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A B S T R A C T

Purpose: To determine whether the extent or number of lymph nodes (LNs) is important in muscle-invasive
bladder cancer and high-risk non-muscle-invasive bladder cancer patients’ oncologic outcomes.
Methods: A total of 448 patients who underwent radical cystectomy with lymphadenectomy of standard, ex-
tended, and super-extended template were included. Exclusion criteria were neoadjuvant chemotherapy and
limited lymphadenectomy. Disease-free survival (DFS) including local recurrence and distant metastasis, cancer-
specific survival (CSS), and overall survival (OS) were estimated using the Kaplan-Meier method. Cox hazard
regression was applied to analyze risk factors.
Results: Standard (n= 124), extended (n=216), and super-extended group (n=108) did not show significant
differences in the estimated 5-year DFS, CSS and OS rates. On multivariate analysis, the number of removed LNs
was a significant factor for distant metastasis-free (hazard ratio [HR] 0.981, p= 0.0222), CSS (HR 0.980,
p= 0.0021) and OS (HR 0.984, p=0.0032). However, the template was not significant in distant metastasis-
free survival, CSS and OS. On Kaplan-Meier curve, the number of removed LN showed significant differences in
DFS, CSS, and OS. In the subgroup of positive LNs, number of removed LNs was associated with favorable DFS
(HR=0.969, p= 0.0115), CSS (HR=0.967, p=0.0068) and OS (HR=0.971, p= 0.0028).
Conclusion: The number of removed LNs was a more important factor for CSS and OS than the extent of lym-
phadenectomy. Meticulous and extended LN dissection can be helpful in controlling recurrence, and its survival
benefit might be maximized in cases with positive LN. Meanwhile, the survival benefit of super-extended
lymphadenectomy was limited for this patient population.

1. Introduction

Bladder cancer is the ninth most common malignancy worldwide,
with an incidence of approximately 429,793 in 2012 [1]. Bilateral
pelvic lymphadenectomy is currently the standard treatment modality
in cases indicated for radical cystectomy [2]. Recent guidelines re-
commend extended lymphadenectomy, i.e., the removal of the bilateral
common iliac, external iliac, internal iliac, and obturator lymph nodes
(LNs) [2]. The incidence of regional LN metastasis during radical cy-
stectomy for bladder cancer as defined according to the stage of pri-
mary tumor, number of LNs retrieved, and extent of lymphadenectomy
is between 13% and 30% [3]. The use of computerized tomography or
positron emission tomography for staging is limited by its low sensi-
tivity to detect LN metastasis [4,5]. Because regional LN metastasis is
associated with an increased risk of recurrence and disease-specific

death, lymphadenectomy plays a crucial role in accurate staging and
identifying patients who may benefit from adjuvant treatment [6].
Moreover, more extensive lymphadenectomy and higher number of
removed LNs were associated with improved staging accuracy [7,8].

In the present study, we aimed to determine LN-associated factors
for predicting oncologic outcomes. We compared the clinical outcomes
among three lymphadenectomy templates in patients with muscle-in-
vasive bladder cancer and high-risk non-muscle-invasive bladder cancer
to determine whether the extent or volume of LN plays an important
role in patient outcomes.

https://doi.org/10.1016/j.suronc.2019.06.008
Received 20 March 2019; Received in revised form 31 May 2019; Accepted 27 June 2019

∗ Corresponding author.
E-mail address: cskim@amc.seoul.kr (C.-S. Kim).

Surgical Oncology 30 (2019) 109–116

0960-7404/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/09607404
https://www.elsevier.com/locate/suronc
https://doi.org/10.1016/j.suronc.2019.06.008
https://doi.org/10.1016/j.suronc.2019.06.008
mailto:cskim@amc.seoul.kr
https://doi.org/10.1016/j.suronc.2019.06.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.suronc.2019.06.008&domain=pdf


2. Materials and methods

2.1. Patient selection

The study protocol was approved by the Institutional Review Board
of the Asan Medical Center (2016–0103). The need for informed con-
sent was waived owing to the retrospective nature of the study.
Between January 2006 and August 2014, 502 patients underwent ra-
dical cystectomy with bilateral retroperitoneal/pelvic lymphade-
nectomy for bladder cancer at our institution. Fifty-four patients who
had received neoadjuvant chemotherapy or underwent limited lym-
phadenectomy were excluded. The medical records of the 448 re-
maining patients were reviewed, and information on their demographic
characteristics and perioperative variables was obtained. According to
the extent of lymphadenectomy, 124 patients were designated in the
standard group, 216 in the extended group, and 108 in the super-ex-
tended group.

