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Background: Positive lymph node (LN) status is considered a systemic disease state. In prostate
cancer, LN-positive diagnosis during pelvic LN dissection (PLND) potentially leads to the abandonment of radical prostatectomy (RP).
Objective: To compare the overall survival (OS) and relative survival (RS; as an estimate for cancerspeciﬁc survival) in LN-positive patients with or without RP.
Design, setting, and participants: Between 1988 and 2007, a total of 35 629 men with prostate cancer
were identiﬁed at the Munich Cancer Registry; of those, 1413 patients had positive LNs.
Intervention: Of these 1413 LN-positive patients, prostatectomy was abandoned in 456 LN-positive
patients, whereas 957 underwent RP despite the LN-positive ﬁnding.
Measurements: Crucial analyses are based on 938 LN-positive patients (688 with RP and 250
without RP) with complete data regarding age, grade, and prostate-speciﬁc antigen (PSA). OS
(Kaplan-Meier estimates) and RS are presented, and Cox regression analysis was used to show
the inﬂuence of predictors such as clinical stage, age at surgery, number of positive LNs, PSA level,
grade, and extent of surgery.
Results: Median follow-up was 5.6 yr. OS of patients at 5 yr and 10 yr was 84% and 64%, respectively,
with RP and was 60% and 28%, respectively, with aborted RP. The RS of patients at 5 yr and 10 yr was 95%
and 86%, respectively, with RP and was 70% and 40%, respectively, with abandoned surgery. There was
an imbalance, however, in the number of positive LNs: 17.2% with RP had four or more positive nodes
versus 28% in the patient group without RP. In the multivariate model, RP was a strong independent
predictor of survival (hazard ratio: 2.04 [95% conﬁdence interval, 1.59–2.63; p < 0.0001]).
Conclusion: LN-positive patients with complete RP had improved survival compared to patients
with abandoned RP. These results suggest that RP may have a survival beneﬁt and the abandonment
of RP in node-positive cases may not be justiﬁed.
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1.

Introduction
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provide life status were also excluded (n = 3924; 11%). Analyses were
therefore performed on 27 956 patients with primary prostate cancer

Radical prostatectomy (RP) is commonly accepted as
standard therapy for early stage prostate cancer [1–4].
Although multiple investigations have demonstrated that
RP is also a valid option for patients with locally advanced
disease [5,6], RP is often abandoned in cases with positive
lymph nodes (LNs). Prostate cancer patients who are LN
positive are considered to have a systemic disease with poor
prognosis and are often treated with hormonal therapy [7]
and/or radiotherapy (RT).
Interestingly, few studies have shown reasonable
cancer-specific survival (CSS) of patients with histologically
diagnosed pelvic LN metastases who received RP [8–12].
Furthermore, not all patients with nodal disease are at the
same risk of cancer-specific death. Patients with minimal
nodal disease have improved survival and may benefit from
RP [10,11].
Today, most surgeons do not routinely perform frozen
section analysis of pelvic LNs or abandon RP in the case of an
LN-positive finding. The comparison of CSS in LN-positive
patients who receive complete RP versus abandoned RP is
often compromised by small populations and short followup. In this study, we analyzed overall survival (OS) and
relative survival (RS) in LN-positive patients with or
without RP.

diagnosed between 1988 and 2007. Of these 27 956 patients, 13 805 had
information on their LN status, and 1413 (10.2%) patients were
diagnosed as LN positive during pelvic LN dissection (PLND) and
underwent completed or abandoned RP. The majority of patients
received adjuvant or salvage hormonal ablation therapy. The presented
adjuvant data, however, only reﬂect information about adjuvant
treatment that was given or that began during the hospital stay.

2.3.

Statistical analysis

The MCR organizes data in an Oracle database. Statistical analyses were run
in SAS (Statistical Analysis System v.8.2). Frequency data were analyzed
using the x2 test or the Fisher exact test. OS was estimated by the KaplanMeier method. RS was computed by the ratio of the observed survival rate
to the expected survival rate. The expected survival time of age- and
gender-matched individuals was calculated from life tables of the general
German population. Relative survival can be interpreted as survival from
cancer after correction for other causes of death and therefore is used as an
estimate for CSS. OS was also investigated with a Cox proportional hazards
regression model. Hazard ratios (HRs) and 95% conﬁdence intervals (CIs)
are presented. The signiﬁcance level was set at 5%.

