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ABSTRACT
Introduction: We assessed the extent of pelvic lymph node dissection (PLND) at partial cystectomy (PC) according to PC eligi-
bility (≤cT2 stage, tumor ≤ 3 cm and segmental resection possible) and tested its effect on cancer-specific mortality (CSM).
Methods: Within the SEER database (2004–2021), we identified PC patients undergoing PLND and tabulated the number of 
lymph nodes (LNs) removed according to PC eligibility. Multivariable Cox-regression models tested the effect of PLND extent on 
CSM after adjusting for age, sex, T stage, N stage, and chemotherapy.
Results: Of 1017 PC patients undergoing PLND, 197 (19.4%) were eligible vs. 820 (80.6%) ineligible according to PC eligibility cri-
teria. Median number of LNs removed at PLND was 6 (IQR: 3–11) in eligible versus 7 (IQR: 3–14) in ineligible patients (p = 0.09). 
Mean numbers of LNs removed at PLND increased over the study period, from 7 to 16 (p = 0.007) in PC-eligible and from 8 to 
13 (p = 0.001) in PC-ineligible patients. In 1017 patients regardless of PC eligibility, 5-year CSM-free survival rate was 65.6%, 
and PLND extent predicted lower CSM (multivariable hazard ratio [mHR]: 0.99, p = 0.036). In 197 PC-eligible patients, 5-year 
CSM-free survival rate was 84.2%, and the PLND extent was not associated with CSM (mHR: 0.96, p = 0.2). Conversely, in 820 
PC-ineligible patients, 5-year CSM-free survival rate was 61.1%, and PLND extent predicted lower CSM (mHR: 0.99, p = 0.043).
Conclusion: In all PC patients regardless of eligibility status, more extensive PLND was associated with improved cancer-
specific survival.
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1   |   Introduction

Partial cystectomy (PC) represents a treatment option reserved 
for carefully selected patients with carcinoma of the urinary 
bladder [1]. While radical cystectomy remains the standard of 
care for muscle-invasive disease, PC has recently gained re-
newed interest within the broader context of bladder-sparing 
strategies aimed at preserving organ function without compro-
mising oncologic outcomes [2–5]. However, PC should ideally 
be restricted to individuals with specific clinical characteristics 
that are compatible with such surgery. Those characteristics 
consist of three criteria, namely ≤T2 tumor stage, tumor size 
≤ 3 cm, and within a location amenable to segmental resec-
tion [6–8]. Those three criteria were eventually endorsed by the 
National Comprehensive Cancer Network (NCCN) within their 
guidelines as of 2012 (v2.2012) [9]. The same guidelines also 
recommend that pelvic lymph node dissection (PLND) should 
always be performed at PC, as an integral part of comprehensive 
PC. In patients treated with radical cystectomy (RC), a greater 
extent of PLND was previously shown to improve survival 
[10–13]. However, whether this association also applies to pa-
tients undergoing PC and PLND is unknown. We addressed this 
knowledge gap within the Surveillance, Epidemiology and End 
Results (SEER) database (2004–2021). We hypothesized that a 
higher number of removed lymph nodes (LNs) at PLND may be 
associated with lower CSM, and we tested this hypothesis in PC 
patients that either fulfilled all the eligibility criteria for PC or 
did not.

2   |   Materials and Methods

2.1   |   Study Population

Within the SEER database (2004–2021), we identified pa-
tients with histologically confirmed carcinoma of the urinary 
bladder (International Classification of Disease for Oncology 
[ICD-O] site code C67.0-67.9) treated with PC (ICD-O 30.29) 
and PLND. Patients with unknown TNM stage, tumor size 
and location, age, and vital status were excluded, as well as 
autopsy-only or death-certificate only cases. Patients not un-
dergoing PLND were excluded, as the study objective was to 
assess the association between PLND extent and CSM, rather 
than the effect of PLND performance per se, which has been 
examined previously [12].

