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Introduction

RenalCell Carcinomaepidemiology

Kidney cancer is the ninth and fourteenth most common cancer in men and women, representing 5%
and 3% of all malignancies, respectively J12is one of the most lethal urological cancers with a
mortality rate between 30% and 40% [3]. However, mortality trehave been stable in most of the
countries showing even a decrease in Western and Northern European countries [1]. Worldwide,
there ae approximately403, 262 new cases diagnosed yearly arkb,1098 deaths due to kidney

cancer [4]. Renal cell carcinoma (RCC) represents 90% of kidney cancers, with clea8@ed)(70
papillary (1615%), and chromophobe (5%gingthe main histologicalubtypes [5]. RCC incidence

varies globally between 1 and 22/100,0Meing 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 decreasj has been seen in developed countries [1].

Diagnosis and manageme

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 mosirenattare
currently diagnosed incidentally by cross sectional limggr ultrasound. Especiallprmputed
tomography(CT)or magnetic resonance imagin@/RlI) of the abdomen and pelvis arsed to

characterise renahassesand to assess extension of theérmpary tumour, venous involvement,
enlargement of locoregional lymph nodes andolvement of adrenal glands or other solid orgahs

CT Chest completes the stagiiogwhich theTumour Node Metastasis (TNM) classificasgstem is
recommended. The most cent version is the 2017 TNM classification (tables]L) [

Table 1TNM classification,"8edition

T- Primary Tumour

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

Tl ¢ dzY 2 dzNJ X in gréatest gitndndioB, findited to the kidney
Tla ¢dzy2dzNJ )X n OY 2NJ f Saa

Tlb ¢dzY2dzNJ B n OY odzi X 1 OY

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

T2a ¢dzY2dzNJ B v OY odzi X mn OY

T2b  Tumours > 10 cm, limited tdné kidney




T3 Tumour extexls into major veins or perinephric tissues but not into the ipsilateral adre
gland and not beyond Gerota fascia

T3a Tumour grossly extends into the renal vein or its segmental (mieseiining) branches,
or tumour invades perenal and/or renal sinufat (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 t
vena cava

T4 Tumour invade®eyond Gerota fascia (inaing contiguous extension into the ipsilatera
adrenal gland)

N - Regional Lymph Nodes

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Metastasis in regional lymph node(s)

M - Distant Metastasis

MO Nodistant metastasis

M1 Distant metastasis

Despite earlier detection rates, Z20% of renal cell carcinomas are metastatic at diagn@kis [

Recent figures suggest that this rate has declined20%8, 9]. In addition approximately 30%fall
patientswith renal cell carcinoma develop metastases after local therapy with curative intent for
clinically noametastatic disease and its heterogenic biology may impact on the pattern and
frequency of metastasis which differ from other genitourynaancers [5]Validated risk scores
revealed that this rate is risk dependent [3] and mortality in metastatic diseassdiated with
metastatic sitesq]. Patients with distant metastasis at the time of diagnosis (primary or synchronous
metastatic renal cell carcioma [MRCC]) or after curative intent (metachronous mRCC) are currently
recommended to undergo prognosis assessment accordingtiolatedprognodgic scoreg8]. Those

with intermediate or poomprognosisor abscence of lowolume metastatidisease shoulbe

treated with systemic therap}8]. The standarebf-care for treatmentnaive patients with clear cell
MRCC caists of combination immune checkpoint inhibitor therapy with either a combination of
nivolumab, a monoclonal antibody againsbgrammed deatkl (PDB1) and ipilimumab, a

monoclonal antibody againstytotoxic Flymphocyte associated protein £TLA), or,

pembrolizumab, a monoclonal antibody against Bland axitinib, a vascular endothelial growth

factor receptor tyrosine kinasahibitor [8]. Two recent randomized controlled tridlsvestigating

the role and timing of cytoreductive nephrectomy for patients with primary clear cell mMRCC led to a
paradigm change and upfront surgery is no longer recommended in this sgtrid].

However, in the absence of metastatic diseasargery has developeby defaultas the benchmark
for the treatment of renal tumoursApproach and techniqudepend on the size of the primary
tumour and currentmanagemenbptions for cT1a renal massesisocalled small renal mass (SRM)
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¢ includenephron sparing strategies such@etial nephrectomyor thermal ablation, and active
surveillance. Patients with SRM are increasingly offered renal mass biopagitdogically

indeterminate renalesionsor before active surveillancef small massesA recent analysis of 1&0
partial nephrectomies performed in the United States based on imaging alone revealed a 30% rate of
benign tumours removed by surggid2]. For small renal masses and cT1b tumours nepbneg is

no longer standard of care and partial nephrectomy should be offered when technically feasible and
oncologically saf8]. For larger tumours nephrectomy is the preferred treatment option performed
as either minimally invasive laparoscopic or rabatssisted laparoscopic or open transperitoneal
nephrectomy. The latter isften the preferred approach for locoregionally advanced disease
includinginferiorvena cavgVCYhrombi or clinically enlarged locoregional lympbdes.Locally
advanced diseasitself is a risk factor for lymph node invasion in several nomograms, making
predominantlyuse of the clinical T stage antinicalN stage §].

Synchronoudymph node metatasesand management

Even though it is believed that renal cancer spreads predantly hematogenously, lymph nodes
are the second to third most common metastatic site following lung or b&yachronous lymph
node metastaseare found in 41% and 12% ddtpents with multiple metastatic and solitary
metastatic disease sitesespectiely [7]. Qurvival with lymph node metastasespsor, with 5year
survival ranging between 280% [.3,14,15] andfor patients with resected isolatesiynchronous
lymph node metastasis thedian time to developlistant metastasesas been reported to be oyl
4 months [B]. The extremely shortime period for developing dista diseasesupporsthe
hypothesighat lymph node positive patientsnay haveconcomitantoccultsystemionetastass
accounting for thevery poor prognosidData of these retrospectiveties are difficult to interpret
as most patients with pathologically confirmed lymph node metastases (pN1)wadelymph node
dissection I(ND because of clinically enlarged lymph nodesroaging (cN1) and not as a routine
procedure including patientwith clinically node negative disease (cNDjirrently, LND does no
longerbelong toa routineprocedure duringpartial or radicahephrectomysinceguidelines do
recommend LNDnly for patients withenlarged lymph nodes amaging (cN1) but not fazlinically
node negative disease (CN8) This recommendatioagainst routine LN based on gingle
prospective study which showed no survival attege with LNDor clinically node negative renal
cell carcinomd17,18]. Thisstudy included patients with logr-risk clinically nodenegativerenal
cancers and onl$.3%of the patients in the LND arm haghiph node metastases. This ld&ymph
node metastasisate significantly impaetthe interpretation of the results ahe study which was
depending on a eventdriven sample size calculatidm. addition, no standardized termgies were
used Some observatioal, retrospectivestudies suggest a better survivalaisubgroup of patients
with good prognostic featureand with increased numbsiof removedlymph nodeg16,19,20].
Especiallyafter resection ofsolated lymph nodenetastasesn patients without adverse features
survivalreachedl10years[16]. However,as the randomized controlled trial on LND and other
retrospective studies have showtie rate ofoccultlymph node metastasag patients with cNO
diseasdsverylow, even in igh risk RC@1] and from these patients only a subgroup may have a
favourable survivaDue to ths low rateand inability of cross sectionmhaging to reliably detect
lymph nodemetastases in patients with clinically nenlarged lymph nodeshe abilty to identify
and potentiallycure patientswith very limited occult lymph node metastadeg LNOslow. In



addition, there areknowledge gapregardingthe biology ofymphatic pread and progression of

renal cell carcinomaRecent data suggest thatmal cancer progression can occur according to
punctuated, branched or linear evolutioBZ]. Patients with punctuated evolution of metastasis have
multiple clonal driver mutations giudingvon HippelLindau(VHL, BRCAZ&ssociated proteirl
(BAP)and Su(var), Enhancer of zeste, Trithedomain containing ZSETDpand present with rapid
progression at multiple organ sites. On the contrary, those with branched or linear evolutten ha
attenuatedor very slowprogression based oRolybromo I(PBRMJ)or monoclonaVHLdriver
mutations If and how this relates to lymph node metastases or why some patients develop
predominantly lymphatic metastatic spread is unclear. Atss,currenty unknown if the favourable
outcome observed for patients afteesection of limited occult lymph node metastas&8][is due to

a lessaggressive tumour biologguch as the observed branched or linear evolutibe LND

performed or a combination of bdét Based on the available evidence, guidelines therefore do not
recommend routine LND in cNflseasd8], but it isregaining interests astrong prognostatorin

an era in which multiple adjuvant treatment trials have been performed or are ongoingoduere
systemic therapeutic option23]. Patients with pathologically confirmed lymph node metastatic RCC
(pN1) have a higher risk of disease recurrence whirtflected in the fact that validated risk scores
includepNL1 as a significant risk factor.\v@eal risk scores are in use and none has been compared

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

and pathological parameters (table Asimplified risk scoraxhich isnot yet externally vabated,
has beerdeveloped to stratify patientafter LNDfor adjuvant trial enrdment [24] and the currently
ongoing adjuvant trialsclude patients with pN1lidease selected by TNM staging criteria or

Leibovich risk scoring

Table 2: validated risk sres for noametastatic RCC after surgical resection

Risk model Risk factors subtype Predictor Accuracy(c¢
index)
Leibovich?® T-stage Clearcell DFS 0.81
Tumour size
Necrosis
LN status
Fuhrman grade
Leibovich updated® | T-stage All subtypes PFS PFS:
Tumour size CSS ccRC0.83,
Necrosis papRCO.77
LNstatus chrRC@©.78
Fuhrman grade CSss:
ccRCO.86
papRCO.83
Sorbellininomogram | T-stage Clearcell DFS 0.82
2 Tumour size
Necrosis
Vascular invasion
Fuhrman grade
Symptoms
Kattan nomograrff | T-stage All subtypes DFS 0.80
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Tumour size CSS 0.77

Histologic subtype oS 0.70
SSIGR T- stage Clear cell DFS 0.81
Tumour &e CSS 0.830-88
Fuhrman gade
Necrosis
UCLANntegrated T-stage Clear cell CSS 0.79

