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Abstract

Context: Although the importance of lymphadenectomy during radical cystectomy (RC)
in high-risk non–muscle-invasive and muscle-invasive bladder cancer (BCa) is well
accepted, the optimal extent of lymphadenectomy, number of lymph nodes (LNs) to be
retrieved, and prognostic and therapeutic role of lymphadenectomy remain debated
issues.
Objective: In this review, we summarize the existing data on the value of lymphadenec-
tomy for staging and outcome of BCa patients undergoing RC and lymphadenectomy.
Evidence acquisition: A systematic Medline/PubMed literature search of peer-reviewed
scientific articles published from 1998 and 2012, concerning the role of lymphadenec-
tomy in BCa patients, was carried out. The terms and permutations used were
lymphadenectomy, bladder cancer/carcinoma, urothelial carcinomas, radical cystectomy,
lymph node metastasis, lymph node dissection, bladder, recurrence, and survival. Selective
older articles were included.
Evidence synthesis: Bilateral pelvic lymphadenectomy is an integral part of RC for BCa.
The literature regarding the role of lymphadenectomy in BCa patients in general is
retrospective, nonstandardized, and of low-level quality in regard to evidence. Prospec-
tive randomized trials designed to define the optimal template of lymphadenectomy
and its impact on oncologic outcome are advocated. Some of these studies are ongoing,
and their completion and analyses are necessary to resolve controversies.
Conclusions: Many consistent and concordant observations, although of low level of
evidence, document that the extent of lymphadenectomy may influence disease-free
survival after RC independent of the status of LNs and the pathologic stage of BCa.
Lymphadenectomy standardization at the time of RC to create evidence-based guide-
lines is essential for further improvement of surgical quality and BCa patient survival.
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1. Introduction

For patients with muscle-invasive bladder cancer (BCa) and

patients with high-risk non–muscle-invasive BCa, radical

cystectomy (RC) with bilateral pelvic lymphadenectomy

provides accurate staging and adequate local and regional

control [1–3]. Besides pathologic tumor stage (pT), lymph

node (LN) status is the strongest prognostic factor in

patients with BCa [1–3].

Although the importance of lymphadenectomy in man-

agement of muscle-invasive BCa is generally accepted [4],

no consensus exists regarding the optimal extent of

lymphadenectomy, the number of LNs to be retrieved, or

the magnitude of the therapeutic benefit in patients with BCa

undergoing RC [5,6]. This lack of consensus is mainly because

of a lack of prospective randomized studies that compare

limited lymphadenectomy with extended lymphadenecto-

my in BCa patients.

At present, the European Association of Urology and the

American Urological Association guidelines do not offer clear

recommendations about the field or extent of lymphadenec-

tomy [7]. The International Consultation on Urological

Diseases 2012 guidelines recommend that lymphadenecto-

my at RC remove all lymphatic tissue around the common

iliac, external iliac, internal iliac, and obturator group

bilaterally, since as many as one-third of all positive nodes

are located around the common iliac artery (level of evidence

2b–3) [8].

We summarize the available data on pelvic lymphadenec-

tomy, which have been obtained either retrospectively

or nonrandomized prospectively. In addition, we give

some insight into the status of two prospective randomized

trials on extended lymphadenectomy compared with

standard lymphadenectomy that are ongoing and yet to

be published.

2. Evidence acquisition

A systematic literature review was performed searching the

electronic databases PubMed/Medline. The search was

performed using combinations of the following terms:

lymphadenectomy, bladder cancer/carcinoma, urothelial

carcinomas, radical cystectomy, lymph node metastasis,

lymph node dissection, bladder, recurrence, and survival.

A total of 2153 references were obtained. Sixty-three

articles were selected based on title, abstract, study

format, and content by a consensus of all participating

authors. The majority of articles considered were pub-

lished between 1998 and 2012. The literature regarding

the role of lymphadenectomy in BCa patients in general is

retrospective, nonstandardized, and of low-level quality in

regard to evidence. Conclusions drawn from the studies are

subject to significant biases inherent in observational

studies of surgical procedures. Older studies were included

selectively if historically relevant or if there were limited

data in more recent publications. No evidence level

1 information from prospective randomized trials was

available.

3. Evidence synthesis

3.1. Current evidence

3.1.1. Lymphatic drainage from the bladder/anatomic boundaries of

lymphadenectomy/distribution of positive lymph nodes

Several studies of patients who underwent RC and

lymphadenectomy have revealed that primary lymphatic

drainage of BCa extends into the internal iliac, external iliac,

obturator, and presacral LNs. Secondary drainage pro-

gresses into the common iliac LNs and then into the para-

aortic, interaortocaval, and paracaval LNs [5,9,10].

The optimal anatomic boundaries of an appropriate

lymphadenectomy remain unclear, partly because of

conflicting data regarding the anatomic distribution and

patterns of LN metastases in BCa patients [5,9,10]. Several

contemporary mapping studies have been published.

