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Introduction

The s tandard of  care  for  most  cases  of  invas ive 
upper tract urothelial carcinoma (UTUC) is radical 
nephroureterectomy (RNU) with bladder cuff excision. In 
contrast to urothelial carcinoma (UC) of the bladder (1), 
however, the performance of a regional lymph node (LN) 

dissection (LND) for UTUC remains controversial. LND 
for UC of the bladder is universally accepted by clinicians 
as an indispensable component of the surgical management 
of bladder cancer and may offer improvements in oncologic 
outcomes while allowing more accurate risk stratification of 
patients (2-4), UTUCs are much more commonly invasive 
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at diagnosis (~60%) compared to bladder cancer despite 
LND not being routinely performed for UTUC (5). While 
the incidence of LN metastasis (LNM) (pN+) in UTUC 
may be as high as 30% (6), there is significant fluctuation 
in this incidence with pathologic stage and grade of the 
primary tumor (7). Moreover, accurate disease staging at 
initial UTUC evaluation with imaging and ureteroscopy/
biopsy is challenging. As a result, developing risk-adapted 
criteria to determine which patients ought to receive an 
LND is challenging. Variable lymphatic drainage from 
the renal pelvis and ureter and a lack of accepted guideline 
recommendations further clouds the development of an 
established approach. With this review, we will summarize 
the current state of the literature by reviewing the incidence 
and current rationale for LND and by highlighting the 
current understanding of lymphatic drainage of UTUC and 
anatomic templates for LND, the role of LND in staging 
UTUC, the therapeutic role of LND, and complications 
and morbidity associated with LND for UTUC.

Materials and methods

A MEDLINE search was performed utilizing a computerized 
search engine in order to identify articles pertinent to the 
role of LND for UTUC. The following search terms were 
utilized: (“nephroureterectomy” OR (“upper tract” AND 
“urothelial”)) AND (“lymphadenectomy” OR “lymphatic” 
OR “lymph node dissection”). No restrictions were placed 
on time period and only English-language articles and 
articles pertaining to humans were reviewed. Relevant 
papers were agreed upon by the authors and reviewed in 
full. If an article contained a reference or citation felt to be 
relevant, it was reviewed if not already included in the index 
search. 

Results

Rationale for LND in UTUC

Non-organ confined UTUC portends a poor prognosis 
with a 5-year CSS of 35% in N+ disease, diminished from 
>80% (5,8). Due to its relative rarity (9), conclusions 
regarding the impact of LND on UTUC outcomes are not 
as readily derived from single-institution series as compared 
to UC of the bladder. LND for invasive bladder cancer has 
been adopted as a management standard and a full pelvic 
LND is mandatory at the time of surgical extirpation (10). 
Beyond the advantages of risk stratification, a thorough and 

extensive pelvic LND has been shown in retrospective series 
to improve survival outcomes (11,12) and potentially cure a 
subset of patients with LNM (2). Additionally, Koppie et al.  
demonstrated that survival continues to increase as the 
number of nodes removed increases (4). However, a newly 
published randomized-controlled trial failed to demonstrate 
superior recurrence-free survival (RFS) with extended as 
opposed to limited LND which may call into question the 
extent of pelvic LND that is required (13). 

It is on the basis of the bladder cancer literature that 
investigators have extrapolated a likely patient population 
in whom LND for UTUC might provide a staging and/
or therapeutic benefit. Although there are similarities 
between UC of the bladder and UTUC, LND is not 
regularly performed at RNU worldwide despite the 
incidence of LNM ranging from 10–28% in large multi-
center studies (5,14,15). Recently, a Canadian population-
based analysis revealed that only 27% of surgical specimens 
contained LNs (16) indicating that adoption of LND in 
practice is inconsistent and infrequent. This is in part the 
result of an evidence pool that has historically been limited 
to single-institution series with heterogenous (or non-
existent) inclusion criteria for LND and variable LND 
templates (17-20). The Upper Tract Urothelial Carcinoma 
Collaborative (UTUCC) was developed in response to the 
lack of high-quality data which has resulted in more recent 
multi-institutional series investigating the prognostic and 
therapeutic role of LND in UTUC (15,21). It is important 
to realize that all of the published studies are limited by a 
lack of selection criteria and/or significant heterogeneity 
exists between studies.

