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Abstract.29

BACKGROUND: Previously, we have shown a correlation between single nucleotide polymorphism (SNP) rs307826 in
vascular endothelial growth factor receptor-3 (VEGFR3) and outcome in metastatic clear-cell renal cell carcinoma (m-ccRCC)
patients treated with sunitinib.
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OBJECTIVE: We aimed to validate this finding in an independent patient series.33
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METHODS: m-ccRCC patients receiving sunitinib as first-line targeted therapy were included in a validation cohort. End-
points were response rate (RR), progression-free survival (PFS) and overall survival (OS). We also updated survival data of
our discovery cohort as described previously.
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RESULTS: Eighty-four patients were included in the validation cohort.rs307826 AG/GG-carriers had a shorter PFS (8
versus 12 months, p = 0.04) and a trend towards a shorter OS (18 versus 27 months, p = 0.22) compared to AA-carriers.
In the total series of 168 patients (from the discovery cohort, as described previously, and the validation cohort), rs307826
AG/GG-carriers had a poorer RR (29% versus 53%, p = 0.008), PFS (8 versus 15 months, p = 0.0002) and OS (22 versus
31 months, p = 0.004) compared to AA-carriers. rs307826 was independently associated with PFS and OS on multivariate
analysis.
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CONCLUSION: VEGFR3 rs307826 seems to be associated with outcome on sunitinib in m-ccRCC. Its impact highlights
the role of VEGFR3 in ccRCC pathogenesis and as a target of sunitinib.
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INTRODUCTION34

