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Abstract
Background: One of surgical goals is decreasing of positive resection margin (PRM). In radical prostatectomy,
PRM is important because of prognostic factor. We examine the relationship of PRM, cancer location and learning
curve after laparoscopic radical prostatectomy (LRP).
Methods: Between May, 2009 and May, 2015, 331 consecutive patients were treated with LRP. The resection
margin status, Gleason score, pathological stage, cancer location and diameter were assessed in each surgical
specimen, and the independent factors for PRM and prostate-specific antigen (PSA) failure were identified. The
learning curve for PRM was calculated and the number of cases until the plateau was obtained.
Results: PRM was found in 30.5% of all patients, with 27.7% in the pT2 patients and 39.0% in the pT3 patients.
The most common site of PRM was in the apex-anterior. The 5-year PSA failure-free survival rate was 73.9%. In
patients with a negative resection margin, the 5-year PSA failure-free survival rate was 81.6%, and in patients with
PRM, it was 57.4%. The factors associated with PSA failure-free survival were PRM and elevated PSA. The tumor
location was not associated with PSA failure-free survival. The factors associated with PRM were tumor location,
nerve sparing procedure, and tumor diameter. When the tumor was localized in the apex-anterior, the rate of PRM
was elevated 3-fold comparing the tumor in apex-posterior. The learning curve of all surgeons for obtaining a
negative resection margin plateaus after 167 cases. The curve of a single surgeon was more improved than all
surgeons and the rate of PRM was 16.7%.
Conclusions: PRM was associated with both cancer location and diameter. The learning curve of PRM reached
a plateau in about 170 cases. However, PRM can be further reduced. These findings related to LRP outcomes are
useful for improvement in surgical techniques and for determining prognosis.

Keywords: Laparoscopic radical prostatectomy; Positive resection
margin; Cancer location; PSA failure; Learning curve

Introduction
Laparoscopic radical prostatectomy (LRP) was developed in Europe
in the late 1990s and was established as in important surgical treatment
[1-3]. LRP was initially compared with retropubic radical
prostatectomy (RRP), and the oncological outcome was equal to that of
RRP [4]. Subsequently, the LRP surgical technique was improved, and
it was used worldwide. The benefit of LRP with pneumoperitoneum
was that it allowed both a magnified view of the surgical area and a
clear surgical space. However, LRP was not routinely used in Japan for
prostate surgery because the technique was difficult and Japanese
facilities need to acquire the authorization on starting this operation
[5,6].
Recently, the long-term results of LRP were reported, including a
study by Hruza et al on 370 patients [7-10]. According to this report,
the 10-year cancer specific survival (CSS) rate was 100% in pT2
patients, 97.3% in pT3a patients, and 90.6% in pT3b/4 patients after a
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median observation period of 105 months. They also reported that the
prostate-specific antigen (PSA) recurrence-free survival rate were
80.2%, 47.4%, 49.8%, respectively for pT2 (Tumor confined within
prostate), pT3a (extraprostatic extension), and pT3b/4 (Tumor invades
seminal vesicle/the bladder, external sphincter) patients. In contrast,
our study examined the tumor location, positive resection margin
(PRM), and PSA failure among RRP-treated patients previously [11].
We found that a PRM was most common with an apex tumor and apex
tumor had worse prognosis. For LRP, the tumor location and PRM
were as important as RRP for the oncological outcome.
In this study, we examined the cancer location and PRM for LRP,
identified prognostic factors for PRM and PSA failure, and discussed
the learning curve for performing LRP.

