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Currently, the role of lymph node dissection (LND) in 

cytoreductive nephrotomy (CN) is controversial and not 

generally endorsed.1 However, historic studies demon-

strated that information about lymph node invasion (LNI) 

status represents an independent predictor of cancer-specific 

mortality (CSM).2,3 Specifically, patients with LNI histori-

cally exhibited markedly worse survival than those without 

LNI (pN1 vs pN0). Based on the absence of contemporary 

data addressing the potentially added value of confirmed 

pN1 versus pN0 status at cytoreductive nephrectomy, we 

addressed this knowledge gap. Specifically, we investi-

gated the prognostic significance of pathologic lymph node 

involvement in a contemporary cohort of surgically treated 

metastatic renal cell carcinoma (mRCC) patients relying on 

the Surveillance, Epidemiology, and End Results (SEER) 

database.

METHODS

Data Source and Study Population

In the SEER database (2010–2018), we identified 

patients 18 years old or older with histologically con-

firmed unilateral metastatic RCC (International Classifi-

cation of Disease for Oncology [ICD-O] site code C64.9) 

who harbored clear-cell histology (ICD-O-3 code 8310). 

Cases identified only at autopsy were excluded. The study 

included only mRCC patients who received cytoreductive 

nephrectomy. Further exclusion criteria ruled out patients 

with unknown T stage, unknown grade, or missing data 

on pathologic lymph node status. Autopsy or death cer-

tificate-only cases also were excluded (consort diagram).

Variables of Interest

The demographic covariates consisted of age at diag-

nosis (years, continuously coded), sex, and race/ethnicity 

(Caucasians vs others). The tumor characteristics con-

sisted of T stage (T1 vs. T2 vs. T3 vs. T4), grade (G1–G2 

vs. G3 vs. G4), and pathologic N stage (pN0 vs. pN1 vs. 

pNx). Patients who did not undergo lymph node dissection 

(LND) were labeled pNx.

Systemic therapy comprised only postoperative ther-

apy after cytoreductive nephrectomy and was coded as 

received or not received. Cancer-specific mortality (CSM) 

and overall mortality (OM) were the primary end points 

of the study.

Statistical Analyses

First, the baseline characteristics of the cohort were ana-

lyzed. Descriptive statistics included frequencies and pro-

portions for categorical variables. Medians and interquar-

tile ranges (IQRs) were reported for continuously coded 

variables.

Second, Kaplan-Meier plots were used to display rates 

of CSM and OM according to pN0 versus pN1 versus pNx. 

The association between pathologic N stage (pN0 vs pN1 vs 

pNx) and CSM as well as OM was further tested in multivar-

iable Cox regression models. Adjustment variables consisted 

of age, year of diagnosis, sex, T stage, grade, ethnicity, and 

systemic therapy exposure status.

Third, we reapplied the previously described methodol-

ogy in a subgroup analysis. Specifically, we analyzed CSM 

and OM hazard ratios (HRs) of pN1 mRCC patients accord-

ing to systemic therapy exposure. In all statistical analyses, 

R software environment for statistical computing and graph-

ics (R version 4.1.2; R Foundation for Statistical Computing, 

Vienna, Austria) was used. All tests were two-sided, with 

the level of significance set at a P value lower than 0.05.4

RESULTS

Descriptive Characteristics

Between 2010 and 2018, we identified 3149 cytoreductive 

nephrectomy mRCC patients (Table 1). Of these patients, 

1255 (40%) underwent LND and 1894 (60%) did not (pNx). 

In terms of disease stage, 443 patients (14%) were labeled 

as pN1, 812 (26%) as pN0, and 1894 (60%) as pNx. Overall, 

29% of all the patients were female, and 13% were not Cau-

casian. Statistically, the ages of the groups differed signifi-

cantly (median ages: 62 years for pN1 vs 60 years for pN0 vs 

63 years for pNx; P < 0.001). Additionally, the pN1 patients 

exhibited higher rates of T3 tumors (70% for pN1 vs. 69% 

for pN0 vs. 59% for pNx) and T4 tumors (22% for pN1 vs. 

18% for pN0 vs. 14% for pNx) as well as higher rates of G4 

tumors (58% for pN1 vs. 39% for pN0 vs. 33% for pNx).

The median number of removed nodes was four for 

both the pN1 (IQR, 2–9) and pN0 (IQR, 1–8) patients. 

