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TIP01 - SWOG S1931 (PROBE): Phase III randomized trial of immune checkpoint inhibitor 
(ICI) combination regimen with or without cytoreductive nephrectomy (CN) in advanced 
renal cancer [NCT04510597]
Vaishampayan U.1, Tangen C.2, Tripathi A.3, Shuch B.4, Pal S. 5, Barata P.6, Tan A.7, Zuckerman P.8, Mayerson 
E.2, Lara P.9, Agarwal N.10, Vogelzang N.11, Thompson I.12, Kim H.13 
1University of Michigan, Ann Arbor, MI; 2SWOG Statistics and Data Management Center, Seattle, WA; 3University 
of Oklahoma, Oklahoma City, OK; 4Univesity of California Los Angeles, Los Angeles, CA; 5City of Hope Medical 
Center, Duarte, CA; 6Tulane University, New Orleans, LA; 7Rush University, Chicago, IL; 8Kidney Cancer 
Advocate, SWOG GU Committee, Long Beach, CA; 9University of California Davis, Sacramento, CA; 10University 
of Utah, Salt Lake City, UT; 11Comprehensive Cancer Centers of Nevada, Las Vegas, NV; 12Christus Santa Rosa 
Medical Center, San Antonio, TX; 13Cedars-Sinai Medical Center, Los Angeles, CA

Background: Kidney cancer presenting with synchronous primary tumor and metastases has demonstrated 
shorter survival outcome, as compared to the patients relapsing later with metastases after nephrectomy. 
CARMENA trial demonstrated no change in overall survival with addition of nephrectomy to sunitinib 
therapy. Immune checkpoint-based combination therapy has now become the standard of care in frontline 
setting for RCC. The role of nephrectomy or primary resection has not been evaluated in the setting of 
immune checkpoint based systemic therapy. The PROBE study design attempts to answer the question 
whether CN has an impact on overall survival outcomes in advanced RCC within the context of immune 
checkpoint-based combination regimens. The underlying mechanism is that the broader antigen spread and 
higher neoantigen load enabled by the primary tumor would enhance the efficacy of the immune therapy. 
CN after initial systemic therapy will potentially enable eradication of the immune resistant clones within the 
primary. 

Patient and Methods: Eligible patients with primary tumor and metastases are treated with one of the FDA 
approved ICI based combinations: ipililumab and nivolumab, axitinib and pembrolizumab, or axitinib and 
avelumab. Cabozantinib + nivolumab and lenvatinib + pembrolizumab combinations are being added into the 
next amendment. Urology evaluation and response assessment is required. Randomization occurs between 
10-14 weeks of therapy; 1:1 to receive CN followed by systemic therapy or to continue on systemic therapy. 

Statistical Design & Endpoints: The primary endpoint is overall survival. We estimate the median survival 
from time of randomization for the non-surgical arm will be 25 months. The study hypothesis is that CN 
will result in improvement in OS outcomes in advanced synchronous RCC post-initial systemic immune 
checkpoint-based combination therapy. With a sample size of 302 eligible, randomized participants (151 
per arm) and a one-sided alpha=0.025, the study has 85% power to detect a 47% improvement in median 
survival (HR=0.68; 1/0.68 = 1.47) 

Funding: NIH/NCI/NCTN grants U10CA180888, U10CA180819, U10CA180820
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TIP02- First-Line (1L) MK-1308A + lenvatinib or pembrolizumab + belzutifan + 
lenvatinib versus pembrolizumab + lenvatinib for clear cell renal cell carcinoma (ccRCC): a 
randomized, open-label phase 3 study
Voss M.H.1, Rini B.2, Plimack E.3, Powles T.4, Gurney H.5, Silverman R.6, Perini R.6, Rodriguez-Lopez K.6,  
Choueiri T.K.7 
1MSKCC, New York, NY; 2VUMC, Nashville, TN; 3Fox Chase Cancer Center, Philadelphia, PA;  4Barts Health 
NHS Trust and the Royal Free NHS Foundation Trust, Barts Cancer Institute, and Queen Mary University of 
London, London, United Kingdom; 5Westmead Hospital and Macquarie University Hospital, Sydney, NSW, 
Australia; 6Merck & Co., Inc., Kenilworth, NJ; 7Dana-Farber Cancer Institute and Harvard Medical School,  
Boston, MA

Background: Pembrolizumab (PD-1 inhibitor) plus lenvatinib (VEGF-TKI) as 1L therapy has demonstrated 
antitumor activity in patients with advanced ccRCC. Belzutifan (MK-6482; hypoxia-inducible factor 2α 
inhibitor) and MK-1308A (coformulation of pembrolizumab and quavonlimab [CTLA-4 inhibitor]) have 
each shown activity in phase 1 and 2 trials. Belzutifan or quavonlimab with a PD-1/VEGF-TKI backbone 
combination may provide additional benefit as 1L treatment. 

Trial Design: This open-label phase 3 study (NCT04736706) will enroll and randomize 1:1:1 approximately 
1431 patients to arm A (belzutifan 120 mg + lenvatinib 20 mg oral QD + pembrolizumab 400 mg IV 
Q6W), arm B (MK-1308A [quavonlimab 25 mg + pembrolizumab 400 mg] IV Q6W and lenvatinib 20 mg 
QD), or arm C (pembrolizumab 400 mg IV Q6W + lenvatinib 20 mg QD). Treatment will continue until 
documented disease progression, withdrawal of consent, or other discontinuation event; pembrolizumab and 
MK-1308A will be limited to 18 infusions (~2 years). Adults with metastatic ccRCC, measurable disease per 
RECIST v1.1, KPS score ≥70%, and no prior systemic therapy for advanced ccRCC will be enrolled. 

Endpoints: Dual primary endpoints are progression-free survival per RECIST v1.1 and overall survival for arms 
A or B versus arm C for patients with International mRCC Database Consortium (IMDC) intermediate/poor 
status and regardless of IMDC status. Secondary endpoints: objective response rate, duration of response, 
patient-reported outcomes, and safety.
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TIP03- Randomized, open-label, phase 3 study of belzutifan plus lenvatinib versus 
cabozantinib in patients with advanced renal cell carcinoma (RCC) after anti–PD-1/             
PD-L1 therapy
Motzer R.1, Liu Y.3, Perini R.3, Zhang Y.3, Heng D.3 
1MSKCC, New York, NY; 2Merck & Co., Inc., Kenilworth, NJ; 3Tom Baker Cancer Centre, Calgary, AB, Canada

Background: Treatments after first-line anti–PD-1/PD-L1–based therapies are needed for advanced 
RCC. The transcription factor hypoxia-inducible factor (HIF)-2α drives oncogenesis in clear cell RCC 
(ccRCC). First-in-class HIF-2α inhibitor belzutifan (MK-6482) has shown promising antitumor activity as 
monotherapy (phase 1) and combined with cabozantinib in heavily pretreated patients with ccRCC (phase 
2). This randomized, open-label, active-controlled phase 3 trial (NCT04586231) will evaluate efficacy and 
safety of belzutifan + lenvatinib versus cabozantinib in patients with advanced ccRCC that progressed after 
anti–PD-1/PD-L1 therapy. 

Trial Design: Approximately 708 patients will be randomized 1:1 to oral belzutifan 120 mg QD + lenvatinib 
20 mg QD or to oral cabozantinib 60 mg QD. Stratification factors include International mRCC 
Database Consortium prognostic scores (0, 1 or 2, or 3–6), prior therapies (1 or 2), and geographic region 
(North America, Western Europe, or rest of the world). Treatment will continue until disease progression, 
unacceptable toxicity, or withdrawal of consent. Adults with locally advanced or metastatic ccRCC, disease 
progression on or after anti–PD-1/PD-L1 monotherapy or combination therapy (most recent treatment), 
≤2 prior systemic regimens (≤1 anti–PD-1/PD-L1), measurable disease (RECIST v1.1), and KPS ≥70% are 
eligible. 

Endpoints: Dual primary endpoints: progression-free survival (RECIST v1.1, assessed by blinded independent 
central review [BICR]) and overall survival. Secondary objectives: objective response rate and duration of 
response (both per RECIST v1.1 by BICR) and safety and tolerability.
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TIP04- Treatment of advanced renal cell carcinoma (RCC) after progression on systemic 
therapy: open-label phase 2 study of two doses of the HIF-2α inhibitor belzutifan
Atkins M.1, Liu Y.2, Perini R.2, Roy A.2, Haanen J.3  
1Georgetown Lombardi Comprehensive Cancer Center, Washington, DC; 2Merck & Co., Inc., Kenilworth, NJ; 
3Netherlands Cancer Institute, Amsterdam, Netherlands

Background: Hypoxia-inducible factor (HIF)-2α drives oncogenesis in clear cell RCC (ccRCC). The genes 
induced by HIF-2α regulate several key processes, including angiogenesis, proliferation, invasion, and 
metastasis. Belzutifan (MK-6482), a first-in-class HIF-2α inhibitor, showed promising antitumor activity 
with a favorable safety profile in patients with heavily pretreated ccRCC. 

Trial Design: This randomized, open-label, multicenter phase 2 trial (NCT04489771) will evaluate the 
efficacy and safety of two doses of belzutifan in patients with advanced ccRCC who experienced progression 
after systemic therapy. Approximately 150 patients will be randomized 1:1 to once-daily oral belzutifan 120 
mg or 200 mg. Treatment will continue until progression, unacceptable toxicity, or withdrawal. Adults with 
locally advanced/metastatic ccRCC (per RECIST v1.1), progression on or after one line of anti–PD-1/PD-L1–
based therapy (monotherapy or combination therapy, with the immediately preceding line of treatment being 
an anti–PD-1/PD-L1 therapy), ≤3 prior systemic regimens, and KPS ≥70% are eligible. Progression is defined 
as having received ≥2 doses of an anti–PD-1/PD-L1 agent and having demonstrated radiographic disease 
progression (per investigator). Stratification factors include International mRCC Database Consortium 
prognostic scores and number of prior TKI-containing therapies. 

Endpoints: The primary endpoint is objective response rate per RECIST v1.1 by blinded independent central 
review (BICR). Secondary endpoints are progression-free survival, duration of response, and clinical benefit 
rate per RECIST v1.1 by BICR, overall survival, pharmacokinetics, and safety.
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TIP05- TiNivo-2: a phase 3, randomized, controlled, multicenter, open-label study to 
compare tivozanib in combination with nivolumab to tivozanib monotherapy in subjects with 
renal cell carcinoma who have progressed following one or two lines of therapy where one 
line has an immune checkpoint inhibitor
Choueiri T.K.1, Motzer R.2, Albiges L.3, Hammers H.4, McKay R.5, Heng D.6, Beckermann K.7, Kasturi V.8  
1Dana Farber Cancer Institute, Boston, MA; 2MSKCC, New York, NY; 3Gustave Roussy Institute, Villejuif, France; 
4UTSW, Dallas, TX; 5UCSD, Moores Cancer Center, San Diego, CA; 6University of Calgary, Tom Baker Cancer 
Centre, Calgary, Alberta; 7VUMC; 8Aveo Oncology

Background: Tivozanib, a highly selective and potent vascular endothelial growth factor receptor tyrosine 
kinase inhibitor, has demonstrated single-agent efficacy in advanced renal cell carcinoma (aRCC) along with 
minimal off-target toxicities and a favorable adverse event (AE) profile. Tivozanib was approved by the FDA 
on March 10, 2021 for the treatment of patients with aRCC who had progressed on 2 or more prior lines of 
therapy. Tivozanib was combined with Nivolumab in the TiNivo trial (NCT03136627), showing an objective 
response rate of 56%, disease control rate of 96%, median PFS of 18.9 months and a favorable safety profile. 

Trial Design: TiNivo-2 (NCT04987203) is a phase 3, randomized, controlled, multicenter, open-label study 
to compare tivozanib in combination with nivolumab to tivozanib monotherapy in subjects with renal cell 
carcinoma who have progressed following 1-2 lines of therapy including an immune checkpoint inhibitor. 
Eligibility criteria include age >18 years, clear cell RCC, ECOG PS 0-1, and disease progression during or 
following at least 6 weeks of treatment with ICI for RCC. Subjects will be stratified by IMDC risk category 
and whether ICI was received in most recent line of treatment or not. On both arms, subjects will receive 
Tivozanib 1.34 mg orally once daily for 21 consecutive days followed by 7 days off. In the combination arm, 
subjects will also receive Nivolumab 480mg intravenously every 4 weeks. Study assessments include CT 
scan or MRI of the chest, abdomen, and pelvis every 8 weeks following Cycle 1 Day 1 for 2 years and every 12 
weeks thereafter until disease progression is confirmed by independent radiology review. 

Endpoints: The primary objective is to compare the progression-free survival (PFS) of tivozanib in 
combination with nivolumab to tivozanib. A sample size of 326 subjects, with 191 events will provide at 
least 80% power to detect a 50% improvement in PFS, 12 mos v. 8 mos, as assessed by an IRR. Secondary 
endpoints include assessment of overall survival (OS), objective response rate (ORR), and duration of 
response (DoR), as well as safety and tolerability. Exploratory endpoints are to assess the quality of life 
(FKSI-DRS and EORTC QLQ C-30) and to investigate the pharmacokinetics of tivozanib. TiNivo-2 is 
actively enrolling and planning to open at 190 sites in the United States, and the European Union.

Funding: Aveo Oncology
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TIP06- KEYNOTE-B61: an open-label phase 2 study of first-line (1L) pembrolizumab with 
lenvatinib for non–clear cell renal cell carcinoma (nccRCC)
Lee C.H.1, Li C.2, Perini R.2, Hoehn D.2, Albiges L.3  
1MSKCC, New York, NY; 2Merck & Co., Inc., Kenilworth, NJ; 3Gustave Roussy, Villejuif, France

Background: Most RCC cases have clear cell histology (ccRCC) with the remaining being classified as 
nccRCC. Survival in advanced nccRCC is worse than for ccRCC because these cancers are aggressive, 
effective systemic treatment options are lacking, and there is no standard of care. Current treatment 
guidelines recommend clinical trials as the preferred strategy. Monotherapy with the PD-1 inhibitor 
pembrolizumab has shown efficacy with an acceptable safety profile as 1L treatment. In the phase 3 
KEYNOTE 581/CLEAR study, the VEGF-TKI lenvatinib + pembrolizumab combination showed antitumor 
activity in patients with metastatic ccRCC as 1L therapy, suggesting that this combination might be effective 
for nccRCC. 