Patients and Methods
We performed LRP on 352 patients between May, 2009 and May,
2015. Among them, 21 patients were excluded from the study because
of neoadjuvant hormone therapy. The remaining 331 patients were
enrolled in this study. Our surgical procedure was described previously
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[12]. Briefly, the procedure was performed with an extraperitoneal and
antegrade approach. Only 2 patients received an LRP by the
intraperitoneal approach because of a large tear in the peritoneum
during the surgery. All patients were performed lymph node
dissections and it was limited within obturator fossa. After
reconstruction of the posterior structure, a vesicourethral anastomosis
was performed with a running suture. All LRP procedures were
performed by the same surgeon (K.H.) or by the surgeon’s team in his
presence. Based on the location and Gleason score of the biopsy, nerve
sparing procedure was decided whether to preserve either both sides,
one side or none.
The pathological evaluations were also described previously [11].
Briefly, all hematoxylin–eosin pathological slides of the radical
prostatectomy specimens were reviewed. The Gleason score,
pathological stage, tumor location, tumor diameter and resection
margin status were assessed in each surgical specimen based on the
WHO guideline. A PRM was defined as the presence of tumor cells at
the resection margin. The largest (here termed primary) and second
largest (here termed secondary) tumors were assessed to determine if
multiple tumors were present. No other tumors from lesions with
multiple tumors were analyzed if there were no specific findings. The
prostate was divided into three equal parts, including the apex, middle,
and base. A tumor in the apex-anterior was defined as the lesion above
the urethra, and a tumor in the apex-posterior was defined as the
lesion inferior to the urethra.
All patients were evaluated at 1- to 3-month intervals after surgery
by PSA measurements for 5 years, and biannually thereafter. PSA
recurrence was defined as a PSA 0.2 ng/ml. If the PSA was not <0.2
ng/ml after surgery, PSA recurrence was defined at the day of surgery.
Imaging studies, including computed tomography, magnetic resonance
imaging, and radioisotope bone scans, were carried out only after
either PSA recurrence or clinical disease progression.
The χ2-test and Kruskal–Wallis test were used to evaluate the clinical
and pathological parameters. PSA recurrence-free survival was
examined using the Kaplan–Meier method and analyzed by the log–

lank test. A Cox proportional hazards model was used to assess the risk
of PSA recurrence, and a logistic regression model was used to assess
the relationship of PSA recurrence with both PRM and clinical factors.
In multivariate analysis, PSA, age, Gleason score, tumor diameter, and
years at surgery were used as continuous parameters, and resection
margin (positive vs. negative), primary and secondary tumor locations
and site of PRM (apex-anterior, apex-posterior, middle, base), nerve
sparing surgery (with vs. without), pathological stage (pT2 vs. pT3),
and pN (pN0 vs. pN1) were used as categorical parameters. Learning
curves were obtained by cubic splines. The level of significance was
taken to be P<0.05 in all analyses. This study was approved by the
Institutional Review Board.

Results
The median age of the patients was 67.0 years, and the PSA median
was 7.50 ng/ml. There was no patient with open conversion. Fortyseven patients had a preserved neurovascular bundle. The median
observation period was 48.1 months for surviving patients. None of the
patients died due to prostate cancer. Four patients died without
prostate cancer during the 26.9-month follow-up periods. Among the
331 patients, 249 patients were pT2, and 82 patients were pT3. The
backgrounds of the patients based on pathological stage are listed in
Table 1. Age and prostate weight were the same in both groups.
However, other pathological factors, such as tumor diameter, Gleason
score, PRM, and lymph node metastasis were significantly worse in the
pT3 group. The primary tumor diameter was 1.6 cm in all cases. The
primary tumor was larger in the pT3 group when compared with that
in the pT2 group. But, the secondary tumor was not different in size
between the pT2 and pT3 groups. A PRM was found in 30.5% of all
patients, with a 27.7% occurrence in the pT2 patients and a 39.0%
occurrence in the pT3 patients. Lymph node metastasis was found in
2.7% of all cases, and 9.8% occurred in the pT3 patients. Extraprostatic extension (EPE) in the pT2 patients was localized to the side
of the bladder.