The median number of positive nodes was two for the pN1 

patients (IQR, 1–3). The rates of postoperative systemic 

therapy exposure were 53% for the pN1 patients, 47% for 

the pN0 patients, and 52% for the pNx patients.

Cancer-Specific Mortality, Overall Mortality, and Cox 
Regression Analyses

The median CSM-free survival for the overall cohort 

was 33 months. According to pathologic lymph node 

stage, the median CSM-free survival was 15 versus 40 
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To the best of our knowledge, we are the first to confirm 

the prognostic significance of pathologic lymph node inva-

sion in contemporary, surgically treated mRCC patients. 

Consequently, our results cannot be compared directly with 

similar, contemporary studies that relied on immunotherapy-

era patients. However, previous historical studies demon-

strated the same phenomenon. These studies applied to both 

pre-TKI therapy-era patients and TKI-era patients.2,3 In these 

studies, pN1 stage represented an independent predictor of 

worse survival in the same fashion as was recorded in the 

current study.

To further test the prognostic significance of patho-

logic lymph node invasion, we reapplied the methodology 

described earlier, relying on overall mortality as the end 

point. After multivariable adjustment, pN1 remained an 

independent predictor of higher OM (HR, 1.95; P < 0.01), 

further adding to the robustness of our data.

Taken together, our observations indicate that even in this 

immunotherapy era, pN1 stage harbors added value regard-

ing prognostic stratification of CN mRCC patients. Specifi-

cally, when LND is performed, those with pN1 status exhibit 

significantly worse survival than those with pN0 status. Such 

stratification may improve clinical decision-making regard-

ing early versus delayed use of systemic therapy for mRCC 

patients who underwent CN.

Finally, we tested the benefit of postoperative systemic 

therapy (ST) administration for pN1 patients based on the 

hypothesis that early ST administration, captured in the cur-

rent database, may be associated with a stronger protective 

effect when CSM represented an end point. Our analyses 

indeed recorded lower CSM rates for the patients treated 

with postoperative ST than for those who were not (HR, 

0.73; P < 0.01). This observation further validates that 

pathologic N1 status may indeed improve decision-mak-

ing regarding postoperative ST administration. It may be 

argued, that patients with confirmed pN1 status should ide-

ally receive the earliest postoperative ST.

Despite the novelty of our findings, several limitations of 

our study need to be acknowledged. First, our data reflect 

CSM patterns of North American CN mRCC patients. Con-

sequently, estimates shown in this report cannot be applied 

to CN mRCC patients outside the United States.

Second, the SEER database does not allow stratification 

or adjustment of the analyses according to Memorial Sloan 

Kettering Cancer Center (MSKCC) or International mRCC 

Database Consortium (IMDC) criteria. This limitation is 

shared with all previous SEER and National Cancer Data-

base (NCDB) analyses.

Third, the SEER database does not provide detailed infor-

mation about the composition or the exact timing of post-

operative systemic therapy (immediate vs deferred). Moreo-

ver, our study included only patients with mRCC diagnosed 

between 2010 and 2018, a period in which immunotherapy 

was recommended as a first-line systemic treatment option. 

However, it is important to note that not all patients who 

received systemic therapy during this period necessarily 

received immunotherapy. Finally, our report represents a ret-

rospective analysis with high potential for selection biases.

CONCLUSIONS

Pathologically confirmed lymph node invasion indepen-

dently predicted higher CSM and OM in surgically treated 

mRCC patients. For pN1 mRCC patients, use of postopera-

tive systemic therapy was associated with lower CSM and 

OM. Consequently, N stage should be considered for both 

individual patient counseling and clinical decision-making.
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Introduction 

In historic studies, presence of lymph node invasion represented 
an independent predictor of worse survival for mRCC patients who 
underwent cytoreductive nephrectomy. 1 , 2 However, the number of 
patients who undergo cytoreductive nephrectomy is decreasing. 3 , 4 

Moreover, even if patients undergo cytoreductive nephrectomy, 
lymph node dissection is not routinely performed in most centers. 5 

As a consequence, a search for prognostic markers that do not rely on 
histology are increasingly relevant. The importance of radiographic 
cN1-stage is currently unknown in metastatic RCC patients treated 
with systemic therapy. 1 , 2 The current study addresses the knowledge 
gap regarding radiographic cN1. Specifically, we hypothesised, that 
presence of radiographic cN1 may represent an important predictor 
of higher cancer-specific mortality (CSM), specifically in patients 
with low metastatic burden defined as presence of a single site of 
metastasis. We tested this hypothesis within a large, contemporary 
population-based cohort of mRCC patients, that were exposed to 
systemic therapy and did not undergo cytoreductive nephrectomy. 