Trial Design: The phase 2, open-label, single-arm KEYNOTE-B61 study (NCT04704219) will evaluate 
pembrolizumab 400 mg Q6W + lenvatinib 20 mg QD as 1L treatment for nccRCC; approximately 152 
patients will be enrolled. Treatment will continue for up to 2 years (pembrolizumab) or beyond (lenvatinib) 
until disease progression, unacceptable toxicity, or withdrawal of consent. Patients who discontinue one 
treatment may continue the other treatment as monotherapy. Adults with histologically confirmed nccRCC, 
locally advanced/metastatic measurable disease per RECIST v1.1 by blinded independent central review 
(BICR), no prior systemic therapy for nccRCC, and KPS ≥70% will be enrolled. 

Endpoints: The primary endpoint is objective response rate per RECIST v1.1 by BICR. Secondary efficacy 
endpoints are clinical benefit rate, disease control rate, duration of response, progression-free survival, overall 
survival, and safety.

Trials In Progress
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TIP07- Investigational immune and targeted combination therapies for patients with 
advanced clear cell renal cell carcinoma (ccRCC): a phase 1b/2 umbrella study
Albiges L.1, Choueiri T.2, Plimack E.3, Rini B.4, Motzer R.5, Suttner L.6, Yin L.6, Willemann-Rogerio J.6,      
Hammers H.7   
1Gustave Roussy, Villejuif, France; 2Dana-Farber Cancer Institute, Boston, MA; 3Fox Chase Cancer Center, 
Philadelphia, PA; 4VUMC, Nashville, TN; 5MSKCC, New York, NY; 6Merck & Co., Inc., Kenilworth, NJ;          
7UTSW, Dallas, TX

Background: New treatments for first and subsequent lines of therapy for ccRCC are needed. This umbrella 
platform study is an adaptive, open-label, rolling-arm, multicenter, phase 1b/2 trial in advanced ccRCC 
evaluating combinations of investigational agents targeting CTLA-4 (quavonlimab [MK-1308]), HIF-2α 
(belzutifan [MK-6482]), LAG-3 (favezelimab [MK-4280]), ILT4 (MK-4830), PD-1 (pembrolizumab), and 
VEGF-TKI (lenvatinib). Substudy 03A (NCT04626479) will evaluate first-line therapy combinations and 
substudy 03B (NCT04626518) will evaluate therapies in patients with progression on or after PD-1/PD-L1 
inhibitors and VEGF-TKIs. 

Trial Design: Adults with histologically confirmed ccRCC and KPS ≥70% are eligible. Both sub-studies 
comprise a safety lead-in phase for experimental combinations with investigational agents to establish a 
recommended phase 2 dose, followed by an efficacy phase. Experimental arms will enroll ~80 (03A) and 
~50 (03B) patients. Patients will be randomly assigned 2:1 (03A) or 1:1 (03B) to an experimental arm or 
to a reference arm (pembrolizumab + lenvatinib). Experimental arms in 03A are MK-1308A (quavonlimab 
and pembrolizumab) + lenvatinib, MK-4280A (favezelimab and pembrolizumab) + lenvatinib, and belzutifan 
+ lenvatinib + pembrolizumab. Experimental arms in 03B are MK-1308A, MK-4280A, pembrolizumab + 
belzutifan, lenvatinib + belzutifan, and pembrolizumab + MK-4830. 

Endpoints: Primary endpoints are safety and tolerability (safety lead-in phase) and safety and ORR per 
RECIST v1.1 by blinded independent central review (BICR; efficacy phase). Secondary endpoints during the 
efficacy phase are DOR, PFS (RECIST v1.1 by BICR), CBR, and OS.

Trials In Progress
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TIP08- OPtimal Treatment by Invoking biologic Clusters in Renal Cell Carcinoma     
(OPTIC RCC)
Chen Y.W., Haake S.M., Beckermann K.E., Reddy A., Ancell K.K., Schaffer K., Davis N.B., Gordetsky J.,  
Rathmell W.K., Rini B.I.  

Vanderbilt Ingram Cancer Center, Nashville, TN

Background: The standard first-line IO combinations for metastatic clear cell renal cell carcinoma 
(mccRCC) include an anti-PD-1 antibody plus either (1) an anti-CTLA-4 antibody (IO/IO), or (2) an anti-
VEGF TKI (IO/TKI). Currently, there is no level-1 evidence to guide physician’s choice between an IO/IO 
versus IO/TKI combination. 

Methods: A correlative study of the phase III IMmotion 151 trial assigned 823 clear cell kidney cancer tumors 
into seven gene expression clusters based on RNA-sequencing data (Motzer et al., Cancer Cell 2020). 
The proposed phase II, multicenter study uses the established seven clusters as a predictive biomarker to 
assign mccRCC patients to either an IO/IO (ipilimumab/nivolumab) or an IO/TKI regimen. This evaluates 
the hypothesis that patients with clusters enriched in immunogenic/proliferative pathways (clusters 4/5/7) 
will have improved outcomes with ipilimumab/nivolumab compared to unselected historical controls, while 
patients with clusters enriched in angiogenic pathways (cluster 1/2) will have improved outcomes with IO/
TKI compared to unselected historical controls. The trial design includes two parallel single arms enrolling: 27 
patients with cluster 4/5/7 tumors on ipilimumab/nivolumab arm (primary endpoint: objective response rate 
(ORR); H0: ORR < 40%, HA: ORR > 60%) and 34 patients with cluster 1/2 tumors on the IO/TKI arm 
(primary endpoint: ORR; H0: ORR< 55%, HA: ORR > 75%).

Trials In Progress
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TIP09- 89Zr-TLX250 for PET/CT imaging of clear cell kidney cancer
Shuch B.1, Hayward C.2, Pantuck A.1   
1UCLA; 2Telix Pharmaceuticals 

Background: Small renal masses make up the majority of new kidney cancer diagnoses. Overtreatment 
contributes to significant morbidity/mortality. There are no accurate, non-invasive ways to predict tumor 
subtype. Clear cell renal cell carcinoma (ccRCC) accounts for ~65% of localized disease and the majority of 
deaths. VHL loss in ccRCC upregulates surface marker carbonic anhydrase 9 (CA9) in 95% of tumors with 
minimal normal tissue expression making it a promising imaging agent. Identification of ccRCC may limit 
biopsies and/or appropriately select patients for treatment. 

Trial Design: Zircon is an open label, phase 3 study evaluating the performance of Zirconium-89-
labeled girentuximab (89Zr-TLX250) for detecting ccRCC. The trial is open at 34 international sites 
(NCT03849118). The primary endpoint is the sensitivity/specificity of PET/CT imaging with 89Zr-TLX250 
to non-invasively predict resection histology. Secondary endpoints include safety/tolerability, performance 
in cT1a, positive/negative predictive value, and inter/intra-observer variability. Key inclusion criterion includes 
a solitary, localized, cT1 lesion scheduled for resection. Exclusion criterion include planned biopsy and 
concurrent malignancy requiring treatment <4 weeks prior to 89Zr-TLX250 administration. Eligible subjects 
undergo 89Zr-TLX250 administration followed by PET/CT 3-7 days later. Resection is performed <90 days 
with local/central pathologic review required and CA9 immunohistochemical staining planned. Monitoring 
of stage/histology allows for modification of sample size (n=252) which currently has 90% power to detect 
a sensitivity of 83% in the cT1a group. The U.S. FDA granted Breakthrough Therapy designation for 89Zr-
TLX250 which aims to improve the diagnosis and staging of ccRCC.

Trials In Progress
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TIP10- A randomized trial of radium-223 (Ra-223) dichloride and cabozantinib in patients 
(pts) with advanced renal cell carcinoma (RCC) with bone metastases (RADICAL / Alliance 
A031801)
McKay R.R.1, JacenHe2, Atherton P.3, Perez-Burbano G.3, Ajmera A.1, Baghaie S.4, Koball J.3, Zemla T.3, 
Chen R.5, Choudhury A.2, Lang JM.6, Cole S.7, Al Baghdadi T.8, Kwok Y.8, Beltran H.2, George D.10, Morris 
M.11, Choueiri T.K.2  
1UCSD, La Jolla, CA; 2Dana-Farber/Partners CancerCare, Boston, MA; 3Mayo Clinic, Rochester, MN; 4University 
of Chicago, Chicago, IL; 5University of Kansas Medical Center, Kansas City, KS; 6University of Wisconsin, 
Madison, WI; 7UTSW, Richardson, TX; 8Joe’s Ann Arbor, Ypsilanti, MI; 9University of Maryland, Baltimore, MD; 
10Duke Cancer Institute, Duke University, Durham, NC; 11MSKCC, New York, NY

A randomized trial of radium-223 (Ra-223) dichloride and cabozantinib in patients with advanced renal cell 
carcinoma (RCC) with bone metastases (RADICAL / Alliance A031801) 

Background: Bone metastases are prevalent in approximately 30% of patients with advanced RCC. Patients 
with bone metastases have a worse prognosis compared to patients without bone metastases and are at risk 
of symptomatic skeletal events (SSEs). Cabozantinib, a multitargeted inhibitor of multiple kinases, including 
vascular endothelial growth factor (VEGF) receptor and MET, has improved survival in pts with metastatic 
RCC and has enhanced activity in bone. Ra-223, an alpha-emitting radioisotope with natural bone-seeking 
proclivity, has prolonged survival in men with castration-resistant prostate cancer. We previously conducted a 
pilot study of Ra-223 with VEGF inhibition and demonstrated safety and declines in bone turnover markers 
(McKay et al, CCR 2018). We designed a randomized phase 2 study through the National Clinical Trials 
Network investigating cabozantinib with or without Ra-223 in patients with RCC with bone metastases. 

Methods: This is an open-label multicenter study. Eligible patients have metastatic RCC of any histology 
with ≥1 untreated metastatic bone lesion(s). Patients with non-clear cell RCC are eligible. Patients must have 
a Karnofsky performance status of ≥60% and be on osteoclast-targeted therapy. Patients are randomized 1:1 
to cabozantinib with (Arm A) or without (Arm B) Ra-223. 

Endpoints: The primary endpoint is SSE-free survival. Secondary endpoints include safety, progression-free 
survival, overall survival, quality of life measures, and correlative analyses including liquid biopsy studies and 
tumor tissue analysis. Target accrual is 210 patients.

Trials In Progress
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CTR11- First-line nivolumab plus ipilimumab (NIVO+IPI) versus sunitinib (SUN) in 
patients with long-term survival of ≥5 years in the CheckMate 214 trial
Tannir N.M.1, Motzer R.J.2, McDermott D.F.3, Plimack E.R.4, George S.5, Amin A.6, Tykodi S.S.7, Srinivas 
S.8, Carthon B.9, Hutson T.E.10, Lee C.W.11, Desilva H.11, Jiang R.11, Hammers H.J.12   
1MDACC, Houston, TX; 2MSKCC, New York, NY; 3Beth Israel Deaconess Medical Center, Dana-Farber/Harvard 
Cancer Center, Boston, MA; 4Fox Chase Cancer Center, Philadelphia, PA; 5Roswell Park Cancer Institute, Buffalo, 
NY; 6Levine Cancer Institute, Atrium Health, Charlotte, NC ; 7University of Washington and Fred Hutchinson 
Cancer Research Center, Seattle, WA ; 8Stanford Cancer Center, Palo Alto, CA; 9Winship Cancer Institute at 
Emory University, Atlanta, GA; 10Texas A&M College of Medicine, Bryan, TX; 11Bristol Myers Squibb, Princeton, NJ; 
12UTSW, Dallas, TX 

Background: First-line NIVO+IPI provided long-term survival benefits versus SUN in patients with advanced 
renal cell carcinoma (aRCC) after 5 years follow-up in CheckMate 214. 

Methods: Patients with clear cell aRCC were randomized to NIVO 3 mg/kg plus IPI 1 mg/kg Q3W×4 then 
NIVO 3 mg/kg Q2W versus SUN 50 mg QD (4 weeks of 6-week cycles). In this post hoc exploratory 
analysis, outcomes in patients with overall survival ≥5 years (long-term survivors; LTS) were assessed by 
IMDC risk (intermediate/poor [I/P-risk] and favorable [FAV-risk]). 

Results: Overall, 163/425 I/P-risk and 73/125 FAV-risk patients in the NIVO+IPI arm versus 112/422 
I/P-risk and 59/124 FAV-risk patients in the SUN arm were LTS. Baseline characteristics generally did 
not distinguish LTS from intent-to-treat patients with NIVO+IPI, except target lesions were smaller and 
fewer patients had bone metastases. Regardless of risk group in LTS, there were more durable and complete 
responses with NIVO+IPI versus SUN. Fewer LTS required subsequent systemic therapy with NIVO+IPI 
versus SUN, and most patients in the SUN arm with subsequent therapy received NIVO monotherapy 
regardless of risk. More LTS who responded experienced a treatment-free interval with NIVO+IPI versus 
SUN. Treatment-related adverse events leading to discontinuation did not preclude surviving ≥5 years.

Conclusions: These results highlight the long-term clinical benefits and continued durability of response 
observed with NIVO+IPI in patients across a spectrum of baseline characteristics and regardless of IMDC 
risk.