Lymphatic drainage sites and anatomic templates in LND 
for UTUC

Given the lack of consensus regarding the oncologic 
benefits of LND for UTUC, clearly defined anatomic 
templates are needed to provide a framework for high 
quality prospective trials. Until recently, regional lymphatic 
drainage for UTUC was defined as the respective renal 
hilar nodal beds in addition to the para-caval (right side) or 
para-aortic (left side) LNs for renal pelvis/proximal tumors 
and intra-pelvic nodes for distal ureteral tumors. This 
understanding, however, was primarily based upon early 
mapping studies published in the 1980s (22,23).

Kondo et al. performed a detailed mapping study of  
42 patients which revealed wider landing sites for LNM 
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than previously understood (24). In this study, 23.2% of 
patients had LNM and the authors recommendations were 
made on the basis of those sites with >30% incidence of 
primary nodal metastasis. In addition to the ipsilateral 
renal hilar nodes, renal pelvis tumors were mapped to the 
paracaval/retrocaval nodes for right-sided tumors and the 
para-aortic nodes for left-sided tumors. The upper two-
thirds of the ureter similarly drained to the paraaortic 
nodes on the left and the retrocaval and inter-aortocaval 
nodes on the right while the lower one-third of both 
ureters were confined to pelvic LN beds. An updated study 
(n=75) expanded these recommendations to include a wider 
template including inter-aortocaval nodes for right RP 
tumors and pre-sacral nodes for distal ureteral tumors (25).

The most recent mapping work by Matin et al. further 
refined our understanding of LN drainage sites (26). 
Specifically, in an analysis of 73 patients across multiple 
institutions, the authors confirmed the migration pattern for 
renal pelvis and proximal ureter tumors, but also observed 
cranial migration from mid (62.5–100%) and distal (16.3–
25%) tumors to paracaval/paraaortic LNs. Notably, out-
of-field LNM appeared to occur secondarily which may 
suggest a role for intra-operative frozen section prior to 
proceeding with extended dissections (Figures 1,2) (27).

Ultimately, the majority of available studies demonstrate 
anatomical templates of LND for renal pelvis and proximal 
ureteral tumors involve LN beds along the great vessels 
including the renal hilum while distal tumors include 
intrapelvic nodes. Areas of controversy exist regarding 
migration to the great vessel LN beds for mid and distal 
tumors. A lack of standardization limits the interpretation 
of studies relative to one another and a lack of uniformity 
in reporting templates may lead to inaccuracies in the 
estimation of LNM landing sites.

Role of LND in staging UTUC

The presence of LNM is a poor prognostic sign associated 
with a significant decline in survival outcomes (28). 
Although results are somewhat contradictory, there is a clear 
staging benefit to LND for UTUC. Historically, much of 
the available data came from single institution retrospective 
series suggesting that there was a predictive value of LND 
(20,24,29). Specifically, these studies demonstrated that 
pN0 patients had improved cancer-specific survival (CSS) 
compared to those with pN+ disease (5-year actuarial CSS 
ranges: 56–85% vs. 0–39%, respectively). These findings 
suggest that by establishing accurate staging with LND at 

the time of RNU, clinicians ought to be able to improve 
post-operative risk stratification and offer more nuanced 
patient counseling regarding triage into follow up or 
adjuvant therapy pathways. Notably, in two of the studies, 
pNx status was also found to be an independent predictor 
of decreased survival when compared to patients who were 
pN0 (20,24). Other authors, however, did not note any 
differences in disease-free survival (DFS) or CSS when 
evaluated by nodal status (30).

