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Introduction

Studies reporting the favorable results of GreenLight laser XPS (GL-XPS) for the treatment of benign prostatic hyperplasia (BPH) are growing, with noninferior functional results, less morbidity, shorter catheterization, and hospitalization time compared with transurethral resection of the prostate (TURP) [START_REF] Brunken | A systematic review of experience of 180W XPS GreenLight laser vaporization of the prostate in 1640 men[END_REF][START_REF] Bachmann | 180-W XPS GreenLight laser therapy for benign prostate hyperplasia: early safety, efficacy, and perioperative outcome after 201 procedures[END_REF]. However, to become an alternative treatment to TURP or open retropubic prostatectomy, GL-XPS must demonstrate its efficiency for the treatment of medium to large glands and also the durability of the functional results, with a low rate of reoperation for recurrent BPH or complications such as bladder neck or urethral strictures. Studies published to date offer only short-term follow-up [START_REF] Bachmann | 180-W XPS GreenLight laser therapy for benign prostate hyperplasia: early safety, efficacy, and perioperative outcome after 201 procedures[END_REF][START_REF] Meskawi | Multicenter international experience of 532 nm-laser photo-vaporization with Greenlight XPS in men with large prostates (prostate volume > 100 cc)[END_REF][START_REF] Hueber | 180 W vs 120 W lithium triborate photoselective vaporization of the prostate for benign prostatic hyperplasia: a global, multicenter comparative analysis of perioperative treatment parameters[END_REF] and studies with long-term follow-up are lacking. The GOLIATH study has a maximum follow-up of 24 mo and the inclusion criteria for prostate volume was <100 ml and patients taking anticoagulants were excluded [START_REF] Bachmann | A European multicenter randomized noninferiority trial comparing 180 W GreenLight XPS laser vaporization and transurethral resection of the prostate for the treatment of benign prostatic obstruction: 12-month results of the GOLIATH study[END_REF]. Studies utilizing the 80-W and 120-W lasers are available with a maximum follow-up of 3-5 yr. In these studies, redo procedure rates vary from 6.8% to 11% at 3 yr and 8.9% at 5 yr of follow-up. Reoperation rates for urethral or bladder neck strictures are reported in 7.4% and 8% in two studies with 3-yr follow-up [START_REF] Al-Ansari | GreenLight HPS 120-W laser vaporization versus transurethral resection of the prostate for treatment of benign prostatic hyperplasia: a randomized clinical trial with midterm follow-up[END_REF][START_REF] Ruszat | GreenLight laser vaporization of the prostate: singlecenter experience and long-term results after 500 procedures[END_REF] and in 1.2% of cases in another series with 5-yr follow-up [START_REF] Hai | Photoselective vaporization of prostate: five-year outcomes of entire clinic patient population[END_REF].

Since the beam geometry of the MoXy fiber and maximum available power of the GL-XPS console are different to previous lasers and fibers, this may have an impact on long-term clinical outcomes and reoperation rate. The aim of this study was to assess both the long-term reported clinical outcomes and reoperation rate at 1 mo, 3 mo, 12 mo, and 57 mo of follow-up, in a prospective cohort of men treated with GL-XPS, without limitations of the prostate volume. To our knowledge, this is the first study of GL-XPS reported clinical outcomes with at least 48 mo of follow-up for all patients and a mean follow-up of 57 mo.

Materials and methods

2.1.Study population

Prospective data were collected on consecutive men undergoing photovaporization of the prostate (PVP) with the GL-XPS laser (American Medical System/Boston Scientific, Marlborough, MA, USA) between 2010 and 2012 in our center. Indication for surgery was bothersome lower urinary tract symptoms associated with prostate enlargement as measured with transrectal ultrasound (TRUS). Large prostate volume (> 100 cc) was not a contraindication and men with indwelling catheters at the time of surgery were included, as well as men taking oral anticoagulant therapy or antiplatelet drugs. Men with prostate cancer or evidence of neurogenic bladder dysfunction were excluded. All patients provided written consent. Our protocol was approved by the Ethics Committee of our University Hospital. All PVP procedures were performed by a single surgeon (GF), with transrectal ultrasonography monitoring according to the technique previously reported [START_REF] Fournier | Usefulness of real time transrectal ultrasonography to monitor the Greenlight XPS (180W) laser prostatectomy[END_REF]. Surgical technique-a standardized technique-was used for all procedures regardless of volume. Briefly, the operation started with the creation of a centroprostatic channel and the bladder neck and apex were treated with a maximum energy of 80 W. During the next step, a posterior vaporization was performed from the bladder neck up to the veru montanum with a maximum power of 120 W at the level of the bladder neck and lateral to the veru montanum. Lateral lobes were vaporized without limitation of power. Energy settings were titrated for optimum vaporization and safety.

