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Introduction  
 

Renal Cell Carcinoma epidemiology 

Kidney cancer is the ninth and fourteenth most common cancer in men and women, representing 5% 

and 3% of all malignancies, respectively [1,2]. It is one of the most lethal urological cancers with a 

mortality rate between 30% and 40% [3]. However, mortality trends have been stable in most of the 

countries showing even a decrease in Western and Northern European countries [1]. Worldwide, 

there are approximately 403, 262 new cases diagnosed yearly and 175, 098 deaths due to kidney 

cancer [4]. Renal cell carcinoma (RCC) represents 90% of kidney cancers, with clear cell (70-80%), 

papillary (10-15%), and chromophobe (5%) being the main histological subtypes [5]. RCC incidence 

varies globally between 1 and 22/100, 000, being highest in the elderly population (>75 years old) [1]. 

During the last decade, incidence has been increasing in most countries, although a trend towards 

plateauing or even decreasing has been seen in developed countries [1]. 

Diagnosis and management 

Many renal masses are asymptomatic and have been diagnosed in the past only in advanced stages. 

The classic triad of a palpaple mass, flank pain and hematuria is now rare as most renal tumours are 

currently diagnosed incidentally by cross sectional Imaging or ultrasound. Especially computed 

tomography (CT) or magnetic resonance imaging  (MRI) of the abdomen and pelvis are used to 

characterise renal masses and to assess extension of the primary tumour, venous involvement, 

enlargement of locoregional lymph nodes and involvement of adrenal glands or other solid organs. A 

CT Chest completes the staging for which the Tumour Node Metastasis (TNM) classification system is 

recommended. The most recent version is the 2017 TNM classification (table 1) [6].  

Table 1: TNM classification, 8th edition 

T - Primary Tumour 

TX  Primary tumour cannot be assessed 

T0  No evidence of primary tumour 

T1  ¢ǳƳƻǳǊ Җ т ŎƳ ƻǊ ƭŜǎǎ in greatest dimension, limited to the kidney 

T1a  ¢ǳƳƻǳǊ Җ п ŎƳ ƻǊ ƭŜǎǎ 

T1b  ¢ǳƳƻǳǊ Ҕ п ŎƳ ōǳǘ Җ т ŎƳ 

T2  Tumour > 7 cm in greatest dimension, limited to the kidney 

T2a  ¢ǳƳƻǳǊ Ҕ т ŎƳ ōǳǘ Җ мл ŎƳ 

T2b  Tumours > 10 cm, limited to the kidney 
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T3  Tumour extends into major veins or perinephric tissues but not into the ipsilateral adrenal 

gland and not beyond Gerota fascia 

T3a  Tumour grossly extends into the renal vein or its segmental (muscle-containing) branches, 

or tumour invades perirenal and/or renal sinus fat (peripelvic fat), but not beyond Gerota fascia 

T3b  Tumour grossly extends into vena cava below diaphragm 

T3c  Tumour grossly extends into vena cava above the diaphragm or invades the wall of the 

vena cava 

T4  Tumour invades beyond Gerota fascia (including contiguous extension into the ipsilateral 

adrenal gland) 

N - Regional Lymph Nodes 

NX  Regional lymph nodes cannot be assessed 

N0  No regional lymph node metastasis 

N1  Metastasis in regional lymph node(s) 

M - Distant Metastasis 

M0  No distant metastasis 

M1  Distant metastasis 

 

Despite earlier detection rates, 25-30% of renal cell carcinomas are metastatic at diagnosis [7]. 

Recent figures suggest that this rate has declined to <20% [8, 9]. In addition, approximately 30% of all 

patients with renal cell carcinoma develop metastases after local therapy with curative intent for 

clinically non-metastatic disease and its heterogenic biology may impact on the pattern and 

frequency of metastasis which differ from other genitourinary cancers [5]. Validated risk scores 

revealed that this rate is risk dependent [3] and mortality in metastatic disease is associated with 

metastatic sites [7]. Patients with distant metastasis at the time of diagnosis (primary or synchronous 

metastatic renal cell carcinoma [mRCC]) or after curative intent (metachronous mRCC) are currently 

recommended to undergo prognosis assessment according to  validated prognostic scores [8]. Those 

with intermediate or poor prognosis or abscence of low-volume  metastatic disease should be 

treated with systemic therapy [8]. The standard-of-care for treatment-naive patients with clear cell 

mRCC consists of combination immune checkpoint inhibitor therapy with either a combination of 

nivolumab, a monoclonal antibody against programmed death-1 (PD-1) and ipilimumab, a 

monoclonal antibody against cytotoxic T-lymphocyte associated protein 4 (CTLA-4), or, 

pembrolizumab, a monoclonal antibody against PD-1, and axitinib, a vascular endothelial growth 

factor receptor tyrosine kinase inhibitor [8]. Two recent randomized controlled trials investigating 

the role and timing of cytoreductive nephrectomy for patients with primary clear cell mRCC led to a 

paradigm change and upfront surgery is no longer recommended in this setting [10,11].  

However, in the absence of metastatic disease, surgery has developed by default as the benchmark 

for the treatment of renal tumours. Approach and technique depend on the size of the primary 

tumour and current management options for cT1a renal masses ς also called small renal mass (SRM) 
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ς include nephron sparing strategies such as partial nephrectomy or thermal ablation, and active 

surveillance. Patients with SRM are increasingly offered renal mass biopsy for radiologically 

indeterminate renal lesions or before  active surveillance of small masses. A recent analysis of 18.060 

partial nephrectomies performed in the United States based on imaging alone revealed a 30% rate of 

benign tumours removed by surgery [12]. For small renal masses and cT1b tumours nephrectomy is 

no longer standard of care and partial nephrectomy should be offered when technically feasible and 

oncologically safe [8]. For larger tumours nephrectomy is the preferred treatment option performed 

as either minimally invasive laparoscopic or robotic assisted laparoscopic or open transperitoneal 

nephrectomy. The latter is often the preferred approach for locoregionally advanced disease 

including inferior vena cava (IVC) thrombi or clinically enlarged locoregional lymph nodes. Locally 

advanced disease itself is a risk factor for lymph node invasion in several nomograms, making 

predominantly use of the clinical T stage and clinical N stage [3]. 

 

Synchronous lymph node metastases and management 

Even though it is believed that renal cancer spreads predominantly hematogenously, lymph nodes 

are the second to third most common metastatic site following lung or bone. Synchronous lymph 

node metastases are found in 41% and 12% of patients with multiple metastatic and solitary 

metastatic disease sites, respectively [7]. Survival with lymph node metastases is poor, with 5-year 

survival ranging between 20-30% [13,14,15] and for patients with resected isolated synchronous 

lymph node metastasis the median time to develop distant metastases has been reported to be only 

4 months [16]. The extremely short time period for developing distant disease supports the 

hypothesis that lymph node positive patients may have concomitant occult systemic metastases 

accounting for the very poor prognosis. Data of these retrospective studies are difficult to interpret 

as most patients with pathologically confirmed lymph node metastases (pN1) underwent lymph node 

dissection (LND) because of clinically enlarged lymph nodes on imaging (cN1) and not as a routine 

procedure including patients with clinically node negative disease (cN0). Currently, LND does no 

longer belong to a routine procedure during partial or radical nephrectomy since guidelines do 

recommend LND only for patients with enlarged lymph nodes on imaging (cN1) but not for clinically 

node negative disease (cN0)[8]. This recommendation against routine LND is based on a single 

prospective study which showed no survival advantage with LND for clinically node negative renal 

cell carcinoma [17,18]. This study included patients with lower-risk clinically node-negative renal 

cancers and only 3.3 % of the patients in the LND arm had lymph node metastases. This low lymph 

node metastasis rate significantly impacts the interpretation of the results of the study which was 

depending on an event-driven sample size calculation. In addition, no standardized templates were 

used. Some observational, retrospective studies suggest a better survival in a subgroup of patients 

with good prognostic features and with increased numbers of removed lymph nodes [16,19,20]. 

Especially after resection of isolated lymph node metastases in patients without adverse features 

survival reached 10 years [16]. However, as the randomized controlled trial on LND and other 

retrospective studies have shown, the rate of occult lymph node metastases in patients with cN0 

disease is very low, even in high risk RCC [21 ] and from these patients only a subgroup may have a 

favourable survival. Due to this low rate and inability of cross sectional imaging to reliably detect 

lymph node metastases in patients with clinically non-enlarged lymph nodes, the ability to identify 

and potentially cure patients with very limited occult lymph node metastases by LND is low. In 
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addition, there are knowledge gaps regarding the biology of lymphatic spread and progression of 

renal cell carcinoma. Recent data suggest that renal cancer progression can occur according to 

punctuated, branched or linear evolution [22]. Patients with punctuated evolution of metastasis have 

multiple clonal driver mutations including von Hippel-Lindau (VHL), BRCA1-associated protein-1 

(BAP1) and Su(var), Enhancer of zeste, Trithorax-domain containing 2 (SETD2) and present with rapid 

progression at multiple organ sites. On the contrary, those with branched or linear evolution have 

attenuated or very slow progression based on Polybromo 1 (PBRM1) or monoclonal VHL driver 

mutations. If and how this relates to lymph node metastases or why some patients develop 

predominantly lymphatic metastatic spread is unclear. Also, it is currently unknown, if the favourable 

outcome observed for patients after resection of limited occult lymph node metastases [18] is due to 

a less-aggressive tumour biology such as the observed branched or linear evolution, the LND 

performed, or a combination of both. Based on the available evidence, guidelines therefore do not 

recommend routine LND in cN0-disease [8], but it is regaining interest as a strong prognosticator in 

an era in which multiple adjuvant treatment trials have been performed or are ongoing due to more 

systemic therapeutic options [23]. Patients with pathologically confirmed lymph node metastatic RCC 

(pN1) have a higher risk of disease recurrence which is reflected in the fact that validated risk scores 

include pN1 as a significant risk factor. Several risk scores are in use and none has been compared 

head-to-head. Nevertheless, their accuracy is relatively high given that they are only based on clinical 

and pathological parameters (table 2). A simplified risk score, which is not yet externally validated, 

has been developed to stratify patients after LND for adjuvant trial enrollment [24] and the currently 

ongoing adjuvant trials include patients with pN1 disease selected by TNM staging criteria or 

Leibovich risk scoring.  

Table 2: validated risk scores for non-metastatic RCC after surgical resection 

Risk model Risk factors subtype Predictor Accuracy (c-

index) 

Leibovich 25   T-stage 

Tumour size 

Necrosis 

LN status 

Fuhrman grade 

Clear-cell DFS 0.81 

Leibovich updated26 

 

T-stage 

Tumour size 

Necrosis 

LN status 

Fuhrman grade 

All subtypes PFS 

CSS 

PFS:  

ccRCC 0.83, 

papRCC 0.77 

chrRCC 0.78  

CSS: 

ccRCC 0.86 

papRCC 0.83 

Sorbellini nomogram 
27 

 

T-stage 

Tumour size 

Necrosis 

Vascular invasion 

Fuhrman grade 

Symptoms 

Clear-cell DFS 0.82 

Kattan nomogram28  T-stage All subtypes DFS 0.80 
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Tumour size 

Histologic subtype 

CSS 

OS 

0.77 

0.70 

SSIGN29 

 

T- stage 

Tumour size 

Fuhrman grade 

Necrosis 

Clear cell DFS 

CSS 

0.81 

0.83-0-88 

UCLA-Integrated 

Staging System (UISS) 
30  

T-stage 

N-stage 

Fuhrman grade  

ECOG PS 

Clear cell CSS 0.79 

Legend: LN lymph node, DFS disease-free survival, CSS cancer-specific survival, PFS progression-free 

survival, OS overall survival, ECOG PS Eastern Cooperative Oncology Group Performance Status, 

SSIGN The tumor stage, size, grade, and necrosis score, UCLA The University of California, Los Angeles     

 

Adjuvant therapy 

Despite multiple trials no adjuvant therapy for renal cell carcinoma is approved in Europe nor 

recommended by the European Association of Urology (EAU) guidelines. After the introduction of 

targeted therapy several trials have been performed of which only one has not yet reported. Details 

of the studies are presented in table 3. Results of these studies have not shown a statistically 

significant benefit in disease-free survival (DFS) with the exception of the S-TRAC trial, a multi-center 

double-blind placebo-controlled trial of 615 patients with high-risk recurrent renal cell carcinoma 

following nephrectomy. On November 16th 2017, the Food and Drug Administration (FDA) approved 

sunitinib for the adjuvant treatment of high-risk renal cancer patients with clear-cell subtype 

following nephrectomy. Given that other trials failed to detect a statistically significant benefit for 

adjuvant therapy, it has been postulated that the inclusion of a well-defined high-risk group with full 

dose sunitinib might have led to the S-TRAC trial demonstrating a significant DFS benefit. However, a 

post-hoc subset analysis from the ASSURE trial including the highest-risk patients and those starting 

with full dose sunitinib comparable to S-TRAC eligibility did not show any DFS or overall survival (OS) 

benefit [37]. Finally, the European Medicine Agency (EMA) did not approve sunitinib for adjuvant use 

in Europe based on a high grade 3-4 adverse event rate without a proven OS benefit [8]. Recent 

outcome with immunotherapy has revolutionized metastatic renal cancer treatment, increasing OS 

to a median of 28 months and more with combinations of ipilimumab/nivolumab  and 

pembrolizumab/axitinib and hazard ratios of death of 0.66 and 0.53 when compared to the  previous 

standard, sunitinib [38,39]. The success of immunotherapy has led to an interest to study these 

agents in the adjuvant setting. Based on the assumption, that immunotherapy is effective in 

eradication of micrometastatic disease, adjuvant immunotherapy is promising [40]. Most trials assess 

eligibility using the TNM or Leibovich risk classification which includes patients with resected lymph 

node metastases in the high risk groups. Consequently, LND, which has an unproven therapeutic 

advantage in renal cell carcinoma [17] and has not been performed routinely for decades, is 

regaining importance in high risk renal cancer for prognosis assessment in the adjuvant setting. 

Furthermore, if adjuvant studies with immunotherapy will demonstrate a DFS- or even OS-benefit, 

accurate prognostication with LND might regain relevance in treatment  decision making and patient 

counselling. Currently, 5 phase III randomized controlled trials examine the effect of immunotherapy 
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in the adjuvant setting for loco-regional intermediate to high-risk RCC: EA8143 PROSPER 

[NCT03055013]41 investigates 4 weeks of neoadjuvant nivolumab followed by 1 year of nivolumab 

versus observation, IMmotion 010 [NCT03024996]42 studies 1 year of atezolizumab versus placebo, 

KEYNOTE-564 [NCT03142334]43 investigates 15 months of pembrolizumab versus placebo, RAMPART 

[NCT03288532]44, a multiarm designed trial platform, studies a combination of 1 year of durvalumab 

plus tremelimumab versus either 1 year of durvalumab alone or observation, and CheckMate 914 

[NCT03138512]45 investigates 6 months of nivolumab plus ipilimumab versus placebo. While most 

trials are recruiting, two have completed accrual. The outcomes are not mature yet and are awaited 

in a few years time. 

