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A phase 3 trial of lenvatinib plus 
pembrolizumab versus sunitinib as 
a first-line treatment for patients 
with advanced renal cell carcinoma: 
overall survival follow-up analysis 
(the CLEAR study)

Toni K. Choueiri MD1, Thomas Powles2, Camillo Porta3, 
Masatoshi Eto4, Viktor Grünwald5, Thomas E. Hutson6, 
Boris Alekseev7, Sun Young Rha8, Evgeny Kopyltsov9, 
Maria José Méndez-Vidal10, Anil Kapoor11, Teresa 
Alonso Gordoa12, Jeffrey C. Goh13, Jaime R. Merchan14, 
Se Hoon Park15, Michael Staehler16, Alan D. Smith17, 
Jodi McKenzie18, Rodolfo F. Perini19, Cixin He18, Robert 
Motzer20

1 Dana-Farber Cancer Institute, Boston, MA, USA. 2 The Royal 
Free NHS Trust, London, England, UK. 3 San Matteo University 
Hospital Foundation, Pavia, Italy. 4 Kyushu University, Fukuoka, 
Japan. 5 University Hospital Essen, Essen, Germany. 6Texas 
Oncology, Dallas, TX, USA. 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, USA. 
15Sungkyunkwan University Samsung Medical Center, Seoul, 
Korea. 16University Hospital, Ludwig Maximilian University of 
Munich, Munich, Germany. 17Eisai Ltd., Hatfield, UK. 18Eisai Inc., 
Woodcliff Lake, NJ, USA. 19Merck & Co., Inc., Kenilworth, NJ, USA. 
20Memorial Sloan Kettering Cancer Center; New York, NY, USA

Methods

Patients (n=1069) were randomly assigned 1:1:1 to receive 
lenvatinib 20 mg orally once daily + pembrolizumab 200 
mg intravenously every 3 weeks; or lenvatinib 18 mg + 
everolimus 5 mg orally once daily; or sunitinib 50 mg orally 
once daily (4 weeks on/2 weeks off). Eligible patients had 
advanced treatment-naïve renal cell carcinoma with a 
clear cell component. Randomization was stratified by 
geographic region and by Memorial Sloan Kettering Cancer 
Center (MSKCC) prognostic risk group. 

In this follow-up analysis (data cutoff date: March 31, 2021), 
OS in the lenvatinib + pembrolizumab group versus the 
sunitinib group was compared using a stratified log-rank 
test. The HR and the corresponding 95% CI were estimated 
using a stratified Cox regression model.

Oral Abstract Presentations

Table 1.  
Updated OS Analysis: Lenvatinib + Pembrolizumab versus Sunitinib
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Results

Of the 1069 patients who were randomly assigned 
to treatment, 355 were included in the lenvatinib + 
pembrolizumab group and 357 were included in the 
sunitinib group. At the new data cutoff date, 225 (63.4%) 
patients in the lenvatinib + pembrolizumab group and 
197 (55.2%) patients in the sunitinib group were alive and 
remained in the study. The most common reason for study 
discontinuation in both groups was death (lenvatinib + 
pembrolizumab, n=105; sunitinib, n=122). The median 
duration of follow-up for OS was 33.7 months (95% CI, 
32.8-34.4) in the lenvatinib + pembrolizumab group and 
33.4 months (95% CI, 32.5-34.1) in the sunitinib group. OS 
favored lenvatinib + pembrolizumab (median not estimable 
[NE; 95% CI 41.5-NE]) versus sunitinib (median NE [95% CI 
38.4-NE]; HR 0.72 [95% CI, 0.55-0.93]). OS by MSKCC and 
International Metastatic Renal Cell Carcinoma Database 
Consortium (IMDC) risk groups is reported in Table 1.

Conclusions

Conclusions: The OS benefit observed with lenvatinib 
+ pembrolizumab versus sunitinib was maintained at a 
longer follow-up point. Moreover, OS favored lenvatinib 
+ pembrolizumab in patients with MSKCC or IMDC 
intermediate or poor risk. 

Keywords: renal cell carcinoma, overall survival, lenvatinib, 
pembrolizumab, sunitinib

Characterization of responders in 
the phase 3 CheckMate 9ER trial: 
nivolumab plus cabozantinib versus 
sunitinib in patients with previously 
untreated advanced renal cell 
carcinoma

Amishi Y. Shah1, Thomas Powles2, Maria T. Bourlon3, 
Cristina Suarez4, Toni K. Choueiri5, Robert J. Motzer6, 
Saby George7, Elizabeth R. Kessler8, Jens Bedke9, 
Bernard Escudier10, Joshua Zhang11, Burcin Simsek12, 
Christian Scheffold13, Andrea B. Apolo14, Mauricio 
Burotto15
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Salvador Zubirán, Mexico City, Mexico. 4Department of Medical 
Oncology, Vall d’Hebron Institute of Oncology (VHIO), Hospital 
Universitari Vall d’Hebron, Vall d’Hebron Barcelona Hospital 
Campus, Barcelona, Spain. 5Department of Medical Oncology, 
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Karls University Tübingen, Tübingen, Germany. 10Department of 
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of Clinical Research, Bristol Myers Squibb, Princeton, NJ, USA. 
12Department of Biostatistics, Bristol Myers Squibb, Princeton, 
NJ, USA. 13Product Development, Exelixis, Inc., Alameda, CA, USA. 
14Genitourinary Malignancies Branch, Center for Cancer Research, 
National Cancer Institute, National Institutes of Health, Bethesda, 
MD, USA. 15Bradford Hill Clinical Research Center, Santiago, Chile

Background

Nivolumab plus cabozantinib (NIVO+CABO) demonstrated 
superior progression-free survival (PFS), overall survival 
(OS), and objective response rate (ORR) versus sunitinib 
(SUN) in patients with previously untreated advanced renal 
cell carcinoma (aRCC) after 10.6 months minimum follow-
up in the phase 3 CheckMate 9ER trial (NCT03141177). 
Superior efficacy with NIVO+CABO over SUN was 
maintained after 16.0 months minimum follow-up (median 
follow-up for OS in intent-to-treat [ITT] patients, 23.5 
months). The hazard ratio (95% CI) was 0.52 (0.43-0.64) 
for PFS and 0.66 (0.50-0.87) for OS; ORR was 54.8% 
(NIVO+CABO) versus 28.4% (SUN). Here, we present a post 
hoc analysis of outcomes in patients with a confirmed best 
overall response (BOR) of complete response (CR) or partial 
response (PR) after extended follow-up in CheckMate 9ER.

Methods

Patients with clear cell aRCC were randomized 1:1 to NIVO 
240 mg intravenously every 2 weeks plus CABO 40 mg 
orally once daily, or SUN 50 mg orally once daily (4 weeks 
on/2 weeks off) and treated until disease progression or 
unacceptable toxicity (maximum NIVO treatment of 2 
years). Patients were stratified by International Metastatic 
Renal Cell Carcinoma Database Consortium (IMDC) risk 
score, tumor programmed death ligand 1 expression, and 
geographical region. Dose reductions were not allowed for 
NIVO but were permitted for CABO and SUN. The primary 
trial endpoint was PFS by blinded independent central 
review (BICR). Secondary endpoints were OS, ORR by 
BICR, and safety. Response was assessed per RECIST v1.1. 
Baseline characteristics, disposition, treatment exposure, 
duration of response, and safety outcomes were evaluated 
in all responders and in patients with a BOR of CR or PR.
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Results

With 16.0 months minimum follow-up (median follow-
up, 23.5 months), a greater proportion of ITT patients 
(NIVO+CABO, N=323; SUN, N=328) experienced a BOR 
of CR or PR with NIVO+CABO versus SUN (CR, 9.3% vs 
4.3%; PR, 45.5% vs 24.1%). Baseline characteristics in 
all responders were generally consistent with the ITT 
population. Of note, tumor burden in all responders was 
lower versus the ITT population, and a higher proportion 
of all responders had IMDC favorable-risk disease versus 
a smaller proportion with poor-risk disease; these trends 
were more pronounced with SUN versus NIVO+CABO. 
Baseline characteristics in all responders were largely 
similar (∆≤10%) between arms. Similar distributions of 
the most common organ sites of baseline metastases 
were seen among responders with NIVO+CABO versus 
SUN, with the exception of bone (21.5% vs 8.6%) and liver 
(20.3% vs 11.8%). Key outcomes by responder subgroup 
are summarized in the Table. Median time to response 
was consistently shorter with NIVO+CABO versus SUN. 
Responses were more durable with NIVO+CABO versus 
SUN across all responder subgroups and were most durable 
in patients with a BOR of CR in both arms. Median duration 
of therapy was numerically longer, with more responders 

remaining on treatment with NIVO+CABO versus SUN. 
Patients had responses with NIVO+CABO and with SUN 
across a range of dose intensities. The most common reason 
for treatment discontinuation among all responders was 
disease progression (19.2%, NIVO+CABO; 30.1%, SUN). 
The percentage of responders who were alive at the time of 
the analysis was 88.1% (n=156) with NIVO+CABO versus 
86.0% (n=80) with SUN. Grade 3-4 treatment-related 
adverse events (TRAEs) occurred in 62.1% (NIVO+CABO) 
versus 57.0% (SUN) of all responders, 53.3% (NIVO+CABO) 
versus 50.0% (SUN) of patients with CR, and 63.9% 
(NIVO+CABO) versus 58.2% (SUN) of patients with PR.

Conclusions

ORR, CR, and PR rates were all approximately doubled 
with NIVO+CABO versus SUN in CheckMate 9ER. Median 
time to response was shorter and responses were more 
durable with NIVO+CABO versus SUN. No new safety 
signals emerged among responders, and high-grade TRAEs 
occurred at similar frequencies in both arms.

Keywords: Nivolumab, cabozantinib, phase 3, CheckMate 
9ER, response kinetics, objective response rate, complete 
response, partial response
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Pembrolizumab (pembro) vs 
placebo as post nephrectomy 
adjuvant therapy for patients 
with renal cell carcinoma (RCC): 
randomized, double-blind, phase 3 
KEYNOTE-564 study

Dr. Toni K. Choueiri1, Piotr Tomczak2, Se Hoon Park3, 
Balaji Venugopal4, Thomas Ferguson5, Yen-Hwa Chang6, 
Jaroslav Hajek7, Stefan N. Symeonides8, Jae Lyun Lee9, 
Naveed Sarwar10, Antoine Thiery-Vuillemin11, Marine 
Gross-Goupil12, Mauricio Mahave13, Naomi Haas14, 
Piotr Sawrycki15, Todd L. Saretsky16, Rodolfo F. Perini16, 
Pingye Zhang16, Kentaro Imai16, Jaqueline Willemann-
Rogerio16, David Quinn17, Thomas Powles18

1Dana-Farber Cancer Institute, Boston, MA, USA. 2Poznań 
University of Medical Sciences, Poznań, Poland. 3Sungkyunkwan 
University, Samsung Medical Center, Seoul, South Korea. 4Beatson 
West of Scotland Cancer Centre, Glasgow, U.K, and University of 
Glasgow, Glasgow, UK. 5Fiona Stanley Hospital, Perth, Australia. 
6Taipei Veterans General Hospital, Taipei, Taiwan. 7Fakultni 
Nemocnice Ostrava, Ostrava, Czech Republic. 8Edinburgh Cancer 
Centre and University of Edinburgh, UK. 9Asan Medical Center, 
University of Ulsan College of Medicine, Seoul, South Korea. 
10Imperial College Healthcare NHS Trust, London, UK. 11University 
Hospital Jean Minjoz, Besançon, France. 12University Hospital 
Bordeaux-Hôpital Saint-André, Bordeaux, France. 13Fundacion 
Arturo Lopez Perez FALP, Santiago, Chile. 14Abramson Cancer 
Center, Philadelphia, PA, USA. 15Wojewodzki Szpital Zespolony 
im. L. Rydygiera w Toruniu, Torun, Poland. 16Merck & Co., Inc., 
Kenilworth, NJ, USA. 17USC Norris Comprehensive Cancer Center, 
Los Angeles, CA, USA. 18Royal Free Hospital NHS Trust, University 
College London, London, UK.

Background

Effective therapy to reduce risk of RCC relapse after surgery 
remains an unmet need. Adjuvant immunotherapy is a 
potential strategy for these patients. The KEYNOTE-564 
trial (NCT03142334) evaluated pembro vs placebo as 
adjuvant therapy for patients with RCC.

Methods

KEYNOTE-564 is a phase 3 trial of pembro vs placebo 
for ≤17 cycles (~1 year) in patients with histologically 
confirmed clear cell RCC, with pT2, Gr 4 or sarcomatoid, 
N0 M0; pT3 or pT4, any Gr, N0 M0; any pT, any Gr, N+ 
M0; or M1 NED (no evidence of disease after primary 
tumor + soft tissue metastases completely resected ≤1 
year from nephrectomy). Patients had undergone surgery 
≤12 weeks prior to randomization; had no prior systemic 
therapy; had ECOG PS 0 or 1. The primary endpoint was 
disease-free survival (DFS) per investigator assessment in 

all randomized patients (ITT population). Overall survival 
(OS) was a key secondary endpoint. Secondary endpoints 
included safety in all treated patients and patient-reported 
outcomes (PROs) in all randomized patients with ≥1 
dose study treatment and ≥1 completed assessment for 
the specific outcome. PROs were presented as the least 
square (LS) mean change in symptom scores measured by 
FKSI-DRS and health-related quality of life (QoL) scores 
measured by the QLQ-C30 global health status (GHS)/QoL 
and physical functioning (PF) scales from baseline to week 
52. PRO endpoints were not controlled for multiplicity.

Results

994 patients were randomized 1:1 to pembro (n=496) or 
placebo (n=498). Median (range) time from randomization 
to data cutoff date of Dec 14, 2020 was 24.1 (14.9−41.5) 
months. No patients remain on study treatment. Baseline 
characteristics were generally balanced between arms. At 
first prespecified interim analysis, the primary endpoint of 
DFS was met (median not reached [NR] for both arms, HR 
0.68, 95% CI 0.53−0.87; P=0.0010 [one-sided]). Estimated 
DFS rate at 24 months was 77.3% with pembro vs 68.1% 
with placebo. Overall, DFS benefit was consistent across 
subgroups. A total of 51 OS events were observed (18 in 
the pembro arm, 33 in the placebo arm). Median OS was NR 
for both arms (HR 0.54, 95% CI 0.30−0.96; P=0.0164 [one-
sided]); the p-value did not cross the statistical hypothesis 
testing boundary. Estimated OS rate at 24 months was 
96.6% with pembro vs 93.5% with placebo. 470 patients 
(96.3%) and 452 patients (91.1%) experienced ≥1 all-cause 
adverse events (AEs) with pembro vs placebo, respectively. 
Grade 3-5 all-cause AEs occurred in 158 patients (32.4%) 
with pembro and 88 patients (17.7%) with placebo. No 
deaths related to pembro occurred. In each trial arm, 
>90% of patients completed the FSKI-DRS and QLQ-C30 
at baseline and >60% completed each instrument at week 
52. LS mean changes from baseline to week 52 in FKSI-DRS 
score, QLQ-C30 GHS/QoL and PF scores for both pembro 
and placebo were below the clinically meaningful change 
thresholds of ≥3 for FSKI-DRS and ≥10 for QLQ-C30, 
respectively. Health-related QoL and symptom scores were 
maintained across all evaluated time points.

