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Abstract  46 

Background: Surgery for renal cell carcinoma (RCC) with venous tumour thrombus 47 

(VTT) extension into renal vein (RV) and/or inferior vena cava (IVC) has high peri-48 

surgical morbidity/mortality. NAXIVA assessed response of VTT to axitinib, a potent 49 

tyrosine kinase inhibitor.  50 

 51 

Methods: NAXIVA was a single-arm, multi-centre, phase 2 study. 20 patients with 52 

resectable clear cell RCC and VTT received upto 8 weeks of pre-surgical axitinib. 53 

Primary endpoint was percentage of evaluable patients with VTT improvement by 54 

Mayo level on MRI. Secondary endpoints were percentage change in surgical 55 

approach and VTT length, response rate (RECISTv1.1) and surgical morbidity.  56 

 57 

Results: 35% (7/20) patients with VTT had a reduction in Mayo level with axitinib: 58 

37.5% (6/16) with IVC VTT and 25% (1/4) with RV only VTT. No patients had an 59 

increase in Mayo level. 75% (15/20) of patients had a reduction in VTT length. 41.2% 60 

(7/17) of patients who underwent surgery had less invasive surgery than originally 61 

planned. Non-responders exhibited lower baseline microvessel density (CD31), higher 62 

Ki67 and exhausted or regulatory T cell phenotype. 63 

 64 

Conclusions: NAXIVA provides the first level II evidence that axitinib downstages 65 

VTT in a significant proportion of patients leading to reduction in the extent of surgery.  66 

 67 

Clinical Trial Registration: NCT03494816 68 

 69 

 70 

  71 
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Introduction 72 

Venous tumour thrombus (VTT) extension into the renal vein (RV) and/or inferior vena 73 

cava (IVC) occurs in 4-15% cases of renal cell cancer (RCC) (1). Peri-surgical 74 

mortality is high (5-15%) and increases with the height of the VTT (1,2). Following this 75 

extensive surgery, cure is possible with 5 year survival rates of ~40-65% for patients 76 

with non-metastatic RCC (3,4). The concept of using targeted therapies, to downstage 77 

VTT prior to surgery is appealing. It is hypothesised that by reducing the level of the 78 

VTT and the extent of surgery, morbidity and mortality would be reduced.  79 

There is no level I or II evidence of pre-surgical targeted therapy in non-metastatic or 80 

metastatic RCC VTT. Four retrospective studies focused on mixed groups of vascular 81 

endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitors (TKI) (5–8): 82 

sunitinib (9,10), axitinib (11) and pazopanib (12). VTT level decreased in a median of 83 

22.6% patients (range 14.9%-32.9%), remained stable in 73.6% (64.1%-81.4%) and 84 

increased in 7.2% (3.4%-14.3%). Results were most favourable for sunitinib and 85 

axitinib (5,7,11). There are several prospective studies on VEGFR TKIs in the pre-86 

nephrectomy setting (13–15), but none specifically addresses the question of surgical 87 

downstaging of vein-involved local extension. Wood et al reported on four patients with 88 

IVC VTT but reported no change in surgical management, and did not report 89 

specifically about change in the extent of venous involvement (13). In a phase II trial 90 

of 12 weeks neoadjuvant axitinib in clear cell RCC (ccRCC; all patients were cT3a), 91 

the median reduction in primary tumour diameter was 28% (15). Most of the reduction 92 

in tumour size had occurred within 7 weeks of axitinib treatment. The results of these 93 

small studies in non-metastatic RCC patients suggest that neoadjuvant VEGFR TKI 94 

treatment of RCC patients is safe and reduces tumour size. However, the effect of 95 

these drugs on the extent of the VTT and effect on surgical approach has not been 96 

confirmed.  97 

The objective of NAXIVA was to determine safety, efficacy and effect of neoadjuvant 98 

axitinib on VTT.  99 

 100 

  101 
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Patients and methods 102 

Study design 103 

NAXIVA was a single arm, single agent, open label, multi-site, UK-based, phase II 104 

feasibility study of 8 weeks axitinib treatment in M0 and M1 patients with resectable 105 

ccRCC primary tumours with VTT. NAXIVA was prospectively, publicly registered 106 