2.2.Assessments

Participating men completed patient-reported outcome measures preoperatively, including the International Prostate Symptom Score (IPSS), International Continence Society (ICS), and International Index of Erectile Function short-form (IIEF5) questionnaires. We recorded the patient's American Society of Anesthesiologists score and additional urological comorbidity or prior surgery. Prostate volume was measured by TRUS and uroflowmetry, post residual urine measurement, and prostate-specific antigen (PSA) were assessed preoperatively. Patients treated with antiplatelet drugs had the treatment maintained or stopped according to the advice of the cardiologist. In case of coumadin or warfarin therapy, patients underwent perioperative bridging with low molecular weight heparin. Intraoperative lasing time, total operative time, numbers of fibers used for each procedure, and energy delivered were recorded.

Postoperatively, the TRUS volume measurements were repeated at 3 mo and 12 mo. IPSS, ICS, and IIEF5 questionnaires were collected at 1 mo, 3 mo,12 mo, and after 48 mo. Flow rate and postvoid residual volume were measured at 1 mo, 3 mo,12 mo, and 57 mo. Patient satisfaction was assessed by a specific nonvalidated questionnaire with a Likert scale (Supplementary data). PSA level was assessed at 3 mo, 12 mo, and 57 mo, respectively. The reoperation rate was recorded at the last visit during the 1st yr of follow-up, and by questionnaires and phone calls after 48 mo.

2.3.Statistical analysis

The statistical analysis was done with R (R Foundation for Statistical Computing, Vienna, Austria). Quantitative results were analyzed by Student t test with an alpha risk of 5%. Results are given as mean value plus or minus standards deviations.

Results

3.1.Patients characteristics

The preoperative parameters of 84 patients (82% [84/102] of original cohort) who completed the long-term questionnaire are shown in Table 1.

Patient mean age was 68 ± 7.2 yr (range: 51-85). Eight patients out of 84 were under anticoagulant therapy by warfarin or coumadin, and 24 patients out of 84 were treated with antiplatelet medication (19 aspirin, 3 clopidogrel, 2 bitherapy). Patients were operated under aspirin but clopidogrel was switched to aspirin. Moreover, warfarin was switched to low molecular weight heparin before surgery and stopped a day before surgery.

Mean preoperative prostate volume was 73 ± 38 ml. Nineteen patients out of 84 had a prostate larger than 100 cc. Mean preoperative PSA was 4.5 ± 4.3 ng/ml.

3.2.Perioperative data 3.2.1. Long-term clinical outcomes

Response rate for long-term functional questionnaires was high 82%(84/102). Mean follow-up was 57.4 ± 6.8 mo. Mean IPSS decreased by 80% at 12 mo compared with baseline. The mean decrease in IPSS was 8.2 ± 5.7 at 1 mo, and then went on to decline further at 12 mo to 3.9 ± 3.4, and after reaching this plateau remained stable at 57 mo (5.9 ± 5.8). Mean ICS was 1.7 ± 2.7 before surgery, 1.1 ± 2.7 after 1 mo, and remained stable at 3 mo, 12 mo, and 57 mo of followup. Qmax was improved at 12 mo from 9.6 ml/s before surgery to 21.8 ml/s, 23.9 ml/s, 25.2 ml/s, 19 ml/s at 1 mo, 3 mo, 12 mo, and 57 mo, respectively. Postvoid residual volume was reduced significantly from 96.6 ml to 25ml, 17.3 ml, 27 ml, and 39 ml at 1 mo, 3 mo, 12 mo, and 57 mo of follow-up. Prostate volume, measured by TRUS, decreased by 53%. Mean prostate volume was 73 ml before surgery and 34.7 ml at 12 mo postoperatively (Tables 2 and3).