2.2. Surgical treatment and pathologic evaluation

Urinary diversions, including ileal conduit diversions and ortho-
topic bladder substitutions, were performed after radical cystectomy
and bilateral retroperitoneal/pelvic lymphadenectomy. The operations
were performed by 3 surgeons that had average annual surgeon volume
of 18.6 cases during 10 years. The extent of lymphadenectomy was
determined according to the surgeon's discretion and according to
current trend. The boundaries of standard lymphadenectomy include
bifurcation of the common iliac vessels cranially, the genitofemoral
nerve laterally, the circumflex iliac vein and Cloquet's node caudally,
the obturator fossa with full exposure of the intrapelvic course of the
obturator nerve (Marcille's triangle) and the internal iliac vessels pos-
teriorly, and the bladder medially. In level 1, individual LN packets
include the external iliac, obturator, and internal iliac nodes. The
boundaries of extended lymphadenectomy extended up to the crossing
of the ureters with common iliac arteries or bifurcation of the inferior
vena cava/aorta. In level 2, additional LN packets include the common
iliac and/or presacral. The boundaries of super-extended lymphade-
nectomy are extended up to the inferior mesenteric artery cranially. In
level 3, additional LN packets include the paracaval, inter-aortocaval,
and para-aortic nodes. All nodal tissue removed from each packet was
submitted separately and identified visually and via manual palpation
without fat-clearing solution. The cystectomy specimens were pro-
cessed according to standard pathology procedures, and pathology
slides were reviewed by our expert genitourinary pathologists. The
cystectomy specimens were pathologically staged and graded according
to the 2009 American Joint Committee on Cancer TNM staging and
1973 WHO grading systems. LNs were examined for the total number of
LNs, the number of positive LNs, and the site of positive LNs. Skip
metastasis was defined as LN metastasis at level 2 or 3 without level 1
[9].

2.3. Follow-up strategy

Following radical cystectomy, patients were generally followed up
every 3 months during the first year, every 6 months during years 2–6,
and annually thereafter. Follow-up consisted of history-taking; physical
examination; blood laboratory investigations; and urine sedimentation,
culture, and cytology. Follow-up imaging included chest X–ray, com-
puterized tomography, and bone scan at 6 and 12 months and annually
thereafter. Pelvic soft tissue or LN inferior to the aortic bifurcation was
defined as local recurrence, and all other sites were classified as distant
metastasis. Urothelial carcinoma that occurred in the upper urinary
tract or urethra was not considered as recurrence. The median duration
from the operation date to the last follow-up date was 41.6 months
(interquartile range [IQR]: 11.3–68.9 months).

2.4. Statistical analysis

Clinicopathologic characteristics were compared among the three
groups using the Chi-square test for categorical variables and the t-test
or Mann Whitney U test for continuous variables. The Shapiro-Wilk test
was used to check the assumption of normality. The baseline char-
acteristics of the patients and tumors were described as means ±
standard deviation with IQR or numbers with percentages. Disease-free
survival (DFS) was calculated as the time from radical cystectomy to the
first documented disease recurrence. Patients who were alive or who
died were censored at the date of last follow-up or death. DFS, cancer
specific survival (CSS), and overall survival (OS) were estimated using
Kaplan-Meier methods with log-rank tests according to established
cutoff number of removed LNs. Harrell's concordance index (C index)
was used to evaluate the discrimination of the survival analysis [10]. A
C index of 1.0 implies perfect predictive accuracy while a C index of 0.5
represents agreement due to chance. A Cox proportional hazards re-
gression model was used to estimate the prognostic significance of each
variable. All statistical analyses were performed using IBM SPSS Sta-
tistics Version 21 (IBM Corporation, Somers, NY, USA) and R version
3.4.3 (R Project for Statistical Computing; http://www.r-project.org/).
The R package “maxstat” was used to determine the cut-off value that
resulted in maximal separation of Kaplan-Meier curves when stratified
by the variables of interest [11]. All statistical tests were 2-tailed, with
p < 0.05 considered significant.