(ISCRTN96273644; EudraCT Number 2017-000619-17; NCT03494816) and 107 

approved by an independent ethics committee (REC reference: 17/EE/0240). See 108 

appendix for full study protocol.  109 

 110 

Endpoints 111 

The primary endpoint was the percentage of evaluable patients with a reduction in 112 

extent of VTT by Mayo level after 8 weeks of axitinib therapy. Definitions of the Mayo 113 

level (levels are ordered by increasing extensiveness; figure 1a) as previously 114 

described (2):  115 

• Level 0: thrombus limited to the renal vein (RV);  116 

• Level 1: into IVC <2cm from RV ostium level;  117 

• Level 2: IVC extension >2cm from RV ostium but below hepatic veins;  118 

• Level 3: thrombus at the level of or above the hepatic veins but below the 119 

diaphragm;  120 

• Level 4: thrombus extending above the diaphragm. 121 

Secondary endpoints were percentage change in surgical approach, percentage 122 

change in VTT length, response rate by RECIST version 1.1, and evaluation of 123 

surgical morbidity assessed by Clavien-Dindo classification (16). Exploratory 124 

endpoints were translational studies correlating changes in molecular markers with 125 

the response to axitinib in the VTT and primary tumour. 126 

 127 

Participants/Eligibility criteria 128 

Key inclusion criteria were RV (cT3a) or IVC VTT (cT3b/c), N0/1, M0/1, biopsy proven 129 

ccRCC, over 18 years of age, suitable for immediate surgical resection of the primary 130 

tumour. Participants had to be Eastern Cooperative Oncology Group (ECOG) 131 

performance status <2; have urinalysis <2+ protein, urinary protein <2g/24 hours or 132 

protein:creatinine ration (PCR) <200mg/mmol; and serum creatinine ≤1.5xULN or 133 

estimated creatinine clearance ≥30mL/min calculated using the Cockcroft-Gault 134 
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equation. Key exclusion criteria were Memorial Sloan Kettering Cancer Center 135 

(MSKCC) poor-risk disease (M1 participants) and recent history of cardiac or vascular 136 

events.  137 

 138 

Drug treatment  139 

The starting dose of axitinib was 5mg BD, escalated to 7mg BD and then 10mg BD 140 

every 2 weeks, as tolerated. Dose reductions were allowed. Patients stopped axitinib 141 

a minimum of 36 hours and a maximum of 7 days prior to surgery in week 9.  142 

 143 

Assessments 144 

Patients had clinical and safety assessments according to the Schedule of 145 

Assessments (see Protocol in Appendix). Axitinib-related toxicity was assessed using 146 

Common Terminology Criteria for Adverse Events version 4 (CTCAEv4) criteria. MRI 147 

scans were performed before treatment, during week 3 and before surgery (see 148 

Supplementary methods for MRI protocol). CT scans were performed before 149 

treatment, week 3 (M0 patients only to assess for development of chest metastases), 150 

week 9- and 3-months post-surgery.  151 

 152 

Surgery 153 

Surgeons were asked to report their planned approach to the VTT after reviewing the 154 

baseline MRI scan and record the performed approach after axitinib therapy, plus 155 

planned and performed adjuvant venous procedures. RV/IVC level of control 156 

planned/performed intraoperatively was recorded:  157 

• Thrombus milked into RV and side clamped; 158 

• Infra-hepatic IVC clamping with no liver mobilisation;  159 

• Retro-hepatic IVC clamping below hepatic veins, with liver mobilisation;  160 

• Retro-hepatic IVC clamping above hepatic veins, with liver mobilisation;  161 

• Supra-hepatic, infradiaphragmatic clamping; 162 

• Supra-hepatic, supradiaphragmatic clamping. 163 

 164 

Outcome measures 165 

Mayo level and VTT length was assessed using the baseline and week 9 MRI scans, 166 

if no week 9 scan was undertaken, the week 3 scan (if available) was used; calculation 167 
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details are provided in Supplementary Methods. In order to minimise reporter bias due 168 

to the inability to blind, the primary and relevant secondary endpoint data was based 169 

on a consensus by two central uro-radiologists’ (SU and FAG) review of the MRI 170 

images.  171 

Response rate was determined at local sites using RECIST version 1.1 comparing the 172 

screening (baseline) and pre-surgical CT scans. Primary tumour measurements were 173 

included in RECISTv1.1 measurements in all patients. Surgical morbidity was 174 

assessed by Clavien-Dindo classification (16).  175 

 176 

Method of calculating primary endpoints 177 

The definition of an improvement varied according to the patient’s Mayo level as 178 

captured at screening. For patients presenting at screening with a Mayo level 1 or 179 

above, an improvement in disease was represented by a reduction in their Mayo level 180 

at week 9. For patients presenting at screening with Mayo level 0, an improvement in 181 

disease was represented by either: a change of VTT from main renal vein to branches 182 

of the renal vein (on the right); or a change of VTT from main renal vein to the renal 183 

vein lateral to the gonadal vein (on the left), or if the VTT was lateral to the gonadal 184 

vein at screening, a change from the main renal vein lateral to the gonadal vein to the 185 

