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Background: Radical prostatectomy has long been the
treatment of choice for men with clinically significant
prostate cancer (PCa) in those with concurrent signif-
icant lower urinary tract symptoms (LUTS). For men
who meet this description with marked prostatomegaly,
we present a multi-institutional proof of concept study
describing an alternative pathway of robotic simple
prostatectomy (RASP) followed by external beam radi-
ation therapy (EBRT) for the treatment of clinically
significant prostate cancer.
Methods: A retrospective study was performed of 17
patients with PCa who underwent RASP followed by
EBRT at two institutions from 2015–2023. Demo-
graphic, peri-operative, and post-radiation treatment
functional outcomes are reported.
Results: No postoperative or post-EBRT complications

were reported for any of the 17 patients who underwent
RASP followed by EBRT during a median follow-up time
of 12 months. The median time from RASP to EBRT was
9 months. Median prostate size was 135 g (IQR 110–
165). 13 (76.5%) patients received a pre-EBRT rectal
spacer. Median IPSS score preoperatively improved at 90
days post-RASP (13.5 vs. 2.5; IQR 10.8–15.2), and this
benefit was sustained post-EBRT with a median IPSS at
3 vs. 12 months (4 vs. 0; IQR 0–5). There was no statis-
tically significant difference between postoperative IPSS
and post-EBRT IPSS at 3 (p = 0.677) or 12 (p = 0.627)
months. In all 14 patients with localized disease and PSA
data, none had recurrence during the study period.
Conclusions: A subset of patients with clinically sig-
nificant prostate cancer have marked prostatomegaly and
LUTS. We report an alternative treatment approach for
patients unwilling to undergo radical prostatectomy. We
found robotic simple prostatectomy followed by definitive
radiation to be feasible and safe.
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Introduction

The presence of lower urinary tract symptoms (LUTS)
in men diagnosed with clinically significant PCa can
influence the choice of treatment. In the case of sig-
nificant obstructive LUTS, physicians and patients
may choose to pursue radical prostatectomy (RP)
over external beam radiation therapy (EBRT), given
the risk of urinary retention and worsening of
LUTS associated with EBRT.1 However, RP also can
present technical challenges in those with marked
prostatomegaly. Recent studies have shown that RP in
men with >100 gm glands carries a higher risk of sur-
gical complications and adverse events,2,3 including
worse stress urinary incontinence (SUI) and erectile
dysfunction (ED) 4–6.

Significant prostatomegaly and LUTS in combi-
nation with clinically significant PCa thus presents
a challenging treatment dilemma. Efforts to improve
obstructive uropathy prior to EBRT have included
various outlet procedures.7 For patients with signif-
icant prostatomegaly (>80 cc), American Urological
Association (AUA) guidelines recommend laser enu-
cleation or simple prostatectomy 8 but do not provide
guidance in the setting of simultaneous prostate
cancer. As compared to RP, robot-assisted simple
prostatectomy (RASP) carries a much lower risk of
SUI and ED due to the differences in the anatomic
approach.9,10

Thus, we examined whether an intentional path-
way of RASP followed by EBRT for patients with
clinically significant prostate cancer in the setting
of significant prostatomegaly and obstructive LUTS
would be safe and yield favorable post-treatment
functional outcomes and quality of life.

Methods

A retrospective study was performed of 17 patients
who underwent RASP with clinically significant
prostate cancer at two institutions between the years
of 2015–2023. Twelve of the seventeen patients had
biopsy-proven prostate cancer at the time of RASP.
The study design was approved by the Institu-
tional Review Board at each institution (Duke IRB#
Pro00113563; UTSW IRB# STU-2021-0987).

