
Abstract. The aim of the present study was to evaluate if
lymphadenectomy could be safely spared in low risk prostate
cancer (PC) patients. Patients and Methods: From 5/1998 to
10/2005, 100 patients with low risk prostate cancer who had
undergone radical prostatectomy (RP) and did not have
positive surgical margins were selected. The series included 34
patients submitted to lymphadenectomy including the iliac and
obturatory nodes without documented nodal metastasis.
Results: Fifteen patients experienced a biochemical relapse
(BR) at a median follow-up of 1.7 years. The pathological stage
and not removing the nodes were both significant predictors of
biochemical relapse (p-value=0.008 and 0.018) in univariate
analysis. Adjusting for baseline imbalances through the Cox’s
regression model, a relative risk of BR which was more than
five-fold higher in patients who had not been subjected to
lymphadenectomy (p-value <0.05) was estimated. Conclusion:
This observational investigation suggests that lymphadenectomy
may not be safely spared in low risk prostate cancer patients.

It is recognized that radical prostatectomy (RP) provides a
concrete chance of cure for clinically localized prostate
cancer (PC) (1, 2). However, the definition "clinically
localized" PC harbors patients with different prognoses.
Prostate specific antigen (PSA) ≤10 ng/mL, clinical stage
T1c-T2a, biopsy Gleason score (GS) ≤6 and no primary GS
pattern of 4 are the clinical features that define a subgroup
of "clinically localized" PCs and imply a low risk of
progression after curative treatment (3, 4). Nomograms
show that low risk PCs are associated with nodal metastases
in about 1-3% of the patients and, therefore, it is thought
that lymphadenectomy can be safely spared (5-7). The
database of RPs performed in our centre was analyzed to

find out if low risk patients who had undergone
lymphadenectomy resulting in pN0 had the same outcome
with patients who had not undergone lymphadenectomy.

Patients and Methods

Patient selection. Patients were selected from a prospectively
collected database of RPs. Those whose operations were
performed before 1998 (before the introduction of modern TNM
staging), patients with incidental cancer or who had received neo-
or adjuvant therapy or had detectable PSA after surgery or at <90
days follow-up were excluded from the present analysis. The
inclusion criteria were PSA ≤10 ng/mL, biopsy GS of 6 or less and
clinical stage T1c or T2a, negative surgical margins and no lymph
node metastasis after pathological examination. One hundred
patients were finally selected. Between 5/1998 and 10/2005, 34
patients had undergone RP with lymphadenectomy (the pN0
group) and 66 patients without lymphadenectomy (the pNx group).
An open retropubic RP was performed in all cases. Surgical
excision routinely included the iliac and obturatory nodes, the
median number of nodes removed in the series of selected patients
was 11, range 7-18. Patients with nodal metastasis (the LNE group)
or positive surgical margins (LNE and no-LNE groups) were
excluded from the analysis. Biochemical relapse (BR) was defined
as two consecutive increasing PSA levels >0.2 ng/mL (8). Follow-
up ended with the last visit or when a BR occurred.

Statistical analysis. Apart from lymph node excision (LNE) and
pathological stage (PS), the other analyzed prognostic factors were
age at surgery (≤60; 61-67; ≥67), year of surgery (≤2002; 2003-
2004; >2004), biopsy GS (≤5; =6), preoperative PSA (≤5.8; 5.9-
7.8; >7.8) and pathological GS (≤5, =6, ≥7), which were
categorized to obtain homogenous sizes of patient subgroups. The
correlation between each prognostic factor and LNE was
expressed in terms of odds ratio (OR) and statistically evaluated
using the Chi-square test. The influence of each onset
characteristic on biochemical relapse-free survival (BRFS) was
evaluated by the Kaplan-Meier method and statistically assessed
using the log-rank test (LT) (9). Also, the joint effect of all
prognostic factors on BRFS was estimated by the proportional
hazards Cox’s regression model (9), and related regression
coefficients were used to calculate the hazard ratio (HR), a
specific relative risk index. In order to highlight the prognostic
magnitude of LNE and its degree of dependence on imbalances in
the other onset characteristics, several Cox’s models were fitted,
by adding, removing or replacing terms in the regression equation.
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In this context, the reference model was defined by LNE alone,
while the full model included all prognostic factors. The percent
change in HR (¢HR%) was used as an index of prognostic
independence; the higher the change, the greater the dependence.
The Akaike Information Criterion (AIC) was applied as an index
of model selection. According to the AIC the best model is one
which has the lowest value (9). Changes were calculated with
respect to the reference model. The statistical significance of each
model and each factor included in the model was evaluated by the
likelihood ratio test (LRT). Additionally, the proportional hazards
assumption was checked both graphically, by plotting log-minus-
log survival probabilities against follow-up time, and formally, by
performing the Grambsch-Therneau test (10). Finally, regression
diagnostics were applied to highlight the data points able to
influence unduly the modeling results (10). For each absolute or
relative risk index, the corresponding 95% confidence limits (95%
CLs) were also computed. All above-mentioned analyses were
carried out using Stata statistical software (11).

