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Radical cystectomy (RC) with pelvic lymph node dissection 
(PLND) remains the standard of care for those with 
muscle-invasive bladder cancer. PLND excises all cancer 
in the bladder, pelvic organs (prostate, uterus, ovaries), and 
regional lymph nodes, and additionally is conducted with 
curative intent for patients with localized bladder cancer. 
Unfortunately, a large proportion of patients, even those 
with localized disease and treated with PLND at time of 
RC, will still eventually die of bladder cancer. Attempts to 
improve survival of localized bladder cancer has focused 
mainly on a complete PLND and neoadjuvant/adjuvant 
chemotherapy. While level 1 evidence has demonstrated 

improvement in survival with neoadjuvant chemotherapy 
(NAC) (1), surgical trials have yet to demonstrate the same 
level of evidence for extended LND (eLND) in localized 
muscle-invasive bladder cancer. 

Anatomic limits

Lymphatic mapping of nodal spread for bladder cancer 
has demonstrated that the primary drainage sites include 
the internal and external iliac, obturator, and sacral lymph 
nodes. A multimodality study to accurately map the 
lymphatic drainage of the bladder used radiolabeled tracer 
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injections within six non-tumor bearing regions of the 
bladder (2). This study found that the lymphatic drainage 
of the bladder is complex with a median of over 24 primary 
landing zones including 19% that are proximal to the 
bifurcation of the common iliac vessels. Therefore, a limited 
PLND results in only a 50% resection of lymph nodes, 
whereas an eLND up to the inferior mesenteric artery 
(IMA) results in complete removal. Despite knowledge of 
these primary drainage sites, a study by Tarin et al.  showed 
that 7% of patients had isolated nodal metastases above the 
common iliac bifurcation, the so called “skip” metastases (3). 
Similarly, a large institutional mapping study found that out 
of nearly 600 lymph node metastases, 17% were pN3 and 
6% of positive lymph nodes were skip metastases (4). Other 
studies have shown that current clinical staging abilities are 
inadequate, as 20–27% of clinically node-negative patients 
who received an RC have nodal metastasis at time of surgery 
with upstaging (5-7). Attempts to improve clinical staging 
imaging capabilities with the use of PET imaging have also 
been of limited utility (8). Routine use of 18F-FDG PET/
CT for clinically node negative patients has a sensitivity 
of only 7–23%, thus rarely detecting metastases. The use 
was found to be much better for characterizing enlarged 
nodes to rule out lymph node metastases. Therefore, 
the diagnostic utility of eLND provides a vital role for 
staging bladder cancer, which subsequently can guide 
the use of adjuvant chemotherapy. At our institution, we 
routinely perform eLNDs (Figure 1). The eLNDs we 
perform encompass the aortic bifurcation (up to the level 
of the IMA, at the surgeon’s discretion) superiorly, the 
genitofemoral nerve laterally, the node of Cloquet distally, 
and the hypogastric vessels and presacral lymph nodes 
posteriorly.

Surrogates

In addition to staging, lymph node status is also prognostic 
of cancer-specific survival (CSS) for patients with bladder 
cancer (9). Studies have shown that an increased number 
of lymph nodes removed results in improved survival and 
limits local recurrence (10,11). While multiple studies 
have attempted to establish a minimum number of nodes 
as a surrogate for an adequate lymphadenectomy, the 
nodal count is widely variable and largely susceptible 
to processing and pathologic assessment (12,13). This 
variability was expertly demonstrated by the studies showing 
that the presentation of individual packaged lymph nodes 
by anatomical location resulted in increased lymph node 

yields (14,15). Subsequent studies have shown anatomic 
limits of dissection to be more important than lymph node 
counts as a surrogate for adequate resection (13). Given 
the unreliability and variable nature of lymph node counts, 
focus has shifted to determining the extent of PLND and 
its therapeutic role. 

Currently, the American Urological Association 
guidelines strongly recommend performing a bilateral pelvic 
lymphadenectomy that includes at least the external and 
internal iliac and obturator lymph nodes (16). They further 
recommend a minimum of 12 lymph nodes for evaluation as 
a surrogate for the quality and completeness of the surgical 
dissection. The European Association of Urology guidelines 
acknowledge that while there is strong evidence to support 
performing an LND at time of RC, there is no conclusive 
evidence as to the optimal extent (17). The European 
Association of Urology guidelines do state there are data to 
show that eLND may improve survival after RC compared 
to standard/limited lymphadenectomy (level of evidence 3). 