branches of the renal vein. This response designation for RV only patients was 186 

developed as such changes would enable minimally invasive surgery to be 187 

undertaken. The number and percentage of patients with no change in VTT status or 188 

extension of the VTT into the inferior vena cava between screening and week 9 was 189 

recorded.  190 

 191 

Method of calculating secondary endpoint of percentage change in VTT length 192 

Percentage change in VTT length was calculated using the following methodology for 193 

each timepoint as follows: 194 

1. Calculate the sum of (i) length of RV thrombus; (ii) the length of IVC tumour 195 

thrombus ABOVE RV (measured from mid-point of the ostium of RV+IVC to tip 196 

of tumour thrombus); (iii) the length of IVC tumour thrombus BELOW RV 197 

(measured from mid-point of the ostium of RV+IVC to tip of tumour thrombus) 198 

at timepoint T. Note that in RV only patients only distance (i) is measurable; 199 
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2. Calculate the % reduction at each timepoint T as follows: 1-(ܵ݉ݑܵ/்݉ݑ଴), 200 

where ்ܵ݉ݑ is the sum calculated as in Step 1 for timepoint T, and ܵ݉ݑ଴ is the 201 

sum calculated as in Step 1 at baseline. 202 

 203 

Method of calculating secondary endpoint of percentage change in surgical 204 

approach 205 

Percentage change in surgical approach was determined by comparing the surgeon-206 

reported planned vs performed surgical approaches using three pieces of data:  207 

1. Change from “Open Surgery” to “Minimally invasive surgery”;  208 

2. Change from a more invasive open to a less invasive open surgical approach 209 

(between that planned by surgeons based on the baseline MRI scan and that 210 

actually performed);  211 

3. Less extensive surgical incision used.  212 

 213 

Statistical Plan  214 

A Simon two-stage minimax design (17) was used to distinguish a ≤5% from a ≥25% 215 

cohort improvement in the Mayo level this required 20 evaluable patients (90% power, 216 

10% 1-sided). For the clinical trial to be considered a success, at least three evaluable 217 

patients would demonstrate an improvement in disease on treatment between 218 

screening and week 9. 219 

In the two-stage design, thirteen patients were to be recruited in the first stage. If no 220 

patients demonstrated an improvement in their Mayo level between screening and 221 

week 9, accrual to the clinical trial would stop. If one or more patients demonstrated 222 

an improvement in the Mayo level between screening and week 9, the final seven 223 

patients would be recruited.  224 

The intention-to-treat (ITT) population included all patients registered onto the study. 225 

The evaluable and safety populations included all patients in the ITT population who 226 

received at least one dose of the study drug (including any patients who were enrolled 227 

in error, received study drug and/or were subsequently found to be ineligible).  228 

80% two-sided confidence intervals (to correspond to the 10% 1-sided sample size 229 

calculation) for the proportions relevant to the efficacy endpoints were calculated using 230 

the approach of Koyama and Chen(18).  231 

All analyses were carried out using R v3.5.1 and reporting was heavily supported by 232 

the CTutils package (https://github.com/LisaHopcroft/CTutils). The trial data upload to 233 
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EudraCT was enabled, in part, by the EudraCT package (https://eudract-234 

tool.medschl.cam.ac.uk/). 235 

 236 

Biosampling 237 

Blood, urine and tissue (fresh frozen and formalin-fixed paraffin embedded (FFPE)) 238 

samples for translational studies were taken prior to, during and after therapy to 239 

evaluate biomarkers of treatment response according to the Schedule of Assessments 240 

in the Protocol; see appendix). Samples were processed and stored according to the 241 

NAXIVA Laboratory Manual (see appendix).  242 

 243 

Immunofluorescence  244 

Formalin-fixed paraffin-embedded sections were dewaxed in xylene and rehydrated 245 

in graded alcohols prior to antigen retrieval in Tris-EDTA pH9. Slides were blocked 246 

and incubated with primary antibodies at 4 °C overnight (CD31 (JC/70A, Abcam), Ki67 247 

(EPR3610, Abcam), CD8 (SP16, Invitrogen), Granzyme B (NCL-L-GRAN-B, Leica), 248 

PD-1 (AF1086, RnD Systems), CD4 (EPR6855, Abcam), FOXP3 (236A/E7, Abcam), 249 

SMA (ab5694, Abcam), CD68 (KP1, Invitrogen)). Samples were washed and 250 

incubated in fluorescently conjugated secondary antibodies; nuclei were 251 

counterstained with DAPI. Whole slides were scanned at 40x magnification on the 252 

