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Abstract

Growing data suggest that lymphadenectomy is a critical component of the surgical management of urologic
malignancies with both diagnostic and therapeutic benefit. The increased use of minimally invasive approaches
for the management of urologic malignancies may be in conflict with the need for more extensive lymphade-
nectomy with these procedures. The purpose of this review is to summarize the current evidence for lympha-
denectomy as a staging and=or therapeutic procedure for urologic oncology procedures, summarize the
feasibility of lymphadenectomy for these disease processes using a minimally invasive approach, and make
recommendations regarding management of these disease processes using minimally invasive approaches. A
literature review using MESH terms to identify literature on lymphadenectomy in urologic oncology (including
minimally invasive urologic oncology procedures) was performed. This literature was the summarized by
disease process and by its relation to minimally invasive procedures. The literature demonstrates that lym-
phadenectomy can successfully duplicate that performed for open urologic oncology procedures. The applica-
tion of minimally invasive approaches, however, requires advanced skills to be able to accomplish this.

Introduction

Lymphadenectomy has long been held as a fundamental
principle of surgical oncology. Because solid organ can-

cers typically spread in a stepwise fashion via the lymphatic
system, adequate lymphadenectomy can be crucial to eradi-
cating disease. By extension of this philosophy, there is a
growing body of literature that documents the role of lym-
phadenectomy in the management of urologic malignancies.

There are several problems with this literature and the ar-
guments for lymphadenectomy, however. First, too often the
reported findings rely on retrospective series or administrative
data cohorts. Unfortunately, when lymphadenectomy is put to
the test in randomized controlled studies in other disease pro-
cesses, the survival advantages do not bear out (eg, gastric,
pancreas), so we must evaluate the current data with caution.1–3

Second, there continues to be no metric (ie, number of lymph
nodes, lymph node density, specific template) to guide ade-
quate lymph node dissections for many urologic malignancies.
While specialty training in urologic oncology exists, most uro-
logic cancers are managed by urologists without specialty
training.4 The lack of data and defined metrics make lympha-
denectomy resemble dogma instead of proven standard pro-
cedure for the surgical management of urologic malignancies.

To complicate matters, the increased use of minimally in-
vasive techniques for the management of almost every uro-
logic malignancy by a growing number of urologists has

further strained the fundamental principles of lymphade-
nectomy in the surgical management of malignancies. Both the
incorporation of laparoscopy into the majority of urology
residency training programs5 and the rapid adoption of robot-
assisted surgery have increased the use of minimally invasive
approaches for urologic malignancies. The advantages advo-
cated include shorter convalescence, decreased blood loss, and
equivalent perioperative outcomes. Oncologic principles,
however, are often compromised while refining the minimally
invasive approach early in the adoption of the technique.

With these controversies in mind, this review will focus on
the role of lymphadenectomy in minimally invasive urologic
oncology. We will review the current level of evidence for
lymphadenectomy for the most common urologic malignan-
cies, defining its role as either therapeutic, staging, or both.
We will review the feasibility of lymphadenectomy for min-
imally invasive urologic oncology procedures (laparoscopic
or robot-assisted) and make recommendations for the appli-
cation and extent of lymphadenectomy for minimally inva-
sive urologic oncology procedures.

Therapeutic Lymphadenectomy

Penile cancer

Current evidence for lymphadenectomy. Penile cancer is
a rare malignancy in the United States but has a much higher
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incidence in parts of South America and Africa.6 A majority of
penile cancers are squamous-cell carcinoma that are related to
poor hygiene. While noninvasive disease is typically man-
aged in an effort to preserve the organ and its function, in-
vasive disease often necessitates partial or total penectomy.
The depth of invasion locally combined with CT of the ab-
domen and pelvis and identification of palpable inguinal
lymphadenopathy can assist in the accurate staging of the
disease.

Many patients present initially with enlarged inguinal
lymph nodes that are related to inflammation or secondary
infection of the primary tumor. Traditionally, patients are
placed on antibiotics for 4 to 6 weeks after management of the
primary disease with reassessment of the inguinal adeno-
pathy, assuming that the lymphadenopathy is inflammatory
in nature; however, multiple series suggest that even patients
with lower grade and stage disease may harbor micro-
metastases.6

Currently, patients with�pT2 or T1 disease with adverse
histologic features should be considered for bilateral inguinal
lymph node dissection (ILND)6 (see also Guidelines on Penile
Cancer, www.uroweb.org). There is a clear survival advan-
tage to lymphadenectomy in this setting vs waiting for de-
velopment of palpable disease.7 In the circumstance of
positive nodes that are identified during the superficial ILND,
the deep inguinal nodes should be removed in the same set-
ting. Removal of micrometastatic disease may be curative and
will certainly help to manage the local disease that, if left
untreated, may have dire consequences.8

In the setting of palpable disease or enlarged lymph nodes
seen on CT, there is an imperative to perform a lymph node
dissection. Inguinal lymphadenectomy should still be per-
formed even if inguinal adenopathy resolves after antibiotic
therapy, based on the stage of the initial tumor.6 Most sur-
geons use a modified ILND as described by Catalona.9 The
modified technique is designed to reduce the morbidity that is
associated with the standard ILND by preserving the saphe-
nous vein during a superficial dissection, reducing the
boundaries of dissection to decrease the risk of skin flap ne-
crosis and decreasing the incisional length.