3.3.Erectile function

There was no significant change in mean IIEF5 following surgery (Table 3).

3.4.Long-term satisfaction

Eight-eight percent (74/84) of the patients were at least mostly satisfied after a mean follow-up of 57 mo (Table 4).

3.5.Long-term complications and reoperation rate

Long-term complications are summarized in Table 5. Three patients experienced de novo urinary incontinence with one requiring pads. Five patients had alphablockers prescribed by their general practitioners and another one an anticholinergic drug. The overall reoperation rate was 4.8% (4/84). Two patients were reoperated on for bladder neck stricture at 15 d and 4 mo after the procedure. Two patients had urethral strictures, managed by dilatation under local anesthesia. Finally, two patients underwent a second PVP for recurrent lower urinary tract symptoms, hematuria, or prostate regrowth at 40 mo and 48 mo of follow-up, respectively. Both of these men had large glands with preoperative prostate volumes of 120 ml and 220 ml, respectively, and the latter patient had an incomplete treatment performed during the initial procedure because of the necessity to perform a short anesthesia due to his comorbidities (respiratory failure secondary to emphysema and heart failure).

3.6.PSA

Mean PSA level fell postoperatively to a nadir of 2 ± 2.13 ng/ml (reduced by 56% from baseline) at 3 mo, 2.2 ± 2.0 at 12 mo, and 2.6 ± 2.2 ng/ml at 57 mo (Table 3). To date, no prostate cancer has been detected.

Discussion

This study reports good and durable clinical reported outcomes by patients experiencing a PVP in an unselected cohort of men undergoing GL-XPS PVP. PSA level declined postoperatively and remained low at a mean 57.4 mo of follow-up. Most of the men were satisfied with the clinical outcomes of PVP.

If we consider the long-term outcomes of previous 80-W or 120-W GLs, our reoperation rate for recurrent BPH is markedly lower (2.4% vs 6.8-11%), suggesting a more complete removal of adenoma [START_REF] Al-Ansari | GreenLight HPS 120-W laser vaporization versus transurethral resection of the prostate for treatment of benign prostatic hyperplasia: a randomized clinical trial with midterm follow-up[END_REF][START_REF] Ruszat | GreenLight laser vaporization of the prostate: singlecenter experience and long-term results after 500 procedures[END_REF][START_REF] Hai | Photoselective vaporization of prostate: five-year outcomes of entire clinic patient population[END_REF]. Our reoperation rate is close to the result of the GOLIATH study performed with the same 180-W GL device (redo for BPH or bladder neck and urethral strictures). Indeed, in this series, the overall reoperation rate was 10.37% after 2 yr of follow up, including regrowth of adenoma in 2.2%, urethral stricture in 2.2%, or bladder neck contracture in 5.9% [START_REF] Bachmann | A European multicenter randomized noninferiority trial comparing 180 W GreenLight XPS laser vaporization and transurethral resection of the prostate for the treatment of benign prostatic obstruction: 12-month results of the GOLIATH study[END_REF].

Our results also look favorable if we consider the reoperation rate reported after TURP, quoted at around 1-2%/yr [START_REF] Oelke | EAU guidelines on the treatment and follow-up of non-neurogenic male lower urinary tract symptoms including benign prostatic obstruction[END_REF]. Finally, we also have to consider the long-term results of the holmium laser treatment which is the main challenger of PVP for BPH treatment today. In a holmium laser series reporting long-term follow-up (mean: 6.1 yr) by Gilling in 2008 [START_REF] Gilling | Holmium laser enucleation of the prostate: results at 6 years[END_REF], the reoperation rate for BPH recurrence was 1.2% and only one patient had a urethral stricture needing urethrotomy.