Inactivation of the von Hippel–Lindau (VHL)35

tumor suppressor gene is the most frequent molecular36

alteration in clear-cell renal cell carcinoma (ccRCC).37

Inactivated VHL leads to elevated protein levels of38

hypoxia-induced factor-� which up regulates the39

vascular endothelial growth factor (VEGF) depen-40

dent pro-angiogenesis pathway. Targeted therapies41

directed against circulating VEGF or against the42

VEGF-receptors (VEGFR)-1, -2, and -3 have sig-43

nificantly improved the perspectives of patients with44

metastatic ccRCC (m-ccRCC). Sunitinib is an orally45

administered tyrosine kinase receptor inhibitor (TKI)46

that targets VEGFR1, VEGFR2 and VEGFR3. In47

a randomized controlled trial sunitinib significantly48

prolonged progression-free survival (PFS) (11 ver-49

sus 5 months, p < 0.001) as compared to interferon50

alpha [1, 2]. Median overall survival (OS) was respec-51

tively 26.4 and 21.8 months (p = 0.051). Sunitinib52

is a standard treatment option in ccRCC, but other53

VEGFR-TKIs like sorafenib, pazopanib, cabozan-54

tinib, tivozanib and axitinib are also used in different55

stages of the disease. Only recently, sunitinib was56

superseded by immune checkpoint inhibitors (ICPI)57

[3, 4] or combinations of axitinib and ICPIs [5, 6] in58

first-line treatment of m-ccRCC.59

Although around 40% of RCC patients receiving60

sunitinib experience an objective response and 45%61

achieve disease stabilization, 15% will experience62

progressive disease (PD) at first evaluation proba-63

bly due to intrinsic resistance or due to other factors.64

Moreover, even patients with an initial clinical ben-65

efit will finally progress due to acquired resistance66

or for other reasons. The identification of biomark-67

ers able to predict intrinsic resistance could avoid68

unnecessary costs and side effects, guiding alter- 69

native treatment decisions. On the other hand, the 70

identification of biomarkers for acquired resistance 71

could provide novel directions to develop therapies 72

that block these resistance pathways. Several studies 73

have shown that VEGFR-TKIs are the most effi- 74

cient in m-ccRCCs with activated VEGF-dependent 75

angiogenesis [7, 8]. Sarcomatoid dedifferentiated 76

ccRCCs, which have less angiogenesis, are resistant 77

to VEGFR-TKIs [9].We have also proposed sin- 78

gle nucleotide polymorphism (SNP) rs9582036 in 79

VEGFR1 as a biomarker predicting outcome in m- 80

ccRCC treated with sunitinib, although this finding 81

still needs further validation [10]. Recently, two inde- 82

pendent research groups have shown a correlation 83

between SNP rs307826 in VEGFR3 and outcome on 84

sunitinib in m-ccRCC. rs307826 in VEGFR3 is an 85

adenosine (A) >guanine (G) change that leads to a 86

T494A amino acid substitution in VEGFR3. In Cau- 87

casians, the minor allele (G) frequency isaround 10% 88

and around 20% of the population carries the AG/GG- 89

genotype.On a series of 88 m-ccRCC patients, we 90

showed a better PFS (20 versus 9 months; p = 0.022) 91

and a better OS (34 versus 22 months; p = 0.0058) in 92

AA-carriers compared to AG/GG-carriers. AG/GG- 93

genotypes were frequent (60%) in patients with early 94

PD as best response and rare (22%) in patients with 95

partial response (PR) (p = 0.02) [11]. Similarly, on a 96

series of 89 m-ccRCC patients treated with sunitinib, 97

a Spanish research group showed that the rs307826 98

genotype AG/GG was correlated with reduced PFS 99

[12]. 100

The aim of the present study was to validate the 101

association of rs307826 in VEGFR3 to first-line 102

sunitinib outcome in an independent cohort of m- 103

ccRCCpatients. 104
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MATERIALS AND METHODS105