2.2   |   Statistical Analyses

Criteria for PC eligibility were: (1) stage ≤T2, (2) tumor size 
≤ 3 cm, and (3) tumor within a location amenable to segmental 
resection (outside bladder neck [ICD-O C67.0], trigone [ICD-O 
C67.1] or non-otherwise specified [ICD-O C67.9]). The esti-
mated annual percentage changes (EAPC) described temporal 
trends of mean LNs removed within the study period. Kaplan–
Meier (KM) plots depicted five-year CSM-free survival ac-
cording to PC eligibility criteria. Multivariable Cox regression 
models (CRM) were fitted to test the effect of PC eligibility and 
LNs removed on CSM. Covariates consisted of age, sex, T stage, 
N stage, chemotherapy, and histological subtype (urothelial 
vs. non urothelial). Finally, the effect of PLND extent on CSM 

hazard was graphically depicted using locally estimated scatter-
plot smoothing (LOESS) methodology.

All tests were two-sided, with a significance level p < 0.05. R 
software environment for statistical computing and graphics 
(R version 4.4.2, R Foundation for Statical Computing, Vienna, 
Austria) was used for all analyses.

3   |   Results

3.1   |   Descriptive Characteristics of the Study 
Population

Within the SEER database (2004–2021), 2144 patients treated 
with PC were identified. Among them, 1017 (47.4%) underwent 
PLND at the time of PC. Of those, 197 (19.4%) fulfilled all three 
PC criteria, while the remaining 820 (80.6%) either fulfilled only 
two (n = 407, 40.0%), one (n = 336, 33.0%), or none (n = 77, 7.6%) 
of the three criteria (Table 1).

Overall, the median number of LNs removed was 7 (interquartile 
range [IQR]: 3–13). After stratification according to PC eligibility, 
the median number of LNs removed was 6 (IQR: 3–11) in eligible 
vs. 7 (IQR: 3–14) in ineligible patients (p = 0.09) (Figure 1A).

3.2   |   Number of Lymph Nodes Removed at PLND 
in PC Patients Over Time

In 1017 patients undergoing PC + PLND, the mean number 
of removed LNs at PLND increased from 8 in 2004 to 14 in 
2021 (EAPC: +2.6%, 95% confidence interval [CI]: +1.5, +3.6, 
p < 0.001). Within 820 PC-ineligible patients, the mean number 
of removed LNs at PLND increased from 8 in 2004 to 13 in 2021 
(EAPC: +2.2%, 95% CI: −1.1, +3.3, p = 0.001). Similarly, within 
197 PC-eligible patients, the mean number of removed LNs at 
PLND increased from 7 in 2004 to 16 in 2021 (EAPC: +5%, 95% 
CI: +1.9, +8.4, p = 0.007; Figure 1B).

3.3   |   Survival Analyses

3.3.1   |   CSM-Free Survival Regardless of PC 
Eligibility Criteria

In KM analyses within 1017 PC patients regardless of PC eligi-
bility, the 5-year CSM-free survival rate was 65.6% (Figure 2A). 
The graphical depiction of the regression between the number 
of removed LNs and CSM illustrated a downward slope where 
the lowest CSM was recorded in patients with the highest 
number removed LNs (Figure  3A). Finally, in multivariable 
CRM, the number of LNs removed at PLND independently 
predicted lower CSM rates (HR: 0.98, 95% CI: 0.97–0.99, 
p = 0.036, Table 2).

3.3.2   |   CSM-Free Survival in PC-Ineligible Patients

In KM analyses within 820 PC-ineligible patients, the 5-year 
CSM-free survival rate was 61.1% (Figure  2B). The graphical 
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depiction of the regression between the number of removed LNs 
and CSM illustrated a downward slope where the lowest CSM 
was recorded in patients with the highest number removed 

LNs (Figure  3B). Finally, in multivariable CRM, the number 
of LNs removed at PLND independently predicted lower CSM 
rates (HR: 0.98, 95% CI: 0.97–0.99, p = 0.043, Table 2).

TABLE 1    |    Descriptive characteristics of 1017 patients treated with partial cystectomy (PC) and pelvic lymph node dissection (PLND) according 
to eligibility criteria for PC from the Surveillance, Epidemiology, and End Results database (2004–2021).