Moreover, the level of satisfaction was as high as 92% (88% in our series). However, 47% of patients were lost to follow-up and the median preoperative prostatic volume was lower than in our cohort (58 cc vs 73 cc) [START_REF] Gilling | Holmium laser enucleation of the prostate: results at 6 years[END_REF]. The reoperation rate at 7.6 yr of follow-up in another study from the same institution comparing holmium laser to TURP was 0% versus 18% [START_REF] Gilling | Long-term results of a randomized trial comparing holmium laser enucleation of the prostate and transurethral resection of the prostate: results at 7 years[END_REF]. In another series of 118 patients treated by holmium laser, Elzayat and Elhilali [START_REF] Elzayat | Holmium laser enucleation of the prostate (HoLEP): long-term results, reoperation rate, and possible impact of the learning curve[END_REF] reported a higher reoperation rate of 4.2% at 49 mo of follow-up. Finally, Kuntz et al [START_REF] Kuntz | Holmium laser enucleation of the prostate versus open prostatectomy for prostates greater than 100 grams: 5-year follow-up results of a randomised clinical trial[END_REF] compared holmium laser treatment to open prostatectomy in large volume BPH, superior to 100 cc at 5 yr of follow-up, and reported a reoperation rate of 5%, similar to ours for urethral or bladder neck strictures, but no reoperation for BPH recurrence.

The decrease rate of the PSA at 12 mo of follow-up is 56% in our series. This was considered as a good landmark for favorable long-term results by Valdivieso et al [START_REF] Valdivieso | Assessment of energy density usage during 180W lithium triborate laser photoselective vaporization of the prostate for benign prostatic hyperplasia. Is there an optimum amount of kilo-Joules per gram of prostate[END_REF].

No erectile dysfunction was reported in our study and the mean IIEF5 remained stable during the follow-up after GL XPS. This is similar to the results reported after TURP or holmium laser treatment [START_REF] Klett | Patient-reported sexual outcomes after holmium laser enucleation of the prostate: a 3-year follow-up study[END_REF][START_REF] Cornu | A systematic review and meta-analysis of functional outcomes and complications following transurethral procedures for lower urinary tract symptoms resulting from benign prostatic obstruction: an update[END_REF].

Our study is the first reporting long-term clinical outcomes of the GL-XPS PVP, demonstrating the durability of the reported clinical outcomes at a mean follow-up of 57.4 mo. The low rate of patients lost to follow-up in our series decreases the influence of this bias often met in long-term studies. If we consider the results of the published studies of the previous version of the GL, our series reports a decrease in the reoperation rate due to the completeness of the procedure. In our opinion, the TRUS monitoring during the procedure is useful to check the quality of the vaporization through a visible TURP-like cavity at the end of the operation. Because this is a single center, single surgeon series, more objective data such as urodynamic parameters will be needed from other centers to demonstrate the reproducibility of the procedure. Moreover, the long-term outcomes of the GOLIATH study are waiting by providing objectives parameters and multicentric data. More experience is also needed for large prostates, because in our series only 19 patients out of 84 had a prostate volume over 100 cc and the two recurrences belong to this subgroup.

Conclusions

This study is the first to demonstrate the durability of reported clinical outcomes at a mean follow-up of 57 mo. Results remain comparable to TURP and other laser modalities at this length of follow up. Further studies are required to confirm this result with a multicentric design and objectives data including urodynamics parameters. 

Table 1 -Baseline characteristics of the 84 patients who underwent photovaporization of the prostate with GreenLight-XPS ASA

 1 = American Society of Anaesthesiologists; BMI = body mass index; BPO = benign prostatic obstruction; PSA = prostate-specific antigen; PVP = photovaporization of the prostate; PVR = postvoid residual; SD = standard deviation.

