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Abstract

Background: The comparative outcome with GreenLight (GL) photoselective vaporisa-
tion of the prostate and transurethral resection of the prostate (TURP) in men with lower
urinary tract symptoms due to benign prostatic obstruction (BPO) has been questioned.
Objective: The primary objective of the GOLIATH study was to evaluate the noninfer-
iority of 180-W GL XPS (XPS) to TURP for International Prostate Symptom Score (IPSS)
and maximum flow rate (Qmax) at 6 mo and the proportion of patients who were

complication free.
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Design, setting, and participants: Prospective randomised controlled trial at 29 centres
in 9 European countries involving 281 patients with BPO.
Intervention: 180-W GL XPS system or TURP.
Outcome measurements and statistical analysis: Measurements used were IPSS, Qmax,
prostate volume (PV), postvoid residual (PVR) and complications, perioperative param-
eters, and reintervention rates. Noninferiority was evaluated using one-sided tests at the
2.5% level of significance. The statistical significance of other comparisons was assessed
at the (two-sided) 5% level.
Results and limitations: The study demonstrated the noninferiority of XPS to TURP for
IPSS, Qmax, and complication-free proportion. PV and PVR were comparable between
groups. Time until stable health status, length of catheterisation, and length of hospital
stay were superior with XPS ( p < 0.001). Early reintervention rate within 30 d was three
times higher after TURP ( p = 0.025); however, the overall postoperative reintervention
rates were not significantly different between treatment arms. A limitation was the short
follow-up.
Conclusions: XPS was shown to be noninferior (comparable) to TURP in terms of IPSS,
Qmax, and proportion of patients free of complications. XPS results in a lower rate of early
reinterventions but has a similar rate after 6 mo.
Trial registration: ClinicalTrials.gov, identifier NCT01218672.

# 2013 Published by Elsevier B.V. on behalf of European Association of Urology.
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1. Introduction

Benign prostatic obstruction (BPO) is one of the most

commonly diagnosed conditions of the male genitourinary

tract and worldwide results in 1.2 million surgical

procedures per year. Transurethral resection of the prostate

(TURP) is considered the reference treatment for lower

urinary tract symptoms (LUTS) due to BPO [1]. However, the

safety profile of this procedure remains questionable,

especially in patients with large prostate volumes (PVs)

[2]. Over the last decade, there have been efforts to identify

new technologies that can replicate the efficacy achieved by

monopolar TURP but with an improved safety profile [3]. As

an alternative to TURP, GreenLight (GL) laser photoselective

vaporisation of the prostate (PVP) has evolved over the past

few years to the 180-W GL XPS (XPS) laser system using the

MoXy fibre [4].

Recently, published meta-analyses suggest that former

GL systems are similar to TURP with respect to improve-

ments in International Prostate Symptom Score (IPSS) and

maximum flow rate (Qmax) plus improved complication

rates [5–7]. However, GL PVP has been criticised for limited

reduction of PV compared with TURP, the cost of the

equipment, and prolonged storage symptoms [8]. Prelimi-

nary data suggest superiority of the XPS over previous GL

systems in terms of efficacy while maintaining the known

safety characteristics [9,10]. The GOLIATH study was

conducted to compare the safety of the XPS GL system

with TURP in patients with BPO.

2. Patients and methods

2.1. Patients

The trial was conducted at 29 centres in nine European

countries. Table 1 provides the full inclusion and exclusion

criteria for the trial. All sites obtained ethics committee and

research and development committee approvals for the trial

prior to commencement.
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2.2. Study design

The study is an open-label, prospective, multicentre

randomised controlled trial with 2-yr follow- up comparing

outcomes with TURP and XPS techniques. Figure 1 shows

the design of the study including randomisation, treatment,

and follow-up of patients.

The primary outcome is the IPSS at 6 mo. A number of

secondary outcomes were assessed including Qmax, freedom

from complications during the first 180 d postprocedure,

postvoid residual (PVR), PV via transrectal ultrasound,

prostate-specific antigen (PSA), and patient-reported mea-

sures regarding general health, urinary incontinence, sexual

function, and satisfaction with the procedure. Variables

associated with return to patient health included length of

catheterisation, length of hospitalisation, and time until

stable health.

An independent external clinical events committee of

three board-certified academic urologists adjudicated

adverse events (AEs) blinded to treatment. AEs were

classified using (1) a modified Clavien-Dindo classification

[11], (2) relatedness to the treatment, and (3) whether the

event met the definition of a complication (Supplemental

Fig. 1). A complication was defined in the study protocol as

an AE related to the treatment that involved prolonged or

additional hospitalisation or surgical or invasive interven-

tion excluding medications and urinary retention with

short-term catheterisation (ie, catheterisation that lasted

<7 d) [12].

