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Abstract

Objectives: To study the effect of lymph node dissection (LND) at the time of nephrectomy and 

tumor thrombectomy on oncological outcomes in patients with renal cell carcinoma (RCC) and 

tumor thrombus.

Patients and Methods: The records of 1,978 patients with RCC and tumor thrombus who 

underwent radical nephrectomy and tumor thrombectomy from 1985 to 2014 at 24 centers were 

analyzed. None of the patients had distant metastases. Extent and pathologic results of LND were 

compared with respect to cancer-specific survival (CSS). Multivariable Cox regression models 

were used to quantify the effect of multiple covariates.

Results: LND was performed in 1,026 patients. In multivariable analysis, the presence of LN 

metastasis, the number of positive LNs, and LN density were independently associated with 

cancer-specific mortality (CSM). Clinical node-negative (cN−) disease was documented in 573 

patients, 447 of them underwent LND with 43 cN− patients (9.6%) revealing positive LNs at 

pathology. LN positive cN− patients showed significantly better CSS when compared to LN 

positive cN+ patients. In multivariable analysis, positive cN status in LN positive patients was a 

significant predictor of CSM (HR, 2.923; P = 0.015).

Conclusions: The number of positive nodes harvested during LND and LN density was strong 

prognostic indicators of CSS, while number of removed LNs did not have a significant effect 

on CSS. The rate of pN1 patients among clinically node-negative patients was relatively high, 

and LND in these patients suggested a survival benefit. However, only a randomized trial can 

determine the absolute benefit of LND in this setting. © 2018 Elsevier Inc. All rights reserved.
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1. Introduction

With the introduction of minimally invasive surgery, management of localized renal cell 

carcinoma (RCC) has undergone significant shifts in the last decade. For locally advanced 

and metastatic RCC with tumor thrombus, however, the standard remains open radical 

nephrectomy.

Although lymphadenectomy has become an integral part of management for most other 

genitourinary malignancies, this has not been standardized in the management of RCC. Even 

though recent surgical series confirmed prior anatomic studies demonstrating predictable 

lymphatic drainage patterns of RCC to primary landing zones, those same studies revealed 

that perihilar lymph nodes are often skipped (45% of the time), and in patients with 

metastatic disease, 40% to 60% will have no lymph node involvement [1,2]. This, in 

combination with the uncertain survival benefit of lymphadenectomy has limited its usage. 

In the EORTC randomized phase 3 trial 30881, the only prospective randomized trial to 

assess the role of lymphadenectomy at the time of nephrectomy, only 4% of patients were 

found to have nodal disease at the time of nephrectomy, and there was no survival benefit. 

However, the study was limited by patient selection, as most patients included had localized 

or low-grade RCC [3]. Smaller series have found oncologic benefit to lymphadenectomy 

at the time of nephrectomy, particularly if there is clinical evidence of nodal disease 

[2,4–8]. At this time, lymphadenectomy appears to be of benefit in patients with certain 

high-risk features, including nuclear grade 3 to 4, presence of sarcomatoid histology, tumor 

size ≥10 cm, tumor stage T3 or T4, and the presence of tumor necrosis [9–11]. Of note, 

however, Delacroix et al. [6] found that the absence of sarcomatoid features was associated 

with better overall survival in the setting of lymph node dissection. In the absence of 

prospective randomized data, the benefit of lymphadenectomy in high-risk patients can only 

be extrapolated.

Up to 10% of patients can present with tumor thrombus extending into the renal vein 

and inferior vena cava (IVC) [12,13]. These patients, if left untreated, have a very poor 

prognosis—Reese et al. [14] demonstrated a 29% 1-year cancer-specific survival. However, 

with treatment, 5-year CSS approaches 40% to 65% in nonmetastatic patients, and 6% to 

29% in metastatic patients [15–17]. By TNM classification, these patients are, by definition, 

pT3. However, due to the relative rarity of this presentation, there is little large volume data 

to support lymphadenectomy in this population. Prior studies infer benefit to this patient 

population, by including them with other pT3 patients [9,18]. However, none specifically 

look at tumor thrombus patients in the absence of metastatic disease.