Clinical Trials With Results
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CTR12- Outcomes with first-line nivolumab plus cabozantinib (NIVO+CABO) versus 
sunitinib (SUN) in patients with advanced renal cell carcinoma (aRCC) and treatment-
related adverse event (TRAE) timing/management in CheckMate 9ER
Kessler E.R.1, Burotto M.2, Shah A.Y.3, Ryan C.W.4, Shaheen M.5, Drakaki A.6, Tomita Y.7, George S.8, 
Motzer R.J.9, Choueiri T.K. 10, Simsek B.11, Zhang J.11, Scheffold C.12, Apolo A.B.13, Bedke J.14   
1University of Colorado School of Medicine, Aurora, CO; 2Bradford Hill Clinical Research Center, Santiago, Chile; 
3MDACC, Houston, TX; 4Knight Cancer Center, Oregon Health & Science University, Portland, OR; 5University 
of Arizona Cancer Center, Tucson, AZ; 6David Geffen School of Medicine at UCLA, Los Angeles, CA; 7Niigata 
University Graduate School of Medical and Dental Sciences, Niigata, Japan; 8Roswell Park Cancer Institute; 
9MSKCC, New York, NY; 10Dana-Farber Cancer Institute, Brigham and Women’s Hospital, and Harvard Medical 
School, Boston, MA; 11Bristol Myers Squibb, Princeton, NJ; 12Exelixis, Inc., Alameda, CA; 13Center for Cancer 
Research, NCI/NIH, Bethesda, MD; 14University Hospital, Eberhard Karls University Tübingen, Tübingen, Germany 

Background: First-line NIVO+CABO demonstrated superiority versus SUN in aRCC patients in the phase 
3 CheckMate 9ER trial. 

Methods: Patients with any IMDC risk and clear cell aRCC were randomized to NIVO 240 mg every 
2 weeks + CABO 40 mg once daily versus SUN 50 mg once daily (4/6-week cycles). In this post hoc 
exploratory analysis, timing/management of grade ≥3 TRAEs and outcomes in patients with these events 
were assessed to better understand the impact of safety kinetics with NIVO+CABO in first-line aRCC. 

Results: Of all treated patients, 310/320 (NIVO+CABO) versus 298/320 (SUN) had any-grade TRAEs 
and 199 versus 168 had grade ≥3 TRAEs, respectively. Most baseline characteristics in patients with grade ≥3 
TRAEs were similar to intent-to-treat patients and generally balanced between arms. Grade ≥3 TRAE time 
to onset/resolution patterns and management are summarized (Table). Of patients with ≥1 subsequent dose 
delay/reduction due to any adverse event (72% [NIVO+CABO] vs 70% [SUN]), most continued on therapy. 
Additionally, progression-free survival (PFS) was improved with NIVO+CABO versus SUN (HR, 0.62 [95% 
CI, 0.47-0.82]) in patients with grade ≥3 TRAEs (Table). 

Conclusions: The safety profile of NIVO+CABO was manageable, most common grade ≥3 TRAEs resolved, 
and almost all patients assessed here with ≥1 dose delay/reduction continued on therapy. PFS was notably 
improved with NIVO+CABO in patients with grade ≥3 TRAEs regardless of dose delay/reduction patterns.
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CTR13- A prospective randomized pilot trial of stereotactic body radiation therapy vs. 
radiofrequency ablation for the management of small renal masses
Kapoor A., Mironov O., Tajzler C., Hoogenes J., Cassim R., Matsumoto E.D., Swaminath A.   

McMaster University 

Background: The potential of ablative technologies in replacing surgery for the treatment of small renal 
masses (SRMs) ≤4cm is unclear. Our objective was to evaluate the feasibility and toxicity of stereotactic 
body radiation therapy (SBRT) and radiofrequency ablation (RFA) for SRMs to determine the utility of a 
future full-scale multicenter trial. 

Methods: Patients scheduled for renal cell carcinoma (RCC) treatment at a single academic center were 
approached for this pilot trial, with the aim of recruiting 24 patients. Participants were assigned 1:1 to 
SBRT or RFA using RedCAP for randomization. The 13-month protocol includes imaging at 3, 6, 9, and 12 
months post-procedure. Biopsies were completed prior to the procedure and at 12 months. Multiple clinical 
parameters were collected. 

Results: Beginning in December 2019, 24 patients were recruited and randomized (SBRT=11; RFA=13). Nine 
had SBRT, 8 RFA, 5 have not yet had treatment, and 2 became ineligible. Patient characteristics are in Table 
1. Two patients (both SBRT) had a 12-month biopsy showing no evidence of recurrence or metastases, while 
two patients (1 RFA, 1 SBRT) had 9-month CT showing no recurrence. Data are not yet available for the 
remaining patients. An early grade 2 flare-up occurred in one SBRT patient. 

Conclusions: Recruitment and randomization of patients with SRMs is feasible on a timeline that allows for 
regular follow-ups and imaging. Thus far, both treatments have been shown to have an excellent short-term 
safety profile.
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CTR14 - Characterization and management of adverse reactions (ARs) in patients with 
advanced renal cell carcinoma (aRCC) receiving lenvatinib + pembrolizumab (CLEAR 
study)
Motzer R.1, George S.2, Merchan J.R.3, Hutson T.E.4, Song X.5, Perini R.F.5, Xie R.6, Bapat U.6, Puente J.7   
1MSKCC, New York, NY; 2Roswell Park Comprehensive Cancer Center, Buffalo, NY; 3University of Miami Sylvester 
Comprehensive Cancer Center, Miami, FL; 4Texas Oncology, Dallas, TX; 5Merck & Co., Inc., Kenilworth, NJ; 6Eisai 
Inc., Woodcliff Lake, NJ; 7 Hospital Clinico Universitario San Carlos, Madrid, Spain 

Background: In the CLEAR study, lenvatinib + pembrolizumab significantly improved efficacy outcomes 
versus sunitinib in first-line treatment of aRCC. Herein, we characterize key ARs grouped by preferred 
terms per FDA definitions from the US prescribing information in patients with aRCC treated with 
lenvatinib + pembrolizumab; we also discuss respective AR management strategies. 

Methodology: In the CLEAR study, patients were randomized (1:1:1) to lenvatinib 20mg QD PO + 
pembrolizumab 200mg IV Q3W (n=355); lenvatinib 18mg QD PO + everolimus 5mg QD PO (n=357); 
or sunitinib 50mg QD PO (4 weeks on/2 weeks off) (n=357). Key ARs in patients treated with lenvatinib + 
pembrolizumab are characterized herein. 

Results: Median times (weeks) to first onset of key ARs (any grade, incidence >30%) with lenvatinib 
+ pembrolizumab were: decreased appetite (14.6), diarrhea (20.0), fatigue (4.4), hypertension (3.0), 
hypothyroidism (14.3), musculoskeletal pain (6.4), nausea (14.4), rash (11.4), and stomatitis (6.6). Key ARs 
resulting in dose modifications/discontinuations among patients who received at least 1 dose of any study drug 
are shown in the Table. The time to onset of grade ≥3 ARs and AR management strategies will be reported. 

Conclusions: In general, ARs due to lenvatinib + pembrolizumab were consistent with known safety profiles. 
As will be presented, clinicians play a critical role in prompt identification and AR-directed management of 
patients with aRCC; such management may potentially reduce treatment interruption(s) and/or lenvatinib 
dose reduction.
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CTR15- First results of 68Ga-EMP-100 PET for imaging c-MET expression in metastatic 
renal cell carcinoma
Mittlmeier L., Todica A., Gildehaus F.J., Unterrainer M., Beyer L., Brendel M., Albert N.L., Ledderose S.T., 
Vettermann F.J., Schott M., Rodler S., Marcon J., Ilhan H., Cyran C.C., Stief C.G., Bartenstein P. and 
Staehler M.    

University Hospital, LMU Munich, Munich, Germany  

Background: c-MET as receptor tyrosin kinase is upregulated in renal cell carcinoma and has been 
shown to be correlated with patients’ survival in metastatic renal cell carcinoma (mRCC). Prediction of 
treatment response to tyrosin kinase receptor inhibitors targeting c-MET such as cabozantinib is important 
to improve disease management in mRCC. 68Ga-EMP-100 is a novel PET ligand that directly targets 
c-MET expression. Here we present first-in human data of 68Ga-EMP-100 in mRCC comparing uptake 
characteristics on an intra- and interindividual level. 

Methods: 12 patients with mRCC prior or at assessment of further therapy options underwent 68Ga-
EMP-100 PET/CT imaging. Uptake of mRCC lesions were compared by SUVmean and SUVmax 
measurements. 

Results: Overall, 87 tumor lesions were delineated: Of these, 79.3% were visually rated c-MET positive 
(median SUVmax of 4.4 / SUVmean 2.5). Comparing tumor sites, the highest uptake was at the primary 
tumor followed by bone, lymph node and visceral metastases. The highes number of PET-negative metastatic 
sites were in lung and liver. 

Conclusions: 68Ga-EMP-100 which targets c-MET expression shows increased uptake in mRCC patients 
with high inter- and intraindividual differences. Our pilot study shows that 68Ga-EMP-100 could be a 
promising molecular imaging tool for mRCC patients undergoing tyrosin kinase inhibitor therapies.

Clinical Trials With Results



   |   IKCS16

N16- Anti-CAIX BBζ CAR4/8 T cells exhibit superior efficacy in a clear cell renal cell 
carcinoma (ccRCC) mouse model
Wang Y.1, 2, Buck A.1, Grimaud M.1, Culhane A.C.1,3, Kodangattil S.1, Razimbaud C.1, Bonal D.1, Nguyen Q.D.1, 
Zhu Z.2,4, Wei K.2,4, O’Donnell M.L.1, Huang Y.1, Signoretti S.1,2,4, Choueiri T.K.1,2, Freeman G.J.1,2, Zhu Q.1,2, 
Marasco W.A.1,2    
1Dana-Farber Cancer Institute, Boston, MA; 2Harvard Medical School, Boston, MA; 3Harvard TH Chan School of 
Public Health, Boston, MA; 4Brigham and Women’s Hospital, Boston, MA 

Improving CAR-T cell therapy for solid tumors requires a better understanding of CAR design and cellular 
composition. Here, we compared second-generation (BBζ, 28ζ) with third-generation (28BBζ) carbonic 
anhydrase IX (CAIX) targeted CAR constructs and investigated the anti-tumor effect of CAR-T cells with 
different CD4/CD8 proportions in vitro and in vivo. The results demonstrated that BBζ exhibited superior 
efficacy compared to 28ζ and 28BBζ CAR-T cells in a ccRCC skrc-59 cell bearing NSG-SGM3 mouse 
model. The mice treated with a single dose of BBζ CAR4/8 showed complete tumor remission and remained 
tumor-free 72 days after CAR-T cells infusion. Profiling tumor infiltrating T cells via scRNAseq, we found 
that BBζ CAR8 upregulated expression of HLA II and cytotoxicity associated genes, while downregulating 
inhibitory immune checkpoint receptor genes and diminishing differentiation of Tregs, leading to excellent 
therapeutic efficacy in vivo. Increased memory phenotype, elevated tumor infiltration, and decreased 
exhaustion genes were observed in the CD4/8 UNT cells compared to CD8 alone, suggesting that CD4/8 
is the preferred cellular composition for CAR-T cell therapy with long-term persistence. In summary, these 
findings support that BBζ CAR4/8 T cells are a highly potent, clinically translatable cell therapy for ccRCC.
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N17- Deconstructing the clear cell renal cell carcinoma using single nuclei multiomics
Mariani M.P., Zhang Z., Christensen B.C., Salas L.A.    

Geisel School of Medicine, Dartmouth College, Hanover, NH 

Clear cell renal cell carcinoma - ccRCC accounts for about 80% of kidney tumors and often carries a worse 
prognosis than other renal cell carcinomas. We hypothesize that sub-phenotypes of ccRCC exhibit unique 
cellular programs across the heterogeneous tumor microenvironment interactions, resulting in differing 
survival outcomes. We employed a multiomics approach that utilized both single nuclei RNA sequencing and 
single nuclei ATAC sequencing to address this hypothesis. The multiomics method retains high sequencing 
quality across samples and offers the benefit of additional chromatin state information relative to single-
cell RNA sequencing alone. We incorporated CellRanger, Seurat, Monocle3, and Garnett to analyze the 
multiomics sequencing results from six ccRCC patient samples with differing survival profiles: two short-
term (1-5 years - 9,623 total nuclei) and four long-term (>5 years– 13,615 total nuclei). Curated gene lists 
from literature were used to assign a kidney, immune, or tumor cell type to each UMAP cluster. These cell 
classifications, along with the patient survival status, allowed us to identify differential transcripts, enriched 
chromatin factors, and ontology pathways associated with the more aggressive sub-populations of ccRCC 
cells. Interestingly, certain proximal tubule cells and vascular endothelial cells clustered near the more 
aggressive tumor cells, recapitulating the biological origin of these tumors. The identification of molecular 
programs germane to specific sub-populations of ccRCC cells allowed us to identify more aggressive sub-
populations of ccRCC. Such classification will ultimately allow for the development of additional biological 
targets for treatment and prognosis.
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N18- Navigating multiomics in clear cell renal cell carcinoma-ccRCC: Network analyses on 
DNA methylation-5mC, DNA hydroxymethylation-5hmC, messenger RNA-mRNA, and 
microRNA-miRNA expression
Zhang Z., Christensen B., Salas L.    

Dartmouth College, Hanover, NH 

Background: Although significant technological advances in recent years have allowed the extensive 
molecular characterization of ccRCC, critical gaps remain in understanding the underlying genetic and 
epigenetic regulatory mechanisms in ccRCC. Here, we aim to investigate the associations of 5mC and 5hmC 
with mRNA and miRNA expression in ccRCC. 

Methods: This pilot study selected eight ccRCC samples from the Dartmouth Renal Tumor Biobank based 
on tumor grade (Grades 1-2: n = 3; Grades 3-4: n = 5), towards a full study target of 200 samples. Tandem 
bisulfite (BS) and oxidative-bisulfite (oxBS) conversion on DNA followed by hybridization to Infinium 
MethylationEPIC BeadChip were used to measure 5mC and 5hmC. mRNA and miRNA expression were 
measured using whole RNA-seq and small RNA-seq technologies. The Enhancer Linking by Methylation/
Expression Relationships (ELMER) package was used to construct the genetic-epigenetic regulatory 
networks from epigenome and transcriptome profiles. Metascape was used for enrichment analyses.