To define the optimal extent of lymphadenectomy

during cystectomy, Abol-Enein and colleagues performed

a prospective pathoanatomic single-center study with a

total of 200 patients who underwent RC and extended

lymphadenectomy up to the level of origin of the inferior

mesenteric artery (IMA) [9]. Of the patients, 48 (24%) had

positive nodes, including 8 patients with �pT2 disease. The

authors found that extrapelvic nodal metastasis was always

associated with involvement of the obturator and/or

internal iliac nodes, suggesting that there were no cases

in which the primary drainage regions were skipped and

disease landed in only secondary nodal sites. Thus, the

authors defined the endopelvic site composed of the

internal iliac, external iliac, and obturator groups of LNs

as the sentinel regions.

In contrast, Leissner et al., who conducted an analysis of

LNs at 12 different anatomic sites in 290 patients, did not

identify a well-defined sentinel LN site [5]. The authors

defined three lymphadenectomy levels: level 1 comprised

all lymphatic tissue below the common iliac bifurcation,

level 2 comprised the lymphatic tissue above the common

iliac bifurcation and below the aortic bifurcation, and level

3 was defined as the lymphatic tissue above the aortic

bifurcation up to the IMA. The dissection field had a cranial

border at the level of the IMA, a lateral border at the

genitofemoral nerve, and a caudal border at the pelvic floor.

The separate regions were paracaval right, interaortocaval,

para-aortal left, lateral to common iliac artery right and left,

lateral to external iliac artery right and left, presacral,

obturator space right and left, and deep obturator space

right and left. Eighty-one patients (27.9%) had positive LNs,

including 18 patients (6.2%) with �pT2 disease. In 20 of

290 patients (6.9%), nodal metastases involved only level 1,

and in 20 of 290 patients (6.9%), nodal metastases were

located only at level 2. Positive LNs at only level 3 were not

encountered. In conclusion, to achieve an accurate LN

staging, it would be necessary to dissect up to the aortic

bifurcation.

Vazina et al. studied 176 consecutive patients (pT1–pT4)

who underwent RC and lymphadenectomy. LN metastases

were found in 1 patient (3.6%) with pT1, 10 patients (15.6%)

with pT2, 20 patients (40%) with pT3, and 12 patients (50%)
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with pT4. In patients with stage �pT2, LN metastases were

found exclusively in the pelvic region, except in two

patients (3%) with positive common iliac and aortic

bifurcation LNs. Of patients with pT3 or pT4, 16% had LN

metastases outside the boundaries of a true pelvic lymph

node dissection (LND; nodal involvement of the common

iliac nodes and at or above the aortic bifurcation) [10]. A

skip lesion was detected in one patient with positive nodes

at or above the common iliac bifurcation.

Tarin et al. evaluated 591 patients who underwent RC

with mapping pelvic LND [11]. LN involvement was

identified in 114 patients (19%). Stratified by tumor stage

<pT2, pT2, pT3, and pT4, LN involvement was identified in

18 patients (6%), 16 patients (18%), 68 patients (40%), and

12 patients (60%), respectively. Of the node-positive group,

seven patients (6%) had LNs involved only above the common

iliac bifurcation (skip lesions) [11]. Since skip lesions are very

rare, this phenomenon may be the result of missed positive

LNs in the true pelvis or of a specimen-labeling error.

The pathoanatomic studies have two main limitations in

common. First, it remains undetermined how many LNs are

left behind and in which anatomic locations. Second, the

area to which a removed LN is assigned may vary by

surgeon.

The combination of lymphoscintigraphy and computed

tomography (CT) can enhance preoperative anatomic locali-

zation of sentinel nodes in BCa and aid in the identification of

sentinel nodes during surgery [12,13]. Roth and colleagues

used multimodality single-photon emission CT (SPECT)/CT

plus intraoperative g probe to show the template of the

bladder’s primary lymphatic landing sites and found that

extension of the lymphadenectomy to the common iliac

region up to the ureteroiliac crossing would incorporate

92% of initial drainage sites. The authors found 4% of all

technetium Tc 99m–positive LNs, or 12% of all Tc 99m–

positive LNs along the external iliac vessels, in the fossa of

Marcille (dorsolateral to the proximal external iliac vessels

and dorsal to the junction of the ureters with the common

iliac vessels). A limitation of the study is that LN tissue medial

to the common iliac vessels, the lower para-aortic/paracaval

nodes, and the presacral nodes was not routinely dissected

because the authors assume that preservation of autonomic

nerves may lead to better sexual and pelvic floor function

postoperatively [14].

Analysis of the data of 40 patients with cystectomy and

unilateral BCa using multimodality SPECT/CT plus intra-

operative g probe by the same group showed that crossover

lymphatic drainage (positive LNs on the contralateral side)

was a common phenomenon, and unilateral pelvic LND

would have missed radioactive LNs in 40% of patients.