For this retrospective study, germ-line DNA sam-106

ples were collected in the CIT-rein kidney tumor bank107

(frozen normal kidney tissue), in patients treated at108

the University Hospitals Leuven (peripheral blood109

samples) and in patients included in the Belgian mul-110

ticentric METASUN trial (peripheral blood samples,111

NCT02570789). The French-Belgian multicentric112

CIT-rein kidney tumor bank contains more than 250113

frozen kidney tumor samples collected at 20 aca-114

demic or teaching hospitals. We selected patients with115

pathologically confirmed ccRCC treated in first-line116

with sunitinib. Eligible patients could have received117

cytokines (Interferon-alpha) as systemic treatment118

for kidney tumors before starting sunitinib, but they119

could not have received ICPIs. To make sure that120

the effect of the first-line VEGFR-TKI was accu-121

rately measured, patients had to take sunitinib during122

at least one complete cycle of 28 days and had to123

reach at least the first evaluation by CT scan. All124

the patients were treated in routine clinical practice.125

Drug schedule, dose-reduction policy and timing of126

radiological assessments were left to the discretion127

of the attending doctors in accordance with contem-128

porary local practice guidelines. The vast majority129

of patients started sunitinib therapy at the stan-130

dard dose. In some cases, sunitinib was started at131

reduced dose. In our database, we also selected all the132

m-ccRCC patients treated with nivolumab in consec-133

utive therapy lines after a previous VEGFR-TKI at the134

University Hospitals Leuven. Nivolumab was admin-135

istered intravenously every two weeks at 3 mg/kg or136

every two weeks at a flat dose of 240 mg or every four137

weeks at a flat dose of 480 mg. Response evaluation138

was done by CT scan every twelve weeks. The proto-139

col was approved by the medical ethics review boards140

of all participating institutions, and signed consent141

was obtained from all patients. In some cases, we142

used frozen biologic material from patients who had143

already died and for whom a general positive advice144

for the utilization of remaining tissue was given by145

the institutional board.146

DNA was isolated at INSERM UMR1138 in Paris,147

France, from fresh frozen normal kidney tissue sam-148

pled in the nephrectomy specimen using the Qiaquick149

extraction kit (Qiagen, Valencia, CA, USA) and150

quantified by fluorometry (Fluoroskan Thermo Lab151

systems, Cergy-Pontoise, France). DNA was isolated152

from peripheral blood at the Vesalius Research Cen-153

ter in Leuven with the Qiagen DNA kit (Qiagen,154

Valencia, CA, USA) and final DNA concentration155

quantified with Nanodrop (Nanodrop, Wilmington, 156

USA). High-throughput SNP genotyping was per- 157

formed at the Vesalius Research Center in Leuven, 158

Belgium, using the Sequenom Mass Array platform 159

[13]. Genotyping was performed by investigators 160

blinded for the clinical data. 161

mRNA was isolated from corresponding Formalin- 162

Fixed Paraffin-Embedded (FFPE) primary kidney 163

tumors at INSERM UMR1138 in Paris or at VIB in 164

Leuven. The tissue block with the highest tumoral 165

content was selected for further processing. After 166

trimming, we cut seven slices of 5�m from every 167

block. The first and last slide were H & E stained 168

and the tumoral section was delignated after micro- 169

scopic review. We macro dissected blanco slides to 170

include only tumor tissue, using a total surface area of 171

50–1800 mm² with 5�m thickness. As both primary 172

and metastatic ccRCC tend to grow as enlarging, 173

often encapsulated lesions that push aside surround- 174

ing tissue instead of infiltrating it, contamination 175

with surrounding normal tissue was no concern. 176

We extracted RNA with the Maxwell® RSC RNA 177

FFPE kit (Promega) according to the manufacturer’s 178

instructions. We prepared cDNA libraries using the 179

Forward QuantSeq 3’ mRNA-Seq Library Prep Kit 180

for Illumina (Lexogen) according to the manufac- 181

turer’s instructions for FFPE tissue. Of note, we 182

used 5�l of RNA as input, incubated the samples 183

for 60 minutes during the “first strand cDNA syn- 184

thesis” step and performed 16 PCR cycles. cDNA 185

concentrations and fragment length were measured 186

with the QubitTMdsDNA HS assay (Thermofisher) 187

and Bioanalyzer HS DNA electrophoresis (Agilent). 188

We used Illumina cBOT for clonal cluster genera- 189

tion and performed RNAseq using the Illumina HiSeq 190

4000 kit according to the manufacturer’s instructions. 191

The reads were trimmed to remove adaptor sequences 192

and low-quality regions following Lexogen’s rec- 193

ommendations. Next, the reads were mapped to 194

the human genome (hg19) using HIsat2 (v2.1.0) 195

and quantified using featureCounts (v1.6.4). Raw 196

reads were processed using DESeq2 (v 1.26.0) and 197

normalized using the VarianceStabilizingTransfor- 198

mation (vst function). 199

When fresh frozen samples were available, the 200

primary kidney tumors were also classified into the 201

molecular ccrcc1–4 classification as described previ- 202

ously [14]. Ccrcc2-tumors have a favorable prognosis 203

and respond better on sunitinib [14] or pazopanib 204

[15]. Ccrcc1- and ccrcc4-tumors are a more aggres- 205

sive subtype of ccRCC: they have an intermediate and 206

poor prognosis, respectively, and their outcome on 207
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sunitinib and pazopanib is usually poor. Copy num-208