Conclusions

Pembro demonstrated a statistically significant and 
clinically meaningful improvement in DFS vs placebo in 
patients with RCC at high risk of recurrence following 
surgery. Fewer OS events occurred in the pembro vs placebo 
arm although statistical significance was not met at this 
prespecified interim analysis, and follow up is ongoing for 
the key secondary endpoint of OS. No clinically meaningful 
changes from baseline in health-related QoL or symptom 
scores were observed with adjuvant pembro or placebo 
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and scores remained stable over time. KEYNOTE-564 is the 
first positive phase 3 study with immunotherapy in adjuvant 
RCC and these results support pembro as a potential new 
standard of care for patients with RCC in the adjuvant 
setting.   

Keywords: kidney cancer, immunotherapy, 
pembrolizumab, nephrectomy

Nivolumab/ipilimumab with or 
without CBM588 in metastatic renal 
cell carcinoma:  
a randomized phase Ib study and 
in-depth analysis of gut microbiome 
evolution

Nazli Dizman MD1, Luis Meza MD2, Paulo G. Bergerot 
MD2, Tanya B. Dorff MD2, Yung Lyou MD, PhD2, Paul 
H. Frankel PhD3, Yujie Cui MSc3, Valerie Mira MPH2, 
Marian Llamas2, JoAnn Hsu BSc2, Zeynep Busra Zengin 
MD2, Nicholas Salgia BSc2, Sabrina Salgia BSc2, Jasnoor 
Malhotra MD2, Neal Chawla MD2, Alex Chehraz-Raffle 
MD2, Ramya Muddasani DO2, John Gillece MSc4, Lauren 
Reining MD4, Jeffrey Trent MD4, Motomichi Takahashi 
PhD5, Kentaro Oka PhD5, Seiya Higashi5, Sarah K. 
Highlander PhD4, Sumanta K. Pal MD2

1Department of Internal Medicine, Yale School of Medicine, Yale 
New Haven Hospital. 2Department of Medical Oncology, City of 
Hope Comprehensive Cancer Center, Duarte, CA. 3Department of 
Biostatistics, City of Hope Comprehensive Cancer Center, Duarte, 
CA. 4The Translational Genomics Research Institute (TGen), 
Phoenix, AZ. 5Miyarisan Pharmaceuticals, Japan

Background

The gut microbiome has emerged as a potential biomarker 
and therapeutic target in the management of various cancer 
types, including metastatic renal cell carcinoma (mRCC). 
Accumulating evidence has shown an association between 
clinical outcomes and microbial diversity, along with specific 
gut microbiome components in mRCC patients treated with 
immunotherapies (Routy et al Science 2018; Salgia et al Eur 
Urol 2020). In this study, we aimed to examine whether 
CBM-588, a live bacterial product containing Clostridium 
Butyricum, could modulate the gut microbiome and 
improve clinical outcomes in patients with mRCC receiving 
combination nivolumab and ipilimumab. 

Methods

For this prospective, randomized clinical trial 
(NCT03829111), treatment naïve, IMDC intermediate/

high risk mRCC patients with clear cell and/or sarcomatoid 
histology were enrolled. Patients were randomized in a 1:2 
fashion to either receiving nivolumab/ipilimumab alone or in 
combination with CBM-588.  Stool samples were collected 
at baseline and week-12. Whole-metagenome sequencing 
was performed for assessment of gut microbiome profile. 
Change in gut microbiome diversity and components at 
the family and species level from baseline to week-12 
were compared across arms and with regard to response 
(complete or partial response). 

Results

A total of 30 patients were enrolled and randomized. One 
patient, whose tumor tissue next-generation sequencing 
revealed genomic alterations pathognomonic for sarcoma, 
was excluded. Among 29 (21:8 M:F; median age:66 years) 
patients included in the final analysis, 10 patients (34%) 
had sarcomatoid features, and 24 patients (83%) were 
IMDC intermediate risk. Response rate was higher in the 
nivolumab/ipilimumab/CBM-588 arm than nivolumab/
ipilimumab arm, 58% vs 20%, respectively. Progression 
free survival was prolonged in the nivolumab/ipilimumab/
CBM-588 arm compared to nivolumab/ipilimumab arm, 
12.7 vs 2.5 months, respectively (hazard ratio: 0.15, 95%CI, 
0.05-0.47, p=0.001). Toxicity profiles were comparable 
across arms.  At the family level, a significant increase in 
the abundance of Bacteroidaceae and a decrease in the 
abundance of Desulfovibrionaceae were observed in the 
nivolumab/ipilimumab/CBM-588 arm. An increase in 
the abundance of Bifidobacteriaceae was observed only 
in responders in this arm. Further analyses revealed 
that the increase in Bacteroidaceae in the nivolumab/
ipilimumab/CBM-588 arm was mainly driven by the 
increase in Bacteroides spp. (Bacteroides caecimuris, 
p=0.016; Bacteroides uniformis, p=0.016; Bacteroides sp. 
HF-5141, p= 0.031) in non-responders, while the decrease 
in Desulfovibrionaceae was mainly driven by the decrease 
in Desulfovibrio spp. (Desulfovibrio desulfuricans, p=0.023; 
Desulfovibrio sulfodismutans, p=0.031; Desulfovibrio vulgaris, 
p= 0.016) among responders. 

Conclusions

Our results demonstrate an improvement in clinical 
outcomes with addition of CBM-588 to standard of care 
nivolumab/ipilimumab combination. In depth analysis of 
the dynamic changes in gut microbiome over time suggests 
the potential for gut microbiome optimization, especially 
among patients who responded to nivolumab/ipilimumab/
CBM-588 treatment. 

Keywords: Renal cell carcinoma, microbiome,  
CBM-588, immunotherapy, nivolumab/ipilimumab
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Background

There are currently no molecularly-targeted therapies 
specific to translocation renal cell carcinoma (tRCC) and 
effective treatments for this aggressive cancer remain a 
major unmet medical need. An intriguing feature of tRCC 
is that it can exhibit diverse histologic features that may 
mimic almost all other subtypes of RCC. As a result, tRCC 
cases have been retrospectively identified within clear 
cell RCC (ccRCC) and papillary RCC (pRCC) sequencing 
cohorts. In this study, we leveraged this “histologic overlap” 
between tRCC and other RCC subtypes to identify tRCC 
cases from across multiple genomic, clinical trial, and 
retrospective datasets. We combined these cases with 
profiling of prospectively identified patients with tRCC to 
comprehensively characterize the molecular landscape, 
clinical features, and treatment outcomes for this disease.

Methods

We analyzed data from DNA-sequencing of 74 tRCC 
cases (36 Whole Exome Sequencing, 3 Whole Genome 
Sequencing, 35 gene panel sequencing), RNA-sequencing of 
46 tRCC cases, multiplex immunofluorescence (CD8, TIM3, 
LAG3) of 11 tRCC cases to assess the extent of infiltration 
and activation profile of tumor-infiltrating T cells, and 

clinical outcomes data from 89 tRCC cases. These data were 
derived from 12 datasets and included ccRCC, pRCC, and/
or chromophobe RCC (chRCC) controls. In addition, cell line 
data from the Cancer Therapeutics Response Portal (CTRP) 
and Cancer Dependency Map (DepMap) were analyzed. 
In vitro overexpression of TFE3 fusions followed by RNA-
sequencing was used to derive a TFE3 fusion-specific 
signature. NFE2L2 (NRF2 gene) knockdown was performed 
in tRCC cell lines (UOK146, FU-UR-1, UOK109) using a 
lentiviral doxycycline-inducible shRNA to assess the effects 
on cell proliferation. A meta-analytic approach was used, 
where appropriate, in the analysis to account for potential 
batch effects, and p<0.05 or q<0.05 were considered 
statistically significant.

Results

tRCC tumors were found to have a median mutational load 
of 0.82 (interquartile range, 0.43 - 1.28) per megabase, a 
rate significantly lower than ccRCC and pRCC (p<0.05) 
and comparable to chRCC. The most frequent recurrent 
somatic alteration in tRCC was homozygous deletion at 
the CDKN2A/2B locus (9p21.3), found in 19.2% of cases 
and significantly enriched compared to ccRCC, pRCC, and 
chRCC (random effects meta-analysis, p<0.05). Analysis 
of the MiT/TFE fusion revealed that 88.6% involved TFE3, 
the partner genes differed based on which MiT/TFE gene 
was involved, but the fusions were enriched in RNA 
processing and RNA splicing genes (p<0.05) and preserved 
the C-terminal helix-loop-helix/leucine zipper domain 
(HLH-LZ) of the MiT/TFE transcription factor. Across 4 
independent datasets, a TFE3-fusion specific signature was 
shown to cluster tRCCs more closely than the most variable 
genes of each dataset, with the transcriptional signature of 
tRCC characterized by overexpression of genes implicated 
in mTORC1 signaling, antioxidant stress response, reactive 
oxygen species sensing, the response to oxidative stress 
and xenobiotics, and NRF2 signaling (q<0.05) compared 
to other forms of RCC. In addition, 3 tRCC cell lines 
demonstrated NFE2L2 dependence in vitro (p<0.05). Across 
cell line models and clinical data of patients with tRCC, 
NRF2 activation correlated with resistance to targeted 
therapies, including tyrosine kinase inhibitors. However, 
tRCCs displayed some responses to immune checkpoint 
inhibitor (ICI)-based regimens, and this could potentially 
be accounted for by a moderately immune-infiltrated 
microenvironment as well as a CD8+ T cell activation 
phenotype that differed from other forms of RCC, including 
infiltration by CD8+PD1+TIM3-LAG3+ T cells.

Conclusions

tRCC tumors were found to have a low mutational burden, 
but still harbor recurrent genomic alterations such as 9p21.3 
deletions, which are enriched compared to other forms of 
RCC. The transcriptional profile of tRCC was found to be 
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characterized by activation of antioxidant stress response 
and NRF2 signaling, which may account for the resistance 
of these tumors to targeted therapies relative to ICIs.

Keywords: Translocation renal cell carcinoma; genomics; 
TFE3; NRF2; immune checkpoint inhibition
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Background

Clear cell renal cell carcinoma (ccRCC) accounts for most 
renal cancers. Angiogenesis inhibitors, immune checkpoint 
inhibitors, and mTOR inhibitors significantly benefit a 
subset of ccRCC patients, but we cannot currently predict 
which patients will benefit most from these agents. Lack of 
suitable mouse models of ccRCC limits the ability to study 
factors that contribute to drug response in vivo. This work 
aims to develop an immunocompetent mouse model of 
ccRCC so as to address this critical unmet need. 

Methods

To achieve this goal, we chose to leverage a CRISPR/Cas9 
system to induce multiple gene knockouts in the kidney 
of immunocompetent mice carrying a Cre-inducible 
Cas9 gene. We used mice in which Cas9 activation can be 
achieved using either transgenic or virally-delivered Cre 
recombinase, in both cases with Cre driven by promoters 

predominantly expressed in the kidney, such as Pax8 or 
CDH16. We made adenovirus-associated viruses (AAVs) 
expressing the selected sgRNAs and injected them into 
the renal parenchyma of the Cas9 mice (with the AAV 
also expressing Cre in cases where Cre was not expressed 
transgenically). 

Results

We found that combined knockout of VHL, PBRM1, KEAP1, 
and TSC1, genes commonly altered in human ccRCC, is 
sufficient to cause kidney tumors in C57BL/6 and FVB mice 
within 2.5 months of injection, a significant decrease in 
latency compared to current transgenic models of ccRCC. 
We then demonstrated the tractability of this model for 
preclinical drug studies. We found that these tumors are 
sensitive to the VEGFR inhibitor axitinib, a commonly used 
treatment for human ccRCC. A study is in progress to assess 
the sensitivity of these tumors to checkpoint blockade (anti-
PD-1 and anti-CTLA4) alone and in combination with a 
HIF2a inhibitor that is in clinical trials in ccRCC patients. Our 
ongoing work focuses on characterizing the histological and 
molecular features of the tumors induced in this model and 
generating transplantable cell line and tumor graft models. 
The immediate next steps for this work include testing 
the necessity of the PBRM1, KEAP1 and TSC1 guides in 
causing renal tumor development, and testing alternate 
Cre recombinase promoters to assess if gene knockouts in 
specific kidney cell types (i.e. distal vs proximal tubule cells) 
will alter tumor histology or development.

Conclusions

We have developed an immunocompetent mouse model of 
VHL-null ccRCC.

Keywords: ccRCC, Mouse Model, VHL, CRISPR
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Potential Role of Seleno-L-
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Tumor Vasculature and Enhanced 
Efficacy of Axitinib in Previously 
Treated Patients with Advanced 
Clear Cell Renal Cell Carcinoma 
(ccRCC)
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Background

Unstable blood vessels within the tumor microenvironment 
represents a potential barrier to delivery and maintenance 
of drug concentrations to tumor cells sufficient to achieve 
responses. Preclinical xenografts demonstrated that 
administration of high dose of selenium orally daily for 14 
days, resulted in the downregulation of hypoxia-inducible 
factor 1/2α, a marked reduction in tumor microvessel 
density and permeability, and increased vascular 
maturation. This resulted in several-fold increase in drug 
delivery to tumor cells, without increased toxicity and was 
associated with durable response in xenografts treated 
sequentially with axitinib. This pre-clinical data provided 
the rationale to test the combination of SLM and axitinib 
(SLM/axi) in this study.

Methods

After completion of phase 1 of escalating doses (2500, 
3000 and 4000 µg) of SLM, 4000µg was the dose used in 
the current expansion cohort. Patients with metastatic 
ccRCC after progression on at least one prior line of 
therapy were enrolled. SLM was given orally twice daily 
for 14 days followed by once daily in combination with 
axitinib until disease progression or significant toxicity. The 
primary objective was to evaluate the safety and secondary 
endpoints of ORR and mPFS. 

Results

Thirty-one patients enrolled, ORR was 58% (3CR+15PR) 
and mPFS was 10.0 months. In 26 patients without 
sarcomatoid morphology, the ORR was 65% (3CR+14PR), 
mPFS 20.7mo as opposed to 5 patients with sarcomatoid 
feature only 1 (20%) patient had PR. The combination is 
safe without added toxicity. 

To assess the effects of treatment on tumor and normal 
tissues vasculature, dual energy computed tomography 
(DECT) was conducted at baseline (T1), day 14 (T2) of SLM, 
and at 3 months (T3) of SLM/axi. Data thus far indicate that 
the iodine uptake in normal lung and liver tissue remains 
stable over these time points. In contrast, the average 
iodine uptake across lesions was 2.5, 2.9, and 1.6 mg/kg at 
T1, T2, and T3, respectively.

Conclusions

SLM/axi is safe with encouraging efficacy.  SLM dose 
and timing for the administration of axitinib are critical 
determinants for outcome. Sarcomatoid ccRCC appears 
to be less responsive. DECT results suggest that SLM may 
increase vascularization in tumor tissue while having no 
impact on normal tissue, leading to increase axi delivery to 
the tumor. 