However, the authors noted no lymphatic drainage to the

contralateral internal iliac region, thus concluding that

contralateral pelvic LND can be limited to the obturator

fossa and external and common iliac regions when bladder

tumors are strictly unilateral [15].

3.1.2. Nodal staging system

3.1.2.1. Historical perspective and development of the current nodal

staging system. The current nodal staging system finds its

origin in detailed anatomic studies from the early 20th

century [16]. Colston and Leadbetter performed a landmark

autopsy study on 98 cases of BCa in 1936 [17]. They

described pelvic or retroperitoneal metastasis in 25% of the

cases and postulated that LND might cure early locoregional

disease [16]. Jewett and Strong described the first staging

system of the local tumor in 1946 [18]. In 1950, McDonald

described the concept of vascular and lymphatic invasion

and showed that there was a direct relation to prognosis

[19]. In the same year, Leadbetter and Cooper presented

the surgical boundaries and approach of an extended

lymphadenectomy, in which the common iliac LNs were

identified as the secondary echelon of metastases, inter-

mediating between the pelvic and aortocaval LNs [16].

Marshall presented a modification of the Jewett/Strong

staging system in 1952, when he introduced a stage

description for the definition of the extent of metastatic

disease. He described two categories, in which continuous

local, lymphatic, and distant tumor spread were merged:

Stage D1 lesions were confined to the pelvis, including

invasion of the pelvic walls, and stage D2 lesions were

beyond the limits of the pelvis [20]. The aortic bifurcation

was chosen arbitrarily instead of the sacral promontory to

segregate the two stages when LNs were involved.

BCa was TNM-classified for the first time in 1974 by the

Union Internationale Contre le Cancer (UICC)/Committee

on TNM Classification. The new system included a separa-

tion, for classification of those tumors associated with

metastases, to either regional nodes (N) or distant sites (M).

At that time these distinctions were judged as having

little practical importance because of serious limitations

in the ability to detect early metastases, as well as the

inability to influence prognosis once gross metastases were

apparent [21].

In 1977, the American Joint Committee on Cancer (AJCC)

published the first edition of its TNM staging system [22].

Through a collaborative effort, the recommendations in the

publications of the UICC and the third edition of the AJCC’s

manual became identical after 1987. The definitions of the

nodal stations and the changes in the pN substaging over

the years are summarized in Table 1.

3.1.2.2. Preoperative node staging. CT of the abdomen and pelvis

is used as a routine procedure for the preoperative staging

assessment of muscle-invasive BCa [7]. However, this CT

has limited accuracy to detect LN metastasis.

Paik et al. retrospectively reviewed 82 consecutive

patients with muscle-invasive bladder tumors who un-

derwent preoperative staging CT of the abdomen, and they

found that LN metastases were accurately determined

in 4 patients (4.9%) [23]. Ficarra et al. evaluated the data of

156 patients, 45 (28.8%) of whom had pathologic LN

involvement. This involvement was foreseen with pelvic

CT in only 19 patients [24]. Tritschler and colleagues

reported an accuracy of 54% for CT in predicting LN

metastases [25].

Kibel et al. demonstrated a positive predictive value of

78%, a negative predictive value of 91%, sensitivity of 70%,

and specificity of 94% for fludeoxyglucose positron emission
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Table 1 – Overview of the development of N staging according to the American Joint Committee on Cancer’s Cancer Staging Manual

Edition 1 (1977) Edition 2 (1983) Edition 3 (1988) Edition 4 (1992)/Edition 5
(1997)/ Edition 6 (2002)

Edition 7 (2009)

Definition of

nodal stations

The regional lymph nodes are the pelvic

nodes below the bifurcation of the

common iliac arteries. The juxtaregional

lymph nodes are the inguinal, common

iliac, and para-aortic nodes.

The regional lymph nodes are the

nodes of the true pelvis, whose

anatomic boundaries are subtended

by the arcuate line and planes

involved. The fixed points of the

pelvis are the pubic crest, pectineal

line, medial border of ilium, ala of

sacrum, and sacral promontory.

Distant nodes are all others.

The regional lymph nodes are the

nodes of the true pelvis, which

essentially are the pelvic nodes

below the bifurcation of the

common iliac arteries. Distant

nodes are all others. Laterality does

not affect the N classification. The

significance of regional lymph node

metastasis in staging bladder

cancer lies in the number and size,

not in whether unilateral or

contralateral.

The regional lymph nodes are the

nodes of the true pelvis, which

essentially are the pelvic nodes

below the bifurcation of the

common iliac arteries. The common

iliac nodes are considered sites of

distant metastasis and should be

coded as M1. The significance of

regional lymph node metastasis in

staging bladder cancer lies in the

number and size, not in whether

metastasis is unilateral or

contralateral.

The regional lymph nodes

draining the bladder include

primary and secondary drainage

regions. Primary nodal regions

drain into the common iliac

nodes, which constitute a

secondary drainage region. The

relevant information from

regional lymph node staging is

obtained from the extent of

disease within the nodes, not

from whether metastases are

unilateral or contralateral.