Results have demonstrated that patients who are most
likely to be cured by ILND are those with nonpalpable in-
guinal lymph nodes that contain micrometastatic disease. The
probability of cure decreases from 100% to 73% at 3 years
when positive nodes are palpable before surgery.8 When en-
larged pelvic lymph nodes are identified on CT, the man-
agement is somewhat more controversial. While some series
advocate proceeding with pelvic lymphadenectomy before

ILND, the probability of cure in patients with pelvic lymph
node metastases is exceedingly low. In patients with border-
line pelvic lymphadenopathy, however, a limited pelvic
lymph node dissection (PLND) or percutaneous biopsy can
aid in the decision process. If the pelvic lymph nodes are
negative, an inguinal lymphadenectomy can still be curative.
If the pelvic lymph nodes are positive, however, then inguinal
lymphadenectomy is primarily palliative with adjuvant ra-
diation and=or chemotherapy considered for selected pa-
tients. Protzel and colleagues6 recommend completing a
PLND when two or more positive nodes or extranodal ex-
tension of disease is identified on the ILND, but this practice is
not widespread.

Feasibility of minimally invasive approaches. ILND is a
morbid procedure. Even with a modified template, the risk of
a complication can be as high as 50%10 and can include wound
infection, flap necrosis, lymphocele, lymphedema, thrombo-
phlebitis, and hemorrhage. In an effort to reduce the mor-
bidity of this procedure, Bishoff and associates11 described a
laparoscopic technique for superficial ILND. Several other
series have been reported on the use of video endoscopic in-
guinal lymphadenectomy (VEIL) procedures. These series are
summarized in Table 1. Of note, Tobias-Machado and co-
workers12 failed to identify a difference in the number of
lymph nodes obtained via an open or endoscopic approach.

Minimally invasive approaches to the management of
pelvic lymphadenopathy for penile cancer were first de-
scribed in 1994. At that time, this group performed three
laparoscopic pelvic lymphadenectomies for stage T3 disease
and removed a mean of eight lymph nodes without compli-
cations.13 A large body of literature, mostly related to prostate
cancer, has demonstrated the efficacy and feasibility of lapa-
roscopic PLND. Its use in the management of penile cancer
remains controversial.

Recommendations. ILND in penile cancer can be cura-
tive. In patients with nonpalpable disease, a laparoscopic ap-
proach can be considered by surgeons with experience with
inguinal anatomy and laparoscopic techniques. In the small
reported series, it appears to reduce the morbidity of the op-
eration. Consideration should be given to cadaveric dissection
before using this approach in patients, as recommended by
Bishoff. Frozen section pathologic evaluation should be ob-
tained of the superficial nodes and a deep ILND should be
performed if nodal metastasis is identified. This can be ac-
complished laparoscopically, depending on the surgeon’s
comfort level. For palpable disease, Bishoff has raised concern

Table 1. Results of Minimally Invasive Inguinal Lymphadenectomy for Penile Cancer

Reference N (groins) No. lymph nodes No.þ nodes Complications Follow-up

Sotelo14 14 9 (4–15) Not recorded Lymphocele 23%
Tobias-Machado12 10 open

20 laparoscopic
9.7 (6–14)

10.8 (7–16)
14 Laparoscopic vs open:

Lymphocele 10% vs 20%
Skin events: 5% vs 50%
Hematoma 5% vs 0%

No local or systemic
recurrence at mean
32 months

Josephson73 2 robot-assisted 9.5 (9–10) 0 None Not recorded
Weizer and
Montgomery

5 7.8 1 Lymphocele 20%
Hemorrhage 20%

Not mature
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for a higher risk of complications because of limited experience.
For this patient population, a laparoscopic technique should be
used only by the most experienced surgeons.14

The decision of whether and when to use PLND remains
controversial. Experience with laparoscopic and robot-
assisted PLND for prostate and bladder cancer makes a
minimally invasive approach attractive if the surgeon deems
pelvic lymphadenectomy appropriate. In this setting, it is
likely to reduce the morbidity associated with this procedure.

Testis cancer

Current evidence for lymphadenectomy. Retroperitoneal
lymph node dissection (RPLND) continues to play a critical
role in the management of testicular cancer, especially in
patients with nonseminomatous germ-cell tumors. A critical
disconnect is that most urologic oncologists who are per-
forming this as an open procedure view RPLND as a thera-
peutic intervention, while many performing laparoscopic
RPLND view it as a staging procedure, with adjuvant
chemotherapy ultimately having a role in controlling the dis-
ease. While a detailed review comparing surveillance, che-
motherapy, and RPLND for low-risk disease and the use of
RPLND after chemotherapy for high-risk disease is beyond the
scope of this review, the 2009 National Comprehensive Cancer
Network (NCCN) guidelines serve as an excellent resource for
the management of the disease based on literature review and
expert opinion (NCCN.org). Here, the literature on minimally
invasive RPLND will be reviewed and contrasted to known
benchmarks for standard management of the disease.

Feasibility of minimally invasive approaches. Clinical
stage I=II. Open RPLND is considered an effective therapeutic
option for the management of stage IA or B, IIA or IIB. For
stage IA disease, surveillance should be considered, because
retroperitoneal recurrence will not develop in 70% to 80% of
patients and the remainder can undergo salvage therapy with
chemotherapy or radiation therapy without detriment to
overall survival. Long-term evaluation of surveillance is
needed, however, because many physicians do not adhere to
established surveillance guidelines.15 For patients with stage

IB disease, two cycles of adjuvant bleomycin, etoposide, and
platinum (BEP) chemotherapy can be considered in addition
to surveillance or RPLND (NCCN.org). For patients with
stage IIA or IIB disease with elevated tumor markers, three
cycles of BEP or four cycles of etoposide and cisplatin che-
motherapy are indicated. If tumor markers are normal, up-
front RPLND is another alternative (NCCN.org).

The extent of RPLND as a primary therapeutic modality
depends on the stage. For patients with stage IA or IB disease,
most surgeons advocate for dissection according to establish
templates.16 In the setting of enlarged retroperitoneal nodes,
however, a bilateral template is recommended by most uro-
logic oncologists with a nerve-sparing approach preferred as
long as it does not compromise disease control (NCCN.org).
For patients with stage IIA or IIB disease, an open, bilateral,
nerve-sparing RPLND is recommended by the NCCN
guidelines (NCCN.org).