2.4.

Random samples

For fair comparisons of survival curves between LN-positive patients
with or without RP, random samples were generated. The frequency
distribution of the WHO grade and prostate-speciﬁc antigen (PSA)
variables in the group without prostatectomy served as a reference to

2.

Materials and methods

2.1.

Data collection

obtain ﬁve random samples from the group with prostatectomy. Survival
curves of these samples are also presented.

3.

Results

The Munich Cancer Registry (MCR) was established in 1978. Initially, the
MCR cooperated with the two university hospitals in Munich, Germany,
and since 1988, collaborations have extended to all city hospitals and the
district of Munich, a region of about 2.3 million inhabitants. The MCR was

OS and RS rates for this population-based sample
(n = 27 956) are presented in Fig. 1. The 5-yr OS was 76.7%

enlarged to 3.8 million people in 2002 and to 4.5 million in 2007. With an
incidence rate of 80 per 100 000 people (world standard), the MCR
observes a high population-based incidence of prostate cancer patients in
Germany, which is about 75% of the incidence in the United States.
Data about primary disease characteristics such as TNM stage,
histology, World Health Organization (WHO) grade, and therapy were
prospectively collected from MCR-afﬁliated hospitals using tumorspeciﬁc forms. The extent of the lymphadenectomy cannot be provided,
and Gleason score is only documented since the year 2000. Additionally,
all pathologic reports have been archived since 1994 and were used as
supplementary information. Since 1978, the life status of patients with a
cancer diagnosis has been maintained systematically through death
certiﬁcates and the inhabitants’ registration ofﬁces. Thus, active followup data are available for about 90% of all cases.

2.2.

Patients

Since 1988, 35 629 patients with histologically conﬁrmed prostate
cancer were prospectively registered in the database of the MCR. The
year 1988 was selected a priori as a cutoff point because therapy regimes
have changed since the 1980s and recruitment was approximately
population based in the MCR. Patients with neoadjuvant therapy
(n = 392*) and evidence of a previous malignant tumor (n = 2958*) or
another synchronous malignant tumor (n = 1002*) were excluded from
the analyses (*overlapping speciﬁcations are possible for these samples).
Patients of a district where the inhabitants’ registration ofﬁce did not

Fig. 1 – (a) Overall survival (OS) and (b) relative survival (RS).
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Fig. 2 – (a) Overall survival (OS) and (b) relative survival (RS) according to positive lymph nodes (LNs) after radical prostatectomy for all patients of the
Munich Cancer Registry with detailed information of the exact number of positive LNs. RS is computed by the ratio of the observed survival rate to the
expected survival rate of the general German population. Values of >100% describe a better prognosis relative to the general population.

(RS was 93.3%) and 10-yr OS was 55.2% (RS was 84.9%) in this
cohort. Fig. 2 shows OS and RS for patients with PLND and
complete prostatectomy, according to the number of positive
LNs, and demonstrates the prognostic value of LN status.
Table 1 lists the clinical and pathologic characteristics for
1413 patients that composed the current study cohort. The
median age was 65.4 yr. Patients with prostatectomy were
slightly younger, had a better prognostic clinical T-stage
distribution, comparable grade, and lower PSA values
compared to patients without prostatectomy. In Table 2,
all 938 patients with a positive LN status and available
grade and PSA values are presented. Following PLND, 688
LN-positive patients underwent a completed prostatectomy
and 250 did not. The frequency distribution of the grade and
PSA variables in the group without prostatectomy served as
a reference to obtain five random samples of the group with
prostatectomy. Age as well as the (consequently identical)
PSA and grade distributions for these five random samples
are also shown in Table 2 (n = 219 in each group). Because
each sample could be drawn from a large cohort, different
patients were selected, as indicated by the varying age
distributions. Fig. 3 depicts OS and RS for LN-positive
patients with and without prostatectomy as well as for the
five random samples. Differences in survival are impressive
in favor of patients with completed prostatectomy: 5-yr OS
for patients with prostatectomy was 83.7% (RS was 94.9%)
and was 60.1% (RS was 70.5%) for patients without
prostatectomy; the 10-yr OS was 63.8% (RS was 86.2%)
and 28.2% (RS was 40.5%), respectively. The absolute
differences of OS rates are 23.6% after 5 yr and 35.6% after

