7.7±7.8b) 0.21

Δ IPSS-total score -11.2 ±11.9b) -10.9±11.7b) -12.0±12.2b) 0.19

Δ IPSS, QoL score -2.3±2.6b) -2.2±2.5b) -2.9±2.5b) 0.41

Δ Maximum flow rate (mL/sec)  12.2 ±6.1b) 11.0±7.3b) 13.4 ±39.9b) 0.23

Δ Postvoid residual volume (mL) -41.9±99.8b) -43.8±100.2b) -42.0±99.8b) 0.43

Midterm postoperative outcomes (6 mo) 

IPSS-storage symptom score 4.4±4.9 4.5±4.6 4.1±5.1 0.15

IPSS-obstructive symptom score 3.6±6.8 4.1±6.7 3.0±7.0 0.01

IPSS-total score 7.5±11.1 8.2±10.8 6.7±11.5 0.01

IPSS, QoL score 1.6±1.9 1.8±1.8 1.4±1.9 0.001

Maximum flow rate (mL/sec) 22.0±13.2 20.7±12.0 23.5±11.3 0.001

Postvoid residual volume (mL) 64.2±75.1 61.4±84.6 67.8±61.1 0.22

Δ IPSS-storage symptom score -3.6±5.1c) -3.9±4.8c) -3.3±5.4c) 0.06

Δ IPSS-obstructive symptom score -8.2±7.5c) -8.6±7.1c) -7.8±8.0c) 0.08

Δ IPSS-total score -12.3±11.9c) -12.4±11.1c) -11.1±12.7c) 0.06

Δ IPSS, QoL score -2.6±2.7c) -2.5±2.6c) -2.5±2.7c) 0.42

Δ Maximum flow rate (mL/sec)  12.7±5.9c) 12.1±8.2c) 13.3±7.6c) 0.56

Δ Postvoid residual volume (mL) -65.3±102.1c) -62.1±110.2c) 61.9±100.2c) 0.34

Values are presented as mean±standard deviation or number (%).
PSA, prostate-specific antigen; IPSS, International Prostate Symptom Score; QoL, quality of life.
a)t-test. b)Changes between the postoperative 3 months and the baseline. c)Changes between the postoperative 6 months and the baseline.
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operative pathology of the low- and high-PSA groups were ana-
lyzed. A P-value of <0.05 was considered to indicate statistical 
significance, which means that the null hypotheses mentioned 
in the Introduction could be rejected. Multivariable regression 
analysis was used to analyze the factors showing correlations 
with baseline PSA. The correlations between the diagnosis of 
incidental PCa after HoLEP and PSA, P-Bx, and 5-ARI were 
investigated, and the low- and high-PSA groups were com-
pared.

RESULTS

The baseline characteristics of 1,296 consecutive patients are 
shown in Table 1. The average age of the patients was 69.7±6.8 
years. The mean total IPSS was 19.8±10.5, and the mean TPV 
was 68.3±33.6 mL. In total, 294 patients (22.7%) experienced 
more than one AUR episode, and 442 patients (34.1%) under-
went more than one P-Bx. The baseline PSA of all patients was 
4.0 ±4.1 ng/mL, with 712 (55.0%) in the low-PSA group 
(1.6 ±0.8 ng/mL), and 584 (45.0%) in the high-PSA group 

(6.9±4.7 ng/mL). The body mass index (BMI), postvoid resid-
ual volume, number of preoperative AURs, baseline PSA, TPV, 
TZV, the number of preoperative P-Bx, and bladder outlet ob-
struction (BOO) all were statistically significantly different be-
tween the low- and high-PSA groups at baseline (P<0.05).

The changes in all patients for PSA and objective and subjec-
tive storage and emptying parameters compared to baseline are 
shown in Table 2. There were no significant differences between 
the low- and high-PSA groups at baseline, nor between the low- 
and high-PSA groups in terms of symptom score improvement 
as calculated by the changes in baseline scores at the postopera-
tive third and sixth months (P>0.05). However, at the postop-
erative third and sixth months, there were significant differenc-
es between the low- and high-PSA groups in terms of the IPSS-
obstructive symptom score, IPSS-total score, and IPSS-QoL 
score (P<0.05). All functional parameters at the sixth postop-
erative month showed statistically significant improvements 
compared with baseline (P<0.05) (Supplementary Table 1).