Nx Minimum requirements cannot be met. Minimum requirements to assess

the regional nodes cannot be met.

Regional lymph nodes cannot be

assessed.

Regional lymph nodes cannot be

assessed.

Regional lymph nodes cannot be

assessed.

N0 No involvement of regional lymph nodes. No involvement of regional lymph

nodes.

No regional lymph node metastasis. No regional lymph node metastasis. No regional lymph node

metastasis.

N1 Involvement of a single homolateral

regional lymph node.

Involvement of a single homolateral

regional lymph node.

Metastasis in a single lymph node,

�2 cm in greatest dimension.

Metastasis in a single lymph node,

�2 cm in greatest dimension.

Single regional lymph node

metastasis in the true pelvis.

N2 Involvement of contralateral, bilateral, or

multiple regional lymph nodes.

Involvement of contralateral,

bilateral, or multiple regional

lymph nodes.

Metastasis in a single lymph node,

>2 cm but �5 cm in greatest

dimension, or multiple lymph

nodes, none >5 cm in greatest

dimension.

Metastasis in a single lymph node,

>2 cm but �5 cm in greatest

dimension, or multiple lymph

nodes, none >5 cm in greatest

dimension.

Multiple regional lymph node

metastasis in the true pelvis.

N3 There is a fixed mass on the pelvic wall

with a free space between the wall and

the tumor.

There is a fixed mass on the pelvic

wall with a free space between the

wall and the tumor.

Metastasis in a lymph node >5 cm

in greatest dimension.

Metastasis in a lymph node >5 cm

in greatest dimension.

Lymph node metastasis to the

common iliac lymph nodes.

N4 Involvement of juxtaregional lymph

nodes.

Not defined. Not defined. Not defined. Not defined.
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tomography (PET)/CT in the detection of positive LNs [26].

Vargas et al. recently evaluated the diagnostic performance

of magnetic resonance imaging (MRI), 11C-acetate PET/CT,

and contrast-enhanced CT for BCa staging and found that

the three imaging modalities displayed similar levels of

accuracy [27]. In their analysis, MRI correctly staged 56% of

patients (9 of 16), overstaged 38% (6 of 16), and understaged

6% (1 of 16). CT correctly staged 50% of patients (8 of 16),

overstaged 44% (7 of 16), and understaged 6% (1 of 16).

LND remains the most accurate LN staging procedure.

3.1.3. Prognostic importance of lymph node status

LN status is a powerful predictor of cancer-specific survival

(CSS). Different series of BCa patients treated with RC and

lymphadenectomy have shown that up to 70–80% of

patients with histologically LN-positive disease experience

disease recurrence, compared with 30% of patients with

histologically negative LNs and extravesical disease [28,29].

The International Bladder Cancer Nomogram Consortium

studied data of 9064 patients who underwent RC and

lymphadenectomy, including 1550 patients with LN-positive

disease managed with surgery alone [30]. The authors have

developed an international BCa nomogram that predicts

recurrence risk after RC for BCa using information on patient

age, sex, time from diagnosis to surgery, pathologic tumor

stage and grade, tumor histologic subtype, and regional LN

status. A series of nomogram models were constructed to

include either total number of LNs removed, number of

positive LNs, or ratio of positive LNs to total LNs removed

(LN density). However, node status alone outperformed these

node parameters and therefore was placed in the final

nomogram model.

3.1.3.1. Role of number of lymph nodes removed. The LN count has

been widely used as a surrogate for extent of lymphadenec-

tomy and was shown to be an important prognostic factor in

BCa patients [5,31–35]. While the benefit of lymphadenec-

tomy for oncologic outcome was originally reported in

LN-positive patients [36], its value in LN-negative cases has

been shown as well in uncontrolled nonrandomized series

[34].

In 1982, Skinner reported that lymphadenectomy can

cure up to one-third of patients with LN metastases [36].

Leissner et al. studied 447 patients who underwent RC

and correlated the number of LNs with clinical outcome

[37]. Survival was analyzed using a threshold value of

16 LNs, because the correlation between the total number

of LNs removed and the percentage of patients with positive

nodes was strongest at this boundary. The authors found

significant differences in the tumor-specific survival and

the disease-free interval between patients with �16 LNs

removed and patients with <16 LNs removed [37]. At

5 yr, 65% of the patients with �16 LNs removed were

disease-free and alive, whereas only 51% of the patients

with <16 LNs removed were tumor-free and alive.

A limitation of the study was that one-third of cases were

not followed.

Herr et al. analyzed data on 322 patients with muscle-

invasive BCa who underwent RC and bilateral pelvic

lymphadenectomy [33]. The authors evaluated the associa-

tions of the number of LNs retrieved with the local recurrence

rate and survival outcome [33]. In both LN-negative and

LN-positive cases, improved survival (40% and 30% improve-

ments at 5 yr, respectively) was associated with a greater

number of LNs examined. Herr and colleagues concluded

that nine or more LNs should be studied to define LN status

accurately.