Results: Gene enhancer associated 5hmC was enriched for angiogenesis, and 5mC was enriched for fatty 
acid and choline metabolism regulatory networks. Promoter regions associated 5hmC was enriched for 
hypoxia and apoptosis regulation, and 5mC was enrichend for mitotic cell cycle regulation. 

Conclusion: Gene regulatory networks differ by cytosine modification type 5hmC/5mC in ccRCC 
progression. More extensive mapping of 5mC, 5hmC, mRNA, and miRNA regulatory networks in ccRCC 
promises a better understanding of the tumor progression and potential discoveries of enhanced biological 
targets. 
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N19 - COVID-19 vaccination in patients with renal cell carcinoma receiving immune 
checkpoint inhibitors
Dzimitrowicz H.1, Hwang J.1, Shah R.1, Ashcraft K.1, George D.J.1, Salama A.1, Zhang T.1,2     
1Duke Cancer Institute, Duke University Medical Center, Durham, NC; 2Simmons Comprehensive Cancer Center; 
UTSW, Dallas, TX 

Background: Patients on cancer treatment were excluded from COVID-19 vaccine trials; thus safety of 
COVID-19 vaccination in patients with RCC receiving ICIs is not well described. 

Methods: We identified patients with RCC who received at least 1 dose of an FDA-authorized COVID-19 
vaccine (vax+), on or off ICI, between 12/1/2020 and 4/1/2021, with at least 3 months follow up at Duke 
Cancer Center. We retrospectively reviewed encounters over 3 months post-vaccination. Primary outcome 
was adverse events attributed to vaccination; other outcomes included subsequent immune related adverse 
events (IRAE) and COVID-19 infection. 

Results: 36 study patients (vax+ with ICI) and 36 control patients (vax+) were identified. Baseline 
characteristics are in Table 1. 22.2% of study patients (N=8/36) reported vaccination-related symptoms: 
chills (8.3%; N=3), headache (5.6%; N=2), fatigue (5.6%; N=2), and one with fever, nausea, vomiting, 
diarrhea, myalgias, injection site pain, and rash. One control patient developed PVCs. Two study patients 
(5.6%) developed new/worsening IRAE requiring systemic steroids and/or treatment hold (colitis and adrenal 
insufficiency). One study patient (2.8%) and 0 patients developed COVID-19 infection after one and two 
vaccine doses, respectively. 

Conclusions: In a population of patients with RCC receiving ICI, COVID-19 vaccination appears to be well 
tolerated and safe. The higher rate of post-vaccination symptoms reported in ICI+ patients may be related 
to more frequent visits vs controls. In solid tumor populations at higher risk for severe COVID19 infections, 
vaccination is important to mitigate this risk.
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N20- Radiation prior to combination-immunotherapy in patients with metastatic renal cell 
carcinoma (mRCC) and bone metastases.
Yasin H., Chen Y.W., Tucker M., Beckermann K.E., Rini B.    

Vanderbilt University Medical Center, Nashville, TN 

Background: Retrospective studies and post-hoc analyses have shown that patients with metastatic renal cell 
carcinoma (mRCC) and bone metastasis have worse outcomes. A synergistic interaction between radiation 
(XRT) and Immunotherapy (IO) has been postulated. We performed a retrospective review of patients with 
bone metastasis treated with IO-combination, with and without prior XRT. 

Methods:  Patients with mRCC and bone metastasis treated at Vanderbilt-Ingram Cancer Center with IO 
doublets were identified. Data cutoff was August 31,2021. Patients who received XRT within six months of IO 
were included as having prior-XRT. Descriptive analyses of PFS, OS, and ORR were performed. 

Results: 28 patients were identified: 12 patients with prior XRT and 16 patients without prior XRT. Baseline 
characteristics were balanced between the groups with median age of 56, 82% of patients with clear cell 
histology type, 25% received prior systemic therapy, and 81% having intermediate/poor risk per IMDC. 
Notably, 42% (5/12) of patients in the no-XRT had prior nephrectomy compared to 81% (13/16) in the XRT 
group. The ORR among the no-XRT group was 19% (3/16) compared with 17% (2/12) in the prior-XRT group; 
Odds ratio was 0.87 (0.12-6.21; p=0.89). The mPFS was 3.5 mo (95% CI: 1.5-11.0) in the no-XRT group vs 
2.8 mo (1.4-14.7) in the prior-XRT group. The mOS was 18.8 mo (4.7-42.5) in the no-XRT group, and the 
mOS was not reached (7.4-NR) in the prior-XRT group.

Conclusion:  In our single-center retrospective analysis, no major difference in clinical outcomes were 
observed in patients by receipt of prior XRT.

Never Before Submitted



   |   IKCS21

N21- Adverse events (AE) management among advanced renal cell carcinoma (aRCC) 
patients receiving first-line (1L) axitinib + checkpoint inhibitor (CPI) therapy
Zakharia Y.1, Thomaidou D.2, Chang R.3, Huynh L.3, Sundaresan S.3, Du S.3, Duh MS.3, Zanotti G.4    
1University of Iowa, Iowa City, IA; 2Pfizer Hellas, Athens, Greece; 3Analysis Group, Inc., Boston, MA; 4Pfizer, Inc., 
New York, NY 

Background: Real-world safety outcomes data is lacking for aRCC patients receiving axitinib+CPI. This study 
assesses AEs and management strategies used among US aRCC patients treated with 1L axitinib+CPI. 

Methods: A retrospective physician-administered chart review included adult aRCC patients treated with 
1L axitinib+CPI (avelumab or pembrolizumab) with documented frequently-reported axitinib-related AEs of 
fatigue, diarrhea, nausea, hypertension, or palmar-plantar erythrodysesthesia (PPE). Patient characteristics, 
AEs experienced, and AE management strategies (no action vs axitinib modifications [dose reduction and/or 
treatment interruption]) were described. 

Results: Among 481 patients (median age 63 years, 67% male, 74% White) abstracted by 201 oncologists 
(67% community-based, 37% academic-based), 131 and 350 patients received axitinib+avelumab and 
axitinib+pembrolizumab, respectively; 83% patients remained on 1L at chart abstraction. Among patients 
with IMDC risk scores, 11%, 52%, and 37% had favorable, intermediate, and poor risk, respectively. Any AE 
incidence varied by type: 48% fatigue, 38% diarrhea, 29% nausea, 22% hypertension, 11% PPE. Median 
time from 1L initiation to AE onset was 1 month. Of 251 AEs managed with axitinib modifications, 60% dose 
reduced and 49% stopped temporarily. The Table shows frequency of and time to AE resolution/improvement 
by management strategy across AEs. 

Conclusions: Patients whose AEs were managed with axitinib treatment modifications had higher AE 
resolution/improvement rates and shorter time to resolution/improvement compared to no action. This 
real-world study highlights the importance of proactive therapy management strategies to enable optimal 
axitinib+CPI treatment.
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N22- Nivolumab plus cabozantinib (N+C) versus sunitinib (S) in patients with advanced 
renal cell carcinoma (aRCC) and bone metastasis: subgroup analysis of the Phase 3 
CheckMate 9ER trial
Apolo A.1, Powles T.2, Bourlon M.T.3, Suarez C.4, Porta C.5, George S.6, Choueiri T.7, Motzer R.8, Sheffold 
C.9, Zhang J.10, Mangeshkar M.9, Shah A.Y.11, Escudier B.12    
1NCI/NIH, Bethesda, MD; 2Barts Cancer Centre, Queen Mary University of London, Royal Free National Health 
Service Trust, London, UK; 3Urologic Oncology Clinic, Instituto Nacional de Ciencias Médicas y Nutrición Salvador 
Zubirán, Mexico City, DF, Mexico; 4Vall d’Hebron Institute of Oncology (VHIO), Hospital Universitari Vall 
d´Hebron, Vall d´Hebron Barcelona Hospital Campus, Barcelona, Spain; 5University of Pavia, Pavia, Italy; 6Roswell 
Park Comprehensive Cancer Center, Buffalo, NY; 7Lank Center for Genitourinary Oncology, Dana-Farber Cancer 
Institute, Brigham and Women’s Hospital, and Harvard Medical School, Boston, MA; 8MSKCC, New York, NY; 
9Exelixis, Inc., Alameda, CA; 10Bristol Myers Squibb, Princeton, NJ; 11MDACC, Houston, TX; 12Gustave Roussy, 
Villejuif, France  

Background: In the phase 3 CheckMate 9ER trial (NCT03141177), N+C significantly improved progression-
free survival (PFS), overall survival (OS), and objective response rate (ORR) vs S in first-line aRCC. This 
exploratory analysis evaluated outcomes by baseline bone metastasis status per investigator. 

Methods: 651 patients with clear cell aRCC were randomized 1:1 to N (240 mg Q2W) plus C (40 mg QD) 
or S (50 mg QD for 4 weeks of 6-week cycles). Data cut-off was Sep 10, 2020. PFS and ORR were per 
blinded independent central review per RECIST v1.1. 

Results: 151 patients had bone metastasis at baseline. PFS was longer with N+C vs S in patients with or 
without bone metastasis and the HR favored N+C vs S (Table). The OS HR also favored N+C vs S. ORR was 
higher, and duration of objective response (OR) was longer in N+C vs S in both groups. Both subgroups had 
longer duration of treatment for N+C vs S. All-causality Grade 3-4 adverse events for N+C vs S were 78% 
vs 67% and 71% vs 68%, in patients with and without bone metastasis, respectively; treatment-related Grade 
3-4 adverse events were 71% vs 42% and 59% vs 55%. 

Conclusions: Treatment with N+C vs S improved PFS, OS, and ORR in patients with first-line aRCC 
irrespective of bone metastasis at baseline, consistent with outcomes in all randomized patients.
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N23- Real-world clinical characteristics and treatment patterns of patients with advanced 
renal cell carcinoma treated with first-line avelumab + axitinib in the United States
Zanotti G.1, Ribbands A.2, Leith A.2, Last M.2, Forshaw C.2, Liu F.X.3, Kearney M.4    
1Pfizer, New York, NY; 2Adelphi Real World, Bollington, UK; 3EMD Serono, Inc., Rockland, MA — an affiliate of 
Merck KGaA, Darmstadt, Germany; 4(Econ.) - the healthcare business of Merck KGaA, Darmstadt, Germany 

Background: In May 2019, the FDA approved first-line avelumab+axitinib (A+Ax) to treat patients with 
advanced renal cell carcinoma (aRCC), widening first-line treatment options. We examined treatment 
patterns and durations in patients with aRCC with differing International Metastatic Renal Cell Carcinoma 
Database Consortium (IMDC) statuses, who received first-line A+Ax. 

Methods: Data were drawn from a point-in-time survey administered to oncologists (Onc), nephrologists 
(Neph) and urologists (Uro) in the US between Oct2020 and Feb2021. Physicians completed record forms 
for their next 8 consecutively consulting adult patients with aRCC. A patient subset that received first-
line A+Ax for ≥3 months formed the primary analysis set. Descriptive analyses were used and missing data 
excluded. 

Results: Physicians (n=27; community, 52%; academic, 48%; Onc, 74%; Uro, 15%; Neph, 11%) provided 
data on the patient subset of 158 patients with 143 patients receiving first-line A+Ax. Of these, mean age 
was 64.8 years, 68% were male, 60% had a performance status of 0-1, 4% had a IMDC poor-risk score and 
mean ongoing duration to date was 5.2 months. 

Conclusions: This real-world study provides an early perspective on aRCC patients treated with A+Ax in 
first-line. Because of the unique study methodology, all first-line patients were receiving ongoing treatment, 
thus explaining the limited duration of therapy. A+Ax was being used across all IMDC risk groups but few 
poor-risk patients received it. Additional follow-up may enhance understanding of treatment patterns and 
sequencing.
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N24- Disease control rate (DCR) with tivozanib (TIVO) vs sorafenib (SOR) in relapsed/
refractory (R/R) advanced RCC
Pal S.K.1, Atkins M.B.2, Hutson T.E.3, Escudier B.4, McDermott D.F.5, Kasturi V.6, Rini B.I.7    
1City of Hope Comprehensive Cancer Center, Duarte, CA; 2Georgetown University School of Medicine, 
Washington, D.C.; 3Texas A&M College of Medicine/Baylor University Medical Center, Dallas, TX; 4Gustave 
Roussy Institute, Villejuif, France; 5Harvard Medical School, Beth Israel Deaconess Medical Center, Boston, MA; 
6Aveo Oncology; 7VUMC, Nashville, TN 

Background: The TIVO-3 trial supported FDA-approval of TIVO in R/R advanced RCC, demonstrating 
improved PFS over SOR. The likelihood of measurable RCC tumor response diminishes after ≥2 lines of 
therapy, and the clinical relevance of prolonged SD is increasingly important. DCR is a landmark measure 
of tumor response and SD, but results vary by required duration of SD. We assessed probability of disease 
control and magnitude of benefit with TIVO vs SOR over time. 

Methods: Exploratory analysis of DCR (CR+PR+SD) was calculated using investigator-assessed response at 
wks-8, -16 and -24 for TIVO and SOR. 

Results: Include the ITT population, with inevaluable/missing scans considered PD. Odds ratios, CIs and 
P-values are reported for each timepoint using logistic regression. DCR across prespecified subgroups were 
analyzed descriptively. Results: 350 patients were randomized to TIVO (n=175) or SOR (n=175). DCR at 
wk-8, -16 and -24 was consistently higher with TIVO than SOR (Table 1). The absolute difference increased 
from 13% to 20% between wk-8 to wk-16, and was maintained at wk-24. Odds of disease control with TIVO 
were >2x that of SOR. Similar degree and time-dependent increases in DCR were seen with TIVO across all 
subgroups at each timepoint, with the exception of IMDC poor at wk-8 only, which did not differ regardless 
of treatment received. 