Staging System (UIS N-stage

0 Fuhrman grade
ECOG PS
Legend: LN lymph node, DFS disease survival, CSS canagecific survivaRPFS progressieinee
survival,0S overall survival, ECOGHaStern Cooperative Oncology Group Performance Status
SSIGNhe tumor stage, size, grade, and necresiwe,UCLAThe University of California, Los Angeles

Adjuvant therapy

Despite multiple trials no adjuvant therapy fieanal cell carcinomé approved in Europe nor
recommended by th&uropean Association of Urology (EAuidelines. After théntroduction of
targeted therapy several trials have been performed of which only one has not yet repBrétails

of the studies are presented table 3.Results of these studies hamet shown a statistically
significant benefit in diseaskeee surviv(DFS) withthe exception of the SRAC triala multicenter
doubleblind placebecontrolled trial of 615 patients with highiskrecurrentrenal cell carcinoma
following nephrectomyOnNovember 18 2017, the Food and Drug Administration (FDA) approved
sunitinib br the adjuvant treatment ohighrisk renal cancepatientswith clearcell subtype

following nephrectomy. Given that other trials failed to detect a statistically significant benefit for
adjuvant therapy, it has been postulated that the irgitn of a wé-defined highrisk group with full
dose sunitinib might have led to theTRAC trial demonstrating a significant DFS berédilvever a
posthocsubset analysis frorthe ASSURE trial including the highesk patientsandthosestarting

with full dosesunitinibcomparable toSTRAC eligibilitgid not show any DFS overall survival@9
benefit[37]. Finally, the European Medicine Agency (EMA) did not approve sunitinib for adjuvant use
in Europe based on a high gradd adverse event rateithout a provenOShenefit[8]. Recent
outcomewith immunotherapy has revolutionized metastatic renal cancer treatmiaesteasing OS

to a median o28 months and more witkombinations ofpilimumakl/ nivolumab and
pembrolizumab/axitinitand hazard ratios of deathf 6.66 and 053 when compared to theprevious
standard, sunitini)38,39]. The siccess of immunotherapy h&sd to aninterest to study these

agents inthe adjuvant setting Based on the assumptiothat immunotherapy is effective in
eradication of microratastatic diseaseadjuvantimmunotherapy is promisingtp]. Most trials assess
eligibility using the TNM or Leibovich risk classification which includes patients with resected lymph
node metastasesiithe high risk groupgonsequentlyLND,whichhas anunproventherapeutic
advantagein renal cell carcinoma f} andhasnot been performed routinelyor decades, is

regaining importance in high risk renal cantmrprognoss assessmetrin the adjuvantsetting
Furthermore if adjuvant studies with immunotirapywill demonstrate &DFS or evenO Sbenefit,
accurate prognostication with LNBight regain relevanci treatment decsion making angbatient
counsellingCurrently,5 phase lltandomized controlled trialexamire the effect of immunotherapy
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in the adjuvant setting for locoegional intermediate to highisk RCCEA8143 PROSPER
[NCT03055013]investigates 4 weeks of neoadjuvant nivolumab followed by 1 year of nivolumab
versus observatin, IMmotion 010 [NCT03024998Ftudies 1 year of atezolizumafersus placebo
KEYNOTE64 [NCT0314233%jinvestigatesl5 monthsof pembrolizumab versus placepbBRAMPART
[NCT03288532], a multiarm designed trial platform, studies a combination of 1 yéaiurvalumab
plus tremelimumab versus either 1 year of durrab alone or observatigrand CheckMate 914
[NCT03138512]investigates 6 months of nivolumab plus ipilimumab versus pladathile most
trials are recruitingtwo have completed accruallhe outcomes are not mature yet and are awaited
in afew years time

Table 3: Adjuvant trials in the era of targeted therapy

Trial N Patient Treatment Treatment | Primary  |Primary
Characteristics Arms Duration | End Point |end
point HR
p-value
STRACSunitinib | 615 Highrisk patiens Sunitinib 1 year DFS 6.8 vs
Trial in Adjuvant according to UISS | Placebo 5.6 yearg
Renal Cancer HRO.76
Treatment? '
P=0.03
ASSURE: Adjuvan 1,43 | Nonrmetastatic RCC| Sunitinib 1 year DFS 5.8vs
Sorafenib or disease stagedlv ) 6.1yearq
o Sorafenib
Sunitinib for HR 007
Unfavorable RCE Placebo
P=0.71
SORCE: Sorafenilj 1,711 | Patients with high | Sorafenib 3 years DFS Median
in Patients with andintermediate ) Not
. . Sorafenib/
Resected Primary risk resected RCC reached
. Placebo
RCC at according to 5 vears
High/Intermediate Leibovich risk Placebo Y
Risk of Relapsé assessment DFS 678
VS 65%
HR 1.01
p=0.95
EVEREST: 1,545 | Pathological stage | Everolimus 9 RFS NA
Everolimusfor intermediate or very treatment
L . Placebo
Renal Cancer highrisk patients cycles
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Ensuing Surgical with full or partial
Therapy* nephrectomy
PROTECT: 1,538 | Patients with Pazopanib lyr DFS 3-years
Pazopanib as an moderately high or DFS
. o Placebo
Adjuvant high risk of relapse 67%vs
Treatment for with nephrectomy of 64%
Localized RCE Localized or locally
HR 0.86
advanced RCC
P=0.16
ATLAS: Adjuvant | 724 Highvrisk, non Axitinib 3yrs DFS Stopped
Axitinib Therapy metastatic RCC with due to
Placebo .
of Renal Cell nephrectomy futility
Cancer in High HR 0.87
Risk Patient® '
P=0.32

Legend: UISSCLANtegrated Staging SysterDFS diseadeee survival, RR8currencefree

survival, RCC renal cell carcingriii® hazard ratio

LND templates

LND as a prognostic tool would benefit from a standardized dissection template. However, t
dynamics of lymphatic drainage in the retroperitoneum andttther lymphaticand lymphovenous
connections are still poorly understood and a consensus regarding surgical LND templates does not
exist. Historical studies ofanal lymphatic drainage date back to 1935 when Parker conducted the
first well established inage stug in kidneys f6]. In the description of radical nephrectomy

prevailing in the 1960s and 708,2 6 &4 2 Y
from the bifurcation of the aorta to the crus of the diaphrag,[48]. In more contemporary

studies Crispen et alsuggested that in high risk tumouns the right sidethe paracaval and

adza3SaiSR NBY20QAyYy T

LI NJ 1tk 2 NI

interaortocaval lymph nodes should be removedim the crus to the ipsilateral common iliac artery
whereasfor tumourson the left sidehe paraaortic and interaortoca lymph nodes should be

dissected, using the same ipsilateral upper and lower boundasgem the right sid@49].

Futhermore, a systematic review described most commonly used LND templates which irwmiuded
the right sidethe hilar, paracaval, and precaval nodasd on theleft side the hilar, preparaaortic
nodes, both from the crus of ¢hdiaphragm to the aortic bifurcatid®0]. However, in most of the
studies LND templates were unstandardized and perforamambrding tasurgeons preferencéOne

of the explanation for the@bsence of standardizdd\D templatess alack of understanding of
lymphatic drainagén RCC. Alsaonflicting resultsn LND harms and benefits have addedte gaps

in LND studies anpractice
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LNDtemplates are determined by lymphatic drainage pattern #émellocation offirst landing sites of
lymph node metastasesiowever, nost of thesurgicalstudies fromwhichdata for LND templates
were extractedhad been based on sectionof multiple lymph rode metastasesn the
retroperitoneumwhich preventsanalysisvhich of these wer¢he first drainingnodes Knowledge 6
the location of the first nodes receivingrainage from the tumour igital to develop LND templase
Furthermore, studies are lacking despcriptiongiciseanatomical sites numbersof lymph nodes
resectedandinformation onindication and extent bLND{50]. In addition surgical mapping studies
have limited value in assessing lymphatic drainageianly possible to assess witgts been
exposed and removed.oadd to the uncertainty, cadaveric studies in humans with blue dye injected
into Gerdas fascia revealed direct connections of renal lymphati¢ke retroperitoneumto the
thoracic dict without intervening lymph nodes i23 % on the left an®8 % on the right side[1]. All
these limitations makestablishing LND templadéor renal cellcarcinomachallenging.
Consequentlythereis a need foa proper lymphatic drainage study with moderrethodsallowing
dynamicin viveimaging

Detection oflymph nodemetastases with crossectional imaging hassensitivity of 77%, specificity
of 73%and a positive predictive valuef 29% all of which are lowvith the exception o negative
predictive valueof 96%][48]. Theselimitations have encouragedis and otherdo explore lymphatic
drainage ofenal tumourswith sentinel lymph nodemagingtechnology[52]. The aimof sentinel
nodedetectionby dynamidmaging is to map the 8t landing sites of theadiotracer injected into
the primary tumourwhich wouldin theoryrepresentthe firstlymph nodes of the regionalymph
nodebasinto receivemetadatic cellsbefore theysequentially spreathrough the lymphatic$o

other nodes or through lymphovenous connections to distant organ §i&js Sentinel node
resectionhas alsdhe advantageof detecting occult micrometastatic nodal diseaghichmayresult
in more accurate staging avoiding tipotential surgical adverse event$ extended LND.

The aimof the thesisand the primary endpoint of the main triedto prospectivelynmapthe sentinel
nodesin renal tumours witldynamic lymphoscintigraphy arsghgle-photon emission computed
tomographySPECT/CT imagitmevaluatethe first draininglymph nodesSecondary and exploratory
endpoints werego assessentinel lymph node biopsyutcome, surgical technique and safetyd

finally toanalyse norvisualiation. To complete the topic wassess if ccultor clinically limited

single sitdymph nodemetastases are located topographicadljthe sitesobserved in the
prospectivemagebasedsentinel nodemapping studyln conclusiorwith the compileddatawe
describe the lymphatic drainage in renal canandalsosuggest a LND template which could be used
for prognosis assessment amdfuture studies.