In another study, Herr reports 5-yr overall survival rates of

33% in patients with 0–5 examined LNs, 44% with 6–10 nodes,

73% with 11–14 nodes, and 79% with >14 nodes [38].

May et al. studied the records of 1291 LN-negative BCa

patients undergoing RC and reported that identification of

a higher LN count is associated with an improved oncologic

outcome [34]. In line with Leissner and colleagues,

May et al. defined an LN threshold of�16 to be significantly

associated with CSS. Patients with <16 and �16 removed

LNs showed CSS rates after 5 yr of 72% and 83%,

respectively.

While other groups also defined a minimum number of

LNs between 9 and 16 to be removed to confer a survival

benefit [31], Koppie et al. could not identify an optimal

number of LNs sufficient for maximizing BCa outcomes

when a limited or extended pelvic LND is performed during

RC [39]. In their study, the probability of survival continued

to rise as the number of LNs removed increased, up to a

maximum of 24 nodes identified. However, lymphadenec-

tomy was performed no higher than the IMA, so information

beyond that level was not provided. A retrospective

multicenter study suggested that 90% of patients with LN

metastasis were identified when 45 nodes were counted by

the pathologist, suggesting that a thorough anatomic node

dissection and analysis of all potential node-bearing tissue

by the pathologist may optimize the sensitivity for

detection of node metastasis. The minimal limits of the

node dissection in this study consisted of the genitofemoral

nerve, bladder, bifurcation of the common iliac vessels,

femoral canal, hypogastric vessels, and obturator fossa [31].

3.1.3.1.1. Biases from these studies. These retrospective studies

include important limitations. Most important, the studies

were not controlled for the extent of lymphadenectomy and

were based on surgeon preference. Patients with significant

comorbidities might have undergone limited lymphadenec-

tomy more often compared with healthier patients. Koppie

et al. demonstrated that older and sicker patients are less

likely to have an LND, and if they do, they are more likely to

have fewer LNs removed [39].

Thus, the patients who were selected to undergo more

limited LND may have had greater comorbidities and

inherently lower overall survival because of increased

competing risks for mortality. This possibility suggests that

overall survival as an end point is problematic and difficult

to interpret in these studies. Also, since LN count has been

used as a surrogate for extent of lymphadenectomy in most

studies, the anatomic limits of lymphadenectomy were

variable and comparisons difficult. Most studies involved

multiple surgeons and differing handling of specimens;

these characteristics have most likely influenced results,
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because the number of LNs dissected is largely dependent

on the surgeon and LN packaging [38,40–43]. The patholo-

gist was not identified as an independent variable

associated with LN count, although this is theoretically

possible [39]. (For further details, see sections 3.1.3.1.2 and

3.1.3.1.3.)

3.1.3.1.2. Surgical factors affecting lymph node counts. The number

of retrieved LNs depends on the thoroughness, quality, and

extent of lymphadenectomy. Fang et al. assessed the impact

of an institutional policy requiring that a minimum number

of 16 LNs be examined [42]. Specimens with <16 LNs were

resubmitted (including any fat) to detect additional LNs.

After policy implementation, the median number of LNs

increased from 15 to 20. The percentage of cases with

�16 LNs increased from 42.9% to 69.3%. The LN positivity

rates did not change significantly, but the proportion of

patients with LND <20% increased from 43.9% to 65.5%.

Overall survival increased from 41.5% to 72.3% [42].

Bochner et al. prospectively evaluated RC cases to

determine which factors may contribute to the variability

in the number of reported LNs and found that only

the extent of the LND influenced node yield significantly

[40]. Minimally invasive approaches have been criticized

for limiting the extent of lymphadenectomy. However,

several studies have documented that adequate pelvic

lymphadenectomy, which is comparable to that recom-

mended for open surgery, can be performed safely with

robotic assistance. LN retrieval appears not to be adversely

affected with the use of minimally invasive surgery tools

[44,45].

3.1.3.1.3. Nonsurgical factors affecting lymph node counts. The

number of LNs retrieved is dependent not only on surgical

factors but also on the careful examination by the

pathologist. The pathologic processing technique may have

an important effect on prognostic parameters such as

LN yield. Bochner and colleagues evaluated the impact of

separate compared with en bloc pelvic LND on the number

of LNs retrieved in cystectomy specimens [41]. In their

analysis, standard and extended lymphadenectomy en bloc

specimens yielded a mean of 2.4 and 22.6 LNs, respectively,

compared with 8.5 and 36.5 LNs retrieved from separate LN

specimens. Stein et al. confirmed the effect of separate

package compared with en bloc submission of LNs on

LN counts. The authors found that the submission of

13 separate nodal packets at RC significantly increased the

total number of LNs removed and identified a higher

number of positive LNs compared with en bloc submission

[46]. Based on the variations seen in reported LN counts, a

distinct recommendation on number of LNs to be removed

does not seem feasible.