The surgical pathology after HoLEP is described in Table 3. 
Eighty-two patients (6.3%) were diagnosed with incidental PCa 

Table 3. Operative pathology according to baseline PSA groups

Variable Whole population 
(n=1,296)

Low-PSA group PSA< 
3.0 ng/mL (n=712)

High-PSA group PSA≥ 
3.0 ng/mL (n=584) P-valuea)

Operative pathology 0.21

Nodular hyperplasia 1,214 (93.7) 671 (94.2) 543 (93.0)

Adenocarcinoma 82 (6.3) 41 (5.8) 41 (7.0)

Gleason score 0.21

5 (2+3) 1 (1.2) 1 (2.4) 0 (0)

6 (3+3) 72 (87.8) 33 (80.5) 39 (95.1)

7 (3+4) 8 (9.8) 6 (14.7) 2 (4.9)

8 (4+4) 1 (1.2) 1 (2.4) 0 (0)

Tumor percentage 0.33

1 47 (57.4) 21 (51.3) 26 (63.4)

2 18 (21.9) 11 (26.9) 7 (17.1)

3 10 (12.3) 4 (9.7) 6 (14.6)

5 2 (2.4) 2 (4.9) 0 (0)

6 1 (1.2) 1 (2.4) 0 (0)

7 1 (1.2) 1 (2.4) 0 (0)

10 2 (2.4) 0 (0) 2 (4.9)

20 1 (1.2) 1 (2.4) 0 (0)

Values are presented as number (%).
PSA, prostate-specific antigen.
a)Chi-square test.
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after HoLEP, with a similar distribution between the low-PSA 
(41 patients, 5.9%) and high-PSA (41 patients, 7.0%) groups. 
The hypothesis that there would be a difference in the incidence 
of incidental PCa detection between the low- and high-PSA 
groups was rejected since the chi-square test for homogeneity 
showed no statistical significance (P >0.05). Most of the pa-
tients had a tumor volume of 1% in both the low- and high-
PSA groups. The total Gleason score and tumor percentage 
were likewise not statistically different between the low- and 
high-PSA groups (P>0.05). PCa was not significantly correlat-
ed with the baseline PSA level (P =0.25), number of P-Bx 
(P=0.95), or 5-ARI use (P=0.25), and these findings were con-
sistent in both the low- and high-PSA groups.

The change in PSA from baseline to postoperative 6 months 
was analyzed (Fig. 1). The PSA level (4.0±4.1 ng/mL at base-
line) decreased to 1.0±0.9 ng/mL at postoperative 6 months 
(PSA reduction, 66.7%±23.6%). This decrease was similar in 
the low-PSA group (PSA reduction, 54.3% ±23.9%), which 

showed a drop from 1.6±0.8 ng/mL at baseline to 0.8±0.5 ng/
mL. In the high-PSA group, the PSA level decreased more sig-
nificantly, from 6.9±4.7 ng/mL at baseline to 1.2±1.1 ng/mL 
(PSA reduction, 79.6%±14.7%) at 6 months postoperatively. 
These changes were all statistically significant when the 6- 
month value was compared to baseline (P<0.005). Among the 
patients with baseline low PSA (n=712), 709 (99.6%) normal-
ized postoperatively, and 3 (0.4%) were de novo postoperatively 
elevated (≥3.0 ng/mL). Among the patients with baseline high 
PSA (n =584), 556 (95.2%) normalized, and 28 (4.8%) were 
postoperatively persistently elevated (≥3.0 ng/mL). The PSA 
decrease rate showed a statistically significant correlation with 
the resected volume (P<0.001).

The high-PSA group showed an increased risk of AUR (≥1 
time) (odds ratio [OR], 2.39; 95% confidence interval [CI], 
1.82–3.12; P<0.001), high TPV (≥100 mL) (OR, 8.37; 95% CI, 
5.56–12.60; P<0.001), and a high BOO Index (BOOI) (≥40) 
(OR, 2.39; 95% CI, 1.83–3.12; P<0.001). Multivariable regres-

Fig. 1. Changes in prostate-specific antigen (PSA) level between baseline and postoperative 6 months in both low and high PSA 
groups. (A) Changes in PSA from baseline low and high PSA groups at postoperative 6 months; the red lines indicate the patients in 
which PSA increased postoperatively. (B) Diagram of patient re-grouping at postoperative sixth months according to the PSA levels 
in both baseline high and low PSA groups; the orange- colored sections indicate percentage of patient with high PSA levels.
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sion showed that AUR, the number of P-Bx, TPV, and BOOI 
showed statistically significant positive correlations, while 
5-ARI medication history, IPSS, and BMI showed negative cor-
relations with preoperative PSA at a 5% significance level (Sup-
plementary Table 2).
  