Conclusions: DCR with TIVO is superior to SOR in advanced RCC, and the incremental benefit is greater at 
timepoints beyond 8-wks SD. Table 1. DCR at 8-, 16- and 24-wks in TIVO-3
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N25- Cost per survivor (CPS) and cost per life-month (CPLM) of nivolumab plus 
ipilimumab (NIVO+IPI) versus pembrolizumab plus axitinib (PEMBRO+AXI) for 
previously untreated advanced renal cell carcinoma (aRCC)
Huo S.1, Del Tejo V.1, Du E.X.2, Wu A.2, Chin A.2, Betts K.A.2    
1Bristol Myers Squibb, Princeton, NJ; 2Analysis Group, Inc., Los Angeles, CA 

Background: NIVO+IPI and PEMBRO+AXI demonstrated survival benefits versus sunitinib (SUN) for 
previously untreated aRCC in the CheckMate 214 and KEYNOTE-426 trials, respectively. In the absence of 
head-to-head trial, their comparative costs have not been assessed. This study compared the CPS and CPLM 
of the two treatments. 

Methods: Overall survival (OS) rates were derived from a matching-adjusted indirect comparison of 
NIVO+IPI (CheckMate 214, median follow-up: 55 months) versus PEMBRO+AXI (KEYNOTE-426, 
median follow-up: 43 months). Treatment costs (2020 USD) included costs of drug acquisition, 
administration, and grade 3/4 adverse events. The monthly incremental CPS for NIVO+IPI or 
PEMBRO+AXI relative to SUN was calculated as the difference in monthly costs divided by the difference 
in OS rates at 12, 24, 36, and 48 months. The incremental CPLM was estimated similarly using restricted 
mean survival time. 

Results: The monthly incremental CPS relative to SUN for NIVO+IPI decreased over time and were 
consistently lower than that for PEMBRO+AXI (at 48 months: $18,881 vs. $136,342) (Figure 1). Similarly, 
NIVO+IPI had consistently lower incremental CPLM (relative to SUN) compared with PEMBRO+AXI 
throughout follow-up with a difference in incremental CPLM of $63,611 over 48 months. 

Conclusions: NIVO+IPI had consistently lower incremental CPS and CPLM (relative to SUN) compared 
with PEMBRO+AXI over time, indicating greater cost efficiency for NIVO+IPI as first-line aRCC 
treatment.
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N26- Gene expression profiling (GEP) of non-clear cell renal cell carcinoma (nccRCC) 
identifies a unique spectrum of transcriptional signatures with potential clinical relevance
Barata P.1, Gulati S.2, Elliott A.3, Hammers H.4, Rao A.5, Burgess E.6, Gartrell B.7, Darabi S.8, Bilen M.9, 
Geynisman D.10, Dawson N.11, Magee D.3, Zibelman M.10, Zhang T.4, Korn W.M.3, Nabhan C.3, Heath E.12, 
Wei S.10, Ryan C.13, McKay R.14     
1Tulane University; 2University of Cincinnati Medical Center; 3CARIS Life Sciences; 4UTSW; 5Baylor College of 
Medicine; 6Levine Cancer Institute; 7Montefiore Medical Center; 8Hoag Memorial Presbyterian Hospital; 9Emory 
Cancer Institute; 10Fox Chase Cancer Center; 11Georgetown University Lombardi Comprehensive Cancer Center; 
12Barbara Ann Karmanos Cancer Institute; 13University of Minnesota; 14UCSD 

Background: Tumor GEP has identified RCC subgroups with distinct transcriptional profiles that are 
predictive of response to anti-angiogenic and immune checkpoint blocking (ICB) drugs. While prior work has 
characterized GEP among patients with ccRCC, characterization of nccRCC tumors to identify predictive 
markers of response remains an unmet need. In this multi-institutional real-world analysis, we examined the 
transcriptional profiles among the spectrum of RCC histologies including ccRCC and nccRCC tumors. 

Methods: Next-generation sequencing was performed for samples submitted to a commercial CLIA-certified 
lab (Caris Life Sciences). Central pathology review confirmed diagnoses of nccRCC samples. Molecular 
subgroups were defined according to Motzer et al., 2020, with subgroups determined by a weighted average 
of gene expression levels. 

Results: RCC samples (n=467; median age: 62 years; 70.6% men) were profiled, including papillary (9.6%), 
chromophobe (4.6%), medullary (1.2%), collecting duct (0.9%), and mixed (6.2%) nccRCC histologies 
(n=148). Specimen sources included kidney (51.7%), lung (11.4%), bone (6.8%), lymph nodes (5.2%), liver 
(4.2%) and other metastatic sites (20.7%). While most ccRCC samples were classified as ‘Angiogenic’ or 
‘Angio/stromal’ (50.4%), these molecular subgroups comprised <10% of nccRCC samples, which were 
predominately classified as ‘proliferative’ (48.6%). ccRCC and nccRCC samples classified as ‘T-effector/
proliferative’ were more commonly associated with immunotherapy-response related markers (MSI-High/
TMB-High/PD-L1+) and increased immune cell infiltration compared to other subgroups. 

Conclusions: In our analysis of real-world RCC samples, we demonstrate differential GEP patterns among 
ccRCC and nccRCC tumors. nccRCC was strongly associated with the ‘Proliferative’ subtype and weakly 
associated with ‘Angiogenic’ subtypes compared to ccRCC. These observations provide a new understanding 
for personalized treatment of nccRCC and warrant further evaluation in prospective trials.
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N27- Spectral dual-layer detector CT: a new independent prognostic tool in metastatic 
renal cell carcinoma
Drljevic-Nielsen A.1, Mains J.R.1, Andersen M.B.1,2, Thorup K.1, Thygesen J.3, Rasmussen F.1, Donskov F.1    
1Department of Oncology, Aarhus University Hospital, Aarhus, Denmark; 2Herlev/Gentofte Hospital, Denmark; 
3Department of Procurement and Clinical Engineering, Central Denmark Region, Aarhus, Denmark 

Background: Spectral Dual-Layer Detector CT (DL-CT) can separate X-ray photons, enabling generation 
of conventional CT and DL-CT series. The prognostic ability of DL-CT in patients with mRCC remains to be 
assessed. 

Methods: Patients with mRCC were included in a prospective cohort-study, ClinicalTrials.gov identifier: 
NCT03616951. Baseline DL-CT scans were reconstructed to DL-CT series and conventional CT series used 
for quantification of iodine concentration (IC) and Hounsfield Units (HU) in the entire volume of all RECIST 
v1.1-defined target lesions using histogram analyses, and defined as IC(combined) and HU(combined). 
Data were adjusted for treatments (checkpoint immunotherapy or tyrosine kinase inhibitors) and IMDC 
risk factors and associated with objective response rate (ORR), progression-free survival (PFS), and overall 
survival (OS) using logistic regression and Cox regression, respectively. 

Results: A total of 115 patients were included, of which 17% were in the favorable, 52% in the intermediate 
and 31% in the poor IMDC prognostic group. Median baseline IC(combined) and HU(combined) were 2.26 
mg/ml (range,0.04-9.46) and 86.00 (range,15.00-224.00). After multivariate adjustment, high baseline 
IC(combined) was associated with favorable OS (HR=0.37; 95%CI: 0.22-0.63;P<0.001), favorable PFS 
(HR=0.51; 95%CI: 0.32-0.80;P=0.004) and higher ORR (OR=4.35; 95%CI: 1.84-10.27;P=0.001). High 
baseline HU(combined) was associated with favorable OS (HR=0.42; 95%CI: 0.24-0.72;P=0.001) and 
higher ORR (OR=2.52; 95%CI: 1.12-5.69;P=0.03). The estimated c-index for IMDC features was 0.650, 
and increased to 0.687 and 0.692 when high HU(combined) and IC(combined), respectively, were added. 

Conclusions: IC(combined) and HU(combined) are new, independent, prognostic imaging biomarkers in 
patients with mRCC, and may add to the prognostic accuracy of IMDC.
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N28- Direct imaging characteristics of myeloid derived suppressor cell (MDSC) populations 
in renal cell carcinoma patients (RCC) by ethnicity – an exploratory analysis
Basu A., Sabatto B.Z., Mubeen A., Nandagopal L., Deshazo M., Netto G.     

University of Alabama at Birmingham

Background: MDSC are a key mediator of resistance to immune checkpoint blockade. Previous studies in 
RCC have investigated peripheral MDSC via flowcytometry. Multiplexed immunohistochemistry (mIHC) 
allows direct visualization of MDSC in tissue, thus enabling spatial analysis of these populations. We 
hypothesized ethnic differences may influence spatial patterns of MDSC. 

Methods: In this pilot study, RCC samples (n=10) were obtained from tissue biorepository and 
stained by the Ultimapper I/O MDSC 5 Plex kit for CD11b, CD14, CD15, HLA-DR, and a nuclear 
counterstain. Granulocytic (PMN)-MDSC [CD11b+, CD15+, HLADR-Low], and monocytic(M)-MDSC 
[CD11b+,CD14+,HLA-DR-Low] were identified. An Image analysis algorithm (QuPath) was trained by a 
qualified pathologist to identify specific MDSC Cell populations. Spatial characteristics of these MDSC were 
then compared in an exploratory fashion. 

Results: PMN-MDSC were the most predominant population of tumor infiltrating MDSC (74%). MDSC 
comprised 0.56% (95%CI 0.1%-0.9%) of tumor cells, and 0.31% (95%CI 0.1-0.11%) of stromal cells and did 
not differ by race (p=0.85). When comparing the proportions of tumor infiltrating MDSC with total MDSC, 
trends were noted in Caucasian versus African American tumor samples [(5% vs 33%), p=0.07], in addition 
to differences in the Ratios of MDSC populations in tumor vs stroma [Caucasian (47%) vs African American 
(196%), p=0.08]. 

Conclusions: RCC tumor samples appear to be primarily infiltrated by Granulocytic MDSC, ethnicity may 
potentially influence the spatial distribution of MDSC and should be investigated in further studies.
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N29- Expression of aberrant splice variants are strongly associated with clinical 0utcome in 
clear cell RCC
Chang A., Chakiryan N., Stewart P., Soupir A., Tian Y.,  Du D., Teer J., Kim Y., Koomen J., Berglund A., 
Robinson T., Wang L., Manley B.    

Moffitt Cancer Center, Tampa, FL  

Background: Alternative mRNA splicing is recognized as a key driver of proteomic diversity for humans. 
In cancer, this splicing process can be altered resulting in generation of aberrant splice variants that can 
contribute to tumor pathogenesis either directly through novel mRNA isoforms or indirectly as pre-mRNA 
that impact transcription. However, our understanding of the clinical significance of splice variants in clear 
cell renal cell carcinoma (ccRCC) is currently limited. Given the lack of actionable genomic mutations in 
clear cell RCC, aberrant splicing may provide a novel avenue towards biomarkers, drivers and therapeutic 
targets. 

Methods: We analyzed RNA-seq data of ccRCC primary tumors obtained from our high-risk institutional 
Total Cancer Care cohort (TCC; n=111) and The Cancer Genome Atlas (TCGA; n=491) to elucidate the 
expression of RNA splice variants identified to be highly frequent in and specific to ccRCC. Specificity of the 
variants to ccRCC was confirmed by screening non-RCC tumors in our TCC cohort (n=4365) in addition 
to adjacent normal kidney tissue in the TGCA (n=71) cohort. Variant expression (defined by presence or 
absence) was then correlated with clinical data, including overall (OS) and cancer-specific survival (CSS). 

Results: In our TCC cohort, good (median OS 151 months; CSS not reached), intermediate (median OS 116 
months; CSS 140 months) and poor (median 64 months; CSS 102 months) survival outcomes were stratified 
based on the absence of 0-1, 2-3 or 4-5 ccRCC-specific splice variants (PDZD2, COBLL1, FAM107B, 
EGFR and PTPN12), respectively (p.logrank = 0.008). This was then validated using the larger TCGA 
cohort with similar findings (p.logrank = 0.003). Thus, loss of these specific ccRCC splice variants appears 
to be associated with inferior OS and CSS outcomes, independent of pathologic stage. We also find that the 
presence of RNASET2 splice variant expression is significantly associated with worse outcomes in the TCGA 
cohort (p.logrank < 0.001). 

Conclusions: The absence of ccRCC-specific splice variants is strongly associated with poor overall and 
cancer-specific survival. Uniquely, the presence of RNASET2 splice variants is associated with worse survival, 
suggesting a potential role in driving progression.
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N30- Molecular profiling of metastatic renal cell carcinoma (mRCC) treated with 
ipilimumab-nivolumab (ipi-nivo)
Zhang T.1,2, Brown L.1, Desai K.3, Tran J.3, Gupta R.1,  George D.J.1, Lee Y.H.4, Pabla S.4, Nesline M.4,      
Glenn S.4, Ornstein M.2    
1Duke University; 2UTSW; 3Cleveland Clinic; 4OmniSeq   

Background: Molecular biomarkers for mRCC predicting for immunotherapy responses are lacking. 
T-effector and myeloid profiles have been associated with immunotherapy responses, and low expression of a 
5-gene panel (FOXP3, CCR4, KLRK1, ITK, and TIGIT) was previously associated with nivolumab resistance. 

Methods: Patients with ipi-nivo treated mRCC and archival tumor specimens were identified at Duke 
Cancer Institute and Cleveland Clinic Cancer Center. FFPE samples were evaluated by RNA sequencing 
and IHC. Radiographic objective response rate (ORR) was assessed with RECIST 1.1 criteria. Inflammation 
(strong, mod, weak), cell proliferation (CP: high, moderate, poor), PD-L1, CTLA-4 status, and 5-gene panel 
expression were correlated with clinical outcomes. 

