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Background: The management of localized prostate cancer 
in patients with large prostates is controversial.
objectives: To investigate the impact of prostate weight on 
radical prostatectomy outcomes.
Methods: The files of 244 patients who underwent radical 
prostatectomy were reviewed. Data were collected on patient 
and tumor characteristics and on oncological, urinary and 
erectile function outcomes. Results were compared between 
patients with prostates weighing ≤ 60 g or > 60 g.
results: A prostate weight of > 60 g was documented in 25% 
of the patients. There was no difference in clinical stage 
distribution between patients with smaller and patients 
with larger prostates. Patients with a larger prostate were 
characterized preoperatively by higher levels of prostate-
specific antigen (9.8 vs. 7.3 ng/ml, P = 0.009), lower tumor 
grade (biopsy Gleason score ≤ 6: 77.6% vs. 90.2% P = 0.04), 
and a higher incidence of moderate-severe urinary symptoms 
(69.8 vs. 38.8%, P = 0.0003). Analysis of pathological stage 
distribution yielded a higher proportion of lower stage 
disease and a lower incidence of positive margins in the 
large-prostate group (11.7 vs. 25.8%, P = 0.024). There were 
no statistically significant between-group differences in the 
rate of persistent postoperative detectable PSA, biochemical 
recurrence, urinary incontinence and erectile function.
conclusions: The outcomes of radical prostatectomy in 
patients with large prostate are favorable in terms of cancer 
characteristics despite their higher preoperative PSA levels, 
and comparable to that in patients with small prostate in 
terms of urinary continence and erectile function. Surgery 
may be particularly beneficial in patients with preoperative 
urinary symptoms. Hence, radical prostatectomy should not 
be discouraged as a treatment for localized prostate cancer 
in patients with sizeable prostates.
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M en diagnosed with localized prostate cancer have 
various curative treatment options. The selection of a 

specific treatment modality depends on patient and tumor 
characteristics as well as on patient and surgeon preferences 
[1]. In addition to other parameters, prostate gland size 
has been suggested as a factor that needs to be considered 
when making treatment decisions; however, evidence in the 
literature on the role of prostate size in treatment selection is 
scarce and even contradictory. Open radical prostatectomy 
in patients with a large prostate has been shown to be associ-
ated with increasing intraoperative blood loss, a higher risk 
of perioperative complications, and surgical complexity [2-4]. 
Moreover, identification of the neurovascular bundles, dis-
placed by a large prostate, and excessive bleeding from para-
prostatic vascular plexus may make preservation of erectile 
function particularly challenging [5]. Despite these anatomi-
cal considerations, radical prostatectomy can be performed 
in men with large prostates by open, laparoscopic or robot-
assisted approaches with favorable results [6-8]. Men with 
sizeable prostates are not ideal candidates for non-surgical 
treatment modalities either. External beam radiotherapy 
carries genitourinary toxicity and may impose an additional 
insult on urinary function in men with large prostates and 
coexisting lower urinary tract symptoms. Brachytherapy for 
prostate cancer is also associated with urinary complications 
related to prostate size and currently is not recommended 
for men with large prostates [9,10]. Unfortunately, the pro-
portion of men with larger prostates seeking treatment for 
prostate cancer has increased in the era of prostate-specific 
antigen as these men have higher PSA levels and are more 
likely to undergo prostate biopsies and to be diagnosed with 
early-stage localized prostate cancer [11]. Some patients 
with large prostates may even present with urinary retention 
and an indwelling urinary catheter, needing a dual solution 
to both cure their cancer and treat their obstructed lower 
urinary tract. 

This study presents a detailed and comprehensive analysis 
of the impact of prostate size on various radical prostatectomy 
outcomes, including cancer control, urinary continence and 
erectile function, adding to the body of evidence already exist-
ing in the literature and aiding in treatment decision making 
in men with prostate cancer and large prostate glands.
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Patients and MetHods