Methods 

Data Source and Study Population 

Within the SEER database (2010-2020), we identified patients 
aged ≥18 years with histologically confirmed metastatic RCC 

(International Classification of Disease for Oncology [ICD-O] site 
codes C64.9) with either clear-cell (ICD-O 8310/3) or renal cell 
carcinoma not otherwise specified (RCC NOS, ICD-O 8312/3) 
subtype. Only mRCC patients that received systemic therapy were 
included. Additionally, only patients in whom only 1 site of metasta- 
sis was identified were included. Further exclusion criteria consisted 
of patients with missing data on clinical lymph node status. Autopsy 
or death certificate only cases were also excluded (Figure consort). 6 

Variables of Interest 
Demographic covariates consisted of age at diagnosis (years, 

continuously coded) and sex (male vs. female). Tumor character- 
istics consisted of T-stage (T1 vs. T2 vs. T3 vs. T4), grade (G1-G2 
vs. G3-G4), histology (clear-cell vs. RCC NOS) and radiographic 
N-stage (cN0 vs. cN1). Cancer-specific mortality (CSM) was the 
primary end point of the study. 7 

Statistical Analyses 
First, baseline characteristics of the cohort were analyzed. 

Descriptive statistics included frequencies and proportions for 
categorical variables. Medians and interquartile ranges (IQR) were 
reported for continuously coded variables. Kruskal-Wallis (contin- 
uous variables) and Chi-square (categorical variables) tests were 
used to assess differences in medians and proportions. Second, 
Kaplan-Meier plots were used to display rates of CSM according 
to radiographic cN1 vs. cN0. The association between radiographic 
N-stage (cN1 vs. cN0) and CSM was further tested in multi- 
variable Cox regression models. Adjustment variables consisted of 
sex, T-stage, grade and histology. Third, we reapplied the above- 
described methodology in a subgroup analyses. Specifically, we used 

E-mail contact: l.scheipner@medunigraz.at 

Kaplan-Meier plots to display rates of CSM in mRCC patients 
who harbored clear-cell histology and in those with RCC NOS. 
Additionally, CSM Hazard ratios (HR) were tabulated, using both 
univariable and multivariable analyses. In all statistical analyses, 
R software environment for statistical computing and graphics (R 

version 4.1.2; R Foundation for Statistical Computing, Vienna, 
Austria) was used. 8 All tests were 2 sided, with a level of significance 
set at P < .05. 

Results 

Descriptive Characteristics 
Between 2010 and 2020, we identified 1,756 mRCC patients that 

received systemic therapy ( Table 1 ). Of those, 545 (31%) had radio- 
graphically suspected cN1 status. Statistically significant differences 
between cN1 and cN0 patients existed for age (median age: 63 for 
cN1 vs. 66 years for cN0; P < .001), T-stage (T3: 27% cN1 vs. 
17% cN0; T4: 23% cN1 vs. 12% cN0; P < .001) histology (clear- 
cell: 32% cN1 vs. 45% cN0; P < .001), as well as site of metastasis 
(lung: 51% cN1 vs. 45% cN0; bone: 25% cN1 vs. 41% cN0; liver: 
11% cN1 vs. 7.4% cN0; P < .001). No significant differences in 
the groups were recorded regarding sex, race/ethnicity, and grade. 

Cancer-Specific Mortality and Cox Regression Analyses 
Overall, the median CSM-free survival was 11 months. The 

median CSM-free survival according to radiographic N-stage was 8 
vs. 14 months in cN1 vs. cN0 mRCC patients with low metastatic 
burden ( Figure 1 ). In univariable Cox regression models, radio- 
graphic cN1 stage represented a statistically significant predictor of 
CSM (HR 1.49; P < .0001; Table 2 ). In multivariable Cox regres- 
sion analyses, adjusting for sex, T-stage, grade and histology, radio- 
graphic cN1 status remained an independent predictor of CSM (HR 

1.39; P = .01). 

Prognostic Significance of Radiographic N-Stage in 

Metastatic Renal Cell Carcinoma With Clear-Cell 
Histology 

The median CSM-free survival in clear-cell mRCC patients was 
10 vs. 19 months in cN1 vs. cN0 patients ( Figure 2 ). After multi- 
variable adjustment, radiographic cN1 represented an independent 
predictor for higher CSM (HR 1.36; P = .03; Table 3 ). 