Cutline of the thesis

The thesis containsightchapters.As an introduction to current clinicahedical research for
advanced lymph node metastatiemal cancerChapter Ireviews the paradigm change in systemic
therapy for renal cell carcinoméncludingtrials ofimmune checkpoint inhibitor treatment as
adjuvanttherapyfor patients withhighrisk disease fowhich assessment of lymph node metastasis
is of prognostic significanc€hapter2 isreportingthe primary endpoint oé prospectivephasell
studyto evaluatethe topographic distribution ofenal tumour drainingsentinel lymph nodesn
scintigraphy ad SPECT/Gmaging Chapter3 analyzes the outcome of sentinel lymph node biopsy
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which was the secondary endpoint of the prospective pHaseaging studyChapter4 reportson
durable survival with papillary typerBnal cell carcinomand lymph node miastases of a patient
who wasenrolled inthe prospectivesentinel nodestudy. Chapter5 asseses retrospectivelyhe
topographic distribution of occultr clinically limitedsinglesite lymph node metastases in renal
cancer ancevaluatedsf these matchwith the locationsobservedn the sentinel nodemaging stuies
Chapter6 is analyzing the causes for nuisualization of sentinel lymph nodes on scintigraphy and
SPECT/CT imagirighapter? is a report orsurgicalsafety and morbidity of sentinel lymptode
biopsy. Also technical tls are described and discussé&hapter8 summarizes all the studies and
givesa perspectve and future outlook.
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Abstract

Antiangiogenic therapy with vascular endothelial growth factor (VE®GBjtors is he current first
line treatment in metastatic renal cell carcinoma (mMRCC). Immunotherapy with checkpoint
inhibitor, has been recently added to the armamentarium of mMRCC treatment. These therapies
are based on treatment with antibodies thatldck programmedcell deathl (PDB1),
programmed cell death ligand 1 (R2) pathways, demonstrating impressive response rates
and improved survival in several tumour types. So far, nivolumab is the only approvéDanti
1 monoclonal antibody after VEGF thpy in mRCC.cgording to preclinical and clinical
studies, combination therapies with VE@IRd checkpoininhibitors have synergistic effect
achieving improved response rates. However, toxicity in some combinations is high. In this

article we present aeview of the mgoing 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 approxim&@100.000 and
35/100.000, espectively [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 disef3]. Systemic therapy witvascular
endothelial growth factor (VEGF) signaling axis targeting agents is the first line treatment for
metastatic RCC (mRCC) [4,5]. In addition to established dinst secondine molecular
targeted therapies, immunotheggeutic agents are introduceihto 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 saddine 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
HippetlLindau (VHL) familial syndrome].[®ater studies showed thanpact 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 metastasestef radical nephrectomy, sggsted an importance of the immune

system in RCC. The main cause of this regression was believed te d&edaBCell mediated
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antitumour immunity [8]. However, with the exception of higbse intravenous interleuki@

(IL-2), treatment with cytokines sut as interferod” 2 NJ & dzo O2inad ofil$ datkist L [
activity [9]. Despite a consistent rate ofl® % of patients being in complete remission and
potentially cured after higidose IE2, the high adverse event rate and the lildy to predict
respondersdid not favour this treatment option. After the introduction of VE@GFjeted
therapy for the treatment of cleacell RCC, combinations of these drugs with cytokines have
been studied [10]. Unfortunately, with the exception b&vacizumab and interferoh,
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 inhibiiomRCC. This rationaleisther 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 vesde [13]. Combining agents dh 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
therapiesof VEGHRyrosine kinase inhitors (TKI), VE@Ronoclonal 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 hgpwtiich in turn triggers hygxia
inducible factor (HIF}, causing activation of prangiogenic factors. VEGF upregulation results
in neoangiogenesis, which facilitates the access of tumor cells to the general circulation
causing systemic disease [14]. Taum angiogenesis enhancestiaity of myeloid derived
suppressor cells (MDSC) and tumagsociated macrophages (TAM) suppressing innate
antitumour immunity. It has been demonstrated that VE@&Eeptor tyrosine kinase inhibitor
(VEGFHKI) sunitinib is sygpessing angiogenic genesstdting 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 evolutiv of VEGFRKIs namely suritib, pazopanib, sorafenib, axitinib,
cabozantinib, lenvatinib in combination with mTOR inhibitor (everolimus) and monoclonal
antibody against VEGF (bevacizumab) in combination with inteferan K+ @S A YLINR @SR
prognosis byncreasing progression frerirvival (PFS) and impacting on overall survival (OS)

[16-21]. Currently, sunitinib, pazopanib and bevacizumab with interféron I NB ¥ A N& {
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options while nivolumab, cabozantinib, axitinib, sorafenib, everolimus alone@mbination

with lenvatinib ae second line treatment options in cleaell 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 systewemts
cancer developmentimany 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 detectablecds®e [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 césecome insensitive to immun 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 imnosuppressive tumor microgironment
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 activafidheoimmune system and irhis
process immune checkpoints are protecting the host cells from autoimmunity and self
destruction. Cancer cells are able to-@ot immune checkpoint pathways and thus avoid
immune eradication. Therefore, immune checkpoint bitary antibodies act on turmur cells
indirectly by targeting lymphocyte receptors or their ligands feactivating and enhancing
internal antitumour immunity. Checkpoint receptors are expressed-ymphocytes (CTLA
4) and on 7, Blymphocytes and natal killer (NK) cells sucls @rogrammed deatii receptor
(PD1) and programmed death ligand 1 @2D). Immune checkpoint blockade with monoclonal
antibodies target and block these inhibitory receptors, thereby inducing immune responses at
different levels[ 23,24,25]. Pembrolizumaband nivolumab target the RD receptor while
atezolizumab, avelumab and durvalumab block its ligand-LBD Ipilimumab and
tremelimumab target CTLA [25,26]. Nivolumab has shown an OS benefit compared to
everolimus in patientsvith mRCC previously treatewith antiangiogenic therapy and is

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

Rationale for using combination of antiangiogenic agents and immunotherapy

Earlier studies have shown thanti angiogenic therapy caglicit 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]
(Figurel). Antiangiogenic agents eicapable to reverse immunosuppression by decreasing
immunosuppressive cells (MDSCs, regulatory T cells), immunosuppressive cytokiies (IL
¢DC i 0 YR AYKAOAIUG 2 NP[28]YMdedverdxESR recepior imisO St £ &
drive tumour cells to etivate immune checkpoints and therefore a combination of \V\E2G&
checkpoint inhibitors makes sense [23,29]. Combination of -@dBt:F therapy with
immunotherapy, though not checkpoint inhibitors, has demonstrated improvedrPFRCC
already in 2007 inwo trials of bevacizumab in combination with interfeeon £ S RAy 3
approval as a firdine therapeutic option in mRCC [10]. In addition, recent research on
intratumoral immune components such as tumour infiltrating lymphosyf€lL) or MDSCs in
tumour tissue of sunitinib pretreated primary RCC have demonstrated potential synergism for
TKI with antPB(L)1 therapy [30]. Pretreatment with sunitinib improved TIL expansion by
reduction in intratumoral content of MDSC. Furthermgotige function of tumour inftrating T
lymphocytes may be inhibited in an immunosuppressive tumour microenvironment by T
regulatory cells and expression of D. It has been shown that patients treated with
antiangiogenic therapy have increased Treg &1 expression in their pnary 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 aelizumab (antPDL1) in 1(patients demonstrated that
combination therapy improves antigespecific Tcell migration thus enhancing antitumour
activity. Durable partial responses (PR) and stable disease (SD) were observed in 8 patients.
This durable clical benefit may be due tan addition of dissimilar response kinetics, since
VEGFRKIs produce fast but nesiurable response, but RDinhibitors are slow to act but the
response is longasting and thorough [32].

Combination therapy trials in advanceand metastatic RCC

Severaltrials have been performed or are ongoing to assess different combinations of
antiangiogenic agents with checkpoint inhibitors in RCC. A phase | study (Chebisate
NCT01472081) in mRCC compared combination therapy of nivbjulanantiPD1 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, whiléasidard dose for sunitinibrad 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 duratiomesfponse. In the sunitiniénd 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 mgf@gopanib combination arm (20
patients) was closed due tearly DLT. Moreover, adversevent rate was high with both
combinations. A 82% and 70% rate of graeé tBxicity was seen in the nivolumaunitinib

and nivolumakpazopanib arm, respectively. The most common gradeaBverse events for

the nivolumabsuntinib andpazopanib combirtion were liver enzymes rise, hypertension,
hyponatremia and lymphocytopenia. Regarding the effectiveness, nivohsuaitinib and
nivolumabpazopanib combinations showed ORR of 52% and 45%, respectively. The response
was seen Bveeks after treatment iniition 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 pazopanimivolumab combinations, respectively. Mad
progression free surviva(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 launcheghase /Il will be investiding the combination of nivolumab with tivozanib,
a VEGFRKI in advanced RCC (TiNivo trial).

At least 5 trials investigate pembrolizumab, an &1 inhibitor, in combinations with
monoclonal antibodies against VEGFantiangiogenic VEGHRKI. Pembrizumab (MK3475)
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) wagmgiin combination with bexazumab (either
at 10 mg/kg or 15 mg/kg every 3 weeks). No grade/AEs were recorded. Severuge % of
14 patients who were evaluable for response demonstrated PR, 29 % had PD. To conclude,
pembrolizumab and bevacizumab at rraum dose was safe and renmended to continue
in a phase Il study (NCT02348008) BTGRTA003.

The other phase | study of a monoclonal antibody against VEGF, aflibercept, in combination with
pembrolizumab enrolls patients with solid tumours and mMRCC khdwe been previously
treated with VEGFRKIs [35] (NCT02298959). They receive pembrolizumab aatflilzércept

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

Further combinations of pembrolizumab with VEGHR were igestigated in phase b/l gtlies.

One such trial enrolled 8 RCC patients among other patients with solid tumours who had

24



progressed after firstine therapy [36] to receive pembrolizumab (200 mg) intravenously once
every 3 weeks and a daily oral doseafvatinib (24 mg or 20 mg)@N02501096). 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 mR@alients showed PR and thether half SD. The
maximum daily tolerated dose of lenvatinib in the combination was confirmed as 20 mg and a
phase Il study testing the combination against sunitinib, alimststandard, is ongoing [37]
(Table 1).