3. Results

The clinicopathological characteristics according to the templates
are presented in Table 1. There were no differences in age, sex, clinical
and pathologic T stage, clinical LN positive, histologic variants, lym-
phovascular invasion and soft tissue margin status (all, p > 0.05).
Charlson comorbidity index of ≥2 was related to a larger ratio in the
standard group than in the others (both, p < 0.05). As time went on,
the ratio of standard template decreased in comparison to the extended
template (p=0.003), but the ratio of super-extended template in-
creased in comparison to the standard (p < 0.001). The median
number of LNs removed in the standard, extended, and super-extended
group was 14, 25, and 41, respectively (p < 0.001). Overall, 18.5% of
patients in the standard group, 30.1% in the extended group, and
26.9% in the super-extended group had LN metastasis. A total of 11.6%
of patients in extended group had level 2, and only one case of skip
metastasis was noted. Meanwhile, 25.0% of patients in the super-ex-
tended group had level 2 and 3, and 3 cases of skip metastasis were
noted.

At the time of analysis, 168 (37.5%) patients had disease recur-
rence, 144 (32.1%) patients had died from bladder cancer, and 214
(57.8%) patients had died from other cause. In Fig. 1, the estimated 5-
year DFS rates were 57.7%, 63.8%, and 58.0% for the standard, ex-
tended, and super-extended group, respectively (p= 0.516). Mean-
while, the estimated 5-year CSS rates were 67.6%, 66.7%, and 68.3%
for the standard, extended, and super-extended group, respectively
(p= 0.979). The estimated 5-year OS rates were 59.3%, 57.5%, and
55.5% for the standard, extended, and super-extended group, respec-
tively (p= 0.803). On multivariate analysis (Table 2), template and
number of removed LNs were not significant risk factors for local re-
currence-free survival. However, the number of removed LNs (hazard
ratio [HR]= 0.981, 95% confidence interval [CI]: 0.965–0.997,
p=0.0222) was a risk factor for distant metastasis-free survival. The
number of removed LNs was associated with CSS (HR=0.980, 95% CI:
0.967–0.993, p= 0.0021) and OS (HR=0.984, 95% CI: 0.974–0.995,
p=0.0032). Contrastively, template was not a significant determinant
of distant metastasis-free survival, CSS and OS.

On the Kaplan-Meier curve (Fig. 2),> 26 removed LNs showed
better DFS compared to ≤26 removed LNs (p=0.0159). In addi-
tion,> 26 removed LNs displayed superior CSS (p=0.0030) and>27
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Table 1
Clinicopathological characteristics according to templates.

Standard (N=124) Extended (N=216) Super-extended (N=108) P value

Extended vs
Standard

Super-extended vs
Standard

Age (years), Mean ± SD (median,
IQR)

63.4 ± 10.4 (66.0,
56.0–71.0)

63.9 ± 9.5 (65.0,
56.0–71.5)

63.6 ± 9.9 (65.5,
59.0–70.5)

0.649 0.879

Male gender 103 (83.1%) 191 (88.4%) 89 (82.4%) 0.220 1.000
Charlson comorbidity index 0.015 0.043
0 82 (66.1%) 162 (75.0%) 77 (71.3%)
1 21 (16.9%) 39 (18.1%) 24 (22.22%)
≥2 21 (16.9%) 15 (6.9%) 7 (6.5%)

Clinical T stage 0.865 0.168
≤2 72 (58.1%) 122 (56.5%) 52 (48.1%)
≥3 52 (41.9%) 94 (43.5%) 56 (51.9%)

Clinical LN positive 9 (7.3%) 27 (12.5%) 17 (15.7%) 0.192 0.070
Year of operation 0.003 <0.001
2006–2008 62 (50.0%) 83 (38.4%) 7 (6.5%)
2009–2011 46 (37.1%) 71 (32.9%) 68 (63.0%)
2012–2014 16 (12.9%) 62 (28.7%) 33 (30.6%)

Pathologic T stage 1.000 0.173
≤2 65 (52.4%) 114 (52.8%) 46 (42.6%)
≥3 59 (47.6%) 102 (47.2%) 62 (57.4%)

Pathology 0.012 0.237
UC 119 (96.0%) 216 (100.0%) 107 (99.1%)
Adenocarcinoma 2 (1.6%) 0 (0.0%) 1 (0.9%)
Squamous cell carcinoma 3 (2.4%) 0 (0.0%) 0 (0.0%)

Histologic variants in UC 17 (14.3%) 39 (18.1%) 25 (23.4%) 0.375 0.091
High grade 97 (78.2%) 197 (91.2%) 99 (91.7%) 0.001 0.008
Lymphovascular invasion 47 (38.2%) 101 (46.8%) 54 (50.0%) 0.158 0.095
Removed LN, Mean ± SD (median,

IQR)
14.5 ± 7.6 (14.0,
9.0–20.0)

25.3 ± 11.4 (25.0,
16.0–32.0)