Zeiss Axio Scan Z1 system. Image analysis was performed using HALO Software 253 

(Indica Labs, analysis algorithms: HighPlex FL v3.1.0, Object Colocalization FL v1.0, 254 

Area Quantification FL v2.1.5). 255 

 256 

ctDNA analysis 257 

ctDNA analysis was carried out as published previously (19). Briefly, cell-free DNA 258 

was extracted from blood and urine using the QIASymphony platform (QIAGEN). 259 

Libraries were prepared from DNA using the Thruplex Tag-Seq protocol (Takara) and 260 

sequenced on the Illumina HIseq4000 platform. Sequence data was analysed using 261 

an “in-house” pipeline that consists of the following: paired-end sequence reads were 262 

aligned to the human reference genome (GRCh37) after removing any contaminant 263 

adapter sequences. Duplicate reads or reads of with low mapping quality/secondary 264 

alignments, were excluded from downstream analysis. Data were analysed with the 265 

ichorCNA algorithm, version 0.2.0, using default parameters (20). Samples were 266 

deemed to have ‘detected ctDNA’ if the predicted tumour fraction score was >0.025, 267 
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and visual inspection of copy number plots confirmed somatic copy number 268 

aberrations. 269 

  270 
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Results  271 

Patient characteristics 272 

Figure 1b and Table 1 detail patients recruited between December 2017 and January 273 

2020. 21 participants at five centres made up the evaluable population. On central 274 

review of imaging one of the 21 patients was found not to have a VTT, making 20 275 

patients who were both eligible and evaluable and in whom the study endpoints are 276 

reported.  277 

 278 

Primary endpoint-Reduction in Mayo level 279 

Of the 20 eligible and evaluable patients, 37.5% (6/16) IVC VTT patients had a 280 

reduction in Mayo level and 25% (1/4) patients with RV-only VTT responded (Figure 281 

2). Hence, the overall response rate in evaluable and eligible patients with VTT was 282 

35.0% (7/20). The remaining 13 patients had a stable Mayo level (65%), none had an 283 

increase in Mayo level. By the inference procedures for Simon two-stage minimax 284 

design there was a response rate of 32.8% [80% CI 20.7%,46.7%]. This was a 285 

statistically significant result (p=3.395x10-5), where the null hypothesis that the true 286 

response rate is <5% can be rejected in favour of the alternative hypothesis of a “good” 287 

(>25%) response.  288 

 289 

Secondary Endpoint-Percentage change in venous tumour thrombus length 290 

Although 65% (13/20) patients had a stable Mayo level (Figure 2; classed as ‘non-291 

responders’), seven of these 13 patients had a percentage reduction in the VTT length 292 

after 8 weeks of axitinib, therefore 15 of 20 patients (75%) had any degree of reduction 293 

in VTT length (range 2% to 51%) (Figure 3). One patient (5%) had no change in VTT 294 

length. At week 3 four patients (20%) had an increase in VTT length, two had surgery 295 

expedited as detailed below. For all patients the direction of change in VTT on the 296 

week 3 safety MRI was predictive of the response at 9 weeks (Figures 2&3).  297 

There was a 15.2% (range -41% to 41%; negative numbers indicating an increase in 298 

length) and 27.2% (range -20% to 51%) median reduction in VTT length at weeks 3 299 

and 9, respectively.  300 

 301 

Absolute changes in VTT length 302 

The percentage change in VTT length, equated to an absolute median reduction in 303 

VTT length at weeks 3 and 9 of 10mm (range -12mm to 56mm) and 20mm (range -304 
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34mm to 68mm) respectively. In four patients who had an increase in length of VTT at 305 

3 weeks, increases were 1mm, 9mm, 11mm and 12mm and at 9 weeks for the two 306 

patients with increase in VTT these were 8mm and 34mm. IVC VTT was identified and 307 

measured both above and below the ostium with the RV in 14 of 16 patients with IVC 308 

VTT (figure S2). Changes in IVC VTT length on axitinib below the RV ostium trended 309 

with the changes of VTT above the RV ostium.  310 

 311 

Secondary Endpoint-RECIST response 312 

At week 3, one patient (5% of those having scan) had a RECIST-defined partial 313 

response (PR), 19 patients (95%) had stable disease (SD) and data was missing for 314 

one patient (N0601) who failed to attend the MRI (Table S1). By week 9, three patients 315 

(16.7%) had a PR, 13 (72.2%) had SD, two (11.1%) had PD, and data was missing 316 

for three patients as they had exited the trial. None of the M0 patients became M1 317 

during the trial.  318 

At week 9, seven of 17 patients (41.2%) had a PR in their VTT (i.e. >30% reduction in 319 

length) (Figure 3b&c).  320 

 321 

Secondary Endpoint-Surgical approach 322 

17 patients underwent surgery. Despite an inclusion criterion for NAXIVA being 323 

suitability for surgery, four patients did not have surgery (19.0%; three M1 and one 324 