3.1.3.2. Studies that try to control for biases: outcomes of limited

compared with anatomically extended lymphadenectomy. Only

limited data are available regarding the impact of a defined

anatomically extended lymphadenectomy on clinical out-

come in BCa patients. Poulsen et al. compared extended LND

up to the aortic bifurcation and endopelvic LND only [47].

The authors found that the extended dissection reduced the

5-yr probabilities for pelvic and distant metastasis for

patients with �pT3a disease.

To overcome some of the aforementioned limitations of

earlier studies, Abol-Enein and colleagues performed a

prospective nonrandomized single-center study evaluat-

ing the impact of performance of a defined extended

lymphadenectomy on disease-free survival (DFS). The

operative procedure was performed by only two high-

volume surgeons to subdue an operator-dependent vari-

able. Specimens from individual anatomic regions were

sent separately and evaluated by a single uropathologist

[48]. An intraoperative decision was made to perform an

extended dissection based on status of the liver, body mass

index, and performance status. The authors found that an

anatomically defined extended lymphadenectomy up to

the level of origin of the IMA, compared with a standard

lymphadenectomy (endopelvic region composed of the

internal iliac, external iliac, and obturator groups of LNs),

was associated with better DFS for LN-positive BCa

patients independent of other clinicopathologic features

(5-yr DFS: 48.0% compared with 28.2%). The authors

suggest that nodal disease identified by frozen section in

the endopelvic region (standard lymphadenectomy)

necessitates dissection up to the aortic bifurcation. The

nonrandomized nature of the study limits conclusions

regarding the survival benefit for the extended node

dissection. These data suggest that some patients with

nodal involvement can be cured by meticulous extended

lymphadenectomy. The study is limited by the lack of

randomization and no a priori prospective statistical

assumptions [48].

Dorin and colleagues compared the distribution of LN

metastases in 646 patients undergoing RC at the University

of Southern California and at Oregon Health Sciences

University using a uniformly applied extended LND

template [49]. Twenty-three percent of the patients had

LN metastases at the time of cystectomy. The authors found

a difference in the median per-patient LN count between

institutions, which may be due to the interindividual

variability in number of pelvic LNs, but they found no

significant interinstitutional differences in the incidence or

distribution of positive LNs. Among LN-positive patients,

41% had positive LNs above the common iliac bifurcation.

The authors concluded that adherence to meticulous

dissection technique within an extended template might

be more important than total LN count for achieving

optimal oncologic outcomes [49].

Two contemporary retrospective comparisons of

patients undergoing a limited LND compared with a more

extensive LND [50] or extended LND (mid–common iliac)

compared with a superextended LND (up to the IMA) [51]

suggest that there may be superior survival probabilities

associated with a more extensive LND for all patients

undergoing RC.

However, these studies offer only low-level evidence,

because they were nonrandomized, were retrospectively

evaluated, and selected patients who underwent lympha-

denectomy dependent on the surgeons’ preference.
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3.1.3.3. Outcomes based on number of positive lymph nodes and ratio

of positive lymph nodes (lymph node density)

3.1.3.3.1. Outcomes based on number and location of positive lymph

nodes. Stein et al. evaluated the clinical outcomes and risk

factors for progression in patients with LN metastases

following RC and bilateral pelvic lymphadenectomy [52].

The authors found that the total number of LNs involved with

tumor was a significant prognostic variable. Patients with

eight or fewer positive LNs had significantly higher survival

rates compared with patients with more than eight positive

LNs. Five-year and 10-yr recurrence-free survival (RFS) for

patients with eight or fewer LNs was 41% and 40%,

respectively, compared with only 10% RFS at 10 yr when

more than eight LNs were involved with tumor [52]. Kassouf

and colleagues found that the number of positive nodes was

significantly associated with RFS on univariate analysis but

was not statistically significant on multivariate analysis [53].

Jensen et al. analyzed 167 patients who underwent RC

and extended LND to the level of the IMA. Forty-three

patients (26%) had LN metastases. Female gender, advanced

T stage, presence of LN metastasis, nonregional LN

metastases (M positive), and number of positive LNs (one

compared with more than one) were found to be significant

adverse prognostic predictors in multivariate analysis [54].

Tarin et al. evaluated the effect of the location of regional

pelvic nodal involvement on RFS and on CSS in 591 patients

who underwent RC with pelvic LND [11]. The authors

showed that patients with positive common iliac LN

metastasis removed at the time of RC have a similar

outcome when compared with patients with nodal disease

limited to the true pelvis. The authors reported 5-yr RFS and

CSS of 38% and 45% for pN1 disease, 35% and 31% for pN2

disease, and 25% and 42% for pN3 disease, respectively. After

adjustment for age, gender, pathologic histology, stage,

node density, location of positive nodes, perioperative

chemotherapy, and grade, Tarin and colleagues found that

the number of positive LNs (none, one, or two or more) was

significantly associated with cancer-specific death, whereas

the location of the positive LNs was not [11].