42.5 ± 15.7 (41.0,
30.5–52.5)

<0.001 <0.001

Positive LN, Mean ± SD (median,
IQR)

0.7 ± 2.2 (2.0, 1.0–4.5) 1.3 ± 3.0 (3.0, 2.0–6.0) 3.7 ± 11.1 (5.0, 2.0–20.0) 0.029 0.006

Anatomical level of positive LN
Level 1 23 (18.5%) 64 (29.6%) 26 (24.1%)
Level 2 0 (0.0%) 25 (11.6%) 13 (12.0%)
Level 3 0 (0.0%) 0 (0.0%) 14 (13.0%)

Soft tissue margin status 1 (0.8%) 3 (1.4%) 0 (0.0%) 1.000 1.000
Adjuvant chemotherapy 23 (18.9%) 65 (30.4%) 32 (29.6%) 0.029 0.079
Recurrence 49 (39.5%) 75 (34.7%) 44 (40.7%) 0.443 0.956
Local recurrence 14 (11.3%) 23 (10.6%) 6 (5.6%)
Distant metastasis 32 (25.8%) 47 (21.8%) 34 (31.5%)
Both 3 (2.4%) 5 (2.3%) 4 (3.7%)

Cancer specific death 42 (33.9%) 67 (31.0%) 35 (32.4%) 0.673 0.923
Overall death 62 (50.0%) 98 (45.4%) 54 (50.0%) 0.477 1.000

IQR, interquartile range; SD, standard deviation; LN, lymph node; UC urothelial carcinoma.

Fig. 1. Kaplan-Meier curves for survivals according to the template. (A) Disease-free survival (B) Cancer-specific survival. (C) Overall survival.
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removed LNs showed better OS (p=0.0087). The C indices for each
cutoff value of removed LNs with pathologic TN stage were 0.7165
(> 26 for DFS), 0.7297 (> 26 for CSS), and 0.7240 (> 27 for OS).

In the subgroup of patients with positive LNs (Table 3), the number
of removed LNs (HR=0.969, 95% CI: 0.946–0.993, p=0.0115) was
associated with favorable DFS, while template (super-extended vs
standard; HR=4.083, 95% CI: 1.505–11.076, p=0.0057) was asso-
ciated with poor DFS. The number of removed LNs was associated with
CSS (HR=0.967, 95% CI: 0.944–0.991, p=0.0068) and OS
(HR=0.971, 95% CI: 0.953–0.990, p= 0.0028). In the subgroup of
patients with no positive LNs (Table 3), template and the number of
removed LNs did not show significant impact on DFS, CSS, and OS.

4. Discussion

Since a possible curative role of pelvic lymphadenectomy was first
reported in 1982 [12], the therapeutic value of lymphadenectomy in
bladder cancer remains a topic of debate. Despite the large consensus
supporting more extensive lymphadenectomy to achieve an accurate
lymph node staging, the level of survival benefit from extensive lym-
phadenectomy and the optimal extent of lymphadenectomy remain
controversial [13]. This lack of consensus is mainly due to a lack of
prospective randomized studies. We hypothesized that super-extended
lymphadenectomy may show better oncologic outcomes than standard
lymphadenectomy because super-extended lymphadenectomy could

cover a wide range of malignant area, thus covering LN metastasis.
Contrary to our hypothesis, super-extended or extended lymphade-
nectomy did not make significant impact on local recurrence, distant
metastasis, CSS, and OS compared to standard lymphadenectomy. We
found that a high number of removed LNs could be associated with low
HR for CSS and OS. We investigated local recurrence and distant me-
tastasis among the total cases of recurrence and found that the sig-
nificantly long DFS might have resulted from the decreased HR of
distant metastasis in the multivariate analysis. The number of removed
LNs was a significant risk factor for recurrence in the subgroup of pa-
tients with positive LN metastasis, but not in those with negative LN
metastasis. This means that the removal of several LNs can help phy-
sicians to determine hidden positive LNs as well as to accurately di-
agnose patients, and consequentially may improve oncologic outcomes.
Previous studies also showed that greater number of removed LNs was
associated with more favorable outcomes [14].