M0). Of the M1 patients, reasons for not having surgery were progression of metastatic 325 

disease despite axitinib (n=2) and partial response but a general performance status 326 

decline resulting in becoming unfit for surgery (n=1). One M0 patient had stable 327 

disease at week 9 but declined surgery. Surgery was brought forward in two patients 328 

from the planned surgery date of week 9. One patient stopped drug after 16 days and 329 

another after 33 days. 330 

Improvement in the ‘level of control’ of IVC/renal vein was observed in five out of 17 331 

(29.4%) patients (Table S2). No patients had deterioration in ‘level of control’ of 332 

IVC/renal vein performed relative to that planned. Two patients had change of 333 

approach from planned open to performed minimally invasive surgery (one also had 334 

an improved, lower venous ‘level of control’). One additional patient had a substantially 335 

smaller incision (planned thoraco-abdominal & midline laparotomy to performed 336 

subcostal & midline laparotomy). Therefore, 7/17 (41.1%) patients had a less 337 

extensive surgery performed than was planned prior to axitinib treatment. Four Mayo 338 
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‘responders’ also had a reduction in extent of surgery. In 16 patients the VTT tissue 339 

was macroscopically cleared. 340 

 341 

Planned and performed surgery 342 

Table S2 and S3 detail the planned and performed surgery in terms of correlation 343 

between Mayo change and change in surgery. Four Mayo ‘responders’ also had a 344 

reduction in extent of surgery (N0205, N0101, N0105, N0201). Two Mayo responders 345 

did not have change in surgery (N0905, N0606); these were both reduction from level 346 

2 to level 1 and for both the surgeon predicted and performed ‘Infra-hepatic (IVC 347 

clamping with no liver mobilisation)’. Cardiac surgery and performing a Pringle 348 

manoeuvre are both morbid and in NAXIVA two patients (N0101, N0205) had 349 

supradiaphragmatic surgery and/or hypothermic cardiac arrest predicted and both had 350 

reduction to infradiaphragmatic surgery performed (N0205 to Retro-hepatic (liver 351 

mobilisation and clamping below hepatic veins; N0101 to Supra-hepatic 352 

(infradiaphragmatic)). There were no suprahepatic/infradiaphragmatic cases 353 

predicted at baseline. One patient was planned to have veno-venous bypass and one 354 

to have hypothermic cardiac arrest but following treatment neither of these 355 

manoeuvrers was needed. In terms of patients with infra-hepatic (IVC clamping with 356 

no liver mobilisation) planned at baseline, two (N0201 and N0904) actually had 357 

thrombus milked back into renal vein and side clamping performed. A further three 358 

patients had improvement in surgery but no change in Mayo level (N0103, N0904, 359 

N0901). One patient with a Mayo response did not have surgery as described above 360 

(N0801). 361 

 362 

Intra- and post-operative details and complications 363 

Median operation time was 240 minutes (range 120-720 minutes). Median estimated 364 

blood loss was 1000ml (range 50-7000ml). Six patients had an intraoperative 365 

complication, five related to bleeding with two patients requiring a transfusion and one 366 

patient had an intraoperative cerebrovascular accident (CVA; identified post-367 

operatively). Six patients had a post-operative complication of any grade (35.3%). 368 

Four complications were Clavien-Dindo 1/2 (expected CPAP post-operation, 369 

persistent wound pain, one chest and one wound infection) and two were grade 3 or 370 

above (11.8%). Poor wound healing is a concern during VEGFR TKI use, but all 371 

patients had discontinued axitinib prior to surgery and no issues of wound healing 372 



 14

were reported. One patient had a cardiorespiratory arrest requiring one round of CPR 373 

to resuscitate (IVa), another had a CVA intra-operatively and died (V) (1/17=5.9% 374 

mortality rate). None of these events was considered to have been caused by axitinib. 375 

Seven patients had planned or unplanned ITU admissions post-operatively (41.2%). 376 