Keywords: Refractory renal cancer, HIFa

Real-world treatment patterns and 
outcomes of front-line axitinib plus 
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Background

The therapeutic landscape for metastatic renal cell 
carcinoma (mRCC) has undergone rapid advancements. 
We observed that combination approaches, whether 
tyrosine kinase inhibitors (TKI) with immune checkpoint 
inhibitors (ICI) or dual-agent ICI’s, may be administered 
safely and with superior outcomes compared to approved 
monotherapies. The rapid development of these novel 
combination therapies has created a level of complexity to 
the mRCC treatment paradigm that has yet to be reconciled 
in the literature or the evidence-based recommendations. 
In practice, patients with mRCC are evaluated through 
a clinically validated prognostic model known as the 

Rapid Abstracts
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International Metastatic RCC Database Consortium 
(IMDC) criteria, which categorizes patients into three 
risk groups: favorable, intermediate, or poor. Based on 
the IMDC criteria, two pivotal trials have led to approval 
of two leading front-line treatment recommendations; 
KEYNOTE-426 led to approval of axitinib/pembrolizumab 
(A/P), and CheckMate-214 led to approval of ipilimumab/
nivolumab (I/N). Herein, we compare real-world outcomes 
in patients treated with either A/P or I/N reported by IMDC 
score.

Methods

The nationwide Flatiron Health electronic health records-
derived database was used to select patients diagnosed 
with mRCC and treated with front-line A/P or I/N from 
2018-2021. The primary endpoints were overall-survival 
(OS) and real-world progression free survival (rwPFS). The 
survival analyses were adjusted using propensity score-
based Inverse Probability of Treatment weighting, providing 
balance on age, gender, insurance, race, IMDC, practice type, 
and nephrectomy. Survival was assessed from beginning of 
therapy, and survival by treatment groups was compared 
using weighted and unweighted Kaplan-Meier curves with 
log-rank tests and weighted Cox proportional hazards 
regressions. Disease characteristics between the treatment 
groups were compared using chi-square and T-tests. 

Results

A total of 1045 patients with mRCC who received frontline 
A/P (n=347) or I/N (n= 698) were included for analysis. 
Baseline demographics and clinical parameters were 
similar between the two cohorts. Median age was 66 years 
old, 74% were male, and 55.2% had a prior nephrectomy. 
927 patients had all IMDC criteria factors available, 118 
patients had unknown IMDC risk. Adjusted median OS 
for the full population for A/P and I/N were NR and 23.7 
mo (95% CI 21.2 - 27.7), respectively (p=0.1). Eighteen-
month survival was 58.2% for A/P treated patients and 
58.8% for I/N treated patients. rwPFS was 9.0 mo for A/P 
treated patients and 6.9 mo for I/N treated patients (p=0.2). 
No statistically significant difference in survival was seen 
within IMDC risk strata (see table). 

Conclusions

In this retrospective, real-world study of patients treated 
with front-line A/P or I/N, 18-month survival was not 
statistically different irrespective of IMDC risk. Longer 
follow-up will be necessary to discern any significant 
difference.

Keywords:  clear cell renal cell carcinoma, targeted 
therapy, immunotherapy

Table: Adjusted 18-month survival

IMDC Score
A/P 

n=347

I/N

n=698
p-value

Favorable (n=55) 74.6% 75.3% 0.20

Intermediate/
Poor (n=872)

54.3% 55.7% 0.40

Intermediate 62.1% 66.2% 0.90

Poor 34.0% 33.8% 0.06

Unknown (n=118) 77.2% 72.9% 0.08

Full cohort 
(n=1045)

58.2% 58.8% 0.10

Characterizing the immune 
response in patients with renal 
cell carcinoma (RCC) following 
COVID-19 vaccination
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Background

Recent studies have emerged characterizing the antibody 
response to COVID-19 vaccination in patients with cancer 
(Massarweh et al JAMA Oncology, 2021). However, with a 
diverse patient cohort, RCC is not well represented in these 
studies. As such, there are limited data evaluating vaccine 
efficacy and response among RCC patients. 

Methods

Eligibility criteria for this study encompassed patients 
with a diagnosis of genitourinary (GU) cancer (prostate, 
kidney, and bladder) who had not received any COVID-19 
vaccine but had the intent to at time of consent. Patients 
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were consented to receive blood draws at baseline prior 
to vaccination, as well as at timepoints of 2, 6, and 12 
months following administration of one dose of the vaccine. 
Patients receiving systemic treatments provided additional 
blood specimens concurrent with three consecutive cycles 
of therapy following vaccination. 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

A total of 183 patients were consented across all three 
eligible GU malignancies and 134 submitted baseline 
specimens. A further subset of 80 patients also submitted 
2-month specimens, 33 of which had RCC and are the focus 
of this analysis. A majority of patients in this cohort were 
receiving systemic therapy (n=31, 93.9%), with immune 
checkpoint inhibitors as the most common (n=19, 61.2%) 
followed by targeted therapy agents (n=11, 35.5%). Further 
demographic analysis of this cohort revealed a median age 
of 64 (interquartile range [IQR], 57.5-72.0) with a majority 
of male (n=22, 66.7%) and white (n=28, 84.8%) patients. Of 
the three US Food and Drug Administration (FDA) approved 
COVID-19 vaccines, BNT162b2 (Pfizer) was the most 
commonly administered (n=20, 60.6%), with the remaining 
batch of patients having received mRNA-1273 (Moderna, 
n=13, 39.4%). In the 33 patients that were 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. There was no significant difference 
noted in the change of ISR between baseline and month 2 
for the varying systemic treatments rendered. At this time, 
specimen collection for the 6- and 12-month timepoints is 
ongoing.

Conclusions

Our data demonstrates a sufficient immune response 
in patients with RCC who have received a commercially 
available COVID-19 vaccine and encourages continued 
vaccination in these patients.

Keywords: Renal cell carcinoma; COVID-19 vaccine; 
immune response
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Background

Clear Cell Renal Cell Carcinoma (ccRCC) are morphologically 
identified by the presence of small compact nests of clear 
cells with an arborizing vasculature. As tumors progress, 
a range of histological growth patterns (HGPs) evolve, 
and the original patterns may no longer be identified in 
advanced tumors. The histological evolution of ccRCC has 
not been well studied. With tumor evolution, the ability of 
tumor cells to metastasize may also increase. Therefore, 
we set out to construct an evolutionary tree based on the 
association of HGPs with overall survival (OS).

Methods

We examined 24 HGPs in nephrectomy specimens of 107 
metastatic and 40 non-metastatic ccRCC. The Hazard Ratio 
(HR) for prediction for overall survival (OS) was calculated 
using a Cox regression model adjusted for six clinical 
confounding variables for each HGP. The nucleolar grade 
(NG) clinical grading scheme was used as the reference 
for OS prediction. Pairwise co-occurrence of HGPs 
among all cases was estimated using the Phi-coefficient 
and clustering based upon distance in correlation were 
displayed in a heatmap. The correlation coefficient and HR 
for prediction of OS were used to generate an evolutionary 
tumor progression model. 

Results

As expected, the highest correlations were observed 
between nucleolar grade (NG) 4 and sarcomatoid and 
rhabdoid (rho = 0.56, 0.48). Modest correlations were also 
observed between tubulopapillary, solid pseudopapillary or 
tubular with NG3 (rho = 0.19 - 0.27), suggesting correlation 
with higher NG. Modest correlations were also observed 
between fused nests, spindled low grade, sarcomatoid 
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and rhabdoid (rho = 0.17 – 0.27) and between small and 
expansile nests (rho = 0.28). The results from the correlation 
analysis reveal two distinct evolutionary pathways, one 
characterized by mesenchymal differentiation and the other 
by tubulopapillary epithelial morphology. Mesenchymal 
differentiation was almost exclusively seen in metastatic 
cases (44/107 vs 1/40), whereas tubular growth patterns 
were observed only in xx/107 metastatic cases.  

Table-1: Correlation co-efficient of HGPs with rho greater 
than 0.25 and less than -0.25

Variable 1 Variable 2 Correlation 
Coefficient

Sarcomatoid NG4 0.56

Infiltrative Sarcomatoid 0.54

Rhabdoid NG4 0.48

Small nests Regressive 0.38

Alveolar Necrosis 0.38

Solid 
pseudopapillary

Oncocytic 0.33

Hemangiomatous Cystic 0.3

Expansile nests Small nests 0.28

NG2 Small nests 0.28

Paneth cell like 
features

CalcificationYN 0.27

Fused nests Low grade spindled 0.27

NG3 Tubulopapillary 0.27

Tubular Tubulopapillary 0.27

Rhabdoid Fused nests 0.26

Rhabdoid Sarcomatoid 0.25

NG3 Solid pseudopapillary 0.25

NG2 Oncocytic -0.25

Expansile nests NG4 -0.26

Small nests Low grade spindled -0.26

Expansile nests Rhabdoid -0.28

NG2 Solid pseudopapillary -0.3

NG2 Tubulopapillary -0.3

Small nests Rhabdoid -0.33

NG2 Necrosis -0.37

NG2 NG4 -1

NG2 NG3 -1

NG4 NG3 -1

 

Conclusions

During tumor evolution ccRCC start as small compact nests 
that evolve through two distinct morphologic pathways of 
epithelial and mesenchymal differentiation, the latter being 
almost exclusively seen in cases that metastasize. However, 
the observation of metastatic cases lacking mesenchymal 
differentiation suggest that the emergence of metastatic 
cell clones may occur in tubulopapillary epithelial HGPs. 
Identifying molecular drivers  in cancer regions of 
tubulopapillary morphology will be an important next step 
for identifying novel therapeutic targets.

Keywords: Clear cell renal cell carcinoma, histologic 
growth patterns, tumor evolution
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Background

Combination of ICI with antiangiogenics (AA) is the 
standard of care for mRCC. However, the efficacy of ICI is 
heterogenous and is associated with non-neglible toxicity.  
Therefore, the aim of the present study is the identification 
of possible biomarkers to identify those patients who do 
not benefit from ICI and also develop grade ≥3 adverse 
events (g≥3 AEs). 

Methods

We retrospectively identified mRCC pts treated with ICI and 
AA at the University Hospital 12 de Octubre. We classified 
these patients according to the observed clinical benefit 
to AA and ICI and analyzed their whole transcriptome 
from tissue sections by microarray using non-treated 
samples. Patients were divided into two groups according 
to the differential response to AA and ICI: clinical benefit 
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(CB) with AA (CB-AA) and no clinical benefit (NCB) with 
ICI (NCB-ICI), or CB-ICI and NCB-AA. mRNA expression 
profiles from different gene set collections from MSigDB, 
were analyzed and interrogated by gene set enrichment 
analysis (GSEA) in these two groups, and in patients with or 
without g≥3 AEs.

Results

Across 92 mRCC patients treated with ICI and AA, tumor 
tissue was available for 73 pts and whole transcriptome 
was obtained from 66 samples. Baseline characteristics 
were well-balanced among them. Twenty-two patients 
presented CB-AA/NCB-ICI and 7 presented CB-ICI/
NCB-AA. Out of 60 pts evaluable for toxicity, 13 had g≥3 
AEs. The GSEA revealed enrichment in immune response 
related genes in patients with CB-ICI/NCB-AA. Conversely, 
IL2-STAT5 signaling, along with glycolysis, hypoxia, and 
angiogenesis were enriched in tumors showing response to 
AA but not to ICI. Remarkably, apoptosis, reactive oxygen 
species and cytokines, including IL2-STAT5 signaling, were 
preponderant in tumors from patients showing severe AEs. 

Conclusions

IL2-STAT5 signaling is enriched in patients showing 
response to AA, but not to ICI, and in those presenting 
severe (g≥3) immune-related AEs. Our transcriptome 
analysis suggests that specific gene signatures, may help 
to identify patients which do not benefit from ICI as well 
as patients at increased risk of g≥3 irAEs. Validation of this 
exploratory analysis is ongoing.

Keywords: renal cell carcinoma, transcriptomics, 
biomarkers, immunotherapy

Ultra-sensitive ctDNA distinguishes 
complete response (CR) and partial 
response (PR) with immunotherapy 
in metastatic renal cell carcinoma 
(mRCC) patients

Alexander Chehrazi-Raffle MD1, Ramya Muddasani 
DO1, Nazli Dizman MD1, Paulo Bergerot MD1, JoAnn 
Hsu1, Zeynep Zengin MD1, Nicolas Salgia1, Sabrina 
Salgia1, Jasnoor Malhotra1, Neal Chawla MD1, Yung Lyou 
MD, PhD1, Tanya Dorff MD1, Tania Contente-Cuomo2, 
Devin Dinwiddie2, Bradon McDonald PhD3, Timothy 
McDaniel PhD2, Jeffrey Trent PhD2, Muhammed 
Murtaza MBBS, PhD2,3, Sumanta Pal MD1

1City of Hope Comprehensive Cancer Center. 2Translational 
Genomics Research Institute, an affiliate of City of Hope. 
3University of Wisconsin, Division of Surgical Oncology

Background

Circulating tumor DNA (ctDNA) is validated across multiple 
indications as a predictor of disease recurrence in the 
adjuvant and surveillance settings.  We evaluated if patient-
specific targeted digital sequencing (TARDIS) of ctDNA 
may distinguish CR and PR with immunotherapy in mRCC 
patients.

Methods

Eligible patients (pts) had whole genome sequencing of 
pathologically confirmed mRCC.  Pts were included if they 
achieved a complete response (CR) or partial response 
(PR) to an immune checkpoint inhibitor (ICI).  ctDNA 
analysis was performed using the TARDIS platform, which 
incorporated an average of 30 patient-specific mutations 
(range 19-35) for the quantification of mutant allele 
fractions (mAFs).  Multiplexed sequencing was performed 
to achieve an average coverage of 103,342 read families 
per sample. Our primary objective was to determine the 
association between mAFs and depth of response (CR 
versus PR). A secondary objective was to determine if mAFs 
were associated with disease progression on subsequent 
imaging, which was assessed using computed tomography 
as part of routine care.

Results

A total of 13 pts (8:5 M:F) were analyzed, most of whom 
achieved a PR (77%).  The most common ICI regimen was 
nivolumab monotherapy (54%).  Most pts had clear cell 
histology (92%).  Pts with CR had a significantly lower 
ctDNA concentation than pts with PR (0.007% [IQR 0.004%-
0.018%] versus 0.242% [IQR 0.089%-0.535%], respectively 
(p=0.014)).  ROC curve analysis determined a threshold of 
0.028% mAFs to distinguish CR versus PR with a sensitivity 
of 100% and a specificity of 90% (AUC=0.97).  Of the 13 pts 
in the series, six pts demonstrated radiographic progression 
subsequent to ultra-sensitive ctDNA assessment.  ROC 
curve analysis determined a positivity threshold at 
0.125% mAFs, which allowed for the detection of disease 
progression on subsequent imaging with a sensitivity of 
83% and a specificity of 86% (AUC=0.82).

Conclusions

TARDIS was able to accurately differentiate CR from PR 
amongst pts with mRCC receiving immunotherapy, and 
also prospectively identified pts at risk for subsequent 
progression. Given these findings, we envision 
subsequent studies that utilize this ultra-sensitive assay 
to discern appropriate candidates for discontinuation of 
immunotherapy.