 

Table 3: Adjuvant trials in the era of targeted therapy 

Trial N Patient 

Characteristics 

Treatment 

Arms 

Treatment 

Duration 

Primary  

End Point 

Primary 

end 

point HR 

p-value 

S-TRAC: Sunitinib 

Trial in Adjuvant 

Renal Cancer 

Treatment31 

615 High-risk patients 

according to UISS 

Sunitinib  

Placebo 

1 year DFS 6.8 vs 

5.6 years 

HR 0.76 

P=0.03 

ASSURE: Adjuvant 

Sorafenib or 

Sunitinib for 

Unfavorable RCC32 

1,943 Non-metastatic RCC; 

disease stage IIςIV  

Sunitinib 

Sorafenib 

Placebo 

1 year  
 

DFS 5.8 vs 

6.1 years  

HR 0.97 

P=0.71 

SORCE: Sorafenib 

in Patients with 

Resected Primary 

RCC at 

High/Intermediate 

Risk of Relapse33 

1,711 Patients with high- 

and intermediate-

risk resected RCC 

according to 

Leibovich risk 

assessment 

Sorafenib 

Sorafenib/ 

Placebo 

Placebo 

3 years DFS Median 

Not 

reached 

5-years 

DFS 67% 

vs 65% 

HR 1.01 

p=0.95 

EVEREST: 

Everolimus for 

Renal Cancer 

1,545 Pathological stage 

intermediate or very 

high-risk patients 

Everolimus 

Placebo 

9 

treatment 

cycles  

RFS NA 
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 Legend: UISS UCLA-Integrated Staging System, DFS disease-free survival, RFS recurrence-free 

survival, RCC renal cell carcinoma, HR hazard ratio 

 

 

LND templates 

LND as a prognostic tool would benefit from a standardized dissection template. However, the 

dynamics of lymphatic drainage in the retroperitoneum and its further lymphatic and lymphovenous 

connections are still poorly understood and a consensus regarding surgical LND templates does not 

exist.  Historical studies of renal lymphatic drainage date back to 1935 when Parker conducted the 

first well established drainage study in kidneys [46]. In the description of radical nephrectomy 

prevailing in the 1960s and 70s, wƻōǎƻƴ ǎǳƎƎŜǎǘŜŘ ǊŜƳƻǾƛƴƎ ǇŀǊŀπŀƻǊǘƛŎ ŀƴŘ ǇŀǊŀŎŀǾŀƭ ƭȅƳǇƘ ƴƻŘŜǎ 

from the bifurcation of the aorta to the crus of the diaphragm [47, 48]. In more contemporary 

studies, Crispen et al. suggested that in high risk tumours on the right side the paracaval and 

interaortocaval lymph nodes should be removed from the crus to the ipsilateral common iliac artery, 

whereas for tumours on the left side the paraaortic and interaortocaval lymph nodes should be 

dissected, using the same ipsilateral upper and lower boundaries as on the right side [49]. 

Futhermore, a systematic review described most commonly used LND templates which included on 

the right side the hilar, paracaval, and precaval nodes, and on the left side the hilar, pre-paraaortic 

nodes, both from the crus of the diaphragm to the aortic bifurcation [50]. However, in most of the 

studies LND templates were unstandardized and performed according to surgeons preference. One 

of the explanation for the absence of standardized LND templates is a lack of understanding of 

lymphatic drainage in RCC. Also, conflicting results in LND harms and benefits have added to the gaps 

in LND studies and practice.  

Ensuing Surgical 

Therapy34 

with full or partial 

nephrectomy 

PROTECT: 

Pazopanib as an 

Adjuvant 

Treatment for 

Localized RCC35 

1,538 Patients with 

moderately high or 

high risk of relapse 

with nephrectomy of 

Localized or locally 

advanced RCC 

Pazopanib 

Placebo 

1 yr DFS 3-years 

DFS 

67%vs 

64% 

HR 0.86 

P = 0.16 

ATLAS:  Adjuvant 

Axitinib Therapy 

of Renal Cell 

Cancer in High 

Risk Patients36 

724 High-risk, non-

metastatic RCC with 

nephrectomy 

Axitinib  

Placebo 

3 yrs DFS Stopped 

due to 

futility  

HR 0.87 

P=0.32 
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LND templates are determined by lymphatic drainage pattern and the location of first landing sites of 

lymph node metastases. However, most of the surgical studies from which data for LND templates 

were extracted had been based on resection of multiple lymph node metastases in the 

retroperitoneum which prevents analysis which of these were the first draining nodes.  Knowledge of 

the location of the first nodes receiving  drainage from the tumour is vital to develop LND templates. 

Furthermore, studies are lacking despcriptions of precise anatomical sites,  numbers of lymph nodes 

resected and information on indication and extent of LND [50]. In addition, surgical mapping studies 

have limited value in assessing lymphatic drainage as it is only possible to assess what has been 

exposed and removed. To add to the uncertainty, cadaveric studies in humans with blue dye injected 

into Gerotas fascia revealed direct connections of renal lymphatics in the retroperitoneum to the 

thoracic duct without intervening lymph nodes in 23 % on the left and 38 % on the right side [51]. All 

these limitations make establishing LND templates for renal cell carcinoma challenging. 

Consequently, there is a need for a proper lymphatic drainage study with modern methods allowing 

dynamic in vivo-imaging. 

Detection of lymph node metastases with cross-sectional imaging has a sensitivity of 77%, specificity 

of 73% and a positive predictive value of 29%, all of which are low with the exception of a negative 

predictive value of 96% [48]. These limitations have encouraged us and others to explore lymphatic 

drainage of renal tumours with sentinel lymph node  imaging technology [52]. The aim of sentinel 

node detection by dynamic imaging is to map the first landing sites of the radiotracer injected into 

the primary tumour which would in theory represent the first lymph nodes of the regional lymph 

node basin to receive metastatic cells before they sequentially spread through the lymphatics to 

other nodes or through lymphovenous connections to distant organ sites [53]. Sentinel node 

resection has also the advantage of detecting occult micrometastatic nodal disease which may result 

in more accurate staging avoiding the potential surgical adverse events of extended LND.  

The aim of the thesis and the primary endpoint of the main trial is to prospectively map the sentinel 

nodes in renal tumours with dynamic lymphoscintigraphy and single-photon emission computed 

tomography SPECT/CT imaging to evaluate the first draining lymph nodes. Secondary and exploratory 

endpoints were to assess sentinel lymph node biopsy outcome, surgical technique and safety and 

finally to analyse non-visualization. To complete the topic we assess if occult or clinically limited 

single site lymph node metastases are located topographically at the sites observed in the 

prospective image-based sentinel node mapping study. In conclusion with the compiled data we 

describe the lymphatic drainage in renal cancer and also suggest a LND template which could be used 

for prognosis assessment and in future studies.  

 

Outline of the thesis 

The thesis contains eight chapters. As an introduction to current clinical-medical research for 

advanced lymph node metastatic renal cancer, Chapter 1 reviews the paradigm change in systemic 

therapy for renal cell carcinoma, including trials of immune checkpoint inhibitor treatment as 

adjuvant therapy for patients with high-risk disease for which assessment of lymph node metastasis 

is of prognostic significance. Chapter 2 is reporting the primary endpoint of a prospective phase II 

study to evaluate the topographic distribution of renal tumour draining sentinel lymph nodes on 

scintigraphy and SPECT/CT imaging. Chapter 3 analyzes the outcome of sentinel lymph node biopsy 
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which was the secondary endpoint of the prospective phase II imaging study. Chapter 4 reports on 

durable survival with papillary type II renal cell carcinoma and lymph node metastases of a patient 

who was enrolled in the prospective sentinel node study. Chapter 5 assesses retrospectively the 

topographic distribution of occult or clinically limited single-site lymph node metastases in renal 

cancer and evaluates if these match with the locations observed in the sentinel node imaging studies. 

Chapter 6 is analyzing the causes for non-visualization of sentinel lymph nodes on scintigraphy and 

SPECT/CT imaging. Chapter 7 is a report on surgical safety and morbidity of sentinel lymph node 

biopsy. Also technical details are described and discussed. Chapter 8 summarizes all the studies and 

gives a perspective and future outlook.    

  

References 

 

1. Znaor A, Lortet-Tieulent J, Laversanne M, Jemal A, Bray F.  International variations and trends in 

renal cell carcinoma incidence and mortality. Eur Urol. 2015;67(3):519-30. 

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 2016;66:7-30. 

3. Sun M, Shariat SF, Cheng C, Ficarra V, Murai M, Oudard S, et al. Prognostic factors and predictive 

models in renal cell carcinoma: a contemporary review. Eur Urol. 2011;60(4):644-61. 

4. Cancer incidence and mortality worldwide 2018: IARC Cancerbase No. 11. Lyon, France: 

International Agency for Research on Cancer;2018. 

5. Ebele JN, Sauter G, Epstein JI, Sesterhenn IA. Pathology and genetics of tumours of the urinary 

system and male genital organs. World Health Organization classification of tumours. Lyon, 

France:International Agency of Research on Cancer;2004. 

6. Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington MK, et al. AJCC Cancer Staging 

Manual. 8th ed. Switzerland: Springer, 2017 

7. Chandrasekar T, Klaassen Z, Goldberg H, Kulkarni GS, Hamilton RJ, Fleshner NE. Metastatic renal 

cell carcinoma: Patterns and predictors of metastases-A contemporary population-based series.Urol 

Oncol. 2017;35(11):661.e7-661.e14. 

8. Ljungberg B, Albiges L, Abu-DƘŀƴŜƳ ¸Σ .ŜƴǎŀƭŀƘ YΣ 5ŀōŜǎǘŀƴƛ {Σ CŜǊƴłƴŘŜȊ-Pello S, et al. European 

Association of Urology Guidelines on Renal Cell Carcinoma: The 2019 Update. Eur Urol. 

2019;75(5):799-810. 

9. Wong MCS, Goggins WB, Yip BHK, Fung FDH, Leung C, Fang Y, et al. Incidence and mortality of 

kidney cancer: temporal patterns and global trends in 39 countries. Sci Rep. 2017;7(1):15698. 

млΦaŞƧŜŀƴ !Σ wŀǾŀǳŘ !Σ ¢Ƙezenas S, Colas S, Beauval JB, Bensalah K, et al. Sunitinib Alone or after 

Nephrectomy in Metastatic Renal-Cell Carcinoma. N Engl J Med. 2018;379(5):417-27. 

11. Bex A, Mulders P, Jewett M, Wagstaff J, van Thienen JV, Blank CU et al. Comparison of Immediate 

vs Deferred Cytoreductive Nephrectomy in Patients with Synchronous Metastatic Renal Cell 

Carcinoma Receiving Sunitinib: The SURTIME Randomized Clinical Trial. JAMA Oncol. 2019;5(2):164-

70. 



16 
 

12. Kim JH, Li S, Khandwala Y, Chung KJ, Park HK, Chung BI. Association of Prevalence of Benign 

Pathologic Findings After Partial Nephrectomy With Preoperative Imaging Patterns in the United 

States From 2007 to 2014. JAMA Surg. 2019; 154(3):225-31. 

13. Pantuck AJ, Zisman A, Dorey F, Chao DH, Han KR, Said J et al. Renal cell carcinoma with 

retroperitoneal lymph nodes: role of lymph node dissection. J Urol. 2003;169:2076-83. 

14. Terrone C, Cracco C, Porpiglia F, Bollito E, Scoffone C, Poggio M, et al. Reassessing the current 

TNM lymph node staging for renal cell carcinoma. Eur Urol. 2006;49(2):324-31. 

15. Blute ML, Leibovich BC, Cheville JC, Lohse CM, Zincke H. A protocol for performing extended 

lymph node dissection using primary tumor pathological features for patients treated with radical 

nephrectomy for clear cell renal cell carcinoma. J Urol. 2004;172(2):465-9. 

16. Gershman B, Moreira DM, Thompson RH, Boorjian SA, Lohse CM, Costello BA, et al. Renal Cell 

Carcinoma with Isolated Lymph Node Involvement: Long-term Natural History and Predictors of 

Oncologic Outcomes Following Surgical Resection. Eur Urol. 2017;72(2):300-6. 

мтΦ .ƭƻƳ WIaΣ ±ŀƴ tƻǇǇŜƭ IΣ aŀǊŞŎƘŀƭ WaΣ WŀŎǉƳƛƴ 5Σ {ŎƘǊǀŘŜǊ CIΣ ŘŜ tǊƛƧŎƪ [Σ  Ŝǘ ŀƭΦ wŀŘƛŎŀƭ 

Nephrectomy with and without Lymph-Node Dissection: Final Results of European Organization for 

Research and Treatment of Cancer (EORTC) Randomized Phase 3 Trial 3088. Eur Urol. 2009;55:28-34. 

18. Bhindi B, Wallis CJD, Boorjian SA, Thompson RH, Farrell A, Kim SP, et al. The role of lymph node 

dissection in the management of renal cell carcinoma: a systematic review and meta-analysis. BJU 

Int. 2018;121(5):684-98. 

19. Whitson JM, Harris CR, Reese AC, Meng MV. Lymphadenectomy improves survival of patients 

with renal cell carcinoma and nodal metastases. J Urol. 2011;185:1615ς20. 

20. Capitanio U, Suardi N, Matloob R, Roscigno M, Abdollah F, Di Trapani E, et al. Extent of lymph 

node dissection at nephrectomy affects cancer-specific survival and metastatic progression in specific 

sub-categories of patients with renal cell carcinoma (RCC). BJU Int 2014; 114: 210ς15. 

21. Gershman B, Thompson RH, Boorjian SA, Larcher A, Capitanio U, Montorsi F, et al. Radical 

Nephrectomy with or without Lymph Node Dissection for High Risk Nonmetastatic Renal Cell 

Carcinoma: A Multi-Institutional Analysis. J Urol. 2018;199(5):1143-48. 

22. Turajlic S, Xu H, Litchfield K, Rowan A, Chambers T, Lopez JI, et al. Tracking Cancer Evolution 

Reveals Constrained Routes to Metastases: TRACERx Renal. Cell. 2018;173(3):581-594.e12. 

23. Capogrosso P, Larcher A, Nini A, Muttin F, Cianflone F, Ripa F, et al. The critical role of lymph node 

dissection in selecting high-risk nonmetastatic renal cancer candidates for adjuvant therapy after 

nephrectomy. Urol Oncol. 2019;37(4):293.e25-293.e30. 

24. Golijanin B, Pereira J, Mueller-Leonhard C, Golijanin D, Amin A, Mega A, Boorjian SA, et al. The 

natural history of renal cell carcinoma with isolated lymph node metastases following surgical 

resection from 2006 to 2013. Urol Oncol. 2019;37(12):932-40. 

25. Leibovich BC, Blute ML, Cheville JC, Lohse CM, Frank I, Kwon ED et al. Prediction of progression 

after radical nephrectomy for patients with clear cell renal cell carcinoma: a stratification tool for 

prospective clinical trials. Cancer. 2003;97:1663ς71. 



17 
 

26. Leibovich BC, Lohse CM, Cheville JC, Zaid HB, Boorjian SA, Frank I, et al. Predicting Oncologic 

Outcomes in Renal Cell Carcinoma After Surgery Eur Urol. 2018;73(5):772-80. 

27. Sorbellini M, Kattan MW, Snyder ME, Reuter V, Motzer R, Goetzl M, et al. A postoperative 

prognostic nomogram predicting recurrence for patients with conventional clear cell renal cell 

carcinoma. J Urol. 2005;173:48ς51. 

28. Kattan MW, Reuter V, Motzer RJ, Katz J, Russo P. A postoperative prognostic nomogram for renal 

cell carcinoma. J Urol. 2001;166(1):63-7. 

29. Frank I, Blute ML, Cheville JC, Lohse CM, Weaver AL, Zincke H. An outcome prediction model for 

patients with clear cell renal cell carcinoma treated with radical nephrectomy based on tumor stage, 

size, grade and necrosis: the SSIGN score. J Urol. 2002;168(6):2395-400. 