10 yr, and differences of RS rates are 24.4% and 45.7% for
5-yr and 10-yr follow-up, respectively.
Results of the Cox regression survival analysis are
presented in Table 3. After adjustment for age, clinical T
category, number of positive LNs, WHO grade, and PSA for
LN-positive patients, a HR of 2.04 (95% CI, 1.59–2.63)
resulted for patients with PLND and abandoned prostatectomy, indicating the benefit of prostatectomy, even in nodepositive cases.
4.

Discussion

Recent studies have demonstrated that RP is a valid option
for patients with locally advanced disease [1,5,6]. RP was
rarely performed before the 1980s and revolutionized the
early 1980s when it was introduced as the accepted form of
surgical treatment for localized prostate cancer [13–15].
When RP was first performed, surgery was commonly
abandoned if suspicious pelvic LNs were detected during
PLND; the patient was then considered to have systemic
disease. This strategy was based on the idea that LN-positive
patients would not have a survival benefit due to the
surgical removal of the prostate. Specifically, an European
Organization for Research and Treatment of Cancer (EORTC)
study initiated in 1988 was based on this hypothesis and
greatly influenced the protocol of some hospitals [7].
Recently, therapeutic approaches have changed, and
urologists have started to experience good cancer-specific
results in LN-positive prostate cancer patients [8–12].
Today, the surgical approach includes PLND and complete
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Table 1 – Clinical characteristics for patients with positive lymph node status
Characteristics

Node-positive patients
without prostatectomy n = 456

Node-positive patients
with prostatectomy n = 957

Node-positive
patients n = 1413

Period
1988–1994, n (%)
1995–2001, n (%)
2001–2007, n (%)

159 (34.8)
181 (39.7)
116 (25.4)

281 (29.4)
344 (36.0)
332 (34.7)

440 (31.1)
525 (37.2)
448 (31.7)

Age
Mean (median), yr
Age <60 yr, n (%)
Age 60–69 yr, n (%)
Age 70–74 yr, n (%)
Age 75 yr, n (%)

66.8 (66.5)
92 (20.2)
224 (49.2)
71 (15.6)
69 (15.1)

64.5 (65)
230 (24.0)
527 (55.1)
159 (16.6)
41 (2.3)

65.3 (65.4)
322 (22.8)
751 (53.2)
230 (16.3)
110 (7.8)

T category
T1, n (%)
T2, n (%)
T3, n (%)
T4, n (%)
T missing values or TXa, n (%)

23
95
201
99
38

(5.5)
(22.7)
(48.1)
(23.7)
(8.3)

47 (6.3)
286 (38.0)
380 (50.5)
39 (5.2)
205(21.4)

70
381
581
138
243

(6.0)
(32.6)
(49.8)
(11.8)
(17.2)

No. of positive LNs
LN 1, n (%)
LN 2–3, n (%)
LN 4, n (%)
LN+ but number of positive LN not availablea, n (%)

42
51
29
334

(34.4)
(41.8)
(23.8)
(73.3)

243
150
81
483

(51.3)
(31.7)
(17.1)
(50.5)

285
201
110
817

(47.8)
(33.7)
(18.5)
(57.8)

Histopathologic grade
G1, n (%)
G2, n (%)
G3/4, n (%)
Grading missing values or GXa, n (%)

13
191
220
32

(3.1)
(45.1)
(51.9)
(7.0)

12
434
479
32

(1.3)
(46.9)
(51.8)
(3.4)

25
625
699
64

(1.9)
(46.3)
(51.8)
(4.5)

PSA
<4 ng/ml, n (%)
4–10 ng/ml, n (%)
>10–20 ng/ml, n (%)
>20 ng/ml, n (%)
PSA missing valuesa, n (%)