International Prostate Symptom Scores (IPSS)
were obtained, as was erectile function (by the
international index of erectile function-5 (IIEF-5)),
post-void residual (PVR) as measured by suprapubic
ultrasonography, and urine flow rate by uroflowme-
try. Patients were excluded if they had prior definitive
treatment for prostate cancer or were placed on an

active surveillance protocol for their prostate can-
cer after a shared decision-making conversation. A
subset of patients were placed on a course of neoad-
juvant androgen deprivation therapy (ADT) prior to
undergoing RASP at the discretion of their urologic
and medical oncologists based on their risk. Prostate
volume was measured by computed tomography
(CT), transrectal ultrasound (TRUS), or magnetic
resonance imaging (MRI). A history of acute uri-
nary retention or need for indwelling or intermittent
catheter was noted, as were any prior bladder out-
let procedures. Patients taking a 5-alpha reductase
inhibitor (5-ARI) had their prostate-specific antigen
(PSA) value corrected in data analysis according to
previously established standards.11

Indications for RASP included markedly enlarged
prostate gland (>80 g) and need for catheterization,
acute urinary retention, refractory gross hematuria,
or refractory lower urinary symptoms. The technique
for RASP was standardized in all cases and followed
a series of reproducible steps, starting with a trans-
verse incision at the bladder dome, enucleation of
the adenoma using a standard technique, followed
by a partial re-trigonalization of posterior bladder
mucosa to improve hemostasis and facilitate catheter
placement. Prostatic tissue was obtained from all
procedures and sent for pathologic analysis.

Radiotherapy was delivered using megavolt-
age photons and standard linear accelerators with
cone-beam CT imaging verification, aligning to intra-
prostatic fiducials, or with MR-guided imaging
verification on an MRlinac platform (Unity, Elekta,
Stockholm, Sweden). Rectal spacer products were
used at the treating physician’s discretion. Mod-
erately hypofractionated radiotherapy prescriptions
of 60 Gy in 20 fractions and IMRT planning were
used. Infrequently, dominant intra-prostatic lesion
boosts were used to 67 Gy in 20 fractions, with
care to constrain organs at risk including the ure-
thra/RASP defect to <67 Gy maximum point dose.
Otherwise, constraints typically followed those of
the published Prostate Fractionated Irradiation Trial
(PROFIT) regimen or of the National Radiation Ther-
apy Group (NRG) consensus planning goals for
moderately hypofractionated radiation therapy when
treating prostate only vs. prostate and pelvic nodes,
respectively. Clinical treatment volume (CTV) typi-
cally included prostate and proximal seminal vesicles
and intra-prostatic RASP defect with a 5 mm margin
to planning treatment volume; elective treatment of
distal seminal vesicles and pelvic nodes with similar
margin was used in high-risk disease at investigator’s
discretion. Planning was based on post-RASP simu-
lation imaging. While no comparison plan was made
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TABLE 1. Patient demographics and clinical oncologic classifications

Case
number

Age Race BMI CCI Highest
PIRADS

score

ISUP
pathologic

grade group

NCCN risk
category

Pre-RASP
cancer stage

Cancer
diagnosis

before
RASP

1 67 White 39 2 NA 4 High cT2 Yes
2 74 Black 24 4 NA 5 Very high cT1c Yes
3 68 Black 29 2 5 3 UFI cT1c Yes
4 69 Black 26 3 NA 3 UFI cT1c Yes
5 71 White 34 2 NA 3 UFI NA No
6 67 White 27 2 NA 1 Low NA No
7 76 White 25 2 5 5 Very high cT3aN1 Yes
8 65 White 33 4 4 2 UFI cT1c Yes
9 79 White 33 3 NA 2 FI NA No

10 70 Black 31 2 4 1 High cT1c Yes
11 77 Black 27 2 5 3 High cT1c Yes
12 73 Other 27 2 NA 2 FI NA No
13 73 Black 30 2 4 2 UFI cT1c Yes
14 73 Hispanic 32 2 NA 2 FI NA No
15 74 White 37 3 NA 1 Low cT1c Yes
16 71 White 30 3 4 3 UFI cT1c Yes
17 68 Black 25 4 2 2 FI cT1c Yes

Note: Definitions: CCI = Charlson Comorbidity Index; ISUP = International Society of Urological Pathology; NCCN =
National Comprehensive Cancer Network; RASP = Robotic Assisted Simple Prostatectomy; NA = Not Available; FI =
Favorable Intermediate Risk; UFI = Unfavorable Intermediate Risk, Median (Interquartile Range).

based on pre-RASP imaging for this study, treatment
volume related to residual gland size after RASP was
typically much reduced.