All

pT2

pT3

Number

331

249

82

Age (years)

67.0 (50-79)

67.0 (51-76)

67.0 (50-79)

0.226

PSA (ng/ml)

7.50 (1.66-74.46)

6.99 (1.66-31.72)

11.93 (3.61-74.46)

<0.001

BMI

23.9 (17.0-32.7)

23.8 (17.0-32.7)

24.6 (17.3-30.9)

0.040

Prostate weight (g)

45 (20-105)

45 (20-105)

50 (20-100)

0.495

Primary tumor diameter (cm)

1.6 (0.1-4.3)

1.5 (0.1-4.0)

2.2 (0.5-4.3)

<0.001

Secondary tumor diameter (cm) (n302)

0.8 (0.1-2.5)

0.7 (0.1-2.1)

0.8 (0.1-2.5)

0.040

Primary + secondary tumor diameter (cm)

2.4 (0.1-5.8)

2.2 (0.1-4.9)

3.2 (0.9-5.8)

<0.001

Gleason score (-6/7/8-)

40/199/92

39/163/47

1/36/45

<0.001

Positive resection margin (%)

101 (30.5)

69 (27.7)

32 (39.0)

0.072

EPE (%)

64 (19.3)

2 (0.8)**

62 (75.6)

<0.001

pN1 (%)

9 (2.7)

1 (0.4)

8 (9.8)

<0.001

Nerve sparing (%)

47 (14.2)

42 (16.9)

5 (6.1)

0.017
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BMI; body mass index, EPE: extraprostatic extension; *: pT2 vs pT3, **: EPE was localized to the side of the bladder

Table 1: Background parameters by pathological stage.
Information on the primary tumor location and on the PRM is
presented in Table 2. Two-thirds of primary tumors were localized in
the apex. A PRM was found in 23.6% of the primary tumors, and apexanterior was most common site. The locations of the primary tumors
were almost equally distributed between the apex-anterior and posterior, but the PRM in the apex-posterior was low compared to that
in the apex-anterior. The PRM in the pT2 patients was low compared
to that in the pT3 patients. The most common site of a PRM was the
apex-anterior in the pT3 patients. The occurrence of a PRM in the pT3
patients was high for all locations, especially the base site when
compared with that of the pT2 patients. Secondary tumors were found
in 302 of the cases. The PRM was 10.3% in all secondary tumors, and
the frequency was same in both the pT2 and pT3 patients. The apexanterior was most common site for secondary tumors, but the
frequency was low when compared to that of the primary tumors
(Table 3).
Location

All

pT2

96

44 (45.8)

80

33 (41.8)

16

11 (68.8)

Apexposterior

106

20 (18.9)

78

11 (14.1)

28

9 (32.1)

Middle

110

6 (5.5)

84

4 (4.8)

26

2 (7.7)

Base

19

8 (42.1)

7

1 (14.3)

12

7 (58.3)

Total

331

78 (23.6)

249

49 (19.7)

82

29 (35.4)

<0.001

All

pT2

pT3

number PRM (%) number PRM (%) number PRM (%)
Apex-anterior

80

18 (22.5)

61

14 (23.0)

19

4 (21.2)

Apexposterior

78

7 (9.0)

60

5 (8.3)

18

2 (11.1)

Middle

137

4 (2.3)

97

3 (3.1)

40

1 (2.5)

Base

7

2 (28.6)

6

1 (16.7)

1

1 (100)

Total

302

31 (10.3)

224

23 (10.3)

78

8 (10.3)

P value

<0.001

<0.001

<0.001

PRM: positive resection margin

Apex-anterior

<0.001

Location

pT3

number PRM (%) number PRM (%) number PRM (%)

P value

diameter. In the pT2 patients, the factors were the same, but in the pT3
patients, the tumor diameter was not an independent factor (Table 5).

Table 3: Secondary tumor location and positive resection margin in
pT2 and pT3 cases.

<0.001

PRM: positive resection margin

Table 2: Primary tumor location and positive resection margin in pT2
and pT3 cases.
The 5-year PSA failure-free survival rate was 73.9%. For patients
with a negative resection margin, it was 81.6%, and for those with a
PRM, it was 57.4% (Figure 1). The factors associated with PSA failure
were PRM and PSA level. Tumor location was not associated with PSA
failure in all cases. Among the pT2pN0 patients, the factors associated
with PSA failure were the same in all cases, but among the pT3
patients, the pathological stage and tumor location were independent
factors. The PRM at the base site in pT3b patients indicated a worse
prognosis in the pT3pN0 patients (Table 4). The factors associated with
a PRM were tumor location, nerve sparing procedure, and tumor

Figure 1: PSA failure-free survival relative to the resection margin.
Red: all cases, blue: negative resection margin, green: positive
resection margin.