Intraoperative technology for lymph node 
dissection

With the limitations of clinical nodal staging and difficulty 
in identifying surrogates for lymph node dissection, 
intraoperative techniques for improving surgical LND 
have been developed. These techniques have been 
focused on sentinel node detection with cystoscopic 
peritumoral injections. Initial studies utilized preoperative 
lymphosc int igraphy and intraoperat ive  dynamic 
lymphoscintigraphy using technetium (Tc-99m) (18). 
Unfortunately, there is nearly a 20% false-negative rate with 
this technique, and it is limited to micrometastatic disease 
due to lymphatic obstruction from bulky metastasis. With 
growing experience with robotic cystectomy, the use of near 
infrared fluorescence imaging with indocyanine green (ICG) 
has been explored as this technology is integrated into the 
DaVinci robotic system (Intuitive Surgical, Sunnyvale, CA, 
USA). With the injection of the ICG dye peritumorally, the 
initial results demonstrated safety and feasibility (19,20), but 
larger registration studies have demonstrated less clinically 
useful results with 11% false negative rates and positive 
predictive value of 37% (21). Given the multifocality and 
complex lymphatic drainage from the bladder, a reliable 
technique to identify potential sentinel lymph node landing 
sites has not been established. Further, the oncologic benefit 
of these approaches will need to be prospectively validated 
to justify their routine usage and costs.
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Figure 1 Extent of eLND performed at Memorial Sloan Kettering Cancer Center. eLND, extended lymph node dissection. 

Retrospective studies

The evidence in support of eLND comes exclusively from 
retrospective analyses (Table 1). Dhar et al. retrospectively 
compared outcomes from two institutions with 336 patients 
undergoing limited LND (proximal to common iliac 
bifurcation) to 322 patients undergoing eLND (proximally 
to common iliac arteries and crossing of the ureter) (23). 
Analysis demonstrated a lower rate of node-positive disease 
and poorer outcomes for patients with node-positive and 
node negative disease in those with limited LND. The 
5-year recurrence-free survival (RFS) for node-positive 
patients was 7% in the limited LND group versus 35% in 
the eLND group. Tarin et al. evaluated nearly 600 patients 
with lymph node mapping from eLND and found that 13% 

of those with ≥pT2 disease had pN3 disease (3). While 
those with pN3 disease had a 25% 5-year RFS, this was 
surprisingly not significantly different for patients with 
pN1 or pN2 disease. Given that 13% of ≥pT2 patients had 
pN3 disease, they calculated that with an observed 42% 
CSS at 3 years, this would result in an approximately 5% 
improvement in CSS through routine inclusion of common 
iliac lymph nodes in PLND. This 5% improvement in CSS 
is very informative when evaluating the prospective clinical 
trials. Mandel et al. in a meta-analysis, summarized the 
prior studies and found that 5-year RFS was 55% vs. 62% 
(P<0.001) in the standard vs. eLND (29). This difference 
of 7% was similar across all retrospective studies, helps to 
quantify an expected RFS benefit for eLND, and should be 
considered when designing prospective studies. 
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Prospective clinical trials

LEA trial

In an effort to truly determine the oncological benefit 
of eLND, the first prospective, randomized multicenter 
phase III surgical trial (LEA AUO AB 25/02) to compare 
limited versus eLND for improvement in RFS was recently 
reported by the Association for Urologic Oncology of the 
German Cancer Society (30). It is important to clarify 
terminology here. Although titled limited LND, the 
anatomic limits were consistent with the standard LND that 
the American Urology Association guidelines have defined 
proximally by the bifurcation of internal and external 
iliac artery, distally by the pelvic floor, laterally by the 
genitofemoral nerve, and dorsally by the obturator nerve. 
Uniquely, they excluded the deep obturator nodes, which 
are often included in standard dissections. Regardless, the 
eLND included the deep obturator, presacral, common 
iliac, paracaval/interaortocaval/paraaortic nodes up to the 
IMA. Given prior mapping studies, an eLND to the IMA 
would include all primary landing zones including skip 
metastases (3). The trial comprised relatively high-volume 
centers with experienced surgeons and included all patients 
with pathologic T1G3 and cT2-T4a disease undergoing 
RC. Non-muscle invasive tumors (T1) comprised 14% of 
this cohort. Given that 5–10% of pT1 patients will have 
nodal metastasis at RC (3-5,13), the incidence of lymph 
node positivity would be lower and effect of the LND likely 
reduced. In this trial, patients were excluded from receiving 
NAC, which limits a potential confounder, but is not the 
current standard of care. While adjuvant chemotherapy 
was acceptable and evenly split between the two cohorts, 
only 28% of patients with locally advanced or node-positive 
disease received adjuvant treatment.