Continuous variables were analyzed using mean
and standard deviation (SD). Categorical variables
were grouped using counts and percentages. Mann-
Whitney U test was used to analyze non-normally
distributed variables. Data analysis was performed
using Prism-GraphPad, version 9.5.0 (GraphPad Soft-
ware, Boston, MA, USA) with a significance level of
p < 0.05.

Results

A total of 17 patients underwent simple prostatec-
tomy during the study period. The median age for
the 17 patients was 71.47 ± 3.89 years with an aver-
age body mass index of 30.0 ± 4.52. Twelve (70.6%)
patients had biopsy-proven prostate cancer preop-
eratively: 10 (58.8%) were preoperative stage cT1c,
1 (5.9%) cT2, and 1 (5.9%) cT3aN1. The remaining

5 were diagnosed with prostate cancer found inci-
dentally in the specimen from RASP. The median
prostate size was 135 g (interquartile range (IQR) 110–
165). NCCN risk classifications for all patients are
included in Table 1. The median operative time was
149 min (IQR 122–193) and the average blood loss
was 252 ± 288.6 cc. The mean percentage of removed
adenoma was 56.7% +/−SD 15.1% (Table 2). Median
LOS was 1 ± 0.41 days. There were no Clavien-
Dindo grade II or greater complications. The median
catheter duration following surgery was 6 days
(IQR 4–7). Sixteen of seventeen patients reported
no stress urinary incontinence. One patient reported
minor stress urinary incontinence at his first post-
operative visit, which was resolved by his 6-week
post-operative visit.

Six of the 17 patients were placed on a short course
of neoadjuvant ADT based on their risk category.
After a minimum of 3 months following RASP, all
patients underwent definitive radiation therapy. 13
(76.5%) patients received pre-radiation rectal spacer
placement, in the weeks prior to radiation initiation.
No complications were observed after rectal spacer
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TABLE 2. 5-ARI and ADT usage, percent adenoma removed, and associated PSA values pre- and post-
operatively. PSA shown is adjusted for 5-ARI usage

Case
number

Pre-
RASP
PSA

5-ARI
use pre-
RASP

ADT at
time of
RASP

Initial
post-RASP

PSA

Pre-RASP
calculated prostate

volume (g)

Tissue
weight

(g)

Percent adenoma
removed at RASP

(%)

1 0.92 Yes Yes 0.03 200.00 66.00 33.00
2 0.74 Yes Yes 0.01 184.00 87.00 47.30
3 5.93 No Yes 0.14 99.00 53.00 53.50
4 6.79 No No 1.05 113.00 89.00 78.70
5 12.24 Yes No 3.56 151.00 70.00 46.40
6 4.85 No No 0.66 126.00 74.00 58.70
7 30.00 Yes Yes 0.82 142.00 84.00 59.20
8 15.51 No No 0.51 108.00 53.00 49.10
9 22.60 Yes No 1.54 106.00 77.00 72.60

10 35.47 No No 34.00 192.00 124.00 64.60
11 33.94 No Yes 0.62 224.00 148.00 66.10
12 NA No No 4.33 150.00 77.00 51.30
13 14.12 No No 8.90 265.00 201.00 75.80
14 28.78 Yes No 17.89 110.00 31.00 28.20
15 8.10 No No 3.07 120.00 NA NA
16 12.20 No No 1.60 104.00 51.00 49.00
17 3.00 Yes Yes 0.40 135.00 115.00 85.20

12.20
(6.79–
15.51)