No patients had a delayed surgical complication at 6 or 12-weeks post-surgery follow-377 

up.  378 

 379 

Axitinib dose delivered and duration of therapy 380 

Figure S3a illustrates the axitinib dose received per patient. Axitinib dose was 381 

escalated in 12 of 21 patients (57%), two patients (9.5%) required dose reduction from 382 

the 5mg b.d. starting dose. The median daily dose received (excluding breaks) 383 

was 5.8mg b.d. (range 3.1-8.0mg b.d.). Total dose of axitinib was not significantly 384 

different between patients with or without a Mayo level response (p=0.405). However, 385 

patients who did not have an improvement in Mayo level or a RECIST response 386 

received a significantly lower total dose of axitinib (p=0.030) (Figure S3b) and had 387 

a shorter duration of axitinib treatment (excluding breaks) compared to patients who 388 

had a Mayo level improvement (p=0.026) (Figure S3c) or had either a Mayo or 389 

a RECIST response (p=0.007) (Figure S3d).  There was no correlation between total 390 

dose of axitinib and VTT reduction at week 9 (Pearson’s r(16)=0.07, p=0.78).  391 

 392 

Adverse events (AEs) 393 

Serious AEs whilst on axitinib were myasthenia gravis (recovered following 394 

nephrectomy, not after stopping axitinib), pathological fracture, hyperglycaemia, left 395 

cerebellar mass development, wound pain, confusion, and hyperkalaemia. None were 396 

judged by local investigators to be related to axitinib. Table 2 and Figure S4 details 397 

AEs related to axitinib by CTCAEv4 grade. AEs were consistent with previous data 398 

and did not delay surgery. No grade 4 or 5 AEs were observed. Correlations with 399 

clinical features are details in supplementary results.  400 

Patients with either a Mayo level response (p=0.0034) and/or those with a RECIST 401 

response (p=0.0003) had significantly lower maximum levels of proteinuria during 402 

treatment than non-responders (range 0-1 in responders vs 0-3 in non-responders). 403 

Baseline proteinuria was not significantly different between responders and non-404 

responders (p=>0.05). Neither mean baseline systolic or diastolic blood pressure (BP), 405 
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change in systolic or diastolic BP during treatment, nor maximum systolic or diastolic 406 

BP reached during treatment correlated with Mayo response (p=>0.05). 407 

 408 

Translational analyses 409 

Baseline biopsies, available from 17 patients, were assessed for the presence of 410 

markers associated with treatment outcome in ccRCC (21–23). There was a trend for 411 

higher CD31 microvessel density in responders (Figures 4a&c) and higher Ki67 index 412 

in non-responders (Figures 4b&d).  413 

Non-responders exhibited trends toward higher T cell infiltration but populations 414 

shifted towards exhausted (PD1+) or regulatory (FOXP3+) phenotypes compared to 415 

an activated (PD1- granzyme B+) phenotype in responders (CD8+ cells: Figures 4e-416 

h; CD4+ cells: Figure S5a-c). No differences were observed in other stromal markers 417 

(Figure S5d&e).  418 

Consistent with previous studies showing low detection of ctDNA in RCC, only 25% 419 

(5/20) patients (2 in plasma, 3 in urine) had detectable ctDNA at baseline. There was 420 

no concordance in the levels or composition of ctDNA between the plasma and urine. 421 

Only 20% (1/5) patients with detectable ctDNA at baseline showed an improvement in 422 

Mayo level or RECIST response.   423 
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Discussion 424 

NAXIVA is the first prospective study to evaluate drug treatment in managing RCC 425 

VTT, a frequently discussed question in clinical practice. The trial met its primary and 426 

secondary endpoints demonstrating that it is feasible to use systemic therapy to 427 

downstage VTT of all Mayo levels and reduce the extent of surgery in patients with 428 

resectable M0 and M1 ccRCC. Importantly, axitinib and surgical toxicity, morbidity and 429 

mortality were as expected (2) and no patient had clinically relevant VTT progression. 430 

Ordinarily, surgery for patients with VTT would be expedited because of concern about 431 

disease progression and metastasis. In NAXIVA no participants progressed from non-432 

metastatic to metastatic disease. Two patients did not proceed to surgery due to 433 

progression of their known metastatic disease, suggesting that, consistent with results 434 

from the SURTIME trial (24), pre-surgical systemic therapy in M1 ccRCC may allow 435 

time for very aggressive disease to declare itself and ultimately enable patients to 436 

avoid inappropriate surgery. Reassuringly, the patterns of eventual VTT response at 437 

week 9 were mirrored on the 3-week safety MRI scan (originally included to ensure 438 

that any patient with clinically relevant progression could undergo surgery 439 

immediately); indeed, two patients had surgery expedited following a 3-week scan 440 

showing extension of VTT. If confirmed in future studies, this suggests that scans 441 

performed early during treatment could be a useful strategy as both a response 442 

prediction and reassuring safety feature for neoadjuvant systemic therapy (25,26). A 443 

shorter duration of neoadjuvant treatment may also be possible for adequate 444 

response.  445 

Patients with M0 and M1 disease and all levels of VTT, from those within the RV-only 446 

to those with VTT extending to the right atrium were included in NAXIVA because all 447 

were hypothesised to benefit from a reduction in VTT extent if axitinib treatment 448 

reduced the extent of surgery and the associated surgical morbidity. The broad 449 

inclusion criteria in a small feasibility study limits firm conclusions on each subgroup, 450 

but conversely allowed signal seeking from each stage of the disease which informs 451 

future trials. The positive results showing significant reductions in VTT length 452 