More recent multi-institutional analyses with larger 
patient cohorts have added significant granularity to the 
literature and may offer more robust conclusions (14,15, 
31-33). These studies demonstrate a consistently worse 
prognosis for pN+ patients when compared to pN0 or 
pNx (14,32,33). Indeed, a large population-based study of  
2,824 patients demonstrated significant differences in 5-year 
CSS rates for pN+ (34%) vs. pNx (78%) or pN0 (81%) 
patients (P<0.001) (32). This was not the case, however, for 
establishing prognostic differences between pN0 and pNx 
patients. In fact, only two of these multi-institutional series 
found a significant difference in CSS between pN0 and 
pNx disease (15,31). Additionally, Ouzzane et al. found that 
on multivariable analysis, LN status did not independently 
predict CSS [pN+ vs. pN0: HR 1.6 (95% CI: 0.8–3.4), 
P=0.1; pNx vs. pN0: HR 1.14 (95% CI: 0.7–1.9), P=0.6] (32). 
The staging benefit provided by LND appeared to be most 
substantial in patients with muscle-invasive and/or locally 
advanced disease when subset analyses were performed 
(15,33,34) despite this not being consistent across all 
available multi-institutional studies (32). Studies that did 
not show a staging benefit also did not specify dissection 
templates or extent of anatomic dissection. 

The demonstration of a staging benefit to LND for 
UTUC logically leads to the question of whether there is 
an optimal quality paradigm under which LND should be 
performed. Roscigno et al. evaluated whether a minimum 
number of LNs was necessary to be removed to reliably 
detect LNM (35). They determined, in a cohort of  
551 patients across 13 centers, that when 13 LNs were 
removed there was a 90% probability of detecting LNM. 
Moreover, the removal of 8 LNs conferred a 75% likelihood 
of LNM and the removal of 8 LNs was an independent 
predictor of LN involvement on multivariate analysis 
(MVA). In a subsequent study of over 800 patients, Xylinas 
et al. sought to develop a model to predict the likelihood of 
false-negative LNM (36). The authors demonstrated that 
the odds of missing LNM decreased as the number of nodes 
removed increased. However, they note that for patients 



2236 McIntosh et al. LND at nephroureterectomy

  Transl Androl Urol 2021;10(5):2233-2245 | http://dx.doi.org/10.21037/tau.2019.11.34© Translational Andrology and Urology. All rights reserved.

with locally advanced disease, even 20 nodes removed 
did not achieve 95% accuracy. Conversely, for patients 
with non-muscle invasive disease and/or lymphovascular 
invasion, only 2 LNs needed to be removed to achieve 95% 
accuracy. These findings suggest that the extent and quality 
of LND needed may depend on the pathology of the 
primary tumor. Additionally, Cho et al. (30) subdivided pN+ 
patients into three groups based on number of LN removed 
and found that increasing numbers of LN removed led 
to decreased locoregional recurrence on chi-squared test 
(P=−0.009) but did not have an impact on CSS (P=0.212). 
A critique of these studies is that they use number of 
LNs removed as an indirect surrogate for resection of 
the “correct” LNs, rather than dissection of anatomic 
templates, which may be more relevant than the number 
removed. Also, it must be noted that there are limitations 
in the generalizability of recommendations for minimum 
LNs removed as there is often a chasm between the degree 
of nodal dissection by the surgeon and nodes examined by 

the pathologist. The concept of LN density (percentage of 
positive LNs) has also been shown to add prognostic value. 
Herr et al. initially evaluated the concept in the bladder 
cancer literature by demonstrating that a LN density of 
≥20% conferred a decrease in overall survival (OS) from 
64% to 8% (37). Roscigno et al. also demonstrated LN 
density to be an independent predictor of CSS (HR 1.81, 
P<0.05) on MVA amongst pN+ patients (20). Similarly, the 
UTUCC found a LN density of ≥30% to portend higher 
5-year rates of disease recurrence (25% vs. 38%, HR 1.8, 
P=0.02) and higher 5-year mortality (30% vs. 48%, HR 1.7, 
P=0.03) in UTUC which may add additional prognostic 
information for node-positive patients (38). 