ber loss and gain was also available in fresh frozen209

samples: we checked copy number loss and gain at210

chromosome 5q35, which hosts VEGFR3, using the211

methodology described in our previous publication212

[14].213

Study endpoints were response rate (RR), PFS and214

OS. We defined PFS as the time between the first day215

on treatment and the date of radiological progressive216

disease or death. Patients who had not progressed at217

database closure were censored at last follow-up. OS218

was defined as the time between the first day on treat-219

ment and the date of death or last date of follow-up.220

Objective response was assessed by treating doctors221

by RECIST and classified as complete response (CR),222

PR, stable disease (SD), or PD. Time between initial223

diagnosis and development of metachronous metas-224

tases as well as median PFS (mPFS) and median OS225

(mOS) were estimated by the Kaplan-Meier survival226

analysis. For the multivariate analysis, we collected227

data on patient characteristics usually associated with228

mPFS and mOS, such as the 6 risk factorsincluded in229

the International Metastatic Renal Cell Carcinoma230

Database Consortium (IMDC) prognostic score and231

presence or absence of bone metastases [16]. Clini-232

cal data were collected at 19 different sites in France233

and Belgium. Fisher exact, ANOVAor Chi-square234

tests were used to compare proportions. Results with235

a two-sided p-value of < 0.05 were considered as236

significant in the multivariate analysis. Statistical237

analyses were conducted using GraphPad Prism 5238

(GraphPad Software, La Jolla, UCLA) and XLSTAT239

software (Addinsoft, Paris, France).240

RESULTS241

We included 168 patients treated with sunitinib242

in first-line, with a global mPFSof 14 months and243

a global mOSof 30 months. At database closure244

(November 2019), 76% of these patients had reached245

progression and 70% had died. Patient characteris-246

tics are reported in Table 1. The majority of patients247

(>98%) were of Caucasian origin.248

Among these 168 patients, 126 (75%) were249

wild type/wild type (rs307826 AA), 36 (21%)250

wild type/variant (rs307826 AG) and 6 (4%) vari-251

ant/variant (rs307826 GG). The observed minor allele252

frequency was 14.2%, which corresponds to the253

minor allele frequency for Caucasians in dbSNP254

(10.2%). The patient characteristics, including IMDC255

risk groups, were similar between AA- and AG/GG-256

carriers. Disease evolution between diagnosis and 257

start of systemic therapy was also similar: the pro- 258

portion of patients presenting with synchronous 259

metastases as well as time between initial diagno- 260

sis and development of metastases in patients with 261

metachronous metastases, was similar in AA- and 262

AG/GG-carriers. In 87 patients, fresh frozen sam- 263

ples were available and the primary kidney tumors 264

were classified into the molecular expression-based 265

ccrcc1–4 classification. There was a trend to a higher 266

prevalence of the AA-genotype in the more indo- 267

lent ccrcc2 subtype and a higher prevalence of the 268

AG/GG-genotype in the more aggressive ccrcc1- and 269

ccrcc4-subtype (p = 0.07). 270

The patients were divided into a discovery and a 271

validation cohort. The discovery cohort was com- 272

posed of 84 patients that were included in our 273

previous study. Four of the 88 original patients were 274

excluded, because central pathology review classified 275

them as papillary RCC. Sunitinib was started between 276

November 2005 and July 2011. Using the updated 277

clinical data of our previous discovery cohort, RR 278

was 52% versus 25%, early PD rate 7% versus 30% 279

(p = 0.01), mPFS 18 versus 9 months (p = 0.002) 280

and mOS 34 versus 23 months (p = 0.004) (Table 2) 281

(Fig. 1, panel A + B). Only in 7% of these 84 282

patients, consecutive therapy with nivolumab was 283

documented. 284

The validation cohort was composed of 84 new 285

patients. In the majority of these patients, sunitinib 286

was started between July 2011 and March 2018. 287

In the validation cohort, RR was 53% versus 33%, 288

early PD rate 18% versus 33% (p = 0.24), mPFS 12 289

versus 8 months (p = 0.04) and mOS 27 versus 18 290

months (p = 0.22) (Table 2) (Fig. 1, panel C + D). In 291

38% of these 84 patients, consecutive therapy with 292

nivolumab (31 patients) or avelumab (1 patient) was 293

documented. Possibly, consecutive ICPIs have posi- 294

tively impacted mOS in AG/GG-carriers. 295

In the total patient series, RR was 53% versus 29%, 296

early PD rate13% versus 32% (p = 0.008), mPFS15 297

versus 8 months (p = 0.0002) and mOS 31 versus 22 298

months (p = 0.004) in AA- versus AG/GG-carriers 299

(Table 2) (Fig. 1, panel E + F). The precise percent- 300

age of tumor shrinkage or increase was documented 301

in 95 AA-carriers and 28 AG/GG-carriers and was 302

significantly better in AA-carriers (median change 303

compared to baseline –31% versus –4% in AG/GG- 304

carriers; p = 0.0005) (Fig. 2). 305

In a bivariate analysis including the IMDC risk 306

score and rs307826, both the IMDC risk score and 307

rs307826 remained as independently associated with 308
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Table 1
Patient characteristics at diagnosis and at the start of sunitinib treatment and baseline clinical and biochemical parameters associated with

PFS AND OS

All (n = 168) AA (n = 126) AG/GG (n = 42) p

At initial diagnosis
Gender Male 115/168 (68.5%) 89/126 (70.6%) 26/42 (61.9%) 0.34
M1 (synchronous metastases) 90/164 (54.9%) 66/123 (53.7%) 24/41 (58.5%) 0.72
Median metastasis-free-survival in patients 16 months 16 months 13 months 0.36 (*)
with metachronous metastases
Fuhrman Grade 1–3 75/163 (46.0%) 58/122 (47.5%) 17/41 (41.5%) 0.59

Grade 4 88/163 (54.0%) 64/122 (52.5%) 24/41 (58.5%)
Sarcomatoid dedifferentiation 0% 113/151 (74.8%) 84/112 (75.0%) 29/39 (74.4%) 0.35 (*)

(compared to tumor volume) 1–24% 32/151 (21.2%) 25/112 (22.3%) 7/39 (17.9%)
25% or more 6/151 (4.0%) 3/112 (2.7%) 3/39 (7.7%)

