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Objective: We compared positive surgical margin (PSM) rates for patients with high risk
prostate cancer (HRCaP) who underwent open radical retropubic (RRP), robotic (RALP),
and laparoscopic (LRP) prostatectomy at a single institution.
Materials and Methods: We performed a retrospective review of our prospectively maintained IRB approved database identifying prostate cancer patients who underwent RRP,
RALP, or LRP between January 2000 and March 2010. Patients were considered to have
HRCaP if they had biopsy or final pathologic Gleason score ≥ 8, or preoperative PSA ≥
20, or pathologic stage ≥ T3a. A positive surgical margin (PSM) was defined by the presence of tumor at the inked surface of the specimen. Patients who received neoadjuvant
hormonal therapy and those who underwent a perineal prostatectomy were excluded
from the study.
Results: Of the 445 patients in this study, surgical technique for prostatectomy included
RRP (n = 153), RALP (n = 152), and LRP (n = 140). PSM rate for the three groups were
not different: 52.9% RRP, 50% RALP, and 41.4% LRP, (p = 0.13). The PSM rate did not
differ when comparing RRP to a combined group of RALP and LRP (p = 0.16). Among
patients with a PSM, there was no statistical difference between the three groups in terms
of the number of patients with a pathologic stage of T3 or higher (p = 0.83). On univariate analysis, a higher preoperative PSA value was associated with a positive margin (p
= 0.04).
Conclusion: In this HRCaP series, the PSM rate did not differ based on the surgical approach. On univariate analysis, patients with a higher preoperative PSA value were more
likely to have a PSM.

INTRODUCTION
In 2011, it was estimated that 240,890
men would be diagnosed with prostate cancer
and 33,720 men would die of this disease (1).
Prostate cancer encompasses a heterogeneous
patient population with varying aggressiveness.
Patients with high risk prostate cancer (HRCaP)
represent a subset with a relatively high risk
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of death from prostate cancer (2). Standardized criteria to define HRCaP are lacking (3,4).
D’Amico’s high risk definition of PSA ≥ 20ng/
mL, 1992 TNM ≥ cT2c, or biopsy Gleason score
≥ 8 is frequently referenced, although variations
exist (5). Loeb et al. defined HRCaP using two
definitions: [1] 1992 TNM of cT2b and biopsy
Gleason score 8-10, or PSA ≥ 15ng/mL, and [2]
those with 1992 TNM of cT3 (6). Others have
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simply defined HRCaP based on digital rectal
exam including 1992 TNM cT3 disease (7).
Surgical treatment options include open
radical prostatectomy (RRP), robotic assisted laparoscopic prostatectomy (RALP), and laparoscopic
radical prostatectomy (LRP). However, successful
radical removal of the prostate for patients with
HRCaP may be more challenging given the potential for local extension. Surgery aims to provide
clean apical dissection, neurovascular bundle resection at the tumor bearing side, complete resection of the seminal vesicles and lymph nodes, with
an adequate dissection at the bladder neck (8). The
bladder neck is then reconstructed when necessary
and the vesicourethral anastomosis performed. A
positive surgical margin (PSM) has been established as an independent predictor for biochemical
recurrence and has been shown to be associated
with a 2.6-fold increased unadjusted risk of prostate specific cancer mortality (9-11). As such, the
PSM rate may be a useful endpoint to compare
efficacy of different surgical techniques employed
for radical prostatectomy.
Minimally invasive surgery (MIS) purports
to provide patients with shorter hospital stay, decreased postoperative analgesic requirement, and
earlier convalescence compared to open surgery
(12). RALP and to a lesser extent LRP are now widely used for radical prostatectomy. Establishing
the oncologic efficacy of MIS compared to open
surgery is paramount. The aim of this study was
to compare PSM rates for HRCaP patients undergoing RRP, RALP, and LRP, at a single institution.
MATERIALS AND METHODS
We performed a retrospective review of our
IRB approved prostate cancer database for patients
undergoing RRP, RALP, or LRP between January
2000 and March 2010. Patients were considered to
have HRCaP if they had biopsy or final pathologic
Gleason score ≥ 8, or PSA ≥ 20, or pathologic stage of T3a or higher. Patient demographics included
patient age, preoperative PSA value, clinical T stage, biopsy Gleason sum, number of positive biopsy
cores, whether a pelvic lymph node dissection was
performed, prostate size, final pathologic stage, and
presence and location of PSM. Preoperative patient