2.3. Surgical procedures

All surgeons were licensed urologists trained and experi-

enced with TURP; each site was limited to two surgeons.

Only the principal investigators were allowed to perform

both techniques. Prior surgical experience with XPS varied

among the group from <10 cases to >500 cases. The surgical

technique for XPS was standardised according to previously

published recommendations [13] and updated to the

specification for using the XPS laser device including MoXy
eenLight Laser Vaporisation Versus Transurethral Resection of
-Month Safety and Efficacy Results of a European Multicentre
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Table 1 – Patient selection criteria

Inclusion criteria

� Subject has provided informed consent and agrees to attend all study

visits.

� Subject has diagnosis of lower urinary tract symptoms due to benign

prostatic enlargement causing bladder outlet obstruction.

� Subject is willing to be randomised.

� Subject is able to complete self-administered questionnaires.

� The subject is a surgical candidate for either the XPS or the TURP

procedure and may be randomised into either arm.

� Subject is 40–80 yr of age.

� Subject has an IPSS score �12 measured at the baseline visit.

� Subject has medical record documentation of Qmax <15 ml/s.

� Subject has medical record documentation of a prostate volume

�100 ml by TRUS.

� Subject is classified ASA I, II, or III.

� Subject has a serum creatinine within the normal range for the study

centre.

Exclusion criteria

� Subject has a life expectancy <2 yr.

� Subject is currently enrolled in or plans to enrol in any concurrent

drug or device study.

� Subject has an active infection (eg, urinary tract infection or prostatitis).

� Subject has a diagnosis of or has received treatment for chronic

prostatitis or chronic pelvic pain syndrome (eg, nonbacterial chronic

prostatitis).

� Subject has been diagnosed with a urethral stricture or bladder neck

contracture within the last 180 d.

� Subject has been diagnosed with two or more urethral strictures

and/or bladder neck contractures within 5 yr.

� Subject has a diagnosis of lichen sclerosus.

� Subject has a neurogenic bladder or other neurologic disorder that affects

bladder function.

� Subject has a diagnosis of polyneuropathy (eg, diabetic).

� Subject has history of lower urinary tract surgery.

� Subject has diagnosis of stress urinary incontinence that requires

treatment or daily pad or device use.

� Subject has a history of intermittent self-catheterisation.

� Subject has been catheterised or has a PVR >400 ml in the 14 d prior

to the surgical procedure.

� Subject has current diagnosis of bladder stones.

� Subject has diagnosis of prostate cancer.

� Subject has a history of CIS, TaG2, TaG3, or any T1 stage bladder cancer.

� Subject has damage to external urinary sphincter.

� Subject has a medical contraindication for undergoing either TURP

or XPS surgery.

� Subject has a disorder of the coagulation cascade (eg, haemophilia) or

disorders that affect platelet count or function (eg, von Willebrand

disease) that would put the subject at risk for intraoperative or

postoperative bleeding.

� Subject is unable to discontinue anticoagulant and antiplatelet therapy

preoperatively (3–5 d) except for low-dose aspirin (eg, �100 mg).

� Subject has had an acute myocardial infarction, open heart surgery, or

cardiac arrest <180 d prior to the date of informed consent.

� Subject is immunocompromised (eg, organ transplant, leukaemia).

ASA = American Society of Anaesthesiologists; CIS = carcinoma in situ;

IPSS = International Prostate Symptom Score; PVR = postvoid residual;

Qmax = maximum flow rate; TRUS = transrectal ultrasound; TURP =

transurethral resection of the prostate; XPS = 180-W GreenLight XPS.
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fibre [10]. Each surgeon was evaluated for adherence to the

standard technique before being allowed to randomise

patients.

2.4. Randomisation and statistical analysis

Randomisation was performed after checking the patient’s

eligibility for the study. The patients were assigned to

treatments in a 1:1 ratio within each clinical site by a
Please cite this article in press as: Bachmann A, et al. 180-W XPS Gr
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permuted-block randomisation schedule with mixed-block

sizes of two and four. The patients were assigned in order of

enrolment using sequentially numbered and sealed envel-

opes that contained the random treatment assignment.

Blinding was not attempted.

The study design provided 80% power to demonstrate

noninferiority of XPS for each of IPSS, Qmax, and complica-

tion-free proportion. For the primary outcome of IPSS, it was

estimated that at least 113 men were needed in each

treatment arm to demonstrate XPS noninferiority, using a

noninferiority margin of three points [14]. With respect to

Qmax, a noninferiority margin of �5 ml/s was used, and for

the complication-free proportion, a noninferiority margin of

�5%. Noninferiority was evaluated using one-sided tests at

the 2.5% level of significance. The two-sample t test was

used for the IPSS and Qmax, whereas the Farrington-

Manning test was used for the complication-free propor-

tion. Further details are shown in the Supplementary data.