Molecular ccrcc1–4 classification ccrcc1 30/87 (34%) 20/62 (32%) 10/25 (40%) 0.07(**)
ccrcc2 41/87 (47%) 34/62 (55%) 7/25 (28%)
ccrcc3 3/87 (3%) 2/62 (3%) 1/25 (4%)
ccrcc4 13/87 (15%) 6/62 (10%) 7/25 (28%)

At the start of systemic therapy
Karnofsky<80 28/167 (16.8%) 18/126 (14.3%) 10/41 (24.4%) 0.15
Neutrophils>7.800/mm3 15/165 (9.0%) 8/123 (6.5%) 7/42 (16.7%) 0.06
Platelets>450.000/mm3 21/166 (12.7%) 15/125 (12.0%) 6/41 (14.6%) 0.79
Hemoglobin low (<12 g/dl (women) 88/167 (52.7%) 67/125 (53.6%) 21/42 (50.0%) 0.72
or <14 g/dl (men))
LDH>1.5*ULN 9/162 (5.6%) 6/124 (4.8%) 3/38 (7.9%) 0.44
Corrected Calcium >10.2 mg/dl 12/122 (9.8%) 9/95 (9.5%) 3/27 (11.1%) 0.73
Time from nephrectomy to systemic 107/167 (64.1%) 82/126 (65.1%) 25/41 (60.1%) 0.71
treatment <12 months
Cytokines before sunitinib/pazopanib 26/167 (15.6%) 17/125 (13.6%) 9/42 (21.4%) 0.23
Site of metastasis Lung 122/168 (72.6%) 90/126 (71.4%) 32/42 (76.2%) 0.69

Adenopathies 79/168 (47.0%) 63/126 (50.0%) 16/42 (38.1%) 0.21
Liver metastases 34/168 (20.2%) 20/126 (15.9%) 14/42 (33.3%) 0.03
Bone metastases 60/168 (35.7%) 45/126 (35.7%) 15/42 (35.7%) >0.99
Brain metastases 13/168 (7.7%) 10/126 (7.9%) 3/42 (7.1%) >0.99

IMDC Favorable 26/162 (16.0%) 20/123 (16.3%) 6/39 (15.4%) 0.35 (**)
Intermediate 98/162 (60.5%) 75/123 (60.9%) 23/39 (59.0%)

Poor 38/162 (23.5%) 28/123 (22.8%) 10/39 (25.6%)

Note: The p-value compares AA and AG/GG-carriers by Fisher exact or (*) Kaplan-Meier estimates, or (**) Chi-square. ULN: upper limit
of normal. IMDC: International Metastatic Renal Cell Carcinoma Database Consortium.

PFS (p = 0.035 and p = 0.002, respectively) and OS309

(p = 0.008 and p = 0.009, respectively). The impact310

of rs307826 was similar in IMDC good, intermediate311

and poor risk patients, both for PFS and for OS, as312

shown in Supplemental Figure 1, panel A and B. Sim-313

ilarly, the impact of rs307826 was also visible in the314

more indolent ccrcc2 and the more aggressive ccrcc1315

and ccrcc4-tumors (Supplemental Figure 1, panel C316

and D).317

The following criteria were included in the mul-318

tivariate analysis: rs307826, baseline hemoglobin,319

baseline platelets, Karnofski Performance Status,320

interval between initial diagnosis and start of sys-321

temic therapy <12months, baseline neutrophil count,322

the presence of bone metastases and baseline cal-323

cium levels. In the final multivariable model, the324

following criteria remained as independently asso-325

ciated with poorer PFS and OS: increased neutrophil 326

count, Karnofski Performance Status <80, interval 327

between initial diagnosis and start of systemic therapy 328

shorter than one year, the presence of bone metas- 329

tases and presence of the AG/GG variant in rs307826. 330

For the latter, the hazard ratio (HR) for PFS was 331

1.81 (95%CI 1.17–2.78; p = 0.007) and for OS 1.59 332

(95%CI 1.03–2.47; p = 0.037) (Table 3). 333

We did not find any correlation between rs307826 334

and intratumoral VEGFR3, PBRM1 or BAP1 mRNA 335

expression levels as detected in 90 FFPE tumoral 336

kidney samples (AA (n = 68) versus AG (n = 22) ver- 337

sus GG (n = 3)) (Fig. 3). Neither did we detect, in 338

79 patients with available data, any impact of 5q35 339

amplifications on VEGFR3 mRNA expression levels. 340

On a series of 89 m-ccRCC patients (patient char- 341

acteristics in Supplemental Table 1) treated with 342
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Table 2
Response rates, median tumor shrinkage, median progression-free survival and median overal survival depending on rs307826 AFTER