With this context in mind, Table 2 summarizes the results of
patients who are undergoing laparoscopic RPLND for marker
negative stage I and II disease. There is variability in how each
series approaches RPLND for stage I, IIA, and IIB disease.
Most use a modified template with no adjustment made if
positive nodes are identified at the time of the procedure. In
addition, most series do not advocate for the resection of the
tissue dorsal to the great vessels citing, mapping studies
performed by Albqami and Janetschek17 that demonstrate
that patients with positive nodes dorsal to the great vessels
tend to have positive nodes ventral to the great vessels. Fi-
nally, most series use adjuvant chemotherapy in the setting of
node-positive disease.

While recurrence-free survival and overall survival seem
comparable to patients who are undergoing open RPLND, the
primary difference is the use of postoperative chemotherapy
for patients with pathologic stage II disease. While this does
not appear to compromise outcomes, the argument of sur-
geons performing open surgery is that RPLND should be
performed with the goal of avoiding chemotherapy and its
long-term sequelae.18 Rassweiler and coworkers19 recently
review 34 published series of open vs laparoscopic RPLND.
There was no significant difference detected between lapa-
roscopic (n¼ 557) and open (n¼ 761) approaches in terms of

Table 2. Results of Laparoscopic Retroperitoneal Lymph Node Dissection for Stage I and II Disease

Series N Stage Template
Retrovascular

dissection
N positive

nodes
Chemo for

nodeþ
Mean lymph

nodes
Follow-up

(mos) Results

Bhayani74 29 I Unilateral No 12 10=12 20 69.6 N0: 2 recurrences
Nþ : 1 recurrence

Castillo75 111 I 21 21=21 34 4.5%
Albqami17 103 I Unilateral No 26 26=26 NR 62 N0: 6 recurrence

Nþ : none
Abdel-Aziz76 22 I Unilateral No 7 5=7 17 12 1 recurrence

(outside template)
Neyer77 136 I Unilateral NR 25 25=25 NR NR 5.9%
Nielsen78 120 I Unilateral Yes 46 36=46 20 29 N0: 2 recurrence

Nþ : none
Cresswell79 79 I Unilateral No 19 19=19 14 84 9% recurrence
Skolarus80 26 I=IIA,B Unilaterala Yes 6 5=6 23.8 23.7 None
Steiner81 23 I=IIA,B Bilateralb Yes 6 0 22 17.2 N0: 1 recurrence

aIf positive node identified intraoperatively, a bilateral procedure is performed.
bPatients before 1992, open bilateral template.
Chemo¼ chemotherapy; NR¼not recorded.
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retroperitoneal relapse (1.3% vs 1.4%), in field relapse (0% vs
0.45%), distant progression (3.3% vs 6.1%), and biochemical
failure (0.9% vs 1.1%); however, a higher percentage of node-
positive disease was identified with open RPLND. Of interest,
the authors reported equal rates of adjuvant chemotherapy
(29% vs 31%) in both cohorts.19

It may seem that for stage I and II disease, the results are
comparable; however, several issues remain. First, the above
findings are from high-volume centers, and there is clearly
an issue of a learning curve that could compromise a clini-
cian’s early results.19 Second, the technique and the ap-
proach to address intraoperative findings have not been
standardized. To garner widespread acceptance as a viable
surgical option, it is crucial to prove that laparoscopic
RPLND replicates the open technique in terms of extent of
dissection and use of a bilateral template when dictated by
intraoperative findings. Suboptimal dissection threatens
young men with unnecessary exposure to chemotherapy
and its long-term sequelae as well as the risk of residual
retroperitoneal teratoma.18,20 The cardiovascular and sec-
ondary malignancy risks are not trivial in patients who are
receiving platinum-based chemotherapy, and while there are
trends in Europe toward single courses of chemotherapy to
manage stage I disease, the long-term results are not avail-
able. In addition, the presence of unresected teratoma after
RPLND and chemotherapy and need for reoperation are
associated with higher complication rates.

Postchemotherapy management. Table 3 summarizes the re-
sults of postchemotherapy laparoscopic RPLND in recent
series. Most series are small. Steiner and associates has re-
ported several series during different periods and, to the best
of our knowledge, these studies represent mutually exclusive
patients. Most dissections in this setting involve resection of
the residual mass and an ipsilateral template. While risk of
recurrence appears minimal with relatively short follow-up,
the high percentage of patients with residual tumor and ma-
ture teratoma at the time of postchemotherapy RPLND raises
concerns for inadequate initial resection. The current NCCN
guidelines recommend a bilateral nerve-sparing RPLND in
the setting of the presence of residual mass after chemother-
apy based on level IIB evidence (NCCN.org).

These series from surgeons with extensive laparoscopic
RPLND experience, however, demonstrate that this approach
is feasible with similar complication rates as described in open
postchemotherapy RPLND.

Recommendations. While there is no level I evidence to
support this practice, patients with stage I nonseminomatous
germ-cell tumors can be treated with a template-based lapa-
roscopic RPLND. To replicate the open technique, however,

laparoscopic surgeons should be committed to performing
bilateral template surgery when indicated, dissecting poste-
rior to the vessels and counseling patients regarding the risks
and benefits of adjuvant chemotherapy for pathologic stage
IIA disease. It is the onus of the surgeon to determine whether
the dissection was adequate and if chemotherapy is indicated.
Only with these actions will laparoscopic surgeons move to-
ward equivalence with open RPLND.