12
40
40
171
193

(5.6)
(15.2)
(15.2)
(65.0)
(42.3)

32
164
211
294
256

(4.6)
(23.4)
(30.1)
(41.9)
(26.8)

44
204
251
465
449

(4.6)
(21.2)
(26.0)
(48.2)
(31.8)

Adjuvant radiotherapy
Radiotherapy: no, n (%)
Radiotherapy: yes, n (%)

349 (76.5)
107 (23.5)

773 (80.8)
184 (19.2)

1122 (79.4)
291 (20.6)

Adjuvant hormone therapy
Hormone therapy: no, n (%)
Hormone therapy: yes, n (%)

88 (19.3)
368 (80.7)

267 (27.9)
690 (72.1)

355 (25.1)
1058 (74.9)

6.7 (5.8)

6.4 (5.6)

Follow-up
Mean (median) follow-up for patients alive, yr

5.3 (5.)

LN = lymph node; PSA = prostate-speciﬁc antigen.
The percentage of the subcategories is related to the sum of each item with available data; missing values are not taken into account.

a

RP, regardless of the intraoperative diagnosis of LN status.
Interestingly, no large-scale population-based data are
available to support the completion of RP in LN-positive
cases. In the current analysis, the absolute differences in
OS and RS are 23.6% and 35.6% after 5 yr and 10 yr,
respectively, in patients undergoing PLND with or without
RP; the differences in RS rates were 24.4% and 45.7% after
5 yr and 10 yr, respectively. These survival rates are nearly
identical to reports in the literature [7,8,12]. These
findings indicate that prostate cancer patients treated
with complete RP may have improved survival compared
to patients with abandoned RP. This obvious advantage
should encourage urologists to complete RP, regardless of
pelvic LN status.
In recent years, questions regarding the extent of PLND
have been expressed. According to Bader et al [9],

meticulous LN dissection ‘‘seems not only a staging
procedure but may also have a possible positive impact
on disease progression and long-term disease-free survival.’’ Another study from the same institution with 122
patients revealed that prostate cancer-specific outcome in
patients undergoing extended PLND significantly differed
[10]. After 10 yr, patients with two or more positive nodes
and patients with three or more positive nodes had a CSS of
78.6% and 33.4%, respectively; these findings are comparable with our results. The cut point of two or more positive
LNs, however, cannot be reproduced with our data. It was
also found that the diameter of an individual LN metastasis
and its extranodal extension have a significant prognostic
influence [16–18].
Today it is recognized that limited versus extended PLND
is defined by the anatomical extent of PLND and not
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Table 2 – Clinical characteristics for patients with positive lymph node statusa and for five random samples
Characteristics

Node-positive
patients without
prostatectomy

n == 938

Node-positive
patients with
prostatectomy

Node-positive
patients with
prostatectomy:
Random sample 1
n = 219

Node-positive
patients with
prostatectomy:
Random sample 2
n = 219

Node-positive
patients with
prostatectomy:
Random sample 3
n = 219

Node-positive
patients with
prostatectomy:
Random sample 4
n = 219

65.3 (65.7)
56.8
73.1
44 (20.1)
129 (58.9)
37(16.9)
9 (4.1)

64.3 (64.9)
55.4
72.5
49 (22.4)
128 (58.5)
35 (16.0)
7 (3.2)

63.9 (64.3)
55.1
71.6
48 (21.9)
123 (56.2)
37 (16.9)
11 (5.0)

64.4 (64.3)
56.3
71.9
51 (23.3)
128 (58.5)
34 (15.5)
6 (2.7)

Node-positive
patients with
prostatectomy:
Random sample 5
n = 219

a

n == 250

n == 688

67.4 (67.2)
57.7
76.6
42 (16.8)
124 (49.6)
47 (18.8)
37 (14.8)

64.5 (64.8)
56.2
72.6
166 (24.1)
384 (55.8)
111 (16.1)
27 (3.9)

T category
T1, n (%)
T2, n (%)
T3, n (%)
T4, n (%)
T missing values or TXb, n (%)

18
63
105
49
15

(7.7)
(26.8)
(44.7)
(20.9)
(6.0)