30. Zisman A, Pantuck AJ, Wieder J, Chao DH, Dorey F, Said JW, deKernion JB, Figlin RA, Belldegrun 

AS. Risk group assessment and clinical outcome algorithm to predict the natural history of patients 

with surgically resected renal cell carcinoma. J Clin Oncol. 2002; 20(23):4559-66. 

31. Ravaud A, Motzer RJ, Pandha HS, George DJ, Pantuck AJ, Patel A, et al. Adjuvant Sunitinib in High-

Risk Renal-Cell Carcinoma after Nephrectomy. N Engl J Med. 2016;375(23):2246-54. 

32. Haas NB, Manola J, Uzzo RG, Flaherty KT, Wood CG, Kane C et al. Adjuvant sunitinib or sorafenib 

for high-risk, non-metastatic renal-cell carcinoma (ECOG-ACRIN E2805): a double-blind, placebo-

controlled, randomised, phase 3 trial. Lancet. 2016;387:2008ς16 

33. Eisen T, Frangou E,  Smith B, Ritchie A, Kaplan R, Oza B, et al. Primary Efficacy analysis results 

from the SORCE trial (RE05): Adjuvant sorafenib for renal cell carcinoma at intermediate or high risk 

of relapse: an international, randomised double-blind phase III trial led by the MRC CTU at UCL.  

Annals of Oncology.2019;30(5):v851-v934. 

34. clinicaltrials.gov NCT01120249 

35. Motzer RJ, Haas NB, Donskov F, Gross-Goupil M, Varlamov S, Kopyltsov E. Randomized Phase    III 

Trial of Adjuvant Pazopanib Versus Placebo After Nephrectomy in Patients With Localized or Locally 

Advanced Renal Cell Carcinoma. J Clin Oncol. 2017:10;35(35):3916-23. 

36. Gross-Goupil M, Kwon TG, Eto M, Ye D, Miyake H, Seo SI, et al. Axitinib versus placebo as an 

adjuvant treatment of renal cell carcinoma: results from the phase III, randomized ATLAS trial. Ann 

Oncol. 2018;29(12):2371-8. 

37. Haas NB, Manola J, Dutcher JP, Flaherty KT, Uzzo RG, Atkins MB, et al. Adjuvant Treatment for 

High-Risk Clear Cell Renal Cancer: Updated Results of a High-Risk Subset of the ASSURE Randomized 

Trial. JAMA Oncol. 2017;3(9):1249-52. 

оуΦ aƻǘȊŜǊ wΦWΣ ¢ŀƴƴƛǊ bΦaΣ aŎ5ŜǊƳƻǘǘ 5ΦCΣ !ǊŞƴ CǊƻƴǘŜǊŀ hΣ aŜƭƛŎƘŀǊ .Σ /ƘƻǳŜƛǊƛ ¢YΣ Ŝǘ ŀƭΦ 

Nivolumab plus Ipilimumab versus Sunitinib in Advanced Renal-Cell Carcinoma. N Engl J Med. 

2018;378(14):1277ς90. 

39. Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D et al. Pembrolizumab plus Axitinib 

versus Sunitinib for Advanced Renal-Cell Carcinoma. N Engl J Med. 2019;380(12):1116-27. 



18 
 

40. Zhang T, Zhu J, George D J, Nixon AB. Metastatic clear cell renal cell carcinoma: Circulating 

biomarkers to guide antiangiogenic and immune therapies. Urologic Oncology: Seminars and Original 

Investigations. 2016;34(11):510ς18. 

41. clinicaltrials.gov NCT03055013 

42. clinicaltrials.gov NCT03024996 

43. clinicaltrials.gov NCT03142334 

44. clinicaltrials.gov NCT03288532 

45. clinicaltrials.gov NCT03138512 

46. Parker AE. Studies on the main posterior lymph channels of the abdomen. Am J 

Anat.1935;56:409ς43. 

47. Robson CJ, Churchill BM, Anderson W. The results of radical nephrectomy for renal cell 

carcinoma. J Urol.1969;101:297ς301. 

48. Zareba P, Pinthus JH, Russo P. The contemporary role of lymph node dissection in the 

management of renal cell carcinoma. Ther Adv Urol. 2018; 10(11): 335ς42. 

49. Crispen PL, Breau RH, Allmer C, Lohse CM, Cheville JC, Leibovich BC Ŝǘ ŀƭΦ [ȅƳph node dissection 

ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ǊŀŘƛŎŀƭ ƴŜǇƘǊŜŎǘƻƳȅ ŦƻǊ ƘƛƎƘπǊƛǎƪ ŎƭŜŀǊ ŎŜƭƭ ǊŜƴŀƭ ŎŜƭƭ ŎŀǊŎƛƴƻƳŀΥ ƛƴŘƛŎŀǘƛƻƴǎ ŀƴŘ 

recommendations for surgical templates. Eur Urol.2011;59:18ς23. 

рлΦ /ŀƳǇƛ wΣ {Ŝǎǎŀ CΣ 5ƛ aŀƛŘŀ CΣ DǊŜŎƻ LΣ aŀǊƛ !Σ ¢ŀƪłőƻǾł ¢Σ Ŝt al. Templates of Lymph 

NodeDissection for Renal Cell Carcinoma: A Systematic Review of the Literature. Front Surg. 

2018;5:76. 

51. Assouad J, Riquet M, Foucault C, Hidden G, Delmas V. Renal lymphatic drainage and thoracic duct 

connections: implications for cancer spread. Lymphology. 2006;39(1):26-32. 

рнΦ {ƘŜǊƛŦ !aΣ 9Ǌƛƪǎǎƻƴ 9Σ ¢ƘǀǊƴ aΣ ±ŀǎƪƻ WΣ wƛƪƭǳƴŘ YΣ hƘōŜǊƎ [Σ [ƧǳƴƎōŜǊƎ .WΦ {ŜƴǘƛƴŜƭ ƴƻŘŜ 

detection in renal cell carcinoma. A feasibility study for detection of tumour-draining lymph nodes. 

BJU Int. 2012;109(8):1134ς1139. 

53. Karmali RJ, Suami H, Wood CG, Karam JA. Lymphatic drainage in renal cell carcinoma: back to the 

basics. BJU Int. 2014;114(6):806-17. 

 

 

 

 

 

 

 



19 
 

 

Chapter 1 
 

 
 

 

Antiangiogenic therapy combined with immune checkpoint blockade in renal cancer 
 

 

 

Teele Kuusk, Laurence Albiges, Bernard Escudier, Nikolaos Grivas, John Haanen,Thomas Powles, 

Axel Bex 

 

 

 

 

Angiogenesis. 2017 May;20(2):205-215. 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 
 

 

Abstract 

Antiangiogenic therapy with vascular endothelial growth factor (VEGF) inhibitors is the current first 

line treatment in metastatic renal cell carcinoma (mRCC). Immunotherapy with checkpoint 

inhibitor, has been recently added to the armamentarium of mRCC treatment. These therapies 

are based on treatment with antibodies that block programmed cell death-1 (PD-1), 

programmed cell death ligand 1 (PD-L1) pathways, demonstrating impressive response rates 

and improved survival in several tumour types. So far, nivolumab is the only approved anti-PD-

1 monoclonal antibody after VEGF therapy in mRCC. According to preclinical and clinical 

studies, combination therapies with VEGF- and checkpoint-inhibitors have synergistic effect 

achieving improved response rates. However, toxicity in some combinations is high. In this 

article we present a review of the ongoing trials with these drug combinations for RCC. 

 

Introduction 

Renal cell carcinoma (RCC) represents 5% and 3% of all malignancies in men and women, 

respectively [1,2]. In Europe, the incidence and mortality is approximately 85/100.000 and 

35/100.000, respectively [3]. Fifteen % of the patients with primary RCC are diagnosed with 

metastatic disease, while 30% of initially locally treated patients develop recurrent disease and 

systemic progression during the course of the disease [3]. Systemic therapy with vascular 

endothelial growth factor (VEGF) signaling axis targeting agents is the first line treatment for 

metastatic RCC (mRCC) [4,5]. In addition to established first- and second-line molecular 

targeted therapies, immunotherapeutic agents are introduced into the treatment algorithm 

and are currently actively studied. In 2015, nivolumab was the first immune checkpoint 

inhibitor to be approved by the Food and Drug Administration (FDA) and European Medicine 

Agency (EMEA), as second line treatment for mRCC. 

Neoangiogenesis and immune system play a central role in RCC. The earliest proof for the essential 

role of VEGF in RCC pathogenesis came from understanding of the genetic basis of the von 

Hippel-Lindau (VHL) familial syndrome [6]. Later studies showed the impact of VHL gene 

mutations on the upregulation of VEGF and expression of other angiogenic factors, which are 

of significance in RCC development and progression [7]. Early observations of spontaneous 

regression of metastases after radical nephrectomy, suggested an importance of the immune 

system in RCC. The main cause of this regression was believed to be a T- and B-cell mediated 



21 
 

antitumour immunity [8]. However, with the exception of high-dose intravenous interleukin-2 

(IL-2), treatment with cytokines such as interferon-ʰ ƻǊ ǎǳōŎǳǘŀƴŜƻǳǎ L[-2 had only modest 

activity [9]. Despite a consistent rate of 5-10 % of patients being in complete remission and 

potentially cured after high-dose IL-2, the high adverse event rate and the inability to predict 

responders did not favour this treatment option. After the introduction of VEGF-targeted 

therapy for the treatment of clear-cell RCC, combinations of these drugs with cytokines have 

been studied [10]. Unfortunately, with the exception of bevacizumab and interferon- ,h 

combinations were either ineffective or too toxic. The lower adverse event rate seen with 

PD1/PDL1 inhibitors  has led to a revival in the investigation of combinations of drugs acting 

on VEGF and immune checkpoint inhibition in mRCC. This rationale is further supported by the 

observation that antiangiogenic agents have an effect on antitumour immune responses and 

T cell trafficking to the tumour [11, 12]. It has also been shown that checkpoint inhibition 

modulates tumour vessels [13]. Combining agents that act on these two major oncogenic 

pathways synergistically may result in better response and potential benefit from these 

therapies. In this article we review the current literature and ongoing trials on combination 

therapies of VEGF-tyrosine kinase inhibitors (TKI), VEGF-monoclonal antibodies (mAB) and 

immunotherapeutic agents (checkpoint inhibitors) for RCC. 

 

Mechanism of action of VEGF and checkpoint inhibitors in RCC 

Inactivation of VHL tumour suppressor gene induces hypoxia which in turn triggers hypoxia-

inducible factor (HIF)-1, causing activation of pro-angiogenic factors. VEGF upregulation results 

in neoangiogenesis, which facilitates the access of tumor cells to the general circulation 

causing systemic disease [14]. Tumour angiogenesis enhances activity of myeloid derived 

suppressor cells (MDSC) and tumour-associated macrophages (TAM) suppressing innate 

antitumour immunity. It has been demonstrated that VEGF-receptor tyrosine kinase inhibitor 

(VEGFR-TKI) sunitinib is suppressing angiogenic genes resulting in inhibition of angiogenesis in 

pretreated primary tumour tissue [15]. In preclinical models, it has been shown that 

antiangiogenic therapy decreased MDSC and reprogrammed immunomodulatory phenotype 

of TAM. The evolution of VEGFR-TKIs namely sunitinib, pazopanib, sorafenib, axitinib, 

cabozantinib, lenvatinib in combination with mTOR inhibitor (everolimus) and monoclonal 

antibody against VEGF (bevacizumab) in combination with interferon-ʰΣ ƘŀǾŜ ƛƳǇǊƻǾŜŘ  Ƴw// 

prognosis by increasing progression free survival (PFS) and  impacting on overall survival (OS) 

[16-21]. Currently, sunitinib, pazopanib and bevacizumab with interferon-ʰ ŀǊŜ ŦƛǊǎǘ ƭƛƴŜ 
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options while nivolumab, cabozantinib, axitinib, sorafenib, everolimus alone and combination 

with lenvatinib are second line treatment options in clear-cell mRCC [4,5]. 

Reciprocal action between the immune system and tumour development and progression have 

been a challenging topic in immunology. It is well known that the immune system prevents 

cancer development in many different pathways. However, cancer cells have also mechanisms 

against host immune system activity. At first, the innate and adaptive immune system both co-

operate to eradicate tumor cells before clinically detectable disease [22]. After that, the 

adaptive system continues its attack against tumor cells, which survive. However, tumor cell 

types finally develop that are not recognized by the adaptive immune system. This happens 

through different mechanisms: tumour cells can become insensitive to immune effector 

mechanisms or immune checkpoint proteins may become dysregulated, typically via 

expression of inhibitory ligands and receptors that regulate T cell effector functions in the 

tumor microenvironment. This induces an immunosuppressive tumor microenvironment 

resulting in the escape phase, where tumour development is not prevented by the host 

immune system leading ultimately to clinically detectable disease [22]. 

Normally, microbes as well as cancer cells evoke activation of the immune system and in this 

process immune checkpoints are protecting the host cells from autoimmunity and self-

destruction. Cancer cells are able to co-opt immune checkpoint pathways and thus avoid 

immune eradication. Therefore, immune checkpoint inhibitory antibodies act on tumour cells 

indirectly by targeting lymphocyte receptors or their ligands for re-activating and enhancing 

internal antitumour immunity. Checkpoint receptors are expressed on T-lymphocytes (CTLA-

4) and on T-, B-lymphocytes and natural killer (NK) cells such as programmed death-1 receptor 

(PD-1) and programmed death ligand 1 (PD-L1). Immune checkpoint blockade with monoclonal 

antibodies target and block these inhibitory receptors, thereby inducing immune responses at 

different levels [ 23,24,25]. Pembrolizumab and nivolumab target the PD-1 receptor while 

atezolizumab, avelumab and durvalumab block its ligand (PD-L1). Ipilimumab and 

tremelimumab target CTLA-4 [25,26]. Nivolumab has shown an OS benefit compared to 

everolimus in patients with mRCC previously treated with antiangiogenic therapy and is 

currently the only approved checkpoint inhibitor for the treatment of mRCC [27]. 

 

Rationale for using combination of antiangiogenic agents and immunotherapy 

Earlier studies have shown that anti angiogenic therapy can elicit or enhance antitumour immunity 

whereas reciprocally the immune system can induce  angiogenesis [23,28,29]. Therefore, there 
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is a bidirectional link and synergy between antiangiogenic agents and immunotherapy [28] 

(Figure 1). Antiangiogenic agents are capable to reverse immunosuppression by decreasing 

immunosuppressive cells (MDSCs, regulatory T cells), immunosuppressive cytokines (IL-10, 

¢DC ʲύ ŀƴŘ ƛƴƘƛōƛǘƻǊȅ ƳƻƭŜŎǳƭŜǎ ƻƴ ¢ ŎŜƭƭǎ όt5-1) [28]. Moreover, VEGF receptor inhibitors 

drive tumour cells to activate immune checkpoints and therefore a combination of VEGF- and 

checkpoint inhibitors makes sense [23,29]. Combination of anti-VEGF therapy with 

immunotherapy, though not checkpoint inhibitors, has demonstrated improved PFS in mRCC 

already in 2007 in two trials of bevacizumab in combination with interferon-ʰ ƭŜŀŘƛƴƎ ǘƻ 

approval as a first-line therapeutic option in mRCC [10]. In addition, recent research on 

intratumoral immune components such as tumour infiltrating lymphocytes (TIL) or MDSCs in 

tumour tissue of sunitinib pretreated primary RCC have demonstrated potential synergism for 

TKI with anti-PD-(L)1 therapy [30]. Pretreatment with sunitinib improved TIL expansion by 

reduction in intratumoral content of MDSC. Furthermore, the function of tumour infiltrating T 

lymphocytes may be inhibited in an immunosuppressive tumour microenvironment by T 

regulatory cells and expression of PD-L1. It has been shown that patients treated with 

antiangiogenic therapy have increased Treg and PD-L1 expression in their primary tumour 

tissue and this is associated with poor survival. Thus, combination therapy may be effective 

for patients with mRCC [31]. Recently published translational and clinical data on the 

combination of bevacizumab with atezolizumab (anti-PD-L1) in 10 patients demonstrated that 

combination therapy improves antigen-specific T-cell migration thus enhancing antitumour 

activity. Durable partial responses (PR) and stable disease (SD) were observed in 8 patients. 