A randomized controlled trial that compares open and
laparoscopic RPLND is likely not feasible. In addition, most
series echo that extensive laparoscopic experience is essential
to the successful performance of laparoscopic RPLND. The
use of robotic techniques may further aid surgeons in a more
careful dissection that includes nerve preservation and dis-
section posterior to the vessels with ligation of the lumbar
vessels, although only limited reports are available.21

Staging/Likely Therapeutic

Bladder cancer

Current evidence for lymphadenectomy. There is evi-
dence that PLND in bladder cancer is both diagnostic and
therapeutic, but there is still controversy over the extent of
lymph node dissection needed at the time of cystectomy.
Some surgeons believe that lymphadenectomy is only a di-
agnostic procedure, and an extended lymph node dissection
unnecessarily prolongs an already significant surgery. These
surgeons tend to remove a sampling of nodal tissue, but it has
been shown that currently up to 16% of patients undergoing
cystectomy get no node dissection at all.22

Contrary to this, there are those surgeons who think that
lymphadenectomy during cystectomy not only provides valu-
able disease staging information, but it is also a therapeutic
procedure with patient survival implications. These surgeons
tend to perform extended lymph node dissections, clearing
the nodal tissue from the internal, external, and common iliac,
obturator, presacral, para-aortic and paracaval regions.

If there is a survival advantage to an extended lymph
node dissection, it is likely because of improved local and
regional cancer control, removing all nodes with gross and
micrometastatic disease and more accurately identifying
those patients who may benefit from adjuvant chemotherapy.
Leissner and associates 23 performed a prospective evaluation
of lymph node metastases in 290 patients with bladder cancer
who underwent cystectomy and an extended lymphade-
nectomy. They performed a rigorous extended PLND up to
the inferior mesenteric artery and included the presacral
lymph node packet as well. With this, their average node
count was 43.1� 16.1. They identified nodal metastases in
each of the 12 nodal regions they defined and also confirmed

Table 3. Postchemotherapy Retroperitoneal Lymph Node Dissection

Series N Stage Template Complications Teratoma Follow-up (mos) Recurrence

Steiner82 68 IIA,B,C Unilateral None 38% 98.6 1
Steiner83 59 IIA Unilateral NR 39% 1
Calestroupat84 26 IIA,B,C Unilateral 9 (8 lymphovascular) 19% 27 0
Steiner81 19 IIB Bilateral Lymphocele 21% 17.2 0
Permpongkosol85 16 II Unilateral 7 (43.8%) 31.3% 32.7 1
Maldonado-Valadez86 16 II Unilateral 1 (pneumonia) 37.5% 26 2

NR¼not recorded.
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that bladder cancer metastasizes in a bilateral fashion even in
patients with unilateral disease.

Stein and colleagues24 revealed that the lymph node count
and density of positive lymph nodes removed during lym-
phadenectomy for bladder cancer had survival implications.
Patients with pNþdisease with 15 or fewer nodes removed
had a 25% 10-year recurrence-free survival compared with
36% when more than 15 nodes were removed. They defined
the concept of node density in bladder cancer, showing that
patients with a pNþnode density< 20% had a 43% 10-year
recurrence-free survival compared with 17% for those with a
density> 20%. Several other authors have shown that the
total number of lymph nodes involved with metastatic dis-
ease and the completeness of dissection are important factors
in patient survival after cystectomy.25–29

Feasibility of minimally invasive approaches. The lapa-
roscopic approach for cystectomy is technically challenging
and an option only for the most skilled laparoscopic surgeons.
With robot-assisted surgery facilitating the uptake of a mini-
mally invasive approach by a greater number of surgeons,
intracorporeal cystectomy and lymphadenectomy has ex-
panded greatly since the technique was initially described.30

Table 4 summarizes the primary series of laparoscopic and
robot-assisted radical cystectomy in terms of lymph node
yield. These data suggest that comparable lymph node dis-
sections can be performed using minimally invasive ap-
proaches compared with open radical cystectomy and pelvic
lymphadenectomy.

Extended PLND is achievable using both laparoscopic and
robot-assisted approaches to radical cystectomy. Finelli and
coworkers31 reported on 11 patients who underwent a lapa-
roscopic extended PLND after cystectomy with a median
node count of 21. This extended node dissection necessitated
an additional hour of operative time compared with the lim-
ited dissection. Haber and Gill32 reported on 26 patients who
underwent an extended laparoscopic PLND after radical
cystectomy with median number of excised nodes of 21 (range
11–24). Abraham and coworkers33 completed a prospective
comparison of 20 laparoscopic and 14 robot-assisted radical
cystectomy patients with open ileal conduit urinary diver-
sions. There were no significant differences in terms of mean

operative time, but there was less blood loss, fewer transfu-
sions, fewer postoperative complications, and an earlier re-
turn to bowel function in the robotic group. There was no
significant difference in the number of lymph nodes removed
in the two groups, with a mean of 22.3 nodes in the robotic
group and 16.5 in the laparoscopic group in those patients in
which an extended PLND was performed.

With the dissemination of robotic techniques, surgeons with
varying degrees of laparoscopic experience are performing
robot-assisted cystectomies. During the initial cases, inexperi-
ence and unfamiliarity with the approach can lead to signifi-
cantly longer operative times. There is concern that the extent
of lymph node dissection is sacrificed or lymphadenectomy is
not performed at all to avoid prolonging the case. Pruthi and
Wallen,34 however, reported on their learning curve for robot-
assisted cystectomy and found that their lymph node yield
remained stable throughout their first 50 patients with an av-
erage of 19 nodes retrieved. Wang and colleagues35 performed
a prospective comparison of 54 consecutive patients who
underwent either open radical cystectomy (n¼ 21) or robot-
assisted cystectomy (n¼ 33). They found that the median
number of lymph nodes removed was similar in the two
approaches (20 vs 17, favoring the open cohort).

Recommendations. Although much emphasis is placed
on node counts in radical cystectomy as a surrogate of com-
pleteness of lymphadenectomy, several variables influence
the number of lymph nodes found in the final pathologic
specimen. Individual patient anatomic variation, the com-
mitment of the pathologist to identify nodes, and submission
of nodes en bloc or in individual packets can all affect the total
number of lymph nodes in the final pathologic report. The
extent and thoroughness of node dissection, not just total
node count, are important variables to consider. Although not
yet confirmed in a randomized controlled trial, there are
substantial data that indicate a survival advantage associated
with an extended PLND compared with a limited PLND.