Results

The correlation between LNE and all other prognostic factors
considered in this investigation are described in Table I. A
clear and statistically significant upward trend by year of
surgery in the proportion of pNx patients was found, before
2003 38.2% patients were in the pNx group, afterwards that
group became 80.3% (p-value <0.001). Heterogeneities in
LNE distribution were also found by biopsy GS (p-
value=0.011) and pathological GS (p-value=0.001). Only
slight or null correlations were shown for pre-operative PSA
(p-value=0.086), age at surgery (p-value=0.937) and
pathological stage (p-value=0.958). Table II shows the 1-, 3-,
and 5-year BRFS, along with the log-rank test and
corresponding p-values. The median follow-up time was 1.7
years (inter-quartile range=0.7-3.3 years) in the whole group,
3.3 years (inter-quartile range=1.5-6.5 years) in the pN0 group
and 1.4 years (inter-quartile range=0.8-2.1 years) in the pNx
group. Overall, during the study period 15 out of 100 patients
(15.0%) experienced a BR, giving rise to a BRFS probability
of 65.6% (95% CLs=47.6%-78.8%) after four years of follow-
up. Only PS and LNE were significant predictors of BR (p-
value=0.008 and p-value=0.018, respectively) with a higher
risk for pT3 and pNx patients (Table II and Figure 1).

Table III reports the HR for LNE (pN0 patients as the
reference group), along with the corresponding 95% CLs
and p-values, AIC and their variations (¢HR% and ¢AIC)
with respect to model 1. Given the high correlation
between biopsy and pathological GS, just the latter was
considered for multivariate analyses. By and large, the pNx
patients fared constantly worse than the pN0 patients, in
that they showed an increased risk of BR ranging from 3.75
to 5.65. In six out of seven models, changes in HRs greater
than 10% were observed, indicating that baseline
imbalances in the concomitant characteristics doubtless
played a key role in determining the magnitude of the

LNE-specific BR risk. On the basis of the AIC the best
models appeared to be model 3 (¢AIC=–3.590) and model
7 (¢AIC=–3.652), both showing very similar relative risk
estimates (HR=5.40, 95% CLs=1.35-21.56 and HR=5.65,
95% CLs=1.44-22.11, respectively). However, the small
sample size and the very low BR frequency (15.0%) gave
rise to quite imprecise HR estimates.

Finally, goodness-of-fit techniques demonstrated neither
large violations of the proportional hazards assumption
(Grambsch-Therneau test p-value >0.05 for all models) nor
remarkably influential data points.

Discussion

It is increasingly accepted that a low risk prostate cancer has
an "acceptably" low risk of nodal metastasis, and, therefore,
lymphadenectomy could be safely avoided, when PSA ≤10
ng/mL, biopsy GS up to 6 and clinical stage T1c or T2a are
the characteristics that define the low risk category. 
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Table I. Lymph node excision and other patient characteristics.

