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Abstract Objective: The role of lymph node dissection (LND) is still controversial in patients
with renal cell carcinoma undergoing surgery. We aimed to provide a comprehensive review of
the literature about the effect of LND on survival, prognosis, surgical outcomes, as well as pa-
tient selection and available LND templates.

Methods: Recent literature (from January 2011 to December 2021) was assessed through
PubMed and MEDLINE databases. A narrative review of most relevant articles was provided.
Results: The frequencies in which LNDs are being carried out are decreasing due to an increase
in minimally invasive and nephron sparing surgery. Moreover, randomized clinical trials and
meta-analyses failed to show any survival advantage of LND versus no LND. However, retro-
spective studies suggest a survival benefit of LND in high-risk patients (bulky tumors, T3-4
stage, and cN1 patients). Moreover, extended LND might provide important staging informa-
tion, which could be of interest for adjuvant treatment planning.

Conclusion: No level 1 evidence of any survival advantage deriving from LND is currently avail-
able in literature. Thus, the role of LND is limited to staging purposes. However, low grade
evidence suggests a possible role of LND in high-risk patients. Randomized clinical trials are
warranted to corroborate these findings.

© 2022 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Several factors might predict progression during follow-up
in patients with renal cell carcinoma (RCC) [1]. The pres-
ence of lymph-nodal metastases is a strong predictor of
worse prognosis, either in locally advanced or even meta-
static disease [2,3]. Therefore, lymph node dissection
(LND) to surgically remove nodal metastases at the time of
nephrectomy would be expected to be associated with a
survival benefit.

Although LND is an established step during surgical
treatment of urological [4—6] and non-urological malig-
nancies [7,8], its role at the time of RCC surgery is not well
defined [9]. Indeed, current European Association of Urology
guidelines do not recommend the routine use of LND but
reserve it for patients with clinically positive nodes [10].

This recommendation is based on results of several
studies, including a randomized clinical trial that failed to
show any survival benefit in patients who underwent a LND
at the time of surgery for RCC [9,11]. Historical reviews of
the literature pointed out the lack of evidence favoring LND
at the time of nephrectomy when the overall population
was examined [12]. However, there are also contradictory
findings reporting a survival benefit in specific subgroups of
patients undergoing LND [13]. These findings have been also
corroborated by a recent meta-analysis, in which those
with advanced RCC were examined [14]. In addition, LND
might provide key information about lymph node status
that standard imaging techniques are unable to provide
[15].
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Because of these contradictory findings, we aimed to
perform an updated literature review about the topic. We
focused on the potential role of LND relative to survival;
templates for LND carried out were resumed. Finally, an
overview of available tools aiding patient selection was
provided.

2. Methods

A review of the literature was performed searching the
PubMed and MEDLINE databases for articles published
within the last 10 years (from January 2011 to December
2021) on core clinical journals in English language. The
peer-review process was performed by two authors
(Carbonara U and Pecoraro A) and supervised by Mascitti M.
Search terms included “renal cell carcinoma” or “renal
cancer” in combination with “lymph node dissection” or
“lymphadenectomy”. The references within chosen articles
were also screened.

A structured data extraction was performed within an
Excel® (Microsoft, Redmond, WA, USA) sheet including year
of publication, first author, country of residence, main
study’s feature, number of patients included, main patho-
logical characteristics of patients included, primary out-
comes, and main findings.

A critical analysis of included studies has been included in
a narrative format after consensus of all authors was ob-
tained. The primary aim was to evaluate the impact of LND
at the time of RCC surgery on oncological outcomes (overall
survival [OS], cancer-specific survival, and recurrence-free
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survival). The secondary aim was to give an overview of the 3.1. LND in non-metastatic RCC
templates to perform LND and the tools to identify patients
who might benefit most from undergoing LND.

3. Results

Several non-randomized studies have shown no clinical
benefit of LND at the time of radical nephrectomy in pa-
tients diagnosed with seemingly non-metastatic disease
[16—22]. On the other hand, others reported a survival

The main characteristics of selected studies were resumed benefit in specific subgroups of patients [13,23,24]. Unfor-

in Table 1.

tunately, available studies were characterized by high
inter-study heterogeneity with important differences in

Table 1  Main patients’ characteristics of included studies.