3. Results

3.1. Study population

Between April 2011 and September 2012, a total of 291

patients were enrolled, of whom 10 were deemed ineligible

prior to randomisation (Fig. 1). The randomisation assigned

139 patients to XPS and 142 to TURP. Postrandomisation,

seven patients were determined to be ineligible and were not

treated. Per protocol, 136 and 133 patients underwent XPS or

TURP, respectively, and 265 patients (99%) were available at

6-mo follow-up; demographic and clinical characteristics of

the treated patients are shown in Table 2. Mean follow-up

of the entire cohort was 12.3 mo (standard deviation [SD]:

3.6 mo; range: 0.07–23.9 mo). For the XPS arm, follow-up was

12.4 mo (SD: 3.6 mo; range: 0.7–21.5 mo); for the TURP arm,

follow-up was 12.2 mo (SD: 3.6 mo; range: 5.1–23.9 mo).

3.2. Outcomes

Table 3 shows the primary outcomes. The mean IPSS at 6 mo

was not significantly different between XPS and TURP, and

the criterion for XPS noninferiority was met ( p = 0.002). The

results for the per protocol and the modified intention-to-

treat groups were identical. A consistent and comparable

improvement in IPSS was observed over time in the two

arms (Fig. 2a).

The Qmax at 6 mo was not statistically different between

arms, and the criterion for XPS noninferiority was met

( p = 0.002) (Table 3). The results from the modified

intention-to-treat analysis were similar (mean difference;

�1.1; 95% confidence interval, �3.9 to 1.7). Improvement in

Qmax over time was comparable in the two arms (Fig. 2c).

The proportion of patients who were complication free

during the first 180 d was comparable after XPS (87.3%) and

TURP (83.2%), and the criterion for XPS noninferiority was

met ( p = 0.019) (Table 3). The results of the per protocol

and modified intention-to-treat analyses were identical.

Overall, it was observed that the complication-free rate was

higher after XPS during the follow-up period (Fig. 3).
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1 Declined to con�nue

135 A�ended 3-wk visit 131 A�ended 3-wk visit
2 Missed visit

132 A�ended 3-mo visit
3 Missed visit

132 A�ended 3-mo visit
1 Missed visit

1 Was lost to follow-up 

134 A�ended 6-mo visit 131 A�ended 6-mo visit

2 Declined to con�nue

133 Were assigned to TURP
132 Underwent TURP per assignment
1 Underwent XPS owing to miscommunica�on

136 Were assigned to XPS
135 Underwent XPS per assignment
1 Underwent TURP owing to fibre error

9 Were not treated
6 Determined ineligible
3 Declined treatment

291 Enrolled

10 Determined ineligible

281 Underwent randomisa�on

139 Were assigned to XPS 142 Were assigned to TURP

3 Were not treated
1 Determined ineligible
1 Was lost to follow-up
1 Declined treatment

Fig. 1 – Design of the GOLIATH study including randomisation, treatment, and follow-up of patients.
TURP = transurethral resection of the prostate; XPS = 180-W GreenLight XPS.
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3.3. Perioperative results

Table 4 summarises the operative characteristics. The time

spent in the recovery room after surgery was comparable

with the two procedures; however, XPS was found to be

superior to TURP in terms of shorter length of catheterisa-

tion, shorter time until stable health, and shorter length of

hospital stay ( p < 0.001; Table 5). Prostate cancer was

detected in 5 of the 133 patients (3.8%) based on pathologic

evaluation of TURP chips.

3.4. Functional results and efficiency parameters

The mean values for IPSS quality-of-life score, PVR, and PV

all decreased substantially over time in both arms and were
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comparable within the 6-mo follow-up (Fig. 2b–2e). The

reduction in PV at 6 mo was comparable between groups

( p = 0.079; Fig. 2e). The absolute PSA values were different

at 6 mo ( p = 0.007; Fig. 2f). The mean (SD) percentage

reductions from baseline also differed (XPS �34.7% [56.4]

and TURP �43.2% [57.9]; p = 0.025) (Fig. 2f).