	Variable	Baseline PVP
	Age mean ± SD (yr)	68 ± 7.2
	BMI mean ± SD (kg/m 2 )	27 ± 4.3
	ASA mean score	2
	N (%)	
	Patients with catheter, n (%)	16/84 (19)
	5-Alpha reductase inhibitors, n (%)	15/84 (17.8)
	Alpha blockers, n (%)	60/84 (71.4)
	Phytotherapy, n (%)	27/84 (32)
	Bitherapy for BPO, n (%)	23/84 (27)
	Anticoagulants, n (%)	29/84 (34.5)
	Antiplatelet drugs, n (%)	23/84 (27.4)
	Qmax, mean ± SD (ml/s)	9.6 ± 3.8
	PVR, mean ± SD (ml)	96 ± 87.9
	PSA level, mean ± SD (ng/m)	4.5 ± 4.3

Table 2 -Perioperative data photovaporization of the prostate with GreenLight-XPS
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	Variable	PVP
	Mean ± SD (range)	
	Operative time (min)	80 ± 35(30-195)
	Vaporization time (min)	48 ± 25(17-147)
	Total applied energy (kJ)	381 ± 220(92-1200)
	Prostate size (ml)	73 ± 38 (17-220)
	Applied power rate	
	(kJ/cc)	5.3
	PVP = photovaporization of the prostate; SD = standard deviation.

Table 3 -Long-term outcomes after photovaporization of the prostate with GreenLight- XPS

 3 International Continence Society; IIEF5 = International Index of Erectile Function short-form 5; IPSS = International Prostate Symptom Score; ND = not determined; PSA = prostate-specific antigen; PVR = postvoid residual; SD = standard deviation.

	Baseline	1 mo	3 mo	12 mo	57 mo
	Mean ± SD	Mean ± SD	Mean ± SD	Mean ± SD	Mean ± SD
	p value	p value	p value	p value	p value
	Range	Range	Range	Range	Range
	Median	Median	Median	Median	Median
	N		N	N	N	N
	IPSS	19.9 ± 6.47	8.2 ± 5.76	6.1 ± 5.67	3.9 ± 3.4	5.9 ± 5.86
		-	2*10 -17	0.0003	0.0001	0.007
		(4-35)	(1-30)	(0-34)	(0-20)	(0-32)
		19	7	5	3	4
		68	75	77	71	84
	ICS	1.73 ± 2.73	1.1 ± 2.79	0.9 ± 2.44	0.4 ± 1.09	0.6 ± 1.76
		-	0.09	0.3	0.14	0.61
		(0-12)	(0-21)	(0-17)	(0-8)	(0-11)
		0	0	0	0	0
		68	75	77	71	84
	IIEF5	12.5 ± 8.4	10.7 ± 9.59	11.7 ± 9.42	12.3 ± 9.23	10.6 ± 8.97
		-	0.44	0.52	0.11	0.001
		(1-25)	(1-25)	(1-25)	(1-25)	(0-25)
		13	5	13	13	9
		68	73	77	71	84
	PSA	4.5 ± 4.31	ND	2 ± 2.13	2.2 ± 2.08	2.6 ± 2.27
	(ng/ml)	-		1.4*10 -9	0.06	0.04
		(0.38-20.9)		(0.19-13.6)	(0.36-10.8)	(0.35-10.9)
		2.88		1.165	1.6	1.9
		84		70	66	78
	Qmax	9.66 ± 3.86	21.8 ± 11.30	23.9 ±	25.2 ± 9.25	ND
	(ml/s)	-	4.8*10 -11	11.55	0.85	
		(3.5-24.8)	(4.5-66.7)	0.16	(8.7-45.7)	
		9.1	20.7	(8.8-75.4)	27	
		68	78	22.9	70	
				73		
	PVR (ml)	96.6 ± 87.9	25 ± 30.72	17.3 ±	25.22 ±	ND
		-	6.8*10 -10	22.37	9.25	
		(0-567)	(0-161)	0.09	0.11	
		83	16	(0-76)	(8.7-45.7)	
		68	78	0	19.5	
				73	70	

Table 4 -Long-term satisfaction after GreenLight-XPS (evaluation by questionnaire) at a mean follow-up of 57 mo
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		N (%)
	Delight	41/84 (49)
	Pleased	18/84 (21)
	Mostly satisfied	15/84 (18)
	Mixed	5/84 (6)
	Mostly dissatisfied	3/84 (3.6)
	Unhappy	2/84 (2.4)
	Terrible	0

Table 5 -Long-term complications (evaluation by questionnaire) at a mean follow-up of 57 mo
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	N (%)
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