assessment included bone scan and CT scan to rule
out metastatic disease. Since 2007, the majority of
high risk patients had prostate MRI to assess for seminal vesical involvement or gross extra capsular
extension. All patients had a detailed discussion
about treatment alternatives prior to surgery as well
as the possible need for adjuvant radiation therapy based on the possibility of treatment failure with
surgical monotherapy.
At our institution, radical prostatectomy
specimens were submitted in their entirety. The right
side of the specimen was inked blue and the left in
black. The specimen serially sectioned transversely
from the apex towards base perpendicular to the ink
at 3 mm intervals. The specimen was reconstituted
and lightly wrapped in gauze, then fixed in formalin. Next, the apical and shaved bladder margin was
removed. Formalin fixed samples were submitted in
cassettes and subjected to microwave tissue processing. The specimen weight, tumor volume, pathological stage according to the 1997 TNM classification,
surgical margin status, and location of positive surgical margin were noted. PSM was defined by the
presence of tumor at the inked surface of the specimen. A single genitourinary pathologist performed
pathologic re-review of any questionable PSM or
staging after final report was submitted.
All procedures were performed by attending
surgeons (4 open, the same 3 surgeons for robotic
and laparoscopic) with the assistance of a resident
physician. Pelvic lymph node dissection was performed at the discretion of the surgeon. Patients who
received neoadjuvant hormonal therapy and those
who underwent a perineal prostatectomy were excluded from the study. Nerve preservation was performed at the discretion of the surgeon.
Mean age was compared between the three
groups using an Analysis of Variance. The distribution of PSA and Gleason scores were compared
between the three groups using the nonparametric Kruskal-Wallis test. Chi-square test was used
to compare the distribution of clinical stage and
the percentage of patients with a PSM between
groups. Logistic regression was used to analyze
for univariate associations of possible risk factors
with a PSM. SAS software was used for analysis,
version 9.2 (Copyright (c) 2002-2008 by SAS Institute Inc., Cary, NC, USA).
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RESULTS
A total of 2,282 radical prostatectomy procedures were performed at our institution over the
decade. We identified 513 (22.5%) patients with HRCaP. Sixty patients (12%) received neoadjuvant hormonal therapy while 8 (0.2%) patients underwent
perineal prostatectomy, and were excluded from the
analysis. The remaining 445 patients were included in our analysis. The surgical technique included RRP (n = 153), RALP (n = 152), and LRP (n =
140). Patient demographics and preoperative tumor
characteristics are shown in Table-1. There was no
significant difference in age among the three groups
with mean ages of 59, 59, and 61 years respectively
(p = 0.08). The median preoperative PSA was statistically equivalent, for patients undergoing RRP (5.6
ng/mL), RALP (6.0 ng/mL), and LRP (5.2 ng/mL), (p
= 0.15). There was no statistical difference between
groups in regards of clinical stage (p = 0.11). Eighty-nine patients (RRP = 28, RALP = 33, LRP = 28) had
a biopsy Gleason sum of greater than or equal 8.
However, there was no statistical difference between
the three groups in terms of biopsy Gleason sum
distribution (p = 0.34) (Table-1).
We assessed each group for Gleason score
upgrading from 7 to ≥ 8 or downgrading from Gle-