1.05
(0.51–3.56)

135.00 (110–184) 77.00
(62.75–
95.50)

56.7 ± 15.1

Note: Definitions: PSA = Prostate Specific Antigen; 5-ARI = 5-Alpha Reductase Inhibitor; ADT = Androgen Deprivation
Therapy; NA = Not Available, Median (Interquartile Range); Mean ± Standard Deviation.

placement. The median preoperative IPSS of 13.5
(IQR 9–15) was reduced 90 days after RASP to a
median of 2.5 (IQR 10.8–15.2, p = 0.019). Following
radiation, the median IPSS score was 4 (IQR 2–7) at 3
months and 0 (IQR 0–5) at 12 months post-radiation.
Compared to preoperative IPSS, post-radiation scores
were significantly improved at 3 (p = 0.002) and 12
(p = 0.001) months (Table 3). There was no statis-
tically significant difference between postoperative
IPSS and post-EBRT IPSS at 3 (p = 0.677) or 12
(p = 0.627) months. In 14 patients with PSA data, none
met the definition of biochemical recurrence during
the study period.

Discussion

Prostatic enlargement is nearly ubiquitous in aging
males.12,13 It is estimated that prostate size increases
approximately 3% annually, with 80% of males expe-
riencing enlargement in the 9th decade of life.13,14 It
is a reasonable assumption due to an increasingly

aging population that it will not be uncommon to
diagnose clinically significant PCa in the setting of
marked prostatomegaly. It is therefore necessary to
further evaluate clinical pathways that may optimize
treatment in this subset of the population.

Recently published data demonstrates that
radical prostatectomy in patients with significant
prostatomegaly poses additional risks compared to
patients without prostate enlargement.15 Jaber et al.
reported on a large cohort of over 14,000 patients
who underwent robotic radical prostatectomy, with
patients stratified by prostate size into four cohorts,
and each cohort was compared by oncologic and
functional outcomes.2 Patients with larger prostates
had lower rates of nerve sparing, worse rates of stress
incontinence, and worse recovery of sexual function
compared to smaller prostates.

Results such as these are especially of concern in
men over the age of 70, who are already at heightened
risk for stress urinary incontinence post operatively.16

Bolat et al. reported on a cohort of over 8200 patients
who underwent radical prostatectomy comparing
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TABLE 3. Continence and sexual function outcomes pre-operatively, post-operatively, and post-radiation

Case number Pre-RASP
IPSS

90-day post-RASP
IPSS

Post-EBRT
IPSS

Pre-RASP
IIEF score

Post-RASP
IIEF-5 score

Post-EBRT
IIEF-5 score

1 23 2 NA 17 12 12
2 4 8 12 2 21 1
3 13 11 17 1 1 1
4 13 3 3 13 12 9
5 10 0 7 1 2 2
6 17 12 12 NA 2 2
7 16 2 1 NA 3 NA
8 11 2 2 15 13 4
9 NA 7 2 NA NA 5

10 9 1 4 NA 10 NA
11 NA 4 4 NA 12 4
12 15 10 10 NA NA 3
13 NA NA NA NA NA NA
14 14 2 4 NA 3 0
15 14 1 1 1 1 5
16 NA NA NA NA NA NA
17 NA NA NA NA NA NA

13.5
(10.8–15.2)

2.5 (2–7.8) 4 (2–10) 2 (1–14) 6.5 (2–12) 3.5 (1.75–5)

Note: Definitions: IPSS = International Prostate Symptom Score; EBRT = External Beam Radiation Therapy; IIEF-5 =
International Index of Erectile Function; NA = Not Available; Median (Interquartile Range).

functional outcomes by patient age at surgery.17

1-year continence rates were higher in younger
patients (93% in the <65 vs. 86% ≥75 years) and
potency rates were worse in the older patients (59%
in the <65 vs. 31% ≥ 75 years).