38
241
275
23
111

(6.6)
(41.8)
(47.7)
(4.0)
(16.1)

14
72
93
10
30

(7.4)
(38.1)
(49.2)
(5.3)
(13.7)

11
77
91
9
31

(5.9)
(41.0)
(48.4)
(4.8)
(14.2)

12
69
97
7
34

(6.5)
(37.3)
(52.4)
(3.8)
(15.5)

13
81
92
9
24

(6.7)
(41.5)
(47.2)
(4.6)
(11.0)

12
79
92
7
29

(6.3)
(41.6)
(48.4)
(3.7)
(13.2)

26
41
26
157

(27.9)
(44.1)
(28.0)
(62.8)

209
132
71
276

(50.7)
(32.0)
(17.2)
(40.1)

65
30
29
95

(52.4)
(24.2)
(23.4)
(43.4)

54
44
26
95

(43.6)
(35.5)
(21.0)
(43.4)

55
40
29
95

(44.4)
(32.3)
(23.4)
(43.4)

61
32
29
97

(50.0)
(26.2)
(23.8)
(44.3)

56
39
28
96

(45.5)
(31.7)
(22.8)
(43.8)

7
2
19
19
22
16
71
94

(2.8)
(0.8)
(7.6)
(7.6)
(8.8)
(6.4)
(28.4)
(37.6)

11
21
69
94
88
117
142
146

(1.6)
(3.1)
(10.0)
(13.7)
(12.8)
(17.0)
(20.6)
(21.2)

6
2
17
17
19
14
62
82

(2.7)
(0.9)
(7.7)
(7.7)
(8.7)
(6.4)
(28.3)
(37.4)

6
2
17
17
19
14
62
82

(2.7)
(0.9)
(7.7)
(7.7)
(8.7)
(6.4)
(28.3)
(37.4)

6
2
17
17
19
14
62
82

(2.7)
(0.9)
(7.7)
(7.7)
(8.7)
(6.4)
(28.3)
(37.4)

6
2
17
17
19
14
62
82

(2.7)
(0.9)
(7.7)
(7.7)
(8.7)
(6.4)
(28.3)
(37.4)

6
2
17
17
19
14
62
82

(2.7)
(0.9)
(7.7)
(7.7)
(8.7)
(6.4)
(28.3)
(37.4)

No. of positive LNs
LN 1, n (%)
LN 2–3, n (%)
LN 4, n (%)
LN+ but no. of LN+
not availableb, n (%)
PSA and grade
<4 ng/ml and G1/2, n (%)
<4 ng/ml and G3/4, n (%)
4–10 ng/ml and G1/2, n (%)
4–10 ng/ml and G3/4, n (%)
>10–20 ng/ml and G1/2, n (%)
>10–20 ng/ml and G3/4, n (%)
> 20 ng/ml and G1/2, n (%)
> 20 ng/ml and G3/4, n (%)

LN = lymph node; PSA = prostate-speciﬁc antigen.
a
For 938 of 1413 N+ patients for whom grade and PSA were completely available.
b
The percentage of the subcategories is related to the sum of each item with available data; missing values are not taken into account.

64.2 (64.6)
55.3
72.9
52 (23.7)
125 (57.1)
34 (15.5)
8 (3.7)
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Age
Mean (median), yr
10th percentile, yr
90th percentile, yr
Age <60 yr, n (%)
Age 60–69 yr, n (%)
Age 70–74 yr, n (%)
Age 75 yr, n (%)
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Fig. 3 – (a) Overall survival (OS) and (b) relative survival (RS) for patients with positive lymph node status according to radical prostatectomy and for five
random samples of the cohort with prostatectomy.