Factors and levels Lymph node excision

pN0 pNx OR 95%CLs p-value
N (%) N (%)

Year of surgery <0.001
≤2002 21 (61.8) 13 (19.7) 1.00 -
2003-2004 8 (23.5) 36 (54.5) 7.27 2.59-20.41
>2004 5 (14.7) 17 (25.8) 5.49 1.63-8.48

Age at surgery 0.937
≤60 years 12 (35.3) 21 (31.8) 1.00 -
61-67 years 11 (32.4) 23 (34.9) 1.20 0.44-3.28
>67 years 11 (32.4) 22 (33.3) 1.14 0.42-3.15

Pre-operative PSA level 0.086
≤5.8 10 (29.4) 23 (34.9) 1.00 -
5.9-7.8 8 (23.5) 26 (39.3) 1.41 0.48-4.19
>7.8 16 (47.1) 17 (25.8) 0.46 0.17-1.27

Biopsy Gleason score 0.011
≤5 20 (58.8) 21 (31.8) 1.00 -
=6 14 (41.2) 45 (71.2) 3.06 1.30-7.21

Pathological Gleason score 0.001
≤5 16 (47.1) 9 (13.6) 1.00 -
=6 11 (21.3) 39 (59.1) 6.30 2.19-18.12
≥7 7 (20.6) 18 (27.3) 4.57 1.38-15.11

Pathological stage 0.958
pT2 30 (88.2) 58 (87.9) 1.00 -
pT3 4 (11.8) 8 (12.1) 1.03 0.29-3.72

Total 34 (100.0) 66 (100.0) - - -

N: number of patients; OR: odds ratio; 95% CLs: 95% confidence
limits for OR; p-value: significance level of Chi-square test; pN0:
lymphadenectomy group; pNx: no lymphadenectomy group.



Partin et al. (5), Crawford et al. (12) and Han et al. (13)
observed about 1% of nodal metastasis among low risk PCs
from the Johns Hopkins Hospital series of RPs. In the same
series, Haese et al. showed that the absence in any biopsy of

a 4 or 5 Gleason pattern was associated with a 2.7% share
of nodal metastasis, irrespective of PSA or clinical stage (14). 

Bhatta Dhar et al. analized the records of 336 consecutive
low risk patients and did not find any difference in terms of
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Table II. Univariate biochemical relapse-free survival analysis estimated by the Kaplan-Meier method.

Biochemical relapse-free survival probability %

Factors and levels N R (%) 1 year 3 years 5 years LT p-value
(95% CLs) (95% CLs) (95% CLs)

Age at surgery 1.81 0.405
≤60 years 33 6 (18.2) 96.9 74.3 49.5

(79.8-99.6) (42.2-90.3) (17.1-75.6)
61-67 years 34 5 (14.7) 96.3 83.4 58.4

(76.5-99.5) (54.9-94.6) (22.1-82.5)
> 67 years 33 4 (12.1) 100.0 88.1 80.7

(-) (67.1-96.0) (54.4-92.8)
Year of surgery 3.76 0.153

≤2002 34 9 (26.5) 100.0 88.0 69.8
(-) (71.0-95.3) (49.6-83.1)

2003-2004 44 5 (11.4) 97.7 80.51 80.51

(84.6-99.7) (56.5-92.1) (56.5-92.1)
>2004 22 1 (4.6) 95.22 95.22 95.22

(70.7-99.2) (70.7-99.2) (70.7-99.2)
Pre-operative PSA level 2.80 0.247

≤5.8 33 2 (6.1) 96.9 88.1 88.1
(79.8-99.6) (55.0-97.3) (55.0-97.3)

5.9-7.8 34 6 (17.7) 96.7 88.0 65.2
(79.8-99.6) (66.3-96.1) (35.9-83.6)

>7.8 33 7 (21.2) 100.0 73.4 45.9
(-) (66.1-88.4) (13.8-73.6)

Biopsy Gleason score 0.03 0.856
≤5 41 8 (19.5) 100.0 81.0 63.6

(-) (59.5-91.8) (38.9-80.6)
=6 59 7 (11.9) 96.2 84.8 68.0

(85.6-99.1) (65.7-93.7) (38.6-85.5)
Pathological Gleason score 0.87 0.647

≤5 25 4 (16.0) 100.0 79.9 71.9
(-) (49.3-93.1) (40.8-88.6)

=6 50 5 (10.0) 97.6 93.1 51.7
(83.9-99.6) (73.8-98.3) (14.2-80.1)

≥7 25 6 (24.0) 96.0 73.6 63.1
(74.8-99.4) (47.0-88.3) (32.6-82.7)