Furthermore, the risk of urinary functional decline
after radiation therapy is well documented in patients
with baseline LUTS,18 and thus consideration of a
bladder outlet procedure prior to radiation is fre-
quently considered. Recommended bladder outlet
procedures for glands >80 g are RASP and laser
enucleation,8 however, a recent large meta-analysis
of endoscopic enucleation procedures reports post-
operative incontinence rates ranging from 8–18%.19

Conversely, RASP has been shown to improve LUTS
attributed to prostatomegaly while minimizing the
risk of stress incontinence and other functional side
effects.20,21 As a result, RASP may be slightly pre-
ferred in this clinical situation for patients with
clinically significant prostate cancer and significant
prostatomegaly considering radiation.

Improvement in functional outcomes (significant
decrease in IPSS scores and corresponding improved
voiding parameters) are well established following
RASP and likely optimize a patient’s candidacy for

radiation therapy. While these observed improve-
ments in IPSS and quality of life are not novel, this
is the first study demonstrating that these benefits
are sustained even following radiation therapy up
to 12 months post-treatment. We also demonstrate
the safety of this novel pathway with no Clavien
II or greater adverse events following either treat-
ment. Lastly, early in the experience, no patients
with PSA data experienced a biochemical recur-
rence after combination therapy of RASP followed by
EBRT.

The median follow-up time of 12 months for
our study was too short to report meaningful onco-
logic outcomes for prostate cancer. Future studies
including longer follow-up would be beneficial to
understand the oncologic merit of the pathway pro-
posed here. Similarly, side effects from radiation
therapy will need to be monitored longitudinally. The
inclusion of six patients that had received neoadju-
vant ADT may impact our results by suppressing
PSA, however the decision to administer ADT was
consistent with established medical and radiation
oncologist protocols and is reflective of standard
practice. Conversely, patients with advanced clinical-
stage cancers in our study that were not eligible to
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receive neoadjuvant ADT may be at additional onco-
logic risk from a slight delay in definitive treatment.
However, radical prostatectomy series report positive
surgical margin rates as high as 60% for patients
with cT3 disease, with 5-year biochemical free sur-
vival rates ranging from 45–62%;22 many of these men
will face radiation regardless and with an arguably
worse quality of life if their bladder outlet obstruc-
tion is not optimized. It remains unclear in high-risk
patients to what extent forgoing radical treatment
combined with later radiation therapy +/− androgen
deprivation (aka multi-modal approach) may affect
biochemical recurrence, metastasis and survival rates.
Beyond the AUA guideline recommendation to con-
sider RASP for glands >80 g, the ideal prostate size to
consider this pathway remains unclear 23, though the
median prostate size was >130 g in this cohort.

While the pathway of RASP followed by EBRT was
found to be both feasible and safe, we recognize there
are several limitations to this study. First, it is limited
by the retrospective design and small study numbers.
The authors also recognize that there is controversy
in the literature to the degree in which prostate size
affects the outcome of radical surgery 15, although
recent data supports this supposition. Also, the radi-
ation regimen used was predominantly moderately
hypofractionated, and it is not clear whether treat-
ment with more ultra-hypofractionated regimens can
be used after RASP based on this data. Moreover,
while the reduced treatment target volume was noted
as a function of a significantly reduced gland size after
RASP, we did not actually have available simulation
and planning data as a pre-RASP comparison.

Our study has a median age of nearly 72 years,
and in this age group, most urologists agree with
approaching radical prostatectomy with caution. An
individualized, shared decision-making conversation
inclusive of patient goals, co-morbidities, and life
expectancy is necessary.24 We believe this pathway
may fit into that discussion.

Conclusions

In the subset of patients with very large prostates
and clinically significant prostate cancer, robotic sim-
ple prostatectomy followed by definitive radiation
therapy is shown to be a safe and feasible treatment
pathway for patients unwilling to undergo definitive
radical prostatectomy. Future studies are needed to
monitor longer-term effects of radiation as well as
oncologic outcomes.
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