START OF SUNITINIB

AA AG+GG p

Sunitinib (Discovery) (n = 84)
PD 4/58 (7%) 6/20 (30%) 0.01 (*)
SD 24/58 (41%) 9/20 (45%)
PR 30/58 (52%) 5/20 (25%)
Median tumor shrinkage –31% 0% 0.003 (**)
mPFS 18 months 9 months 0.002 (***)
mOS 34 months 23 months 0.004 (***)

Sunitinib (Validation) (n = 84)
PD 11/62 (18%) 6/18 (33%) 0.24 (*)
SD 18/62 (29%) 6/18 (33%)
PR 33/62 (53%) 6/18 (33%)
Median tumor shrinkage –31% –4.5% 0.07 (**)
mPFS 12 months 8 months 0.04 (***)
mOS 27 months 18 months 0.22 (***)

Sunitinib (Total series) (n = 168)
PD 15/120 (13%) 12/38 (32%) 0.008 (*)
SD 42/120 (35%) 15/38 (39%)
PR 63/120 (53%) 11/38 (29%)
Median tumor shrinkage –31% –4% 0.0005 (**)
mPFS 15 months 8 months 0.0002 (**)
mOS 31 months 22 months 0.004 (***)

Note: (*) Chi-square test. (**) Mann-Whitney test. (***) Kaplan-Meier estimates. PD: progressive disease. SD: stable disease. PR: partial
response. mPFS: median progression-free survival. mOS: median overall survival.

Fig. 1. Kaplan-meier estimates for progression-free survival and overal survival in patients treated with first-line sunitinib: panel A + B:
discovery cohort. panel C + D: validation cohort. panel E + F: total cohort.



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

B. Beuselinck et al. / SNP rs307826 Correlated to Outcome in Metastatic RCC 7

Table 3
Results of the multivariate analysis

Variable p Hazard ratio 95% Confidence interval

PFS
Neutrophils <7.800/mm² <0.0001 3.55 1.91–6.59
KPS >70 0.031 1.73 1.05–2.85
Interval primary diagnosis to start systemic therapy >12 months 0.026 1.56 1.05–2.32
No bone metastases 0.031 1.53 1.04–2.24
rs307826 AA-genotype 0.007 1.81 1.17–2.78

OS
Neutrophils<7.800/mm² <0.0001 5.14 2.57–10.30
KPS>70 0.049 1.77 1.00–3.12
Interval primary diagnosis to start systemic therapy >12 months 0.000 2.25 1.43–3.54
No bone metastases 0.007 1.73 1.16–2.57
rs307826 AA-genotype 0.037 1.59 1.03–2.47

Note: PFS: progression-free survival. OS: overall survival. KPS: Karnofski Performance Status.

Fig. 2. Tumor shrinkage depending on rs307826 In sunitinib treated patients.

Fig. 3. Boxplot showing the correlation between BAP1, PBRM1 and VEGFR3 mRNA EXPRESSION AND rs307826 genotypes (ANOVA).

nivolumab in second or later line, rs307826 did not343

impact outcome in terms of RR, PFS or OS (Supple-344

mental Table 2 and Supplemental Figure 2, panel A345

and B).346

DISCUSSION 347

The aim of the present study was to validate 348

the association of SNP rs307826 in VEGFR3 with 349
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Table 4
Summary of the findings in literature on correlation between rs307826 and outcome

Study Tumor Therapy End- n Favorable Outcome Hazard (or relative p
type point genotype risk) (95% CI)

In RCC treated with sunitinib
Beuselinck et al. RCC Sunitinib PFS 168 AA better AA: 15 months 0.40 (0.24–0.65) 0.0002
(present study) AG/GG: 8 months

RR AA better AA: PR 53% Relative risk 0.015
AG/GG: PR 29% 0.55 (0.33–0.93)

OS AA better AA: 31 months 0.49 (0.31–1.80) 0.004
AG/GG: 22 months

Garcia-Donas et al. [12] RCC Sunitinib PFS 89 AA better AA: 13.7 months 0.28 (0.14–0.57) 0.00049
AG: 3.6 months