Reference

Study design

Patient, n (no LND/LND) Primary endpoint  Tumor stage,
(n, no LND/LND)

Localized
Gershman et al. 2017, [16]

Farber et al. 2019, [21]

Feuerstein et al. 2014, [22]

Gershman et al. 2018, [20]

Advanced and metastatic
Tilki et al. 2018, [27]

Faiena et al. 2018, [28]

Chipollini et al. 2018, [31]

Monocentric retrospective

Monocentric retrospective

Monocentric retrospective

Multicentric retrospective

Multicentric retrospective

Monocentric retrospective

Multicentric retrospective

1797 (1191/606) CSM and ACM -pT1a (340/36);
pT1b (352/84);
pT2a (152/81);
pT2b (65/66);
pT3a (210/218);
pT3b (41/91);
pT3c (11/13);
pT4 (9/16)
Missing (12)

19 500 (9750/9750) (0 -pT1 (3327/3120);
pT2 (2838/3294);
pT3 (3328/3048);
pT4 (257/288)

524 (190/334) 5-year RFS -pT2 (84/95);
and 5-year OS pT3 (101/227);
pT4 (5/12);
-pNO (0/308);
pN1 (0/26)
2437 (1398/1039) CSM and ACM -pT1a (299/195);

pT1b (401/301);
pT2a (182/136);
p T2b (96/71);
pT3a (321/253);
pT3b (64/54);
pT3c (23/18);
pT4 (12/11);
-cN1 (47/47)

1978 (952/1026) CSS -pNx 952 (NA);
pNO 803 (NA);
pN1 223 (NA)

1780 (514/1266) oS -pT1-2 (41/101);
pT3a (263/656);
pT3b-c (78/255);
pT4 (59/212);
pTx (73/42);

-pNO (NA/163);
pN1 (NA/1036);
pNx (514/41);
Missing (0/26)

293 (106/187) CSS -pT3a 84 (NA);
pT3b 137 (NA);
pT3c 34 (NA);
pT4 38 (NA);

(continued on next page)
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Table 1 (continued)

Reference Study design

Patient, n (no LND/LND)

Primary endpoint  Tumor stage,

(n, no LND/LND)

Capitanio et al. 2012, [13]  Multicentric retrospective

Marchioni et al. 2018, [17]  Monocentric retrospective

Feuerstein et al. 2014, [29] Monocentric retrospective

Gershman et al. 2017, [30]  Monocentric retrospective

Salvage

Barboza et al. 2020, [33] Monocentric retrospective

Russell et al. 2015, [34] Monocentric retrospective

1983 (1109/874)

25 357 (19 057/6300)

258 (81/177)

305 (117/188)

19 (0/19)

50 (0/50)

-pNO 68 (NA);
pN1 119 (NA);
pNx 106 (NA)
-pT1a 760 (NA);
pT1b 487 (NA);
pT2a 152 (NA);
pT2b 68 (NA);
pT3a 375 (NA);
pT3b 61 (NA);
pT3c 38 (NA);
pT4 42 (NA);
-pNO 754 (NA)
pN1 120 (NA);
pNx 1109 (NA)
-pT2 (8268/2275);
pT3 (10 789/4025)
-pT1 (25/11);
pT2 (5/19);
>pT3 (51/147)
-pT1a 3 (1/2);
pT1b 26 (12/14);
pT2a 31 (15/16);
pT2b 22 (10/12);
pT3a 143 (53/90);
pT3b 40 (12/28);
pT3c 10 (3/7);
pT4 28 (10/18)
Missing (2)

CSS

CSS

0s

CSM and ACM

RFS and CSS -pT1/pT2 6 (NA);
pT3 10 (NA);
pT4 1 (NA);
Unknown 2 (NA)

-pNO 4 (NA);
pN1 4 (NA);
pNx 9 (NA);
Unknown 2 (NA)