(regardless of M0 or M1 status) are clinically relevant as they are linked to subsequent 453 

changes in surgical approach in 7/17 patients (41.1%). Importantly, axitinib treatment 454 

resulted in less extensive surgery such as avoidance of open nephrectomy in favour 455 

of laparoscopic/robotic procedures, and reduced requirement for intrathoracic 456 

approaches, cardiac bypass or Pringle manoeuvre which are associated with 457 
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significant morbidity (2). Conversely, reduction from level 2 to level 1 VTT appear less 458 

significant in changing the surgery undertaken, while the patient is still exposed to drug 459 

toxicity. The Mayo levels at which downstaging of VTT make most clinical difference 460 

are levels 0, 1, 3 and 4, although further investigation would be prudent given the 461 

relatively small numbers of such patients investigated within NAXIVA. Although no 462 

unexpected peri-operative complications were reported, future studies should 463 

specifically measure this using the EAU Intraoperative Adverse Incident Classification 464 

(EAUiaiC) (27). 465 

In NAXIVA axitinib was used, a potent TKI, with an established aggressive dose 466 

escalation regime which has previously been demonstrated to have proven effect in 467 

non-metastatic and metastatic ccRCC (15). After 8 weeks of axitinib 16.7% patients 468 

had a partial response (10% in M0 patients). This compares with 45.8% in the phase 469 

2 trial of Karam et al where axitinib treatment was given for 12 weeks . This suggests 470 

that a longer period of treatment is needed for deeper response, although by 9 weeks 471 

41.1% of patients had >30% response in the VTT, downstaging of which was the aim 472 

of NAXIVA, suggesting this was an adequate treatment duration to assess the 473 

endpoints of this trial. Interestingly, results from NAXIVA are superior to previous 474 

retrospective studies, 37.5% vs 14.9-32.9% reduction in Mayo levels 1-4 (5–12). 475 

Despite permissive product labels in advanced disease, VEGFR TKIs do appear less 476 

active in non-ccRCC (28), and we caution against extrapolation of the findings of 477 

NAXIVA to patients in whom there is not pre-treatment histological proof of ccRCC. 478 

An important question is whether baseline information or that obtained early during 479 

treatment, can be used to select patients that may benefit, or not, from a period of 480 

neoadjuvant treatment. Previous studies have identified a number of molecular, 481 

genetic and other factors correlating with response to TKI (29). We saw similar trends 482 

in predictive markers of angiogenesis, immune infiltrate, and proliferation to those 483 

seen in large scale published datasets (21,23). We reconfirmed ctDNA is challenging 484 

to detect in RCC (19) and our finding that detectable ctDNA at baseline generally 485 

predicts poor response to axitinib may be clinically relevant and warrants investigation 486 

in larger cohorts. Additionally, although previous studies have shown TKI-related AEs 487 

may correlate with response (30), we showed that non-responders received a 488 

significantly lower total dose of axitinib and had a shorter duration of treatment, with 489 

responders having significantly lower maximum levels of proteinuria during treatment 490 

than non-responders. This highlights the importance of active management of TKI-491 
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related AEs during neoadjuvant treatment to ensure patients remain on drug to enable 492 

effective tumour control. 493 

A limitation of NAXIVA is that axitinib is now used in combination with immunotherapy 494 

in the first line metastatic setting, and only used as single agent in subsequent lines of 495 

treatment. Coupled with our finding that the immune profile in non-responders is 496 

consistent with an exhausted and regulatory T cell phenotype suggests future trials 497 

should evaluate combinations such as IO-TKI where there is potential to improve the 498 

response rate in patients unlikely to respond to TKI alone, and enable both rapid 499 

downstaging with the TKI component and immune priming which could have longer-500 

term survival implications (31–33). However, we hypothesize that the downstaging 501 

effect may not be significantly greater with an IO-TKI combination compared with TKI 502 

alone. The Neoavax neoadjuvant study of 12 weeks of axitinib/avelumab there was a 503 