3.1.3.3.2. Lymph node density. LN density describes the ratio of

positive LNs to the total number of retrieved nodes [55,56].

Reports on LN density have suggested a predicative

importance; however, other studies have not demonstrated

that LN density adds additional prognostic importance over

information obtained from LN status alone or the number of

positive LNs and number of total LNs retrieved alone.

Herr retrospectively studied LN density as a prognostic

factor in BCa survival after cystectomy and found that cases

with a ratio of >20% positive LNs after pelvic lymphadenec-

tomy had a worse prognosis compared with cases with a

ratio of �20% [55]. Stein et al. analyzed their results using

LN density in a population of BCa patients who underwent

an extended lymphadenectomy up to the aortic bifurcation

and confirmed the prognostically relevant threshold of 20%

[52]. However, the median number of nodes removed was

13 in the study by Herr [55] and 30 in the study by Stein

et al. [52].

LN density has been the subject of several subsequent

reports with a wide variation in the number of retrieved

nodes and different threshold values of LN density [57–59].

Kassouf and colleagues reported the superiority of LN

density compared with TNM nodal status in predicting

disease-specific survival (DSS) after RC [57]. Wiesner et al.

showed that LN density was an independent predictor of

DSS in multivariate analysis [59]. May and colleagues

confirmed LN density (ordinal scaled by 20%), but not pN

stage, as an independent predictor of DSS in 477 patients

with LN-positive BCa [58]. In contrast, Tarin et al. demon-

strated no added prognostic advantage of LN density over

LN status alone in their series of 591 patients who

underwent extended lymphadenectomy [11]. Similarly,

Jensen and colleagues evaluated the prognostic impact of

LN variables in 167 patients undergoing RC and extended

LND and found that stratification according to LN density

had no prognostic value [54].

3.1.3.4. Extracapsular extension and nodal metastatic load. In a

limited number of series, extracapsular extension (ECE) of

LN metastases has been reported to be the strongest factor

predicting prognosis in LN-positive patients. Mills and

associates reported their experience with 83 LN-positive

patients treated by cystectomy and pelvic dissection up to

the bifurcation of the common iliac arteries and found

capsular infiltration to be the only independently signifi-

cant prognostic factor [6]. However, lymphadenectomy was

limited to the pelvic LNs in their study. Fleischmann et al.

analyzed a consecutive series of 507 patients and confirmed

ECE of LN metastases as an independent factor predicting

prognosis [60].

Fajkovic et al. sought to verify the independent prognostic

value of extranodal extension (ENE) in a large, multi-

institutional cohort of patients treated with RC for urothelial

cancer of the bladder and to test whether ENE improved the

accuracy of predictive models, including established clinical

and pathologic predictors of cancer recurrence and mortality

[61]. The authors found that ENE was a powerful prognosti-

cator of oncologic outcomes, regardless of receipt of adjuvant

chemotherapy or number of LNs removed.

Seiler et al. reviewed the data of 162 LN-positive patients

and found that tumor stage, ECE of LN metastases, and total

diameter of LN metastases were significantly correlated

with overall survival, DSS, and RFS in univariate analysis

[62]. However, on multivariate analysis, only ECE and

primary tumor stage added independent prognostic infor-

mation. Nevertheless, the level of evidence supporting ECE

as a powerful prognostic factor is low.

3.1.3.5. Recommendations for adequate dissection for staging. The

following recommendations are made for adequate dissec-

tion for staging:

� A bilateral pelvic lymphadenectomy that includes the

external and internal iliac nodes including the fossa of

Marcille distal to the common iliac bifurcation and

complete dissection of the obturator fossa should provide

adequate surgical nodal staging in most patients.
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� Dissection of the common iliac and presacral nodes may

provide more accurate N staging among patients with

node metastases according to the current TNM classifi-

cation.

� It is unclear whether the cranial dissection limitation at the

aortic bifurcation provides equivalent or better accuracy of

N staging compared with a limitation at the ureteroiliac

crossing.

� A preoperative or intraoperative tailoring of extent

because of presumably organ-confined tumor stages

seems to be insufficient because of a low predictive

capacity of current clinical or intraoperative staging and

the small but real risk of nodal involvement in early-stage

(�pT2) disease.

� A distinct standard recommended number of LNs to be

removed for adequate staging cannot be specified based

on current evidence. An anatomic approach to the LND as

previously noted should be used to guide the extent of the

LND.

3.2. Prospective randomized trials

3.2.1. General considerations

There is no high-level evidence that defines the relationship

between the extent of the lymphadenectomy and disease

progression and survival. There is at least the possibility

that the modest increase in operative time, potential

increase in blood loss, and increase in dissection surface

area may outweigh any derived survival benefit.