DISCUSSION

There is still no clear consensus on how to manage LUTS/BPH 
patients with persistently high or increasing PSA levels with 
negative P-Bx results. As a result, the management of such pa-
tients may differ widely among clinicians. Urologists who spe-
cialize in voiding dysfunction tend to focus on treatment for 
LUTS in a timely manner. However, if these patients are man-
aged by urological oncologists, there often may be more em-
phasis on PSA follow-up for potential cancer detection. These 
trends are more evident in tertiary hospital settings in which 
subspecialties in urology are clearly defined. This can cause 
treatment delay and unintentional negative impacts on health 
outcomes for patients with LUTS/BPH and persistently elevat-
ed PSA [17].

Studies have sought to understand the clinical utility of PSA 
cutoff values for PCa screening. Leal et al. [18] investigated the 
sensitivity of PSA cutoff levels of 3.0 ng/mL and 4.0 ng/mL, re-
spectively. However, a proper understanding of the sensitivity 
of screening and clinical PCa detection rates is difficult. Some 
studies have used a PSA level of 4 ng/mL as the cutoff for the 
PCa work-up, while other studies have proposed lower values 
to reduce the risk of missing PCa [19]. We used 3.0 ng/mL as a 
PSA cutoff value at our institution. Our study showed a low in-
cidental PCa rate, suggesting that this could be an effective cut-
off. A Korean study analyzed the lifestyle factors associated with 
PSA changes using 3.0 ng/mL as a cutoff, and further studies 
could improve our understanding [20].

Postoperative PSA changes in BPH patients have also been 
reported, but mainly in TURP studies, and HoLEP studies re-
main few in comparison. The findings in our study are aligned 
with previous studies in that elevated PSA levels showed corre-
lations with AUR, BOO, and prostate volume [11]. Patients 
with larger prostates have been reported in the literature to 
show higher PSA levels before HoLEP and had a significantly 
greater decrease after surgery [21]. However, a disadvantage of 
that paper is that the study did not focus on PSA and was not 
conducted under a single, strictly controlled protocol at a single 
institution. There is still little information on PSA changes after 

HoLEP.
Helfand et al. [22] followed up BPH patients postoperatively 

to identify predictive factors that could distinguish BPH and 
PCa patients. In that study, BPH patients who underwent hol-
mium laser resection of the prostate (HoLRP) showed a post-
operative decrease of 31.3%. The baseline PSA decreased from 
3.2 ±1.8 ng/mL to 2.2 ±1.8 ng/mL after HoLRP. In the same 
study, patients who underwent TURP and were diagnosed with 
incidental PCa were analyzed, and their PSA levels decreased 
from 4.6±2.0 ng/mL to 2.4±2.2 ng/mL postoperatively. The 
PSA decreased in our study seemed to be higher than in con-
ventional studies, suggestive of BPH. This could be due to the 
fact that the removed tissue volume in HoLEP is larger than 
that in TURP or HoLRP.

Ozden et al. [23] followed up patients who had preoperatively 
elevated PSA levels 6 months after BPH surgery. According to 
the study, if pretreatment P-Bx are negative and operative speci-
mens are benign, these patients can be followed up in the same 
way as usual BPH patients. We also considered that a 6-month 
follow-up was sufficient for patients with normalized PSA, and 
we were able to confirm symptom improvement in most pa-
tients. If the PSA was persistently elevated or rising, a thorough 
evaluation and work-up were provided for PCa screening. In 
the future, more sophisticated PSA monitoring may improve 
the identification of patients requiring further therapy [24]. 
Further long-term analysis may be helpful to better interpret 
follow-up changes in PSA.

Ahyai et al. [25] reported amelioration of LUTS symptoms 
post-HoLEP, with patients showing improvement in the IPSS 
and stable recovery of QoL 3 months postoperatively. Lee et al. 
[26] reported that 91.8% of patients were satisfied with the sur-
gical outcomes of HoLEP, and 94% reported that they would 
choose surgery if they had to reconsider. Our study showed im-
provements in objective and subjective symptoms in the 
6-month analysis, which is consistent with recent studies [27].