-pT1a 4 (NA);
pT1b 6 (NA);
pT2a 7 (NA);
pT2b 3 (NA);
pT3a 25 (NA);
pT3b 5 (NA);

-pNO/Nx 35 (NA);
pN1 15 (NA)

RFS and CSS

0S, overall survival; CSS, cancer-specific survival; RFS, recurrence-free survival; LND, lymph node dissection; NA, not available; CSM,

cancer-specific mortality; ACM, all-cause mortality.

terms of study population (i.e., inclusion criteria, template
used, and number of nodes removed) and results that
sometimes were controversial. The most interesting ex-
amples were the analyses by Whitson et al. [24] and Sun
et al. [19] who tested the effect of LND in the same cohort
and reached opposite conclusions. Both researchers relied
on the Surveillance, Epidemiology, and End Results (SEER)
database, including patients diagnosed with RCC between
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1998 and 2008. Primary outcome was cancer-specific mor-
tality (CSM). The main difference between the two studies
was caused by the differences in the missing data man-
agement. The paper from Whitson et al. [24] relied on
multiple imputation to correct for missing information
regarding tumor grade [24]. Sun et al. [19] instead replied
to this methodology and tried out other two alternative
ways to manage missing data; namely, they excluded
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patients with missing data and included patients with
missing grade as a subgroup category defined “Gx”. As a
result, both studies reached a statistically significant pro-
tective effect of increased extent of LND when missing data
were handled with multiple imputation [19,24]. Whitson
et al. [24] showed hazard ratio (HR) of 0.8 (95% confidence
interval [CI]: 0.7—1.0; p=0.04). Similarly, Sun et al. [19]
reached almost identical results with HR of 0.82 (95% Cl:
0.68—0.99, p=0.04). However, such results were not
confirmed when missing data were censored (HR: 0.83, 95%
Cl: 0.66—1.05, p=0.100) or wused with a missing
indicator (HR: 0.82, 95% Cl: 0.68—1.01, p=0.05) [19].
Looking to 95% Cls, the benefit extent of LND may be as
great as a 34% reduction in CSM. Moreover, with the three
methodologies Cls almost completely overlap, suggesting a
possible benefit of more extended LND [25].

Marchioni et al. [17] also performed an analysis of the
SEER database focusing on patients diagnosed as pT2-3
after radical nephrectomy (2001—2013) [17]. In multivari-
able models, LND did not influence CSM. Similarly, the LND
extent did not decrease CSM (HR: 0.94; p=0.300) [17].
However, in patients with positive nodes more extended
LND exerted a protective effect on CSM (HR: 0.98,
p=0.007) [17]. Such results corroborated those of previous
studies on the same dataset [17,19,24].

Other analyses were conducted on population-based
registry; specifically Farber et al. [21] analyzed data
within the National Cancer Database. Their analyses failed
to show any significant improvement in OS in patients who
did versus those who did not undergo LND (median OS 34.7
vs. 34.9 months, p=0.980) [21]. Moreover, authors could
not find any OS benefit in those with clinically positive
lymph nodes undergoing LND (p=0.900) [21]. These results
were in line with those of single center and multicenter
studies that also found no survival advantage in patients
who had LND versus those who did not [16,20,22].