RR AA better AA: less PD as 0.11 (0.02–0.52) 0.0051
best response

OS Negative NR 0.56 (0.21–1.54) 0.26
Motzer et al. [18] RCC Sunitinib PFS 202 AA better (trend) AA versus AG 0.67 (0.39–1.15) 0.145

RR Negative AA versus AG 1.00 (0.5–2.2) 1.00
OS Negative NR NR NR

Van der veldt et al. [20] RCC Sunitinib PFS 129 Negative NR NR NR
OS Negative NR NR NR

Dornbusch et al. [19] RCC Sunitinib PFS 117 Negative AA: 13 months 1.41 (0.73–2.50) 0.24
AG/GG: 23 months

OS Negative NR 0.73 (0.35–1.52) 0.40
In RCC treated with pazopanib

Xu et al. [21, 22] RCC Pazopanib PFS 380 Negative NR NR 0.61
RR 368 AA better (trend) NR NR 0.07
OS 241 AA better (trend) NR 0.74 (0.46–1.18) 0.2

In neuro-endocrine tumors treated with sunitinib or pazopanib
Grande et al. [24] NET Pazopanib PFS 44 AA better (trend) AA: 12 months 0.14 (0.02–1.04) 0.055

AG: 2 months
Jimenez-Fonseca et al. [23] NET Sunitinib PFS 43 Negative NR 0.76 (0.37–1.56) 0.46

RR Negative NR 0.70 (0.06–8.33) 0.78
OS AA better NR 0.27 (0.10–0.74) 0.01

In RCC: in peculiar situations
Garrigos et al. [29] RCC Post-nephrectomy OS 73 AA better AA: 127 months 0.28 0.03

AG/GG: 96 months
Crona et al. [25] RCC Sorafenib PFS 295 GG poorer NR 2.92 (1.19–7.19) 0.019

or placebo
OS GG poorer GG: 194 days 13.8 (3.0–62.6) 0.00012

AG/AA: 394 days

NOTE: RCC: renal cell carcinoma. NET: neuroendocrine tumors. PFS: progression-free survival. OS: overall survival. RR: response rate.
NR: not reported.

outcome on first-line sunitinibin an independent val-350

idation cohort of m-ccRCC patients.351

In this independent validation cohort, we have352

found a comparable impact on outcome of rs307826353

in VEGFR3 as in the discovery series published pre-354

viously: AG/GG-carriers have a poorer RR and PFS355

as compared to AA-carriers. We observed a trend356

towards shorter OS as well, however, this correla-357

tion might be weakened due to the increased use of358

ICPIs in consecutive therapy lines. This effect on RR,359

PFS and OS was not seen in a series of 89 m-ccRCC360

patients treated with nivolumab in second or later361

therapy line.362

An overview of the literature on this topic363

(Table 4)reveals contradictive results, as often seen in364

SNP-research projects [17]. However, several studies,365

mostly in RCC, but also in neuro-endocrine tumors 366

(NETs), treated with VEGFR-TKIs point towards 367

better outcome in AA-carriers. 368

Four studies are available in literature in metastatic 369

RCC (m-RCC) patients treated with sunitinib. In a 370

series of 89 patients treated with sunitinib, time-to- 371

progression for rs307826 GA-carriers was 3.6 months 372

versus 13.7 months for AA-carriers (p = 0.00049). 373

Early PD was observed more frequently in AG- 374

carriers. No significant association with OS was 375

observed (p = 0.26, but HR 0.56) [12]. In a series 376

of 202 patients, a trend for better PFS (HR 0.67, 377

p = 0.145) was found for AA-carriers versus AG- 378

carriers. No impact on RR was found. However, only 379

70% of the patients included in the study cohort 380

were genotyped and in the genotyped population, 381
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PFS was better than in the non-genotyped popula-382