There are several possible explanations for the oncological useful-
ness of removal of several LNs. First, accurate stage may induce the Will
Rogers effect, that is, real N0 patients could show better oncologic
outcomes than patients with hidden LN metastasis [15]. Second, me-
ticulous removal of several LNs may have a therapeutic role by re-
moving pathologically detectable and undetectable micrometastasis.
Third, most patients with positive LNs receive adjuvant chemotherapy.
In our subgroup of patients with positive LN metastasis, adjuvant che-
motherapy significantly recued the risk for OS (HR=0.683), which

Fig. 1. (continued)

Fig. 1. (continued)
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may result in better survival of patients in whom several LNs are re-
moved. Fourth, patients who had more LNs in the same template may
have a more robust immune system [16]. On the contrary, mortality
differences associated with differing LN counts could be attributed to
differences in competing mortality [17]. Healthier patients could have a
higher probability of receiving a more extensive LN dissection.

Only few studies compared the outcomes between the number of
removed LNs and extent of lymphadenectomy. Simone et al. [7] com-
pared two prospective series composed of extended and standard
templates. On their multivariate analysis, the template was a more
important factor for DFS and CSS than the number of removed LNs.
They concluded that extended lymphadenectomy should be carried out
instead of the standard template. Brunocilla et al. [18] retrospectively
evaluated 282 patients who either underwent no lymphadenectomy,
extended lymphadenectomy, or super-extended lymphadenectomy. On
their multivariate analysis, extended or super-extended lymphade-
nectomy and number of positive LNs were significant factors for CSS.
They suggested that in terms of number of removed LNs and template of
dissection, extended lymphadenectomy could be associated with better
CSS. Both these studies suggest an extended template rather than the
standard template in radical cystectomy. Although our results did not
show significance in the Cox model, we do not oppose their findings.
The greater number of removed LN in only the standard template was
not associated with favorable survival [19]. The proper set-up of the
extent of LN dissection is important to obtain proper number of re-
moved LN [20]. Since the cutoff values that we calculated in the Ka-
plan-Meier curves were at least more than 26, extended lymphade-
nectomy is needed to reach the cutoff value. Our question is about the
usefulness of super-extended lymphadenectomy. There were total 4
cases of skip LN metastasis, but there was only one case without level 2
LN metastasis or clinical LN metastasis. Zehnder et al. [21] reported
that meticulous extended lymphadenectomy showed oncologic out-
comes similar to super-extended lymphadenectomy. In addition, LN
mapping researches displayed a few cases in level 3, and there was very
few skip LN metastasis [22,23].

The present study has some limitations. First, our findings are
subject to the inherent biases due to the nonrandomized nature of the
study. A statistically significant difference was observed for the
Charlson comorbidity index. Though, not statistically significant, there
was a trend towards clinical positive LN in super-extended group
(p= 0.07). Gschwend et al. [24] reported the result of the first ran-
domized surgical phase-3 trial. Extended lymphadenectomy did not
show significant improvement in DFS, CSS, and OS. In addition, SWOG
S1011 trial will answer this question in approximately 2022 year.
Second, different pathological compositions and high-grade tumor
characteristics among the templates may lead to selection bias. How-
ever, non-urothelial carcinomas of bladder are rare, and lymphade-
nectomy is also recommended in non-urothelial carcinomas [2,25]. The
reverse result of high-grade tumor in the DFS of the positive LN cohort
(Table 3) was because most of the positive LN cohort had high-grade
tumors. In addition, different surgeon volume by surgeon and different
temporal trend by period could also cause selection bias. The propor-
tion of positive LN was higher in patients who underwent more ex-
tensive lymphadenectomy, which might be related to the higher rate of
clinical positive LN and higher detection rates. Third, treatment after
radical cystectomy including adjuvant therapy was not controlled.
Adjuvant therapy had a significant impact on survival; thus we adjusted
the variables of template and removed LN by adjuvant therapy. The
number of removed LN showed still significant results in positive LN
cohort (Table 3). Our study has the advantage of being conducted in a
single institutional cohort with standardized pathologic work-up to
evaluate the impact of anatomically defined lymphadenectomy tem-
plates with regard to clinical outcome in patients undergoing radical
cystectomy for bladder cancer.
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Fig. 2. Kaplan-Meier curves for survivals according to the number of lymph nodes removed. (A) Disease-free survival (B) Cancer-specific survival. (C) Overall
survival.

Fig. 2. (continued)

Fig. 2. (continued)
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5. Conclusion

In patients who underwent radical cystectomy with lymphade-
nectomy, the number of removed LN was a more important factor for
CSS and OS than the extent of lymphadenectomy. Meticulous and
massive LN dissection could be helpful in controlling recurrence, and its
beneficial effect on survival might be maximized in cases with positive
LN. The survival benefit of super-extended lymphadenectomy in these
patients was limited, and large and comparative trials are needed.
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