Keywords: ctDNA, TARDIS, biomarker, immunotherapy
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Seq-ing the source of radiation-
induced anti-tumor immunogenicity 
in renal cell carcinoma patient 
tumors

Jason Muhitch, Jacky Chow, Madeline Gaudieri, Scott 
Abrams, Thomas Schwaab, Anurag Singh

Roswell Park Comprehensive Cancer Center

Background

Clinical studies have demonstrated a clinical benefit for 
combining radiation and immunotherapy in a small number 
of patients. These translational findings are supported 
by correlative studies showing changes to the immune 
landscape following radiotherapy can predict response. 
Yet given the limited access to patient tumors following 
treatment and recent technical advances, few studies have 
addressed how radiation impacts immune activity at single 
cell resolution.  We hypothesized that radiation-initiated 
interferon and immune activating signals detected by bulk 
sequencing and array platforms in prior studies would 
localize to the heavy lymphocyte infiltrate characterized 
in RCC and that transcriptional signatures in SBRT-treated 
RCC would reflect increased immune recognition.  

Methods

We utilized access to renal cell carcinoma (RCC) samples 
from patients treated with stereotactic body radiation 
therapy (SBRT) following by nephrectomy in a pilot 
study (NCT01892930), to evaluate radiation-induced 
transcriptional changes to immune and RCC cells by single 
cell RNA sequencing. 

Results

Previous data showed radiation induced surface 
presentation of common RCC antigens in vitro and in 
resected radiated tumors. Additionally, bulk transcriptomic 
data of in situ radiated tumors showed broad immune 
activation, including increased interferon gamma 
(IFNG) signaling, as well as increased T cell clonality and 
dominant motifs. A deeper analysis through single cell 
RNA sequencing, determined that in situ radiated RCC had 
significantly higher expression of common tumor antigen 
genes, the MHCI complex, and genes involved in the tumor 
IFNG response. Irradiated-RCC T cells had higher effector 
expression and were more exhausted and terminally 
differentiated. Radiated-RCC tumor cells expressed more 
IFNG receptor and downstream effectors.

Conclusions

Collectively, these results indicate radiation may improve 
anti-tumor immunity by both increased T cell activity as 

well as tumor cell sensitivity to immunogenic cytokines and 
cytolysis in human malignancies, such as RCC.

Keywords: renal cell carcinoma, immunogenicity, radiation

Multiplex analysis of the tumor 
microenvironment (TME) in 
papillary renal cell carcinoma 
(pRCC) suggests a role of 
macrophages in therapeutic 
response

Mr. Nicholas Salgia BSc1, Dr. Haiqing Li PhD2, Mr. Isa 
Mambetsariev BA1, Dr. Nazli Dizman MD1, Dr. Zeynep 
Zengin MD1, Dr. Tamara Mirzapoiazova MD, PhD1, Dr. 
Dan Zhao MD, PhD1, Dr. Prakash Kulkarni PhD1, Dr. 
Sumanta Pal MD1

1Department of Medical Oncology and Experimental 
Therapeutics, City of Hope Comprehensive Cancer Center. 
2City of Hope Comprehensive Cancer Center

Background

The TME of clear cell RCC (ccRCC) is characterized by 
rich immune infiltrates that may play a role in therapeutic 
response to both targeted therapy and checkpoint 
inhibitors (Motzer et al Cancer 2021). However, the role of 
the TME in pRCC is poorly characterized. 

Methods

Formalin-fixed paraffin-embedded (FFPE) baseline tumor 
tissues from patients with ccRCC and pRCC were obtained 
from an institutional biorepository. Clinicopathologic 
characteristics and treatment history (with associated 
outcomes) were collected. FFPE samples were prepared 
and stained with heavy metal-conjugated antibodies 
for imaging mass cytometry using the Hyperion imaging 
system (Fluidigm, Inc, South San Francisco, CA). An 
11-marker panel of tumor stromal and immune markers 
was used to assess and quantify cellular relationships in the 
TME. The following markers were utilized to characterize 
the lymphoid, myeloid, and tumor stromal compartments 
representative of the TME: CD3, CD4, CD8a, FoxP3, CD68, 
Arginase-1, CD33, HLA-DR, Pan-Keratin, PD-1, and PD-L1. 

Results

Pre-treatment FFPE samples from 33 patients with RCC 
were accessioned and stained for IMC analysis, of which 10 
were ccRCC and 23 were pRCC. No significant differences 
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in age, gender, or other characteristics were noted between 
histological cohorts. Imaging mass cytometry analysis 
showed a higher proportion of macrophages (characterized 
by CD68) in ccRCC vs pRCC (19.8% vs 11.3%; p=0.01). A 
similar trend was seen with myeloid derived suppressor 
cells (MDSCs), representing 21.6% of cells in ccRCC patients 
versus 11.3% of cells in pRCC (p=0.02). Of the 23 patients 
with pRCC, 19 received therapy with MET inhibitors. 
Recursive partitioning analysis identified a subset of 
patients who had prolonged overall survival with MET 
inhibitors (>20 months); these patients had significantly 
more macrophages within the TME than those with shorter 
survival (15.9% vs 7.2%; p=0.04).

Conclusions

The TME of pRCC appears distinct from ccRCC, with a lower 
proportion of macrophages and MDSCs. Macrophages 
in the TME may be associated with clinical benefit among 
patients with pRCC receiving MET inhibitors. 

Keywords: Papillary RCC; Tumor Microenvironment; MET 
Inhibitors; Imaging Mass Cytometry
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Real world evidence of patient 
compliance to cabozantinib for 
metastatic renal cell carcinoma: a 
single Canadian center experience

Dr. Jaehoon Kim MD, Dr. Anil Kapoor MD, FRCSC

McMaster University, Hamilton, Ontario, Canada

Methods

A retrospective chart review of metastatic RCC patients at 
McMaster University between 2018 and 2020 that received 
cabozantinib at any-line therapy with at least 3 month 
follow-up. Outcomes included time to discontinuation, time 
to dose reduction, progression-free survival, and overall 
toxicity profile of cabozantinib.

Results

A total of 28 patients were evaluated (Fig. 1; mean ± SD; 
age = 59.4 ± 8.3 years) and the median time of exposure to 
cabozantinib was 8.1 months (IQR: 3.3 – 12.9). Cabozantinib 
was usually started at the full standard dose of 60 mg (82%) 
and half of the (54%) patients required dose reductions with 
the median time to first dose reduction at 6.1 months (Fig. 
2; IQR: 3.5 - not yet reached). Seven (25%) patients required 
treatment discontinuations, with toxicity-induced causes 
including hypertension (n=2), PPES and thromboembolic 
event. Median progression-free survival was 12.8 months 
(Fig. 2; IQR: 9.1 – not yet reached). The incidences of 
previously seen toxicities were lower than clinical trials, 
except for higher incidences of asymptomatic transaminitis 
and hypothyroidism (Fig. 3).

Conclusions

This study aimed to evaluate the role of cabozantinib-
induced toxicities that predispose unwanted dose 
reductions. These findings provide a benchmark for 
clinicians to anticipate toxicities and manage them by 
responding to reversible adverse events in the real-world 
setting.

Keywords: metastatic renal cell carcinoma, cabozantinib, 
toxicity

Histologic Growth Patterns in 
Nephrectomy Specimens of Clear 
Cell Renal Cell Carcinoma are 
Predictive of Overall Survival

Haoran Li MD, PhD1, Jonathan Chipman PhD2,3, Nicolas 
Sayegh MD1, Marc Barry MD4, Dan Albertson MD4, Jon 
Mahlow MD4, Ting Liu MD4, Prayushi Sharma5, Neeraj 
Agarwal MD1, Deepika Sirohi MD4, Beatrice Knudsen 
MD, PhD1,4

1Division of Medical Oncology, Department of Internal Medicine, 
Huntsman Cancer Institute, University of Utah, Salt Lake City, 
Utah, USA. 2Division of Biostatistics, Department of Population 
Health Sciences, University of Utah, Salt Lake City, UT, USA. 
3Cancer Biostatistics Shared Resource, Huntsman Cancer Institute, 
University of Utah, Salt Lake City, UT, USA. 4Department of 
Pathology, University of Utah and ARUP Laboratories, Salt Lake 
City, UT, USA. 5Huntsman Cancer Institute, University of Utah, Salt 
Lake City, Utah, USA

Methods

We examined 24 HGPs in nephrectomy specimens of 107 
metastatic and 40 non-metastatic ccRCC. For each HGP, the 
Hazard ratios (HRs) for prediction for overall survival (OS) 
was calculated using a multi-variate Cox regression model 
adjusted for age, gender, race, extrarenal tumor invasion, 
tumor thrombus formation, tumor size and the number 
of slides reviewed. Based on HR and p-value, HGPs were 
grouped into favorable, indeterminate and unfavorable 
categories. In addition, HGPs were evaluated for their 
frequency of inclusion in Cox models during a 5-fold cross-
validation and boot strapping approach.  A 2-tiered and a 
3-tiered model that incorporated HGPs were compared to 
models of nucleolar grade and nucleolar grade plus necrosis.

Results

A higher median number of HGPs indicating a greater 
morphologic heterogeneity was seen in metastatic tumors 
compared to non-metastatic tumors (5 vs 4, p-value 
<0.001). In addition to the established sarcomatoid and 
rhabdoid HGPs, infiltrative, spindled low grade and fused 
nests HGPs were predictive of shorter OS (HR=2.07, 2.32, 
2.80 respectively, p-value < 0.05). In contrast, HGPs with 
small nests, expansile nests and nests with high nuclear 
to cytoplasmic ratio were associated with longer OS (HR 
= 0.60, 0.41, 0.54 respectively, p-value < 0.1) (Table-1). 
3-tiered and 2-tiered risk models predicting shortened 
OS  by incorporating HGPs achieved better or more 

Posters
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convenient risk stratification, respectively, than nucleolar 
grade or necrosis grade (p3-tier = 0.0001, p2-tier = 0.0189, 
pNucleolar grade = 0.0036, pNecrosis grade = 0.0037 ). 
C-statistics and area under curve for the four risk models 
revealed similar performance in predicting OS.

Conclusions

HGPs in the primary ccRCC tumor obtained at nephrectomy 
contain important prognostic information, may  substitute 

for nucleolar grade and be used to stratify patients into 
overall survival risk groups. HGPs may harbor silent markers 
of tumor progression and OS that can guide further research 
into genomic heterogeneity and biomarker discovery. 

Keywords: Clear cell renal cell carcinoma, histologic 
growth pattern, risk model, overall survival

HGP HR p-value % times favorable • times unfavorable

Small nests 0.41 0.038 73.36 -

Nests with high nuclear to 
cytoplasmic ratio

0.54 0.09 54.35 -

Expansile nests 0.60 0.06 65.18 -

Oncocytic papillary 0.29 0.23 0.07 1.06

Paneth Cell like features 0.77 0.67 - -

Solid pseudopapillary 0.87 0.59 4.38 1.66

Oncocytic 0.97 0.93 0.13 -

Alveolar 0.98 0.95 0.13 3.12

Regressive 1.00 1.00 0.60 -

Tubulopapillary 1.03 0.92 0.47 0.07

Calcifications 1.04 0.93 - -

Papillary 1.06 0.89 - -

Cystic 1.08 0.76 0.27 1.86

Glandular 1.14 0.83 - -

Hemangiomatous 1.17 0.56 0.20 4.19

Endothelial proliferation 1.19 0.77 - -

Tubular 1.36 0.23 - 28.97

Giant Cells 2.33 0.26 - 2.59

Necrosis 1.56 0.13 - 49.30

Infiltrative 2.08 0.04 - 70.83

Low grade spindled 2.32 0.01 - 87.84

Sarcomatoid 2.36 0.11 - 100.00

Fused nests 2.80 <0.001 - 98.80

Rhabdoid 3.30 0.02 - 100.00
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Combination of Nivolumab and 
Ipilimumab in Patients with 
Metastatic Renal Cell Carcinoma 
(mRCC) Pretreated with Systemic 
Therapy

Haoran Li MD, PhD, Nicolas Sayegh, Ben Haaland, 
Deepika Sirohi, Nishita Tripathi, Nityam Rathi, Umang 
Swami, Neeraj Agarwal, Benjamin Maughan

Huntsman Cancer Institute, University of Utah

Methods

Prospectively maintained database of patients with mRCC 
at our institution was interrogated. Eligibility criteria: 
patients with mRCC with disease progression on a VEGF 
and/or PD-1 directed therapy, receipt of NIPI in salvage  
setting. We specifically compared the Immuno-oncology 
(IO) naive group and IO re-challenged group. The objective 
responses (ORR), disease control rate (DCR), progression 
free survival (PFS) and overall survival (OS) were assessed.

Results

A total of 84 patients with mRCC received salvage IO 
therapy, including 34 patients who received NIPI in salvage 
therapy setting: second line (n=26), third line (n=5) and 
fourth line (n=3). Prior treatments include VEGF-TKI 
(n=29), anti-PD1/PD-L1 (n=10), mTOR inhibitor (n=1) 
and IL-2 (n=4). CR, PR, SD and PD rate were 3% (n=1), 
10% (n=3), 38% (n=11) and 48% (n=14) respectively. ORR 
was 14% (n=3) in IO naïve group, and 14%  (n=1) in IO re-
challenged group. DCR was 59% (n=13) in IO naïve group, 
and 28% (n=2) in IO re-challenged group. PFS was 6.1 
months (3.1-9.1 mo) in the entire cohort, 6.7 months (3.4-
10.2 mo) in IO naïve patients and 4.0 months (2.7-5.4 mo) in 
IO re-challenged patients (p=0.22).

Conclusions

Efficacy of Nivolumab-Ipilimumab in the salvage therapy 
setting is lower than that reported in the treatment naïve 
setting in the CHECKMATE-214 trial (PMID 29562145). In 
the salvage therapy setting, Nivolumab-Ipilimumab may be 
more active in IO naïve versus IO pre-treated patients.