3.5. Adverse events

All AEs classified as treatment related by the clinical events

committee are summarised in Table 6 and Supplemental

Table 1. Overall, 47.8% of XPS patients and 53.4% of TURP

patients were free of treatment-related AEs; 30.9% of XPS

patients and 25.6% of TURP patients had only one

treatment-related AE; 21.3% of XPS patients and 21.1%
eenLight Laser Vaporisation Versus Transurethral Resection of
-Month Safety and Efficacy Results of a European Multicentre
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Table 2 – Baseline characteristics of treated patients

Variable XPS TURP p value*

Age, yr n = 136 n = 133

65.9 (6.8) 65.4 (6.6) 0.519

(44.0, 66.0, 80.0) (46.0, 66.0, 80.0)

BMI, kg/m2 n = 136 n = 133

27.2 (3.9) 27.5 (3.8) 0.532

(18.3, 26.8, 39.8) (17.0, 27.2, 49.4)

Current anticoagulant use up to surgery, no. (%) n = 134 n = 130

5 (3.7) 9 (6.9) 0.282

Aspirin up to surgery, �100 mg, no. (%) n = 134 n = 130

28 (20.9) 23 (17.7) 0.536

Use of 5-ARI up to surgery, no. (%) n = 134 n = 130

36 (26.9) 45 (34.6) 0.184

Charlson Comorbidity Index n = 136 n = 133

0.4 (0.6) 0.2 (0.5) 0.024

(0.0, 0.0, 2.0) (0.0, 0.0, 3.0)

Duration of BPO, yr n = 135 n = 133

6.6 (6.2) 5.0 (4.6) 0.018

(0.1, 4.3, 37.1) (0.1, 3.4, 20.2)

IPSS n = 136 n = 132

21.2 (5.9) 21.7 (6.4) 0.507

(8.0, 21.0, 35.0) (6.0, 21.5, 35.0)

Qmax, ml/s n = 121 n = 125

9.5 (3.0) 9.9 (3.5) 0.266

(3.0, 9.5, 16.1) (2.8, 9.8, 20.7)

PVR, ml n = 131 n = 128

110.1 (88.5) 109.8 (103.9) 0.976

(0.0, 91.9, 361.0) (0.0, 75.0, 465.0)

PSA, ng/ml n = 136 n = 133

2.7 (2.1) 2.6 (2.1) 0.800

(0.1, 2.1, 9.6) (0.1, 2.2, 10.3)

TRUS prostate volume, ml n = 136 n = 133

48.6 (19.2) 46.2 (19.1) 0.301

(17.3, 45.4, 105.0) (16.6, 42.5, 98.7)

5-ARI = 5a-reductase inhibitor; BMI = body mass index; BPO = benign prostatic obstruction; IPSS = International Prostate Symptom Score; Qmax = maximum

flow rate; PSA = prostate-specific antigen; PVR = postvoid residual; TRUS = transrectal ultrasound; TURP = transurethral resection of the prostate; XPS = 180-W

GreenLight XPS.

Values shown represent mean (standard deviation) (minimum, median, and maximum), unless otherwise noted.
* The p value reported is for statistical test of difference between groups.

Table 3 – Primary and secondary outcome: summary of International Prostate Symptom Score, maximum flow rate, and complication-free
status

End point XPS
n = 136

TURP
n = 133

Difference (95% CI)*

IPSS at 6 mo 6.8 (5.2) 5.6 (4.9) 1.2 (�0.0 to 2.4)

Qmax at 6 mo 23.3 (10.1) 24.2 (11.4) �0.9 (�3.7 to 1.9)

Complication free during 180 d 87.3% (117/134) 83.2% (109/131) 4.1% (�4.5% to 12.7%)

CI = confidence interval; IPSS = International Prostate Symptom Score; Qmax = maximum flow rate; TURP = transurethral resection of the prostate; XPS = 180-W

GreenLight XPS.

Results presented as mean (standard deviation) or percentage (no. complication free/no. completed 6-mo follow-up).
* Difference refers to mean difference or difference between proportions (XPS minus TURP).
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of TURP patients had two or more treatment-related AEs

( p = 0.592; Cochran-Armitage trend test). There were 117

AEs documented in 71 patients with XPS (n = 136) and 98

AEs in 62 patients after TURP ( p = 0.394). The most common

grade 1 AEs with either treatment were storage symptoms,

urinary incontinence, and bleeding. The most common

grade 2 AE was urinary tract infection, documented in 14.7%

after XPS and 8.3% after TURP. Fewer grade 3 AEs were

observed after XPS compared with TURP, with 19 AEs in

17 patients (12.5%) versus 29 AEs in 26 patients (19.5%)
Please cite this article in press as: Bachmann A, et al. 180-W XPS Gr
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(Table 6; Fig. 4); the most frequent were bleeding, retention,

and urethral strictures. Grade 3 bleeding AEs were less

common after XPS (2.9%) compared with TURP (6.8%;

p = 0.165). There were two blood transfusions in one patient

after TURP. The proportion of patients with storage symptoms

(dysuric or irritative symptoms) was comparable after XPS

and TURP, considering all grades ( p = 0.651; Table 6).