This durable clinical benefit  may be due to an addition of dissimilar response kinetics, since 

VEGFR-TKIs produce fast but non-durable response, but PD-1 inhibitors are slow to act but the 

response is long-lasting and thorough [32]. 

 

Combination therapy trials in advanced and metastatic RCC 

Several trials have been performed or are ongoing to assess different combinations of 

antiangiogenic agents with checkpoint inhibitors in RCC. A phase I study (Checkmate-016, 

NCT01472081) in mRCC compared combination therapy of nivolumab, an anti-PD-1 inhibitor, 

with sunitinib, pazopanib or ipilimumab [33] (Tabel 2,3). Starting dose for nivolumab was 2 

mg/kg (maximum 5 mg/kg) intravenously every 3 weeks until progressive disease (PD), toxicity 

or other reason for discontinuation, while standard dose for sunitinib and pazopanib was 50 

mg and 800 mg, respectively. Primary outcome measures of the study were safety and 
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tolerability of the different combinations while secondary outcome were the objective 

response rate (ORR) and the duration of response. In the sunitinib and nivolumab arm no dose-

limiting toxicities (DLT) were seen and the arm with higher dose (5mg/kg) of nivolumab was 

expanded (up to 33 patients). The nivolumab (2 mg/kg)-pazopanib combination arm (20 

patients) was closed due to early DLT. Moreover, adverse event rate was high with both 

combinations. A 82% and 70% rate of grade 3-4 toxicity was seen in the nivolumab-sunitinib 

and nivolumab-pazopanib arm, respectively. The most common grade 3-4 adverse events for 

the nivolumab-sunitinib and-pazopanib combination were liver enzymes rise, hypertension, 

hyponatremia and lymphocytopenia. Regarding the effectiveness, nivolumab-sunitinib and 

nivolumab-pazopanib combinations showed ORR of 52% and 45%, respectively. The response 

was seen 6 weeks after treatment initiation in 41% and 56% in combinations of nivolumab with 

sunitinib and pazopanib, respectively, and demonstrated long lasting effects up to 13 and 17 

months in the sunitinib- and pazopanib-nivolumab combinations, respectively. Median 

progression free survival (PFS) was 48.9 and 31.4 months for sunitinib and pazopanib 

combinations, respectively. This study showed higher response rates for combination therapy 

compared to monotherapy, although toxicity was higher. 

A recently launched phase I/II  will be investigating the combination of nivolumab with tivozanib, 

a VEGFR-TKI in advanced RCC (TiNivo trial). 

At least 5 trials investigate pembrolizumab, an anti-PD-1 inhibitor, in combinations with 

monoclonal antibodies against VEGF- or antiangiogenic VEGFR-TKI. Pembrolizumab (MK-3475) 

has been studied with the combination of bevacizumab in a phase Ib study [34]. Sixteen 

patients with mRCC who had at least one systemic therapy failure were enrolled. 

Pembrolizumab (200 mg every 3 weeks) was given in combination with bevacizumab (either 

at 10 mg/kg or 15 mg/kg every 3 weeks). No grade 3-4 AEs were recorded. Seventy-one % of 

14 patients who were evaluable for response demonstrated  PR, 29 % had PD. To conclude, 

pembrolizumab and bevacizumab at maximum dose was safe and recommended to continue 

in a phase II study (NCT02348008) BTCRC-GU14-003. 

The other phase I study of a monoclonal antibody against VEGF, aflibercept, in combination with 

pembrolizumab enrolls patients with solid tumours and mRCC who have been previously 

treated with VEGFR-TKIs [35] (NCT02298959). They receive pembrolizumab and ziv-aflibercept 

intravenously on day 1 and cycles are repeated every 2 weeks. Results are pending. 

Further combinations of pembrolizumab with VEGFR-TKI were investigated in phase Ib/II studies. 

One such trial enrolled 8 RCC patients among other patients with solid tumours who had 
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progressed after first-line therapy [36] to receive pembrolizumab (200 mg) intravenously once 

every 3 weeks and a daily oral dose of lenvatinib (24 mg or 20 mg)(NCT02501096). Grade 3 

adverse events with 24 mg of lenvatinib were arthralgia and fatigue, however no DLTs were 

reported in the arm combining pembrolizumab and  lenvatinib 20 mg. ORR for this 

combination was 69%. Half of the mRCC patients showed PR and the other half SD. The 

maximum daily tolerated dose of lenvatinib in the combination was confirmed as 20 mg and a 

phase III study testing the combination against sunitinib, a first-line standard, is ongoing [37] 

(Table 1). 

Interestingly, other VEGFR-TKI combinations with pembrolizumab may not be necessarily 

comparable regarding their toxicity profile. Another phase I/II study combined pembrolizumab 

with pazopanib,600 or 800 mg [38] (Keynote-018, NCT02014636). Sixty-five % of patients 

developed grade 3 hepatotoxic AEs and toxicity appeared recurrently after re-initiation of 

treatment. The investigators concluded that liver function deterioration was related to 

pazopanib. ORR were 60% and 20% for pazopanib 800 mg and 600 mg, respectively. One 

patient in the pembrolizumab-pazopanib 800 mg arm showed complete response (CR). 

Finally, a phase Ib study investigated pembrolizumab in combination with axitinib in 52 treatment-

ƴŀƠǾŜ ǇŀǘƛŜƴǘǎΦ ¢ƘŜ ǘǊƛŀƭ ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ǘƘŜ ǎŀŦŜ ŘƻǎŜ ƻŦ ŀȄƛǘƛƴƛō ǿŀs 5 mg twice daily and 2 

mg/kg every 3 weeks for pembrolizumab [39]. Severe grade 3-4 adverse events included 

hypertension, diarrhea and headache. Seventy-one % of the patients obtained objective 

response, with 3 CR 34 PR and 10 had SD. 

Axitinib was further investigated in a phase Ib study which evaluated the safety, pharmacokinetics 

and pharmacodynamics of axitinib (3 or 5 mg twice a day) in combination with the anti PD-L1 

inhibitor avelumab (10 mg/kg every 2 weeks) in first-line advanced RCC [40]. Grade 3-4 adverse 

events occurred in 5/6 patients, hypertension being the most common one. No 

discontinuation due to treatment related toxicity was observed. Confirmed PR was observed 

in 6 patients. The dose combination with avelumab and axitinib regarded as safe was 10 mg/kg 

and 5 mg, respectively. Both pembrolizumab and avelumab combinations with axitinib were 

considered encouraging and are currently being tested in phase 3 trials against the standard 

sunitinib in untreated mRCC [41,42] (Table 1). 

Like the anti-PD-1 inhibitor pembrolizumab, atezolizumab, another monoclonal antibody against 

PD-L1, has been studied in combination with bevacizumab in phase I and II studies [43,44]. In 

a phase I study atezolizumab (20 mg/kg every 3 weeks) was administered with bevacizumab 

(15mg/kg every 3 weeks) in 12 patients. Atezolizumab related grade 3 adverse events occurred 
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in 3% of the patients, however grade 3-4 AEs accounted for 58%. ORR was observed in 40%, 1 

patient had a CR and almost half of the patients experienced SD. These results suggested a 

safety and efficacy of the combination in mRCC which led to a randomized phase II study. In 

the phase II study atezolizumab was administered either as monotherapy (103 patients) or in 

combination with bevacizumab (101 patients) versus sunitinib (101 patients) in patients with 

previously untreated locally advanced or metastatic RCC (IMmotion150, NCT01984242). This 

trial provides the first randomized data of VEGFR-TKI versus single agent PD-L1 inhibitor in first 

line. The results were encouraging especially in patients with higher expression of PD-L1 on 

immune cells and were presented at the 2017 American Society of Clinical Oncology Genito-

urinary (ASCO GU) symposium recently. ORR ranged from 32%,25%, 29% in the atezolizumab-

bevacizumab combination, the atezolizumab-mono and sunitinib arm, respectively. 

Interestingly, complete response rate was the highest in the atezolizumab arm (11%) followed 

by the combination (7%) and sunitinib arm (5%), respectively. Diverse response rates were 

seen in patients with higher expression of PD-L1 favouring the combination or atezolizumab 

only arms.  As with previous combinations, AE rate was high: 64%, 41% and 69% of patients 

developed grade 3-4 AEs in the combination-, atezolizumab only and sunitinib arm, 

respectively. Atezolizumab only arm side effects were similar to side effects reported for 

nivolumab. There were one treatment related AE leading to death in the combination arm and 

2 in the sunitinib arm. Promising results from the phase I/II studies have led this combination 

tƻ ŀ ǇƘŀǎŜ LLL ǎǘǳŘȅ ƛƴ ǿƘƛŎƘ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ǘǊŜŀǘƳŜƴǘ ƴŀƠǾŜ Ƴw// ǿŜǊŜ ǊŀƴŘƻƳƛȊŜŘ ǘƻ 

atezolizumab with or without bevacizumab versus sunitinib monotherapy (IMmotion 151, 

NCT02420821) [45] (Table 1). Atezolizumab and bevacizumab combination will also be further 

studied in phase 1 trials with entinostat, histone benzamide deacetylase inhibitor 

(NCT03024437) and obinutuzumab, anti CD20 monoclonal antibody (NCT03063762). Both 

trials have been registered early this year. 

A phase I study examining the combination of tremelimumab, a CTLA-4 inhibitor, with sunitinib 

enrolled 28 mRCC who had received none or only one previous systemic treatment [46]. The 

patients were treated with tremelimumab (6-15 mg/kg intravenously) once every 12 weeks 

and sunitinib (50 mg daily on 4 on 2 off weeks schedule or 37.5 mg continuously). Two of 5 

patients in 50 mg sunitinib plus tremelimumab (6 mg/kg) arm experienced DLTs, resulting in 

closure of the sunitinib 50 mg dose arm. Half of the patients on sunitinib 37.5 and 

tremelimumab (15 mg/kg) developed DLTs. One patient receiving tremelimumab (10 mg/kg) 

plus daily sunitinib (37.5 mg) died. Finally, the tremelimumab (10 mg/kg) plus daily sunitinib 

(37.5 mg) combination was expanded with 7 patients and 3 of those experienced DLTs. The 
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most common DLT was acute renal failure. Finally, ORR was 76%. However, due to high toxicity 

of renal failure, tremelimumab doses higher than 6 mg/kg combined with sunitinib (37.5 mg) 

were not recommended and not further studied 

In comparison to the multitude of studies performed or ongoing for clear-cell RCC only two studies 

are currently enrolling patients with non-clear cell subtypes. Specifically, a phase II trial with 

atezolizumab and bevacizumab combination is accruing  patients with advanced or metastatic 

non-clear cell RCC. Both drugs will be administered intravenously every 3 weeks. Results are 

awaited [47] (NCT02724878).  Another combination trial is a phase Ib trial of durvalumab, a 

PD-L1 inhibitor, in combination with either savolitinib, a selective c-MET-TKI, or tremelimumab 

which enrolls a papillary RCC cohort in VEGFR-TKI refractory mRCC patients (CALYPSO, 

NCT02819596)[48]. 

The only triple combination trial is a phase I study in pretreated metastatic genitourinary cancer 

patients which compared combination therapy of nivolumab with cabozantinib and a triple 

combination of cabozantinib, nivolumab and ipilimumab. Forty patients with genitourinary 

cancers, among whom three patients with mRCC, were enrolled. Preliminary results were 

presented at the 2017 American Society of Clinical Oncology Genito-urinary (ASCO GU) 

symposium (NCT02496208). Grade 3-4 AEs were hypophosphatemia, hyponatremia, elevated 

lipase. The combination of nivolumab and cabozantinib was well tolerated and did not cause 

grade 4-5 toxicities, immune-related AEs or DLTs. There were no additive toxicities also in a 

triple arm. Nivolumab 3 mg/kg every 2 weeks with cabozantinib 40 mg daily and nivolumab 3 

mg/kg, cabozantinib 40 mg and ipilimumab 1 mg/kg was recommended to proceed to a phase 

II study. ORR in 38 evaluable patients for this combination was 32%, and one of the 3 mRCC 

patient had  a PR [49]. 

In conclusion, given the many potential immune checkpoint inhibitor combinations with VEGF-

targeted therapy that have been or are currently investigated in early phase I/II trials it may 

not come as a surprise that no less than 4 such combination trials are currently being 

ƛƴǾŜǎǘƛƎŀǘŜŘ ƛƴ ǘǊŜŀǘƳŜƴǘ ƴŀƠǾŜ Ƴw// ǇŀǘƛŜƴǘǎ ŎƘŀƭƭŜƴƎƛƴƎ ǎǳƴƛǘƛƴƛōΣ ŀ ŦƛǊǎǘ-line standard of 

care, in randomized controlled phase III settings [50] (Table 1). From these studies the 

IMmotion 151 trial has finished accrual and data may be presented as early as autumn 2017. 
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Combinations in neoadjuvant or presurgical setting in mRCC 

Neoadjuvant or presurgical studies are a unique opportunity to obtain sequential tumour tissue 

and to identify predictors of response or resistance to immune checkpoint inhibition and 

combination with VEGF-targeted therapy. Preclinical and early clinical research suggests that 

there is significantly greater therapeutic efficacy of neoadjuvant immunotherapies in 

eradicating early occult metastases than with an adjuvant approach, following primary tumor 

resection [51]. This has resulted in several neoadjuvant and presurgical phase I/II studies in 

localized and metastatic RCC with single-agent nivolumab and pembrolizumab which are 

currently ongoing [52,53,54]. In addition, a phase III trial schedules patients for perioperative 

ƴƛǾƻƭǳƳŀō ōŜŦƻǊŜ ƴŜǇƘǊŜŎǘƻƳȅ ŦƻǊ җ¢н ƻǊ T any N+ RCC and plans to enroll 766 patients 

(PROSPER EA8143). There is one pilot randomized study evaluating presurgical nivolumab 

monotherapy, nivolumab combination with bevacizumab and nivolumab combined with 

ipilimumab in patients with primary mRCC and the tumour in place [55]. This is currently the 

only study investigating a combination of checkpoint inhibition and antiangiogenic therapy 

prior to removal of the primary tumour. One arm receives nivolumab (3 mg/kg intravenously 

every 2 weeks for a total of 6 weeks). The second arm receives nivolumab (3 mg/kg every 2 

weeks) with bevacizumab (10 mg/kg intravenosuly every 2 weeks for 6 weeks) and the third 

arm receives nivolumab (3 mg/kg every 3 weeks) with ipilimumab (1 mg/kg intravenously 

every 3 weeks for 6 weeks). In all arms cytoreductive nephrectomy is planned after the end of 

drug treatment. 