Taken together, these studies demonstrate a prognostic 
and staging benefit to LND in higher stages of UTUC, 
however, without prospective randomized trials with 
strict inclusion criteria and LND templates, definitive 
conclusions cannot be drawn, especially given the presence 
of contradictory results. In general, there appears to be 

Figure 1 Consolidated lymph node dissection templates for renal pelvis and proximal ureter tumors. On right side primary hilar, paracaval 
(anterior precaval and lateral paracaval regions) and retrocaval lymphadenectomy would capture 82.9% of LNMs (solid outline) while 
adding interaortocaval lymph node dissection (dashed outline) would increase rate to 95.8% (A). On left side primary hilar and para-aortic 
(anterior preaortic and lateral para-aortic regions) lymphadenectomy would capture 86.9% of LNMs while adding interaortocaval lymph 
nodes would increase rate to 90.2% (B) (26) (© 2019 Surena F. Matin, reprinted with permission). LNMs, lymph node metastases.
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Figure 2 Lymph node dissection templates for tumors of mid (A,B) and distal (C,D) ureter developed by combining data from publications 
by Kondo et al. (18,24,25) That study included three patients with right mid ureter tumors and LNMs to retrocaval and interaortocaval 
regions (A), and 3 with left mid ureter tumor with LNMs to para-aortic (anterior preaortic and lateral para-aortic) region (B). On right side 
primary dissection of interaortocaval nodes would capture 66.7% of possible LNMs (solid outline) while adding paracaval (anterior precaval 
and lateral paracaval) and retrocaval nodes would remove remaining 33.3% (dashed outline) (A). No LNMs were identified in common iliac 
region but they were likely dissected at ureteral resection. On left side para-aortic node primary dissection would remove 62.5% of LNMs (solid 
outline), and adding common iliac and internal iliac lymph nodes would increase rate to 100% (dashed outline) (B). Study by Kondo et al. (18) 
also included 2 right distal ureter tumors with LNMs to common iliac and obturator regions (C) and 2 left distal ureter tumors with LNMs 
to common and internal iliac regions (D). Extended pelvic template dissection would capture 75.0% of LNMs on right side (solid outline) 
while adding paracaval dissection would increase rate to 100% (dashed outline) (C). Primary pelvic dissection on left side would capture 
83.3% of LNMs (solid outline) while adding para-aortic dissection would increase rate to 100% (dashed outline) (D) (26) (© 2019 Surena F. 
Matin, reprinted with permission). LNMs, lymph node metastases.

Dissection templates for mid ureter tumors

Dissection templates for distal ureter tumors
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some consensus amongst clinicians that the staging benefits 
of LND can be of significant value, particularly in those 
with higher risk disease (39) (Table 1—summary of staging 
papers).

Therapeutic role of LND 

Although the role of LND for UTUC is relatively well-
established for staging, a similar therapeutic role has not 
been demonstrated to the same degree. In order to assess 
the therapeutic role, multiple studies have compared 
outcomes amongst patients undergoing so-called complete, 
limited, or no LND. A number of studies have evaluated 
outcomes of patients undergoing LND vs. no LND 
(15,17,19,20,30,40). With respect to cancer-specific 
outcomes, several studies have evaluated differences in CSS 
and demonstrated LND to be an independent predictor 
of CSS when compared to no LND patients (15,19,20). 
Roscigno et al., in a single-institutional retrospective 
analysis found CSS to be longer in pN0 compared to 
pNx patient (73% vs. 48%, P<0.001) but no difference 
between pNx and pN+ patients (20). In a subsequent multi-
institutional analysis of over 1,100 patients, pNx status 
was associated with worse CSS outcomes in patients with 
pT2–T4 disease only (15) consistent with an earlier, single-
institution study (19). Again, these studies did not routinely 
specify if correct anatomic templates were dissected in 
all cases. Several of these studies do offer descriptions of 
templates in the study methodology, although they are 
retrospective and often include multiple surgeons, raising 
the question of how a strict template can be defined and 
adhered to in such a design (17,19,20). Conversely, Kondo 
et al. demonstrated a 3-year CSS rate of 89.8% for patients 
undergoing LND compared to 51.7% for those undergoing 
no LND (HR =0.23, P=0.01) in a subset analysis of muscle-
invasive renal pelvis UTUC patients in whom dissection 
templates were pre-defined. Conversely, no statistically 
significant difference in the ureteral tumor subgroup (3-year 
CSS: 54.2% vs. 71.7%; HR =0.99, P=0.99) was present (40). 
In these cases, however, the LND templates included only 
the templates; given the data on cranial migration (26), it is 
possible that the negative finding is related to incomplete 
removal of the relevant nodes. Similarly, Cho et al. evaluated 
CSS outcomes in pT2 UTUC patients undergoing LND 
and reported no difference in CSS in the absence of defined 
templates (30). 