Characteristics Overall N = 1017a

PC eligibility (≤cT2 stage, size ≤ 3 cm, 
amenable to segmental resection)

PC-eligible (all 3 criteria) 
(N = 197, 19.4%)a

PC-ineligible (0–2 criteria) 
(N = 820, 80.6%)a

Age 69 (59, 78) 69 (59, 77) 69 (59, 78)

Sex

Male 742 (73.0%) 142 (72.1%) 600 (73.2%)

Female 275 (27.0%) 55 (27.9%) 220 (26.8%)

Race/ethnicity

Caucasians 795 (78.2%) 156 (79.2%) 639 (77.9%)

Hispanics 81 (8.0%) 13 (6.6%) 68 (8.3%)

Asians/Pacific Islanders 70 (6.9%) 15 (7.6%) 55 (6.7%)

African Americans 71 (7.0%) 13 (6.6%) 58 (7.1%)

Income

Higher/equal $70 k/year 715 (70.3%) 138 (70.1%) 577 (70.4%)

Lower $70 k/year 302 (29.7%) 59 (29.9%) 243 (29.6%)

Region

Metropolitan areas 882 (86.7%) 173 (87.8%) 709 (86.5%)

Nonmetropolitan areas 135 (13.3%) 24 (12.2%) 111 (13.5%)

Tumor location

Resectable 740 (72.8%) 197 (100.0%) 543 (66.2%)

Unresectable 277 (27.2%) 0 (0.0%) 277 (33.8%)

Tumor size

≤ 30 486 (47.8%) 197 (100.0%) 289 (35.2%)

> 30 531 (52.2%) 0 (0.0%) 531 (64.8%)

T stage

T1/Ta/Tis 201 (19.8%) 73 (37.1%) 128 (15.6%)

T2 314 (30.9%) 124 (62.9%) 190 (23.2%)

T3-4 502 (49.4%) 0 (0.0%) 502 (61.2%)

N stage

N0 882 (86.7%) 188 (95.4%) 694 (84.6%)

N1-3 135 (13.3%) 9 (4.6%) 126 (15.4%)

Histology

UCUB 680 (66.9%) 142 (72.1%) 538 (65.6%)

Non-UCUB 337 (33.1%) 55 (27.9%) 282 (34.4%)

Chemotherapy delivered 379 (37.3%) 152 (37.3%) 72 (36.5%)
aMedian (Q1, Q3); n (%).
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3.3.3   |   CSM-Free Survival in PC-Eligible Patients

In KM analyses within 197 PC-eligible patients, the 5-year 
CSM-free survival rate was 84.2% (Figure  2C). The graphical 

depiction of the regression between the number of removed LNs 
and CSM illustrated a downwards slope where the lowest CSM 
was recorded in patients with the highest number of removed 
LNs (Figure  3C). However, in multivariable CRM addressing 

FIGURE 1    |    Boxplots depicting median number (A) and estimated annual percent changes (EAPC) (B) of lymph nodes (LNs) removed in 1017 
patients treated with partial cystectomy (PC) and pelvic lymph node dissection (PLND) according to PC-eligibility criteria in 1017 patients treated 
with partial cystectomy and pelvic lymph node dissection within the Surveillance, Epidemiology, and End Results database (2004–2021). Boxes are 
drawn with widths proportional to the square roots of the number of observations in the groups.

FIGURE 2    |    Kaplan–Meier (KM) plots depicting cancer-specific mortality (CSM)-free survival according to partial cystectomy (PC) eligibility 
criteria, within 1017 patients treated with PC and pelvic lymph node dissection (PLND) from the Surveillance, Epidemiology, and End Results data-
base (2004–2021).

FIGURE 3    |    Locally estimated smoothed scatterplot (LOESS) depicting hazard for cancer-specific mortality (CSM) versus number of lymph nodes 
(LNs) removed according to partial cystectomy (PC)-eligibility criteria within 1017 patients treated PC and pelvic lymph node dissection (PLND) 
from the Surveillance, Epidemiology, and End Results database (2004–2021).
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CSM, the number of LNs removed at PLND failed to reach in-
dependent predictor status (HR: 0.96, 95% CI: 0.90–1.02, p = 0.2, 
Table 2).

4   |   Discussion

Partial cystectomy is an established treatment for select blad-
der cancer patients [1]. Ideally, its use should be limited to 
those meeting the NCCN-endorsed criteria (≤T2 stage, tumor 
size ≤ 3 cm, segmental resection possible) in order to achieve 
adequate oncological outcomes [14, 15]. Pelvic lymph node dis-
section is recommended as an integral component of a compre-
hensive PC [5]. While PLND extent improved survival at RC, the 
association between the number of removed LNs and CSM in 
PC is unknown. We addressed this knowledge gap within the 
SEER (2004–2021) database, which yielded several noteworthy 
observations.