Keywords: Metastatic renal cell carcinoma, Nivolumab, 
Ipilimumab

Patients characteristics IO re-challenge 
(n=10)

IO naive (n=24) Combined (N=34) p value

Prior lines of treatment, n (%) 0.3

1 9 (90) 17 (71) 26 (76)

2 0 (0) 5 (21) 5 (15)

3 1 (10) 2 (8) 3 (9)

Prior types of treatment, n (%) <0.01

VEGF-TKI 7 (70) 22 (92) 29 (85)

mTOR inhibitor 0 (0) 1 (4) 1 (3)

Anti-PD1/PDL1 10 (100) 0 (0) 10 (29)

IL-2 0 (0) 4 (17) 4 (12)

Best responses to prior treatment, 
n (%)

n=7 n=22 n=29  

0.42

CR 0 (0) 1 (5) 1 (3)

PR 1 (14) 2 (9) 3 (10)

SD 1 (14) 10 (45) 11 (38)

PD 5 (72) 9 (41) 14 (48)

Treatment response

ORR, n (%) 1 (14) 3 (14) 4 (13) 1

DCR, n (%) 2 (28) 13 (59) 15 (51) 0.22

PFS, median (range) 4.0 (2.7-5.4) 6.7 (3.4-10.2) 6.1 (3.1-9.1) 0.22
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Single-cell RNA sequencing of 
tumor-derived endothelial cells 
from clear cell renal cell carcinoma 
reveals a unique phenotypic 
signature impacting T cell 
interactions

Dr. Yuexin Xu Ph.D1, Dr. Chris Miller Ph.D1, Dr. Scott 
Tykodi M.D, Ph.D1,2, Dr. Edus Warren M.D, Ph.D1,2,3, Dr. 
Shreeram Akilesh M.D, Ph.D1,3

1Clinical Research Division, Fred Hutchinson Cancer Research 
Center, Seattle, WA. 2Department of Medicine, Division of Medical 
Oncology, University of Washington, Seattle, WA. 3Department 
of Laboratory Medicine and Pathology, University of Washington 
School of Medicine, Seattle, WA

Methods

In this study, we used whole transcriptomic single-cell 
RNA sequencing (scRNAseq) to characterize TECs at 
high resolution.  Paired human primary ccRCC tumor and 
normal adjacent tissue (NAT) single-cell suspensions were 
generated from four adults undergoing nephrectomy for 
localized renal tumors.  Each sample was stained and sorted 
on 1), Viable (DAPI–), single-cell total tissue digest, and 2), 
CD31+CD144+DAPI– viable endothelial cells.  These two 
populations, together with a spiked-in human umbilical 
vein endothelial cell (HUVEC) cell population were each 
separately barcoded with individual TotalSeqTM hashtag 
antibodies (BioLegend, San Diego, CA) prior to single-cell 
library construction using the 10X Genomics Chromium 
Next Gem Single Cell 5’ V2 kit.  Sequence data were 
deconvoluted with Cell Ranger pipeline V5, batch corrected, 
and analyzed using single-cell R packages including Seurat 
V4 and Monocle3. The ligand-receptor interactions were 
inferred by the NicheNet R package.

Results

TECs, NECs, and HUVECs formed three distinct populations 
on uniform manifold approximation and projection 
(UMAP) dimensionality reduction projection.  Pseudotime 

trajectory analysis suggested clear biological progression 
from NECs to TECs.  Cell type classification based on 
human kidney endothelial markers revealed enrichment of 
a cortical peritubular capillary phenotype for TECs. TECs 
also harbored a unique angiogenic population comprised 
of immature endothelial cells and tip cells with upregulated 
expression of the TKI targets FLT4, FLT1, KDR, and KIT.  
TECs had elevated expression of genes involved in the 
extracellular matrix organization, cell-cell junction, integrin 
adhesion, and VEGF pathways while downregulating 
immune-related pathways including interleukin-4 and -13 
signaling and MHCII antigen presentation.  The ligand-
receptor analysis predicted a unique immune-inhibitory 
interaction (PVR and TIGIT) between TECs and tumor-
infiltrating T cells.  In addition, while NECs and normal-
tissue associated T cells expressed the chemoattractive 
CXCL10 - CXCR3 signaling axis, this was absent in tumor-
infiltrating T cells and TECs.

Conclusions

Using scRNAseq analysis of purified TECs from ccRCC, 
we identified unique transcriptional signatures providing 
insight into the developmental phenotype of TECs, and 
their interactions with immune cells in the TME. The high 
expression of receptor tyrosine kinases in TECs provides a 
basis for their phenotypic normalization by TKI therapies.  
Previous studies have demonstrated PVR expression by 
tumors as an important mechanism for mediating T cell 
anergy by binding to TIGIT; to our knowledge, this is the 
first study to demonstrate that the inhibitory interactions 
may occur as T cells interact with TECs prior to migration in 
close proximity to tumor cells.  Our data suggest that TEC 
has the potential to inhibit tumor infiltration and function 
of T cells attempting to engage the ccRCC tumor.  These 
interactions may potentially impact tumor immune escape 
and shape the anergic microenvironment in ccRCC.

Keywords: clear cell carcinoma (ccRCC), tumor-associated 
endothelial cells (TECs), single-cell RNA sequencing 
(scRNAseq), tumor-infiltrating lymphocytes (TILs)
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Study of the correlation between 
imaging by ultrasonography and 
histology to characterize renal 
tumor development in mice

Laurie De Castro MSc1, Olivier Claude PhD1, Amandine 
Sache2, Frederic Voyer2, Delphine Denais-Lalieve DVM2, 
Celine Bouvier-Capely PhD1, Yann Gueguen PhD1

1Institut de radioprotection et de sûreté nucléaire, Laboratoire de 
recherche en radiochimie, spéciation et imagerie ; Fontenay-aux-
Roses, France. 2Institut de radioprotection et de sûreté nucléaire, 
Groupe de support à la recherche et à l’éthique animale ;  
Fontenay-aux-Roses, France

Methods

All procedures and animal care protocols were approved by 
our institutional animal experimentation ethics committee 
and were performed in compliance with Directive 2010/63/
EU. The phenotypic characterization of the animals was 
done through a follow-up for 1 year (bodyweight, diuresis, 
high-resolution ultrasonography). Animals were observed 
at regular time intervals in order to observe the evolution 
of renal injuries and masses leading to tumors. Technical 
improvements have been done to screen whole kidneys 
to detect very small lesions (up to 200µm). 3D features 
also allow to assess morphology and vasculature (in 
Doppler mode) that facilitate the search for small tumors. 
After euthanasia, kidneys were collected to perform 
anatomopathological and immunohistochemical (IHC) 
analyses (5µm sections every 200µm to visualize the whole 
kidney). Hallmarks of kidney cancer (including inflammation, 
tumor promotion, proliferation and angiogenesis) and new 
biomarkers were studied by RT-qPCR and protein arrays.

Results

At first time-point analyses from ultrasonography and 
histology, Pax8-Cre; VhlF/F; Pbrm1F/F (phenotype Vhl- Pbrm1) 
and Pax8-Cre; VhlF/F; Pbrm1+/+ (phenotype Vhl- Pbrm1+) 

animals showed hydronephrosis. In addition, some 
animal harbored renal cysts, thought to be consequence 
from hydronephrosis. Nevertheless, cysts were very 
heterogenous in number, size and shape. Histological 
analyses showed delimited areas of undifferentiated 
tubules surrounded by clear cells show tumor development 
in Vhl- Pbrm1- animals. Immunostaining for CAIX protein 
allows the identification, localization and quantification 
of tumors in renal tissue. Additional immunostainings are 
in progress to complete the phenotypic characterization 
of RCC. 2D and 3D ultrasound images show several visual 
abnormalities, among which ccRCC are noticeable and 
confirmed thanks to histology and CAIX immunostaining. 
Markers of different stages of renal carcinogenesis selected 
in RT-qPCR allowed us to highlight underlying molecular 
differences between Vhl- Pbrm1+ and Vhl- Pbrm1- animals.

Conclusions

The identification and measurement of tumors observed 
by histology is correlated to the observations made by 
ultrasonography in order to detect the appearance of the 
first tumors in a non-invasive way, and thus improve the 
follow-up of the tumorigenesis. This longitudinal monitoring 
(ultrasonography, diuresis) and post-mortem analyses 
(anatomopathology, IHC, RT-qPCR) allow us to propose 
parameters that should be followed and biomarkers to 
observe in a pre-clinical approach (diagnosis, treatment) or 
in the study of carcinogenic suspected agents, for example 
uranium.

Gu, Y.-F. et al. (2017) Modeling Renal Cell Carcinoma in 
Mice: Bap1 and Pbrm1 Inactivation Drive Tumor Grade. 
Cancer Discov, 7, 900–917.

Keywords: kidney cancer, VHL, PBRM1, ultrasonography, 
histology, mouse
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Determinants of Renal Cell 
Carcinoma Invasion and Metastatic 
Competence

Kangsan Kim, Qinbo Zhou, Alana Christie, Christina 
Stevens, Yuanqing Ma, Oreoluwa Onabolu, Suneetha 
Chintalapati, Tiffani Mckenzie, Vanina Tcheuyap, Layton 
Woolford, Zhiqun Xie, He Zhang, Nirmish Singla, Pravat 
Parida, Mauricio Marquez-Palencia, Ivan Pedrosa, 
Vitaly Margulis, Arthur Sagalowsky, Tao Wang, Zora 
Modrusan, Somasekar Seshagiri, Payal Kapur, James 
Brugarolas, Srinivas Malladi

Methods

Over a decade, we prospectively enrolled 83 patients 
undergoing surgical resection for invasive tumors and 
performed comprehensive histological analyses, integrated 
multi-region genomic studies, generated in vivo models, 
and executed functional studies.

Results

Contrary to established paradigms supporting current 
clinical practice, we discovered that invasion is not always 
driven by the most aggressive clone. Rather, invasion driven 
by immediate early genes appears to be an opportunistic 
trait attained by subclones with diverse oncogenomic status 
in geospatial proximity to vasculature. We show that grade 
of invasive intravascular tumor thrombus (rather than grade 
in the primary tumor), inflammation and mTOR activation 
are important determinants of metastatic competency. 

Conclusions

These findings have implications for routine clinical 
practice and extend our understanding of tumor invasion 
and metastases.

Keywords: Invasion, Metastasis, Tumor Thrombus

Prolonging utilization of systemic 
therapy in oligoprogressive 
metastatic renal cell carcinoma 
(mRCC) using stereotactic body 
radiation therapy (SBRT)

Sabrina Salgia MS1, Nicholas Salgia BS1, Dr. Zeynep 
Zengin MD1, Dr. Nazli Dizman MD2, JoAnn Hsu1, Dr. 
Luis Meza MD1, Dr. Neal Chawla MD1, Dr. Alexander 
Chehrazi-Raffle MD1, Dr. Ramya Muddasani DO1, 

Jasnoor Malhotra1, Matthew Feng1, Kalen Patel1, Sweta 
Prajapati1, Dr. Savita Dandapani MD, PhD1, Dr. Sumanta 
Pal MD1

1City of Hope National Medical Center. 2Yale University

Methods

A retrospective analysis from an institutional database 
was conducted and 23 patients were analyzed. This study 
included mRCC patients who (1) had oligoprogression 
while on systemic therapy, (2) received SBRT to those sites 
of oligoprogression and (3) remained on the same therapy 
following completion of SBRT. Clinical characteristics, 
demographics, tumor features, therapeutic data, and SBRT-
related data were gathered. Duration of systemic therapy 
before oligoprogression (DOT[P]) and then following 
completion of SBRT (DOT[S]) was also collected. The 
DOT[S]/DOT[P] ratio was calculated to determine the 
impact of SBRT-induced systemic treatment prolongation. 

Results

Out of 23 total patients, 21 patients (91%) had clear cell 
and 2 patients (9%) had papillary RCC histology. At the time 
of oligoprogression, 15 (65%), 7 (30%), and 1 (5%) patients 
were receiving immunotherapy, targeted therapy, and 
combination therapy, respectively, representing the first-
line of treatment for a majority of patients (n=10, 43%). 
The median number of oligoprogressive lesions treated 
with SBRT was 2 (interquartile range [IQR], 1-2), with the 
lungs being the most frequently irradiated site (n=14; 
40%). There was a median total of 30 Gy (IQR, 30-50) total 
doses of SBRT with a median dose per fraction of 6 Gy 
(IQR, 5-10). Only 22% of patients reported an SBRT related 
toxicity with fatigue being the most common (13%). No 
patient experienced grade 3-4 SBRT related toxicities. The 
median DOT[S] was 10.3 months (IQR, 8.6-13.7) and the 
median DOT[P] was 12.8 months (IQR, 4.9-32.8). Results 
demonstrated a median DOT[S]/DOT[P] to be 1.0 (IQR, 0.3-
2.8).

Conclusions

For patients with oligoprogressive mRCC, SBRT is a well-
tolerated treatment regimen. The utilization of SBRT can 
delay a change or discontinuation of systemic therapy and 
prolong the therapeutic response. 

Keywords: metastatic renal cell carcinoma, stereotactic 
body radiation therapy, oligoprogression, systemic therapy
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Combination pembrolizumab and 
axitinib in second and further line 
treatment of metastatic renal cell 
carcinoma (mRCC)

Nazli Dizman MD1, Matthew Austin MD2, Bryden 
Considine DO2, Shlomit Jessel MD2, Russel Lewis MD2, 
Timil Patel MD2, Hari Deshpande MD2, Daniel Petrylak 
MD2, Michael Hurwitz PhD, MD2, Mario Sznol MD2, 
Harriet Kluger MD2

1Department of Internal Medicine, Yale School of Medicine, Yale 
New Haven Hospital, New Haven, CT. 2Department of Medical 
Oncology, Yale School of Medicine, Smilow Cancer Center, New 
Haven, CT

Methods

Consecutive patients receiving combination 
pembrolizumab/axitinib in second or further line 
treatment of mRCC as part of routine clinical care were 
identified at Yale-New Haven Hospital. Patient and disease 
characteristics were retrospectively collected. Best overall 
response was assessed using RECIST 1.1 criteria. Kaplan-
Meier curves were then used to analyze survival.

Results

34 (M:F 30:4) patients were identified. The median age was 
64 (range, 38-80) years. 85% had clear cell RCC. 97% had 
prior ICI and 35% had prior VEGF-TKIs. 20 (58.8%) patients 
received pembrolizumab/axitinib as second line therapy 
and 14 (40.2%) received as third line and beyond. The most 
frequent treatment sequence was first line nivolumab/
ipilimumab followed by second line pembrolizumab/
axitinib (n=18, 53%). At a median follow up of 13.3 months, 
median PFS was 7.1 months (95% confidence interval, 6.3 – 
7.9). Objective response rate (ORR) was 20.5% including 1 
(2.9%) complete response and 6 (17.6%) partial responses. 
16 (47.1%) patients had a best response of stable disease. 
Patients who received first line nivolumab/ipilimumab 
followed by second line pembrolizumab/axitinib had a 
median PFS of 8.7 (95% CI 5.6 – 11.9) months with an 
ORR of 17%  while patients treated with other treatments 
had a median PFS of 5.8 (95% CI 1.9-9.6) months and an 
ORR of 25%, p=0.402 and p=0.681. Adverse events led to 
discontinuation of pembrolizumab in 5 (15%), axitinib in 4 
(12%) and both in 1 (3%) patient. 

Conclusions

Pembrolizumab/axitinib in previously treated mRCC 
patients is tolerable and active. In this small cohort, PFS was 
numerically longer in patients who had not had prior VEGF-
Rs. Further investigations using ICI-based combination 
therapies beyond the front line are warranted. 