Several authors have also evaluated OS outcomes in 
cohorts comparing complete LND (CLND) to no LND 

(17,19,40). Patients undergoing LND had superior OS 
outcomes in studies by Kondo et al. (median OS 86% vs. 48%, 
P=0.01), which defined the templates of dissection (40) and 
Brausi et al. (median OS 52.5 vs. 21.2 months) found LND 
status to be an independent predictor OS (P=0.004) (19). 
Miyake et al. also demonstrated a significant difference 
in 1-, 3-, and 5-year OS but only amongst those patients 
with no evidence of LNM (100%, 93%, and 86% vs. 79%, 
65%, and 50%, respectively, P<0.05) (17). The authors of 
this study do note defined anatomic templates for LND, 
though it is again difficult to imagine strict adherence to the 
template in a retrospective study such as this one. Finally, 
RFS was assessed in two single-institutional studies both 
demonstrating a statistically improved actuarial 5-year 
RFS in the LND group (64% & 64%) compared to the no 
LND group (37% & 46.3%) (19,20). One study noted a 
prolonged time to recurrence from 18.5 to 51.2 months for 
the LND group (19).

Three studies by Kondo et al. across two institutions 
evaluated CLND compared to incomplete LND (ILND) 
and no LND, with the definition of completeness based 
on their anatomic templates (18,41,42). None of the three 
studies reported OS. The first, a retrospective single-
institution series of 169 patients (1989–2006) in which 
26.6% underwent CLND and ILND in 21.3%. CSS did 
not differ amongst the groups when assessed across all 
patients. However, when patients with pT3 stage or higher 
were isolated CSS was dependent on the extent of LND 
(CLND superior to no LND but no difference between 
CLND and ILND) and CLND was a predictive of CSS on 
MVA (P=0.009) (18). An updated analysis of an expanded 
cohort through 2011 subsequently revealed a survival 
advantage of CLND over ILND (25). Five‐year CSS in 
the patients with pT2 or higher (P=0.03) and pT3 or higher 
(P=0.01) was 77.9% and 73.2% in the patients undergoing 
CLND, but just 54.0% and 43.7% in those in the ILND 
group and 59.0% and 47.3% in those with no LND. The 
same group performed an analysis of ≥pT2, cN0, cM0 
patients and found a significant CSS benefit to CLND 
over ILND (14% vs. 29%, P=0.04) (41). In this cohort, the 
ILND group had more patients with pN+ disease (22% vs. 
15%) and less patients who received adjuvant chemotherapy 
which may partially explain some of these outcomes. In 
a prospective study, these authors also found CLND to 
be an independent predictor of 2- and 5-year CSS and 
regional-node RFS compared to ILND and No LND in 
renal pelvis tumors (42). It is likely that the suggestion 
of a benefit isolated to renal pelvis tumors and not lower 
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ureteral tumors, however, is due to incorrect or inconsistent 
templates for these lower tumors and limitations in the 
study design. Finally, a population study by Lughezzani et al. 
demonstrates no therapeutic benefit to LND (pNx vs. pN0 
CSS, HR 0.99, P=0.9) (34) and a large retrospective multi-
institutional study similarly found no CSS or RFS benefit 
to LND; nor did LND predict RFS or CSS on MVA (33). 
However, none of these studies defined the templates of 
dissection (Table 2—summary of therapeutic role of LND). 

Accurate pre-operative staging assessment would further 
improve our ability to discern which patients might benefit 
most from LND, however this remains a challenge due 
to limitations with conventional pre-operative evaluation 
paradigms such as imaging (43) and/or ureteroscopic 
biopsies (8,44). The UTUCC Group have attempted to 
address this concern by establishing a nomogram that 
predicts non-organ confined disease with >76% accuracy 
based on tumor grade, architecture and location (45). More 
recently, Petros et al. found that a pre-operative nomogram 
incorporating clinical stage, tumor grade at ureteroscopic 
biopsy, tumor architecture, and serum hemoglobin level 
combined to predict high-risk, non-organ confined disease 
with 82% accuracy (46). Currently this nomogram is 
increasingly used at our center to help guide triage to 
neoadjuvant chemotherapy and LND. 