Interestngly, other VEGFIRKI combiations with pembrolizumab may not be necessarily
comparable regarding their toxicity profile. Another phase I/Il study combined pembrolizumab
with pazopanib,600 or 800 mg [38] (Keyn@®8, NCT02014636). Skitye % of patients
developed grade 3 hepatotax AEs and toxicity appeared recurrently afterimetiation 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, regpé&atieel

patient in the pembréizumabpazopanib 800 mg arm showed complete response (CR).

Finally, a phase Ib study investigated pembrolizumab in combination with axitinib in 52 treatment
YOS LI GASyGad ¢KS GNAIFE RSEO59MgMice daily and K I (i
mg/kg every 3 weeks for pembrolizumab [39]. Severe gradea8lverse events included
hypertension, diarrhea and headache. Sevemtg % of the patients obtained objective
response, with 3 CR 34 PR and 10 had SD.

Axitinib was furthe investigated in a phase #tudy which evaluated the safety, pharmacokinetics
and pharmacodynamics of axitinib (3 or 5 mg twice a day) in combination with the ahti PD
inhibitor avelumab (10 mg/kg every 2 weeks) in fiise advanced RCC [40]. Gradé &dverse
events occurred n 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 agaaft0 mg/kg
and 5 mg, resgctively. 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 antiPD1 inhibitor pembrolizumabatezolizumab, another monoclonal antibody against
PDL1, has been studied in combination with bevacizumab in phase | and Il studies [43,44]. In
a phase | study atezolizumab (20 mg/kg every 3 weeks) was admaaistéth bevacizumab

(15mg/kg every 3 weekén 12 patients. Atezolizumab related grade 3 adverse events occurred
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in 3% of the patients, however grade43AEs accounted for 58%. ORR was observed in 40%, 1
patient had a CR and almost half of the patientsezignced SD. These results suggested a
sakty and efficacy of the combination in mRCC which led to a randomized phase Il study. In
the phase Il study atezolizumab was administered either as monotherapy (103 patients) or in
combination with bevacizumab (1Qfatients) versus sunitinib (101 patients)patients with
previously untreated locally advanced or metastatic RCC (IMmotion150, NCT01984242). This
trial provides the first randomized data of VEGH® versus single agentfD inhibitor in first

line. The results were encouraging especially atipnts with higher expression of ALl 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 thena#dzoliz
bevacizumab combination, the atezelimrabbrmono 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 respiasevere

seen in patients with higherxpression of PID1 favouring the combination or atezolizumab

only arms. As with previous combinations, AE rate was high: 64%, 41% and 69% of patients
developed grade -3 AEs in the combinatien atezolizumab onlyand sunitinib arm,
respectively. Atezoliznab 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 phd4l studies have led this combination

t2 F LKFaS LLL &ddzRé Ay HKAOK LI GASyda oAlGK
atezolizumab with or without bevacizumab versus sunitinib monotherapy (IMmotion 151,
NCT02420821) [45] (Table 1). Atezolizumablandcizumab combination will also be fueth
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 | study examining the combinatiohteemelimumab, a CTLA inhibitor, with sunitinib
enrolled 28 mRCC who had received none or only one previous systemic treatment [46]. The
patients were treated with tremelimumab {65 mg/kg intravenously) once emy 12 weeks
and sunitinib (50 mg daily o 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 DLTSs, resulting in
closure of the sunitinib 50 mg dose arm. Half of the patieats sunitinib 37.5 and
tremelimumab (15 mfkg) 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 patiemsl 8 of those experienced DLTs. The
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most @mmon 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 furthetudied

In comparison to the multitude aftudies performed or ongoing for cleaell RCC only two studies
are currently enrolling patients with nedear cell subtypes. Specifically, a phase Il trial with
atezolizumab and bevacizumab combination is aogripatients 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
PDL1 inhibitor, in combinatin with either savolitinib, a selectiveMETTKI, or tremelimumab
which enrolls a papillary RCC cohort in VEGKRrefractory mRCC patients (CALYPSO,
NCT02819596)[48].

The only triple combination trial is a phase | study in pretreated metastatic geinitoyrcancer
patients which compared contmtion 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 enrollednifmaly results were
presented at the 2017American Society of Clinical Oncology Geunitoary (ASCO GU)
symposium (NCT02496208). Gradé BEs were hypophosphatemia, hyponatremia, elevated
lipase. The combination of nivolumab and cabozantinib was weltat#d and did not cause
grade 45 toxiciies, immunerelated 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 mgikas recommended to proceed to a phase
Il 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 herapy that have been or are currently @stigated in early phase I/l trials it may
not come as a surprise that no less than 4 such combination trials are currently being
AYy@SadAaariSR Ay GNBIFGYSyld vyl O@Slinedandard dfd G A Sy
care, in randomized controlle@hase Il 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

Neoaduvant or presurgical studies are a uniqogportunity to obtain sequential tumour tissue
and to identify predictors of response or resistance to immune checkpoint inhibition and
combination with VEGtargeted therapy. Preclinical and early clinical resbasuggests that
there is significantly gater 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 neoadjuvantmedurgical phase /1l studies in
localizel and metastatic RCC with singigent nivolumab and pembrolizumab which are
currently ongoing [52,53,54]. In addition, a phase Il trial schedules patients for perioperative
YAG2t dzYlF 6 06ST2NB yBadNBRTE 2nd dlan¥ @ Kdrolk 766eps2 NJ
(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 mRC@&dathe tumour in place [55]. This is cuntly 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 totaof 6 weeks). The second arm receivehimab (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 weeksdr 6 weeks). In all arms cytoreductive mepctomy 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 VE@&HBeted therapy, several
randomized controlled phase 3 trials are planned to test adjuvant atezolizumab, nivolumab
and pembrolizumab as singégents in patients with nometastatic RCC and higisk of
recurrerce [56,57,58, 59]. However, at present no combinadiasf immune checkpoint
inhibition and VEGHrgeted therapy are being tested in the adjuvant setting. This is in part
owing to conflicting results being reported with adjuvant VEGRKRtherapy in locaed high
risk RCC [60]. In two RCTs, sunitinib didpmolong OS while it had a significant but limited
benefit on disease free survival in one of the studies. Unfortunately, a-fioldeadverse event
rate influencing some aspects of quality of life lésdiin an unfavorable harmisenefits ratio

for adjuvant VEGFRKI therapy. Although further trials evaluating VEGRE in adjuvant
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setting are ongoing, it is unlikely that they will be practice changing after assessment of their
contribution to valuebased health care. Until data from ongoing phase lildrin the
metastatic setting report significant improvement in OS, it is likely that the current adverse
event profile of combined immune checkpoint inhibition and VEgBgeted therapy prohibits

their long-term administration in adjuvant studies.

Concusions and outlook

Longlasting remission, manageable toxicity and a synergistic effect with YéEgted therapy
make immune checkpoint inhibitors attractive candidates for combination therapy with
antiangiogenic compounds. Clinical trials with noveladp®int inhibitors are initiated and first
results from phase I/l trials of checkpoint inhibitors with VEGRRand VEGRonoclonal
antibodies are promising. No less than 4 phase Il trials are ongwimyestigate immune
checkpoint inhibitors in combation with VEGHRargeted therapy in patients with treatment
Yyl oS Yw// ® ¢KSaS GNAIfAa INB RSaAdaySR (G2 ARS)
selection but further studies will be needed &stablish markers of resistance to therapy,
dosing, @timal 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 téonale for adjuvant studies in patients with nonetastatic RCC with
highrisk of recurrence. In addition, novel checkpoint inhibitors that ought to be less toxic are

investigated actively.
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Table 1. Phase Ill studies with immune checkpoint inhibitors in combination with-teEe@ted
therapy for patients with treatment naive mRCC

Study N Therapy Endpoint Subtype

KEYNOTE26 840 Pembrolizumab 200 mg iy PFS central clear cell

b/ ¢nHypoooO every 3 weeks + axitinib § review component with
mg po twice daily vs oS or without
sunitinib 50 mg po once sarcomatoid
daily on schedule 4/2 features

JAVELIN Renal 101 | 583 | Avdumab 10 mg/kg iv PFS clear cell

b/ ¢nHcynnan every two weeks + component
axitinib, 5 mg po twice
daily vs sunitinib 50 mg p,
on schedule 4/2

IMmotion 151 900 | Atezolizumakl200 mg iv | PFS clear cell

b/ ¢nHNHANYH on days 1 and 22 of each investigator histology and/or
42-day + bevacizumab 15 reviewed a component of
mg/kg iv on days 1l 22 | OS in sarcomatoid
of each 42day cycle vs | participants carcinoma
sunitinib 50 mg po on with detectable
schedule 4/2 PDL1

b/ ¢nHy mmy c| 735 Lenvatinib 18 mg po + PFS clearcell
everolimus 5 mg por component

lenvatinib20 mg po+
pembrolizumab 200 mg i
every 3 weeks vs sunitini
50 mg po on a schedule
4/2
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Table 2.Phase I/l studies with immune checkpoint inhibitors in combination with
VEGHargeted therapy with response rate