ason score 8 to ≤ 7 between biopsy and final pathology, and demonstrated that both occurred with
equal frequency between groups. The Gleason score
was upgraded in 15% RRP, 14% RALP, and 16% LRP
(p = 0.90), and downgraded in 8% RRP, 9% RALP,
and 7% LRP (p = 0.81). To further ensure that we
were comparing three similar groups, we assigned
each patient a score (one point for each included
variable) for the number of high risk features based
on our definition of HRCaP. Only one patient in the
study had all four high risk features and the majority of patients in each group had only one high risk
feature (RRP = 74%, RALP = 71%, LRP = 75%) (p
= 0.71). Overall, there was a statistically significant
higher percentage of patients in each group with
pathologic T3 disease (RRP = 70%, RALP = 74%,
LRP = 70%) compared to patients with T2 disease
(RRP = 24%, RALP = 22%, LRP = 30%) (p = 0.04)
(Table-2). Lymph node dissection was performed
with similar frequency: 58% of RRP patients, 56%
RALP patients, and 38% LRP patients.
The PSM rate was not statistically different
between RRP (52.9%), RALP (50%), and LRP (41.4%)
(p = 0.13). Among patients with a PSM, the majority
had pathologic T3 disease or higher (RRP = 85%,
RALP = 88%, LAP = 88%) and the percentage with
pathologic stage T3 did not significantly differ

Table 1 - Patient and clinical tumor characteristics.
RRP

RALP

LRP

153

152

140

59.5 ± 6.5

61.3 ± 6.0

59.9 ± 6.9

p = 0.8

5.6

6

5.2

p = 0.15

cT1

108 (71%)

91 (60%)

96 (69%)

cT2

45 (29%)

61 (40%)

44 (31%)

N
Age
Pre-op PSA (median)

p-value

Clinical Stage

Biopsy Gleason Sum

p = 0.34

6

66 (43%)

52 (34%)

55 (39%)

7

59 (39%)

67 (44%)

57 (41%)

8,9,10

28 (18%)

33 (22%)

28 (20%)

39.6 ± 12.2

47.5 ± 14.5

44.5 ± 14.4

Prostate Size (gm)

p = 0.11
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Table 2 - Pathologic Features.
RRP

RALP

LRP

153

152

140

52.9% (81/153)

50% (76/152)

41.4% (58/140)

T2

37 (24%)

33 (22%)

42 (30%)

T3

107 (70%)

112 (74%)

98 (70%)

T4

9 (6%)

7 (4%)

0

pT2

12 (15%)

9 (12%)

7 (12%)

pT3

60 (74%)

60 (79%)

51 (88%)

pT4

9 (11%)

7 (9%)

0

cT1

59 (73%)

46 (61%)

40 (69%)

cT2

22 (27%)

30 (39%)

18 (31%)

Node Positive

4 (2.6%)

5 (3.3%)

5 (3.6%)

# Patients
Positive Margins

p-value

p = 0.13

Pathologic Stage

p = 0.04

Positive margins by p-stage

p = 0.83

Positive margins by t-stage

between the three groups (p = 0.83). When comparing PSM rate between open cases (RRP) and
those done by a MIS approach (RALP + LRP), there was no statistical difference (p = 0.16). The percentage of patients in the open group with a PSM
that had a pathologic stage of T3 or greater did
not differ from the MIS group (p = 0.54) (Table-2).
The location of a PSM was characterized as apex,
bladder neck, postero-lateral, multiple sites, and
other. The apex was the location of a PSM in 14
RRP, 16 RALP, and 19 LRP while the bladder neck
was the location in 15 RRP, 10 RALP, and 7 LRP.
The postero-lateral margin was positive in 27
RRP, 19 RALP, and 15 LRP. Patients with multiple
PSMs were 19, 23, and 10 while other was the
location in 6, 8, and 7 patients in the RRP, RALP,
and LRP groups, respectively. Univariate analysis of preoperative patient variables demonstrated
a higher preoperative PSA was associated with a
PSM (Table-3). Other variables assessed including
age, Gleason sum, and prostate size were not significant for this cohort of HRCaP.

p = 0.09

DISCUSSION
Several treatment options exist for men
with HRCaP including radiation therapy, androgen deprivation, and surgery. For some patients
with HRCaP, surgical management may be an
attractive option, as surgical monotherapy may
provide cure for a portion of these patients (1316). Radical resection may be optimal in younger
patients with greater than 10-year life expectancy.
Resection allows for use of adjuvant treatments if
necessary. Some studies have advocated the use
of multimodality therapy combining surgery and
radiation (17-19). A high level of technical expertise is mandatory during radical prostatectomy
for HRCaP as these cases may prove more challenging to achieve negative margins. Experienced
surgeons have noted no increased morbidity in
HRCaP patients when compared to a lower risk
cohort (14,16). Theoretically, given the lack of
tactile feedback associated with robotic assisted
surgery, concern exists about the use of robotics
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Table 3 - Univariate analysis assessing variable association with PSM rate.
% with PSM