All (n=331)

Resection margin

pT2pN0 (n=248)

pT3pN0 (n=74)

HR

P value

HR

P value

HR

P value

2.61 (1.57-4.37)

<0.001

3.07 (1.57-6.02)

0.001

2.69 (1.09-6.64)

0.032

1.03 (1.00-1.05)

0.022

1.07 (1.01-1.14)

0.020

-

-

(negative vs. positive)
PSA (range)
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Cancer location

-

(2 vs. 1)

1.14 (0.64-2.05)

0.651

1.45 (0.62-3.36)

0.388

0.83 (0.34-2.06)

0.691

(3 vs. 1)

0.90 (0.46-1.73)

0.743

0.87 (0.35-2.11)

0.750

0.64 (0.19-2.10)

0.457

(4 vs. 1)

0.42 (0.16-1.09)

0.075

1.52 (0.43-5.35)

0.519

0.08 (0.01-0.45)

0.004

Pathological stage (pT3a vs. pT3b)

-

-

-

-

3.463 (1.61-7.44)

0.001

1: apex-anterior, 2: apex-posterior, 3: middle, 4: base

Table 4: Multivariate analysis for PSA recurrence in all cases, pT2pN0 and pT3pN0 cases.
All (n=331)

pT2pN0 (n=248)

pT3pN0 (n=74)

HR

P value

HR

P value

HR

P value

2.60 (1.78-3.78)

<0.001

2.08 (1.22-3.54)

0.007

4.82 (1.72-13.49)

0.003

2 vs. 1

2.82 (1.49-5.32)

0.001

3.21 (1.52-6.76)

0.002

2.75 (0.56-13.33)

0.211

3 vs. 1

5.29 (2.60-10.75)

<0.001

3.95 (1.80-8.70)

<0.001

35.71 (2.99-500)

0.005

4 vs. 1

0.95 (0.33-2.74)

0.924

2.48 (0.42-14.29)

0.318

0.38 (0.05-2.99)

0.360

Nerve sparing (no vs. yes)

3.33 (1.54-7.16)

0.002

2.81 (1.26-6.30)

0.012

-

-

Tumor diameter (primary)
Tumor location (primary)

1: apex-anterior, 2: apex-posterior, 3: middle, 4: base

Table 5: Multivariate analysis of factors associated with positive resection margin.

Discussion
Radical prostatectomy is now performed by robot-assisted radical
prostatectomy (RARP). Since the long-term results of LRP have been
reported, it is important to discuss the outcome with RARP [7-10,13].
Soares et al reported the results of LRP in 1,138 patients who were
studied from 2000 through 2008 [10]. They found that the 5-year PSA
failure-free rate was 85.4% for a median observation period of 88.6
months. In our study, the 5-year PSA failure-free rate was 70.5%, and
the prognostic factors for PSA failure were resection margin, EPE, and
tumor diameter. The 5-year PSA failure-free survival for patients with
a negative resection margin was 81.6%, and these results were similar
to that in other reports [7-10,13].