As such, using the International Renal Cell Carcinoma-Venous Thrombus Consortium 

(IRCC-VTC), a multi-institutional database of patients with tumor thrombus managed with 

surgery [13], we aim to assess the clinical benefit of lymphadenectomy in this patient 

population.
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2. Patients and methods

2.1. Patient selection and data collection

This was an institutional review board approved study with all participating sites providing 

institutional data sharing agreements prior to initiation of the study. A total of 24 centers 

from the United States and Europe provided data (International Renal Cell Carcinoma­

Venous Thrombus Consortium [IRCC-VTC]). A computerized databank was generated for 

data transfer. The database was frozen prior to final analysis, and the final dataset was 

produced for the current analysis. Patients with distant metastasis were excluded from the 

study. The records of 1,978 patients with RCC and venous thrombus who underwent radical 

nephrectomy and complete tumor thrombectomy between 1985 and 2014 were reviewed. 

None of the patients had distant metastases.

2.2. Surgical procedure and pathologic evaluation

Approach (open or minimally invasive), the decision to pursue lymphadenectomy at the 

time of nephrectomy, and the extent of lymphadenectomy were at the discretion of the 

primary surgeon. All surgical specimens were processed according to standard pathological 

procedures. Tumor size was evaluated on fixed pathologic specimens. Histological subtype 

was determined according to the 1997 World Health Organization Heidelberg classification 

[19]. Tumor nuclear grade was determined according to the Fuhrman system. Pathologic 

staging was designated according to the 2009 TNM classification of American Joint 

Committee on Cancer (AJCC) [20].

2.3. Tumor thrombus (TT) level

The Mayo classification was used for the macroscopic vascular involvement [21]. Level I: 

TT is either at the entry of the renal vein or within the inferior vena cava (IVC) <2 cm from 

the confluence of the renal vein and the IVC. Level II: Thrombus extends within the IVC >2 

cm above the confluence of the renal vein and IVC but still remains below the hepatic veins. 

Level III: Thrombus involves the intrahepatic IVC. The size of the thrombus ranges from a 

narrow tail that extends into the IVC to one that fills the lumen and enlarges the IVC. Level 

IV: Thrombus extends above the diaphragm or into the right atrium.

2.4. Follow-up

Follow-up was performed according to institutional protocols. Follow-up visits consisted 

of a physical examination and serum chemistry evaluation, including liver function tests 

and alkaline phosphatase. Diagnostic imaging (e.g., ultrasonography, chest radiography, CT 

abdomen/pelvis with IV contrast) were also performed according to institutional protocols 

and at the discretion of the treating physician when clinically indicated.

2.5. Outcomes

Primary outcome was cancer-specific survival stratified by clinical and pathologic node 

status. When patients died, the cause of death was determined by the treating physicians, by 

chart review corroborated by death certificates, or by death certificates alone. Perioperative 

mortality (death within 30 days of surgery) was censored at the time of death for 
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cancer-specific survival analyses. Secondary analyses included predictors of cancer-specific 

mortality.

2.6. Statistical analysis

The Kaplan-Meier method was used to calculate survival functions, and differences 

were assessed with the log rank statistic. Univariable and multivariable survival analyses 

were performed using the Cox proportional hazard regression model. The P values were 

calculated with t-tests, Chi-squared tests, and Kruskal Wallis tests. All reported P values are 

two-sided, and statistical significance was set at P < 0.05. Data were analyzed using STATA 

14 for Windows (StataCorp LP, College Station, TX).

3. Results

3.1. Clinical and pathological characteristics

A total of 1,978 patients with RCC and venous thrombus underwent radical nephrectomy 

and tumor thrombectomy. The clinical and pathological features for these patients are 

summarized in Table 1. Mean age in the entire group was 64.0 years (IQR: 56.2–72.1). 