The goal of cystectomy with PLND, whether approached
open, laparoscopically or robotically, should be thorough-
ness of technique to assure complete removal of the bladder
and nodes, preventing positive surgical margins and local
recurrences. Several reports have shown that the laparoscopic

Table 4. Pelvic Lymph Node Dissection with Cystectomy: Results According to Surgical Approach

Series Approach N Extent of dissection Mean node count (range) PLND operative Time

Leissner23 Open 290 Extended 43.1 (11–99) NR
Stephenson87 Open

Laparoscopic
50
50

Limited 16
15

NR

Finelli31 Laparoscopic 22 Extended
Limited

18 (6–30)
6 (1–15)

90 min
45 min

Abraham33 Laparoscopic
Robot-assisted

16
10

Extended 16.5 (7–26)
22.3 (13–42)

NR

Wang35 Open
Robot-assisted

21
33

Limited 20 (8–38)
17 (6–32)

NR

Guru88 Robot-assisted 20 Extended
Limited

13 (6–26) 44 min

Pruthi34 Robot-assisted 50 Extended
Limited

19 (8–37) NR

Woods89 Robot-assisted 27 Extended 12.3 (7–20) NR

PLND¼pelvic lymph node dissection; NR¼not recorded.
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and robot-assisted approaches afford the surgeon the ability
to complete an extended PLND, including the external iliac,
internal iliac, common iliac, obturator, para-aortic, paracaval
and presacral node packets. Although long-term data are still
needed, it seems that these techniques offer the opportunity to
provide the advantages of minimally invasive surgery to
bladder cancer patients without sacrificing oncologic princi-
ples, as long as surgeons using these approaches are persistent
and fastidious in their technique.

Prostate cancer

Current evidence for lymphadenectomy. A prostate can-
cer patient’s risk for lymph node metastasis is predicted by
the clinical stage of the prostate cancer, the preoperative
prostate-specific antigen (PSA) level, and the biopsy Gleason
score.36 Although it is commonly thought that the obturator
nodes are the primary sites for nodal metastases in prostate
cancer, several anatomic and lymphography studies have
established that the prostate drains to four main node groups:
The internal iliac group as the primary, the obturator nodes as
the secondary, the external iliac as the tertiary, and the pre-
sacral nodes as the quarternary landing sites.37–39 Bader and
associates40 reported on 365 patients with clinically localized
prostate cancer who underwent prostatectomy and lympha-
denectomy that included the tissue over the external iliac vein,
the internal iliac vessels, and in the obturator fossa. The me-
dian number of nodes removed was 21 (range 6–50). Node-
positive disease was identified in 24% of patients, with 58% of
these patients having positive nodes within the internal iliac
packet with isolated metastatic spread in 20%. An obturator
lymph node dissection alone would have missed metastatic
nodes in 39% of patients. Heidenreich and colleagues41 com-
pared 103 patients who underwent an extended PLND with
100 patients who underwent the standard lymphadenectomy
(ie, external iliac and obturator lymph nodes). Nodal metas-
tases were found in 26.6% of the extended group and only
12% of the standard node dissection group. Positive nodes
were outside standard regions of dissection in 42% of patients.
A standard lymph node dissection understaged a significant
percentage of prostate cancer patients.

There is a growing body of evidence that indicates that an
extended PLND during prostatectomy is associated with a
survival advantage. Bader and coworkers40 showed that
with their extended PLND, of the 367 patients with clinically
organ-confined prostate cancer, 25% had lymph node me-
tastases. At a median follow-up of 45 months and without
adjuvant therapy, 39% of patients with one node positive re-
mained without signs of clinical or biochemical progression
vs 12% for those patients with two or more positive nodes.
The authors concluded that their extended PLND is not only a
more accurate staging procedure but also may have a positive
impact on disease progression and patient survival.

Reviewing the outcomes of more than 13,000 men who
underwent prostatectomy as primary therapy logged in the
Surveillance, Epidemiology and End Results (SEER) database
from 1988 to 1991, Joslyn and Konety42 found that those men
who had at least four nodes removed at the time of prosta-
tectomy had a lower rate of prostate cancer-specific death at 10
years than those who did not undergo lymphadenectomy. A
more extensive dissection (10þnodes removed) was associ-
ated with a significantly lower risk of prostate-cancer death

even when the analysis was restricted to those patients who
were node negative. Even with pathologic node-negative
disease, a more extended PLND may remove micro-metastatic
disease, improving disease free survival.43

Schumacher and colleagues44 reviewed 122 node-positive
patients who were thought to have organ-confined disease by
preoperative staging studies. A median of 22 nodes were re-
moved, median PSA was 16 ng=mL, 76% were pT3-pT4, and
50% had seminal vesicle invasion. With the extended lymph
node dissection, median 5- and 10-year survival was 84.5%
and 60.1%, respectively, and patients with� 2 nodes positive
fared better.

Lymph node dissection at the time of prostatectomy may
be more crucial for those patients with intermediate- or high-
risk disease, and if a node dissection is performed, an ex-
tended dissection should be preferred.

Contrary to this, DiMarco and coworkers45 found that the
number of lymph nodes obtained at lymphadenectomy was
not associated with improved rates of PSA progression, sys-
temic progression, or disease-specific survival after prostatec-
tomy. Using the CaPSURE database, Berglund and associates46

found that a limited PLND at the time of prostatectomy did
not significantly affect the rate of biochemical failure in low-,
intermediate-, and high-risk groups. Controversy still exists
over the proper extent of PLND at the time of prostatectomy.