Pathological stage 7.14 0.008
pT2 88 10 (11.4) 100.0 89.2 69.1

(-) (75.7-95.4) (48.5-82.8)
pT3 12 5 (41.7) 83.3 42.3 42.3

(48.2-95.6) (8.1-74.5) (8.1-74.5)
Lymph node excision 5.61 0.018

pN0 34 4 (11.8) 100.0 91.3 80.5
(-) (69.5-97.6) (55.6-92.3)

pNx 66 11 (16.7) 96.6 78.5 45.8
(86.9-99.1) (60.3-89.0) (16.7-71.1)

Total 100 15 (15.0) 97.8 82.8 65.6
(91.4-99.4) (69.6-90.6) (47.6-78.8)

N: number of patients; R: number of relapsed patients; 95% CLs: 95% confidence limits for the relapse-free survival probability; LT: log-rank test;
p-value: two-tailed significance level  for LT. Notes – (1) 2.5 and (2) 0.8 year relapse-free survival probability.



BR between the group who had undergone LNE and the
group who had not (6). Salomon et al. came to the same
conclusion comparing 43 low risk patients who had
undergone perineal prostatectomy alone to 25 patients who
had undergone radical retropubic prostatectomy and
lymphadenectomy (7).

Following these studies, given the poor potential benefit
of lymphadenectomy in the low risk category, it was
suggested that it could be avoided to reduce complications
and costs (15). 

However, there are some criticisms. Firstly, some papers
have shown a higher occurrence of nodal metastasis, up to
10%, in low risk patients when an extended lymphadenectomy
was performed (16-19). Therefore, the real frequency of
nodal metastasis could probably be higher than expected in
series of patients subjected to limited lymphadenectomy (5,
12-14). Burkhard et al. reported a relative frequency of
nodal metastasis of 12% in cases with PSA <10 ng/mL and
of 17% in cases of GS≤6 (16). In a series of patients with
PSA <10 ng/mL and biopsy GS≤6, the proportion of pN+
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Figure 1. Numbers under the curves represent patients at risk immediately prior to each biochemical relapse time.

Table III. Relative risks of biochemical relapse for lymph node excision (pNx patients versus pN0 patients) and model performance according to
prognostic factors entered in the Cox’s regression model.

Model Prognostic factors entered the model HR 95% CLs p-value DHR% AIC DAIC

1 (reference) LNE alone 3.88 1.18-12.72 0.025 0.0 107.917 0.0
2 LNE + AAS + YOS 4.29 1.18-15.45 0.027 10.6 107.833 –0.084
3 LNE + AAS + YOS + PS 5.40 1.35-21.56 0.017 39.2 104.327 –3.590
4 LNE + AAS + YOS + GS 3.75 1.01-14.05 0.049 –3.4 109.302 1.385
5 LNE + AAS + YOS + PSA 4.72 1.27-17.50 0.020 21.7 108.575 0.658
6 LNE + AAS + YOS + PS + GS 4.89 1.16-20.70 0.031 26.0 106.159 –1.758
7 LNE + AAS + YOS + PS + PSA 5.65 1.44-22.11 0.013 45.6 104.265 –3.652
8 LNE + AAS + YOS + PS + GS + PSA 5.49 1.32-22.81 0.019 41.5 106.247 –1.670

HR: hazard ratio (relative risk), 95% CLs: 95% confidence limits for HR, p-value: two-tailed significance level of the likelihood ratio test, DHR%:
percent difference in HR, AIC: Akaike information criterion, DAIC: absolute difference in AIC, LNE: lymph node excision, AAS: age at surgery,
YOS: year of surgery, PS: pathological stage, PSA: preoperative PSA, GS: pathological Gleason score.



patients was 6.8% in cases with a positive biopsy in one
lobe and 10.7% in cases with a positive biopsy in both lobes
(17). When the preoperative serum PSA was less than 10.6
ng/mL, the Gleason sum 6 or less and the clinical stage T2a
or less, the proportion of nodal metastasis reported in
another study was 2.7% (18). Compared to limited lymph
node dissection, extended pelvic lymphadenectomy appears
to identify men with positive lymph nodes more frequently.
A median of 11.6 vs. 8.9 nodes was removed respectively in
the extended and standard dissection (p-value <0.001),
while the occurrence of nodal metastasis was respectively
3.2% vs. 1.1% (p-value <0.001) (19).