Urinary incontinence was observed in 11.0% of XPS

patients and 3.0% of TURP patients ( p = 0.015; Table 7,

Fig. 4). All of the TURP cases and 12 of the 16 XPS cases were
eenLight Laser Vaporisation Versus Transurethral Resection of
-Month Safety and Efficacy Results of a European Multicentre
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Fig. 2 – Outcome following treatment with the 180-W XPS GreenLight photoselective vaporisation of the prostate (PVP) or transurethral resection of the
prostate (TURP) measured in terms of (a) International Prostate Symptom Score (IPSS), (b) IPSS quality-of-life (QoL) index, (c) maximum flow rate (Qmax),
(d) postvoid residual (PVR), (e) prostate volume reduction at 6 mo, and (f) change in prostate-specific antigen (PSA) at 6 mo. Values plotted are means and
associated 95% confidence intervals. The p values presented are for a two-sided test of a statistical difference between treatment arms.
TRUS = transrectal ultrasound.
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of mild severity (easily tolerated with noninvasive inter-

vention) as classified by the clinical centre. Moderate

urinary incontinence, defined as causing interference with

usual activity with minimal intervention or tolerated but

requiring intervention, was reported in three XPS patients

and no TURP patients ( p = 0.247).

AEs requiring a surgical or other invasive intervention

were classified in 13 patients (9.6%) after XPS and 18

patients (13.5%) after TURP ( p = 0.343; Table 8). The
Please cite this article in press as: Bachmann A, et al. 180-W XPS Gr
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proportion of patients requiring an early reintervention

(�30 d) was significantly higher after TURP than XPS (9.8%

vs 2.9%; p = 0.025); reintervention rates up to 180 d were

comparable in the two groups (Table 8).

3.6. Other

There were two prostate perforations and two urethral

injuries in the XPS treatment arm. One XPS patient
eenLight Laser Vaporisation Versus Transurethral Resection of
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Table 4 – Summary of operating parameters

Parameter XPS (n = 136) TURP (n = 133) p value*

Anaesthesia, no. (%)

General 79 (58.1) 76 (57.1) 0.902

Spinal 57 (41.9) 54 (40.6) 0.902

Local 1 (0.7) 0 (0.0) 1.000

Regional 0 (0.0) 3 (2.3) 0.120

Other 1 (0.7) 0 (0.0) 1.000

Procedure time, min n = 133 n = 133

49.6 (21.8) 39.3 (18.5) <0.001

(15.0, 46.0, 160.0) (0.0, 36.0, 110.0)

Lasing time, min 44.5 (21.2) NA

(n = 135) (14.0, 41.0, 144.0)

Resection time, min NA 34.8 (17.0)

(n = 133) (10.0, 33.0, 103.0)

Total energy delivered, kJ 232.5 (129.5) NA

(n = 136) (43.6, 206.6, 789.6)

Resection weight, g NA 19.1 (13.3)

(n = 132) (2.0, 15.9, 80.0)

Maximum power used, W n = 136 n = 128

165.9 (22.4) 216.2 (65.2)

(80.0, 180.0, 180.0) (100.0, 200.0, 320.0)

TURP loop type, no. (%) – Monopolar Bipolar

78 (58.6%) 55 (41.4)

No. fibres/loops used, no. (%)

1 125 (91.9) 69 (88.5) 48 (87.3)

2 11 (8.1) 8 (10.3) 7 (12.7)

�3 0 (0) 1 (1.3) 0 (0.0)

NA = not applicable; TURP = transurethral resection of the prostate; XPS = 180-W GreenLight XPS.

Values shown represent mean (standard deviation) (minimum, median, maximum), unless otherwise noted.
* The p value reported is for statistical test of difference between groups, if available.

Table 5 – Recovery parameters following treatment with 180-W GreenLight XPS or transurethral resection of the prostate

XPS TURP p value

Recovery time, h* n = 131 n = 129

2.2 (3.5) 2.9 (6.1) 0.328

(0.0, 1.2, 25.9) (0.0, 1.3, 43.8)

Length of catheterisation, hy n = 128 n = 124

40.8 (71.5) 59.5 (40.6) <0.001

(0.0, 22.0, 624.8) (7.8, 46.7, 286.1)

Time to stable health status, hz n = 136 n = 133

37.3 (42.2) 63.5 (39.1) <0.001

(2.6, 26.0, 403.8) (2.7, 52.8, 287.3)

Length of hospital stay, h n = 134 n = 130

65.5 (63.3) 96.9 (62.0) <0.001

(5.5, 49.3, 524.6) (6.0, 78.2, 357.3)

TURP = transurethral resection of the prostate; XPS = 180-W GreenLight XPS.