Feasibility of minimally invasive approaches. One of the
major criticisms of minimally invasive prostatectomy is that it
may compromise the strict oncologic standards established
with the open procedure. Although there are still no long-
term data, several studies have shown that in regard to pos-
itive margin status and PSA recurrence, there is no significant
difference between minimally invasive prostatectomy and
open prostatectomy.47,48 Specific to lymphadenectomy, there
is concern that minimally invasive surgeons may forgo or
perform an incomplete PLND in the interest of shortening
operative times, especially if the surgeon is inexperienced or
infrequently performs the surgery. One study that evaluated a
contemporary cohort of Medicare patients found that only
17% of men who were undergoing minimally invasive radical
prostatectomy underwent a PLND compared with 83% for
the open procedure, and there was significant surgeon and
regional variability in performance of a PLND.49 Surgeons
(ie> 40 prostatectomies) in high-volume centers and surgeons
in the western United States were more likely to perform
PLND at the time of prostatectomy. This study raises serious
concerns regarding the oncologic integrity of minimally in-
vasive prostatectomy.

Several surgeons have documented that it is possible to
complete a thorough laparoscopic or robot-assisted lymph
node dissection at the time of prostatectomy. Zorn and col-
leagues50 found that their mean nodal yield during robot-
assisted prostatectomy was 12.5, which was comparable to
their mean nodal yield on open prostatectomy of 15. Com-
paring their robot-assisted procedures with and without
PLND, operative time, estimated blood loss, length of hospital
stay, and complication rates were not significantly different
between the two groups. They concluded that robot-assisted
PLND can be performed safely and efficiently, with results
similar to those for open PLND.

Wyler and associates51 performed a laparoscopic extended
lymph node dissection with 123 consecutive prostatectomies
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and had a mean lymph node yield of 21 (range 9–55). Al-
though a thorough extended PLND can prolong the operative
time upward of 45 to 60 minutes,52 it can be performed safely
with minimally invasive prostatectomy with limited added
patient morbidity.

Recommendations. In addition to having a diagnostic
benefit, patients who undergo a PLND with laparoscopic or
robot-assisted prostatectomy may have improved disease
recurrence and survival rates. An extended PLND, including
the external iliac, obturator, and internal iliac nodes, reflects
the true lymphatic drainage of the prostate, increases nodal
yield, results in more accurate disease staging, and promotes
early initiation of adjuvant therapy that has proven survival
benefit.53 Surgeons may choose to forgo node dissection
entirely in those patients with low-risk disease (ie,�Gleason
6 disease, PSA� 10 ng=mL, clinical stage�T2a), because
several studies have shown a low rate of node-positive dis-
ease in these persons.36,54,55 If lymphadenectomy is per-
formed, however, a bilateral dissection is indicated even if a
patient has disease isolated to one lobe of the prostate on
biopsy. Prostate cancer is too frequently bilateral and has
variable lymphatic drainage to safely perform unilateral node
dissections. Ultimately, it is incumbent on those performing
minimally invasive surgery to adhere to strict oncologic
principles, maintain consistent PLND selection criteria, and
perform a node dissection that most benefits the patient.

Upper tract urothelial carcinoma (UTUC)

Current evidence for lymphadenectomy. The use of
lymphadenectomy in UTUC is mostly extrapolated from
bladder cancer in which there is a clear staging and possible
therapeutic benefit to those patients with micrometastatic dis-
ease (see above). The lymphatic drainage and therefore the
probable sites of nodal spread, however, depend on the loca-
tion of the tumor. Currently, there is no standardization to the
approach and application of lymphadenectomy for UTUC.

Recent evidence has been obtained from an international,
retrospective cohort study of patients with UTUC who were
treated with nephroureterectomy. Roscigno and colleagues56

evaluated 1130 patients with presumed node-negative dis-
ease. Of these patients, 412 patients had pN0 disease, 578
(51.1%) patients had pNx disease, and 140 (12.4%) patients
had node-positive disease. Except for those patients with pT1

disease, patients with pNx disease had worse 5-year disease-
specific survival than those with pN0 disease. Patients with
pNþdisease, however, had a worse 5-year disease-specific
survival (33% vs 58% for pNx disease and 70% for pN0 disease,
P¼ 0.017). This study suggests that lymphadenectomy in
UTUC has a staging role that could aid in the selection of
patients for adjuvant chemotherapy.56

In a subset analysis of the same cohort, Roscigno and as-
sociates57 evaluated 552 patients with clinically localized
UTUC who underwent nephroureterectomy and lymphade-
nectomy. The number of lymph nodes removed was not as-
sociated with disease-specific survival in univariate or
multivariable analysis. In patients with pN0 disease (n¼ 412),
however, the number of lymph nodes removed was an in-
dependent predictor of disease-specific survival, especially in
patients with eight or more or more lymph nodes removed.
While this would suggest that patients with lymph node

positive disease already have systemic disease and that lym-
phadenectomy is purely a staging procedure, it also suggests
that lymphadenectomy may be therapeutic in a subset of
patients with localized disease and nodal micrometastases.

This same group of patients was used to define the concept
of lymph node density in UTUC. Of 432 patients undergoing
lymphadenectomy and nephroureterectomy, 135 (31%) pa-
tients had lymph node metastases. Patients with a lymph
node density of� 30% were at greatest risk for disease re-
currence (hazard ratio [HR] 1.8, P¼ 0.021) and death (HR 1.7,
P¼ 0.032) after adjusting for grade and stage. This would
suggest that in high-risk disease, positive nodes and lymph
node density can be used to select patients who are appro-
priate for adjuvant chemotherapy.58

These data have been contradicted by Kondo and col-
leagues.59 They reviewed their experience with limited vs
extended lymphadenectomy with nephroureterectomy based
on mapping studies that were performed previously
(n¼ 169). Overall, the patients who were undergoing resec-
tion of all primary sites of lymph node metastases did no
better than the patients who were undergoing a limited
lymph node dissection. When patients with�pT3 disease
were evaluated, however, extensive lymphadenectomy was
an independent predictor of disease-specific survival on
multivariate analysis after adjusting for grade and stage (HR
0.29, 95% confidence interval 0.11–0.73). This study failed to
establish a significant association between total node yield
and patient survival, likely because of the limited number of
patients with�pT3 disease.

