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when compared to those who did not undergo LND. These observa-
tions are not consistent with the study of Chan et al41 who conducted 
a similar meta-analysis on UTUC patients who underwent LND dur-
ing nephroureterectomy. The authors noted no prognostic role of 
LND on RFS, OS, or CSS as well as complications. However, they noted 

a potential benefit of LND on RFS in UTUC patients with muscle-inva-
sive and advanced disease. This difference in our findings could be 
related to the difference in the included sample size since Chan et al41 
included only 11 studies in their quantitative analysis compared to 
the 33 studies in our search. Additionally, in contrast to their study 

Figure 7.  A forest plot showing the odds of overall survival between negative lymph node and positive lymph node groups stratified by 
follow-up. pN0, negative lymph node; pN+, positive lymph node.

Figure 8.  A forest plot showing the odds of disease-free survival between negative lymph node and positive lymph node groups stratified by 
follow-up. pN0, negative lymph node; pN+, positive lymph node.
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our analyses have no-to-minimal heterogeneity, compared to theirs 
(I2 > 50%). Of note, in 2017, the European Association of Urology 
published a systematic review on the potential benefit of LND during 
radical nephroureterectomy for UTUC.42 Similar to the study of Chan 
et al,41 they observed no significant role of LND on survival in terms 
of OS, CSS, RFS, and metastatic-free survival. Again, their analysis was 
based only on 9 studies, all of which had a high risk of bias, further 
limiting the applicability of their results when compared to ours. 

The impact of the extent of LND on the prognosis of UTUC has been 
minimally investigated and reported in the literature, and individual 
studies could not draw solid conclusions.12-14,19 Our meta-analysis 
reports similar findings of no prognostic role of complete LND when 
compared to incomplete dissection regarding CSS and RFS. However, 
our study highlights that complete LND can significantly lower the 
risk of cancer-specific mortality with no effect on disease recurrence. 
These findings are of high-to-moderate certainty (based on cohort 
studies) due to the lack of statistical heterogeneity, the inclusion of 
sufficient number of studies, and the standardized criteria for com-
plete “dissection of all regional sites” and incomplete dissection 
where “not all sites were dissected.”

The nodal status of resected lymph nodes has shown to have great 
prognostic value. For instance, based on our analysis, pN0 patients 
have better 5-year OS. However, the statistical heterogeneity 
observed in this finding further limits its reliability. In contrast to this, 

pN+ patients have shown a significantly better prognosis in terms of 
DFS, RFS, and CSS (2, 5, and 10 year). This observation is novel and still 
warrants further confirmation by large-scale randomized controlled 
trials.

There are various methods to detect and manage sentinel LNs.43 
These include molecular lymphatic mapping, which has shown 
promise in accurately identifying sentinel LNs with the disease 
through a focused histopathological evaluation of the suspected 
nodes and, therefore, has resulted in improvements in the diag-
nosis of even micrometastases.44 Another method is PET scanning 
which provides functional rather than structural visualization of 
suspected LNs. Unlike conventional computed tomography and 
magnetic resonance imaging, PET is able to successfully identify the 
occurrence of metastasis even in normal-sized LN with high diag-
nostic accuracy (sensitivity = 92%, specificity = 91%).43 Additionally, 
molecular LN analysis could alter the diagnostic process for sentinel 
LNs. Its efficacy lies in its ability to detect cancer-enhanced tran-
scripts with very high sensitivity for detecting LN metastasis in solid 
tumors.45 That being said, it should be noted that these methods 
are implemented in bladder cancer, and their use in UTUC is yet to 
be established.

Study Limitations and Future Directions
Our study provides the greatest body of evidence regarding the 
prognostic role of LND in UTUC with special regard to the extent 

Figure 9.  A forest plot showing the odds of recurrence-free survival between negative lymph node and positive lymph node groups 
stratified by follow-up. pN0, negative lymph node; pN+, positive lymph node.
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of dissection and status of resected nodes. However, it has several 
limitations that further limit the reliability and generalizability of 
our findings. First, none of the included studies were randomized, 
making the certainty of our evidence low-to-very low. Second, in 
several analyses significant statistical heterogeneity was observed 
and this could correlate to the clinical heterogeneity of included 
populations as in the stage of UTUC. Thirdly, the quality of two-
thirds of included studies is poor while the remaining ones are of 
fair quality. Fourthly, we did not perfect a meta-analysis based on 
the number of resected nodes. The meta-analysis of Choo et  al46 
highlighted that the increase in the number of nodes was predic-
tive of improved CSS; however, an updated meta-analysis is needed 
in this regard since the previous review included only 6 studies. 
Finally, the site of UTUC could be of prognostic value in patients 
undergoing nephroureterectomy. For instance, a previous report 
has indicated that cancers at upper/middle ureter are associated 
with favored survival, while lower ureteral cancers have poor prog-
nosis.13 This was not addressed in our review, and thus, future stud-
ies should address this point.