Taken together, these results suggested lack of a clinical
benefit of LND over no LND in patients with non-metastatic
RCC. On the other hand, some of the analyses also showed
that a more extended LND might exert a clinical meaningful
survival benefit in specific subgroups of patients [17,24].
These considerations could be corroborated by the results of
other studies. Wei et al. [23] evaluated the LND effect on a
total of 5532 pNOMO RCC patients. In multivariable models, a
less extensive LND defined as <2 nodes removed, showed a
detrimental effect on OS in pT3 patients (HR: 1.442,
p=0.0032) but not in pT1 and pT2 subgroups. Interestingly,
the beneficial effect of more extended LND was not confirmed
when CSM was evaluated [23]. Capitanio et al. [13] reported
similar findings in patients with pT4 tumors. In multivariable
models, the risk of dying from RCC decreased with 8% for each
lymph node removed. Another study from the same research
group also showed a survival benefit of more extended LND in
specific subgroups of patients. In multivariable models, the
number of nodes removed was associated with better prog-
nosis in pT2a-b and pT3c-4 RCC patients (HR: 0.91 and 0.89,
respectively; p=0.008 and p<0.001, respectively) [26].
Moreover, more extended LNDs were significantly associated
with a reduced CSM in patients with bulky tumors (size
>10 cm) and in those with sarcomatoid features [26]. How-
ever, it is noteworthy that almost 12% of the entire cohort
were patients with a M1 status [26]. In addition, Tilki et al.
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[27] evaluated oncological outcomes of patients undergoing
LND within the International Renal Cell Carcinoma-Venous
Thrombus Consortium and showed that presence of lymph
node metastasis, the number of positive nodes, and the
lymph nodes density were independently associated with
CSM. Interestingly, although the number of positive nodes
was a strong predictor of survival, the number of removed
nodes was not [27].

3.2. LND in metastatic RCC

Over the years, it has been hypothesized that LND might
result in a survival benefit in patients with metastatic RCC.
Several authors tested this hypothesis in different regis-
tries. Faiena et al. [28] evaluated the effect of LND at the
time of cytoreductive nephrectomy in patients with cN1
nodal status [28]. Authors reported a worse OS in patients
who underwent LND compared to those who did not (10.8
vs. 12.6 months, p<0.001), but this difference could be the
effect of case selection. However, even though the lymph
node yield was associated with a 3% increase of survival for
each node removed, LND was still not associated with a
better OS in cN1 patients in multivariable models [28]. In
addition, when limited and extended LND were compared,
no statistically significant differences were found in terms
of OS [28].

These findings corroborated those of Feuerstein et al.
[29] who performed a similar analysis in a cohort of 258
patients who underwent cytoreductive nephrectomy.
Sixty-nine percent of the patients in this cohort under-
went a LND, and positive nodes were found in 33% of the
patients. No statistically significant differences were
found in terms of OS and the number of nodes resected
was no predictor of survival. These results were confirmed
by other studies that also could not show any therapeutic
benefit of LND at the time of cytoreductive nephrectomy
[30,31].

3.3. Salvage LND

The role of surgery for the treatment of RCC local recur-
rence is well established [32]. However, the role of LND in
patients with nodal only recurrences is more controver-
sial. Salvage LND was investigated in two studies among
those included in our research [33,34]. Barboza et al. [33]
evaluated the outcomes of salvage LND in 19 patients
treated between 2011 and 2018. After salvage LND, 42.1%
of patients had no signs of disease at the last follow-up.
Among those who relapsed, 45.5% were subjected to
further resection of abdominal lesions. The 3- and 5-year
cancer-specific survival were 81.5% and 61.1%, respec-
tively [33]. Similar results were reported by Russell et al.
[34] who showed a median progression-free survival after
LND of 19.5 months, and 3- and 5-year progression-free
survival of 40.5% and 35.4%, respectively. Taken together,
these results suggested that salvage LND can be consid-
ered in RCC patients who presented with isolated nodal
recurrence. Selection of patients who could be candidate
to salvage LND might be based on the primary tumor his-
tology. Recent analyses showed more frequent nodal
metastases in papillary RCC than in clear cell RCC; thus
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LND in these patients might have the larger beneficial
effect [35]. Indeed, a recent analysis of the RECUR data-
base also showed that recurrence sites vary based on the
primary histology. Nodal recurrences were more frequent
for those who harbored papillary RCC. However, it is
worthy of note that nodal spread was not limited to
regional nodes, but extended also to mediastinal and
retroperitoneal nodes [36]. These results were corrobo-
rated by Rosiello et al. [37] that showed an increased risk
of lymph node involvement in those with a diagnosis of
papillary, sarcomatoid, and collecting duct histology
compared to clear cell RCC. The latter suggested a limited
effectiveness of regional LND in these patients.