 

Combination treatment in adjuvant setting 

Based on the assumption that immune checkpoint inhibition may be more effective in eliminating 

circulating tumour cells and micrometastases than VEGFR-targeted therapy, several 

randomized controlled phase 3 trials are planned to test adjuvant atezolizumab, nivolumab 

and pembrolizumab as single-agents in patients with non-metastatic RCC and high-risk of 

recurrence [56,57,58, 59]. However, at present no combinations of immune checkpoint 

inhibition and VEGF-targeted therapy are being tested in the adjuvant setting. This is in part 

owing to conflicting results being reported with adjuvant VEGFR-TKI therapy in localized high 

risk RCC [60]. In two RCTs, sunitinib did not prolong OS while it had a significant but limited 

benefit on disease free survival in one of the studies. Unfortunately, a three-fold adverse event 

rate influencing some aspects of quality of life resulted in an unfavorable harms-benefits ratio 

for adjuvant VEGFR-TKI therapy. Although further trials evaluating VEGFR-TKIs in adjuvant 
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setting are ongoing, it is unlikely that they will be practice changing after assessment of their 

contribution to value-based health care. Until data from ongoing phase III trials in the 

metastatic setting report significant improvement in OS, it is likely that the current adverse 

event profile of combined immune checkpoint inhibition and VEGF-targeted therapy prohibits 

their long-term administration in adjuvant studies. 

 

Conclusions and outlook 

Long-lasting remission, manageable toxicity and a synergistic effect with VEGF-targeted therapy 

make immune checkpoint inhibitors attractive candidates for combination therapy with 

antiangiogenic compounds. Clinical trials with novel checkpoint inhibitors are initiated and first 

results from phase I/II trials of checkpoint inhibitors with VEGFR-TKI and VEGF-monoclonal 

antibodies are promising. No less than 4 phase III trials are ongoing to investigate immune 

checkpoint inhibitors in combination with VEGF-targeted therapy in patients with treatment 

ƴŀƠǾŜ Ƴw//Φ ¢ƘŜǎŜ ǘǊƛŀƭǎ ŀǊŜ ŘŜǎƛƎƴŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǇŀǘƛŜƴǘ ǎǳōƎǊƻǳǇǎ ŦƻǊ ŀǇǇǊƻǇǊƛŀǘŜ ǘǊŜŀǘƳŜƴǘ 

selection but further studies will be needed to establish markers of resistance to therapy, 

dosing, optimal timing, and sequencing. In parallel, neoadjuvant and presurgical studies are 

ongoing and will investigate whether these combinations are effective in this setting, which, 

in turn, may provide a rationale for adjuvant studies in patients with non-metastatic RCC with 

high-risk of recurrence. In addition, novel checkpoint inhibitors that ought to be less toxic are 

investigated actively. 
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Table 1. Phase III studies with immune checkpoint inhibitors in combination with VEGF-targeted 

therapy for patients with treatment naive mRCC 

 

 

 

 

 

 

 

 

 

Study N Therapy Endpoint Subtype 

KEYNOTE-426 

b/¢лнурооомщц 

840 Pembrolizumab 200 mg iv 

every 3 weeks + axitinib 5 

mg po twice daily vs 

sunitinib 50 mg po once 

daily on schedule 4/2 

PFS central 

review 

OS 

clear cell 

component with 

or without 

sarcomatoid 

features 

JAVELIN Renal 101 

b/¢лнсупллсщч 

583 Avelumab 10 mg/kg iv 

every two weeks + 

axitinib, 5 mg po twice 

daily vs sunitinib 50 mg po 

on schedule 4/2 

PFS   clear cell 

component 

IMmotion 151 

b/¢лнпнлунмщъ 

900 Atezolizumab 1200 mg iv 

on days 1 and 22 of each 

42-day + bevacizumab 15 

mg/kg iv on days 1 and 22 

of each 42-day cycle vs 

sunitinib 50 mg po on 

schedule 4/2 

PFS 

investigator 

reviewed 

OS in 

participants 

with detectable 

PD-L1 

clear cell 

histology and/or 

a component of 

sarcomatoid 

carcinoma 

b/¢лнуммусмшь 735 Lenvatinib 18 mg po + 

everolimus 5 mg po or 

lenvatinib 20 mg po+ 

pembrolizumab 200 mg iv 

every 3 weeks vs sunitinib 

50 mg po on a schedule 

4/2 

PFS clear-cell 

component 
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Table 2. Phase I/II studies with immune checkpoint inhibitors in combination with 
VEGF-targeted therapy with response rate 

     

Trial  Study name, 

setting 

Study name, 

combination (dose) 

Nr of 

patients 

(evaluable 

for 

response/all) 

ORR nr,% CR nr,% PR nr,% SD nr,% PD nr,% mPFS 

months 

Phase I, 

NCT01472081* 

Checkmate 

016, mRCC, 1st 

ƭƛƴŜшш 

nivolumab 5mg/kg q3w 

+sunitinib 50 mg  

33 17(52%) 1(3%) 16(48%) 10(30%) 1(3%) 48.9  

Phase I, 

NCT01472081* 

Checkmate 

016, mRCC, 1st 

ƭƛƴŜшш 

nivolumab2 mg/kg q3w+ 

pazopanib 800 mg 

20 9(45%) 0 9(45%) 7(35%) 4(20%) 31.4 

Phase I, 

NCT02496208* 

mRCC, 2nd 

ƭƛƴŜщю 

nivolumab 3 mg/kg 

q2w+cabozantinib 40 mg 

38/40(3 

mRCC) 

12(32%) 1(5%) 11 

(29%)1mRCC 

20(53%) NA NA 

Phase I, 

NCT00372853 

mRCC,1st or 

нƴŘ ƭƛƴŜщы 

tremelimumab 6-15 

mg/kg q12w+ sunitinib 

37.5 or 50 mg  

21/28 16(76%) NA 9(43%) 7(33%) NA NA 

Phase Ib, 

NCT02348008, 

BTCRG-GU14-003 

mRCC, 2nd 

ƭƛƴŜшщ 

pembrolizumab 200 mg 

q3w+ bevacizumab 10 or 

15 mg/kg 

14/16 NA NA 10(71%) NA 4(29%) NA 

Phase Ib/II, 

NCT02501096 

mRCC, 2nd 

ƭƛƴŜшы 

pembrolizumab 200 mg 

q3w+lenvatinib 24 or 20 

mg 

13 (8 mRCC)  9(69%) 0 7(54%) 6(46%) 0 NA 
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Phase I/II, 

NCT02014636 

Keynote-018, 

mRCC, 1st 

ƭƛƴŜшэ 

pembrolizumab 2mg/kg 

q2w+pazopanib 600 or 

800 mg 

20 60% for 800 

mg, 20% for 

600 mg 

1(5%) NA NA NA NA 

Phase Ib, 

NCT02133742 

mRCC, 1st 

ƭƛƴŜщх 

pembrolizumab 2 mg/kg 

q3w + axitinib 5 mg  

52 37(71%) 3(6%) 34(65%) 10(19%) 2(3.8%) 15.1 

Phase Ib, 

NCT02493751 

JAVELIN Renal 

100 , mRCC, 1st 

ƭƛƴŜщх 

avelumab 10 mg/kg 

q2w+axitinib 3 or 5 mg 

twice a day  

6 6(100%) 0 6(100%) 0 NA NA 

Phase 

I/II,NCT01633970* 

mRCC, 1st 

ƭƛƴŜщш 

atezolizumab 20 mg/kg 

q3w+bevacizumab 

15mg/kg q3w 

10/12 4(40%) 1(10%) NA 5(50%) NA NA 

Phase II, 

NCT01984242* 

Immotion 150, 

мǎǘ ƭƛƴŜщщ 

atezolizumab 1200 mg 

q3w+bevacizumab 15 

mg/kg 

305 (101 in 

combination 

arm) 

32% 7% NA NA NA 11.7 

* response rate only for VEGFR-TKI or VEGF-monoclonal antibody and checkpoint inhibitor combination arm
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Table 3. Phase I/II studies with immune checkpoint inhibitors in combination with VEGF-targeted therapy and grade 3-4 adverse events 

  Checkmate 
016 
(nivoluma
b+sunitini
ōύшш 

Checkmate 
016 
(nivolumab
+pazopanib
ύшш 

nivolumab
+cabozanti
ƴƛō щю 

tremelimum
ab+sunitinib
щы 

pembrolizum
ab+bevacizu
Ƴŀō шщ 

pembrolizum
ab+lenvatini
ōшы 

pembro
lizumab
+ 
axitinib  
шю 

JAVELIN 
Renal 
100 
(avelum
ab+axiti
ƴƛō ύщх 

Keynote-018 
pembrolizu
mab+pazopa
ƴƛō шэ 

atezolizuma
b+bevacizu
Ƴŀō щш 

Nr of 
patients 

33 20 24 (3 
mRCC) 

28 16  13 (8 mRCC) 52 6 20 12 

Grade 3-
4 AEs 

27(82%) 14(70%) 7(29%) 17(61%) 0% 9(69%) 28(53%
) 

5(83%) 13(65%) 7(58%) 

fatigue 9% 15% 2(8%) 1   1 6%       

nausea, 
vomiting 

    
 

              

artralgia           1         

hyperten
sion 

18% 10%       1 17% 33%   3 

hand-
foot 
syndrom
e 

              17%     

mucositi
s 

    
 

1       17%     

pneumo
nitis 

                    

aseptic 
meningit
is 

  1/40        

colitis      1/40               

elevated 
ALT 

18% 20%         6%       
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elevated 
AST 

9% 20%                 

elevated 
ALT/AST 

          1     13 (65%)    

elevatio
n of 
lipase  

     3(13%)         17%     

hypercal
cemia 

                  1 

hyperuri
cemia 

                    

hypopho
sphatem
ia 

  4(17%)        

hyponat
riemia 

15%    4(17%)     1         

lymphoc
ytopenia 

15%                   

neutrop
enia 

    
 

              

proteinu
ria 

              17%     

diarrhea 9% 20%  2(8%)     1 10%       

renal 
insufficie
ncy 

      2             

respirato
ry 
insufficie
ncy 

                  1 

dyspnoe
a 

      1             
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headach
e 

            8%       

tumour 
pain 

                  1 

postoper
ative 
wound 
infection 

                  1 

death       1             

weight 
loss 

            6%       
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Figure 1. Synergistic effect of VEGFR-and checkpoint inhibitors 
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ABSTRACT 

Purpose: Lymphatic drainage from renal tumors is unpredictable and in vivo drainage studies of 

primary lymphatic landing sites may reveal the variability and dynamics of lymphatic connections. 

The purpose of this study was to investigate the lymphatic drainage pattern from renal tumors in  

vivo with SPECT/CT imaging after intra-tumoral radiotracer injection. 

Materials and methods: We conducted a phase II prospective single-arm study to investigate the 

distribution of SNs from renal tumors on SPECT/CT imaging. Patients with cT1-3 (<10 cm) cN0M0 

renal tumors of any subtype were enrolled. After intra-tumoral ultrasound guided injection of 0.4 ml 

99mTc-nanocolloid, preoperative imaging of SNs with lymphoscintigraphy and SPECT/CT was 

performed. SN and locoregional non-SNs were resected using a gamma probe in combination with a 

mobile gamma camera. The primary study endpoint was location of SNs outside the locoregional 

retroperitoneal templates (LRT) on SPECT/CT imaging. Using a Simon Minimax two-stage design to 

detect a 25% extra-LRT location of SNs on imaging with an alpha of 0.05 and a power of 80%, at least 

40 patients with SN imaging on SPECT/CT were needed. 

Results: Sixty-eight patients were included. Forty patients had preoperative SPECT/CT imaging of 

SNs and were used for primary endpoint analysis. Lymphatic drainage outside the LRT was observed 

in 14 (35%) patients. Eight patients (20%) had supradiaphragmatic SN. 

Conclusions: SNs from renal tumors were mainly located in their respective LRT, but simultaneous 

SNs located outside the suggested LND templates, including supradiaphragmatic SNs were observed 

in more than one third of the patients. 
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Introduction 

The role of lymph node dissection (LND) in the management of renal cell carcinoma (RCC) is still 

under debate. The randomized European Organisation for the Research and Treatment of Cancer 

(EORTC) 30881 trial and several retrospective studies including a propensity score-based analysis did 

not reveal a survival benefit in favour of LND in patients with clinically non-metastatic disease [1,2]. 

Thus, guidelines do not routinely recommend LND for clinically localized RCC. On the other hand, 

some retrospective studies suggest that in high-risk patients with early occult lymph node metastasis 

LND may provide durable long-term survival and potentially cure [3,4,5,6,7,8]. This has fuelled the 

debate whether LND should be performed in non-metastatic high-risk tumors in whom the incidence 

of occult lymph node metastasis may be higher than the 4% reported in the randomized EORTC trial 

[1]. Not only may LND provide a survival benefit in a patient population which was underrepresented 

in the EORTC trial, it may also improve local staging. With the advent of several adjuvant studies 

investigating immune checkpoint inhibition, proper staging of high-risk disease is gaining importance. 

However, the quality of evidence for LND in this patient population is poor and retrospective data is 

biased by heterogeneity in patient populations, disease stage and surgical templates [4]. Not 

surprisingly, conflicting conclusions regarding a potential benefit of LND are found in the extensive 

literature while others recommend LND for staging purposes in tumors with high risk features [3]. 

Clearly, a better understanding of the basics of lymphatic drainage from renal tumors is required 

before embarking on further clinical LND studies investigating patient outcome or prognosis [9]. 

Cadaveric dye dissection studies as well as autopsy and in vivo mapping studies in patients with 

kidney cancer have revealed the major anatomical regions of potential drainage. However, the 

location of the first lymph nodes receiving direct drainage from individual tumors, the 

lymphovascular connections of renal tumors and the frequency of simultaneous or isolated 

supradiaphragmatic drainage have not been studied comprehensively in vivo. Previously, we and 

others have reported the feasibility [10,11,12] of sentinel node (SN) imaging from renal tumors in 

humans. Here, we report results from a prospective phase II imaging study to describe lymphatic 

drainage pattern in patients with renal tumors using dynamic lymphoscintigraphy and SPECT/CT with 

prespecified endpoints. 

 

Materials and Methods 

Patients 

From 2008-2017, 68 patients were enrolled in a prospective phase II study to investigate lymphatic 

drainage and distribution of SNs in renal tumors (NL26406.031.08; registered at www.ccmo.nl). The 

ethics committee approved the study, and all patients signed written informed consent. Inclusion 

criteria were cT1-о ǊŜƴŀƭ ǘǳƳƻǊǎ Җмл ŎƳ ƻŦ ŀƴȅ ǎǳōǘȅǇŜΣ ŎƭƛƴƛŎŀƭƭȅ ŀƴŘ ǊŀŘƛƻƎǊŀǇƘƛŎŀƭƭȅ ƴƻƴ-

ƳŜǘŀǎǘŀǘƛŎ ŘƛǎŜŀǎŜ όŎbлaлύΣ ŀƎŜ җму ȅŜŀǊǎΣ ƭƛfe expectancy >3 months, WHO performance status 0-1 

and no prior systemic therapy. Primary endpoint was the percentage of SNs located at any site 

outside the left or right locoregional retroperitoneal template (LRT), as defined below, on 

lymphoscintigraphy and subsequent SPECT/CT imaging. Secondary endpoints included the 

percentage of SNs with occult metastases and the false-negative rate. 
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Definition of the boundaries of the locoregional retroperitoneal template (LRT) 

Currently, there is no consensus on the retroperitoneal surgical LND template for renal tumors [6]. 

For the purpose of this study and based on previous anatomical studies [9,13], the LRT for tumors on 

the right side was defined to include right renal hilar, paracaval, retrocaval, precaval and 

interaortocaval LNs from the upper margin of the crus of the diaphragm down to the right common 

iliac artery crossing the inferior vena cava (supplementary figure 1). For tumors from the left kidney, 

the LRT included left renal hilar, paraaortic, retroaortic, and preaortic LNs from the level of the crus 

to the bifurcation of the aorta [9,13] (supplementary figure 2).  