Conclusion

In conclusion, lymph node dissection during nephroureterectomy 
among UTUC patients provides a protective role, when compared 
to no dissection, in terms of 5-year OS and 5-year and 10-year CSS. 
However, it is associated with higher risk of high-grade complica-
tions. Complete dissection is associated with lower risk of cancer-
specific mortality. The status of dissected nodes plays an additional 
significant prognostic role, where node-positive patients have better 
survival outcome when compared to node-negative patients.
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Supplementary Figure 1.  A forest plot showing the odds of cancer-specific survival between LND and non-LND groups stratified by 
follow-up.



Supplementary Figure 2.  A forest plot showing the odds of recurrence-free survival between LND and non-LND groups stratified by 
follow-up.



Supplementary Figure 3.  A forest plot showing the odds of disease-free survival between LND and non-LND groups stratified by follow-up.

Supplementary Figure 4.  A forest plot showing the odds of any complications between LND and non-LND groups stratified by follow-up.



Supplementary Figure 5.  A forest plot showing the odds of overall survival between LND and non-LND groups.

Supplementary Figure 6.  A forest plot showing the odds of recurrence between LND and non-LND groups. 

Supplementary Figure 7.  A forest plot showing the odds of reoperation between LND and non-LND groups. 



Supplementary Figure 8.  A forest plot showing the odds of cancer-specific survival between complete and incomplete LND stratified by 
follow-up.

Supplementary Figure 9.  A forest plot showing the odds of recurrence-free survival between complete and incomplete LND stratified by 
follow-up.



Supplementary Figure 10.  A forest plot showing the odds of recurrence between complete and incomplete LND. 



Supplementary Table 1.  The Detailed Search Strategy Modified Per Each Searched Database
Database No Search Query Results
PubMed [Date of search: Sept 11, 2022]

#1 “lymph node*” 289160
#2 excision OR removal OR dissection 1100020
#3 #1 AND #2 70371
#4 "Lymph Node Excision"[Mesh] OR Lymphadenectom* 61673
#5 #3 OR #4 87926
#6 “upper tract” OR “upper urinary tract” 10491
#7 “urothelial cancer” OR “urothelial carcinoma*” OR “urothelial neoplasm” OR “transitional 

cell carcinoma”
31164

#8 #6 AND #7 3789
#9 Nephroureterectomy OR "Neph​roure​terec​tomy"​[Mesh​] OR "Ureteral Neoplasms"[Mesh] 7376
#10 #8 OR #9 8820
#11 #5 AND #10 467

Scopus [Date of search: Sept 11, 2022]
#1 ALL (“lymph node*”) 741527
#2 ALL (excision) OR ALL (removal) OR ALL (dissection) 3345668
#3 #1 AND #2 178804
#4 ALL (Lymphadenectom*) 83002
#5 #3 OR #4 210445
#6 ALL (“upper tract”) OR ALL (“upper urinary tract”) 35246
#7 ALL (“urothelial cancer”) OR ALL (“urothelial carcinoma*”) OR ALL (“urothelial neoplasm”) 

OR ALL (“transitional cell carcinoma”)
104082

#8 #6 AND #7 13231
#9 ALL (Nephroureterectomy) 8817
#10 #8 OR #9 17378
#11 #5 AND #10 892

Web of Science [Date of search: Sept 11, 2022]
#1 ALL=“lymph node*” 232878
#2 ALL=excision OR ALL=removal OR ALL=dissection 1105211
#3 #1 AND #2 46563
#4 ALL=Lymphadenectom* 26167
#5 #3 OR #4 62639
#6 ALL=“upper tract” OR ALL=“upper urinary tract” 10673
#7 ALL=“urothelial cancer” OR ALL=“urothelial carcinoma*” OR ALL=“urothelial neoplasm” 

OR ALL=“transitional cell carcinoma”
32852

#8 #6 AND #7 4985
#9 ALL=Nephroureterectomy 3887
#10 #8 OR #9 6553
#11 #5 AND #10 498

CENTRAL [Date of search: Sept 11, 2022]
#1 “lymph node*” 10886
#2 excision OR removal OR dissection 38590
#3 #1 AND #2 4790
#4 Lymphadenectom* 1912
#5 #3 OR #4 5564
#6 “upper tract” OR “upper urinary tract” 575
#7 “urothelial cancer” OR “urothelial carcinoma*” OR “urothelial neoplasm” OR “transitional 

cell carcinoma”
1622

#8 #6 AND #7 193
#9 Nephroureterectomy 128
#10 #8 OR #9 219
#11 #5 AND #10 22

Google Scholar [Date of search: Sept 11, 2022]
With all of the words Lymph node Nephroureterectomy
With the exact phrase
With at least one of the words Excision dissection removal
Total Only the first 200 were retrieved and screened 200