We reviewed a contemporary series of consecutive patients 
who underwent open radical prostatectomy for localized 
prostate cancer in the period 2004–2005. Preoperatively, 
patients were asked whether they have LUTS and to rank 
the impact of these symptoms on their everyday life as mild, 
moderate, or severe. Intact preoperative sexual function was 
defined as being sexually active without the use of erectile 
function-related therapies. PSA values, detailed prostate 
biopsies data and clinical stage were recorded. All patients 
underwent radical prostatectomy by a single surgeon (J.B.) 
and bilateral nerve sparing was attempted in all preopera-
tively fully potent sexually active men with biopsy Gleason 
score of ≤ 7, as described by Walsh et al. [12]. All surgical 
specimens were examined by a single pathologist (M.K.) for 
tumor grade and extension. Outcomes, including oncology 
results, urinary continence and erectile function were col-
lected. A PSA value of 0.2 ng/ml and rising in patients with a 
postoperative undetectable PSA was defined as a biochemical 
failure. The number of elapsed days from catheter removal to 
achievement of urinary continence (no pad or need of one 
slim pad daily) served as an endpoint of urinary function 
quality. Postoperative erectile function was assessed by ques-
tioning patients whether they have no erection, some erection 
not sufficient for penetration, erection not fully rigid but suf-
ficient for penetration without or without phosphodiesterase 
5 inhibitors, or a fully rigid erection. Though the Erection 
Hardness Score was not used, the definitions of "some erec-
tion not sufficient for penetration," "erection not fully rigid 
but sufficient for penetration," and "a fully rigid erection" 
correspond to EHS of 1-2, 3 and 4, respectively [13]. 

The study population was subclassified by prostate weight 
(surgical specimen weight) into two groups, ≤ 60 g and > 60 
g (prostate weight was used as a proxy for prostate volume), 
and outcomes were compared to detect unique consider-
ations that pertain to radical prostatectomy in patients with 
large prostates. A weight cutoff point of 60 g was selected, 
since prostate weight of 60 g is the upper weight limit for 
brachytherapy and radical prostatectomy for prostate > 60 g 
is surgically more challenging, as judged by the surgeon (J.B.). 
To confirm that the results were not biased by the selection 
of a weight of 60 g as a cutoff point, we repeated the analysis 
with a cutoff point of 80 g.

statistical analYsis

Statistical analysis was performed with commercially avail-
able statistical software (SPSS 15.0 for Windows). Patient 

LUTS = lower urinary tract symptoms
EHS = Erection Hardness Score

and tumor characteristics were analyzed with descriptive 
statistical methods. Group comparison was performed with 
Student's t-test for continuous variables and with chi-square 
test for categorical variables. A P value of < 0.05 was consid-
ered statistically significant.

results

The study group comprised 244 patients who had undergone 
radical prostatectomy for clinically localized prostate cancer 
and had preoperative and follow-up data. The study population 
was subdivided into two groups according to prostate weight: 
group 1 consisting of men with prostate weight ≤ 60 g and 
group 2 with prostate weight > 6 0g. Patients' characteristics and 
treatment outcomes, with comparison by prostate weight, are 
depicted in Table 1. Men with large prostates weighing > 60 g 
were not uncommon, and their relative share was 25% (61/244) 
of the study group. The median age in group 2 was slightly 
higher; however, mean age did not differ significantly (61.1 vs. 
62.8 years, P > 0.05). Patients in group 2 reported statistically 
significant greater urinary bother with 70% of subjects ranking 
the impact on their everyday lives as moderate to severe. One 
subject in each group had an indwelling catheter prior to the 
operation, due to urinary retention. Regarding preoperative 
prostate cancer characteristics, the two groups did not differ 
in clinical stage distribution; however, patients in group 2 had 
significantly higher preoperative PSA values (9.8 vs. 7.3 ng/ml, 
P = 0.009), they were more likely to have low grade cancer (90.2 
vs. 77.6% had Gleason score ≤ 6, P = 0.04) and had fewer cores 
involved (24.3 vs. 37.6% involved cores/cores taken, P = 0.0003) 
compared with patients in group 1. Subjects in group 2 tended 
to undergo more biopsy sessions to establish cancer diagnosis, 
but this difference did not reach statistical significance.

Postoperative pathological analysis of the surgical speci-
men revealed that men in group 2 were more likely to have 
lower stage disease (36% T2a-b vs. 19.8% in group 1, P = 
0.031) and negative surgical margins (88.3 vs. 74.2%, P = 
0.024); however, the difference in incidence of extra-capsular 
tumor extension and in Gleason score distribution did not 
reach statistical significance. Despite the relatively favorable 
pathological features of tumors in group 2, there was no sta-
tistically significant difference in percentage of patients with 
detectable PSA postoperatively (11.1 vs. 11.4%, P > 0.05) or in 
the incidence of biochemical failure after a median follow-up 
of 21 months (range 9–33, interquartile range: 14–27). Urinary 
continence, represented by the mean required time interval to 
achieve continence, was 15.6 days (standard deviation 19.0, 
confidence interval 13.1–18.1) for the whole study group. Of 
the preoperatively fully potent patients, erection hardness 
sufficient for penetration without PDE5-I use (EHS 3-4) was 

PDE5-I = phosphodiesterase 5 inhibitors
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achieved in approximately 60.0%; 13.3% had some erectile 
response not sufficient for penetration (EHS 1-2), 22.2% 
had functional erection with PDE5-I, and 4.4% had no 
erectile activity. We did not find statistically significant 
differences in urinary continence quality or in erectile 
function between the two groups [Table 1]. 