Of the 1,978 patients, lymph node dissection was performed in 1,026 patients (51.9%). 

Further, 223 (21.7%) of these patients had pathologically confirmed lymph node metastases. 

In the entire cohort of patients undergoing lymphadenectomy, mean (median) number of 

removed LN was 11.2 (7) and mean (median) number of positive LN was 4.1 (2). In the 

lymph node positive patients, mean (median) number of removed LN was 13.1 (9). Clinical 

node-negative (cN−) disease was documented in 573 patients; 447 of these received a 

lymphadenectomy with 43 cN− patients (9.6%) revealing positive lymph nodes at pathology 

(Table 2).

3.2. Clinical outcomes and association of lymph node dissection and lymph node counts 
with survival

Median follow-up was 80.7 months (IQR: 32.6–149.2). A total of 996 patients (50.4%) were 

deceased at the time of analysis, including 652 patients (33.0%) who died of RCC, and 

5-year CSS was 60.9% (CI: 58.1%–63.5%) in the entire patient group.

Five-year CSS estimates in the patients without LN metastases (pN0), with pathologically 

confirmed lymph node metastases (pN1) and with unknown pathological LN status (pNx) 

were 68.3% (95% CI: 64.0%–71.9%), 22.6% (95% CI: 15.3%–30.8%), and 62.5% (95% 

CI: 58.4%–66.4%), respectively (Fig. 1). LN positive cN−patients (pN1/cN0) showed 

significantly better CSS when compared to LN positive cN+ patients (pN1/cN1) (5-year 

CSS 33.5% (95% CI: 12.9%–55.9%) vs. 25.3% (95% CI: 13.8%–38.4%); P = 0.047; 

Fig. 2). In multivariable analysis, the presence of lymph node metastasis, the number of 

positive LNs, and lymph node density were independently associated with cancer-specific 

mortality (CSM) (Tables 3 and 4). Moreover, positive cN status in LN positive patients was a 

significant predictor of CSM (HR, 2.923; P = 0.015; Table 5).

The number of removed lymph nodes did not have a significant effect on cancer-specific 

survival in pN0 or pN1 patients.
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4. Discussion

Locally advanced RCC with TT represents a unique population of patients. Owing to the 

rarity of these patients, there are few data focused on this population alone. The International 

Renal Cell Carcinoma-Venous Thrombus Consortium (IRCC-VTC) dataset provides an 

opportunity to learn more about this specific subset of patients [13,22,23].

Node-positive disease in renal cell carcinoma has been established as a poor prognostic 

indicator [24,25]. Despite ongoing clinical trials, currently approved management paradigms 

do not recommend adjuvant therapy in the absence of proven metastatic disease [26]. For 

patients with either clinically evident or micrometastatic nodal involvement at the time of 

surgical resection, as there is no approved adjuvant therapy, any treatment that can enhance 

survival is warranted.

Although lymphadenectomy has become an integral part of management for most other 

genitourinary malignancies, the role of lymphadenectomy for RCC continues to be debated, 

and unfortunately, there is still no consensus on its benefit. This is complicated by the 

fact that, despite the presence of predictable landing zones for RCC, perihilar nodes 

are skipped 45% of the time, and 40% to 60% of patients with metastatic disease will 

have no nodal involvement [1,2]. In combination with the currently undefined survival 

benefit of lymphadenectomy, the utilization of lymphadenectomy remains low [27]; this is 

demonstrated by the fact that, even at expert centers within the IRCC-VTC, only 51.9% 

underwent lymphadenectomy.