tion. As a consequence, the authors state that they383

may have missed a certain number of AG/GG car-384

riers [18]. The two remaining studies are negative385

studies (for PFS and OS), one of 117 patients [19]386

and one of 129 patients [20]. For the latter two stud-387

ies, no precise data on HR were published. One study388

is available in m-RCC patients treated with pazopanib389

in the pivotal phase III trial. No correlation with390

PFS was found, but a trend towards improved RR391

and OS in AA-carriers [21, 22]. In NETs treated392

with VEGFR-TKIs, two groups have studied the393

impact of rs307826 on outcome. In 43 patients treated394

with sunitinib, Jimenez-Fonseca has shown a better395

OS (p = 0.01) for AA-carriers compared to AG/GG-396

carriers. No significant impact on RR or PFS was397

observed, although the HR was in favor of the398

AA-carriers (0.70 for RR and 0.76 for PFS, respec-399

tively)[23]. In 44 patients with NETs from pancreatic400

origin, treated with pazopanib, Grande et al. have401

shown a trend to better PFS (HR 0.14; p = 0.055)402

for AA-carriers compared to AG-carriers (12 ver-403

sus 2 months, respectively). Data on RR and OS404

were not available [24]. Finally, two other studies405

in m-RCC patients have shown a significant impact406

of rs307826 on outcome. In a series of 73 patients,407

OS after nephrectomy was significantly better in AA-408

carriers compared to AG/GG-carriers (127 versus 96409

months; HR 0.28; p = 0.03). Finally, in 295 m-RCC410

patients, a poorer PFS and OS were observed in GG-411

carriers compared to AA/AG-carriers. As the authors412

only published the pooled data of patients treated with413

sorafenib or placebo, it was not possible to detect414

the impact of rs307826 in sorafenib-treated patients415

only. Outcome in AA- and AG-carriers seemed to be416

similar [25].417

Few data have been published on the possi-418

ble patho physiological impact of rs307826 in419

VEGFR3. VEGFR3 signaling is involved in embry-420

onic angiogenesis, adult lymphangiogenesis and421

tumoral angiogenesis [26, 27]. Crona et al. have422

shown that VEGFR3 rs307826 variant carriers423

have increased VEGFR3 phosphorylation (an effect424

potentiated by VEGF-C stimulation), membrane traf-425

ficking and receptor activation. Both in HUVECs as426

in human embryonic kidney cells, VEGFR3 rs307826427

variant carrier cells were more resistant to sorafenib428

cytotoxicity compared to wild type cells [25].429

We did not observe any correlation between430

rs307826 genotypes and intratumoral VEGFR3431

mRNA expression levels. In 63 primary ccRCC432

tumors, Garcia-Donas et al. have shown thatVEGFR3433

expression, as detected by immunohistochemistry, 434

was higher in rs307826 AA-carriers compared to AG- 435

carriers (p = 0.002)[28], 436

We did not find any difference in PBRM1 and 437

BAP1 mRNA expression and the rs307826 geno- 438

type. ccRCCs with BAP1 mutations are known to 439

present a more aggressive behavior, while ccRCCs 440

with PBRM1 mutations are known to present a more 441

indolent disease course. This observation is in coher- 442

ence with the lack of difference in baseline IMDC 443

risk in patients with different genotypes. Finally, the 444

impact of rs307826 was clearly visible within each 445

IMDC risk group and within the molecular ccrcc1, 446

ccrcc2 and ccrcc4 subgroup. 447

Our study has several limitations. The global 448

impact of rs307826 is not consistent and not clinically 449

relevant enough to make patient decisions based on 450

this SNP. Furthermore, our study was a retrospective 451

analysis of patients treated in several centers with- 452

out a central protocol dictating dosing schedule and 453

dose modifications or timing of radiological assess- 454

ments. Finally, because our patients were mainly 455

Caucasians, the relevance of these polymorphisms 456

needs to be assessed in other ethnic groups, in whom 457

the described polymorphism may be less frequent.It 458

remains to be studied if the impact of rs307826 is pre- 459

dictive or prognostic, although we did not observe any 460

impact of rs307826 in nivolumab treated patients. 461

However, despite these weaknesses, these results 462

teach us something about the involvement of 463

VEGFR3 in RCC pathogenesis and/or sunitinib phar- 464

macodynamics: VEGFR3 seems to be involved in 465

ccRCC pathogenesis or seems to be a functional tar- 466

get of sunitinib. 467

CONCLUSION 468

Our study shows additional evidence that VEGFR3 469

rs307826 might have an impact on outcome in 470

m-ccRCC patients treated with VEGFR-TKIs. It 471

highlights the involvement of VEGFR3 in RCC 472

pathogenesis and pharmacodynamics. 473
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