We repeated the analysis for a weight cutoff point 
of 80 g (≤ 80 in group 1, > 80 in group 2) and found 
similar trends, even more pronounced: 11.5% of the men 
(28/244) had prostates weighing over 80 g. Mean age in 
both groups did not differ significantly (61.4 vs. 62.9 
years, P > 0.05). Patients in group 2 had a statistically 
significant greater incidence of moderate to severe LUTS 
(82.8 vs. 42.1%, P < 0.001). The groups did not differ in 
clinical stage distribution; however, patients in group 2 
had significantly higher preoperative PSA values (11.6 vs. 
7.5 ng/ml, P = 0.008) and were more likely to have low 
grade cancer on biopsy (92.9 vs. 79.2% had Gleason score 
≤ 6, P = 0.021). More subjects in group 2 had at least one 
biopsy to establish cancer diagnosis (21.4% vs. 9.6%), and 
unlike the case for a cutoff weight of 60 g, here the differ-
ence was statistically significant (P < 0.001). 

Postoperatively, pathological stage in group 2 was 
lower (46.4% T2a-b vs. 21.1% in group 1, P = 0.017) and 
negative surgical margins rate was higher (96.4 vs. 75.4%, 
P = 0.012). As for a cutoff point of 60 g, the difference 
in incidence of extra-capsular tumor extension, patho-
logical Gleason score distribution, postoperative PSA > 
0, and biochemical recurrence did not reach statistical 
significance. Urinary continence, represented by the 
mean required time interval to achieve continence, was 
not statistically different for the two groups (14.8 vs. 22.4 
days for groups 1 and 2, respectively, P > 0.05), nor were 
the potency results.

discussion

The characteristics of prostate cancer have changed over 
the last decades with the introduction of PSA testing. 
Patients with localized disease are diagnosed at a younger 
age and are good candidates for curative treatments. 
Prostate size, though determined mainly by the benign 
hyperplastic component, may have an impact on prostate 
cancer detection: patients with larger glands have higher 
PSA levels, and they are more likely to undergo prostate 
biopsies and to be diagnosed with prostate cancer. Thus, 
the average prostate size of prostate cancer patients has 
increased in the PSA era, and according to our findings 
25% of men undergoing radical prostatectomy have 
a prostate > 60 g and more than 10% have prostate > 
80 g [11]. Prostate size impacts not only detection, but 
also treatment decisions. A sizeable gland is not consid-

Prostate weight 
≤ 60 g

Prostate weight  
> 60 g

P 
value

N 183 (75%) 61 (25%)

Median age (yrs, range, IQ range) 61 (47–73, 56–67) 63 (51–72, 58–67)

Bothersome luts (preoperative)
No
Mild 
Moderate
Severe
Indwelling catheter

60 (37.5%)
37 (23.1%)
35 (21.9%)
27 (16.9%)
1 (0.6%)

6 (11.3%)
9 (17.0%)
15 (28.3%)
22 (41.5%)
1 (1.9%)

0.0003

Mean preoperative PSA,  
ng/ml (SD, CI)

7.3 (5.0, 6.6–8.1) 9.8 (6.5, 8.1–11.5) 0.009

clinical stage
T1c
T2a-b-c

169 (97.7%)
4 (2.3%)

57 (96.6%)
2 (3.4%)

> 0.05

no. of prostate biopsy sessions
required for cancer diagnosis 
1
2
3
4
7

160 (90.9%)
12 (6.8%)
3 (1.7%)
1 (0.6%)
0

51 (83.6%)
5 (8.2%)
2 (3.3%)
2 (3.3%)
1 (1.6%)

> 0.05

Biopsy gleason score
4
5
6
7
8

0
1 (0.6%)
137 (77%)
38 (21.3%)
2 (1.1%)

1 (1.6%)
2 (3.3%)
52 (85.2%)
6 (9.8%)
0

0.04

% cores involved (CI)
(Cores involved/cores taken)