Keywords: renal cell carcinoma, pembrolizumab, axitinib, 
immunotherapy, second line

Computationally designed Death 
Receptor 5 antibody nanocages 
show enhanced antitumor activity 
in a 3D renal cell carcinoma 
microphysiological system

Dr Chris Miller PhD1,2, Dr James Lazarovits PhD3,4, Dr 
George Ueda PhD3,4, Dr Scott Tykodi MD, PhD1,5, Dr 
Edus Warren MD, PhD1,2,5, Dr Shreeram Akilesh MD, 
PhD2,6, Dr Julie Mathieu PhD7,8

1Clinical Research Division, Fred Hutchinson Cancer Research 
Center, Seattle, WA, USA. 2Department of Laboratory Medicine 
and Pathology, University of Washington, Seattle, WA, USA. 
3Department of Biochemistry, University of Washington, Seattle, 
WA, USA. 4Institute for Protein Design, University of Washington, 
Seattle, WA, USA. 5Department of Medicine, Division of Medical 
Oncology, University of Washington, Seattle, WA, USA. 6Kidney 
Research Institute, Seattle, WA, USA. 7Department of Comparative 
Medicine, University of Washington, Seattle, WA, USA. 
8Institute for Stem Cell and Regenerative Medicine, University of 
Washington, Seattle, WA, USA

Methods

Human RCC4 cells were fluorescent-labeled and cultured 
as spheroids overnight using microdivit plates at 175 cells 
per well. Spheroids were seeded in a 2.5 mg/mL collagen-I 
hydrogel in Aim Biotech DAX-1 3D cell culture microfluidic 
chips that were then treated with 10, 1, 0.1 or 0.01nM 
octahedral DR5 antibody nanocages containing 12 DR5 
antibodies, control-Fc nanocages, free DR5 antibodies, 
or left untreated. After 48 hours, chips were stained with 
the nuclear live/dead cell discriminator DRAQ7, z-stack 
projections were obtained by fluorescence confocal 
microscopy, and cell death was quantified as the ratio of 
DRAQ7 to overall spheroid volumes by 3D object counting 
using Fiji software. 

Results

When left untreated, RCC spheroids invade into the collagen 
matrix and exhibit high viability in 3D culture. In contrast, 
DR5 antibody nanocages but not control-Fc nanocages 
markedly induced the death of RCC4 spheroids at 10, 1 and 
0.1nM.  The inhibition of RCC4 invasion into surrounding 
collagen was complete (no invasion) at 10 and 1nM, with 
minimal invasion noted at 0.1nM. Free DR5 antibodies 
moderately induced the death of RCC4 spheroids at 10 and 
1nM but did not prevent their invasive phenotype at any 
concentration tested.  
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Conclusions

Our 3D model system was useful to simultaneously 
monitor cell death and cell invasion and revealed that DR5 
antibody nanocages were >250 fold more cytotoxic for 
RCC4 cells than monomeric antibodies. Interestingly, the 
antibody nanocages uniquely impacted tumor cell invasion 
suggesting faster kinetics of target killing. Current studies 
are evaluating the unique signaling pathways activated by 
DR5 antibody nanocages compared to free DR5 antibodies; 
the selective activity of DR5 antibody nanocages against 
primary patient renal cell carcinoma cells compared to 
matched normal-adjacent kidney tissues; and the ability 
of DR5 nanocages to cross an engineered microvessel 
endothelial cell barrier. DR5 antibody nanocages 
represent a promising new therapeutic strategy for further 
development in renal cell carcinoma. 

Keywords: TRAIL, DR5, microphysiological system, 3D 
culture models, renal cell carcinoma

Exposure-adjusted VEGFR TKI class 
effect treatment-emergent adverse 
events (TEAEs) in the TIVO-3 trial 
of relapsed or refractory metastatic 
RCC (mRCC)

Thomas Hutson DO, PharmD, FACP1, David 
McDermott MD2, Michael Atkins MD3, Sumanta Pal 
MD4, Vijay Kasturi MD5, Brian Rini MD6

1Texas Oncology - Baylor Charles A. Sammons Cancer Center. 
2Beth Israel Deaconess Medical Center. 3Medstar Georgetown 
University Hospital. 4City of Hope National Medical Center. 
5AVEO Oncology. 6Vanderbilt University Medical Center

Methods

Drug exposure was calculated as last exposure minus first 
exposure for patients not experiencing the particular AE; 
AE onset minus first exposure for patients experiencing 
the event.  Log-rank p-values were generated to compare 
(p<0.05) TEAE rates per patient months of exposure based 
on time to first occurrence for these AEs. Analyses were 
repeated for each of 6 common VEGFR TKI class effect 
TEAEs, and for any of these events.

Results

Among 173 and 170 patients in the TIVO and SOR TIVO-
3 safety population, overall incidence of VEGFR TKI class 
effect TEAEs of any grade was similar, but there was more 
asthenia/fatigue and HTN with TIVO, and more diarrhea, 
PPE and rash with SOR.  In contrast, TEAE rates per patient 
months of exposure demonstrated significantly lower risk 
of any VEGFR TKI class effect TEAE with TIVO, and only 
asthenia/fatigue individually was more common with TIVO 
than SOR.  Exposure adjusted analysis reaffirmed a higher 
risk of experiencing diarrhea, PPE and rash with SOR  
(Table 1).

Conclusions

Collectively, after adjusting for treatment exposure, the 
risk of experiencing any of 6 common VEGFR TKI class 
effect TEAEs is lower with TIVO than SOR.

Keywords: Tivozanib adverse effects mRCC

VEGFR TKI Class Effect TEAE Incidence, n (%) TEAE Rates per Patient Months of Exposure

 TIVO

(n=173)

SOR

(n=170)

p-value TIVO SOR Log-rank p-value

Any 150 (87) 157 (92) 0.1124 0.435 1.064 0.0005

Asthenia/Fatigue 114 (66) 82 (48) 0.0011 0.133 0.121 0.0417

Diarrhea 74 (43) 91 (54) 0.0520 0.068 0.196 <.0001

HTN 74 (43) 50 (29) 0.0133 0.075 0.068 0.0531

Nausea/Vomiting 59 (34) 45 (26) 0.1287 0.044 0.048 0.4888

PPE 28 (16) 69 (41) <.0001 0.017 0.109 <.0001

Rash 27 (13) 58 (34) <.0001 0.013 0.076 <.0001

Table 1
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The attrition of patients with 
metastatic renal cell carcinoma 
across treatment lines: a real-
life experience from the Turkish 
Oncology Group Kidney Cancer 
Consortium (TKCC) database

Emre Yekedüz MD1, Serdar Karakaya MD2, Deniz Tural 
MD3, Cihan Erol MD4, Ismail Ertürk MD5, Çağatay 
Arslan MD6, Satı Coşkun Yazgan MD7, Nihan Şentürk 
Öztaş MD8, Rukiye Arıkan MD9, Gökhan Uçar MD10, 
Orçun Can MD11, Özlem Nuray Sever MD12, Saadettin 
Kılıçkap MD13,14, Umut Demirci MD15, Nuri Karadurmuş 
MD5, Mehmet Ali Şendur MD4, Irfan Çiçin MD16, Yüksel 
Ürün MD1

1Ankara University Faculty of Medicine, Medical Oncology 
Department, Ankara, TURKEY. 2University of Health Sciences 
Dr. Abdurrahman Yurtaslan Ankara Oncology Education and 
Research Hospital, Medical Oncology Department, Ankara, 
TURKEY. 3Bakırköy Dr. Sadi Konuk Training and Research Hospital, 
Istanbul, TURKEY. 4Ankara Yıldırım Beyazıt University Faculty 
of Medicine, Medical Oncology Department, Ankara, TURKEY. 
5University of Health Sciences Gülhane Education and Research 
Hospital, Medical Oncology, Ankara, TURKEY. 6Izmir University 
of Economics, Faculty of Medicine, Department of Medical 
Oncology, Izmir, TURKEY. 7Ankara University Faculty of Medicine, 
Department of Internal Medicine, Ankara, TURKEY. 8Istanbul 
University-Cerrahpaşa, Cerrahpaşa Faculty of Medicine, Division 
of Medical Oncology, Istanbul, TURKEY. 9Marmara University, 
Faculty of Medicine, Department of Medical Oncology, Istanbul, 
TURKEY. 10University of Health Sciences, Ankara City Hospital, 
Department of Medical Oncology, Ankara, TURKEY. 11University 
of Health Sciences, Prof. Dr. Cemil Taşçıoğlu City Hospital, 
Department of Medical Oncology, Istanbul, TURKEY. 12Gaziantep 
University Faculty of Medicine, Medical Oncology Department, 
Gaziantep, TURKEY. 13Hacettepe University Faculty of Medicine, 
Medical Oncology Department, Ankara, TURKEY. 14Istinye 
University, Faculty of Medicine, Department of Medical Oncology, 
Istanbul, TURKEY. 15Üsküdar University, Faculty of Medicine, 
Memorial Ankara Hospital, Department of Medical Oncology, 
Ankara, TURKEY. 16Trakya University, Faculty of Medicine, 
Department of Medical Oncology, Edirne, TURKEY

Methods

The Turkish Oncology Group Kidney Cancer Consortium 
(TKCC) is a multi-center registry including patients with 
mRCC from 13 cancer centers in Turkey. Up to now, 
about 1,000 patients with mRCC were enrolled in the 
TKCC database. Patients’ demographics and pathological 
and clinical data of patients are constantly updated. We 
extracted the systemic treatment data of patients treated 
in 2005-2020 from the database. In the next step, we 
assessed treatment attritions in each treatment line. We 

categorized attrition types as attrition due to death, disease 
progression, toxicity, and patient preference. 

Results

A total of 811 patients were included in this study. Three 
out of four patients were male. Approximately 80% of 
all patients had clear cell histology. The median age at 
the initiation of first-line systemic therapy was 60 years 
(interquartile range (IQR):54-67). The rates of patients in 
the “International mRCC Database Consortium (IMDC)” 
favorable, intermediate, and poor prognostic risk groups 
were 15.2%, 46.6%, and 20.1%, respectively. The patients’ 
rates treated in the 2nd, 3rd, 4th, and 5th line of therapy 
were 72.0%, 37.7%, 12.5%, and 3.8%, respectively. Death 
was the most common reason for attrition in each step 
(64.8%, 67%, 62%, and 59% in the 1st, 2nd, 3rd, and 4th 
lines of therapy, respectively). The dispersion of patients 
according to attrition categories in each step is shown in 
Table 1.

Table 1. Treatment Attritions in Each Step

Death Disease 
Progression

Toxicity Patients’ 
Preference

n (%) n (%) n (%) n (%)

1st line to 
2nd line

129 (64.8) 40 (20.1) 12 (6.0) 18 (9.1)

2nd line to 
3rd line

134 (67.0) 40 (20.0) 11 (5.5) 15 (7.5)

3rd line to 
4th line

67 (62.0) 28 (25.8) 7 (6.6) 6 (5.6)

4th line to 
5th line

23 (59.0) 11 (28.2) 2 (5.1) 3 (7.7)

Conclusions

Despite improvements in the treatment of patients with 
mRCC a significant number of patients cannot receive 
treatment in the 2nd-line and beyond. Therefore, access to 
effective treatments in the early setting is crucial.

Keywords: kidney cancer, progression, death
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Selective destruction of kidney 
tumor vasculature based on novel 
vascular disrupting agent revealed 
by optical and multispectral 
optoacoustic imaging.

Dr Hashini Wanniarachchi PhD1, Dr Yihang Guo 
MD1, Dr Devin O’Kelly PhD1, Mr Regan Schuetze BS1, 
Professor Mary Lynn Trawick PhD2, Professor Kevin 
Pinney PhD2, Professor Li Liu PhD1, Professor Ralph 
Mason PhD1

1UT Southwestern. ²Baylor University

Methods

Luciferase-expressing RENCA tumor cells were implanted 
orthotopically in the right kidney capsule of syngeneic 
BALB/C mice. Bioluminescence Imaging (BLI) was applied 
weekly to assess tumor growth. Once tumors reached 
approximately 1 cc, we applied both dynamic BLI and 
Multispectral Optoacoustic Tomography (MSOT) to 
evaluate acute response to OXi8007. Human XP373 and 
XP490 tissues were implanted in nude mice and MSOT 
applied.

Results

Following administration of luciferin, BLI detected a rapid 
increase in signal over 5 minutes followed by gradual 
diminution (Fig. 1B). OXi8007 (350 mg/kg) was administered 
IP. When fresh luciferin was administered 4h later, much less 
BLI signal was detected (<1% baseline signal), with some 
recovery 24h later. Upon resection massive hemorrhage 
was observed in the tumor (Fig. 1D). BLI is limited to 
transfected tumor cells, thus we have also explored MSOT, 
which can detect endogenous oxy- and deoxyhemoglobin 
(Fig. 1F, G) as well as the blood pool agent Genhance (Fig. 
1H, I). MSOT reveals changes in vasculature in both the 
tumor and normal tissues such as muscle and normal kidney 
to reveal selective vascular impairment. Initial studies of 
human tumor explant lines show very different vascular 
extent by MSOT, as confirmed by histology.

See Poster 61

Real-World Practice Patterns and 
Safety of Concurrent Radiotherapy 
(RTx) and Cabozantinib (Cabo) in 
Metastatic Renal Cell Carcinoma 
(mRCC): Results from the 
International mRCC Database 
Consortium

Chun Loo Gan1, Andrew L. Schmidt2, Chris Labaki2, 
Luis Meza3, Gabrielle Bouchard2, Haoran Li4, Francesca 
Jackson-Spence5, Elizabeth Pan6, Carla Sánchez-Ruiz7, 
Thomas Powles5, Neeraj Agarwal4, William A. Hall8, 
Benoit Beuselinck9, Cristina Suarez7, Sumanta K. Pal3, 
Jiaming Huang2, Wanling Xie2, Toni K. Choueiri2, Daniel 
Y.C. Heng1, Rana R. McKay6

1Tom Baker Cancer Centre, University of Calgary, Calgary, AB, 
Canada. 2Dana-Farber Cancer Institute/Brigham and Women’s 
Hospital/Harvard Medical School, Boston, MA. 3City of Hope 
Comprehensive Cancer Center, Duarte, CA. 4Division of Medical 
Oncology, Department of Internal Medicine, University of Utah 
Huntsman Cancer Institute, Salt Lake City, UT, USA. 5Barts Cancer 
Institute, Queen Mary University of London, London, United 
Kingdom. 6University of California San Diego, La Jolla, CA. 7Vall 
d’Hebron Institute of Oncology, Vall d’Hebron University Hospital, 
Universitat Autònoma de Barcelona, Barcelona. 8Department 
of Radiation Oncology, Medical College of Wisconsin, 9200 W 
Wisconsin Av, Milwaukee, WI, 53226, USA. 9University Hospitals 
Leuven, Leuven Cancer Institute, Leuven, Belgium

Methods

An international multicenter retrospective study was 
conducted. Patients (pts) with mRCC treated with Cabo 
at any line of therapy and received RTx between 30 days 
prior to the start date of Cabo and 30 days following 
discontinuation of Cabo from 2014 to 2020 were included. 
The primary outcome was the rate of any adverse events 
(AEs) occurring within 30 days of receipt of RTx as defined 
by the Common Terminology Criteria for Adverse Events 
Version 5.0. The secondary outcomes evaluated practice 
patterns, time-to-treatment-failure (TTF), and overall 
survival (OS) from initiation of Cabo.

Results

Overall, 127 pts were included. 77 (61%) received 
conventional palliative RTx (CRT group), and 50 (39%) 
received stereotactic ablative RTx (SABR group) with 
(n=11) or without CRT (n=39). The baseline characteristics 
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are shown in Table 1. In the CRT group, 91% (70/77) 
received 1 course of CRT, 68% (52/77) had concurrent use 
of Cabo during RTx, and 32% (25/77) had Cabo held during 
RTx. In the SABR group, 80% (40/50) received 1 course 
of SABR, 68% (34/50) had concurrent use of Cabo during 
RTx, and 32% (16/50) had Cabo held during RTx. The most 
common RTx target sites were bone (82% vs. 50%), brain 
(4% vs. 34%), lung (4% vs. 16%), and soft tissue (4% vs. 2%) 
for those who received CRT vs. SABR, respectively.