The primary endpoint of the LEA trial was RFS 
with secondary endpoints of CSS, overall survival (OS), 
complication rates, influence of adjuvant chemotherapy, 
and localization of tumor recurrence. The planned 
sample size of 400 randomized patients was based on 
a 5-year RFS of 65% for the eLND and 50% for the 
limited lymphadenectomy, thereby expecting a 15% RFS 
improvement (P<0.05, two-sided, 80% power). Ultimately, 
401 patients were randomized to limited versus eLND. In 
this study, eLND did show a slightly improved in 5-year 
RFS rate, however, this failed to meet statistical significance 
(65% vs. 59%, P=0.34). Secondary endpoints of CSS (76% 
vs. 65%, P=0.10) and OS (59% vs. 50%, P=0.12) also were 
unable to meet statistical significance. It should be noted 

that although not statistically significant, eLND consistently 
showed a reduced risk in RFS, CSS and OS. Despite 
this trial not meeting its per protocol or intent-to-treat 
endpoints, additional insights were still gained. Analysis 
of the mortality and major complications between the two 
groups did not differ. An extended dissection was associated 
with a higher number of number of lymphoceles requiring 
intervention (P=0.04), albeit the numbers were low with 
only a total of 17 (8.6%) patients in the eLND and 7 (3.4%) 
patients in the limited lymphadenectomy groups requiring 
drainage within 90 days. This study also demonstrated that 
based on templates of eLND, a limited lymphadenectomy 
would have missed 21 (11%) nodal metastases including 4 
(2%) skip metastases. 

The LEA trial was not without its limitations. The 
trial was designed to achieve a 15% improvement in RFS, 
which was a lofty goal, but likely driven by an attempt at 
a reasonable accrual goal. Also, the inclusion of cT1G3 
patients likely hindered the results as the incidence of nodal 
metastases or recurrence for these patients is significantly 
lower than the higher staged patients. There was a 
disproportion of T1 disease in the limited vs. eLND groups 
with 12% vs. 16%, respectively. This also contributed to 
a higher rate of pathologic nodal disease in the limited 
lymph node dissection as compared to the eLND (28% vs. 
22%), which is likely skewed due to the pT1 patients in the 
eLND cohort. While the primary and secondary endpoints 
were not achieved, the trend towards reduced risk in RFS, 
CSS, and OS with no difference in mortality or high-grade 
complications provides some support for the inclusion of an 
eLND with RC.

SWOG trial

In the United States, a second randomized prospective 
phase III trial has also completed accrual but is awaiting 
follow-up for final analysis and publication (SWOG S1011; 
ClinicalTrials.gov number, NCT01224665). Like the LEA 
trial, the SWOG trial studied only high-volume centers 
and surgeons but mandated a credentialing process with 
intraoperative photos (31). This trial had inclusion criteria 
that differed from the LEA trial by allowing patients to 
undergo NAC (56% of patients received), as well as limiting 
enrollment to patients with cT2-4a disease, and excluding 
patients with pT1. While the inclusion of NAC is consistent 
with routine standard of care, this will likely confound and 
reduce the benefit of surgical resection and increase the 
number needed to treat. The study has a more reasonable 
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expected 10% improvement from 55% to 65% in 3-year 
RFS for eLND at 85% power with 620 randomized patients 
given a 10% ineligible drop-out expected rate. Patients 
were randomized based on receipt of NAC, clinical stage 
and performance status. Currently, the trial is ongoing, and 
we eagerly await the results.

There may be some challenges in the SWOG trial 
reaching its primary endpoint of a 10% improvement in 
3-year RFS. As previous meta-analyses of retrospective 
studies have suggested (29), a dissection of lymph nodes 
above the bifurcation of the common iliac would likely result 
in an improvement in RFS of 5–7%. This result is similar to 
the survival benefit shown for NAC demonstrated in several 
randomized trials (1,32). Unfortunately, to demonstrate 
a 3-year CSS improvement of 5% with a power of 80% 
using a one-sided stratified logrank test with alpha =0.025, 
would require accrual of more than 2,000 patients (4). This 
CSS improvement from Tarin et al. included 23% who 
received NAC, but the difference in survival did not change 
even when excluding those patients. Unlike the German 
trial, the SWOG study will be limited by the inclusion of 
NAC prior to RC and LND. With increasing use of NAC, 
the treatment effect of LND could be reduced and the 
cohort size may not be sufficient to demonstrate significant 
differences. Although there was no specified expected 
percentage of patients receiving NAC, interim analyses of 
the SWOG study reported some of the highest usage rates 
seen in prior studies (33). Additionally, randomization of 
patients is done intra-operatively such that any clinically 
suspicious nodes at or above the bifurcation of the common 
iliac vessels are allowed to be resected for frozen section 
prior to randomization as failure to excise lymph nodes with 
known cancer involvement would be a substantial deviation 
from standard of care. Removal of suspicious nodes could 
also reduce the impact of the thorough node dissection.