3.4. Evidence from randomized clinical trials and
meta-analyses

The only randomized clinical trial investigating the role of
LND in RCC patients was sponsored by the European Or-
ganization for Research and Treatment of Cancer (EORTC)
Genitourinary Group (EORTC 30881) [11]. This trial
included 383 versus 389 patients randomly assigned to
radical nephrectomy with or without complete LND [11].
The final analysis showed no differences in terms of
complication rate between the two groups [11]. Among
those who underwent LND, more than 97% were node
negative. In addition, no significant differences were
found in terms of OS, time to progression of disease, or
progression-free survival between the two groups [11].
However, the main limitation of this study stood on the
low proportion of high-risk patients included (cT3 patients
represented approximately 30% of the entire cohort) and
subsequently the low number of patients with positive
nodes [11]. Instead, a subgroup analysis focused on cT3
patients showed a non-statistically significant 15% survival
advantage favoring LND versus no LND [38].

This potential survival advantage was not confirmed in
a recent subgroup analysis of the Adjuvant Sorafenib and
Sunitinib for Unfavorable Renal Carcinoma (ASSURE) trial
that enrolled high-risk RCC patients [39]. Within the
ASSURE trial, LND was performed in cN+ disease or at
surgeons’ discretion. In total, 36.1% of patients underwent
LND. There was no OS benefit for LND compared to no LND
(HR: 1.14, p=0.200) [39]. No difference in surgical
complication rates were found according to LND per-
formed [39].

A recent meta-analysis also investigated the possible
role of LND in different patients setting [40]. In the final
analysis, seven studies were included. Authors showed no
0OS benefit in patients with MO (HR: 1.02; 95% CI:
0.92—1.12), M1 (HR: 1.04, 95% Cl: 0.83—1.29), or MO-1
disease (HR: 1.00, 95% Cl: 0.92—1.09) [40]. The overall
quality of included studies was scored low. An evident
benefit was not found, even in those MO at highest risk [40].
However, a durable cancer-specific survival was highlighted
in pN1MO patients, corroborating the indication to perform
LND in presence of clearly detectable nodal metastases.
Authors also examined the importance of LND yields,
concluding that more extended LND does not provide a
survival benefit, but still extended LND represents the best
tool to correcting classify nodal status [40].
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These results, in the overall population, were corrobo-
rated by another meta-analysis by Luo et al. [14] who found
no survival benefit of LND in patients with pT1-4NxM0
(pooled HR: 0.93; 95%Cl: 0.78—1.11). However, when
locally advanced tumors only were considered, authors
found a survival advantage for LND patients (pooled HR:
0.73; 95% Cl: 0.60—0.90).

3.5. LND templates

As previously stated, the role of LND in RCC patients re-
mains controversial, with different studies showing nega-
tive, positive, or no effect, also based on baseline patients’
characteristics [41]. One of the most controversial aspects
regarding this subject is which template should be used, as
several different templates have been proposed.

Proposed LND templates are based on the evolving
knowledge about the lymphatic drainage of kidney. A
schematic and complete review of current understanding
about this complex system has been provided by Karmali
and colleagues [42]. The authors distinguished an anterior
and posterior efferent route that varies per kidney side. It
was noteworthy that these routes have numerous connec-
tions which can vary a lot. For the right kidney, the prin-
cipal nodes involved are the precaval, paracaval,
interaortocaval, and retrocaval nodes, while on the left
kidney, the involved nodes are the preaortic, paraaortic,
and retroaortic ones [42]. However, we should be aware
that retroperitoneal lymphatic system is an extensive
network extended between the first and the fifth lumbar
vertebrae with an intricate web of connections [42].

Crispen et al. [43] also evaluated location of lymph node
metastases based on the side of primary tumor. Authors
showed that 45% of patients with retroperitoneal nodal
metastases had no involvement at perihilar lymph nodes.
Moreover, authors also showed that about 20% of right-
sided tumors spread to paraaortic nodes, while 7% of left-
sided tumors spread to paracaval nodes. However, all
these patients had involvement of paracaval (for right side
tumors) or paraaortic nodes (for left side tumors) [43].