Prognostic Significance of Radiographic N-Stage in 

Metastatic Renal Cell Carcinoma Not Otherwise Specified 

The median CSM-free survival in mRCC patients with RCC 

NOS classification was 7 vs. 11 months in cN1 vs. cN0 patients 
( Figure 3 ). After multivariable adjustment, radiographic cN1 repre- 
sented an independent predictor for higher CSM (HR 2.06; 
P = .009; Table 3 ). 

Discussion 

The importance of lymph node invasion (LNI) in cytoreduc- 
tive nephrectomy (CN)-treated mRCC patients has been introduced 
prior to the advent of TKIs and was subsequentially validated in 
the early as well as in more contemporary TKI era. 1 , 2 , 5 In mRCC 

patients treated with CN, presence of LNI is associated with signif- 
icantly higher mortality. For example, Lughezzani et al, reported 
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These 2 observations cannot be directly compared to any previ- 
ous study, since no such study has been reported. Unfortunately, 
several studies examining the effect of nodal stage on survival in 
mRCC were “contaminated” with surgically treated patients. In 
consequence, such studies provide uninterpretable results regarding 
the effect of radiographic N-stage. The implications of the current 
results are important. Specifically, our observations indicate that 
patients with radiographic cN1 stage in presence of low metastatic 
burden, are predisposed to less favourable treated natural history. In 
consequence, patients with radiographic cN1 stage should ideally 
be actively treated with systemic therapy from initial diagnosis. 
Additionally, delays between consecutive lines of therapy upon 
eventual disease progression should also ideally be avoided in this 
high-risk patient population. 

Despite its novelty and important clinical observations, the 
current study has important limitations that acquire acknowl- 
edgment. First, our findings could not be adjusted according to 
the International mRCC Database Consortium (IMDC) criteria. 
However, his limitation is shared with all previous SEER and 
National Cancer Database (NCDB) analyses. Second, the current 
study relied on patients with clear-cell, as well as, RCC NOS histol- 
ogy. Exclusive consideration of clear-cell mRCC patients would 
result in a significantly smaller patient population that only includes 
a minority of individuals, since the majority of biopsy-confirmed 
mRCC cases in the SEER database fall into the category of RCC 

NOS. In consequence, a methodology that relies on combined 
analyses of clear-cell and RCC NOS histology, as well as on 
subgroup analyses that examine the histological groups separately, 
is warranted. This methodology was applied in the current study 
according to previous recommendations. 13 The current results 
validate the importance of radiographic cN1 in both clear-cell 
and NOS histology, since the effect of this variable represents an 
independent predictor for CSM in both subgroups. Third, unfor- 
tunately the SEER database does not provide information regarding 
the type of imaging modality used, nor does it provide information 
on specific systemic therapy type and its dose and duration. Fourth, 
the SEER database does not provide information regarding number 
of metastases. In consequence, we relied on number of metastatic 
sites to identify patients with low metastatic burden. However, it 
can be postulated that the number of metastatic sites is a stronger 
predictor for mortality than the specific number of overall metas- 
tases. 14 Last but not least, due to the retrospective nature of our 
study, our report has a high potential for selection biases. There- 
fore, these results must be interpreted within the boundaries of such 
limitation. 

Conclusion 

In mRCC patients with low metastatic burden, presence or 
absence of radiographic lymph node invasion results in a clinically 
meaningful discrimination between those with poor prognosis and 
others. In consequence, consideration of radiographic lymph node 
invasion might be of great value in this specific population of mRCC 

patients. 

Clinical Practice Points 
• In historic studies, presence of lymph node invasion represented 

an independent predictor of worse survival for metastatic renal 
cell carcinoma (mRCC) patients who underwent cytoreductive 
nephrectomy. However, the number of patients who undergo 
cytoreductive nephrectomy is decreasing. Moreover, lymph node 
dissection is not routinely performed in most centers. As a conse- 
quence, a search for prognostic markers that do not rely on histol- 
ogy are of increasing importance. 

• It is currently unknown whether radiographic N-stage has a signif- 
icant prognostic impact, and therefore act as a proxy to patholog- 
ical N-stage. We relied on the Surveillance, Epidemiology, and 
End Results (SEER) database to address this knowledge gap. 

• Our findings indicate that presence of radiographic N1 status is 
an important prognostic marker in patients with low metastatic 
burden and should be considersed in clinical decision making. 
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