 

Sentinel node imaging 

Based on the feasibility study [10], a dose of 225MBq of 99mTc-nanocolloid in a volume of 0.4 ml was 

percutaneously injected under ultrasound guidance into the tumor one day before surgery. Tumors 

Җмл ŎƳ ǿŜǊŜ ŎƘƻǎŜƴ ǘƻ ƎǳŀǊantee a homogenous intratumoral radiotracer distribution. Primary 

ǘǳƳƻǊǎ ƻŦ Җ п ŎƳ ƻǊ п-10 cm were injected with one or 2-4 depots of 0.4 ml respectively, avoiding 

necrotic areas. Potential loss of the tracer to the bloodstream during the injection was monitored 

with a gamma camera. After 20 minutes (early dynamic),and 2-4 hours (late static) anterior, posterior 

and lateral planar lymphoscintigraphy of the affected site was performed. SPECT and low dose CT 

was acquired and fused 4 hours after injection (SymbiaT, Siemens, Erlangen, Germany). Anatomical 

location of the SNs was determined by multiplanar imaging reconstruction (Osirix Dicom viewer, 

Pixmeo, Geneva, Switzerland). SNs were defined as LNs draining directly from the tumor on planar 

dynamic lymphoscintigraphy. SPECT/CT was used to image their anatomical location. In case of 

multiple LNs at lymphoscintigraphy, the nodes appearing in the early dynamic phase in the LRT and -

if applicable - simultaneously in basins outside the LRT, were considered to be SNs (supplementary 

figure 3). The following day, the primary tumor and SN were resected. The surgical approach (open, 

laparoscopic, robot-assisted) depended on primary tumor complexity. At surgery, SN(s) were located 

by preoperative SPECT/CT images, a gamma-probe (Neoprobe, Johnson&Johnson Medical, Hamburg, 

Germany) and a portable gamma camera (Sentinella, S102,GEM imaging, Valencia, Spain). After SN 

excision, the portable gamma camera was used to verify complete SN removal. For ethical reasons, 

only SNs accessible through the chosen surgical approach were removed. Subsequently, LND of the 

ipsilateral LRT was performed to study the false-negative rate. All harvested LNs were measured ex 

vivo with gamma probe and camera to determine radioactive count rates. 

 

Statistical Analysis 

! {ƛƳƻƴΩǎ ¢ǿƻ-Stage Minimax design was used to detect that 25% of SNs receiving drainage from 

renal tumors on imaging with SPECT/CT are located outside the respective LRT as defined above with 

an alpha of 0.05 and a power of 80%. This design allowed early termination of the study in the first 

ǎǘŀƎŜΣ ƛŦ ŀŦǘŜǊ нн ǇŀǘƛŜƴǘǎ ƭƻŎŀǘƛƻƴ ƻǳǘǎƛŘŜ ǘƘŜ [w¢ ƛǎ ŀ ǊŀǊŜ ŜǾŜƴǘ όŘŜŦƛƴŜŘ ŀǎ ϻ мл҈ύΦ ¢ƘŜ study was 

extended into the second stage and 40 patients with SN imaging on SPECT/CT were included for 
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analysis of the primary endpoint. Further, descriptive statistics were used (SPSS Inc software, version 

22.0, Chicago, IL). Confidence intervals (CI) for proportions were reported as 95% CI. 

 

 

 

Results 

 

Primary endpoint: 

Lymphoscintigraphy and SPECT/CT visualized at least one SN in 59% (40/68) of patients (95% CI: 

46.9-69.7). Excluding technical and inclusion criteria errors, the non-visualization rate was 26% (95% 

CI: 17.5-38.0) (flow-chart 1, supplementary flow-chart 1 and 2). Patient characteristics are shown in 

table 1. The 40 patients with SN imaging on SPECT/CT were used for primary endpoint analysis. 

Most of the tumors were RCC, with a median size of 6 cm (IQR 4.7-7.5 cm). A total of 63 (median 1, 

IQR 1-2) SNs appeared on imaging. Thirty-four patients had successful intraoperative sampling of 

their infradiaphragmatic SNs, which correlated with the SPECT/CT location. Reasons for not 

sampling the SN were no activity detected with the gamma-probe or camera despite imaging on 

SPECT/CT (5 patients), or inaccessible infradiaphragmatic location (1 patient). Conversely, in 6/28 

patients who had non-visualization on imaging, radioactive LNs were detected with the gamma-

probe and subsequently harvested. These patients were not included in the primary endpoint 

analysis. Based on imaging, 37 patients had at least one SN in the respective LRT and 26 patients 

(65%, 95% CI: 49.5- 77.8) had SNs exclusively within the LRT. The drainage from tumors on the right 

side was predominantly into interaortocaval and retrocaval SNs (figure 1) and from the left mainly 

into paraaortic SNs (figure 2). 

On the right side, 6 of 18 patients (33%, 95% CI:16-56) with SNs had simultaneous drainage to 

interaortocaval, retrocaval, left preaortic or paraaortic and left supraclavicular lymph nodes. Only 3 

patients with right-sided tumors had SNs in the right paracaval and renal hilar region and none had 

drainage to precaval LNs (figure 1). 

Regarding drainage from the left side, only 3 patients had direct left renal hilar SNs. Nine of 22 

patients (41%, 95% CI: 23.2-61.2) with SN from left-sided tumors had simultaneous renal hilar, 

mediastinal, left supraclavicular, retrocrural, left common iliac, renal fossa and interaortocaval SNs 

(figure 2). 

In total, 14 patients (35%, 95% CI: 22.1-50.5) had SNs outside their respective LRT, of whom 8 (20%, 

CI:10.5-34.7) had supradiaphragmatic SNs. No association was found in relation to intrarenal tumor 

location, size, grade or subtype. 

 

Secondary endpoints: 

Only 1 of 40 patients (2.5%, 95% CI:0.4-12.8) had an occult SN metastasis from a papillary type II 

pT1b RCC. The non-SN in the LRT were free of disease. None of the other patients had SN or LN 

metastases in their respective LRT. An analysis of the false-negative rate was not meaningful. 

 

Discussion 

LN metastasis in RCC is a poor prognostic factor for overall and disease specific survival [4,7]. Several 

reasons can be identified for the controversial survival data after LND. Due to the low incidence of 

occult LN metastasis in the prospective EORTC study the trial was clearly underpowered to detect a 
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survival benefit [1]. Other arguments include early concomitant distant metastasis, either through 

haematogenic or lymphatic spread. Aberrant drainage to LN located outside the conventional 

surgical templates may be responsible for the latter. 

The hypothesis of a widely variable lymphatic drainage from RCC is supported by earlier studies in 

patients with pathological node positive disease demonstrating a range of anatomical locations of LN 

metastases from RCC [14,15,16]. According to available data and in concordance with our study, the 

location of tumor draining LNs can be unpredictable [17]. 

To date, this is the largest prospective study investigating the location and pattern of primary 

lymphatic drainage from renal tumors following intratumoral radiotracer injection in vivo. An 

intriguing pattern emerging from this study is that 20% of the renal tumors drain 

supradiaphragmatically, in addition to retroperitoneal LNs. This finding supports direct drainage 

through the thoracic duct (TD) to the lungs and the mediastinum, which are among the most 

common distant metastatic sites in RCC [6,18,19,20,21]. It has been hypothesized that pulmonary 

metastases may be a consequence of direct lymphatic drainage into the subclavian vein and 

subsequent vascular spread into the lungs, which drain into the mediastinal nodes [20,22]. In 

addition, in an autopsy study [18] only 26% of the patients with established LN metastases had 

positive retroperitoneal LNs, whereas 65% of all LN metastases were mediastinal. Another study 

concerning 1828 autopsy records described a broad variation of metastatic LN locations [14]. 

Ipsilateral renal hilar LN metastases were found in only 7% of the patients. The highest percentage of 

LN metastases was mediastinal in 66%, retroperitoneal in 36%, paraaortic in 26% and supraclavicular 

in 20%. However, all patients had multiple lymphatic metastases, precluding the conclusion that the 

first draining LN had been located in one of these supradiaphragmatic locations. Others have 

reported 22% of all LN metastases located in the mediastinum, while cases with supraclavicular and 

isolated contralateral iliac LN metastases have also been described [15,16,17]. In conjunction with 

these data, our study suggests that lymphatic drainage from renal tumors connects to major blood 

vessels by the lymphovenous connection of the TD. The TD has a higher intraluminal pressure than 

the venous system and has valves, that prevent lymphatic flow straight to the mediastinum and 

thoracic organs [23]. Another study group using peripheral renal tumor radiotracer injection did not 

perform supradiaphragmatic imaging and therefore did not observe this drainage pattern [11]. 

In RCC, it is often believed that the draining retroperitoneal LNs are located in the hilar region 

branching off into the paracaval, interaortocaval or paraaortic basins depending on the laterality of 

the renal tumor [6,24,25]. However, our study showed drainage in 35 % of the tumors (95% CI: 22.1-

50.5) to SNs located outside the suggested LRTs (supplementary figures 1 and 2). This would have 

resulted in missing a substantial percentage of primary landing sites, if LND were performed within 

the limits of these templates [24,25]. Our findings of aberrant SN regions reveal that lymphatic 

drainage from renal tumors exhibits an individual variability. Accordingly, generalized preconceived 

LND templates will not include primary LN draining sites in all patients. This study has a number of 

limitations. Currently, the SN procedure has no clinical implication and the high percentage of non-

visualization may limit its applicability for RCC. Direct drainage into the TD without any intervening 

LN has been described in human cadaver studies injecting blue dye20 and may be a potential 

explanation for the relatively high number of non-visualization of SNs in our study; however, this 

assumption cannot be confirmed since the resolution of the portable gamma camera is not suited to 

monitor lymphatic drainage in real time in deeper body parts. Theoretically, nonvisualization 

may also occur due to an absent connection of the tumor to lymphatic vessels or due to 
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primary haematogenic outflow [22]. The Swedish group studying peripheral tumor radiotracer 

injection did not specifically report non-visualization; however, they succeeded to image SNs in only 

3 of 11 patients with SPECT/CT, while the majority were detected by gamma probe only [11]. It is 

important to point out that detection of occult LN-metastases was not the primary endpoint of our 

study. Nor was the study designed to demonstrate whether the SN procedure leads to timely 

resection of early occult LN-micrometastases, which in turn may positively influence the course of 

the disease. This would have required a different design, a larger sample size and inclusion of mainly 

high-risk RCC patients which may have a pN1 rate of 17-44% in T2b-T3b tumors [13]. To test the in 

vivo drainage pattern on imaging, this study predominantly included tumors of smaller size of any 

subtype to guarantee an even distribution of the radiotracer in the tumor. As a consequence, the 

majority of patients had a low or intermediate risk of recurrence and low rate of pN1 [26]. In this 

study only one patient with a papillary type II RCC had occult LN metastases in 2 SNs. He is disease-

free 7 years after surgery, but this outcome needs to be interpreted with caution. This single case 

does not reflect the possible incidence of occult LN metastases in patients with high-risk tumors of 

other subtypes nor the potential of the SN procedure to improve diagnostic accuracy and outcome. 

Perhaps, an important future application of SN detection could be in translational research to 

elucidate the early process of lymphatic metastasis and priming of the immune system in nodes 

receiving the first drainage from the primary tumor. Currently, it is unknown why and how RCC 

spreads through the lymphatics. Recently, a group has shown that almost all resected SNs from RCC, 

which were non-metastatic on H&E staining, contained single cell metastases on flow-cytometry 

[27,28]. Current sequencing techniques may characterize the genotype of these single tumor cells 

and the immune environment, which may greatly advance our knowledge of metastatic spread of 

RCC. Finally, our study is limited by the lack of harvesting and histological examination of the 

supradiaphragmatic SNs. 

 

 

Conclusions 

This prospective study of in vivo lymphatic drainage patterns from renal tumors reveals that 

lymphatic drainage exhibits high individual variability. In 35% of the patients additional SNs were 

located outside the respective LRT, including supradiaphragmatic nodes. These findings have 

potential implications for the design of future clinical or translational studies investigating 

lymphonodular involvement. 

 

Abbreviations: lymph node (LN), lymph node dissection (LND), renal cell carcinoma (RCC), 

sentinel node (SN), single-photon emission computed tomography with computed tomography 

(SPECT/CT), locoregional retroperitoneal template (LRT) 
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Flow chart 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: Results for all study patients. Patients with SN visualization on SPECT/CT (n=40, light blue) 

used for analysis of the primary study endpoint. *Most of the supradiaphragmatic nodes were with a 

simultaneous retroperitoneal node. N=are number of patients with SN on imaging, not the number 

of SN. 
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Table 1. Patient and tumor characteristics 

 

Number of patients 40 

Median age (range) 58 (38-74) 

Median tumour size in cm (range) 6 (3-10) 

pT stage  

   T1a    6 (14.5%) 

   T1b 21 (53%) 

   T2a 6 (15%) 

   T2b 2 (5%) 

   T3a 5 (12.5%) 

 pN stage  

    N0 37 (92.5%) 

    N1 1 (2.5%) 

    Nx 2 (5%) 

Right side 18 (45%) 

    Upper pole 4 

    Interpolar 9 

    Lower pole 5 

Left side 22 (55%) 

   Upper pole 5 

   Middle pole 7 

   Lower pole 10 

Histology  

   Clear cell RCC 24 (60%) 

   Papillary type 1 RCC 5 (12.5%) 

   Papillary type 2 RCC 3 (7.5%) 

   Chromophobe RCC 4 (10%) 

   Oncocytoma 3 (7.5%) 

   Solitary fibrous tumor 1 (2.5%) 

Leibovich score  

   Low 9(37.5%) 

   Intermediate 11(45.8%) 

   High 4(16.6%) 

  

Surgical type  

  Open, radical nephrectomy 7 (17.5%) 

  Open, partial nephrectomy 16 (40%) 

  Laparoscopic, radical nephrectomy 3 (7.5%) 

  Robotic, radical nephrectomy 1 (2.5%) 

  Robotic, partial nephrectomy 13 (32.5%) 
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Figure 1.  

 

 
Legend: Distribution of 29 SNs from 18 right kidney tumors at SPECT/CT. Green SNs locate 

ventrally to blood vessels, yellow SNs dorsally. Image printed with permission of A.D.A.M. Images. 
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Figure 2.  

 

 
Legend: Distribution of 34 SN from 22 left kidney tumors. Green SN locate ventrally to blood vessels, 

yellow SN dorsally. Image printed with permission of A.D.A.M. Images. 
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Supplementary Flow chart 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: Results for right kidney tumors. Patients with SN visualization on SPECT/CT (n=18, light 

blue) used for analysis of the primary study endpoint. N= are number of patients, the location of the 

nodes includes all individual SN. The nodes in red are outside the locoregional retroperitoneal 

templates (LRT). 

^ Most of the supradiaphragmatic nodes were with a simultaneous retroperitoneal node 

* Several patients had up to 2 sentinel nodes 
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Supplementary Flow chart 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: Results for left kidney tumors. Patients with SN visualization on SPECT/CT (n=22, light 

blue) used for analysis of the primary study endpoint. N= are number of patients, the location of the 

nodes includes all individual SN. The nodes in red are outside the locoregional retroperitoneal 

templates (LRT). 

^ Most of the supradiaphragmatic nodes were with a simultaneous retroperitoneal node 

* Several patients had up to 2 sentinel nodes 
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Supplementary Figure 1. 

 
Legend: Schematic LND template for right side RCC. Image printed with permission of A.D.A.M. 

Images. 