The variation in results of the UTUC collaborative and the
small series from Kondo and coworkers59 is likely a difference
in lymphadenectomy technique. The former represents a co-
hort with multiple surgeons, dissection techniques, ap-
proaches, and likely extent of lymphadenectomy when
performed. In this setting, patients with low-risk disease may
not routinely receive lymphadenectomy while those with re-
gionally advanced disease may more consistently undergo
lymphadenectomy for staging purposes. In the latter study,
deposits of lymph node metastases were previously map-
ped,60 encouraging the surgeons to be more vigilant and
thorough with their lymphadenectomy in hopes of salvaging
patients from metastatic disease. Similar to other urologic
cancers, the true value of lymphadenectomy may be based on
standardization of its use rather than lymph node totals.

Feasibility of minimally invasive approaches. In a sepa-
rate analysis of the Upper Tract Urothelial Cancer Collabora-
tive group, Capitanio and associates61compared short-term
oncologic results of patients who were undergoing open
(n¼ 979) vs laparoscopic (n¼ 270) nephroureterectomy. After
adjusting for disease stage, grade, and adverse histologic fea-
tures, there was no statistically significant difference in overall
and disease-specific survival between surgical approaches.
Of note, 42.4% of patients who were undergoing open ne-
phroureterectomy underwent lymphadenectomy vs 24.4% of
the laparoscopic group. While the intent of this study was not
to evaluate the impact of lymphadenectomy on survival, it is
clear that in a nonstandardized cohort of patients, lympha-
denectomy is less frequently performed in the laparoscopic
than the open setting. The lack of identifiable difference in
oncologic control between open and laparoscopic ne-
phroureterectomy is echoed in multiple other studies.62–65
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Despite the fewer number of patients undergoing lympha-
denectomy with UTUC via a laparoscopic approach, the sur-
vival appears to be similar, after adjustment for disease
severity, suggesting that these series all have a component of
selection bias that is dampening the impact of lymphade-
nectomy. Busby and colleagues66 have demonstrated that an
adequate lymphadenectomy can be performed during lapa-
roscopic nephroureterectomy compared with the open surgical
approach. They identified 106 patients over a 15-year period
who were undergoing open nephroureterectomy compared
with 28 patients who were undergoing a laparoscopic ap-
proach during the same period. A total of 20% of the open
group and 14% of the laparoscopic group were found to have
positive nodes. There was no statistical difference in number of
nodes removed, number of positive lymph nodes, and lymph
node density, dissecting all of the nodal tissue along the ipsi-
lateral great vessel from the crus of the diaphragm to the
common iliac lymph nodes. Interaortocaval nodes were re-
moved at the discretion of the surgeon. The median lymph
node count was six for the laparoscopic approach and three for
the open approach, suggesting that an adequate lymph node
dissection can be performed laparoscopically.

Recommendations. Lymphadenectomy can be per-
formed successfully using a laparoscopic approach with
outcomes similar to those achieved with the open surgical
nephroureterectomy and lymphadenectomy. The current data
would suggest that lymph node dissection with nephroure-
terectomy is a staging procedure, especially in locally ad-
vanced disease, useful in guiding the need for adjuvant
chemotherapy. There is a suggestion that lymphadenectomy
can be therapeutic in T2 disease, with increasing numbers of
lymph nodes removed and extent of dissection associated with
a survival advantage. To better understand the benefits of
lymphadenectomy in UTUC, it is essential to standardize the
indications for and extent of lymph node dissection performed
and evaluate results prospectively. Because of the difficulty
with clinical staging of UTUC, at least a limited lymphade-
nectomy based on tumor location should be performed, with a
more extended dissection used for higher stage disease.60

Staging

Renal-cell carcinoma (RCC)

Current evidence for lymphadenectomy. The role of
lymphadenectomy in the management of RCC has fluctuated
over time. Most series report that 5% to 26% of patients with
RCC harbor occult nodal metastases.67 Historically, there
were limited options for patients with lymph node metastases
with only a selected group of patients eligible for high-dose
interleukin-2. The development of targeted therapies for RCC
has expanded the number of patients who are eligible for
adjuvant therapy. Results of the ASSURE study will hopefully
provide insight into appropriate selection of patients to treat
adjuvantly (clinicaltrials.gov). With this background, it is
useful to determine who does and does not need lymphade-
nectomy and the extent of the lymphadenectomy to be per-
formed. It is likely that lymphadenectomy should be reserved
for a selected group of patients, because the morbidity of
retroperitoneal dissection is not trivial.68

The most useful data come from the European Organiza-
tion for Research and Treatment of Cancer (EORTC) 30881

randomized phase-III trial that was published recently. Pa-
tients who were deemed curable by radical nephrectomy
were randomized to radical nephrectomy with or without
extended lymphadenectomy. Patients in the nephrectomy-
only group underwent lymph node sampling for enlarged
lymph nodes only (33 patients, four positive lymph nodes). A
total of 732 eligible patients were evaluated, and no significant
difference was found in overall survival, time to progression,
or progression-free survival between the two groups.69 This
level I evidence suggests that patients with localized disease
do not benefit from extended lymphadenectomy; omitting
this decreases the potential morbidity of the procedure and
operative time. These findings can be extrapolated to cases
amenable to partial nephrectomy without evidence of re-
gional lymphadenopathy.