First, of 1017 PC patients who underwent a comprehensive PC 
that included PLND, only a minority fulfilled all three PC eli-
gibility criteria (n = 197, 19.4%), whereas the majority (n = 820, 
80.6%) did not meet all three criteria and were henceforth re-
ferred to as PC-ineligible. Of PC-ineligible, most fulfilled two 
out of three criteria (n = 407, 40.0%), followed by one (n = 336, 
33.0%), and none (n = 77, 7.6%). These proportions indicate that 
a comprehensive PC is more likely to be performed in patients 
who do not fulfill all eligibility criteria and in whom tumor 
burden may be more extensive than what is allowed by NCCN 
guidelines. The observed rate of PC according to NCCN eligibil-
ity criteria appears very low. This implies that the vast majority 
of the urology community either does not consider these criteria 
meaningful or considers tumors that are more extensive than 
the NCCN criteria definition as amenable to PC [1, 8]. The dis-
crepancy between NCCN criteria and the rate of PC performed 
in PC-ineligible patients clearly requires a revision of either 
clinical practice profiles, or the NCCN PC-eligibility criteria, or 
both. Two distinct clinical scenarios may explain this observa-
tion: deliberate surgical extension beyond guideline recommen-
dations in patients deemed suitable for PC despite exceeding 
standard criteria, or use of PC as an alternative to RC in patients 
considered unfit for more extensive surgery. These possibilities 
carry fundamentally different clinical implications and should 
be considered when interpreting the survival outcomes reported 
here. Additionally, limitations in SEER surgical coding may con-
tribute to this observation, as procedure codes may not always 
accurately distinguish true PC from other partial resections. 
Regardless of the underlying explanation, it is important to note 
that the statistically significant association between PLND ex-
tent and CSM was confined to the PC-ineligible subgroup, and 

conclusions should be interpreted with this important nuance 
in mind.

Second, we assessed the extent of PLND according to the num-
ber of LNs removed. After stratifying the cohort of 1017 patients 
treated with comprehensive PC that included PLND accord-
ing to PC-eligibility, the median number of LNs removed was 
6 (IQR: 3–11) in PC-eligible patients and 7 (IQR: 3–14) in PC-
ineligible patients (p = 0.09). These findings suggest the extent 
of PLND does not differ according to NCCN PC-eligibility cri-
teria. However, analyses of PLND extent over the study span 
demonstrated an increase in the number of LNs removed from 
8 to 14 (2004–2021) in the overall cohort. Further stratification 
of temporal trends according to PC eligibility demonstrated 
that in PC-eligible patients the increase in removed LNs was 
from 7 to 16 (EAPC: +5.0%, p = 0.007) vs. from 8 to 14 (EAPC: 
+2.2, p = 0.001) in PC-ineligible patients within the same period 
(2004–2021). Despite the increase in LN count at PLND over 
time in both PC-eligible and ineligible patients, it is still much 
inferior to absolute LN counts recorded at RC within the SEER 
database [16, 17]. In consequence, the urologic community re-
quires sensitization and encouragement aimed at increasing the 
appeal and the extent of PLND and LN count.

Third, when the impact of PLND extent on CSM was exam-
ined, key findings emerged. In all 1017 patients, regardless of 
PC eligibility, MCR models demonstrated that a higher number 
of LNs removed at PLND independently predicted lower CSM 
(HR: 0.98, p = 0.036). Similarly, in 820 PC-ineligible patients, a 
higher number of LNs removed at PLND invariably predicted 
lower CSM (HR: 0.98, p = 0.043). While statistically signifi-
cant, the per-node effect size is modest. However, this effect is 
cumulative: across a clinically realistic increment of 10 addi-
tional nodes, it translates to an approximately 10%–20% relative 
reduction in CSM hazard, which may carry meaningful clini-
cal relevance. Finally, in 196 PC-eligible patients, the graph-
ical depiction of the relationship between LN count and CSM 
did demonstrate that an increasing number of LNs removed at 
PLND is associated with decreasing CSM. However, in MCR 
models, this relationship failed to reach independent predictor 
status. The lack of statistical significance in PC-eligible patients 
may reflect limited sample size, but equally may indicate a gen-
uinely attenuated PLND benefit in patients with lower tumor 
burden, in whom locoregional nodal involvement is less likely to 
drive CSM. Based on this uncertainty, additional studies should 
ideally reassess this relationship. However, it may be difficult 
to identify sufficiently large samples of PC patients treated with 
PLND to accomplish this. It should also be noted that lymph 
node count alone cannot define the anatomical extent of dissec-
tion, and the debate surrounding “quality versus quantity” of 

TABLE 2    |    Separate multivariable Cox-regression models testing the effect of lymph node (LN) count on cancer-specific mortality (CSM) within 
1017 patients treated with partial cystectomy (PC) and pelvic lymph node dissection (PLND) from the Surveillance, Epidemiology, and End Results 
database (2004–2021).