Age (years)

PSA (ng/mL)

Gleason Sum

Prostate Size (gm)

RRP

RALP

LRP

p-value

53

50

41

p = 0.12

< 55

55-65

> 65

47/85 (55%)

105/233 (45%)

63/127 (50%)

<5

5-10

> 10

59/152 (39%)

105/206 (51%)

50/85 (59%)

6

7

8-10

90/173 (52%)

90/183 (49%)

35/89 (39%)

≤ 35

35.1-45

45.1-55

> 55

69/125 (55%)

57/137 (42%)

40/96 (42%)

30/70 (56%)

for high risk prostate cancer. We set out to examine our single institution data to see if such a
concern may be substantiated.
LRP and to a greater extent RALP have
emerged and, or surpassed RRP as the most frequent surgical option in the United States. In
2010, approximately 70% of radical prostatectomies in the United States were performed with
robotic assistance (20). Several publications aimed to compare outcomes of MIS to the open
radical prostatectomy. Other investigators have
compared outcomes between MIS prostatectomy
and RRP and concluded that MIS approaches
afford less blood loss, shorter hospital stay, equivalent complication rates, and earlier convalescence (21,22). In 2002, Menon et al. compared a
group of 30 consecutive RRP to 30 initial RALP
and found no difference in overall PSM rates
(29% vs. 26%) (23). In an update of the series,
comparing 100 RRP to 200 RALP performed at
the same institutions, the authors demonstrated
improved overall PSM rate with the robotic approach (9%) vs. the open procedure (26%) (p <
0.05) (12). Details relating to HRCaP comparison
was not provided. In 2004, Ahlering et al. compared one surgeon’s experience of 60 RRP with
his last 60 RALP. The authors found margin rates
were not statistically different between groups,
20 vs. 16.7% respectively (24). The PSM rate did

p = 0.25

p = 0.0071

p = 0.14

p = 0.66

not differ for patients with ≥ pT3a disease, although the number of patients was small (16 patients in each arm).
The Memorial Sloan Kettering group
compared their PSM rates for LRP (n = 612) and
(RRP n = 818) and found identical rates of 11%.
Overall disease free progression did not differ
between the two groups with a short median
follow-up 1.5 years. Rather than provide PSM
rate break down relative to preoperative risk
stratification, the authors provide predicted probability of PSM based on a nomogram and correlation with final outcome. Based on their data,
there was no difference between the two groups’
true PSM rate with increasing nomogram likelihood of PSM. Unfortunately, this presentation
style does not allow direct comparison with our
data. Bahler et al. reported a 47% PSM rate in
119 patients with Gleason 8-10 prostate cancer
treated with RRP as initial monotherapy, within
the 15-54% PSM rate among previous reports for
patients with pathologically confirmed high grade prostate cancer (13). As well, our PSM rate for
pT2 disease of 12% in the RALP and LRP groups
and 15% in RRP compares favorably.
To the best of our knowledge, only one
other publication has compared PSM rates for
RRP and RALP allowing for subgroup analysis of
HRCaP (25). In this study, Smith et al. compared
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200 consecutive RALP with 200 RRP performed
at the same institution specifically comparing
margin rate and location. Overall margin rates
were lower for the RALP (15%) as compared to
the RRP group (35%) (p < 0.001). However, a criticism of this study was the lack of similarity
in the two arms with the robotic group having
a higher percentage of low risk patients (65%),
compared to the open group (47%) (p < 0.001).
Using the D’Amico preoperative risk stratification, comparing the relatively small group of
patients with HRCaP in this study reveals, 7/13
(58%) and 18/32 (56.3%) of the HRCaP patients
had PSM (p = 0.883). Our HRCaP PSM of 52.9%
RRP, 50% RALP, and 41.4% LRP compares favorably with this series as well as others in the
literature (13,26-28).
Recently a small number of publications
have focused on RALP for high risk malignancies.
None of these studies have had comparative arms
of LRP and RRP. Jayram et al. presented a series
of 148 men having undergone RALP with HRCaP as defined by D’Amico. Overall PSM rate was
21%. There was no comparison arm in this study.
However, the authors state that their overall oncologic and functional outcomes are comparable
to published historical controls (29). Casey et al.
reported on 35 patients who had pT3 disease after
RALP. Only 10 patients met the D’Amico HRCaP
definition. PSM rate was 20% in the pT3 group
compared to 4.9% for pT2 (p < 0.004). Other perioperative and functional outcomes were similar
between those with locally advanced cancer and
those with confined prostate cancer (30).
Ham et al. divided their series of RALP
into two groups based on digital rectal examination: 121 with “locally advanced”: prostate cancer (≥ clinical stage T3a) and 200 patients with
assumed “localized disease” (≤ clinical stage T2)
(27). Using this definition, overall PSM rate was
33.3%, locally advanced group 48.8%, and low
risk group 24%. No differences were noted in perioperative or complication outcomes. The major
criticism is the study design with group designation based on digital rectal examination which may be inadequate. For example, one study
demonstrated digital rectal examination did not
detect extraprostatic extension in 30%-50% of