Based on anatomical knowledge about kidney lymphatic
drainage, several templates have been developed. Previ-
ously proposed templates were resumed in Fig. 1. On this
regard, Campi et al. [41] proposed a comprehensive review
of the available literature on the topic, pointing out the
relatively low quality of the included studies, assessed ac-
cording to the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) guidelines. On the
right-sided tumors, usually hilar, paracaval, and precaval
nodes were more frequently retrieved. For the left-sided
tumors, hilar, pre-aortic, and para-aortic nodes were usu-
ally resected. In both sides, the cranio-caudal extension of
the LND is often limited to the diaphragm crus and the
aortic bifurcation [41]. However, more extended templates
have also been proposed [41]. More specifically, on right-
sided tumors also interaortocaval, retrocaval, common
iliac nodes, and even pre-aortic or paraaortic nodes were
included. Similarly, for left-sided tumors, some authors also
reported such extended LND template, although at a lower
frequency [41]. Suggested templates were resumed in
Fig. 1.
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Inferior vena cava Abdominal aorta

Right suprarenal gland L < : ' [ - Left suprarenal gland
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Figure 1 Schematic representation of mainly used lymph node dissection templates. (A) Schematic representation of main
kidney lymphatic drainage. In blue are the most common lymphatic stations involved in standard lymph node dissection for the
right (B) and left kidney (C). In yellow are lymphatic stations involved in extended lymph node dissection for the right (B) and left
(C) kidney.
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3.6. Patient selection

Patients’ selection for LND at the time of surgery remains a
cornerstone when planning renal surgery. Indeed, a recent
review of the literature by Capitanio and Leibovich [9]
showed that lymph node invasion rates might varies from 4%
to 40% based on different series. However, it is of note that
LND indication and extension were non-standardized in
most of the cases in these studies [9]. As we already dis-
cussed, the importance of LND templates remains crucial.
Alongside with the correct template, it is fundamental to
choose the best candidate to LND. Current European Asso-
ciation of Urology guidelines limit recommendation for LND
to patients with clinical suspicious lymph nodes [10], but
such definition might underestimate the real need for LND
and limit its role in diagnosis.

Results from ASSURE trials did not show a survival
advantage of LND versus no LND in patients at highest risk
[39]. However, the definition of high risk in the trial was
based only on clinical characteristics. Indeed, the study
included patients with pT1b high grade (G3-G4) tumors
that could be fully resected. Nodal status could be either
cNO or N+ [44]. More recent analyses have shown that the
probability to have nodal invasion is also based on the
primary histology of resected tumors, and that the prev-
alence of nodal metastases is higher in papillary renal
cancer [36]. Instead, in the ASSURE trial only 7%—8% of
patients harbored a papillary tumor, while up to 80% were
diagnosed with a clear cell RCC [39].

Several nomograms have been developed to warrant the
best candidate selection for LND. Li et al. [45] proposed a
nomogram including clinical nodal and tumor stage, pre-
operative symptoms, age at surgery, and lymphocyte
percent. Their nomogram showed a good accuracy
(C-index: 0.824). Similarly, Hutterer et al. [46] proposed a
nomogram including age at diagnosis, preoperative symp-
toms, and tumor size. The nomogram was externally vali-
dated and showed also fair accuracy (area under the curve:
78.4%) [46]. Another nomogram has been proposed by
Babaian et al. [47], which included performance status,
clinical nodal stage, preoperative symptoms, and lactate
dehydrogenase blood levels. Authors reported a good ac-
curacy too (C-index: 0.89). Differently from previously
cited authors, Capitanio et al. [48] also included patients
with metastases while developing their nomogram. In their
model, authors also included the clinical tumor and nodal
stage as well as the tumor size along to metastatic status.
They reported also a fair accuracy (area under the curve:
86.9%). At the time of LND planning, one of the most
important predictor of node metastases is the clinical nodal
status at imaging. Gershman et al. [49] showed that the
most important predictors of pN1 disease were the
maximum node short axis diameter and radiographic peri-
nephric and/or sinus fat invasion in multivariable models,
after having taken into account several clinical features.
Taking together, these results suggest the importance of
preoperative imaging when LND must be planned.