Figure 2: Learning curve for obtaining a negative resection margin.
Red: all surgeons, blue: single surgeon (KH).
The learning curve for obtaining a negative resection margin is
shown in Figure 2. In the case of all surgeons, whenever the number of
surgical cases increases, the PRM decreases, and the learning curve
plateaus after 167 cases. In this point, the rate of PRM was 27.4%.
However, the learning curve of single surgeon (KH) did not plateau
after 250 cases. The rate of his last PRM was 16.7%.
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Many investigators reported prognostic factors for PSA failure, such
as resection margin, PSA level, and pathological stage [7-10]. Among
these prognostic factors, resection margin status was important
because the PRM rate could be reduced by improvement of the surgical
technique. Sooriakumaran et al. reported that among 22,393 cases, the
PRM of LRP was 16.3%, and that it was better than that of RRP, but
was worse than that of RARP [14]. Other reports, including many LRP
cases, concluded that the PRM varied from 7.4% to 29.2% [7-10].
Yossepowitch et al. reported that a PRM increased the PSA failure rate
1.6-5.0-fold [15]. In our study, the PRM rate was 30.5% in all case, and
27.7% in the pT2 patients and 39.0% in the pT3 patients, and these
results were the same as previous reports [7-10]. The factors associated
with a PRM were tumor location, nerve sparing procedure, and tumor
diameter. Some studies found that a PRM was associated with nerve
sparing and a high-volume center, but the tumor location was not
evaluated [14,16].
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In our study, the tumor was more common in the apex, and a PRM
was highest in the apex. Indeed, the apex anterior location is
important. In Japan, it was previously reported that most common
tumor location was in the apex [17]. In our study, the tumor location
was almost equally distributed between apex-anterior and posterior,
but the PRM frequency was higher in the anterior. The surgical
technique for an apical dissection is difficult because the apex-anterior
is absence of the prostatic capsule. Wide resection of the apex may
reduce PRM resulting in a good oncological outcome but this
procedure causes incontinence. Both an understanding of precise
dissection and surgical experience are important to reduce the rate of
PRM. The tumor location was associated with the PRM but it was not
associated with PSA failure. In other words, the PSA failure-free
survival was improved by having negative resection margin even
regardless of where the tumor was located. On the other hand, it was
reported that apex-cancer had favorable outcome, and further
observation is necessary [18,19].
It was reported that PRM was decreased in high-volume surgical
centers when compared to that in low-volume centers. The learning
curve generally needed 200-250 cases for the optimal resection margin
results [20,21]. Secin et al. reported that the rate of decrease in PRM
was more slowly for LRP than for RRP [20]. Additionally, Vickers et al.
reported that PSA failure decreased to 16% after 250 patients and to
9% after 750 patients [21]. LRP may be more difficult to learn because
LRP must be operated in a two-dimensional space without a direct
view of surgical space, with longer instrument and diminished haptic
feedback. RRP is a relatively mature procedure, on the other hand, LRP
is a recently developed surgical technique. Therefore improvement of
the surgical technique in LRP was always considered. Because of these
reasons, the learning curve is longer in comparison with that of RRP.
After having reached the plateau once, the rate of PRM decreases
according to experience of surgical cases [20,21]. Our finding in this
study was same as these reports. Because the learning curve for LRP is
long, teaching program is important. Surgeons need to understand
how PRM occurred by reviewing intraoperative video recording with
pathological findings and make an effort for technical improvement. In
this study, one surgeon could reduce the PRM until 16%. He is
acquainted with dissection and removes the apex as widely as possible,
but he is careful to leave the urethra as long as possible.
LRP has been discussed in comparison with RRP, but recently LRP
has been compared with RARP [13,22]. The oncological outcome was
same in many reports, including the two past randomized control trials
(RCTs) [23,24]. These RCTs compared LRP with RARP and reported
that PRM was 10.0 to 20.0% in LRP and 15.4 to 26.6% on RARP.
Surgeons in these RCTs performed over 600 LRP. According to
learning curve for PRM, it was reported that RARP is earlier than
other surgical procedure, but there were some reports that the learning
curve needed 200-250 cases for the optimal resection margin results
[25,26]. In addition, the other RCT comparing RARP and RRP have
been published recently [27]. This report shows that the PRM was the
same in both groups. Based on these RCTs, oncological outcome of
RARP was shown as same as RRP and LRP, and RARP spread out
worldwide from good operability.
There were some limitations in our study. This cohort was small and
the follow-up period was relatively short. The observation period in
this study was 48.1 months and longer follow-up period is needed for
assessing prognostic factors. To discuss the treatment outcome, CSS
was more important than PSA failure-free survival. According to PSA
failure, this observation period was not enough but pathological and
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surgical outcome were enough to evaluate and provide important and
informative results. The surgical method of radical prostatectomy is
now changing to RARP in many institutions. However, based on the
results in this LRP study, it will be possible to improve the surgical
technique in the future.
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