exams (31). Finally, Engel et al. published their
single surgeon experience with RALP and HRCaP with a modified D’Amico definition (lower
threshold of PSA ≥ 10 ng/dL) (32). Of the 73 HRCaP patients identified, PSM rate was 38%. Short
term PSA free recurrence appears to be similar to
RRP series.
Our results suggest that using PSM rate
as an early surrogate for cancer control, patients
with HRCaP may be offered either open, robotic
assisted, or laparoscopic radical prostatectomy.
On univariate analysis, the factor affecting increased PSM rate was a higher PSA. This finding
correlates with other studies which have indicated a higher PSA is associated with higher PSM
rates (33). Limitations exist for the present study.
Our single institution data may not be generalizable. All three MIS surgeons have extensive
experience with prostatectomy. The retrospective nature of comparison may include inherent
bias as related to patient selection that could
not be controlled. We attempted to assess this
possibility by evaluating patient characteristics
between the three groups, which appear to be similar. Having more than one surgeon involved
for each surgical type may introduce a lack of
uniform approach to each surgery. However, the
increased number of surgeons involved may also
allow the results to be interpreted beyond just
one surgeon’s experience. We did not specifically
study the effect of neurovascular preservation
and functional outcomes results for this study.
Studying such endpoints may aid in proving the
equivalence between the open and the MIS technique. Although a prospective design would
alleviate these concerns, carrying out such a
study would be challenging. Finally, we did not
evaluate the complication rates or functional outcomes between the three techniques although
others have addressed these issues previously.
CONCLUSIONS
PSM rate does not statistically differ between MIS and open radical prostatectomy for
patients with HRCaP. On univariate analysis, patients with a higher preoperative PSA value are
more likely to have a PSM.
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EDITORIAL COMMENT
Treatment of prostate cancer in patients
with high risk localized and locally advanced disease is still a controversial issue concerns to the
indication for surgery or treatment with external
beam radiotherapy associated with hormone therapy. The indication for surgery in locally advanced prostate cancer is growing especially after some results of long-term follow-up showing
that 60-80% of patients can be free of clinical
recurrence (1).
Recently a study of Mitchell et al. with a
follow-up of 20 years after open radical prostatectomy in 843 patients with preoperative diagnosis of locally advanced disease, confirmed by
the pathologist, showed disease-free survival of
81%, 76% free of local recurrence and 72% free
of systemic recurrence (2).
In this scenario, some reports comparing
the learning curve period of minimally invasive
techniques (laparoscopic and robotic) to conventional surgery reported that open surgery
promotes better control and fewer positive margins (3,4).
	Nowadays minimally invasive radical
prostatectomy is standart of care in many centers around the world (5). As experience was gained the indications has been amplified including
patients with localized high risk preoperatively.
As we demonstrate in a previous video
section of this periodic, in this clinical scenario
is really important to respect oncological principals trying to resect all tumor to achieve negative margins, performing extended pelvic lymphadenectomy and preserving of neurovascular
bundles only in selected situations (6).
There are only few series concerning laparoscopic or robotic as oncological effective
and safe approachs in surgical treatment of locally advanced disease.
Casey et al. (7) reported in 2009 the results of robotic radical prostatectomy in 35 patients with pT3 in pathological anatomy not
diagnosed preoperatively. The positive margin
rate was similar to open surgery (20%), surgical
time and postoperative recovery were similar to
patients operated with pT2 tumors and the rate