Number of LNs removed vs. dissection templates

Another remaining question is whether it is the number 
nodes which should be removed or dissecting in the correct 
anatomic templates in order to optimize either the staging 
or therapeutic benefits of LND for UTUC. A single-
institution series by Roscigno et al. found increasing number 
of LN removed to be an independent predictor of DFS 
and CSS, although not when limited to pN+ patients (20).  
A subsequent multi-institutional analysis demonstrated 
that although number of LN removed was not associated 
with cancer-specific mortality (CSM) across all patients, 
CSM seems to improve with the number of LNs removed 
in the subgroup of pN0 patients (21). In a similar analysis, 
increasing number of LNs removed improved DFS (HR 
0.94, P=0.009) and CSS (HR 0.934, P=0.015) (15). These 
findings are somewhat refuted by Kondo et al. who found 
that despite improved survival outcomes for CLND 
compared to ILND there was no difference with respect to 
number of nodes removed (41). This speaks to the fact that 
when anatomical templates were strictly defined, as in this 

study, it was performing a complete template-based resection 
that provided a survival benefit. That is, the finding that 
a higher number of LNs is associated with an oncologic 
benefit may just be a surrogate for performing something 
closer to a true template-based resection. These findings 
highlight the importance of designing future prospective 
trials with strictly defined anatomical templates.

Complications and morbidity associated with LND  
for UTUC

Despite the relatively well-supported staging benefits and 
growing body of literature tending towards the therapeutic 
benefits of LND for UTUC, there remains a lack of 
consensus in the urologist community at-large. This may 
be, at least in part, due to concerns about perioperative 
morbidity surrounding LND. In general, however, the 
safety and feasibility of LND for UTUC is well supported 
in the literature. Kondo et al. retrospectively compared 
CLND, ILND, and no LND operative time, estimated 
blood loss, and hospital length of stay and found them 
to be similar amongst the groups (25). Similarly, while 
complications overall were higher in the CLND group, the 
incidence of major complications were similar (and had a 
very low incidence) suggesting only an increase in minor 
complications with more extensive LND. The safety profile 
of LND for UTUC has also been prospectively validated 
in two small studies (47,48). Although post-operative 
complication rates did range between 16% and 45%, 
only one major complication occurred across both studies 
directly related to the LND (a chylous lymphatic leak that 
required operative intervention). Four intra-operative 
complications were reported across the 65 patients in both 
trials (6.2%)—two bowel injuries (immediately repaired 
without subsequent complication), a vascular injury, and 
a pancreatic injury (recognized and repaired). None had 
significant resultant sequelae.

An additional are of controversy exists as to whether 
clinicians can adequately perform LND laparoscopically. 
A retrospective analysis from MD Anderson Cancer 
Center demonstrated the feasibility and oncologic efficacy 
of laparoscopic LND (49). The authors evaluated open 
(n=106) vs. laparoscopic (n=28) RNU plus LND and found 
that median nodes removed was higher in the laparoscopic 
group (6 vs. 3, P=0.01) while number of positive LN and 
LN density were not different. Abe et al. also prospectively 
validated the feasibility of laparoscopic LND in a small 
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45 patient study (48). A follow up study by MD Anderson 
investigators demonstrated even higher LN yields with a 
robotic vs. laparoscopic RNU approach (50). 

Conclusions

Although the available evidence is primarily limited to 
retrospective cohorts and a few prospective studies, there 
is a strong tendency in the literature to support the staging 
role of LND for UTUC. Similarly, there is a general trend 
towards the therapeutic benefits of the procedure, although 
the evidence is less robust and definitive conclusions cannot 
be drawn. LND for UTUC at the time of RNU is a safe and 
feasible procedure that may especially benefit patients with 
muscle-invasive or locally advanced disease. Prospective, 
randomized studies with strict inclusion criteria and defined 
anatomic templates are needed to definitely characterize the 
role of LND for UTUC.
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