It has been reported that higher baseline IPSS scores might 
be associated with significant symptom score improvement, but 
lower QoL improvement. This is due to the possible aggrava-
tion of symptoms over time, and suggests the importance of 
earlier treatment for patients with LUTS. The prominent im-
provement in IPSS scores and QoL in high-PSA patients could 
support the need for timely surgery for patients with elevated 
PSA. Considering that the high-PSA group in our study had 
higher baseline IPSS scores, larger prostate volume, a higher 
number of AUR episodes, and a higher number of P-Bx, they 
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would likely benefit more from earlier surgical treatment.
Park et al. [28] reported that repeated biopsies were not asso-

ciated with a higher PCa diagnosis rate for younger BPH pa-
tients and suggested that the risks and benefits should be care-
fully considered. Van Renterghem et al. [5] found that in pa-
tients with LUTS and elevated PSA, one well-performed ex-
tended P-Bx should be sufficient. In our study, the number of 
P-Bx did not show a statistically significant correlation with 
PCa, and this was consistent between the low- and high-PSA 
groups. This supports that additional P-Bx may not add im-
proved diagnostic value for PCa. Therefore, in patients present-
ing with severe LUTS and elevated PSA, HoLEP for LUTS/BPH 
relief should not be unnecessarily delayed due to PSA monitor-
ing and a PCa work-up.

Recent studies have reported that the overall incidental PCa 
rate after HoLEP ranged from 5.6% to 23.3% [29,30]. The inci-
dental PCa rate in our study after surgery was low (6.3%) com-
pared to other studies. The rigorous screening protocol used at 
our institution seems sufficient for cancer detection and surgi-
cal treatment decision-making for LUTS/BPH patients. Zack-
risson et al. [31] reported that in patients with elevated PSA and 
one negative P-Bx, patients with larger prostates usually had 
BPH and not PCa. Capogrosso et al. [32] reported that the in-
creased rate of low-risk incidental PCa after BPH surgery shows 
that clinical practice changes in PCa screening have reduced 
unnecessary P-Bx prior to the surgical treatment of BPH. Sev-
eral strategies have been proposed in this regard, although they 
have not safely eliminated the need for P-Bx [33].

Magnetic resonance imaging (MRI) fusion biopsies are be-
coming common in countries such as the United States, though 
such biopsies have only recently become reimbursed [34]. Our 
data was collected before MRI fusion techniques were com-
monly used. However, our preliminary analysis showed that the 
cancer detection incidence after utilization of MRI screening 
did not significantly decrease compared to that before the utili-
zation of MRI screening (P>0.05). Porreca et al. [35] reported 
that although the PCa detection rate was lower in patients with 
negative preoperative MRI screening results, the PCa specimen 
Gleason score did not show a statistically significant difference.

This study has distinct strengths compared to previous stud-
ies. First of all, this large-population long-term study analyzed 
more than 1,000 patients for about 10 years. Second, the pa-
tients were followed up using a prospectively designed patient 
study protocol with a predefined order set. Third, most of the 
patients in this study were referred from outside urologists, 

seeking optimal surgical therapy. Therefore, these patients 
could be considered representative of those observed in real-
world clinical practice.

However, this study does have some limitations. First, we 
could not analyze patients who did not receive surgical treat-
ment and compare them with those who underwent surgery. In 
addition, the postoperative follow-up duration was not long, 
because if no abnormalities were revealed, follow-up was dis-
continued at 6 months. There were also some patients who 
could not receive P-Bx prior to prostatectomy due to comor-
bidities, so their PSA elevation may not have been properly 
evaluated. Patients who had elevated PSA levels and who re-
fused to undergo surgery were also not analyzed. Finally, we 
compared the incidence of PCa between two groups divided 
according to the baseline PSA level. However, we had no infor-
mation about peripheral zone cancer because only prostatic ad-
enoma could be removed with HoLEP. If we could analyze and 
compare patients with elevated PSA who do not undergo sur-
gery, and monitor patients for longer postoperatively, we may 
be able to gather more information that could be valuable for 
clinical practice.

In patients presenting with both LUTS/BPH and concomi-
tantly elevated PSA, timely HoLEP surgery relieved LUTS and 
did not show an association with higher PCa incidence. Thus, 
surgical treatment should not be unnecessarily delayed due to 
PSA monitoring for PCa in patients with BPH.

SUPPLEMENTARY MATERIAL

Supplementary Tables 1 and 2 can be found via https://doi.
org/10.5213/ inj.2244176.088.
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