 

Supplementary Figure 2.  

 

 
Legend: Schematic LND template for left side RCC. Image printed with permission of A.D.A.M. 

Images. 
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Supplementary Figure 3. 3D fused SPECT and low dose CT images of mediastinal and paraaortic 

SNs. 

 

 

 
 

Legend: A. Axial reconstruction of fused SPECT/CT image showing the mediastinal SN (blue arrow). 

B. The same LN on CT (blue arrow). C. 3D volume rendering of the fused SPECT and low dose CT 

images showing SNs, green line grossing the mediastinal SN. D. Axial reconstruction of fused 

SPECT/CT image showing the paraaortic SN (blue arrow) and radioisotope depot in the tumor (red 

arrow) E. 3D volume rendering of the fused SPECT and low dose CT images showing a paraaortic 

SN (green line crossing the SN and depot in the tumor). 
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EDITORIAL COMMENT 

Kuusk et al report a prospective clinical trial to describe the distribution of SNs in patients with renal 

tumors undergoing surgery. The primary end point of this study was to identify the location of these 

SNs outside the standard retroperitoneal node templates. Not surprisingly these nodes were located 

outside the standard retroperitoneal templates in 14 patients (35%) in whom SNs were detected. 

Interestingly 8 of these 14 patients had a supradiaphragmatic SN. The authors could not find an 

association between SN location and tumor factors. This study reinforces the idea that lymph node 

drainage/metastases in kidney cancer do not follow patterns as predictable as testicular and penile 

cancer do. In addition, this study could explain the recent findings of prospective and retrospective 

studies (references 1 and 2 in study) which showed a lack of survival benefit when performing 

routinely lymphadenectomies during radical nephrectomy. This work suggests that even if future 

clinical trials of lymphadenectomy are performed in patients at very high risk for LN metastases, the 

results might not differ from those of EORTC 30881 (reference 1 in article). Therefore, it would be 

prudent to focus on subsets of patients who might benefit from surgery and, therefore, perform 

RPLND up front in patients who tend to have a higher rate of retroperitoneal only nodal metastases 

(eg papillary type 2 RCC) or perform salvage RPLND in patients who have retroperitoneal only nodal 

recurrences after nephrectomy. Additional basic/translational studies with novel imaging techniques 

are needed to move the field forward. 

Jose A. Karam 

University M. D. Anderson Cancer Center 

Houston, Texas 
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Outcome of sentinel lymph node biopsy in patients with clinically non-metastatic renal 

cell carcinoma 
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ABSTRACT 

Objective: To investigate rate of occult SN metastases, oncological outcome and association 

of recurrence with pattern of lymphatic tumour drainage in RCC. 

Materials and Methods: A pooled RCC subgroup analysis of secondary endpoints from a 

published feasibility and a phase II prospective single-arm SN study to investigate 

oncological outcome. Patients with cT1-3 (<10 cm) cN0M0 RCC of any subtype were 

enrolled. After intratumoural injection of Tc99m nanocolloid, preoperative imaging of SNs 

with SPECT/CT was followed by (partial) nephrectomy with SN and regional lymph node 

ŘƛǎǎŜŎǘƛƻƴ ǳǎƛƴƎ ŀ ʴ-probe. The patients were followed with a risk-adapted surveillance 

program. Endpoints of the studies were analyzed using FisƘŜǊΩǎ ŜȄŀŎǘΣ /Ƙƛ-square or Mann- 

Whitney U tests and Cox proportional hazard models. 

Results: Sixty-six RCC patients were included. Two patients (3% [95% CI 0.5-11%]) had 

occult SN metastases with a disease-free survival (DFS) of 57 and 72 months. Ten patients 

(15% [95% CI 7-26%]) developed recurrences, and 4 (6% [95% CI 2.3-14.5%]) died of 

disease during a median follow-up of 57 months (IQR 18-72 months). Occurrence of distant 

metachronous metastases were associated with tumour size (HR=1.39, p=0.01), pT stage 

(HR=6.83, p<0.01 for comparison T1 vs T3/4), Leibovich score (HR=8.42, p=0.01 for 

comparison low vs high) and interaortocaval sentinel lymph node location (HR=10.52, p=0.03 

for comparison yes vs no). 

Conclusions: The rate of occult metastatic SN is low, but long DFS was observed in two 

patients with occult SN metastases. We hypothesize an interaortocaval lymphatic route in 

thoracic recurrences. Evaluation of the prognostic and therapeutic role of sentinel lymph node 

biopsy (SLNB) requires a clinical trial in high-risk RCC. 
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Introduction 

Renal cell carcinoma (RCC) is the sixteenth cause of cancer death worldwide [1]. Most deaths 

from RCC are due to the metachronous dissemination of tumour cells after nephrectomy with 

curative intent to lung, lymph nodes (LN), and other metastatic sites [2]. For many cancers, 

dissemination of tumour cells through locoregional lymphatics is the most common metastatic 

route. However, in RCC retroperitoneal LN are rarely the first metastatic site [2,3] and it is 

believed that tumour cell dissemination is primarily hematogenic. In a randomized study 

comparing locoregional lymph node dissection (LND) to no LND, only 4% of clinically 

negative LN contained occult metastases [4] and the study failed to report a survival benefit. 

As a consequence, guidelines do not recommend LND for clinically non-metastatic RCC. A 

recent systematic review supports this, although the evidence synthesis suggests that patients 

with early occult LN metastases may benefit from LND [5]. In addition, several adjuvant 

immune-checkpoint studies in RCC have renewed the interest in the prognostic value of LN 

positive disease to improve risk assessment of patients for trial inclusion. However, a general 

limitation of the utility of LND is not only an unproven survival benefit, but the overall low 

rate of isolated LN metastases in small renal masses which represent the majority of kidney 

cancer diagnosis. The therapeutic and prognostic window of LND may be very limited. LND 

may provide prognostic information: an increasing yield of pathologically confirmed LN 

metastases is associated with a high percentage of synchronous distant metastasis and poor 

outcome [6,7]. Apart from a poorly defined LND template for renal tumours, other potential 

reasons for the low rate of locoregional LN metastases may include a predominantly 

hematogenic dissemination, a low lymphangiogenic activity of clear cell RCC as well as a 

lymphatic drainage pattern outside proposed locoregional LND templates [8, 9, 10]. Recently, 

we reported the primary objective of a prospective sentinel node (SN) imaging study in renal 

tumours [8]. In a third of the patients, lymphatic drainage after intratumoural radiotracer 

injection occurred outside regional retroperitoneal LN basins while in 20% of the patients, 

lymphatic drainage involved additional supradiaphragmatic landing sites including lymph 

nodes at the terminal end of the thoracic duct (TD) [11]. Direct lymphatic drainage from 
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kidneys through the TD often bypassing retroperitoneal nodes has been previously reported in 

cadaveric dye studies and has been postulated as the main cause of pulmonary and 

mediastinal metastasis [12]. Here, we report the secondary oncological objectives of the 

prospective phase 2 imaging study for the subgroup of patients with RCC. To increase 

statistical power, we performed a pooled analysis with the RCC subgroup from a previous 

feasibility study [13,14]. 

 

Patients and Methods 

From 2008-2017, 68 patients entered a phase 2 prospective single-arm study to investigate 

lymphatic drainage and the distribution of SNs in renal tumours (N08SNR; registered under 

NL26406.031.08 at www.ccmo.nl). Primary endpoint was the percentage of SNs located at 

any site outside the left or right regional LND templates on lymphoscintigraphy and 

subsequent SPECT/CT imaging and was reported recently [8]. In this study, we analyze the 

secondary oncological objectives of the phase 2 study which were rate of occult LN 

metastasis, DFS, rate of recurrence, death of disease and a potential association of thoracic 

recurrence with lymphatic drainage pattern. The study had ethics committee approval and all 

patients signed written informed consent. Inclusion criteria were cT1-о ǊŜƴŀƭ ǘǳƳƻǳǊǎ Җмл ŎƳ 

of any subtype, clinically and radiologically non-metastatic diseŀǎŜ όŎbлaлύΣ ŀƎŜ җму ȅŜŀǊǎΣ 

life expectancy >3 months, WHO performance status 0-1 and no prior systemic therapy. To 

increase statistical power, 10 patients from a previous prospective feasibility study with 

identical inclusion criteria (N06SNR; registered under NL26406.031.08 at www.ccmo.nl) 

[13] were added for a pooled analysis of the subgroup of patients with RCC. Surgery, SN 

biopsy (SLNB) and imaging were performed as described earlier [8,13]. Briefly, one day 

before surgery intratumoural Tc99m-nanocolloid injection was followed by planar scintigraphy 

ŀƴŘ {t9/¢κ/¢ ƛƳŀƎƛƴƎΦ !ǘ ǎǳǊƎŜǊȅΣ ǎǳōŘƛŀǇƘǊŀƎƳŀǘƛŎ {bǎ ǿŜǊŜ ƭƻŎŀƭƛȊŜŘ ǿƛǘƘ ŀ ʴ-probe 

ŀƴŘ ǇƻǊǘŀōƭŜ ʴ-camera. All identified SNs were resected and regional LND was performed 

according to a previously reported template [8]. Metachronous metastases were defined as 

distant metastases that have occurred anywhere at distant locations during the follow-up 

period. Thoracic recurrence refers to metastases anywhere in the thoracic area e.g lung, 

pleura, mediastinum. Surveillance was performed according to a local risk-adapted follow-up 
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protocol for low-intermediate and high Leibovich risk of recurrence. 

 

Statistical analysis 

Characteristics of patients were compared between patients who did and did not develop 

ƳŜǘŀŎƘǊƻƴƻǳǎ ƳŜǘŀǎǘŀǎŜǎ ǳǎƛƴƎ CƛǎƘŜǊΩǎ ŜȄŀŎǘΣ /Ƙƛ-Square or Mann-Whitney U test. Risk of 

metachronous metastases and thoracic recurrences was modeled with univariable Cox 

proportional hazard models. Multivariable analyses were not performed due to very low 

number of events. Kaplan-Meier survival analysis was performed to illustrate metastases-free 

survival curves for patients with and without interaortocaval radiotracer drainage and the two 

curves were compared with a log-rank test. All tests were two-ǎƛŘŜŘ ŀƴŘ Ǉ ǾŀƭǳŜ ҖлΦлр ǿŀǎ 

considered statistically significant. Statistical analyses were performed using SPSS version 22 

(IBM, Chicago, IL, USA).  

 

Results 

Of 78 patients enrolled 12 patients were excluded from the analysis because of benign 

histology, ineligibility or incorrect radiotracer injection (table 1). Therefore, the final sample 

included 66 patients with predominantly ccRCC (75.8%). The characteristics of the patients 

with and without distant metastases are shown in table 2. Forty-one patients (62.1%) [95% CI 

49-73%] had visualization of SN on SPECT/CT imaging. On imaging, the median number of 

SNs was 1 (total 72, IQR 1-2). SNs were successfully harvested in 41 (62.1%) [95% CI 49- 

73%] procedures. Twenty-seven (66%) [95% CI 49-79%] patients had SNs located within the 

locoregional retroperitoneal basin, 14 (34%)[95% CI 20-50%] had SN outside of these 

regions, the remainder (25) had non-visualization on SPECT/CT imaging. 

Median follow-up was 57 months (IQR 18-72 months). Ten patients (15%) [95% CI 7-26%] 

with clear-cell RCC developed recurrences with a median DFS of 14 months (IQR 8-37). Of 

those, 8 patients (80% [95%CI 44-96%]) had thoracic metastases, of whom 6 (60%) [95%CI 

27-86%] had metastases exclusively in the thoracic cavity (table 2, specific location). Five out 

of 6 patients with at least one interaortocaval SN receiving radiotracer drainage from the tumour 

developed thoracic metastases (figure 1). Of 7 patients (10%)[95% CI 4-20%] who 

died during follow-up, 4 (40%) died of disease. 
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Two patients (3%) [95% CI 0.5-11%] had occult metastases in retroperitoneal SN. In one 

patient, 2 occult SN metastases without extranodal growth in a left pT1b papillary type 2 

(UISS low-risk) RCC were removed which were visible on preoperative SPECT/CT imaging. 

In the other patient, an occult metastatic hilar SN was harvested in a right pT3a Fuhrman 

grade 2 (Leibovich high-risk) clear-cell RCC, which did not appear on SPECT/CT but had 

radiotracer activity during surgery. In both patients, template based additional LND was 

performed without further LN metastases and they remained free of disease. The first patient 

is still alive after 72 months of follow-up, the latter survived 57 months and died from another 

cause unrelated to RCC. 

Risk of distant metastases was associated with tumour size (HR=1.39, p=0.01), pT stage 

(HR=6.83, p<0.01 for comparison T1 vs T3/4), Leibovich score (HR=8.42, p=0.01 for 

comparison low vs high) and interaortocaval SN location (HR=10.52, p=0.03 for comparison 

yes vs no) (table 2 and figure 2). Five patients out of 6 with interaortocaval SN receiving 

radiotracer drainage from the tumour developed thoracic metastases however, none of the 

factors that were considered, were associated with risk of thoracic metastases (table 3). 

 

Discussion 

This study is the first to report long-term oncological outcome of SLNB in RCC. In a 

predominantly low-to intermediate-risk RCC population, we found 70% of lymphatic 

drainage within previously proposed locoregional LND templates, whereas 30% of the 

tumours drained to lymphatics elsewhere and 20% supradiaphragmatically into the thoracic 

cavity [8]. During a long follow-up, 10 (15%) patients developed recurrences, of which 8 

(80%) were thoracic. The occurrence of distant metastases was associated in univariate 

analysis with interaortocaval SN receiving lymphatic radiotracer drainage from the tumour. 

Two patients had occult metastases in the resected SNs with long disease-free survival (DFS). 

A potential reason for the low rate of SN metastases (3%) in our cohort is the inclusion of a 

population with predominantly lower risk RCC. As reported previously, the selection of this 

population was decided upon, because the primary objective of the study was to investigate 

lymphatic outflow on imaging and not the clinical utility of SLNB. Although the study 

included patients with tumours up to 10 cm in diameter, larger tumours were not eligible as 
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distribution of the radiotracer, lymphatic outflow and volume of the injected tracer depended 

on tumour size and required protocol standardization. Only 12% of patients had high-risk 

tumours based on Leibovich and TNM risk assessment. The randomized EORTC-trial to 

assess the role of LND in RCC similarly included patients of predominantly lower risk [4]. 

Together with retrospective studies the rate of occult LN metastasis has been reported to 

range between 4-7% for patients with lower risk RCC [4, 15,16]. Robust data for the 

incidence of isolated occult LN metastases in clinically non-metastatic high-risk patients are 

lacking, although a recent retrospective study on occult LN metastases in patients who took 

part in a randomized adjuvant trial of high-risk RCC reported occult metastases in cN0 RCC as low as 

2% [17]. However, in this adjuvant trial population only 3 LN were removed on 

average [17]. In addition, conventional histopathology may miss limited LN metastases, and 

more refined protocols may be required to enhance the detection rate [18,19]. Although, the 

rate of isolated LN metastases in the literature is low, patients with LN metastases tend to 

have a poor prognosis while those with negative LN status among other factors have better 

cancer specific survival (CSS) and overall survival (OS) [5,6,7,15,16,20,21,22,23]. The 

prognostic importance of LN metastases remains valid in the novel Leibovich risk prediction 

model in which LN involvement was a predictive marker in clear-cell RCC and chromophobe 

RCC for progression and in clear-cell RCC also for death [24]. Of note, locoregional LN 

metastases have been associated with concurrent metastases in lung and liver in up to 97% of 

cases [6, 23]. This suggests that a potential therapeutic and prognostic window of LND is 

very limited. However, the long disease-free course of the two patients in our study with 

isolated limited intranodal metastases despite aggressive subtypes suggests that a benefit can 

be achieved by resection of early occult nodal disease. This is consistent with the results of a 

systematic review and a retrospective study by Gershman et al, who reported on a small 

subset of patients with pN1M0 RCC and LND who survived 5 years and derived durable CSS 

[5,15]. However, the authors also showed that most of the patients with isolated pN1 disease 

developed metastasis within 4 months and a 5-year CSS of only 22-39% [15]. These 

contradictory results suggest that a minority of patients with early occult LN metastases can 

be cured if completely and timely resected, but their number is eclipsed by the far greater 

population of patients with concurrent subclinical distant metastases precluding any 
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detectable, let alone significant impact on statistics. 