The indications and extent for lymphadenectomy remain fluid, and more data are needed 

to help shape these guidelines. In the EORTC study, 4% of patients were found to have 

nodal disease at the time of nephrectomy, and there was no survival benefit noted. Critics 

of the study note that the majority of patients included had localized or low-grade RCC, 

and therefore were unlikely to have nodal involvement or benefit from lymphadenectomy 

[3]. Currently, the EAU guidelines state that in patients with localized disease and no 

clinical evidence of lymph node metastases, lymphadenectomy is not recommended (level 

1 evidence). In patients with localized disease and clinically enlarged lymph nodes, 

however, the survival benefit of lymphadenectomy was not clearly demonstrated (level 3 

evidence) [28,29]. The AUA, however, does not have any specific guidelines regarding 

lymphadenectomy at the time of nephrectomy for renal cell carcinoma. Although there are 

no prospective randomized data to support lymphadenectomy, smaller series have identified 

a survival benefit from lymphadenectomy, particularly in the presence of clinically evident 

lymphadenopathy [2,4–8]. In these series, lymphadenectomy in patients with the following 

high-risk features appeared to provide survival advantage—nuclear grade 3 to 4, tumor 

size ≥10 cm, tumor stage T3 or T4, and presence of tumor necrosis [11]. Based on 

these indications, patients with tumor thrombus, by definition pT3, may also benefit from 

lymphadenectomy at the time of radical nephrectomy and tumor thrombectomy. However, 

until now, there has been no literature in this particular subset to support this practice.

Of the 447 patients who were cN0 on preoperative evaluation and underwent 

lymphadenectomy in the present study, 43 were pN1 (9.6%). In prior series, when all 
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RCC patients were assessed, the rate ranged from 4% to 10% [4,30,31]. This suggests 

that the presence of tumor thrombus alone increases the risk of LN involvement, further 

corroborating the indications for lymphadenectomy at the time of initial resection. Indeed, a 

higher level of thrombus is associated with a higher risk of pN1 disease in the present study 

(P = 0.005).

Cancer-specific survival (CSS) for the entire cohort at 5 years was 60.9%, consistent 

with prior studies. As expected, pN1 patients had significantly worse 5-year CSS (22.6%) 

compared to pN0 (68.3%) and pNx (62.5%). Interestingly, cN0/pN1 showed significantly 

better CSS when compared to cN1/pN1 (33.5% vs. 25.3%; P = 0.047; Fig. 2), and 

was confirmed in the multivariable analysis; this corroborates findings by Babaian et al 

[32]. This may reflect the difference in amount of disease in involved LNs. As 10% 

of cN0 patients were identified to be pN1 due to micrometastatic disease burden, and 

since this population does better with lymphadenectomy than if they become cN1, in this 

specific cohort of RCC patients, lymphadenectomy may be warranted even in clinically 

node-negative patients. Looking specifically at patients with pN1 disease, total nodal count 

removed did not have a significant effect on cancer-specific survival. Although this may 

suggest that pure extent and volume of node dissection is not the driving force of survival 

benefit, due to the limitations of the current database, the total nodal count remains a 

weak surrogate marker for extent of lymph node dissection. More importantly, however, the 

number of positive LNs and LN density were independently associated with cancer-specific 

mortality (CSM). However, as alluded to by Bekema et al. [28], the true nature of the 

survival benefit from lymphadenectomy remains unclear—it may derive either from the 

direct removal of grossly positive lymph node metastatic disease and clinically undiagnosed 

micrometastatic disease, or it may be due to removal of the pathways of future lymphatic 

spread. As only the total number of positive lymph nodes removed and LN density were 

associated with survival benefit, this appears to support the former rather than the latter; this 

is further supported by recent data by Gershman et al [33].

The limitations of the study include those inherent to a large multi-institutional retrospective 

chart review, including missing data and confounding variable and selection bias for which 

we could not control. Additionally, due to the time frame of the study, from 1985 to 

2014, clinical and radiographic abilities have changed during the study period, which may 

contribute to some variability in clinical staging. However, a specific limitation is the lack 

of standardization of lymphadenectomy—lymphadenectomy was at the discretion of the 

primary surgeon, and the database was not equipped to accrue details regarding extent 

of dissection. As such, lymphadenectomy was highly variable among institutions. This 

precludes the ability to determine the benefit of extended vs. targeted lymphadenectomy.