Results given as mean (standard deviation) (minimum, median, maximum).
* Recovery time: time of entry into the recovery room up to the time of exit from recovery room.
y Length of catheterisation: time catheter inserted up to catheter is removed. Catheter removal time is recorded as the time when the catheter is removed

and followed by a successful voiding trial.
z Time to stable health status: time from entering the recovery room until the earlier of discharge from the medical facility or the first successful voiding

trial without an ongoing treatment-related adverse event.
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experienced reobstruction from the prostate. Retrograde

ejaculation (a sequelae event) occurred in 88 PVP and 84

TURP patients.

4. Discussion

The GOLIATH study is the largest prospective randomised

trial to date comparing TURP with laser prostatectomy

[4,6,15,16]. Besides the comparison of techniques, the

GOLIATH study provides an update of excellent TURP data
Please cite this article in press as: Bachmann A, et al. 180-W XPS Gr
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in Europe [1–3,17]. The study was designed to evaluate the

noninferiority of GL XPS to high-quality TURP outcomes,

achieved by including only experienced TURP surgeons as

investigators.

The study is also the first one powered to compare

safety and efficacy parameters with the two forms of

treatment. The primary end points were met, and results

demonstrate noninferiority of XPS using the MoXy fibre

to TURP with regard to IPSS, Qmax, and complication-free

rate after 6 mo (Table 3). Analysis of secondary end points
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Fig. 3 – Kaplan-Meier estimates for proportion of patients free of complications following treatment with 180-W XPS GreenLight photoselective
vaporisation of the prostate or transurethral resection of the prostate (TURP): (a) within 30 d; (b) within 180 d.
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demonstrated that length of catheterisation, time until

stable health, and length of stay were superior after XPS

compared with TURP (Table 5).

Historically, GL has been viewed as less efficacious

compared with TURP [5,17–19]. The recent XPS laser

system represents a significant improvement over previous

systems in terms of efficacy while maintaining the known

safety characteristics of previous GL systems [9,10]. Given

the rapid progression of the GL technology over the last

decade, there are limited long-term studies, and the current

literature largely reports data from early 80-W and 120-W

systems [6,7].

Monopolar TURP removes about 30–50% of the preopera-

tively measured PV [20]. In the TURP arm of the GOLIATH

study, the mean (SD) PV was 46.2 (19.1) ml; 19.1 (13.3) g of

tissue was resected (41.4%). A similar prostate size reduction

was observed in the XPS arm, using on average 232.5 kJ

energy per procedure. The increase in power to 180 W and a

more efficient MoXy fibre has led to a faster and more

efficient energy transfer that improves tissue removal [9].

It has been shown that PSA value is strongly correlated

with total PV, and TRUS-determined adenoma volume

correlates well with the tissue resected by TURP [21]. PSA

and TRUS PV measurement can be used as surrogate

parameters, although there are limitations due to other

factors influencing the increase and decrease. In the current

study, PSA reduction was statistically higher after TURP, but

PV measurements after both procedures were not different.

In the short term, the efficiency of XPS was comparable with

TURP. But the crucial question will be the long-term

functional results, reintervention rate, and patient satisfac-

tion with longer follow-up.

AE rates across the modified Clavien-Dindo grades were

similar between treatment groups. However, there were

fewer grade 3 bleeding events in the XPS group, consistent

with the hypothesis that severe bleeding should be seen less

frequently with this treatment compared with TURP

[6,7,22–27]. With previous laser systems, the reinterven-

tion rate was higher compared with TURP, mainly due to the
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inefficiency of immediate tissue removal [17]. The GOLIATH

study provides evidence for the first time that the overall

portion of patients free of any AE was comparable between

XPS and TURP (Table 3). The treatment arms were similar

with respect to reintervention; however, the early reinter-

vention rate within 30 d of treatment was three times

higher after TURP (Table 8).

Previous reports of long-lasting dysuric complications

(storage symptoms) range from 2.4% to 68.2% after

holmium laser enucleation of the prostate (HoLEP), 7.6–

14.8% after 80-W/120-W GL PVP, and 10.7–13% after

thulium yttrium-aluminium-garnet laser prostatectomy.

The lack of a standardised definition for dysuria makes it

difficult to compare results from previously reported

studies. The rate of storage symptoms, which have been

rated blinded to the treatment by a study-independent

expert group, was comparable in the two arms of the

GOLIATH study (Table 6; Fig. 4). This observation is of

interest considering previous reports that GL laser vapor-

isation results in a higher rate of prolonged urgency,

dysuria, and overall storage symptoms compared with what

can be expected with TURP [5]. Also, the sloughing of

prostatic tissue leading to postoperative obstructive voiding

was not observed after XPS in the current study.