Trial Study name, Study name, Nr of ORRr,% CRnr,% | PRnr,% SDnr,% | PDnr,% | mPFS
setting combination (dose) patients months
(evaluable
for
response/all)
Phase I, Checkmate nivolumab 5mg/kg q3w | 33 17(52%) 1(3%) | 16(48%) 10(30%) | 1(3%) | 48.9
NCT01472081* | 016, mRCC, 1sj +sunitinib 50 mg
f Ay Suwuw
Phase I, Checkmate nivolumab2 mg/kg q3w+| 20 9(45%) 0 9(45%) 7(35%) | 4(20%) | 31.4
NCT01472081* | 016, mRCC, 1s| pazopanib 800 mg
f Ay Suwuw
Phase I, mRCC, 2nd nivolumab 3 mg/kg 38/40(3 12(32%) 1(5%) 11 20(53%) | NA NA
NCT02496208* |f Ay Suwwo | g2w+cabozantinib 40 g1 | mRCC) (29%)1mRC(
Phase I, mRCC,1stor | tremelimumab 615 21/28 16(76%) NA 9(43%) 7(33%) | NA NA
NCT00372853 HY R £ A Y| mg/kg gql2w+ sunitinib
37.5 or 50 mg
Phase Ib, mRCC, 2nd pembrolizumab 200 mg | 14/16 NA NA 10(71%) NA 4(29%) | NA
NCT02348008, |f Ay Swu | g3w+ bevacizumab 10 or
BTCR&U14003 15 mg/kg
Phase Ib/Il, mRCC, 2nd pembrolizumab 200 mg | 13 (8 MRCC) 9(69%) 0 7(54%) 6(46%) |0 NA
NCT02501096 |t Ay Swbl | g3w+lenvatinib 24 or 20

mg
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Phase I/ll, Keynote018, pembrolizumab 2mg/kg | 20 60% for 800 | 1(5%) NA NA NA NA
NCT02014636 MRCClst g2w+pazopanib 600 or mg, 20% for
f AySws |800mg 600mg
Phase Ib, mRCC, 1st pembrolizumab 2 mg/kg | 52 37(71%) 3(6%) | 34(65%) 10(19%) | 2(3.8%) | 15.1
NCT02133742 |t Ay Swx | g3w + axitinib 5 mg
Phase Ib, JAVELIN Rena| avelumabl0 mg/kg 6 6(100%) 0 6(100%) 0 NA NA
NCD2493751 100, mRCC, 19 g2w-+axitinib 3 or 5 mg
f Ay Swx | twice aday
Phase mRCC, 1st atezolizumab 20 mg/kg | 10/12 4(40%) 1(10%) | NA 5(50%) | NA NA
I/1,NCT016339707 f A Y S ww | g3w+bevacizumab
15mg/kg q3w
Phase I, Immotion 15Q | atezolizumab 1200 mg | 305 (101 in | 32% 7% NA NA NA 11.7
NCT01984242* |ma G f A y| g3w+bevacizumab 15 | combination
mg/kg arm)

* response rate only for VEGHKI or VEGIRonoclonal antibody and checkpoint inhibitor combination arm
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Table3. Phase I/l studies witimmune checkpoint inhibitors in combination with VE@igeted therapy and grade-8 adverse events

Checkmate
016
(nivoluma
b+sunitini
00 ww

Checkmate
016
(nivolumab
+pazopanib
O wuw

nivolumab
+cabozanti

YAO Wt

tremelimum
ab+sunitinib
Ll bl

pembrolizum
ab+bevacizu
YI 0o wul

pembrolizum
ab+lenvatini
0 Whl

pembro
lizumab
+
axitinib
L 10

JAVELIN
Renal
100
(avelum
ab-+axiti

Keynote018
pembrolizu
mab+pazopa
yAO w3

atezolizuma
b+bevacizu
YI 0o wuw

Nr of
patients

33

20

24 (3
mRCC)

28

16

13 (8 MRCC

52

yAD
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

hyperten
sion

18%

10%

17%

33%

hand
foot
syndrom
e

17%

mucositi
[

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

13 (65%)

elevatio
n of
lipase

3(13%)

17%

hypercal
cemia

hyperuri
cemia

hypopho
sphatem
ia

4(17%)

hyponat
riemia

15%

4(17%)

lymphoc
ytopenia

15%

neutrop
enia

proteinu
ria

17%

diarrhea

9%

20%

2(8%)

10%

renal
insufficie
ncy

respirato
ry
insufficie
ncy

dyspnoe
a
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headach
e

8%

tumour
pain

postoper
ative
wound
infection

death

weight
loss

6%
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Figure 1.Synergistic effect of VEGEBRd checkpoint inhibitors
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Lymphatic drainagfrom renal tumors in vivo: a prospective sentinel node study
using SPECT/CT imaging
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ABSTRACT

Purpose:Lymphatic drainage from renal tumors is unpredictable and in vivo drainage studies of
primary lymphaic landing sites may reveal the variability and dynamics of lymphatic connections.

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

vivowith SPECT/CT imaging after intwmanoral radiotracer injection.

Materials and methodsWe conducted a phase |l prospective sirgia study to investigate the
distribution of SNs from renal tumors on SPEOTImaging. Patients with ¢B1(<10 cm) cNOMO

renal tumors of any subtype were enrolled. After inttemoral ultrasound guided injection of 0.4 ml
99mTenanocolloid, preoperative imaging of SNs with lymphoscintigraphy and SPECT/CT was
performed. SN and tmregional norSNs were resected using a gamma probe in combination with a
mobile gamma camera. The primary study eoidip was location of SNs outside the locoregional
retroperitoneal templates (LRT) on SPECT/CT imaging. Using a Simon Mimiratage design to

detect a 25% extr& RT location of SNs on imaging with an alpha of 0.05 and a power of 80%, at least
40 patiens with SN imaging on SPECT/CT were needed.

Results:Sixtyeight patients were included. Forty patients had preoperative SRHUMaging of

SNs and were used for primary endpoint analysis. Lymphatic drainage outside the LRT was observed
in 14 (35%) patiest Eight patients (20%) had supradiaphragmatic SN.

ConclusionsSNs from renal tumors were mainly located in their respedtiR@, but simultaneous

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

in more thanone third of the patients.

43



Introduction

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

under debate. The randomized European Organisation for the Research and Treatment of Cancer
(EORTC) 30881dfiand several retrospective studies including a propensity doased analysis did
not reveal a survival benefit in favoaf LND in patients with clinically nanetastatic diseasgl,2].
Thus, guidelines do not routinely recommend LND for clinicaldjitee RCC. On the other hand,
some retrospective studies suggest that in higik patients with early occult lymph node nastasis
LND may provide durable lostgrm survival and potentially cure [3,4,5,6,7,8]. This has fuelled the
debate whether LND shddibe performed in nommetastatic higkrisk tumors in whom the incidence
of occult lymph node metastasis may be higher thag 4% reported in the randomized EORTC trial
[1]. Not only may LND provide a survival bengfit in a patient population which wasrepdesented

in the EORTC trial, it may also improve local staging. With the advent of several adjuvant studies
investigatirg immune checkpoint inhibition, proper staging of higgk disease is gaining importance.
However, the quality of evidence for LNDthis patient population is poor and retrospective data is
biased by heterogeneity in patient populations, disease stagkesargical templates [4]. Not
surprisingly, conflicting conclusions regarding a potential benefit of LND are found in the extensiv
literature while others recommend LND for staging purposes in tumors with high risk features [3].
Clearly, a better underanding of the basics of lymphatic drainage from renal tumors is required
before embarking on further clinical LND studies invesitigepatient outcome or prognosis [9].
Cadaveric dye dissection studies as well as autopsy and in vivo mapping studiésnits path

kidney cancer have revealed the major anatomical regions of potential drainage. However, the
location of the first lympmmodes receiving direct drainage from individual tumors, the
lymphovascular connections of renal tumors and the frequensymiiltaneous or isolated
supradiaphragmatic drainage have not been studied comprehensively in vivo. Previously, we and
others haveaeported the feasibility [10,11,12] of sentinel no@@N) imaging from renal tumors in
humans. Here, we report results fronpeospective phase inaging study to describe lymphatic
drainage pattern in patients with renal tumors using dynalymsphoscintgraphy and SPECT/CT with
prespecified endpoints.

Materials and Methods
Patients

From 2008017, 68 patients werenrolled in a prospective phase Il study to investigate lymphatic

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

ethics committee approved the study, and all patients signed written informed consentsiloelu
criteriawerecTdo NBY Il f GdzY2N&ER Xmn OY 2F lyeé &dzoGelLlsSz Of ;
YSiGlFadl A0 RAAaSI aSs feepéctarccy>3 months \®HOwerprmantelsthtisD A

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

outside the left or right locoregional retroperitoneal template (LRT), as defined below, on
lymphoscintigraphyand subsequent SPECT/CT imaging. Secondary endpoints included the

percentage of SNs with occult metastases arelffiisenegative rate.
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Definition of the boundaries of the locoregional retroperitoneal template (LRT)

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

For the purpose of this study and basedpyevious 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 arery crossing the inferior vena cava (supplementary figure 1). For tumors from the left kidney,
the LRT included left renal hilar, paraaortic, retrdagrand preaortic LNs from the level of the crus

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

Sentinel node imaging

Based on the feasibility study [10], a dose of 225MBq of 99mahocolloid in a volume of 0.4 ml was
percutaneouslyrijected under ultrasound guidance into the tumor one day before surgery. Tumors
XmMn OY ¢ SNEB amidea hofygendu intBhtlzhdxal radiotracer distribution. Primary

0 dzy 2 N& 2 F-100m were@njecte?l With one or-2 depots of 0.4 ml respectly, avoiding

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

with a gamma camera. After 20 minutes (early dynamic),adddurs (late static) anterior, posterior
and lateral planar lymphoscintigraphytbe affected site was performed. SPECT and low dose CT
was acquired and fused 4 hours after injection (B, Siemens, Erlangen, Germany). Anatomical
location of the SNs was determined by multiplanar imaging reconstruction (Osirix Dicom viewer,
Pixmeo, @neva, Switzerland). SNs were defined as LNs draining directly from the tumor on planar
dynamic lymphosciigraphy. SPECT/CT was used to image their anatomical location. In case of
multiple LNs at lymphoscintigraphy, the nodes appearing in the early dgnaimase in the LRT and

if applicable- simultaneously in basins outside the LRT, were considered to ©és8pplementary

figure 3). The following day, the primary tumor and SN were resected. The surgical approach (open,
laparoscopic, robetssisted) depaded on primary tumor complexity. At surgery, SN(s) were located
by preoperative SPECT/CT images, a gapnolae (Neoprobe, Johnson&Johnson Medical, Hamburg,
Germany) and a portable gamma camera (Sentinella, S102,GEM imaging, Valencia, Spain). After SN
exceion, the portable gamma camera was used to verify complete SN removal. For ethical reasons,
only SNs acasible through the chosen surgical approach were removed. Subsequently, LND of the
ipsilateral LRT was performed to study the fategative rate. Alharvested LNs were measured
vivowith gamma probe and camera to determine radioactive count rates.