Results: 62 tumors were analyzed. Inflammation (27 strong, 19 moderate, 16 weak) did not correlate with 
ORR (OR 0.37, 95% CI 0.08-1.73, p=0.21 for strong vs weak; OR 0.44, 95% CI 0.13-4.12, p=0.34 for 
moderate vs weak). CP groups (3 high, 15 moderate, 44 poor) showed moderate CP had lower prognosis 
than poor CP (HR for OS 3.75, 95% CI 1.05-13.43, p=0.04). High vs low 5-gene panel did not correlate 
with ipi-nivo response (OR 1.44, 95% CI 0.41-5.04, p=0.57). Moderate CP vs poor CP with low CTLA4/
high PD-L1 showed poorer OS (HR 20.82, 95% CI 2.13-203, p=0.01) and shorter PFS (HR 8.58, 95% CI 
1.86-39.6, p=0.01). 

Conclusions: Predictive biomarkers remain elusive for mRCC. Gene expression profiles predicting response 
may vary by treatment. Multifaceted composite biomarkers may help in patient selection, but prospective 
studies are needed.
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N31- Evaluation of provider preferences in first-Line metastatic renal cell carcinoma
Chablani P.V., Karrison T., Stadler W.    

University of Chicago Medical Center 

Background: Dual immunotherapy (ipilimumab/nivolumab, IO/IO) and immunotherapy/ tyrosine kinase 
inhibitor (IO/TKI) combinations (e.g. pembrolizumab/ axitinib) are approved for the first-line treatment of 
intermediate/poor risk metastatic renal cell carcinoma (RCC). We sought to understand how oncologists 
decide between IO/IO vs. IO/TKI. 

Methods: We sent a 10-question electronic survey centered on a patient scenario to 294 academic/disease-
focused and general oncologists in the US. 

Results: We received 105 responses (36% response rate): 61% (64) of providers chose IO/IO, 39% (41) 
chose IO/TKI. 78% (82) of oncologists were academic or disease-focused, 22% (23) were general. Academic/
disease-focused oncologists were significantly more likely to choose IO/IO (68%, 56/82) than general 
oncologists (35%, 8/23), p = 0.004 (Figure 1). Among those who chose IO/IO, the perceived main issue 
with IO/TKI was: long-term toxicities - 31% (20), short-term toxicities - 28% (18), less effective - 28% (18), 
and less convenient - 8% (5). Among those who chose IO/TKI, the perceived main issue with IO/IO was: 
short-term toxicities - 43% (17), less effective - 28% (11), long-term toxicities - 15% (6), and risk of death - 
10% (4). 88% (92) of providers would be comfortable enrolling patients into a phase III trial comparing IO/
IO vs. IO/TKI. 

Conclusions: There was a significant association between type of practice and choice of therapy; academic/
disease-focused oncologists were more likely to choose IO/IO. The majority of oncologists would be 
comfortable enrolling patients into a phase III trial comparing IO/IO vs. IO/TKI, demonstrating equipoise 
regarding this question.
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N32- Assessing human kidney cancer metabolism with intraoperative isotope tracing
Bezwada D., Lesner N.P., Vu H., Kasitinon S., Kelekar S., Patrick M., Ghandour R., Guevara G., Zhang 
Y., Rosales T., Poole A.M., Lotan Y., Woldu S., Meng X., Bagrodia A., Cadeddu J.A., Pedrosa I., Kapur P., 
Courtney K.D., Malloy C.R., Margulis V., DeBarardinis R.J.      

University of Texas Southwestern Medical Center, Dallas, TX 

Background: Tumor metabolic phenotypes reflect multiple factors including organ-specific metabolic 
preferences and local nutrient availability. However, it remains unclear to what extent genetics and the local 
environment dictate nutrient utilization in human tumors. 

Methods:  We utilized a multidisciplinary clinical approach to intraoperatively infuse 13C-substrates in over 
70 patients with different subtypes of kidney cancer. 

Results: We demonstrate that glucose utilization patterns vary across kidney cancer subtypes, highlighting 
the fact that the kidney environment alone cannot account for all aspects of cellular metabolism in kidney 
cancers. Previous studies determined that glucose oxidation is suppressed in clear cell renal cell carcinoma 
(ccRCC), the most common and deadly form of kidney cancer. Here, by assessing freshly-cultivated, 
surgically-resected tissues from tumors and adjacent kidney, we determine that suppressed glucose oxidation 
in human ccRCC is a tumor-intrinsic property. Infusions of acetate in intact patient tumors and isolated 
patient mitochondria underscore low TCA cycle turnover in primary ccRCCs. We also show that isolated 
mitochondria from these tumors display reduced respiration relative to mitochondria from the kidney, 
indicating that human ccRCC involves metabolic reprogramming at the level of the electron transport 
chain. Surprisingly, preliminary analysis of some ccRCC metastases show increased glucose oxidation and 
mitochondrial respiration relative to primary ccRCCs, suggesting a possible divergent metabolic program that 
affects kidney cancer progression and metastasis. 

Conclusions: Altogether, our findings indicate genetically-defined metabolic heterogeneity among human 
kidney cancer subtypes, and reveal an unexpected possible metabolic adaptation during ccRCC metastasis in 
patients.
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N33- Outcomes of cytoreductive nephrectomy followed by active surveillance in metastatic 
renal cell carcinoma
Khaleel S., Silagy A., Duzgol C., Kotecha R., Rappold P., Weiss K., Dinatale R., Patil S., Coleman J.,         
Russo P., Voss M., Hakimi A.      

Memorial Sloan Kettering Cancer Center, New York, NY 

Background: Cytoreductive nephrectomy (CRN) for management of metastatic renal cell carcinoma 
(mRCC) has been recently debated. We retrospectively evaluated systemic therapy (ST)-naïve mRCC 
patients undergoing CRN followed by active surveillance (CRN+AS), subclassified into favorable- and 
unfavorable-risk based on prognostic criteria proposed by Rini et al for length of AS after CRN (2016). We 
assessed intervention-free survival (IFS), overall survival (OS), progression-free survival (PFS), and cancer-
specific survival (CSS). 

Methods: We searched our institutional mRCC database for ST-naïve patients undergoing CRN+AS 
between 1989-2020. Categorical and continuous outcomes were assessed using Chi-squared and Welch 
T-test, respectively. Cox regression and Kaplan-Meier method were used to assess survival outcomes. 

Results: Of 517 ST-naïve patients who underwent CRN, 414; (80%) had residual disease, followed by AS 
vs ST in 97 (23.4%) vs 295 (76.6%) patients. Median IFS was 22.2 months in the CRN+AS cohort, with 
58 patients undergoing further ST/surgery. Median PFS, OS and CSS were 7.7, 52.3, and 56.5 months, 
respectively. Favorable Rini-risk was significantly associated with longer IFS (HR 0.60; 95% CI: 0.38–0.95, 
p=0.026) and CSS (HR 0.51; 95% CI: 0.27–0.99, p=0.041), but not OS or PFS, in CN+AS patients 
(Figure 1). 

Conclusions: In this retrospective study, mRCC patients selected for primary CRN+AS had median 
IFS of 22.2 months, supporting CRN+AS in well-selected patients, avoiding the morbidity of primary or 
adjuvant ST. Prognostic criteria proposed by Rini et al for CRN+AS patients may aid in patient selection and 
management.
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N34- BAP1 suppresses tumor growth via interferon beta and ISGF3 in clear cell renal cell 
carcinoma
Langbein L.1, El Hajjar R.1, He S.1, Sementino E.2, Zhong Z.1, Jiang W.1, Testa J.2, Yang H.1     
1Thomas Jefferson University; 2Fox Chase Cancer Center

Background: BAP1 is mutated in about 15% of clear cell Renal Cell Carcinoma (ccRCC). Kidney cancer 
patients carrying BAP1 mutations have very bad prognosis. The mechanism of BAP1’s tumor suppression 
is unclear and seems cell type/context specific. There is no treatments specific to BAP1-deficient cancers/
ccRCC. Previously, our lab has shown that BAP1 is required to maintain ISGF3 activity in VHL-/- ccRCC 
cancer cells, and in general ISGF3 is potently tumor suppressive. We set out to investigate how BAP1 
regulates ISGF3, and whether ISGF3 activation by a STING agonist can retard BAP1-deficient tumor 
growth. 

Methods: ccRCC cancer cells were manipulated to suppress or re-express BAP1, VHL, or HIF2alpha to 
examine their impact on interferon beta (IFN-β), ISGF3 targets and STING. Xenograft analyses were 
performed to assess whether genetic change or treatment compound can alter tumor growth. BAP1 C91G 
point mutant was used to assess the importance of its deubiquitinase activity on ISGF3 regulation. 

Results: 1. VHL and HIF2α regulate IFN-β expression in ccRCC cells, and IFN-β activates ISGF3 and 
suppresses tumor growth; 2. BAP1 promotes ISGF3 activity in a deubiquitinase-dependent manner; 3. BAP1 
up-regulates IFN-β expression to stimulate ISGF3 activity; 4. BAP1 stimulates ISGF3 activity through up-
regulating STING expression; 5. BAP1 is a bona fide ccRCC tumor suppressor; 6. A STING agonist increases 
ISGF3 activity and slows the growth of BAP1-deficient tumors. 

Conclusions: In VHL-deficient ccRCC cancer cells, HIF up-regulated IFN-β to trigger a tumor-suppressive 
pathway-up-regulation of ISGF3. BAP1 loss-of-function would lead to reduced STING expression and 
IFN-β, thus crippling the tumor-suppressive pathway. In BAP1-deficient xenograft tumors, a STING agonist 
could re-activate ISGF3 and slow tumor growth.
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N35- Machine learning predicts BAP1/PBRM1 from digital histology in clear cell renal cell 
carcinoma: TRACERx Renal
Spencer C., Liu S., De Folter J., Au L., Strange A., Turajlic S.    

The Francis Crick Institute, London, UK  

Background: Histological analysis is the cornerstone of diagnosis for clear cell renal cell carcinoma (ccRCC). 
Genomic profiling provides prognostic information that could inform clinical management. This requires 
multi-region sampling for next-generation sequencing to capture molecular intratumoural heterogeneity, 
which is cost-prohibitive in clinical practice. However, extensive sampling is routine for histology. Predicting 
genetic alterations from histology presents a cost-effective, implementable solution. Machine learning (ML) 
can predict genetic mutations from histology in other cancer types, unachieved in kidney cancer. We aim to 
develop an ML model to predict genomic alterations from histology in ccRCC. This could improve relapse risk 
stratification in the stage III setting enabling personalised patient management. 

Methods: Multi-region research samples of ccRCC are collected within the prospective TRACERx Renal 
study (NCT03226886). We train a convolutional neural network with 606 tumour regions across 50 patient 
cases to predict the mutational status of specific genes from H&E sections. Each tumour region is bisected 
providing directly concordant specimens for histological and genomic analysis. 

Results: In our pilot study, we accurately predicted the mutational status of two ccRCC driver genes from 
digital H&E images. Region level hold-out prediction accuracy was high for both genes (Accuracy: PBRM1: 
0.926 and BAP1: 0.967, F1-score: PBRM1: 0.920 and BAP1: 0.867). 

Conclusions: Our results provide proof-of-principle that genomic alterations can be predicted from histology 
in ccRCC. We will train for other driver events (including gene mutations and copy number alterations). Our 
aim is to predict evolutionary modes from histology, which we have shown to correlate with relapse risks.
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N36- Adverse radiologic and pathologic features impact survival outcomes for small renal 
masses following nephrectomy
Khaleel S., Hong T., Jiang S., Davelman B., Coleman J., Hakimi A., Russo P.    

Memorial Sloan Kettering Cancer Center, New York, NY   

Background: The influence of finding adverse pathologic T3 features in small renal masses (SRMs, ≤ 4 cm) 
following partial or radical nephrectomy (PN, RN) remains unclear, particularly given the poor sensitivity of 
preoperative imaging for adverse features of cT3 disease in SRMs. We retrospectively reviewed SRMs that 
underwent PN/RN at our institution, comparing SRMs with/without adverse preoperative radiologic +/- 
pathologic features (cT3/pT3, cT1a/pT3) to lower-stage SRMs (cT1a/non-pT3). 

Methods: We searched our institutional database for SRMs that underwent PN/RN between 2010-2020, 
excluding cases with known advanced (pT4, M1) disease preoperatively. Continuous and categorical variables 
were compared using ANOVA and Kruskal-Wallis (K-W) tests, respectively. Cox proportional hazard 
regression (CPHR) analysis was used to model potential predictors of survival outcomes. 

Results: Of 2146 cases, 8.4% were deemed pT3 post-operatively (3.8% cT3/pT3; 4.6% cT1a/pT3). Median 
follow-up was 3.3 years (IQR 1.5–6.1). pT3-SRMs had higher rates of positive margins, overall and cancer-
specific mortality, and metastases than their non-pT3 counterparts, particularly in the cT3/pT3 subgroup 
(K-W p< 0.05; Table 1). On CPHR analysis, only the cT3/pT3 subgroup was significantly associated with 
higher risk for overall and cancer-specific death (p< 0.05), but not incidence of metastases, adjusting for age, 
BMI, mass size, histology, and Charlson comorbidity index. 

Conclusions: While rare, adverse pathologic upstaging portends worse outcomes for SRMs, particularly in 
the presence of concurrent adverse radiologic features. SRM subtratification by these features may aid in 
surgical and potentially multimodal treatment planning.
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E37- Characterization of the tumor immune microenvironment in clear cell renal cell 
carcinoma (ccRCC): prognostic and therapeutic implications of an M0-macrophage 
enriched subtype
Farha M.1, Vince R.2, Nallandhighal S.2, Cotta B.2, Stangl-Kremser J.2,3, Triner D.3, Morgan T.3,4,        
Palapattu G.1-4, Vaishampayan U.1,2,4, Cieslik M.2,4,5, Udager A.2,4,5, Salami S.1,2,4,5      
1University of Michigan Medical School; 2Michigan Medicine; 3Medical University of Vienna; 4University of 
Michigan Rogel Cancer Center; 5Michigan Center for Translational Pathology   

Background: Appropriate selection criteria for those who may benefit from ICB therapy is limited. Here, we 
elucidate the immune composition of multiple ccRCC cohorts, develop an immune content score, and test 
its prognostic and predictive capabilities. 