There are patients that may potentially benefit from the
added information provided by a regional lymph node dis-
section in the absence of metastatic disease. Blute and col-
leagues70 reviewed their experience at the Mayo Clinic in 1652
patients with pM0 disease. Forty-two percent of their patients
did not have a lymph node dissection, indicating a possible
selection bias. Fewer than 10% of the cohort had lymph node
metastases. In a multivariable model, tumor grade, sarco-
matoid differentiation, tumor size> 10 cm, tumor necrosis,
and stage were all associated with lymph node metastases.
These variables, aside from tumor size and the presence of
possible necrosis if noted on imaging, however, are not fre-
quently available preoperatively, making it difficult to use
them as guides to decide which patients should undergo
lymphadenectomy at the time of nephrectomy. Mass biopsy
could provide tumor grade and sarcomatoid differentiation
information, but would expose the patient to added morbid-
ity. As such, these data would suggest that patients with tu-
mors> 10 cm on CT without signs of enlarged lymph nodes or
metastatic disease warrant lymphadenectomy.

Joslyn and colleagues67 performed a retrospective study
using the SEER database. They identified 2831 patients who
underwent nephrectomy between 1983 and 1998 and had
associated lymphadenectomy information. They reported a
decreased overall survival with increasing number of lymph
nodes examined. There was no statistical relationship, how-
ever, between survival and the number of lymph nodes ex-
amined in patients with localized disease. This study suggests
that in the absence of lymphadenopathy on CT or at the time
of surgery, a lymphadenectomy can be omitted, because the
risk of occult lymph node metastases in these patients is< 2%.
In patients with regional or distant metastatic disease, this
study suggests that the extent of lymphadenectomy does not
improve survival. These data are from an era before targeted
therapy; currently, it may be important to perform at least a
limited lymphadenectomy in the setting of regionally ad-
vanced or metastatic disease to improve staging and deter-
mine the need for adjuvant therapy.67

Feasibility of minimally invasive approaches. Multiple
series have addressed the feasibility of lymphadenectomy in
the setting of minimally invasive renal surgery. Hemal and
associates71 reported on a comparison of open vs laparoscopic
lymphadenectomy for patients with clinical T2 disease. Of the
41 patients who were undergoing laparoscopic nephrectomy,
73% had a limited hilar lymphadenectomy that detected only
two (4.9%) patients with micrometastases. This was com-
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pared with 71 open radical nephrectomies in which 81% of the
patients underwent lymphadenectomy with 9.8% of the pa-
tients identified with micrometastases. As a retrospective
evaluation without randomization, selection biases could
explain these differences, because patients perceived to have
worse disease may have been preferentially selected for an
open approach. Despite this, interestingly, there was no dif-
ference in 5-year disease-specific or overall survival between
the open and laparoscopic cohorts.

Chapman and colleagues68 compared laparoscopic
nephrectomy with (n¼ 50) or without (n¼ 50) lymphade-
nectomy in a series of consecutive patients. The lymphade-
nectomy template was similar to that of a RPLND, with the
superior extent being the crus of the diaphragm. In the lym-
phadenectomy group, a mean of 12.1 lymph nodes were re-
moved. There were no statistically significant differences in
complications between the two groups, but there were two
cases of chylous ascites in the lymphadenectomy group. A
total of 10% of patients in the lymphadenectomy group were
identified with micrometastatic disease. Risk factors included
tumors> 7 cm, pT3 or pT4 disease, and high-grade tumors.
The authors demonstrated that an extended lymphade-
nectomy was feasible using a laparoscopic approach.

Simmons and coworkers72 reported on their series of lap-
aroscopic nephrectomies. Of 700 patients, 14 underwent
lymphadenectomy at the time of laparoscopic surgery, in-
cluding 7 patients with known metastatic disease and 1 partial
nephrectomy patient. An average of 2.7 lymph nodes were
removed in this group, with 57% of patients identified with
node-positive disease. While this node yield is lower than
that reported by Chapman and associates,68 the authors
demonstrate the feasibility of lymphadenectomy in a setting
of known advanced disease.

Recommendations. Lymphadenectomy for RCC should
be considered a staging procedure without clear therapeutic
benefit. The staging information obtained, however, can be
useful to predict prognosis and assess the need for adjuvant
therapy. Limited or extended laparoscopic lymphadenectomy
is feasible but is not routinely performed. It is clear from the
EORTC study that patients with localized disease (�T2) on
preoperative staging do not benefit from routine lymphade-
nectomy. Surgeons who use a minimally invasive approach
should be facile in lymphadenectomy in the event that in-
traoperative findings indicate a potential benefit of lympha-
denectomy (eg, enlarged perihilar lymph nodes, tumor clearly
extending into the perirenal fat).

Based on the limited available literature, lymphade-
nectomy should be considered if the renal mass is> 7 cm in
greatest dimension, there is evidence of tumor necrosis on CT
scan, or if a preoperative biopsy was performed and high-
grade RCC is identified. There is no evidence to support an
extended lymph node dissection in any setting, and the
decision to perform an extended laparoscopic lymphade-
nectomy should be at the discretion of the surgeon.

Conclusions

Depending on disease, lymphadenectomy is an important
component of the surgical management of urologic malig-
nancies. While the increasing use of minimally invasive tech-
niques for the management of genitourinary cancers has the

potential of reduced morbidity, there is an imperative to use
lymphadenectomy with these approaches to assess oncologic
equivalency to the conventional open surgical approaches. In
most circumstances, there is no level 1 evidence to determine
the role of lymphadenectomy; however, it is clear that ade-
quate lymphadenectomy is a useful staging tool to guide ad-
juvant therapy and potentially therapeutic. The literature does
demonstrate that lymphadenectomy can be accomplished via
minimally invasive approaches with comparable results.
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Abbreviations Used

BEP¼ bleomycin, etoposide, platinum
CT¼ computed tomography
HR¼hazard ratio

ILND¼ inguinal lymph node dissection
NCCN¼National Comprehensive Cancer Network
PLND¼pelvic lymph node dissection

PSA¼prostate-specific antigen
RPLND¼ retroperitoneal lymph node dissection

RCC¼ renal-cell carcinoma
SEER¼ Surveillance, Epidemiology, and End Results

UTUC¼upper-tract urothelial carcinoma
VEIL¼video endoscopic inguinal lymphadenectomy
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