of continence at 1 year was 100%, 71% remained
free of recurrence although the follow-up was
only 13 months.
Jayram et al. (8) in 2011 reported another
study with 148 high-risk patients undergoing
RARP by two high-volume robotic surgeons.
D’Amico’s criteria for high-risk prostate cancer
were prostate-specific antigen ≥ 20 ng/mL or clinical stage ≥ T2c or preoperative Gleason grade
≥ 8. Rate of positive surgical margins was 20.9%.
Final pathology demonstrated extra-capsular disease in 54.1% of patients and 12.3% had lymph node involvement. At 2 years of follow-up,
21.3% of patients had experienced biochemical
recurrence or had persistent disease after treatment. Authors conclude that RARP does not
compromise oncologic outcome in patients with
high-risk prostate cancer. Although long-term
study is necessary data suggest that the presence
of high-risk disease is not a contraindication to
a minimally invasive approach for radical prostatectomy at experienced centers.
A systematic review of the literature was
recently performed showing that positive surgical margin rates are at least equivalent between open and robotic, but firm conclusions about
biochemical recurrence and other oncologic end
points are difficult to draw because the follow-up in existing studies is relatively short and the
overall experience with RARP in locally advanced PCa is still limited and Further research is
needed to clarify the actual role of RARP in patients with locally advanced disease (9).
The authors achieve important contribution to this article by adding more data with respect to control margins comparing the gold standard method (open radical prostatectomy) to the
newer minimally invasive methods, supporting
the idea that positive margins are similar to the
3 techniques. Although the purpose of the article
is not a comparison of postoperative functional
data, the exploration of this data may be interesting in order to consolidate the effectiveness of
minimally invasive procedures.
Another point of extreme interest that
can be explored in the future is the association between the preservation of neurovascular
bundles (NVB) in these patients with increasing
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number of positive margins. Some contemporary
data suggest that NVB can be safely preserved in
selected cases.
Lavery et al. (10) reported last year 123
high-risk patients submitted to robotic assisted
radical prostatectomy. Interfascial nerve-sparing
was performed whenever oncologically feasible.
Bilateral, unilateral, and non-nerve-sparing on
58%, 15%, and 27%, respectively. On final histopathology, 42% were organ confined; 55 patients
had extraprostatic extension, and 35 had seminal vesicle invasion. Positive surgical margins
occurred in 31%: 15% focal and 16% extensive.
Favorable pathologic outcomes (organ-confined
and negative surgical margins) were observed in
40%. Biochemical recurrence occurred in 20%.
When controlling for adverse pathologic features, nerve-sparing was not associated with higher rates of positive surgical margins or biochemical recurrence. At a median follow-up of

13 months, 78% were continent and 56% were
potent. The “trifecta” of continence, potency,
and freedom from recurrence was achieved in 28
patients (23%). Histopathologic and short-term
oncologic outcomes at 13-month median follow-up are comparable to those obtained in open
surgery. Authors concluded that nerve-sparing
robotic-assisted laparoscopic prostatectomy can
be safely performed in patients with preoperatively high risk prostate cancer.
Spite of small number of cases and articles available initial results are encouraging.
Some studies suggest that surgeon quality is
more related to results that the technique “per
se”. For experienced surgeons that adopt strict
oncological principles MIRP can be utilized with
efficacy to selected patients with high risk localized and locally advanced prostate cancer. More
studies and long term data would support our
actual thoughts.
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