Methods: We analyzed TCGA-Kidney Renal Clear Cell Carcinoma (KIRC) patients with localized disease 
(discovery dataset n=382) and patients from the Clinical Proteomics Tumor Analysis Consortium (CPTAC) 
cohort (validation dataset n=94). CIBERSORT immune cell deconvolution and unsupervised hierarchical 
clustering divided the cohort based on similar immune infiltration. Survival and hallmark gene set enrichment 
(GSEA) analyses were performed by cluster. Finally, the immune cells associated with worse PFS were used 
to create an immune score, which was then tested on an independent cohort of nivolumab treated patients in 
CheckMate 010/025 (n=133). 

Results: An M0 macrophage predominant cluster emerged in both the TCGA (n=25) and CPTAC (n=9). 
This cluster demonstrated decreased PFS and OS as well as an enrichment of cell cycle progression, 
angiogenesis and epithelial-mesenchymal transition hallmark gene sets. In addition, these tumors displayed a 
prevalence of cancer associated fibroblasts (CAFs), myeloid derived suppressor cells (MDSCs), and greater 
T-cell exclusion (Table). Those with a high-risk score had a lower ORR to nivolumab (6% high-risk, 28% low-
risk; p=0.04). 

Conclusion: We developed a signature that can improve prognostication of ccRCC patients and identify 
those most suitable for immunotherapy in the adjuvant and/or advanced disease setting.
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E38- Disease free survival (DFS) as a predictor of overall survival (OS) in localized RCC 
following first nephrectomy
Haas N.B.1, Song Y.2, Willemann-Rogerio J.3, Zhang S.2, Adejoro O.3, Carley C.2, Zhu J.J.2, Bhattacharya R.3, 
Signorovitch J.2, Sundaram M.3       
1Perelman School of Medicine, University of Pennsylvania; Philadelphia, PA; 2Analysis Group, Inc., Boston, MA; 
3Merck & Co., Inc., Kenilworth, NJ   

Background: Association between DFS and OS was assessed in patients (pts) with newly diagnosed, 
completely resected, intermediate-high (pT2N0Grade4/pT3N0) or high-risk (pT4N0/pTanyN1) RCC post-
nephrectomy. 

Methods: This retrospective observational study used the SEER-Medicare database (2007–2016). Survival 
analysis and regression models compared OS from time of recurrence in pts with recurrence vs OS from 
comparable time point in pts without. Association between DFS and OS was examined using correlation 
analysis (Kendall’s τ rank correlation) and comparing post-nephrectomy OS among pts with and without 
recurrence at multiple landmark time-points. 

Results: 643 post-nephrectomy RCC pts met the inclusion criteria The median post-nephrectomy OS and 
DFS was 8.61 and 4.44 yrs, respectively. Pts with recurrence had significantly shorter OS than those without 
[median: 2.53 yrs vs not reached; adjusted HR (95% CI:6.00(4.24–8.48)]. Kendall’s τ rank correlation 
model demonstrated a statistically significant correlation between DFS and OS (Kendall’s τ =0.70;95% 
CI:0.65–0.74; P<0.001). Compared to pts without, pts with recurrence by each landmark time point had 
significantly shorter OS [1 yr post-nephrectomy median OS: 2.35vs9.66 yrs, and the OS 1, 3, and 5 after the 
1 yr landmark was 69.9vs96.5%, 41.8vs83.8%, and 37.0vs70.1%, respectively; all Ps<0.001], 2.6–3.5 times 
increased death risk and $6,320 higher all-cause healthcare cost. 

Conclusion: In SEER-Medicare data, post-nephrectomy recurrence was associated with significantly shorter 
OS among pts with intermediate-high or high-risk RCC, resulting in a strong positive association between 
DFS and OS.
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E39- Conditional survival and 5-year follow-up in CheckMate 214: first-line nivolumab plus 
ipilimumab (NIVO+IPI) versus sunitinib (SUN) in advanced renal cell carcinoma (aRCC)
Hammers H.J.1, Motzer R.J.2, Tannir N.M.3, McDermott D.F.4, Burotto M.5, Choueiri T.K.4, Plimack E.R.6,     
Porta C.7, George S.8, Powles T.9, Donskov F.10, Gurney H.11, Kollmannsberger C.K.12, Grimm M.O.13,   
Tomita Y.14, Rini B.I.15, McHenry M.B.16, Lee C.W.16, Escudier 17      
1UTSW, Dallas, TX; 2MSKCC, New York, NY; 3MDACC, Houston, TX; 4Dana-Farber/Harvard Cancer Center, 
Boston, MA; 5Bradford Hill Clinical Research Center, Santiago, Chile; 6Fox Chase Cancer Center, Philadelphia, 
PA; 7University of Pavia, Pavia, Italy; 8Roswell Park Cancer Institute, Buffalo, NY; 9Barts Cancer Institute, Cancer 
Research UK Experimental Cancer Medicine Centre, Queen Mary University of London, Royal Free National 
Health Service Trust, London, UK; 10Aarhus University Hospital, Aarhus, Denmark; 11Westmead Hospital and 
Macquarie University, Sydney, NSW, Australia; 12British Columbia Cancer Agency, Vancouver, BC, Canada; 13Jena 
University Hospital, Jena, Germany; 14Niigata University Graduate School of Medical and Dental Sciences, Niigata, 
Japan; 15VUMC, Nashville, TN; 16Bristol Myers Squibb, Princeton, NJ; 17Gustave Roussy, Villejuif, France    

Background: Conditional survival estimates provide critical prognostic information for aRCC patients as 
landmark survival milestones are reached. Efficacy, safety, and conditional survival outcomes were assessed in 
CheckMate 214 with 5 years minimum follow-up (median follow-up, 67.7 months). 

Methods: Patients with clear cell aRCC were randomized to NIVO 3 mg/kg plus IPI 1 mg/kg Q3W×4 
then NIVO 3 mg/kg Q2W versus SUN 50 mg QD (4 weeks of 6-week cycles). Overall survival (OS), 
progression-free survival (PFS), and objective response rate (ORR) were assessed in IMDC intermediate/
poor-risk, intent-to-treat, and favorable-risk populations. Conditional survival—the probability of remaining 
alive, progression-free, or in response 2 years beyond landmark timepoints of 2 and 3 years—was analyzed. 

Results: Superior OS, PFS, ORR, and complete response benefits with NIVO+IPI versus SUN were 
maintained in intent-to-treat and intermediate/poor-risk patients and are summarized together with 
outcomes in favorable-risk patients (Table). The probability of remaining alive, progression-free, or in 
response for an additional 2 years beyond the 3 year landmark was higher with NIVO+IPI versus SUN 
regardless of IMDC risk (Table). No new safety signals emerged with longer follow-up. 

Conclusions: Durable efficacy benefits were observed with NIVO+IPI versus SUN in aRCC patients with 
long-term follow-up, and most patients who were alive or in response with NIVO+IPI at 3 years remained so 
at 5 years. 

Previously presented at the ESMO Virtual Congress 2021: September 16-21. Abstract 2291.
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E40- First-line nivolumab plus cabozantinib (NIVO+CABO) versus sunitinib (SUN) in 
patients with advanced renal cell carcinoma (aRCC) by prior nephrectomy status in the 
CheckMate 9ER trial
Porto C.1, Burotto M.2, Suarez C.3, Bourlon M.T.4, Hsieh J.5, Shah A.Y.6, Hamzai A.7, Bedke J.8, Pook D.9, 
Kessler E.R.10, Tomita Y.11, Drakaki A.12, Zhang J.13, Simsek B.13, Schwab G.14, Escudier B.15, Motzer R.J.16, 
Choueiri T.K.17, Apolo A.B.18, Powles T.19      
1University of Pavia, Pavia, Italy; 2Bradford Hill Clinical Research Center, Santiago, Chile; 3Hospital Universitari 
Vall d´Hebron, Vall d’Hebron Barcelona Hospital Campus, Barcelona, Spain; 4Instituto Nacional de Ciencias 
Médicas y Nutrición Salvador Zubirán, Mexico City, Mexico; 5Washington University School of Medicine, St. 
Louis, MO; 6MDACC, Houston, TX; 7Istituto Toscano Tumori, Arezzo, Italy; 8Eberhard Karls University Tübingen, 
Tübingen, Germany; 9Cabrini Monash University, Cabrini Health, Malvern, VIC, Australia; 10University of Colorado 
School of Medicine, Aurora, CO; 11Niigata University Graduate School of Medical and Dental Sciences, Niigata, 
Japan; 12UCLA, Los Angeles, CA; 13Bristol Myers Squibb, Princeton, NJ; 14Exelixis, Inc., Alameda, CA; 15Gustave 
Roussy, Villejuif, France; 16MSKCC, New York, NY; 17Dana-Farber Cancer Institute, Brigham and Women’s 
Hospital, and Harvard Medical School, Boston, MA; 18NCI/NIH, Bethesda, MD; 19Barts Cancer Institute, Royal 
Free National Health Service Trust, London, UK  

Background: First-line NIVO+CABO demonstrated superiority versus SUN in aRCC patients in the phase 
3 CheckMate 9ER trial. 

Methods: Patients with any IMDC risk and clear cell aRCC were randomized to NIVO 240 mg 
intravenously every 2 weeks plus CABO 40 mg orally once daily versus SUN 50 mg orally once daily (4 
weeks of 6-week cycles). In this post hoc exploratory analysis, efficacy was evaluated in subgroups with and 
without prior nephrectomy. 

Results: Overall, 222 (NIVO+CABO) versus 233 (SUN) patients had prior nephrectomy and 101 versus 
95 had no prior nephrectomy, respectively. Of patients with prior nephrectomy, 24.3% (NIVO+CABO) 
and 30.9% (SUN) underwent nephrectomy within 3 months of enrollment. Baseline characteristics were 
generally balanced between arms within subgroups. NIVO+CABO improved progression-free survival (PFS), 
and response outcomes versus SUN regardless of nephrectomy status (Table). Of evaluable patients without 
prior nephrectomy, median reduction in target kidney lesions was 30% (NIVO+CABO; n=53) versus 16% 
(SUN; n=51). Overall survival (OS) benefits were observed with NIVO+CABO versus SUN in patients 
with prior nephrectomy; longer follow-up is needed to characterize OS outcomes between arms in patients 
without prior nephrectomy. 

Conclusions: NIVO+CABO provided improved efficacy benefits versus SUN in patients with and without 
prior nephrectomy. These results continue to support NIVO+CABO as a first-line treatment option for 
patients with aRCC. 

Previously presented at the ESMO Virtual Congress 2021: September 16-21. Abstract 590.
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E41- A phase 3 trial of  lenvatinib plus pembrolizumab (LEN+PEMBRO) versus sunitinib 
as a first-line treatment for patients with advanced renal cell carcinoma (aRCC): overall 
survival follow-up analysis (CLEAR study)
Choueiri T.K.1, Powles T.2, Porta C.3, Eto M.4, Grünwald V.5, Hutson T.E.6, Alekseev B.7,  Rha S.Y.8, 
Kopyltsov E.9, Méndez-Vidal M.J.10, Kapoor A.11, Gordoa T.A.12, Goh J.C.13, Merchan J.R.14, Park S.H.15, 
Staehler M.16, McKenzie J.17, Perini R.F.18, He C.17, Motzer R.19      
1Dana-Farber Cancer Institute, Boston, MA; 2The Royal Free NHS Trust, London, England, UK; 3San Matteo 
University Hospital Foundation, Pavia, Italy; 4Kyushu University, Fukuoka, Japan; 5University Hospital Essen, 
Essen, Germany; 6Texas Oncology, Dallas, TX; 7P.A. Hertsen Moscow Cancer Research Institute, Moscow, Russia; 
8Yonsei Cancer Center, Yonsei University Health System, Seoul, South Korea; 9State Institution of Healthcare 
“Regional Clinical Oncology Dispensary”, Omsk, Russia; 10Maimonides Institute for Biomedical research of 
Cordoba (IMIBIC) Hospital Universitario Reina Sofía, Medical Oncology Department, Córdoba, Spain; 11McMaster 
University Hamilton, Ontario, Canada; 12Hospital Universitario Ramón y Cajal, Madrid, Spain; 13ICON Research, 
South Brisbane & University of Queensland, St Lucia, Queensland, Australia; 14University of Miami Sylvester 
Comprehensive Cancer Center, Miami, FL; 15Sungkyunkwan University Samsung Medical Center, Seoul, Korea; 
16University Hospital, Ludwig Maximilian University of Munich, Munich, Germany; 17Eisai Inc., Woodcliff Lake, NJ; 
18Merck & Co., Inc., Kenilworth, NJ; 19MSKCC; New York, NY   

Background: In the phase 3 CLEAR study, OS was improved with LEN+PEMBRO versus sunitinib (HR, 
0.66; 95% CI, 0.49-0.88; P=0.005) (data cutoff: August 28, 2020; median OS follow-up: 26.6 months). 
We report an OS follow-up analysis of LEN+PEMBRO versus sunitinib. 

Methods: Patients (n=1069) with treatment-naïve clear cell aRCC were randomized 1:1:1 to LEN (20 mg/
day orally) + PEMBRO (200 mg IV Q3W); LEN (18 mg/day orally) + everolimus (5 mg/day orally); or 
sunitinib (50 mg/day orally; 4 weeks on/2 weeks off). Randomization was stratified by geographic region and 
MSKCC prognostic risk group. In this analysis (data cutoff date: March 31, 2021), OS was compared using a 
stratified log-rank test. The HR and 95% CIs were estimated using a stratified Cox regression model.

Results: At data cutoff, 225 (63.4%) patients in the LEN+PEMBRO group (n=355) and 197 (55.2%) 
patients in the sunitinib group (n=357) were alive and remained in the study. OS favored LEN+PEMBRO 
versus sunitinib (Table). Median duration of follow-up for OS was similar between the 2 arms 
(LEN+PEMBRO, 33.7 months [95% CI, 32.8-34.4]; sunitinib, 33.4 months [95% CI, 32.5-34.1]). OS by 
MSKCC and IMDC risk groups is reported (Table). 