Overall PC-ineligible PC-eligible

HRa  95% CIa  p HRa  95% CIa  p HRa  95% CIa  p

LN count 0.98 0.97–0.99 0.036 0.98 0.97–0.99 0.043 0.96 0.90–1.02 0.2

Note: Multivariable adjustment for age, sex, T stage, N stage, chemotherapy.
aHR, hazard ratio; CI, confidence interval. p values in bold are < 0.05.
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lymphadenectomy remains unresolved [13]. As the SEER data-
base does not capture template-level data, the present findings 
cannot be used to advocate for a specific anatomical dissection 
template at PC.

Taken together, these findings highlight important discrepan-
cies between NCCN-endorsed recommendations and real-world 
practice of PC eligibility and PLND. While comprehensive PC 
with PLND is more frequently performed in patients who do not 
fully meet eligibility criteria, the extent of PLND appears incon-
sistent with these criteria. Encouragingly, the number of LNs re-
moved has increased over time, particularly in eligible patients, 
yet it remains suboptimal compared to RC standards. This is 
particularly important, as higher LN count was associated with 
improved CSM after comprehensive PC. Future efforts should 
therefore focus on standardizing patient selection and PLND 
templates at the time of PC, given emerging evidence that PLND 
does not meaningfully increase perioperative morbidity and 
may offer oncologic benefit when performed adequately [11]. 
Finally, as PC becomes increasingly integrated into multimodal 
bladder-preserving frameworks, the role of extensive PLND 
may warrant reassessment. Whether the oncologic contribution 
of PLND extent is maintained in the context of potent systemic 
agents—such as immune checkpoint inhibitors and antibody-
drug conjugates—remains an open question that should be spe-
cifically addressed in upcoming studies.

Despite the novelty of our findings, several limitations must be 
acknowledged. First, the retrospective nature of the study in-
troduces inherent selection biases, including potential healthy 
candidate bias, whereby fitter patients may be more likely to 
undergo extensive PLND while simultaneously carrying a more 
favorable baseline prognosis. As SEER does not capture perfor-
mance status, frailty, or comorbidity, this cannot be accounted 
for in the multivariable models, and a causal interpretation of 
our findings should be avoided [18–21]. Ideally, future studies 
should assess use of PC versus RC in muscle-invasive bladder 
cancer patients while accounting for comorbidities, organ func-
tion, and other relevant factors [22]. Third, we were not able to 
validate the present results after controlling for specific inclu-
sion criteria regarding tumor focality and/or the presence of 
carcinoma in situ, as recommended by NCCN guidelines [1, 9]. 
Fourth, the SEER database does not capture recurrence data, 
precluding assessment of recurrence-free survival or the dis-
tinction between local and systemic relapse, and thus whether 
the observed survival benefit reflects improved locoregional 
control or more accurate pathological staging remains un-
known. Last but not least, while radiotherapy administration is 
recorded in SEER, the absence of data on timing, sequencing, 
and dose precluded its meaningful inclusion as a covariate in 
the multivariable models. Despite these important limitations 
that the current study shares with all previous reports [23–27], 
analysis assessing compliance to PC recommendations based on 
available patient and tumor characteristics remains essential, 
as rejecting such methodology would leave no viable alterna-
tives for evaluating PC use in clinical practice. In conclusion, 
in patients treated with comprehensive PC that includes PLND, 
a higher number of LNs removed predicted lower CSM rates. 
Although this association was not observed in patients eligible 
for PC based on fulfillment of all three NCCN PC-eligibility cri-
teria, the relationship between LN count and CSM illustrated 

a downwards slope where the lowest CSM was recorded in pa-
tients with the highest number of LNs removed. Therefore, the 
urologic community requires sensitization and encouragement 
aimed at increasing the use and the extent of PLND when PC is 
performed.
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