Overall, any grade AEs (of any cause) occurred in 30% 
(26/88) of pts who received CRT and 42% (21/50) of pts 
who received SABR. Among pts treated with CRT, the 
most common AEs were fatigue (10%, 9/88) and nausea/
vomiting (6%, 5/88). There were four grade 3 AEs: 1 case of 
fatigue and 1 case of pulmonary embolism were observed 
in those who had concurrent Cabo during CRT, whereas 1 
case of fatigue and 1 case of pneumonia were observed in 
those who had Cabo held during CRT. No grade 4 or higher 
AEs were observed. Among pts treated with SABR, the 
most common AEs were fatigue (16%, 8/50) and anorexia 
(6%, 3/50). No grade 3 or higher event was observed in pts 

who had concurrent Cabo during SABR. There was a case 
of grade 4 radiation pneumonitis in a pt who had Cabo held 
during SABR. No grade 3 or 5 AEs were observed among pts 
treated with SABR.

Between the CRT vs. the SABR group, the median OS and 
TTF were 16.8 vs. 20.4 mo and 9.6 vs. 10.8 mo, respectively.

Conclusions

Our study represents the first real-world report of the 
use of RTx in pts with mRCC treated with Cabo. Overall, 
the concurrent use of Cabo during RTx was well tolerated 
with few grade 3 or higher AEs. The use of RTx with Cabo 
requires risk-benefit assessment by considering pts and 
disease characteristics to optimise patient selection. 

Keywords: renal cell carcinoma, cabozantinib, 
radiotherapy, Stereotactic ablative radiotherapy, 
Stereotactic Body Radiation Therapy, metastatic kidney 
cancer

See Poster 32

CRT only 

(N=77)

SABR +/- CRT

(N=50)

Age at diagnosis, median (IQR) 60 (21-78) 55 (22-75)

Male 61/76 (80%) 40/49 (82%)

Clear cell histology 70/75 (93%) 42/49 (86%)

Sarcomatoid histology 11/66 (17%) 8/41 (20%)

Prior nephrectomy 70/77 (91%) 41/50 (82%)

IMDC risk group

     Favorable 6/66 (9%) 2/41 (5%)

     Intermediate 40/66 (61%) 32/41 (78%)

     Poor 20/66 (30%) 7/41 (17%)

Cabo line of therapy 

     First 4/77 (5%) 5/50 (10%)

     Second 15/77 (20%) 16/50 (32%)

     Third 31/77 (40%) 17/50 (34%)

     Fourth 20/77 (26%) 9/50 (18%)

     Fifth 7/77 (9%) 3/50 (6%)

Total duration of RTx, median (days) 7 7

Total RTx dose, median (centigray) 2000 3750

https://virtual.oxfordabstracts.com/#/event/2116/poster-gallery/grid?sort=titles&current=32


a b st r ac ts  f rom  kc r s 2 1

3 0Version 2. 10.11.2021. © KidneyCAN.

Kidney-specific nanoparticles for 
detection of renal cell carcinoma 
and disease by fluorescence imaging 
and multispectral optoacoustic 
tomography

Li Liu1, Gary Sun1, Yihang Guo1, Honghong Wang1, Jeni 
Gerberich1, Regan Schuetze1, Ralph P. Mason1, Xinli Liu2

1Department of Radiology, University of Texas Southwestern 
Medical Center, Dallas, TX. 2College of Pharmacy, University of 
Houston, TX

Methods

Experimental groups of nude mice( each group n>6) were 
implanted in the right kidney with the mouse or human 
tumors (RENCA or  XP490 PDX) RCC tissue, with a 
control group composed of healthy nude mice. As tumors 
developed, we injected NPs intravenously and performed 
imaging at different time points over several days using 
in-vivo FLI and MSOT in both experimental and control 
groups. We additionally injected IRDye800CW-2DG into 
tumor-bearing mice as a control contrast agent. After in 
vivo imaging, mice were sacrificed and the kidney, liver, and 
spleen were excised for ex-vivo organ FLI and histology.

Results

In-vivo FLI signal of the right tumor-bearing kidney was 
lower than left normal kidney (a), while both kidneys in the 
control group showed high signal (b). NPs strongly enhanced 
MSOT signal in normal kidneys in both experimental and 
control groups, with much less enhancement in tumor-
bearing kidneys, thereby distinguishing normal kidney from 
kidney orthotopic tumor (Fig c and d). In tumor-bearing 
mice, IRDye800CW-2DG selectively enhanced the FLI 
signal of the right kidney with the tumor. Ex-vivo FLI and 
histology results validated in-vivo image observations. 

Conclusions

These NPs could be a promising functional contrast agent 
for kidney and kidney disease. Further optimization of the 
specific experimental conditions is necessary to facilitate 
the clinical application of these NPs in kidney tumors. 

Keywords: peptide-conjugated N-acetyl glucosamine-
based polymer nanoparticles (NPs), fluorescence imaging, 
multispectral optoacoustic tomography (MSOT)
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Selective destruction of kidney 
tumor vasculature based on novel 
vascular disrupting agent revealed 
by optical and multispectral 
optoacoustic imaging.
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Methods

Luciferase-expressing RENCA tumor cells were implanted 
orthotopically in the right kidney capsule of syngeneic 
BALB/C mice. Bioluminescence Imaging (BLI) was applied 
weekly to assess tumor growth. Once tumors reached 
approximately 1 cc, we applied both dynamic BLI and 
Multispectral Optoacoustic Tomography (MSOT) to 
evaluate acute response to OXi8007. Human XP373 and 
XP490 tissues were implanted in nude mice and MSOT 
applied

Results

Following administration of luciferin, BLI detected a rapid 
increase in signal over 5 minutes followed by gradual 
diminution (Fig. 1B). OXi8007 (350 mg/kg) was administered 
IP. When fresh luciferin was administered 4h later, much less 
BLI signal was detected (<1% baseline signal), with some 
recovery 24h later. Upon resection massive hemorrhage 
was observed in the tumor (Fig. 1D). BLI is limited to 
transfected tumor cells, thus we have also explored MSOT, 
which can detect endogenous oxy- and deoxyhemoglobin 
(Fig. 1F, G) as well as the blood pool agent Genhance (Fig. 
1H, I). MSOT reveals changes in vasculature in both the 
tumor and normal tissues such as muscle and normal kidney 
to reveal selective vascular impairment. Initial studies of 
human tumor explant lines show very different vascular 
extent by MSOT, as confirmed by histology.

Conclusions

OXi8007 shows acute vascular disruption in orthotopic 
kidney tumors as revealed by BLI and MSOT. MSOT allows 
interrogation of vascular extent in PDX tumors revealing 
heterogeneity in tissue structure and selectivity for tumors 
versus normal organs.

We are grateful to the leadership pf the UTSW Kidney 
Cancer SPORE (Drs. Brugarolas, Hammers and Kapur) 
for providing tumor lines and assisting in technique 
development. Investigations supported in part by 
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Identification of JMJD6 as a 
Therapeutic Target in Clear Cell 
Renal Cell Carcinoma

JIN ZHOU PhD, associate professor Qing Zhang PhD

Department of Pathology, University of Texas Southwestern 
Medical Center, Dallas, TX 75390, USA

Methods

We performed a functional siRNA screening for all 
2-oxoglutarate (2-OG)-dependent enzymes in ccRCC 
using 3-D soft agar colony formation assay, to identify the 
essential gene for ccRCC tumorigenesis combined with 
TCGA data. We further performed ChIP-Seq and RNA-
seq to explore the potential mechanism. 2-D/3-D colony 

formation assay and lipid droplets (LD) formation assay, 
as well as orthotopic tumor growth assay were applied to 
confirm the function of target gene in ccRCC. 

Results

Jumonji domain-containing 6 (JMJD6) is identified as an 
essential gene for ccRCC tumorigenesis in screening assay 
combined with clinical data. Downregulation of JMJD6 
abolished ccRCC colony formation in vitro and inhibited 
orthotopic tumor growth in vivo. Integrated analyses 
of ChIP-seq and RNA-seq identified that JMJD6 can 
transcriptionally regulate the expression of diacylglycerol 
O-acyltransferase 1 (DGAT1) by co-occupying the target 
gene promoter with H3K4me3. Downregulation of JMJD6 
can cause decreased expression of DGAT1 at both mRNA 
and protein level. Inhibition or depletion of DGAT1 induced 
decreased cell growth in vitro or inhibited tumor growth in 
vivo. Mechanistically, decreased DGAT1 caused decreased 
LD formation in ccRCC, while restoration of JMJD6 
expression can restore DGAT1 level, and LD formation as 
well as cell growth.

Conclusions

JMJD6 is essential for ccRCC lipid storage and 
tumorigenesis through a DGAT1-dependent signaling. 
Therefore, the JMJD6-DGAT1 axis serves as a potential 
therapeutic avenue for ccRCC.

Keywords: ccRCC, JMJD6, DGAT1
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Trials in Progress

ORCHID: A phase II study of 
Olaparib in Metastatic Renal Cell 
Carcinoma Patients HarborIng a 
BAP1 or Other DNA Repair Gene 
Mutations

Dr Yasser Ged MBBS, Ms Irina Rifkind BSN, Ms Amber 
Michalik, Dr Phillip Pierorazio MD, Dr Michael Carducci 
MD, Dr Mark Markoswki PHD

Johns Hopkins University

Methods

This is an open-label, single-arm, investigator-initiated 
phase II trial of olaparib in patients with metastatic RCC 
(NCT03786796). Eligibility criteria include age ≥18 years; 
histologically confirmed, unresectable, locally advanced 
or mRCC; disease progression after at least one VEGF-TT 
or ICI, evidence of deleterious somatic or germline DDR 
gene alteration (BAP1, ATM, BRCA1, BRCA2, PALB2, CHEK2, 
BRIP1, RAD51C, BARD1, CDK12, CHEK1, FANCL, PP2R2A, 
RAD51B, RAD51D, or RAD54L). A total of 20 patients will be 
enrolled with the primary endpoint of disease control rate 
(defined as complete response [CR], partial response [PR], 
or stable disease [SD]) at six months of treatment) according 
to RECIST version 1.1. Patients will be treated with olaparib 
at an initial dose of 150mg by mouth twice daily. If olaparib 
is tolerated without any Grade > 3 adverse events after one 
month, the dose will be increased to the FDA-approved 
dose of 300mg by mouth twice daily. Patients will be 
followed monthly with clinic visits, safety labs, and toxicity 
assessments. Treatment will be continued until radiographic 
progression (RECIST version 1.1) or unmanageable toxicity 
requiring drug cessation. Secondary endpoints include 
progression-free survival, best overall response, and safety. 
The study is currently open to enrollment. Clinical trial 
information: NCT03786796.

Keywords: PARP, DDR, RCC, Olaprib, ORCHID

Pembrolizumab with lenvatinib in 
the first-line setting for non–clear 
cell renal cell carcinoma: Open-
label, phase 2 KEYNOTE-B61 study

Chung-Han Lee1, Chenxiang Li2, Rodolfo Perini2,  
Daniela Hoehn2, Laurence Albiges3

1Memorial Sloan Kettering Cancer Center. 2Merck & Co., Inc. 
3Gustave Roussy

Methods

The open-label, single-arm, phase 2 KEYNOTE-B61 
study (NCT04704219) will be conducted to evaluate 
pembrolizumab + lenvatinib as first-line treatment 
for nccRCC. Approximately 152 patients will receive 
pembrolizumab 400 mg every 6 weeks + lenvatinib 20 
mg once daily. Treatment will continue for up to 2 years 
(pembrolizumab) or beyond (lenvatinib) until disease 
progression, unacceptable toxicity, or withdrawal of 
consent. Patients who discontinue 1 treatment can 
continue the other treatment as monotherapy. A second-
course treatment phase (up to 1 additional year of 
pembrolizumab) is available for patients who meet specific 
criteria. Adults who have histologically confirmed nccRCC, 
have locally advanced/metastatic measurable disease per 
RECIST v1.1 by blinded independent central review, have 
not previously undergone systemic therapy for nccRCC, 
and have a Karnofsky Performance Status Scale score 
≥70% will be enrolled. Computed tomography/magnetic 
resonance imaging will be performed at 12 weeks from the 
start of treatment, every 6 weeks until week 54, and every 
12 weeks thereafter. Adverse events will be monitored 
throughout the study and graded using CTCAE v5.0. The 
primary end point is objective response rate per RECIST 
v1.1 by blinded independent central review. Secondary 
efficacy end points for the study are clinical benefit rate, 
disease control rate, duration of response, progression-free 
survival, overall survival, and safety. The study is enrolling 
or planning to enroll in countries in Asia, Australia, Europe, 
and North America.

Keywords: non-clear cell renal cell carcinoma, PD-1 
inhibition, VEGF inhibition
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Randomized, open-label, phase 3 
study of belzutifan plus lenvatinib 
versus cabozantinib in patients with 
advanced renal cell carcinoma after 
anti–PD-1/PD-L1 therapy

Robert Motzer1, Yanfang Liu2, Rodolfo Perini2, Yayan 
Zhang2, Daniel Heng3

1Memorial Sloan Kettering Cancer. 2Merck & Co., Inc.  
3Tom Baker Cancer Centre

Methods

Approximately 708 patients will be randomly assigned 1:1 to 
receive oral belzutifan 120 mg once daily + lenvatinib 20 mg 
once daily or oral cabozantinib 60 mg once daily. Patients will 
be stratified by 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 who 
have locally advanced or metastatic ccRCC; had disease 
progression on or after anti–PD-1/PD-L1 monotherapy or 
combination therapy (most recent treatment); previously 
underwent <2 systemic regimens (≤1 anti–PD-1/PD-L1); have 
measurable disease per RECIST v1.1; and have a Karnofsky 
Performance Status Scale score ≥70% will be eligible. Patients 
who require supplemental oxygen; have central nervous 
system metastases; had prior treatment with belzutifan, 
another HIF-2α inhibitor, lenvatinib, or cabozantinib; or 
have a history of HIV, hepatitis B virus, or hepatitis C virus 
infection are excluded. Computed tomography or magnetic 
resonance imaging will be performed every 8 weeks through 
week 80, then every 12 weeks thereafter. Adverse events 
will be monitored throughout the study through 30 days 
after treatment discontinuation (90 days for serious adverse 
events) and graded in severity using CTCAE v5.0. The dual 
primary end points are progression-free survival per RECIST 
v1.1, as assessed by blinded independent central review and 
overall survival. Secondary objectives are objective response 
rate and duration of response per RECIST v1.1 by blinded 
independent central review and safety. The study is enrolling 
or planning to enroll at sites in Asia, Australia, Europe, North 
America, and South America.