In a subset analysis of SWOG 8710, an adequate lymph 
node dissection with ≥10 nodes was associated with an 
OS benefit regardless of receipt of NAC (10). From the 
National Cancer Database [2004–2012], a recent study 
looked at number of lymph nodes during lymphadenectomy 
for RC in those who received NAC compared to those who 
did not (34). Interestingly, they found that for those who 
did not receive NAC, adequate lymph node dissection of 
≥10 nodes was associated with an OS benefit for all stages of 
disease, but there was no improvement in OS for those who 
actually received NAC. Given that over half of the patients 
enrolled in the SWOG S1011 trial belong to the latter 
group, demonstrating even a 5% improvement in RFS in 

those who have undergone NAC may be unlikely.

Future directions

Designing and implementing surgical trials is extremely 
difficult and onerous, which makes randomized phase III 
trials like the LEA trial and SWOG S1011 impressive. 
Surgical trials are inherently biased towards surgeon 
technique and center differences; SWOG S1011 took 
a novel approach to control for this heterogeneity. The 
trial vetted high-volume surgeons through an enrollment 
period which conducted intraoperative photography to 
ensure standardization for extent and completeness of 
surgical dissection. While this level of standardization is 
admirable, development of future surgical trials to address 
the question of extent of pelvic lymphadenectomy are 
unlikely given the logistics involving time and cost of 
accruing enough patients. The current trials have been 
powered for RFS. While survival may be more clinically 
relevant, the sample size and time for follow-up required 
present significant feasibility challenges. Given the 
minimal risk and time to perform an eLND, one may 
consider whether the question remains relevant. With a 
recent increase of robotic RC (35), performing an eLND 
robotically has been shown to be technically feasible 
without increasing complications (36,37).

With advances in immunotherapy agents, the focus to 
improve recurrence and survival outcomes has shifted to novel 
neoadjuvant systemic therapies. As seen in SWOG S1011, 
there has been an increase in the use of NAC, but a recent 
phase II trial (PURE-01) has reported the use of neoadjuvant 
immunotherapy with pembrolizumab (38). The early results 
are promising as they demonstrate a 42% complete response 
rate and pathologic downstaging in 54% of patients. Two 
patients in PURE-01 were considered clinical N1 based 
on preoperative PET imaging, but the enrollment of these 
patients in neoadjuvant trials remains controversial with such 
locally advanced disease. With the high rates of downstaging, 
there may be a role for including clinically node positive 
patients for future consideration in immunotherapy trials 
prior to surgical resection. For those with pathologic positive 
nodal disease, the use of adjuvant immunotherapy is being 
investigated with multiple phase III randomized trials 
including pembrolizumab (AMBASSADOR; ClinicalTrials.
gov number, NCT03244384), nivolumab (CheckMate 274; 
ClinicalTrials.gov number, NCT02632409) and atezolizumab 
(IMvigor010; ClinicalTrials.gov number, NCT02450331). 
Recent press release from Roche, has tempered excitement 
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for adjuvant atezolizumab with the primary endpoint of 
disease-free survival for IMvigor010 was not reached and is 
awaiting formal publication results (39).

Given these findings, current trials are now logically 
combining chemotherapy and immunotherapy with 
gemcitabine, cisplatin, and atezolizumab (ClinicalTrials.gov 
number, NCT02989584) in hopes of obtaining even more 
impressive response rates. With the success of neoadjuvant 
systemic therapies and improvements in next generation 
sequencing of tumors, our ability to distinguish the tumors 
that will respond to chemotherapy has led to consideration 
of bladder preservation. This has led to recent trials to 
evaluate in the risk stratification for radical surgery in the 
hopes of allowing those with deleterious DNA damage 
response gene alterations to undergo chemotherapy without 
cystectomy (ClinicalTrials.gov number, NCT03609216).

Conclusions

Given the current state of  evidence with largely 
retrospective analyses and a phase III trial, with limitations 
in its design, the oncologic efficacy of an eLND needs 
further investigation. From meta-analyses, we know that 
a greater number of lymph nodes removed and eLND are 
associated with improvements in RFS and CSS. However, 
most of these studies did not include patients who now 
routinely undergo NAC. While not statistically significant, 
there was a trend that suggests that survival in the LEA 
may have been improved with eLND and thus eLND 
warrants further evaluation. Importantly, the trial showed 
no significant difference in mortality or morbidity by 
performing an eLND compared to standard LND. We 
await the results of the SWOG S1011 trial with the hope of 
further clarifying the role of eLND. However, the findings 
may be limited by sample size and the increasing usage of 
upfront systemic therapy. An eLND can be done safely, 
provides important staging and prognostic information, 
and appears to provide therapeutic benefit. Thorough and 
complete resection of the bladder as well as surrounding 
lymphatic tissue remain a central tenet in the optimal 
surgical management of invasive bladder cancer. 
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