Sttistical Analysis

I { A Y 2 y5i@ge MigidaX design was used to detect that 25% of SNs receiving drainage from

renal tumors on imaging with SPECT&Bd located outside the respective LRT as defined above with

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

a0F3ST AT FFOGSNI HH LI GASyGa 201 GA2ystuglydsiasai A RS (1 K¢
extended into the second stage and 40 patients with SN imaging on SPECT/CT were included for
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andysis of the primary endpoint. Further, descriptive statistics were used (SPSS Inc software, version
22.0, Chicago, IL). Confidence intervals (CPrmportions were reported as 95% CI.

Results

Primary endpoint:

Lymphoscintigraphy and SPECT/CT vimdhht least one SN in 59% (40/68) of patients (95% CI:
46.969.7). Excluding technical and inclusion criteria errors, thevisunalization rate wa26% (95%

Cl: 17.538.0) (flowchart 1, supplementary flowhart 1 and 2). Patient characteristics arewhan

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 sizé o (IQR 4:7.5 cm). A total of 63 (median 1,
IQR 12) SNs appeared on imaging. Thiidyr patients ha successful intraoperative sampling of

their infradiaphragmatic SNs, which correlated with the SPECT/CT location. Reasons for not
sampling the SN werno activity detected with the gammarobe or camera despite imaging on
SPECT/CT (5 patients), or inasiie infradiaphragmatic location (1 patient). Conversely, in 6/28
patients who had notvisualization on imaging, radioactive LNs were detected aghgamma

probe and subsequently harvested. These patients were not included in the primary endpoint
analyss. Based on imaging, 37 patients had at least one SN in the respective LRT and 26 patients
(65%, 95% ClI: 49.57.8) had SNs exclusively within tHeTL The drainage from tumors on the right
side was predominantly into interaortocaval and retrocaval Siysré 1) and from the left mainly

into paraaortic SNs (figure 2).

On the right side, 6 of 18 patients (33%, 95% E3@)8vith SNs had simultaneousathage to
interaortocaval, retrocaval, left preaortic or paraaortic and left supraclavicular lymph nGute.3
patients with rightsided tumors had SNs in the right paracaval and renal hilar region and none had
drainage to precaval LNs (figure 1).

Regading drainage from the left side, only 3 patients had direct left renal hilar SNs. Nine of 22
patients (41%, 95% CI: 23%2.2) with SN from lefsided tumors had simultaneous renal hilar,
mediastinal, left supraclavicular, retrocrural, left common ili@nal fossa and interaortocaval SNs
(figure 2).

In total, 14 patients (35%, 95% CI: 280L5)had SNs outside their respective LRT, of whom 8 (20%,
Cl1:10.534.7) 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% CF248)had an occult SN metastasis from a papillary type Il
pT1lb RCC. The n@N in the LRT were free of disease. None of the other patients had SN or LN
metastases inheir respective LRT. An analysis of the faksgative rate was not meaningful.

Discussion

LNmetastasis in RCC is a poor prognostic factor for overall and disease specific survival [4,7]. Several
reasons can be identified for the controversial surviahdafter LND. Due to the low incidence of

occult LN metastasis in the prospective EORTC sitedyial was clearly underpowered to detect a
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survival benefi{1]. Other arguments include early concomitant distant metastasis, either through
haematogenic olymphatic spread. Aberrant drainage to LN located outside the conventional
surgical templatesnay be responsible for the latter.

The hypothesis of a widely variable lymphatic drainage from RCC is supported by earlier studies in
patients with pathologicahode positive disease demonstrating a range of anatomical locations of LN
metastases from RGT4,15,14. According to available data and in concordance with our study, the
location of tumor draining LNs can be unpredictgild.

To date, this is the lasgpt prospective study investigating the location and pattern of primary
lymphatic drainage fnm renal tumors following intratumoral radiotracer injection in vivo. An
intriguing pattern emerging from this study is that 20% of the renal tumors drain
supradigphragmatically, in addition to retroperitoneal LNs. This finding supports diraohage

through the thoracic duct (TD) to the lungs and the mediastinum, which are among the most
commondistant metastatic sites in R{&18,19,20,21L It has been hypothézed that pulmonary
metastases may be @nsequence of direct lymphatic drainaigéo the subclavian vein and

subsequent vascular spread irttze lungs, which drain into the mediastinal nodég,29. In

addition, in an autopsy studyt8] only 26% ofhe patients with established LN metastases had
positive retroperitoneal LNs, where&5% of all Lihetastases were mediastinal. Another study
concerning 1828 autopsy records described a bnathtion of metastatic LN locations [14].

Ipsilateral renal hilarNL metastases were found in only 7% of the patients. The highest percentage of
LNmetastases was mediastinal in 66%, retroperitoneal in 36%, paraaortic in 26% and supraclavicular
in 20%. However, all patients had multiple lymphatic metastases, precludingpticlusion that the

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

reported 22% of all LN metastases located in the mediastinum, while cases with supraclavicular and
isolated contralateral iliac LN metastades/e also been described [15,16,17]. In conjunction with
these data, our studyugigests 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 miediastind

thoracic organs [23]. Another study group using peripheral renal tumor radiotracer injection did not
perform supradiaphragmatic imaging and therefore did not obsdnisedrainage pattern [11].

In RCC, it is often believed that the draining re@#oneal 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% Cl: 22.1
50.5) toSNs 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 wenerpatfavithin

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

drainage from renal tumors exhibits an individual variability. Accordingly, generalized preconceived
LND templates will not include primary LN diag sites in all patients. This study has a number of
limitations. Currently, tb 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 intgrvenin
LN has been described in human cadaver studies injecting blue dye20 and mpgpteatial

explanation for the relatively high number of neisualization of SNs in our study; however, this
assumption cannot be confirmed since the resolution of the gagaamma camera is not suited to
monitor lymphatic drainage in real time in despbody 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 &dish group studying peripheral tumor radiotracer
injection did not specificallgeport nonvisualization; 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 Lishetastases was not the primary endpbbf our
study. Nor was the study designed to demonstrate whether the SN procedure leads to timely
resection of early occult l-Micrometastases, which in turn may positivaifluence the course of

the disease. This would have required a different desigarger sample size and inclusion of mainly
highrisk RCC patients which may have a pN1 rate @f4P% in T2 3b tumors [13]. To test the in

vivo drainage pattern on imaginthis study predominantly included tumors of smaller size of any
subtype to guaantee 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 pN1If28ijis

study only one patient with a papillary type [l RCC had occult LN mstasta2 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 oltdtN metastases in patients with higisk tumors of
other subtypes nor the potgial of the SN procedure to improve diagnostic accuracy and outcome.
Perhaps, an important future application of SN detection could be in translational research to
elucidatethe early process of lymphatic metastasis and priming of the immune system &s nod
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 almosiedted SNs from RCC,
which were noametastatic on H&E staining, contained singd#l metastases on flowytometry

[27,28]. Current sequencing technigues may characterize the genotype of these single tumor cells
and the immune environment, which may grgasidvance our knowledge of metastatic spread of
RCC. Finally, our study is lindgitey the lack of harvesting and histological examination of the
supradiaphragmatic SNs.

Conclusions

This prospective study of in vivo lymphatic drainage patterns from tenabrs reveals that
lymphatic drainage exhibits high individwariability. 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 fute clinical or translational studies investigating
lymphonodula involvement.

Abbreviations:lymph node (LN), lymph node dissection (LND), renal cell carcinoma (RCC),
sentinel node (SN), singi#oton emission computed tomography with computed tomography
(SPECTI/CT), locoregional retroperitoneal template (LRT)
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Flow chart 1.

NO8SNR
n=68
Right n=31
Left n=37
| |
SPECtisualization SPECT nevisualization
n=40 (59%) n=28 (41%)
[95% Cl1:40-69.7] [95% C1:30-53.0]
| |
| | | |
Supradiaphragmatic Exclusively Appropriate tracer Inappropriate
n=8 infradiaphragmatic depot tracer
(20 %) n=32 (80%) n=24 depot
[95% CI: 10:84.7] [95% C165.2-89.5 Gammaprobe n=2
detected at surgery Violation of
n=6 inclusion criteria
| n=2

Outside LRT
n=6 (15%)
[95% CI: 7429.0]

N=26(65%)
[95% Cl: 4957.8]

Exclusivelynside LRT

Truly unaccounted
n=18
(26 %)

[95% CI: 17:38.0]

Outside LRT
n=14
(35 %)
[95% CI: 22:50.5]

Legend: Results for a@ludy patients. Patients with SN visualization on SPECT/CT (n=40, light blue)
used for analysis of therimary study endpoint. *Most of the supradiaphragmatic nodes were with a

simultaneous retroperitoneal node. N=are number of patients with SN on imaghghe number

of SN.
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Table 1. Patient and tumor characteristics

Number of patients
Median aggrange)

Median tumour size in cm (range)
pT stage

Tla

Tlb

T2a

T2b

T3a
pN stage

NO

N1
NXx
Right side
Upperpole
Interpolar
Lower pole
Left side
Upper pole
Middle pole
Lower pole
Histology
Clear cell RCC
Papillary type 1 RCC
Papillary type 2 RCC
Chromophobe RCC
Oncocytoma
Solitary fibrous tumor
Leibovich score
Low
Intermediate
High

Surgical type
Open, radical nephrectomy
Open, partial nephrectomy
Laparoscopic, raditaephrectomy
Robotic, radical nephrectomy
Robotic, partial nephrectomy

52

40
58 (3874)

6 (310)

6 (14.5%)
21 (53%)
6 (15%)
2 (5%)

5 (12.5%)

37 (92.5%)

1 (2.5%)
2 (5%)
18 (45%)
4
9
5
22 (55%)
5
7
10

24 (60%)
5 (12.5%)
3 (7.5%)
4 (10%)
3 (7.5%)
1 (2.5%)

9(37.5%)
11(45.8%)
4(16.6%)

7 (17.5%)
16 (40%)
3 (7.5%)
1 (2.5%)

13 (32.5%)




Figure 1.

P N
Legend: Distribution of 29 SNs from 18 right kidney tumors at SPECT/CT. Green SNs locate
ventrally to blood vessels, yellow SNssiily. Image printed with permission of A.D.A.M. Images.
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Figure 2.