Previously reported rates of urinary incontinence are up

to 2.2% in patients undergoing TURP, 1.2% for earlier

generations of PVP, and 10.7% for diode laser [5,28]. After

HoLEP, significant stress urinary incontinence is reported in

12.5% of patients within 6 mo and 3.4% at 6- to 12-mo

follow-up [29]. In the current study, urinary incontinence

was observed more frequently after XPS, but no severe cases

were observed, and moderate cases were observed in only

three patients (Table 7).

It is suspected that GL vaporisation results in a missed

opportunity to diagnose prostate cancer. Historically, inci-

dental prostate cancer was diagnosed in 4–22% of TURP

specimens [30]. In a recent study of adenoma enucleations,

prostate cancer was diagnosed in 3.1% of pathologic speci-

mens [31]. The findings in the GOLIATH study are in line
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Table 6 – Treatment-related adverse events (AEs) and number of patients with AEs by the modified Clavien-Dindo classification [11]

AEs XPS
(n = 136)

TURP
(n = 133)

p value

No. AEs No. patients (%) No. AEs No. patients (%)

Clavien-Dindo grade 1

Bleeding 9 9 (6.6) 9 9 (6.8) 1.000

Urinary tract infection 6 5 (3.7) 2 2 (1.5) 0.447

Irritative symptoms/pain/discomfort 25 22 (16.2) 24 24 (18.0) 0.747

Stricture (meatal, urethral, bladder neck) 1 1 (0.7) 0 0 (0.0) 1.000

Urinary incontinence* 12 12 (8.8) 4 4 (3.0) 0.068

Urinary retention** 8 8 (5.9) 3 3 (2.3) 0.217

Other 5 5 (3.7) 6 6 (4.5) 0.768

Total*** 66 46 (33.8) 48 39 (29.3) 0.435

Clavien-Dindo grade 2

Bleeding 3 3 (2.2) 2 2 (1.5) 1.000

Urinary tract infection 20 20 (14.7) 13 11 (8.3) 0.126

Irritative symptoms/pain/discomfort 4 4 (2.9) 5 5 (3.8) 0.747

Urinary incontinence 4 3 (2.2) 0 0 (0.0) 0.247

Other 1 1 (0.7) 1 1 (0.8) 1.000

Total** 32 30 (22.1) 21 19 (14.3) 0.115

Clavien-Dindo grade 3a

Bleeding 2 2 (1.5) 4 4 (3.0) 0.444

Stricture (meatal, urethral, bladder neck) 0 0 (0.0) 2 2 (1.5) 0.244

Urinary retention* 7 7 (5.1) 10 9 (6.8) 0.615

Total** 9 9 (6.6) 16 14 (10.5) 0.282

Clavien-Dindo grade 3b

Bleeding 2 2 (1.5) 6 6 (4.5) 0.169

Stricture (meatal, urethral, bladder neck) 6 6 (4.4) 6 6 (4.5) 1.000

Urinary retention* 2 2 (1.5) 1 1 (0.8) 1.000

Total** 10 10 (7.4) 13 13 (9.8) 0.519

Total overall Clavien-Dindo grades** 117 71 (52.2) 98 62 (46.6) 0.394

AE = adverse event; TURP = transurethral resection of the prostate; XPS = 180-W GreenLight XPS.
* Based on information available at the time of the prespecified end point for the trial (6 mo), the independent AE committee did not assign a Clavien-Dindo grade

for five events because these pateints did not receive treatment/intervention for their symptoms. In this analysis, these events (three photoselective vaporisations

of the prostate and two TURPs) were assigned preliminary Clavien-Dindo grade 1.
** Per protocol, 31 urinary retentions were observed. Thirteen events did not require hospitalisation. Nine complications required hospital readmission; they are

broken down as follows: XPS: grade 1, n = 2; grade 3, n = 2; TURP: grade 1, n = 1; grade 3, n = 4. Nine complications resulted in prolonged hospitalisation, as

follows: XPS: grade 1, n = 5; grade 3, n = 4; TURP: grade 1, n = 2; grade 3, n = 7.
*** The total number of patients with at least one event in the grade will not equal the sum of number of patients in each category when a patient has an event in

more than one category within the grade.