imperatively by the number of LNs removed [19]. Furthermore, it is suggested that if PLND is indicated, it should be
performed as an extended PLND [20,21]. We are unaware of
the form of PLND that was performed in our study. In the
future, prospective trials on the extent of LN dissection should
clarify this important aspect of prostate cancer research.
Because a growing number of randomized studies of
other cancers also have found no survival advantage in LN
dissection cohorts, the question of whether to abandon any
lymphadenectomy in prostate cancer should be evaluated
[22]. This approach does not contradict the fact that the
number of positive LNs is a prognostic factor. Positive LNs
are a good survival indicator but probably are not the cause
of metastases. Although this prediction is hypothetical, it
seems generalizable because pathways of dissemination to
organ-specific colonization of solid tumors seem comparable [23].
Several points of our study warrant further discussion.
First and foremost, the analyzed data were generated over a
long period of time with an unknown number of surgeons.
An advantage of the MCR data is that they represent ‘‘real
life’’ and therefore are not affected by a small number of
subspecialized surgeons. Even though the data are collected
prospectively, the analysis is retrospective. This approach
has many limitations, such as a lack of randomization and,
consequently, an incomplete or absent account of measured
or unmeasured confounders. Nevertheless, the multivariate
adjustment reduces this weakness in the study design.
Second, survival does not depend on LN status alone but
also on pathologic characteristics such as local tumor
extent. The high incidence of non–organ-confined cancers
in our series of positive LNs, for example, is a confounding

factor. This finding is in line with work by Schumacher et al
[10,24] but has not been described by other studies.
Third, according to our knowledge, most patients
without RP received adjuvant hormonal treatment. This
treatment can be criticized and considered a confounder,
but it represents common urologic practice. According to
the only randomized trial by Messing et al [25], early
hormone therapy benefits patients with nodal metastases
who received prostatectomy compared with those who
received deferred treatment. Many patients, however, have
not only node-positive prostate cancer but also non–organconfined prostate cancer. The trend of an advantage of early
hormonal therapy in patients without local treatment is
suggested by the data from the EORTC 30486 study [7].
Schroder et al found a 23% nonsignificant trend in favor of
early hormonal versus delayed treatment. The trial,
however, was underpowered to show equivalence or
superiority. Interestingly, other studies were not able to
support the hypothesized benefit of early hormonal therapy
[24,26,27]. Keeping in mind that prognosis depends on the
number of positive nodes and the extent and size of the
metastasis, one could argue that early hormonal therapy
may constitute overtreatment [10,16–18,28]. A short
postoperative PSA doubling time was reported as a negative
prognostic factor and thus may serve to categorize patients
into different groups for adjuvant treatment regimens [29].
Another interesting aspect of adjuvant therapy was
alluded to by da Pozzo et al [30]. This group was the first to
investigate the role of hormonal therapy with or without RT
in node-positive patients. They found a significant protective role for adjuvant hormonal therapy and RT in CSS of
node-positive patients [30]. Unfortunately, there are no
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Table 3 – Cox proportional hazards analysis of overall duration of
survival for patients with positive lymph node status
Patients: n = 938
Events: n = 295

HR

95% CI

p

Study concept and design: Engel, Hölzel.
Acquisition of data: Baur, Beer, Chaussy, Geschwend, Oberneder,
Rothenberger, Stief.
Analysis and interpretation of data: Engel, Bastian, Hölzel.
Drafting of the manuscript: Engel, Bastian, Hölzel.

Covariates

Critical revision of the manuscript for important intellectual content: Engel,
Age
<60 yr
60–69 yr
70–74 yr
75 yr
T category
cT1
cT2
cT3
cT4
cT not available
No. of positive LNs
LN 1
LN 2–3
LN 4
LN+, exact no. of positive
LNs not available

1
1.053
1.285
2.477

0.0002*
Reference
0.77–1.44
0.89–1.86
1.58–3.89

Stief, Hölzel.
Statistical analysis: Engel, Hölzel.
Obtaining funding: None.
<0.0001*

1
1.598
1.850
4.202
1.828

Reference
0.77–3.34
0.90–3.81
1.95–9.03
0.80–4.21

Administrative, technical, or material support: Engel, Hölzel.
Supervision: Stief, Hölzel.
Other (specify): None.
Financial disclosures: I certify that all conﬂicts of interest, including
speciﬁc ﬁnancial interests and relationships and afﬁliations relevant to

0.0006*
1
0.979
2.461
1.737

Bastian, Baur, Beer, Chaussy, Geschwend, Oberneder, Rothenberger,

Reference
0.56–1.73
1.46–4.16
1.15–2.63

the subject matter or materials discussed in the manuscript (eg,
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