30% PR, compared with 43% in the 12 week axitinib neoadjuvant protocol of Karam 504 

et al (15,34). Additionally, none of 17 patients treated with three every-2-week doses 505 

of neoadjuvant nivolumab had a PR (35). Future randomised studies should explore 506 

the impact on overall survival, differences in the extent of surgery and optimisation of 507 

treatment schedule and duration.  508 

In conclusion, the results from NAXIVA showed feasibility that systemic therapy, such 509 

as axitinib, can be used to downstage RCC VTT in 35% of patients and reduce the 510 

extent of surgery to a less morbid option in 41%. As newer combination therapies are 511 

associated with higher response rates in advanced ccRCC, the study of these 512 

combinations in patients with operable locally advanced disease should now be 513 

prioritised. 514 

  515 
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Table 1. Baseline characteristics of evaluable population 738 

Characteristic n % 

Number of patients 21 100 

Median age, yr (range) 69 (49-78)  

Sex   

Male 15 71 

Female 6 29 

Median BMI, kg/m2 (range) 27.7 (19.4-44.6)  

ECOG grade   

0 13 61.9 

1 8 38.1 

Clinical T-stage    

T3a 6 28.6 

T3b 13 61.9 

T3c 2 9.5 

M-stage   

M0 11 52.4 

M1 10 47.6 

Median number of metastases (range) 1 (1-4)  

Site of metastases   

Lymph nodes 2 18.2 

Adrenal 1 9.1 

Lung 7 63.6 

Bone 1 9.1 

MSKCC classification (M1 patients only)   

Intermediate 9 90 

Poor* 1 10 
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Histological subtype on baseline biopsy   

ccRCC 21 100 

ISUP grade on baseline biopsy   

1 2 9.5 

2 10 47.6 

3 2 9.5 

4 4 19.0 

No data 3 14.3 

Mayo Level of VTT on baseline imaging+   

RV-only (Level 0) 4 20 

Level 1 3 15 

Level 2 9 45 

Level 3 2 10 

Level 4 2 10 

*For eligibility M1 participants had to be intermediate risk by MSKCC criteria. This 739 

patient was entered into the trial when they were thought to have M0 disease. Central 740 

imaging review following completion of the trial, identified M1 disease at baseline and 741 

retrospectively the patient was found to have MSKCC poor risk disease (newly 742 

diagnosed RCC, haemoglobin, LDH). However, as they received study drug and had 743 

a VTT they were in the evaluable population and remain in the study analysis.  744 
+One evaluable patient was found on central imaging review to be ineligible for 745 

NAXIVA as they did not have a VTT; thus the baseline VTT level is only available for 746 

the 20 eligible and evaluable patients.  747 
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Table 2. Drug toxicity by CTCAEv4 grade 748 

Event, % Any grade Grade 3* 
Treatment-related adverse events in ≥10% of 

patients 

100 52 

Hypertension 86 24 

Fatigue 67 10 

Proteinuria 48 5 

Voice alteration 48 0 

Mucositis 43 10 

Diarrhoea 38 0 

Constipation 33 0 

Back pain 29 0 

Cough 29 0 

Weight loss 29 0 

Insomnia 24 0 

Muscular weakness 24 5 

Abdominal pain 19 0 

Dry skin 19 0 

Dysgeusia 14 0 

Epistaxis 14 0 

Headache 14 0 

Hypothyroidism 14 0 

PPE syndrome 14 0 

Stomatitis 14 0 

Vomiting 14 0 

*No grade 4 or 5 AEs were observed. 749 

  750 

 751 

  752 
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Figure legends 753 

Figure 1. (a) Summary of Mayo level, figure adapted from (37). (b) Consort diagram. 754 

*Participants who had at least one dose of the study drug were included in the 755 

evaluable population, irrespective of whether surgery was performed. 756 

Figure 2. Mayo level at baseline, week 3 and week 9 for eligible and evaluable 757 

patients. Note that N105 had a RV-only VTT response receding from medial to the 758 

insertion of the gonadal vein to lateral to it. Figure S1 shows examples of two IVC 759 

responder patients.  760 

Figure 3. Percentage change in VTT length over axitinib treatment period. (a) Line 761 

chart showing percentage change in VTT length for IVC responders, RV responders 762 

and non-responders. Waterfall plot of VTT response against tumour response at (b) 3 763 

and (c) 9 weeks of treatment. N0601 (surgery expedited), N0605 (surgery expedited) 764 

and N0903 (exited trial due to new brain metastasis) did not have scans at week 9. 765 

Bar colour indicates patient’s overall RECIST status distinct from VTT assessment.  766 

Figure 4. Representative images of baseline biopsies stained for (a) blood vessels 767 

(CD31), (b) proliferating cells (Ki67) and (e) CD8+ T cell activation status (Granzyme 768 

B and PD-1). Whole slides were scanned and quantified using automated computer 769 

image analysis on HALO (c, d, f-h, two tailed student t-test).  770 

 771 
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