That said, the number of patients treated with LND who
did not show lymph node metastases is still too high. The
use of new biomarkers might be helpful to further improve
the selection process. As shown in previous analyses, the
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use of molecular markers might improve lymph node inva-
sion detection, even if only minimal LND is performed
based on specific clinical, pathological, and molecular
profile [50,51]. For instance, Kroeger et al. [50] showed in a
retrospective analysis, which included 502 localized RCC
patients with or without lymphatic spreading, that low
carbonic anhydrase IX and high epithelial vascular endo-
thelial growth factor receptor 2 protein expression were
associated with higher risk of lymphatic spread. Conversely,
loss of chromosome 3p was associated with a lower risk.
Such associations remained statistically significant even
after adjustment for important clinical covariates namely,
stage, smoking history, tumor grade, and performance
status [50]. The use of integrated models might improve the
accuracy of currently available tools in order to detect
preoperatively patients at highest risk who might benefit of
LND or more extensive follow-up.

More recently other tissue, plasmatic, and urinary bio-
markers have been studied to better stratify patients at
highest risk of recurrence after RCC surgery [52]. In this
field, the use of micro-RNA (miRNA) has shown an inter-
esting and promising area of research that could be
implemented in routine clinical practice introducing prog-
nostic models which encompass also miRNAs expression
[53,54]. The miRNAs are endogenous non-coding small RNAs
playing as gene regulators. The miRNAs could be detected
in tissue specimen (from the final pathology or biopsies)
and in body fluids (such as blood and urine) [54]. A growing
body of literature results have shown an association be-
tween specific miRNAs expression and tumor stage [55].
Modern techniques allow miRNAs identification in body
fluids, which are easier to collect than a tumor specimen,
with higher repeatability than tissue miRNAs [55]. In the
next future, a specific miRNAs signature could be useful to
identify patients at highest risk of nodal metastases or
nodal progression. In these patients, as suggested above,
LND could be more beneficial or allow a more accurate
staging, resulting in a positive net benefit derived from the
procedure. To the best of our knowledge, no study
exploring specifically the association between miRNAs
expression and nodal status has been published. Indeed,
this is an unexplored field, and more efforts are needed to
improve our knowledge and to standardize procedures in
order to obtain reliable results [56].

4. Discussion

Literature results strongly suggested not to perform LND in
the majority of RCC patients since association with a clin-
ical benefit is far from proven [11]. In addition, even in
metastatic patients, the percentage of patients with posi-
tive nodes remains below 50% [29]. Studies showed that the
prevalence of lymph node invasion could drop to 6.1% when
considering all stages, and only about 4% of patients might
experience progression of such lymph node progression. In
this light, patient selection becomes fundamental to
reduce possible harm and improve the quality of care.
Although LND is not recommended for most RCC pa-
tients, some patients, generally with clinical positive
nodes, are those who might benefit from LND [26]. Unfor-
tunately, few evidence-based recommendations could be
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given to the extent of LND and node vyield. It might sug-
gested that LND should be extended in order to improve its
diagnostic accuracy and to provide important clinical in-
formation, which should be reserved to patients at high risk
of nodal metastases [48]. Larger tumors, over 7 cm, are at
higher risk of lymph node invasion, as previously demon-
strated by Dell’Oglio et al. [57]. Authors concluded that
LND should not be dismissed in these groups of patients.
However, it should be noted that the prevalence of positive
nodes was still low (2.2%) [57]. Capitanio et al. [48] showed
that a model including clinical tumor stage, clinical nodal
status, the presence of metastasis, and clinical tumor size
could safely predict the presence of lymph node metastases
with an overall accuracy of about 87%.