37.6 (33.8–41.3) 24.3 (18.8–29.7) 0.0003

neurovascular bundle preservation
No
Unilateral
Bilateral

26 (14.7%)
38 (21.5%)
113 (63.8%)

14 (23.3%)
10 (16.7%)
36 (60.0%)

> 0.05

Pathological stage
No tumor/PIN
T2a
T2b
T2c
T3a
T3c

1 (0.6%)
28 (17.3%)
4 (2.5%)
121 (74.7%)
2 (1.2%)
6 (3.7%)

2 (3.3%)
21 (34.4%)
1 (1.6%)
36 (59.0%)
1 (1.6%)
0

0.031

Margins status
Negative
Positive

121 (74.2%)
42 (25.8%)

53 (88.3%)
7 (11.7%)

0.024

specimen gleason score
6
7
8

132 (78.6%)
28 (16.7%)
8 (4.8%)

47 (82.5%)
9 (15.8%)
1 (1.8%)

> 0.05

Postoperative detectable PSA 20 (11.4%) 6 (11.1%) > 0.05

Biochemical failure 0 (0%) 0 (0%) N/A

Mean interval to achieve continence
(days, SD, CI)

14.4 (18.6, 11.6–17.2) 19.2 (20.2, 13.7–24.7) > 0.05

erectile hardness
No erection
Not sufficient for penetration (EHS 1-2)
Not fully rigid, but sufficient for 
   penetration (EHS 3)
Full rigidity (EHS 4)
Sufficient for penetration (EHS 3-4) 
   with PDE5-I

3 (4.1%)
12 (16.2%)

28 (37.8%)
16 (21.6%)

15 (20.3%) 

1 (6.3%)
0 (0.0%)

8 (50.0%)
2 (12.5%)

5 (31.3%)

> 0.05

table 1. Patients' characteristics and outcomes: comparison by prostate weight

CI = confidence interval, PIN = prostatic intraepithelial neoplasia.
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on LUTS and symptom-associated quality of life and found 
that men with moderate to severe LUTS before surgery had 
significant improvement in total International Prostatic 
Symptom Score, symptom-associated quality of life, mean 
peak flow rate and post-void residual volume. In the present 
series, about 70% of men with large prostates had moderate-
to-severe LUTS, most of them managed by alpha-blockers, a 
significantly greater incidence compared to only about 40% 
of men with small prostates, and one patient in each group 
had an indwelling catheter preoperatively. Hence, in patients 
with large prostates the existence of moderate-to-severe 
LUTS and adverse impact on quality of life should argue for 
surgical treatment of their prostate cancer. After radical pros-
tatectomy, LUTS secondary to urinary incontinence may still 
occur and be bothersome. The present study used the time 
interval to achieve continence as an endpoint of continence 
quality. Patients with larger prostates needed slightly longer 
time to achieve continence, but as found by Foley et al. [6], 
the difference in urinary continence was not statistically sig-
nificant between the two groups. Erectile function quality 
after radical prostatectomy, a significant treatment outcome 
for sexually active men, was also not associated with prostate 
size, according to the findings of both the present study and 
that of Foley et al. [6].

Our study is not without drawbacks. Although we pre-
sented detailed pathological results and a favorable patho-
logical outcome in men with large prostates and although 
our results were consistent for two different prostate weight 
cutoff points, a true disease-specific survival benefit of 
radical prostatectomy for men with large prostates may 
be demonstrated only after a longer follow-up. Another 
disadvantage of the present study was the lack of data on 
the duration of surgery, estimated blood loss, transfusion 
rate and early complications, as the focus of the present 
study was on long-term outcomes. In a review published in 
this journal in 2005 by Stav et al. [19], prostate size > 50 
g was considered a risk factor for intraoperative bleeding, 
and bleeding was suggested to be associated with adverse 
long-term outcome. However, in light of the excellent long-
term outcomes in our study, we believe that intraoperative 
bleeding and other short-term manageable disadvantages 
of surgery for large prostates should not hinder surgeons 
from operating on large prostates. Lastly, another drawback 
of the present study was the lack of questionnaires to assess 
bothersome urinary symptoms and sexual function pre- and 
postoperatively. An accurate assessment of these outcomes 
mandates a prospective study design, validated tools and a 
larger patient population. Until results of a large-scale, ran-
domized prospective trial accurately comparing different 
local treatment modalities in patients with large prostates 
become available, the present study adds to the existing data 
favoring surgical treatment for these patients.