§ e - W
AAe e 2\
FE S < .
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.

n=31

Right tumors

n=18 (58%)

SPECT visualization

SPECT newisualization
n=13 (42%)

Supradiaphragmatic” Exclusivelynfradiaphragmatit Appropriate tracer depot Inappropriate
n=4 n=14 (B%) n=10 tracerdepot
(22 %) [95% CI: 54:81.0] Gamma probe deieted at n=1
[95% CI: 9:485.2] Outside LRT n=3 surgery Violation of
n=1 inclusion
| criteria
n=2
Truly unaccounted
n=9
Outside LRT Exclusively inside LRT (29 %)
n=7 (39%) n=11 (61%) [95%CI:16.26.5]

[95% Cl: 20:81.3]

[95%C]1:38.679.6]

Location and number of
SN outside LRT*
Supraclavicular 2
Mediastind 2
Retrocrural 1
Leftparaaortic 3
Mesenteric 1

Location and number of SN
inside LRT*
Interaortocaval 12
Retrocaval 5
Paracaval 2
Hilar 1

Legend: Results for right kidney tumors. Patients with SN visualization on SPECT/Aiflib=18,
blue) used for analysis of the primary study endpoint. K=raumber of patients, the location of the
nodes includes all individual SN. The nodes in red are outside the locoregional retroperitoneal

templates (LRT).

N Most of the supradiaphragmatic des were with a simultaneous retroperitoneal node

* Several patiats had up to 2 sentinel nodes
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Supplementary Flow chart 2.

Left tumors

SPECT visualization
n=22(59%)

SPECT nevisualization
n=15 (41%)

Supradiaphragmatic” Exclusivelynfradiaphragmatit
n=4 n=18 (82%)
(18 %) [95% Cl1:61492.6]
[95% CI: 7-:38.5] Outside LRT n=3
|
OutsideLRT : e
n=7 (32%) Exclusively inside LRT

n=15 (68%)

[95% CI: 16:32.6
[95% CI:47 B3.6]

Appropriate tracer depot Inappropriate
n=14 tracer depot
Gammaprobe detected at n=1
surgery
n=5

Truly unaccounted
n=9
(24 %)
[95%CI:13-40.1]

Location and number of
SN outgde LRT*

Location and number of SN

. inside LRT

Supraclavicular 2
Mediastinal 3 .

Paraaortic hilar 3
Interaortocaval 1 . .

Paraaortic subhilar 18
Retrocrural 2 .

Preaortic 2
Renal fossa 1 .

. Retroaortic 1

Left common iliac 1

Legend: Results for left kidney tumors. Patients with SN visualization on SPECT/CT (n=22, light
blue) used for analysis of the primyastudy endpoint. N= are number pétients, the location of the
nodes includes all individual SN. The nodes in red are outside the locoregional retroperitoneal

templates (LRT).

N Most of the supradiaphragmatic nodes were with a simultaneous retroperdbnede

* Several patients had up ® sentinel nodes
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Supplementary Figure 1.

d .\
-

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 I'éft 4REeC. Image printed wigiermission 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 &hoyblue

B. The same Ldh 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) aoidotape depot irthe 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 triatiescribe the distbution 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 standed 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 studforees the ideahat 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 and 2 in study) Wich 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 tastases, the
resuts 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 haveighir rate of retoperitoneal 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 reeded to move thdield forward.

Jose A. Karam

University M. D. Anderson Cancer Center

Houston, Texas
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CHAPTER

Outcome of sentinel lymph node biopsy in patients with clinicallynmetastatic renal
cell carcinoma

Teele KuuskRoderick D&ruijn, Oscar R Brouwer, Jeroen De Jong, Maarten Donswijk, Kees
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Van Der Poel, Bas WG Van Rhijn, Esther M Wit, Axel Bex

Scand J Urol. 2018 Odbec;52(56):411:418.
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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 MethodsA pooled RCC subgroup analygisecondary endpoints from a
published feasibility and a phase Il prospective shagihe SN study to investigate

oncological outcome. Patients with ¢B1(<10 cm) cNOMO RCC of any subtype were

enrolled. After intratumoural injection of Tc99m nanocollgideoperative imaging of SNs

with SPECT/CT was followed by (partial) nephrectomy with SN and regional lymph node
RA & a S Ol A-prygbe. dzie pafiehts Were'followed with a riaklapted surveillance

program. Endpoints of the studies were analyzed usisi§ 6iND &  S@ubr®dr Mand K A
Whitney U tests and Cox proportional hazard models.

Results:Sixtysix RCC patients were included. Two patients (3% [95%-C1%}5 had

occult SN metastases with a disedsse survival (DFS) of 57 and 72 months. jatients

(15% [95% CF2Z6%) developed recurrences, and 4 (6% [95% €l14253%]) died of

disease during a median follewp of 57 months (IQR 1B months). Occurrence of distant
metachronous metastases were associated with tumour size (HR=1.39, p£0.Gapge
(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).

ConclusionsThe rate of occult metastatic Ssllow, 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 climitéal in highrisk 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, lymh 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
believedthat 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 suruidit.be

As a consequence, guidelines do not recommend LND for clinicahyetastatic RCC. A

recent systematic review supports this, although the evidence synthesis suggests that patients
with early occult LN metastases may benefit from LND [&dtition, several adjuvant
immunecheckpoint 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 onBn unprowen 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 farmation: 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 fothe low rae 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@Q#ie pdients,

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 ndesbeen peviously 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 subgroupatients wth 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 20082017, 68 patients entered a phase 2 prospective siagie study to investigat

lymphatic drainage and the distribution of SNs in renal tumours (NO8SNR; 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 templatedyonphoscintigraphy and

subsgquent 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 antkati@l association of th@cic

recurrence with lymphatic drainage pattern. The study had ethics committee approval and all

patients signed written informed consent. Inclusion criteria were6TINBS y I £ { dzY 2 dzZNE  XXm n
of any subtype, clinically and radigically noametastaticdise 8 S 6 Obnan0x | 38 xmy @&
life expectancy >3 months, WHO performance statdsahd no prior systemic therapy. To

increase statistical power, 10 patients from a previous prospective feasibility study with

identical inclusion dteria (NO6SNR; registereshder 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 itratumoural Tc99rmanocollad injection was followed by planar scintigraphy

FYR {t9/ ¢k/ ¢ AYFIAYyId ! G &dz2NHSNE Zprobedzd RA | LIKNI I Y|
I YR LJ2 Wdnkra. AliSdentified SNs were resected and regional LND was performed

accordirg to a previously reported template [8]. Metachronous metastases were difise

distant metastases that have occurred anywhere at distant locations during the fofjow

period. Thoracic recurrence refers to metastases anywhere in the thoracic area@.g lun

pleura, mediastinum. Surveillance was performed according to a localdégkted followup
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protocol for lowintermediate and high Leibovich risk of recurrence.

Statistical analysis

Characteristics of patients were compared between patients who didda&hdot develop

YSGI OKNRyYy2dza YSil &0 &RdareddanyVhin@yiUaestSRisRaE SEF OG X/ |
metachronous metastases and thoracic recurrences was modeled with univariable Cox

proportional hazard models. Multivariable analyses were not perfatmee to very low

number of events. Kaplaeier survival analysis was penfioed to illustrate metastasebkee

survival curves for patients with and without interaortocaval radiotracer drainage and the two

curves were compared with a lagnk test. Altests weretwed A RSR | YR LJ @I f dzS Xn ®n
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 becabsaigh

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 @&ty-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, IQR2L SNs were successfully harvested in 41 (62.1%) [95% CI 49
73%)] procedures. Twengeven (66%) [95% CI-49%]patients had SNs located within the
locoregional retroperitoneal basin, 14 (34%)[95% C3@%] had SN outside of these

regions, the remainder (25) had netsualization on SPECT/CT imaging.

Median followup was 57 months (IQR -/ months). Ten patigs (15%) [95% CF26%)]

with clearcell RCC developed recurrences with a median DFS of 14 months3HQRO8

those, 8 patients (80% [95%C}+98%)]) had thoracic metastases, of whom 6 (60%) [95%ClI
27-86%)] had metastases exclusively in the thoracic gdtable 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%0Cbpwho

died during followup, 4 (40%) diedfalisease.
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Two patients (3%) [95% CI €.5%)] had occult metastases in retroperitoneal SN. In one
patient, 2 occult SN metastases without extranodal growth in a left pT1b papillary type 2
(UISS lowisk) RCC were removed which were visible on preoper&RET/CT imaging.

In the other patient, an occult metastatic hilar SN was harvested in a right pT3a Fuhrman
grade 2 (Leibovich higtsk) clearcell RCC, which did not appear on SPECT/CT but had
radiotracer activity during surgery. In both patients, tentplbased additional LND was
performed without further LN metastases and they remained free of disease. The first patient
is still alive after 72 months of follewp, the latter survived 57 months and died from another
cause unrelated to RCC.

Risk ofdistant maastases 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 vano) (tabk 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 metastasss ga

Discussion

This study is the first to report loAgrm oncological outcome of SLNB in RCC. In a
predominantly lowto intermediaterisk RCC population, we found 70% of lymphatic
drainage within previously proposed locoregional LND templates, whe3@% oftie

tumours drained to lymphatics elsewhere and 20% supradiaphragmatically into the thoracic
cavity [8]. During a long followp, 10 (15%) patients developed recurrences, of which 8
(80%) were thoracic. The occurrence of distant metastases wasiat inunivariate

analysis with interaortocaval SN receiving lymphatic radiotracer drainage from the tumour.
Two patients had occult metastases in the resected SNs with long diseassurvival (DFS).