Secondly, lymphadenectomy can increase significantly
the disease-free survival in patients with a low burden of
nodal metastasis (20-23). Patients with low tumor bulk and
just one positive lymph node had survival probabilities
comparable to matched controls after a mean follow-up of
5 years (20). Men with single node disease who were
treated with immediate adjuvant hormone therapy had a
more favorable prognosis than men with larger nodal
involvement treated in a similar fashion (21). A prolonged
survival was reported in patients with two metastatic lymph
nodes or less who underwent extensive pelvic node
dissection even without adjuvant androgen deprivation and
correlation between the number of diseased nodes
removed and disease progression was found (22). Twenty-
one men (23%) with lymph node metastases and
prostatectomy GS 7 or less were free of disease at a
median follow up of 7 years (23).

Thirdly, the impact of node excision itself, irrespective of
the presence or absence of nodal metastasis, on the disease
free survival has occasionally been evaluated (6, 7, 24).
Salomon et al. (7) prospectively evaluated the influence of
non-dissection of pelvic lymph nodes on tumor progression
in perineal prostatectomies. Forty three patients (group 1)
did not undergo LNE because their preoperative PSA level
was below 10 ng/mL and the GS of their positive biopsies
was below 7 and they were compared with 25 patients who
had retropubic surgery with LNE and the same preoperative
PSA and GS criteria. No differences in preoperative
characteristics were observed between the groups but the
actuarial 5-year recurrence-free survival probability was
78% in group 1 and 80% in group 2 (p-value >0.05).

Bhatta Dhar et al. (6) reviewed the records of 336
patients with favorable tumor characteristics (prostate-
specific antigen 10 ng/mL or less, biopsy GS≤6, and clinical
Stage T1 or T2), not receiving adjuvant or neoadjuvant
therapy, in whom LNE was performed (n=140) or omitted
(n=196). The 6-year BRFS probability showed no
significant differences between the groups. Unfortunately,
there was a statistically significant different proportion of
extra capsular extension, the no-LNE group 23% versus the
LNE group 34% (p-value=0.02). Masterson et al. found

that in patients without lymph node involvement, the
number of nodes removed correlated significantly with
biochemical relapse free survival probability (24).

Surprisingly, in the present study avoiding LNE resulted
in an increased risk of BR in both univariate and
multivariate analysis, although baseline imbalances in
patient characteristics showed a remarkable importance in
determining the magnitude of difference in relapse rates
(Table I). In particular, the correlation between LNE and
year of surgery is easily explained in that the procedure was
virtually abandoned in low risk prostate cancer cases after
1999. In addition, the significant relationship between GS
indices and LNE was undoubtedly due to the higher
probability of being GS≥6 for the pNx patients than the
pN0 patients. However, pathological GS was not a predictor
of BR in either univariate (HR=1.37; 95% CLs=0.84-2.23)
or multivariate analysis (HR=1.04; 95% CLs=0.57-1.92).

The present investigation had several limitations. Firstly,
it was not a randomized study but consisted essentially of an
observational series of PC cases at low risk of BR. As
already stated, these circumstances brought about
imbalances in baseline characteristics, even if taken into
consideration through multivariate analysis. Secondly, each
of the eight models of multivariate analysis reached
statistical significance only apparently. According to
Bonferroni (25), the p-value to be considered significant is
0.05/8. The low number of available patients (100), the short
median follow-up (1.7 years) and, more importantly, the low
number of BR (15) prevented our analysis from having
satisfactory statistical power. 

Moreover, it is well-known that PSA relapse may not
translate into mortality from prostate cancer for all patients.
It was not intended to change guidelines on prostate cancer
treatment with this study, but to further explore an
assumption based on only two studies concerning pNx and
pN0 patients (6, 7) and on many indirect observations such
as the incidence of nodal metastasis reported in nomograms. 

Conclusion

This observational investigation suggests that
lymphadenectomy may not be safely spared in low risk
prostate cancer patients due to the increased risk of BR.
Further investigation is necessary to confirm the findings of
the present analysis before lymphadenectomy is left behind.
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