ered an advantage for any of the available local treatment 
modalities. External beam radiotherapy is not desirable since 
irradiation-related urinary toxicity may worsen preexisting 
LUTS associated with a large obstructing prostate gland 
and adversely affect quality of life. Brachytherapy is cur-
rently recommended for patients with prostates not larger 
than 50–60 cm3 because larger prostates are associated with 
technical difficulties in seed implantation, increased urinary 
morbidity and higher incidence of urinary retention [10,14]. 
Open radical prostatectomy may be technically more chal-
lenging in men with large prostates and the neurovascular 
bundle may be displaced and difficult to dissect. This surgical 
complexity may be translated to increased blood loss and/or 
intra- or perioperative complications [2-5]. Laparoscopic and 
robot-assisted radical prostatectomy have also been shown 
to be feasible in men with large prostates, with encouraging 
results, despite the technical issues associated with prostate 
size [7,8,15,16]. To answer the question whether prostate 
size should hinder us from prostate cancer surgery we must 
consider the long-term outcomes of surgery in terms of 
cancer control, urinary function and erectile function. With 
regard to cancer control, D'Amico and collaborators [17] 
found that patients with larger prostates have significantly 
more favorable pathological features at radical prostatectomy 
(pathological stage T2, 85%; Gleason score ≤ 6, 78%; negative 
margins, 95%) and improved PSA failure-free survival (100% 
at 4 years), despite higher preoperative PSA values. Foley et 
al. [6] reported that tumors within larger prostates were of a 
lower stage, lower Gleason grade, of smaller volume and more 
often "clinically insignificant"; however, they found no differ-
ence in the incidence of positive surgical margins. Our results 
confirm previous findings of favorable oncological charac-
teristics in patients with larger prostates. Despite higher PSA 
levels, larger prostates have significantly lower biopsy Gleason 
scores, fewer positive biopsy tissue cores, lower stage and 
lower incidence of positive margins. There were no cases of 
biochemical recurrence in either of our groups, probably due 
to a relatively short follow-up, and we found no difference 
in the incidence of cases in which PSA remained detectable 
after radical prostatectomy, implying extra-prostatic disease 
at the time of diagnosis. To account for differences in tumor 
features we assume that PSA, secreted by the cancer cells 
as well as by the benign hyperplastic component, probably 
indicates biopsy at an earlier stage of tumor growth, which 
is translated into a better oncological long-term outcome of 
radical prostatectomy. Preoperative high PSA in patients with 
large prostates may represent the benign component rather 
than be associated with high grade or advanced prostate 
cancer. Besides the oncological outcome, patients with large 
prostates, especially with coexisting LUTS, benefit from radi-
cal prostatectomy in terms of bothersome urinary symptoms. 
Kumar et al. [18] studied the impact of radical prostatectomy 
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conclusions

In the PSA era patients with larger prostates are more likely to 
be diagnosed early with localized prostate cancer. Thus, a sig-
nificant number of patients with large prostates will present 
for treatment. Prostate size sub-selects patients for treatment 
since patients with larger prostates are not ideal candidates for 
any form of radiotherapy and they are likely to be bothered by 
LUTS which may be aggravated by irradiation. Considering 
brachytherapy, technical difficulties in seed implantation is 
another argument against treatment of patients with larger 
prostates. Surgical treatment – namely, open, laparoscopic or 
robot-assisted radical prostatectomy – has been successfully 
performed in patients with large prostates. The present study 
adds to the body of evidence already existing in the literature 
presenting favorable outcomes of open radical prostatectomy 
in patients with large prostates. Thus surgical treatment is 
preferred in these patients. 
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A material developed at the Hebrew University of Jerusalem 
and designed to prevent adhesions after surgery has 
gained FDA approval for use in pediatric cardiac surgery. 
The product is the result of Prof. Daniel Cohn's invention 
of novel, tailor-made, biodegradable polymers for the 
prevention of post-surgical adhesions. The generation of 
adhesions following heart surgery is of special concern 
since they may affect cardiac function. Furthermore, in 
the many cases where repeat operations are necessary, 
adhesions obscure cardiac landmarks, making the proc- 

edure potentially life-threatening due to inadvertent 
vascular or cardiac injury. In the USA there are 350,000 to 
400,000 children with congenital cardiac abnormalities. 
Many neonatal and infant patients must undergo multiple 
surgeries before their defect is corrected, while other 
children require additional operations as they grow. The 
REPEL-CV® Adhesion Barrier product gives physicians 
another tool to help decrease the complications that may 
occur during these operations.
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