A potential reason for the low rate of SN metasgta (3%ni 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 imagingnd not te clinical utility of SLNB. Although the study

included patients with tumours up to 10 cm in diameter, larger tumours were not eligible as

65



distribution of the radiotracer, lymphatic outflow and volume of the injected tracer depended
on tumour ske and regired protocol standardization. Only 12% of patients had ‘igk
tumours based on Leibovich and TNM risk assessment. The randomized-E&IRIC

assess the role of LND in RCC similarly included patients of predominantly lower risk [4].
Together with rerospective studies the rate of occult LN metastasis has been reported to
range between 4% for patients with lower risk RCC [4, 15,16]. Robust data for the
incidence of isolated occult LN metastases in clinicallymetastatic highrisk patiers are
lacking, although a recent retrospective study on occult LN metastases in patients who took

part in a randomized adjuvant trial of higisk RCC reported occult metastases in cNO RCC as low as
2% [17]. However, in this adjuvant trigdpulation only 3 LN weneemoved 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 irethiterature is low, paénts 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 importancef LN metastases remaimalid in the novel Leibovich risk prediction
model in which LN involvement was a predictive marker in atelirRCC and chromophobe

RCC for progression and in cleatl RCC also for death [24]. Of note, locoregional LN
metastass have been associatedtiviconcurrent 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 diseaBee course of the two patients in our sty with

isolated limitedintranodal 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 Gershataad, who reported on amall

subset of patients with pN1MO 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-géar CSS of only 9% [L5]. 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 concuent subclinical distantnetastases 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 previguaging study [8] adds tihe

hypothesis that in a proportion of patients, lymphatic spread of tumour cells may result in

subsequent systemic metastases due to lymploous connections [9]. Five patients out of 6 with
at least one interaortocaval SN regeig radiotracer drainagiom 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 ralimg 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 tdEhevithout

intervening LN [9,11,27]. Meever, additional direct local lympheenous connections that

may cause hematogenous metastases through anastomoses between regional LN and adrenal
and lumbar veins have been postulated [9].

We acknowledge that the ntieods applied in our study are unable 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
histopathd 2 38 LINR (G202t ¢ A énkre rmde $8Y Hoav&/@,(nkeeyit®N 2 T G K S
study in RCC from Scandinavia using cell suspensions of the SN aogtdlimetry to

detect isolated tumour cells suggests that tumour cell shedding into the lymphatics is a
comnon process [19] and another study hasmabnstrated 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 supradiaphragmatiegegpattern [811],
and the studies bothers, we hypothesize that patients may develop distant metastasis

through a lymphevascular connection of the retroperitoneal nodes with the TD and the
subclavian vein (figure 3). Importantly, although the TD ikeedrainage from mediastinal
nodes, walves 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 throughe locoregional lymphatics into theDT

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 lunigmding to pulmonary or further medidastl 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 hypdtesis introduces new research questi@ush 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 thoracicgiens and hematogenous spread in these particular
patients.

Our study is not without limitations. We included few higék patients, which may have an
impact on the rate of pN1 disease. In addition, due to ethieasons, only SN accessible
through the rephrectomy 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 aeddht trial design with a larger sample side
predominantly higkrisk 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, pBtage and Leibovich risk .

Our results suppdra future prospective SLNB study in clinically figh RCC patients, possibly
biopsy proven with higher grade, and cNO on mpltase CT imaging. The

incidence of template based occult LN metastases has rmar prospectively investigated

in this popuation. Our previous imaging study suggests that 70% of all SN are located within
the locoregional retroperitoneal nodes and SLNB mapping inriegfRCC might improve

the precision of LND and could potentigltypact 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 imparice. SLNB could potentially be of valuedarically 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 thoraeaurrences. Evaluation of the

prognostic andherapeutic role of SLNB requires a clinical trial in-nigk RCC.
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Table 1Consort diagram for study participants

NO6SNR NO8SNR
N=10 patients N=68 patients
Excluded : Excluded:
N=2incorrect injection N=2 incorrect injection
N=2inegilibility
N=6 benigntumours
RCC
N=66
Occurrence on SPECT/C No occurrence on SPECT/(
visualization non-visualization
N=41(62.1%) [95% CI 49 N=25 (37.8%) [95% CI-26
73%] 50%
N=6unsuccessfully N=6 successfullyarvested
harvested mtraoperatively Ay G NF 2 LISNE G
& A (-ptobe probe

SN detection rate

N=41 (62%) [95% CI
49-73%)

v

SN nondetection rate

N=25 (37%) [95% CI
26-50%)




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
FIM 4 (40%)/6 27 (48%)/29 P=0.73
(60%) (52%)
Age(median, IQR) 56 (5273) 59 (5264) P=0.78
BMI (median, IQR) 25.8 (24.1 26.7 (24.1 P=0.94
32.3) 30.8)
pTstage 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 NA
(3.6%)
Ske of the tumor (median, IQR) 89@.*7 6 (IQR 57) P=0.06
10.5)
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 poke 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

0/1

2

3/4

Leibovich risk score in ccRCC
Low

Intermediate

High

UISS rislby TNMin nonccRCC
Low

Intermediate

Visualization of SN on SPECT
yes

no

Thoracic SN

yes

no

Non visualization

SN in thdocoregional lymphatic

drainage basin
yes

no
Non visualization
IAC SN

yes

no

Non visualization

Number of SNs on imaging (medial

IQR)

Number of harvested SNs (median

IQR)

Number of excised nonSNs (media

IQR)

Site of recurrence

Lungs only

Lungs with mediastinal LN
Lungs and pleura

1 (10%)
3 (30%)
6 (60%)

2 (20%)
4 (40%)
4 (40%)

7 (70%)
3 (30%)

1 (10%)
6 (60%)
3 (30%)

4 (40%)
3 (30%)
3 (30%)

6 (85.7%)
1 (14.3%)
3 (30%)

1 (+2)

2 (1:3)
2 (1-5)

3 (30%)

2 (20%)
1 (10%)

Retrocrural LN and mediastinal LN 1 (10%)

24 (36.4%)
23 (34.8%)
19 (28.7%)

23 (41.1%)
17 (30.4%)
4 (7.1%)

10 (17.9%)
2 (3.6%)

34 (61%)
22 (39%)

6 (10.7%)
28 (50%)
22 (39.3%)

23 (41.1%)
11 (19.6%)
22 (39.3%)

Mn OMTC

24 (42.8%)
22(39.3%)
1(02)

1 (13)

1 (1-4)

P=0.15

P=0.03

NA

P=0.73

P=0.6

P=0.67

P=0.004

P=0.57

P=0.68

P=0.53

NA
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RP LN* with mediastinal LN and 1 (10%)

lungs

Liver and nephrectomy bed 1 (10%

Contralateral kidney 1 (10%)

Disease freesurvival median, IQR 14 mth (837) NA

Median follow up in months, IQR  26.5 mth (16 60 mth (IQR  P=0.58
70) 1873)

Deaths 5 (50%) 2 (3.6%) P=0.001

~

[ SASYRY wSadzZ Ga 27F al ytyestd Kvaliegid Bold bstfisyeatly CA a4 KSNDa ¢
AAAYATFAOLYG 6LIKndapuvd® C FSYFEST a YFEST ' L{{ /]
retroperitoneal; SN sentinel node; RCC renal cell carcinoma; LN lymph node; IQR interquartile range;
SPECT Siegbhoton emission computed tongraphy; 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 patala®N and LND in a left

sidedw/ / @ t+ W 2dzi 2F wmn L!/ {b 6SNB 2dzidARS wt [Db5

75



Table 3. Association with metastases and variables

Metachronous
metastases

Thoracic
recurrence

Number of events
Gender

Male

Female

Age

BMI

Size of the tumour
Tumour side

Right

Left

Tumour polarity

Upper pole

Intermedial pole

Lower pole

pT stage

T1

T2

T3/4

Leibovich score

Low

Intermediate

High

Subtype

Non-ccRCC

ccRCC

Fuhrman grade

0/1

2

3/4

SN removed or not

yes

no

Number of excised SNs
Number of excised nonSNs
Number of SNs on imaging
SNs in the locoregional
lymphatic drainage basin
yes

no

HR [95% ClI]
10

1.64 [0.465.87]
1.0

1.02 [0.961.09]
1.01[0.921.11]
1.39 [1.061.83]

1.0
0.52 [0.132.01]

1.0
0.75 [0.144.10]
1.12[0.206.11]

1.0
0.94 [0.118.03]
6.83 [1.8325.51]

1.0
1.94[0.3510.59]
8.42 [1.5346.36]

1.0
30.55 [0.06 &

1.0
3.31[0.3431.78]
8.38 [1.0169.72]

1.21[0.314.68]
1.0

0.96 [0.771.20]
1.05 [0.941.18]
1.46 [0.862.48]

0.57 [0.132.56]
1.0

P value

P=0.44

P=0.49

P=0.82

P=0.02

P=0.34

P=0.84

P=0.74
P=0.90

P=0.95
P<0.01

P=0.45
P=0.01

P=0.28

P=0.30

P=0.05

P=0.78

P=0.72

P=0.42
P=0.16

P=0.46

HR [95% ClI]
8

1.73[0.417.28]
1.0

1.04[0.971.12]
0.96 [0.851.10]
1.24[0.91-1.67]

1.0
0.39 [0.081.93]

1.0
1.17[0.1211.25]
2.26 [0.2520.24]

1.0
0.95 [0.118.12]
3.44 [0.6617.77]

1.0
1.49 [0.258.93 ]
5.97 [0.9936.05]

1.0
30.86 [0.0% &

1.0
1.12[0.0717.82]
8.26 [0.9968.67]

0.87 [0.213.62]
1.0

0.97 [0.761.24]
0.98 [0.811.18]
1.53 [0.872.69]

0.31[0.051.85]
1.0

P value

P=0.46

P=0.25

P=0.57

P=0.17

P=0.25

P=0.60

P=0.89
P=0.47

P=0.96
P=0.14

P=0.66
P=0.05

P=0.33

P=0.94

P=0.05

P=0.84

P=0.82

P=0.83
P=0.14

P=0.20
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Thoracic SNs

yes 0.75[0.096.27] P=0.79 1.16[0.1310.41] P=0.89
no 1.0 1.0

Visualization of SNs on SPECT/(

yes 1.79[0.466.93] P=0.40 1.26[0.305.29] P=0.75
no 1.0 1.0

IAC SN

yes 10.52[1.26-:87.48] P=0.03 139.2[0.06k 68 P=0.22
no 1.0 1.0

Figurel. 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 freisadsk (yellow =
dorsal from vascular structures). Red dots indicate the location of SNs of patients who
developed distant metastases (80% intrathoracic). Image printed with permisisiibAM

images.
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