Table 7 – Urinary incontinence events by severity

Treatment received

XPS (n = 136) TURP (n = 133)

Urinary
incontinence

No.
events

No. subjects
(%)

Resolved
�90 d

Resolved
>90 d

No.
events

No. subjects
(%)

Resolved
�90 d

Resolved
>90 d

Severity: mild

- De novo stress 8 8 (5.9) 4 2 2 2 (1.5) 0 0

- De novo urge 4 4 (2.9) 2 1 2 2 (1.5) 1 0

Total 12 12 (8.8) 6 3 4 4 (3.0) 1 0

Severity: moderate

- De novo stress 3 3 (2.2) 0 2 0 0 (0.0) 0 0

- De novo urge 1 1 (0.7) 0 1 0 0 (0.0) 0 0

Total 4 3 (2.2) 0 3 0 0 (0.0) 0 0

Entire cohort 16 15 (11.0) 6 6 4 4 (3.0) 1 0

TURP = transurethral resection of the prostate; XPS = 180-W GreenLight XPS.

Incontinence was mild in most cases, and three subjects (2.2%) in the XPS group experienced moderate incontinence. No subjects in the TURP group

experienced moderate incontinence. Mild incontinence was reported in 12 XPS patients (8.8%) and 4 TURP patients (3.0%) ( p = 0.069). There was no statistical

difference in the incidence of moderate urinary incontinence between the two groups ( p = 0.247).
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with previous results; prostate cancer was diagnosed in

only five patients (3.8%) based on resected tissue. Gleason

scores were 3 + 3 in four cases and 3 + 4 in one case. Due

to comparable baseline patient characteristics, it can be
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assumed that the risk of delayed prostate cancer diagnosis

with XPS remains low in the era of PSA and active

surveillance strategies. Of note, the GOLIATH study was

not designed to study this aspect in depth.
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Table 8 – Rate of reinterventions (n = 31) following treatment with the 180-W GreenLight XPS or transurethral resection of the prostate at
early (=30 d) and intermediate (>30 d) follow-up

Onset of AE AE XPS
(n = 136)

TURP
(n = 133)

p value*

Early (�30 d), no. (%) 4 (2.9) 13 (9.8) 0.025

Urinary retention n = 3 n = 6

Bleeding n = 1 n = 5

Bladder neck stricture 0 n = 2

Delayed (>30–180 d), no. (%) 9 (6.6) 5 (3.8) 0.412

Urinary retention n = 1 0

Bleeding n = 2 0

Bladder neck stricture n = 3 n = 1

Urethral/Meatal stricture n = 3 n = 4

Total* (%) 13 (9.6) 18 (13.5) 0.343

AE = adverse event; TURP = transurethral resection of the prostate; XPS = 180-W GreenLight XPS.

Rate is number of patients and the related AE resulting in a reintervention. A reintervention was based on the following definition: A subject is considered to

have had a reintervention based on a retreatment form or if he had an adverse event with an intervention that was invasive or surgical (per the Adverse Event

Adjudication Committee).
* The p value reported is for statistical test of difference between groups.

p = 0.589 p = 0.098 p = 0.651 p = 0.842 p = 0.015 p = 0.165 p = 0.633 p = 0.594 p = 0.135
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Fig. 4 – Incidence of adverse events (grouped). Results are shown as numbers of patients in relation to the total number of patients treated per arm as
percentages (per protocol). The p values are provided. Differences between 180-W XPS GreenLight photoselective vaporisation of the prostate (XPS) and
transurethral resection of the prostate (TURP) in each adverse event category were not statistically different except for urinary incontinence.
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The limitations to the study are that the prespecified

primary end point of IPSS at 6 mo represents relatively short

follow-up. Nevertheless, most procedure-related AEs

should occur within this time range, which provides

confidence for the safety assessment. The study design

allows extended patient follow-up that should provide

confirmation of the durability of these results. Also,

the independent Adverse Event Adjudication Committee

graded AEs/complications according to their medical

assessment, and at times the definition of a complication

was not consistent with the Clavien-Dindo classification.
Please cite this article in press as: Bachmann A, et al. 180-W XPS Gr
the Prostate for the Treatment of Benign Prostatic Obstruction: 6
Randomised Trial—The GOLIATH Study. Eur Urol (2013), http://d
Erectile dysfunction was not evaluated at 6 mo; 12-mo data

will be reported at a later date.

5. Conclusions

This study is the first to demonstrate noninferiority of XPS

to TURP in terms of short- term efficiency. In men

experiencing LUTS due to BPO, GL XPS was comparable

with TURP in terms of IPSS, Qmax, overall complication-free

rate, prostatic tissue removal, and PV reduction. XPS was

superior to TURP in terms of shorter catheterisation times,
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shorter hospital stay, and more rapid return to stable

health status. Storage symptoms were comparable after

XPS and TURP. The early postoperative reintervention rate

was three times higher after TURP compared with XPS;

however, overall postoperative reintervention rates were

not significantly different between treatment arms.
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