The importance of a randomized clinical trial to address

this important surgical question is reflected in the experi-

ence in gastric and pancreatic cancer. In the landmark trial

of gastrectomy, there was no recurrence-free or overall

survival benefit from adding para-aortic node dissection to

the standard D2 lymphadenectomy, yet there was a

nonstatistically significant increased incidence of surgery-

related complications in the extended node dissection

group ( p = 0.07) [63]. Similarly, extended LNDs for

pancreatic head cancer have been conducted since the

1980s. A randomized clinical trial to assess the difference

between a standard and an extended nodal dissection was

initiated but closed after an interim analysis revealed

poorer survival and increased morbidity in the extended

nodal dissection group [64].

3.2.2. Important issues in trial design

The underlying hypothesis is that if disease is located in LNs

above the bifurcation of the common iliac, removal of nodes

in the extended template will improve sensitivity for

detecting LN metastases, provide a more complete removal

of regional LN metastases, improve locoregional control,

and potentially lead to improved long-term survival.

The trials should allow for the administration of

neoadjuvant chemotherapy as an established standard of

care, and randomization should be stratified to balance the

treatment arms. To optimize the potential benefits of an

extended node dissection through improved nodal staging,

patients with pathologic node metastasis and locally

advanced pathologic tumor stage (pT3–T4) should be

considered for adjuvant chemotherapy based on the

increased risk of progression with RC alone. Failure to

include this stipulation in the trial design could result in

biased administration of adjuvant chemotherapy, influ-

enced by the arm to which the patient was randomized, and

lead to noninformative results. Surgeons should demon-

strate equipoise in enrolling all eligible patients to provide

an appropriate distribution of patients with N stages 1–3.

3.2.3. Current phase 3 randomized studies

The Association of Urogenital Oncology and the German

Cancer Association have completed accrual to the first

phase 3 trial addressing this important question in muscle-

invasive BCa. The primary end point is progression-free

survival, predicted to be 65% in the extended arm (up to the

IMA) and 50% in the conventional arm (the internal iliac,

external iliac, and obturator nodes) ( p < 0.05; two-sided;

power: 90%; 5 yr of follow up). The first analysis of

progression-free and overall survival is ongoing (pers.

comm., Juergen Gschwend).

Southwest Oncology Group (SWOG) 1011 (ClinicalTrials.

gov identifier NCT01224665) follows a similar design

but with slightly different assumptions and power calcula-

tions. The study was designed based on a review of the

contemporary cystectomy literature, which included a mix

of standard and extended node dissection. The investigators

felt that a reasonable estimate of disease-free and overall

survival associated with standard node dissection for

patients with muscle-invasive BCa was 55% at 3 yr and

55% at 5 yr, respectively. A poll of centers of excellence

suggested that a 10–12% improvement in 3-yr DFS (65–67%)

for patients undergoing an extended lymphadenectomy

would be meaningful and would establish extended node

dissection as the standard of care in this patient population

(SWOG 1011). The study investigators determined that

powering a trial to show a benefit of 5–7% would require a

significantly larger number of patients and would present

significant challenges to obtaining National Cancer Institute

approval and achieving accrual targets. The SWOG study

has 85% power to detect a 28% reduction in the hazard rate

of progression or death with extended LND compared with

limited dissection (hazard ratio: 0.72). This corresponds

to an improvement in 3-yr DFS from 55% to 65%, or

alternatively, median DFS would be extended from 3.5 to

4.8 yr if the DFS distributions are exponential. The trial

calls for accrual of 620 patients and randomization of

564 patients, as well as an expectation that 10% of enrolled

patients will be ineligible for randomization at the time of

surgery based on failure to meet the criteria for randomi-

zation.

Surgeon credentialing and ongoing quality assurance are

critical to the success and equipoise of the trial. Surgeons

are required to have performed 50 cystectomies in the

previous 3 yr, and 30 cystectomies are required annually at

each hospital. Each surgeon is required to submit operative

and pathology reports, as well as intraoperative photo-

graphs documenting the completeness of both the standard

and extended node dissection templates, to participate in

the trial.
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A vanguard group of experienced surgeons completed a

proof-of-concept lead-in phase based on accrual of the first

100 patients before opening the trial to the larger urologic

oncology surgical community. This trial was opened in

August 2011 and had accrued 136 patients as of February

2013.

These two important clinical trials will provide a robust

amount of pathologic material derived from primary

tumors and LNs for translational research.

4. Conclusions

Bilateral pelvic lymphadenectomy is an integral part of RC for

BCa. Lymphadenectomy, completed according to the extend-

ed template, provides optimal pathologic BCa staging. High

technical quality of nodes dissected by the surgeon and

examined by the pathologist is essential for optimal

pathologic node staging. Many consistent and concordant

observations, although of low level of evidence, document

that the extent of lymphadenectomy may influence DFS after

RC independent of the status of LNs and the pathologic stage

of BCa. Standardizing the lymphadenectomy procedure at

the time of RC to create evidence-based guidelines is

essential for further improving surgical quality and BCa

patient survival.
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