However, decreasing rate of LND performance over time
has been shown [58,59]. Such decrease could be related to
two important aspects highlighted in the current review of
the literature, namely high heterogeneity regarding LND
templates and uncertain beneficial effect of LND on sur-
vival [16,30]. A recent analysis showed a gradual decline in
LND performed since the 1990s. This decrease was quanti-
fied as 21.5% per year from 2008 to 2011 [58]. Similar results
have been shown within the SEER registry [59]. Kates et al.
[59] reported a gradual decline in LND beginning in 1988
with acceleration after 1997. In the European series, the
period between 1998 and 2005 was characterized by the
lowest LND rates. Overall the decline was quantified as of
63% among localized tumors. More specifically, within the
SEER database the proportion of LNDs declined in pT2 pa-
tients, but remained stable in the pT3 patients who un-
derwent radical nephrectomy between 2001 and 2013 [17].

Reasons for the observed reduction in the number of
LNDs performed could be various. Alongside with the lack of
survival advantage [17,58], the spread of minimally invasive
procedures [60] might also have played a role. Indeed,
patients who underwent open surgery have almost twice
the probability to undergo concomitant LND (odds ratio for
LND performance in open vs. minimally invasive surgery:
1.75, p<0.0001) [58]. Moreover, nephron sparing surgery
has become more popular over the years, even for larger
renal masses [61—64]. The use of partial nephrectomy is
also associated with lower LND rates. More specifically, LND
are performed five times more frequent in patients who
undergo radical nephrectomy than in patients in which a
partial nephrectomy is performed [58].

Summarizing, LND is performed much more rarely than
in the past, probably due to the absence of an evident
survival benefit. Lack of evidence strongly supporting LND
performance limits its role at the time of nephrectomy
during daily clinical practice. However, it still represents
the best staging approach in high-risk RCC patients.
Therefore, we could assist to a decline in staging quality.
Consequently, we might misdiagnose patients at high-risk
as low-risk. These patients, who might be candidate for
clinical trials on adjuvant systemic therapies [65], might
lose a treatment opportunity. It is worthy of note that
previous studies highlighted a correlation between number
of nodes removed and the percentage of nodal involvement
in addition to an higher staging accuracy when more
extended LNDs were performed [15]. On the other hand,
other researches showed a survival benefit in node positive
patients who underwent more extended LND [17].
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However, the median number of nodes removed at the time
of LND was generally lower than desirable in several series
[17,39]. Taking together, available evidence suggests sub-
optimal LND quality. Further improvement might derive
from the use of novel technologies in the field of sentinel
nodes, novel minimally invasive approaches, or augmented
reality [66,67]. As we have seen in other application of
renal surgery, such as minimally invasive approaches or
augmented reality [68,69], new technological improvement
might improve the accuracy of nodal staging and confer a
clinical benefit. To the best of our knowledge, no large
cohort study investigating the use of such technologies for
LND in RCC patients has been reported, although robotic
retroperitoneal LND has been performed for large complex
renal masses allowing to retrieve more than 30 nodes [70].
Similarly, robotic retroperitoneal LND has been performed
for other malignancies, such as testicular cancer, with good
results in terms of number of nodes removed [71], proving
the feasibility and efficacy of this approach.

In conclusion, LND could not be recommended at the
time of nephrectomy in absence of high-risk nodal metas-
tases to date.

Future studies should focus on the possible impact of new
predictive tools and surgical techniques, which might allow a
better patient stratification and a more extensive LND as it
has been reported for other aspects of kidney surgery
[72—74]. On the other hand, patients should be carefully
consulted about the risk of nodal metastases and on the op-
portunity to perform a surgery that might not have any effect
on survival. Previous studies have already shown the impor-
tance of patients’ prospective and patients’ selectionin order
to improve treatment adherence and outcomes [75,76].

Our review is not devoid of limitations, firstly because of
its narrative nature. We did not provide any quantitative
synthesis of collected data. Moreover, our non-systematic
literature review relied only on one dataset and only En-
glish language studies were collected. It might be possible
that the current review represents a partial and biased
view of currently available evidence on this topic because
of its non-systematic nature.

5. Conclusion

LND at the time of radical nephrectomy does not result any
survival advantage in most RCC cases. Its role should be
limited to patients presenting with suspected lymph nodes.
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