Despite these limitations, our study utilizes the largest multinational multi-institutional 

database of patients with renal cell carcinoma and tumor thrombus who have undergone 

radical nephrectomy and tumor thrombectomy, thereby providing access to a large volume 

cohort to specifically answer the question of the role of lymphadenectomy in the setting of 

tumor thrombus. No prior studies have ever specifically addressed this clinical question in 

this patient population.
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In our multi-institutional series of patients with RCC who underwent radical nephrectomy 

and tumor thrombectomy, the number of positive nodes harvested during LND and LN 

density was strong prognostic indicators of cancer-specific survival. The number of removed 

lymph nodes was not prognostic of cancer-specific survival. The rate of pN1 patients among 

clinically node-negative patients was relatively high (9.6%), and as the removal of positive 

nodal disease appears to provide survival benefit, lymphadenectomy may be warranted in 

this patient population. A randomized trial, however, would be required to ascertain this 

benefit.
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Fig. 1. 
Probability estimates of cancer-specific survival in patients with renal cell carcinoma and 

tumor thrombus stratified by pN-status (P < 0.001).
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Fig. 2. 
Probability estimates of cancer-specific survival in patients with positive LNs stratified by 

cN status (P = 0.047).
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Table 2

Distribution of clinical and pathological N-stage

cN pN

pN0 pN1 pNx Overall

cN0 404 43 126 573

cN1 80 93 35 208

cNx 319 87 791 1197

Overall 803 223 952 1978
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Table 3

Impact of number of positive LNs in N+ patients on CSM (multivariable)

Variable HR 95% CI P value

Number of pos. LN 1.055 1.00–1.11 0.049

Age at surgery 1.003 0.98–1.03 0.769

Sex

 Female Ref.

 Male 0.647 0.38–1.10 0.110

Tumor size 1.019 0.96–1.09 0.544

Tumor thrombus level

 TT0/1 Ref.

 TT2 0.904 0.48–1.71 0.756

 TT3 1.109 0.52–2.39 0.791

 TT4 1.736 0.79–3.79 0.167

Fat invasion

 No Ref.

 Yes 1.069 0.58–1.96 0.830

Sarcomatoid features

 No Ref.

 Yes 2.232 1.00–5.00 0.051

Year of surgery 0.996 0.95–1.05 0.870
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Table 4

Impact of LN density in N+ patients on CSM (multivariable)

Variable HR 95% CI P value

Lymph density

 <0.20 Ref.

 ≥0.20 1.993 1.06–3.74 0.031

Age at surgery 1.007 0.98–1.03 0.561

Sex

 Female Ref.

 Male 0.671 0.38–1.18 0.169

Tumor size 1.036 0.97–1.10 0.275

Tumor thrombus level

 TT0/1 Ref.

 TT2 0.867 0.44–1.71 0.680

 TT3 1.461 0.67–318 0.339

 TT4 2.219 1.03–4.77 0.041

Fat invasion

 No Ref.

 Yes 1.343 0.71–2.55 0.368

Sarcomatoid features

 No Ref.

 Yes 2.200 1.04–4.64 0.038

Year of surgery 0.997 0.94–1.05 0.913
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Table 5

Impact of cN status in N+ patients on CSM (multivariable)

Variable HR 95% CI P value

Clinical nodal stage

 Negative Ref.

 Positive 2.923 1.23–6.96 0.015

Age at surgery 0.999 0.97–1.03 0.939

Sex

 Female Ref.

 Male 0.417 0.23–0.77 0.005

Tumor size 1.014 0.94–1.10 0.737

Tumor thrombus level

 TT0/1 Ref.

 TT2 0.790 0.38–1.64 0.527

 TT3 1.070 0.40–2.86 0.893

 TT4 1.872 0.81–4.33 0.143

Fat invasion

 No Ref.

 Yes 1.123 0.53–2.37 0.760

Sarcomatoid

 No Ref.

 Yes 2.2625 1.07–6.43 0.035

Year of surgery 0.972 0.92–1.03 0.325
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