The rapid systemic progression described in patients with isolated LN metastases [15] and the 

pattern of supradiaphragmatic drainage in our previous imaging study [8] adds to the 

hypothesis that in a proportion of patients, lymphatic spread of tumour cells may result in 

subsequent systemic metastases due to lympho-venous connections [9]. Five patients out of 6 with 

at least one interaortocaval SN receiving radiotracer drainage from the tumour developed 

thoracic metastases. This pattern supports a previously reported hypothesis that tumours with 

interaortocaval drainage drain straight into the TD which connects to the subclavian vein [12]. 

Lymphatic drainage from the kidney revealing interaortocaval connections with the thoracic 

cavity has been reported in early cadaver studies of lymphatic drainage from the kidney by 

Parker and others, who observed lymphatic drainage from the kidney to the TD without 

intervening LN [9,11,27]. However, additional direct local lympho-venous connections that 

may cause hematogenous metastases through anastomoses between regional LN and adrenal 

and lumbar veins have been postulated [9]. 

We acknowledge that the methods applied in our study are unable to substantiate the 

assumption of a direct lymphatic spread into the thoracic cavity, the most common metastatic 

site in RCC [2,3,9,11,27]. Of note, none of the interaortocaval SN revealed metastases using a 

histopathoƭƻƎȅ ǇǊƻǘƻŎƻƭ ǿƛǘƘ о ˃Ƴ ǎŜŎǘƛƻƴǎ ƻŦ ǘƘŜ entire node [8]. However, a recent SN 

study in RCC from Scandinavia using cell suspensions of the SN and flow-cytometry to 

detect isolated tumour cells suggests that tumour cell shedding into the lymphatics is a 

common process [19] and another study has demonstrated worse CSS with interaortocaval LN 

metastases [28]. To which extent these cells may contribute to systemic disease has not been 

investigated. Nevertheless, based on our findings of a supradiaphragmatic drainage pattern [8, 11], 

and the studies of others, we hypothesize that patients may develop distant metastasis 

through a lympho-vascular connection of the retroperitoneal nodes with the TD and the 

subclavian vein (figure 3). Importantly, although the TD receives drainage from mediastinal 

nodes, valves prevent direct flow from the duct into mediastinal lymphatics [29]. Primarily, 

mediastinal nodes receive their drainage from the lungs. We hypothesize that tumour cells 

may spread from the primary tumour through the locoregional lymphatics into the TD, 

sometimes without intervening retroperitoneal nodes which may in part explain the nonvisualization 
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on SPECT imaging [8]. Subsequently, the tumour cells drain from the TD into 

the subclavian vein and into the lungs leading to pulmonary or further mediastinal LN 

metastases (figure 3). Autopsy studies revealed that 66% of all LN metastases are located in 

the lung hilar and mediastinal nodes and not the retroperitoneal, which further supports this 

route [30]. This hypothesis introduces new research questions such as why some patients with 

RCC develop lymphogenic metastases and if early detection of micrometastases or isolated 

tumour cells in draining LN might be an indicator for the gatekeeper function of LNs which 

might prevent direct drainage to thoracic regions and hematogenous spread in these particular 

patients. 

Our study is not without limitations. We included few high-risk patients, which may have an 

impact on the rate of pN1 disease. In addition, due to ethical reasons, only SN accessible 

through the nephrectomy approach were removed leaving supradiaphragmatic SN without 

pathological diagnosis. To demonstrate if the SN procedure leads to timely resection of early 

occult LN metastases would have required a different trial design with a larger sample size of 

predominantly high-risk RCC patients. Finally, the low numbers do not permit a multivariate 

analysis to investigate if interaortocaval drainage is a predictor for metastases independent 

from tumour size, pT-stage and Leibovich risk . 

Our results support a future prospective SLNB study in clinically high-risk RCC patients, possibly 

biopsy proven with higher grade, and cN0 on multi-phase CT imaging. The 

incidence of template based occult LN metastases has never been prospectively investigated 

in this population. Our previous imaging study suggests that 70% of all SN are located within 

the locoregional retroperitoneal nodes and SLNB mapping in high-risk RCC might improve 

the precision of LND and could potentially impact on survival in a subset of patients. 

Additionally, the FDA approval of sunitinib in the adjuvant setting and 4 ongoing trials with 

immunotherapy require accurate risk assessment and knowledge of the LN status for staging 

purposes has regained importance. SLNB could potentially be of value for clinically higher 

risk patients in this setting. 

 

Conclusion 

The rate of occult metastatic SLNB is low, but removal resulted in long DFS. Interaortocaval 
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lymphatic tumor drainage may be associated with thoracic recurrences. Evaluation of the 

prognostic and therapeutic role of SLNB requires a clinical trial in high-risk RCC. 
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Table 1. Consort diagram for study participants 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

N06SNR 

N=10 patients 

Excluded : 

N=2 incorrect injection 

Occurrence on SPECT/CT 

visualization 

N=41 (62.1%) [95% CI 49-

73%] 

N=6 unsuccessfully 

harvested intraoperatively 

ǿƛǘƘ ʴ-probe 

 

RCC 

N=66 

Excluded: 

N=2 incorrect injection  

N=2 inegilibility 

N=6 benign tumours 

N08SNR 

N=68 patients 

No occurrence on SPECT/CT 

non-visualization 

N=25 (37.8%) [95% CI 26-

50%] 

N=6 successfully harvested 

ƛƴǘǊŀƻǇŜǊŀǘƛǾŜƭȅ ǿƛǘƘ ʴ-

probe 

SN non-detection rate 

N=25 (37%) [95% CI 

26-50%) 

 

SN detection rate 

N=41 (62%) [95% CI 

49-73%) 
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Table 2. Characteristics of patients who remained free of disease or developed metachronous 

metastases after SLNB 

 

    Metachronous 

metastases 

   

  Yes 
 

No P value 

Number of patients 10  56  

Gender 
   

 

F/M 4 (40%)/6 

(60%) 

 
27 (48%)/29 

(52%) 

P=0.73  

Age (median, IQR) 56 (52-73) 
 

59 (52-64) P=0.78 

BMI (median, IQR) 25.8 (24.1-

32.3) 

 26.7 (24.1-

30.8) 

P=0.94 

pT stage 
   

P=0.015  

T1 5 (50%) 
 

44 (78.6%)  

T2 1 (10%) 
 

9 (16.1%)  

T3 4 (40%) 
 

3 (5.4%)  

pN status negative/positive 
  

54 (96.4%)/2 

(3.6%) 

NA 

Size of the tumor (median, IQR) 8.9 (4.7-

10.5) 

 
6 (IQR 5-7) P=0.06 

Location in the kidney 
   

 

Side    P=0.30  

Right  7 (70%) 
 

27 (48%)  

Left 3 (30%) 
 

29 (52%)  

Polarity    P=0.95  

Upper pole 2 (20%) 
 

11 (19.6%)  

Intermedial pole 4 (40%) 
 

25 (44.6%)  

Lower pole 4 (40%) 
 

20 (35.7%)  

Anterior/Posterior    P=0.39  

Anterior 5 (50%)  31 (55.4%)  

Posterior 5 (50%)  25 (44.6%)  

Subtype 
   

 

Clear cell RCC                10 (100%) 
 

40 (71.4%) P=0.1 

Papillary type 1 RCC 
  

7 (12.5%) NA 

Papillary type 2 RCC 
  

3 (5.4%) NA 

Chromophobe RCC 
  

5 (8.9%) NA 

NOS   1 (1.78 %) NA 
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Fuhrman grade    P=0.15 

0/1 1 (10%)  24 (36.4%)  

2 3 (30%)  23 (34.8%)  

3/4 6 (60%)  19 (28.7%)  

Leibovich risk score in ccRCC 
   

P=0.03 

Low 2 (20%) 
 

23 (41.1%)  

Intermediate 4 (40%) 
 

17 (30.4%)  

High 4 (40%) 
 

4 (7.1%)  

UISS risk by TNM in non-ccRCC 
   

NA 

Low 
  

10 (17.9%)  

Intermediate 
  

 2 (3.6%)  

Visualization of SN on SPECT 
   

 

yes 7 (70%)  34 (61%) P=0.73 

no 3 (30%)  22 (39%)  

Thoracic SN$     

yes 1 (10%)  6 (10.7%) P=0.65 

no 6 (60%)  28 (50%)  

Non visualization 3 (30%)  22 (39.3%)  

SN in the locoregional  lymphatic 

drainage basin 

    

yes 4 (40%)  23 (41.1%) P=0.67 

no 3 (30%)  11 (19.6%)  

Non visualization 3 (30%)  22 (39.3%)  

IAC SN     

yes 6 (85.7%)  мл όмтΦф҈ύϯ P=0.004 

no   1 (14.3%)  24 (42.8%)  

Non visualization 3 (30%)  22 (39.3%)  

Number of SNs on imaging (median, 

IQR) 

1 (1-2)  1 (0-2) P=0.57 

Number of harvested SNs (median, 

IQR) 

2 (1-3)  1 (1-3) P=0.68 

Number of excised nonSNs (median, 

IQR) 

2 (1-5)  1 (1-4) P=0.53 

Site of recurrence 
   

NA 

Lungs only 3 (30%) 
  

 

Lungs with mediastinal LN 2 (20%) 
  

 

Lungs and pleura 1 (10%) 
  

 

Retrocrural LN and mediastinal LN 1 (10%) 
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RP LN* with mediastinal LN and 

lungs 

1 (10%) 
  

 

Liver and nephrectomy bed 1 (10%) 
  

 

Contralateral kidney 1 (10%) 
  

 

Disease free survival median, IQR 14 mth (8-37) 
  

NA 

Median follow up in months, IQR 26.5 mth (16-

70) 

 
60 mth (IQR 

18-73) 

P=0.58 

Deaths 5 (50%) 
 

2 (3.6%) P=0.001 

 

 

[ŜƎŜƴŘΥ wŜǎǳƭǘǎ ƻŦ aŀƴƴ ²ƘƛǘƴŜȅ ¦ ŀƴŘ CƛǎƘŜǊΩǎ ŜȄŀct tests. P values in bold are statistically 

ǎƛƎƴƛŦƛŎŀƴǘ όǇҖлΦлрύΦ C ŦŜƳŀƭŜΤ a ƳŀƭŜΤ ¦L{{ ¦/[! LƴǘŜƎǊŀǘŜŘ {ǘŀƎƛƴƎ {ȅǎǘŜƳΤ b! ƴƻǘ ŀǇǇƭƛŎŀōƭŜΤ wt 

retroperitoneal; SN sentinel node; RCC renal cell carcinoma; LN lymph node; IQR interquartile range; 

SPECT Single-photon emission computed tomography; IAC SN interaortocaval sentinel node; LND 

lymph node dissection.$ thoracic SN located at the cervical end of the thoracic duct; * out of field 

recurrence in an interaortocaval LN above the renal vein after left paraaortal SN and LND in a left 

sided w//Φ ϯ н ƻǳǘ ƻŦ мл L!/ {b ǿŜǊŜ ƻǳǘǎƛŘŜ wt [b5 ǘŜƳǇƭŀǘŜ ŀǊŜŀΦ 
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Table 3. Association with metastases and variables 

 

 
Metachronous 

metastases 

 
Thoracic 

recurrence 

 

 
HR [95% CI] P value HR [95% CI] P value 

Number of events  10  8  

Gender     

Male 1.64 [0.46-5.87] P=0.44 1.73 [0.41-7.28] P=0.46 

Female 1.0  1.0  

Age 1.02 [0.96-1.09] P=0.49 1.04 [0.97-1.12] P=0.25 

BMI 1.01 [0.92-1.11] P=0.82 0.96 [0.85-1.10] P=0.57 

Size of the tumour 1.39 [1.06-1.83] P=0.02 1.24 [0.91-1.67] P=0.17 

Tumour side     

Right 1.0  1.0  

Left 0.52 [0.13-2.01] P=0.34 0.39 [0.08-1.93] P=0.25 

Tumour polarity     

Upper pole 1.0 P=0.84 1.0 P=0.60 

Intermedial pole 0.75 [0.14-4.10] P=0.74 1.17 [0.12-11.25] P=0.89 

Lower pole 1.12 [0.20-6.11] P=0.90 2.26 [0.25-20.24]  P=0.47  

pT stage      

T1 1.0  1.0  

T2 0.94 [0.11-8.03] P=0.95  0.95 [0.11-8.12] P=0.96  

T3/4 6.83 [1.83-25.51] P<0.01  3.44 [0.66-17.77] P=0.14  

Leibovich score     

Low 1.0  1.0  

Intermediate 1.94 [0.35-10.59] P=0.45 1.49 [0.25-8.93 ]  P=0.66  

High 8.42 [1.53-46.36] P=0.01 5.97 [0.99-36.05] P=0.05 

Subtype 
 

 
 

 

Non-ccRCC 1.0  1.0  

ccRCC 30.55 [0.06-қϐ P=0.28 30.86 [0.03-қϐ P=0.33 

Fuhrman grade   
    

0/1 1.0  1.0  

2 3.31 [0.34-31.78] P=0.30 1.12 [0.07-17.82] P=0.94  

3/4 8.38 [1.01-69.72] P=0.05 8.26 [0.99-68.67]  P=0.05 

SN removed or not     

yes 1.21 [0.31-4.68] P=0.78 0.87  [0.21-3.62] P=0.84 

no 1.0  1.0  

Number of excised SNs 0.96 [0.77-1.20] P=0.72 0.97 [0.76-1.24] P=0.82 

Number of excised nonSNs 1.05 [0.94-1.18] P=0.42 0.98 [0.81-1.18] P=0.83 

Number of SNs on imaging 1.46 [0.86-2.48] P=0.16 1.53 [0.87-2.69] P=0.14 

SNs in the locoregional  

lymphatic drainage basin 

    

yes 0.57 [0.13-2.56] P=0.46 0.31 [0.05-1.85] P=0.20 

no 1.0  1.0  
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Thoracic SNs     

yes 0.75 [0.09-6.27] P=0.79 1.16 [0.13-10.41] P=0.89 

no 1.0  1.0  

Visualization of SNs on SPECT/CT     

yes 1.79 [0.46-6.93] P=0.40 1.26 [0.30-5.29] P=0.75 

no 1.0  1.0  

IAC SN     

yes 10.52 [1.26-87.48] P=0.03 139.2 [0.06-қϐ P=0.22 

 

no 1.0  1.0  

 

Figure 1. Location of SNs after intratumoural radiotracer injection on the left and right side 

 

 

Legend: White dot represents tumour side. Location of SNs is shown with green, yellow and 

red dots. Green and yellow dots are SNs of patients who remained free of disease (yellow = 

dorsal from vascular structures). Red dots indicate the location of SNs of patients who 

developed distant metastases (80% intrathoracic). Image printed with permission of ADAM 

images. 

 






































































































