Conclusions: The OS benefit with LEN+PEMBRO versus sunitinib in patients with aRCC was maintained at 
longer follow-up. Moreover, OS favored LEN+PEMBRO in patients with MSKCC or IMDC intermediate or 
poor risk.
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E42- Characterizing the immune response in patients with renal cell carcinoma (RCC) 
following COVID-19 vaccination
Malhotra J.1, Salgia S.1, Zengin Z.1, Meza L.1, Ely J.2, Hsu J.1, Kelley E.2, Mead H.2, Chehrazi-Raffle A.1, 
Govindarajan A.1, Muddasani R.1, Dizman N.1, Chawla N.1, Dorff T.1, Lyou Y.1,  Karczewska E.1, Trent J.3,           
Salgia R.1, Altin J.2, Pal S.K.1       
1City of Hope Comprehensive Cancer Center, Duarte, CA; 2Translational Genomics Research Institute North, 
Flagstaff, AZ; 3Translational Genomics Institute, Phoenix, AZ   

Background: There are limited data evaluating COVID-19 vaccine efficacy and response among RCC 
patients. 

Methods:  Patients with genitourinary cancer (prostate, kidney, and bladder) who had not received any 
COVID-19 vaccine were included. Blood was collected prior to vaccination, as well as at 2, 6, and 12 months 
following administration of one vaccine dose. Patients receiving systemic treatments provided additional 
blood at three consecutive therapy cycles. An ELISA assay was used to assess the blood specimens for 
antibody titers and the result was reported as an immune status ratio (ISR). 

Results: Of the 80 patients that submitted both baseline and 2-month specimen, 33 had RCC. A majority 
of these patients were receiving systemic therapy (n=31, 93.9%), with immune checkpoint inhibitors as the 
most common (n=19, 61.2%) followed by targeted agents (n=11, 35.5%). The median age was 64 (interquartile 
range [IQR], 57.5-72.0), with a majority of male (n=22, 66.7%) and white (n=28, 84.8%) patients. 
BNT162b2 (Pfizer) was the most commonly administered vaccine (n=20, 60.6%). In the 33 patients included 
in this analysis, the median baseline ISR was 0.14 (IQR, 0.12-0.24) compared to 7.33 (IQR, 7.08-7.34) at 2 
months (P<0.001). Results demonstrated a seroconversion rate of 90.9% by the 2-month timepoint, and no 
significant difference in ISR change between baseline and month 2 based on systemic treatment rendered. 

Conclusions: Our data demonstrates sufficient immune response in RCC patients who have received a 
commercially available COVID-19 vaccine and encourages continued vaccination in these patients.
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E43- Nivolumab plus cabozantinib in patients with non-clear cell renal cell carcinoma: 
results of a phase 2 trial.
Lee C.H., Voss M.H., Carlo M.I., Chen Y.B., Zucker M., Knezevic A., Lefkowitz R.A., Shapnik N.,          
Dadoun C., Reznik E., Shah N.J., Owens C.N., McHugh D.J., Aggen D.H., Laccetti A.L., Kotecha R., 
Feldman D.R., Motzer R.J.      

Memorial Sloan Kettering Cancer Center, New York, NY   

Background: Cabozantinib plus nivolumab (CaboNivo) improved objective response rate (ORR), 
progression-free survival (PFS), and overall survival (OS) over sunitinib in a phase 3 trial for metastatic clear 
cell renal cell carcinoma (RCC). (Choueiri, abstract 6960, ESMO 2020) We report the results of a phase 2 
trial of CaboNivo in patients (pts) with non-clear cell RCC. 

Methods: Pts had advanced non-clear cell RCC, 0 or 1 prior systemic therapies excluding prior immune 
checkpoint inhibitors, and measurable disease by RECIST. Cabo 40 mg/day plus Nivo 240 mg every 2 weeks 
or 480 mg every 4 weeks was given across two cohorts. Cohort 1: papillary, unclassified, or translocation 
associated RCC; Cohort 2: chromophobe RCC. The primary endpoint was ORR by RECIST; secondary 
endpoints included PFS, OS, and safety. Cohort 1 was a single stage design that met its primary endpoint 
and was expanded to produce more precise estimates of ORR. Cohort 2 was a Simon two-stage design that 
closed early for lack of efficacy. Correlative analyses by next generation sequencing were performed and to 
be presented. 

Results: A total of 40 pts were treated in Cohort 1, and 7 pts were treated in Cohort 2 (data cutoff: Jan 20, 
2021). Median follow up time was 13.1 months (range 2.2 – 28.6). In Cohort 1, 26 (65%) pts were previously 
untreated, and 14 (35%) pts had 1 prior line: 10 (25%) received prior VEGF-targeted therapy and 8 (20%) 
received prior mTOR-targeted therapy. ORR for Cohort 1 was 48% (95% CI 31.5–63.9; Table). Median 
PFS was 12.5 months (95% CI 6.3–16.4) and median OS was 28 months (95% CI 16.3–NE). No responses 
were seen among 7 patients in Cohort 2 with chromophobe histology (Table). Grade 3/4 treatment emergent 
adverse events were consistent with that reported in the phase 3 trial; Grade 3/4 AST and ALT were 11% 
and 13%, respectively. Cabozantinib and nivolumab were discontinued due to toxicity in 13% and 17% of pts, 
respectively. 

Conclusions: CaboNivo had an acceptable safety profile and showed promising efficacy in metastatic non-
clear cell RCC pts with papillary, unclassified, or translocation associated histologies whereas activity in 
patients with chromophobe RCC was limited.
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E44- Initial management of indeterminate renal masses in a statewide collaborative: a 
MUSIC-KIDNEY analysis
Butaney M.1, Patel A.1, Lane B.2, Qi J.3, Johnson A.3, Rogers C.1      
1Henry Ford Health System, Detroit, MI; 2Spectrum Health, Grand Rapids, MI; 3University of Michigan, Ann Arbor, 
MI — for the Michigan Urological Surgery Improvement Collaborative   

Background: The widespread use of imaging has led to the increasing detection of incidental renal lesions. 
While some lesions are accurately classified as suspicious or benign, lesions without clear distinguishing 
characteristics are often labeled as indeterminate. We assess the use of follow up imaging and biopsy in the 
initial management of indeterminate renal lesions (IRL). 

Methods: The MUSIC -KIDNEY small renal mass registry commenced data collection in September 2017 
by recording clinical, radiographic, pathologic, and follow-up data at 13 diverse practices. Data regarding 
radiological impressions and clinical management was queried to better understand the initial management of 
IRL. 

Results: 21.0% (444/2109) patients(pts) were recorded as having an IRL at initial imaging, of which 36% had 
non-contrast imaging. 23.6% (105/444) of pts with IRL underwent subsequent imaging, of which 58.1% were 
re-classified as solid enhancing lesions, 21.0% as benign, with only 21.0% IRL remaining. In total, 53/444 
patients underwent biopsy to guide their management with 37 revealing malignant pathology, 9 benign, and 
only 7 remaining indeterminate. Surveillance (287/444) was the most common approach for these lesions; 
however, 30% of patients that underwent surgery as initial treatment did not have any subsequent imaging 
performed 

Conclusions: About 80% of patients with IRL can be reclassified with subsequent dedicated imaging. Initial 
contrast axial imaging, the addition of further imaging and consideration of biopsy more fully characterizes 
an IRL, often affecting subsequent management. A significant portion of patients went to treatment 
without imaging or biopsy, and this presents an important QI opportunity to reassure patients and reduce 
unnecessary procedures.
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E45- Documentation of nephrometry scores for cT1a renal masses correlates with avoidance 
of radical nephrectomy across the MUSIC-KIDNEY statewide QI collaborative
Perkins S.1, Patel A.1, Lane B.2, Butaney M.1, Qi J.3, Johnson A.3, Rogers C.1      
1Henry Ford Health System, Detroit, MI; 2Spectrum Health, Grand Rapids, MI; 3University of Michigan, Ann Arbor, 
MI — for the Michigan Urological Surgery Improvement Collaborative   

Background: Tumor complexity (TC) assessment with nephrometry scoring has been shown to help with 
identification of case complexity and contribute to preoperative planning. Our objective was to assess 
documentation of TC and its association with performance of radical nephrectomy (RN) for tumors <4cm 
(cT1aRM). 

Methods: The MUSIC-KIDNEY program commenced data collection in September 2017. An educational 
session was conducted in Nov 2018 regarding documentation of RENAL Nephrometry scoring by the 
Urologist in clinic. Correlation coefficient was calculated for the rates of nephrometry documentation for 
cT1RM and percent of RN performed by urologists. 

Results: Total of 1527 cT1RM patients were seen by 32 urologists with documentation of TC performed in 
40%. Management of cT1RM was 52% surveillance, 31% PN/TA, and 15% RN. RN rates for T1b were 65% 
(154/236) and for T1a were 18% (74/401) (p<0.001). Rates of RN for cT1aRM ranged from 4%-45% among 
19 urologists. 42% of RN for cT1aRM had no documentation of TC. The lowest 5 surgeons documented TC 
for only 4.4% and performed RN for 25%, while the top 5 surgeons documented TC for 74% and performed 
RN on only 15%. At surgeon level, the correlation coefficient between rates of RENAL documentation and 
the rates of RN was -0.24. 

Conclusions: There are multiple factors that impact the decision to perform a RN for a cT1aRM. TC 
assessment with nephrometry scoring throughout our collaborative is an ongoing focus for QI, particularly as 
it appears to correlate with reduced rates of RN for cT1aRM.
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E46- Building a roadmap for surveillance of renal masses: results from MUSIC consensus 
panel
Patel A.1, Lane B.2, Butaney M.1, Johnson A.3, Qi J.3, Rogers C.1      
1Henry Ford Health System, Detroit, MI; 2Spectrum Health, Grand Rapids, MI; 3University of Michigan, Ann Arbor, 
MI — for the Michigan Urological Surgery Improvement Collaborative   

Background: Current guidelines are limited for the selection of patients pursuing surveillance for renal 
masses. The MUSIC-KIDNEY group has seen significant variability in evaluation and management strategies. 
We aim to establish a consensus roadmap for patients entering renal mass surveillance. 

Methods: A consensus panel (CP) following the modified Delphi method was organized within MUSIC. 
Participants indicated their agreement with statements relating to surveillance via an online tool. Factors not 
achieving agreement were iteratively developed during three rounds of questionnaires. Level of agreement 
necessary to achieve consensus was set at 80%. 

Results: Twenty-six MUSIC urologists formed the CP. 58% felt current surveillance guidelines were useful. 
Life expectancy (LE) was noted to be the primary driver for patient selection (Figure 1). Consensus for initial 
evaluation: All patients should undergo axial imaging, tumor complexity assessment, renal function and chest 
imaging only for tumors>3 cm. Consensus for follow up: 1st imaging (axial) should be between 3-6 months, 
with subsequent imaging timing varying per tumor size, chest imaging should be reserved for tumors>5 cm, 
tumor growth rate was an appropriate trigger to intervention, duration of surveillance should be>5 years for 
healthy patients and at least 3 years for comorbid patients. 

Conclusions: We were able to highlight several areas for further discussion where consensus was not 
achieved. Future directions are to bring MUSIC-KIDNEY data to the attention of other national and 
international kidney cancer groups for further expert-based opinions and construction of tools such as a LE 
calculator to aid decision making for a broader range of patients.
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LB47- Molecular dissection of clear cell renal cell carcinoma reveals prognostic significance 
of epithelial-mesenchymal transition gene expression signature
Nallandhighal S.1, Vince R.1, Karim R.1, Groves S.1,2, Stangl-Kremser J.1,3, Russell C.1, Hu K.1,4, Pham T.1,  
Cani A.K.1, C.J.1,  Zaslavsky A.1,5, Mehra R.1,5, Cieslik M.1, Morgan T.M.1,5, Palapattu G.S.1,3,5, Udager A.M.1,5, 
Salami S.S.1,5      
1Michigan Medicine, Ann Arbor, MI; 2Norfolk State University, Norfolk, VA; 3Medical University of Vienna, Vienna, 
Austria; 4University of Michigan, Ann Arbor, MI; 5Rogel Cancer Center, Ann Arbor, MI   

Background: There is an ongoing need to develop prognostic biomarkers to improve the management of clear 
cell carcinoma (ccRCC). 

Methods: We retrospectively identified two complementary discovery cohorts of patients with ccRCC who 
underwent: 1) radical nephrectomy (RNx) with inferior vena cava (IVC) tumor thrombectomy (Patients=5, 
Samples=24); and 2) RNx for localized disease and developed recurrence vs. no recurrence (n=36). Using 
TCGA ccRCC cohort for validation (n=386), Kaplan-Meier (KM) survival analysis and multivariable cox-
proportional hazard testing were utilized to investigate the prognostic impact of cell cycle proliferation (CCP) 
and a novel 22-gene epithelial mesenchymal transition (EMT) score on progression free survival (PFS) and 
disease specific survival (DSS). 

Results: In the discovery cohorts, we observed over-expression of WT1 and CCP genes in the tumor 
thrombus vs. the primary tumor, as well as in patients with recurrence vs. those without recurrence. Hallmark 
pathway analysis demonstrated enrichment of EMT and CCP related pathways in patients with high WT1 
expression in the TCGA (validation) ccRCC cohort. CCP and EMT scores were derived in the validation 
cohort which was stratified into four risk groups using Youden-Index cut points: CCPlow/EMTlow; CCPlow/
EMThigh; CCPhigh/EMTlow; and CCPhigh/EMThigh. CCPhigh/EMThigh risk group was associated with 
the worst PFS and DSS (both p<0.001). In a multivariable analysis, CCPhigh/EMThigh was independently 
associated with poor PFS and DSS (HR=4.6 and 10.3, respectively; p<0.001). 

Conclusions: We demonstrate the synergistic prognostic impact of EMT in tumors with high CCP score. 
Our novel EMT score has the potential to improve risk stratification and provide potential novel therapeutic 
targets.
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