Keywords: clear cell renal cell carcinoma, HIF-2α inhibition; 
VEGF inhibition; belzutifan, lenvatinib
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MK-1308A + lenvatinib and 
pembrolizumab + belzutifan + 
lenvatinib versus pembrolizumab 
+ lenvatinib as first-line treatment 
for clear cell renal cell carcinoma: 
randomized, open-label, phase 3 
study

Brian Rini1, Elizabeth Plimack2, Thomas Powles3, Martin 
Voss4, Howard Gurney5, Rachel Silverman6, Rodolfo 
Perini6, Karla Rodriguez-Lopez6, Toni K. Choueiri7

1Vanderbilt-Ingram Cancer Center. 2Fox Chase Cancer Center.  
3Barts Health NHS Trust and the Royal Free NHS Foundation Trust, 
Barts Cancer Institute, and Queen Mary University of London. 
4Memorial Sloan Kettering Cancer Center. 5Westmead Hospital and 
Macquarie University Hospital. 6Merck & Co., Inc.  
7Dana-Farber Cancer Institute and Harvard Medical School

Methods

Approximately 1431 patients will be enrolled and randomly 
assigned 1:1:1 to arm A (belzutifan 120 mg + lenvatinib 20 
mg oral once daily + pembrolizumab 400 mg intravenously 
[IV] every 6 weeks), arm B (MK-1308A [quavonlimab 25 mg + 
pembrolizumab 400 mg] IV every 6 weeks and lenvatinib 20 
mg oral once daily), or arm C (pembrolizumab 400 mg IV every 
6 weeks + lenvatinib 20 mg oral once daily). Treatment will be 
given 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 the following are eligible: metastatic ccRCC, measurable 
disease per RECIST v1.1, Karnofsky Performance Status Scale 
score ≥70%, and no prior systemic therapy for advanced ccRCC. 
Participants will be stratified by International mRCC Database 
Consortium (IMDC) score (favorable vs intermediate vs poor), 
region of the world (North America vs Western Europe vs rest 
of the world), and sarcomatoid features (yes vs no). Response 
will be evaluated per RECIST v1.1 by blinded independent 
central review with computed tomography or magnetic 
resonance imaging at week 12 from randomization through 
week 78, and every 12 weeks thereafter. Adverse events and 
serious adverse events will be monitored throughout the study 
and for 90 days after treatment. Dual primary end points are 
progression-free survival per RECIST v1.1 and overall survival. 
Primary end points will be assessed in arm A compared with 
arm C and in arm B compared with arm C for patients with 
IMDC intermediate/poor status and in all patients regardless 
of IMDC status. Secondary end points are objective response 
rate, duration of response, patient-reported outcomes, and 
safety.

Keywords: Clear cell renal cell carcinoma, HIF-2α inhibition, 
CTLA-4 inhibition, VEGF inhibition, PD-1 inhibition
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Treatment of advanced renal cell 
carcinoma after progression on 
systemic therapy: An open-label 
phase 2 study of 2 doses of the  
HIF-2α inhibitor belzutifan

Michael Atkins¹, Yanfang Liu2, Rodolfo Perini2, Ananya 
Roy2, John Haanen3

1Georgetown Lombardi Comprehensive Cancer Center.  
2Merck & Co., Inc. 3Netherlands Cancer Institute

Methods

This randomized, open-label, multicenter, phase 2 trial 
(NCT04489771) will be conducted to evaluate the efficacy 
and safety of 2 doses of belzutifan in patients with advanced 
ccRCC who experienced progression after systemic therapy. 
Approximately 150 patients will be randomly assigned 1:1 
to receive oral belzutifan 120 mg once daily or 200 mg once 
daily. Adults with locally advanced or metastatic ccRCC 
(per RECIST v1.1); who had progression on or after 1 line 
of anti–PD-1/PD-L1 therapy as monotherapy or combined 
with other agents, with the immediately preceding line 
of treatment being an anti–PD-1/PD-L1 therapy; who 
previously received ≤3 systemic regimens; and who have a 
Karnofsky Performance Status Scale score ≥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). Patients will be 
stratified by International mRCC Database Consortium 
prognostic scores (0, 1 or 2, or 3-6) and by number of prior 
tyrosine kinase inhibitor–containing therapies (0, 1, or 2 or 
3). Treatment will continue until progression, unacceptable 
toxicity, or withdrawal. Patients who previously received 
belzutifan or another HIF-2α inhibitor; require supplemental 
oxygen; have a baseline hemoglobin level <10 g/dL; have a 
history of HIV, hepatitis B, or hepatitis C infection; or have 
active central nervous system metastases are excluded. 
Computed tomography or magnetic resonance imaging 
will be performed at baseline, every 8 weeks through week 
49, and every 12 weeks thereafter. Adverse events will 
be monitored throughout the study and for 30 days after 
treatment (90 days for serious adverse events). The primary 
end point is objective response rate per RECIST v1.1 by 
blinded independent central review. Secondary end points 
are progression-free survival, duration of response, and 
clinical benefit rate per RECIST v1.1 by blinded independent 
central review, overall survival, pharmacokinetics, and safety. 
The study will enroll patients in at least 9 countries (Australia, 
Belgium, Greece, Ireland, Israel, Netherlands, Russia, the 
United Kingdom, and the United States) and is recruiting.

Keywords: Clear cell renal cell carcinoma, HIF-2α 
inhibition, belzutifan
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Phase II trial of Cytoreductive 
Stereotactic Hypofractionated 
Radiotherapy With Combination 
Ipilimumab/Nivolumab for 
Metastatic Kidney Cancer 
(CYTOSHRINK)

Aly-Khan Lalani MD1,2, Anand Swaminath MD1,2, 
Gregory Pond PhD3,2, Anil Kapoor MD4,2, William Chu 
MD5,6, Scott Morgan MD7,8, Jonathan Bramson PhD9,2, 
Michael Surette PhD10,2, Mark Levine MD3,2, Sebastien 
Hotte MD1,2

1Juravinski Cancer Centre, Hamilton ON. 2McMaster University, 
Hamilton ON. 3Ontario Clinical Oncology Group, Hamilton ON. 4St. 
Joseph’s Hospital, Hamilton ON. 5Odette Cancer Centre, Toronto 
ON. 6University of Toronto, Toronto ON. 7Ottawa Hospital Cancer 
Centre, Ottawa ON. 8University of Ottawa, Ottawa ON. 9Human 
Immune Testing Suite, Hamilton ON. 10Farncombe Family Digestive 
Health Research Institute, Hamilton ON

Methods

This phase II trial randomizes untreated aRCC patients in a 
2:1 fashion to I/N plus SBRT (30-40 Gy in 5 fractions) to the 
primary kidney mass between cycles 1 and 2 (experimental 
arm, E), versus standard of care I/N alone (standard arm, S). 
Eligible patients have biopsy-proven aRCC (any histology), 
IMDC intermediate/poor risk disease, and who decline 
or are unsuitable for CN. Patients with a primary kidney 
lesion ≥ 20cm, previous abdominal radiation precluding 
SBRT, or who have a contraindication to I/N are excluded. 
The primary objective is to compare the efficacy of I/N plus 
SBRT versus I/N alone, as determined by the hazard ratio for 
progression free survival (PFS). Secondary objectives include 
evaluation of safety, overall survival, objective response 
rate, and health-related quality of life. Exploratory analyses 
include: (1) immune and genomic profiling of liquid biopsies; 
(2) transcriptional profiling of baseline tumour biopsies; 
and (3) interrogation of the gut microbiome and bacterial 
functionality. Blood and fecal samples will be prospectively 
collected at baseline, prior to cycle 2 of each arm, and 
at time of disease progression or the 12-month mark, 
whichever comes first. Up to 78 patients will be enrolled 
under the assumption of an improved 12-month PFS from 
50% (S) to 75% (E), using a two-sided α=0.1, power=80%, 
and accounting for loss-to-follow-up and stratification 
using IMDC criteria 1-2 vs 3-6. Clinical trial information: 
NCT04090710.

Keywords: SBRT; immunotherapy; blood biomarker; 
genomics; microbiome
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A Phase 1b/2 randomized study of 
AVB-S6-500 in combination with 
cabozantinib versus cabozantinib 
alone in patients with advanced clear 
cell renal cell carcinoma who have 
received front-line treatment

Kathryn Beckermann MD, PhD1, Nicholas Vogelzang 
MD2, Shifeng Mao MD3, Moshe Ornstein MD4, Neil 
Shah MD5, Hans Hammers MD6, Xin Gao MD7, David 
McDermott MD8, Randy Anderson PhD9, Vanessa 
Esquibel9, Reshma Rangwala MD, PhD9, Eric Jonasch 
MD10

1Vanderbilt-Ingram Cancer Center, Vanderbilt University Medical 
Center. 2Comprehensive Cancer Centers of Nevada. 3Allegheny 
Health Network. 4Cleveland Clinic Taussig Cancer Center. 5Memorial 
Sloan Kettering Cancer Center. 6University of Texas, Southwestern. 
7Massachusetts General Hospital. 8Beth Israel Deaconess Medical 
Center. 9Aravive, Inc. 10The University of Texas, MD Anderson Cancer 
Center

Methods

This phase 1b/2 study will evaluate AVB-S6-500 (15, 20, or 25 
mg/kg, IV every 2 weeks) in combination with cabozantinib 
(cabo) 60 mg daily using a 3+3 design. In Phase 1b, the 
RP2D will be determined by safety, clinical activity, PK and 
pharmacodynamic data. Exploratory biomarkers including 
soluble serum AXL and GAS6 will also be evaluated. Phase 2 
is a 2:1 randomized, open-label study, comparing efficacy and 
tolerability of AVB-S6-500 with cabo versus cabo alone in 45 
subjects. The primary endpoint is progression free survival. 
Key eligibility criteria: ≥ 18 years, histologically confirmed 
metastatic ccRCC, and progression after 1st line therapy. 
Enrollment began December 2020.

AVB500-RCC-003 NCT04300140

Keywords: Renal Cell Carcinoma
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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)

Dr. Rana R. McKay MD1, Heather Jacene2, Pamela 
Atherton3, Gabriela Perez-Burbano3, Archana Ajmera1, 
Shiva Baghaie4, Janet Koball3, Tyler Zemla3, Ronald C. 
Chen5, Atish Choudhury2, Joshua M. Lang6, Suzanne Cole7, 
Tareq Al Baghdadi8, Young Kwok9, Himisha Beltran2, 
Daniel George10, Michael Morris11, Toni K. Choueiri2

1University of California San Diego. 2Dana-Farber/Partners 
CancerCare. 3Alliance Statistics and Data Center, Mayo Clinic. 
4University of Chicago. 5University of Kansas Medical Center. 
6University of Wisconsin. 7UT Southwestern Medical Center. 
8IHA Hematology Oncology at St. Joe’s Ann Arbor. 9University of 
Maryland. 10Duke Cancer Institute, Duke University. 11Memorial 
Sloan Kettering Cancer Center

Methods

This is an open-label multicenter study. Eligible pts have 
metastatic RCC of any histology with ≥2 metastatic bone 
lesions untreated with prior radiation therapy and no more 
than 2 prior lines of systemic therapy. Pts with non-clear 
cell RCC are eligible and will be capped at 20% of the total 
accrual goal. Pts must have a Karnofsky performance status 
of ≥60%, have symptomatic bone pain defined as a prior SSE 
or need of analgesics, and be on osteoclast-targeted therapy 
unless otherwise contraindicated. Pts are randomized 1:1 
to cabozantinib with (Arm A) or without (Arm B) Ra-223. 
Starting dose of cabozantinib for Arm A is 40 mg by mouth 
daily to be escalated to 60 mg daily after cycle 1 (1 cycle=28 
days) if no persistent grade 2 or grade ≥3 toxicity. Ra-223 
is administered at a fixed dose of 1.49 microcurie/kg IV 
every 28 days x 6 doses. 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. The study has 90% power to detect 
an improvement in 6-month SSE-free survival rate from 
65% to 78% with one-sided α=0.025 significance. To ensure 
191 evaluable patients, target accrual is 210 pts. This design 
includes a safety run-in and an interim analysis for futility 
when 50% of the expected number of events (72 SSE events) 
have been observed. Final data analysis will occur when 143 
events have been observed. 

Results

The study was activated in December 2019 and accrual is 
currently ongoing throughout the NCTN. 

Keywords: Bone metastases; radium-223; SSE; cabozantinib
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Targeting the Osteogenic Niche for 
Preventing Kidney Cancer Bone 
Metastasis Progression

Robert Satcher

M.D. Anderson Cancer Center, University of Texas, Houston, Texas, 
USA

This project seeks to improve the treatment of kidney 
cancer bone metastasis (KCBM) by identifying the cell-
cell interactions that comprise the mechanism leading 
to treatment refractory osteolysis. KCBM causes lytic 
destruction producing skeletal-related events (SRE) such 
as pathologic fractures, and heralding poor prognosis and 
patient mortality. In clinic, bone metastases are usually 
diagnosed because of SRE. At this stage, metastases 
are driven by a “vicious cycle” between cancer cells and 
osteoclasts. Current treatment strategies that target 
osteoclasts fail to reduce progression to the osteolytic 
vicious cycle in kidney cancer (KCa) patients, which 
differs from breast and prostate cancer, where these 
treatments are more effective. Finding new solutions to 
this existing treatment gap requires a better understanding 
of non-osteoclastic mechanisms that precede subsequent 
pathologic osteolysis. In normal bone biology, osteolysis is 
compensated by enhanced bone formation by osteogenic 
cells (osteoblasts) that are regulated by osteocytes. 
Thus, a pathological osteolytic phenotype is enhanced 
by reduced bone formation (e.g., in multiple myeloma, 
an inhibition of bone formation by DKK1 contributes 
to cancer-induced osteolysis). In KCBM, we propose to 
investigate if dysregulation and diminished bone formation 
in the osteogenic niche occurs in a phase that precedes the 
osteolytic vicious cycle (Figure 1, not shown).

Previous work by our group identified bone-derived 786-
O RCC cells (786-Bo) that induce osteolytic bone lesions 
without early osteoclast activation in mice. In a preclinical 
study model, we found that: (a) Bo-786 secrete high levels 
of BIGH3 (Beta Ig h3 protein), also known as TGFBIP 
(transforming growth factor beta-induced protein) that 
inhibits osteoblast differentiation and mineralization 
and induces osteocyte apoptosis in paracrine fashion; 
(b) knockdown (KD) (786-BIGH3 KD) reduced osteolytic 
bone lesions in mice; and (c) BIGH3 is strongly expressed 
in human bone metastasis specimens. In additional work by 
our collaborators, evidence was found for an unrecognized 
mechanism. A pre-osteolytic phase consisting of early stage 
bone colonization by tumor cells precedes a non-classic 
vicious cycle. This phase is defined by the suppression 
of osteoblast differentiation and osteocyte apoptosis 

via interactions with colonizing tumor cells that need 
to be elucidated. Our previous studies demonstrated 
that cancer cells and osteoblasts can form heterotypic 
adherens junctions (hAJ), which in turn activate signaling 
that promotes bone metastasis progression. Whether 
osteocytes form direct physical junctions with tumor cells 
remains unknown.

Exploring this question creates an opportunity for 
discovering previously unaccounted for molecular 
mechanisms and for developing innovative new treatment 
strategies to reduce SREs and/or block progression. To 
accomplish this, we first will determine the tumor-bone 
interactions that induce osteocyte apoptosis (Aim 1), and 
then demonstrate osteocyte apoptosis as it precedes 
osteoclastogenesis and early osteolysis in vivo (Aim 2). 
We hypothesize that a pre-osteolytic phase of osteocyte 
apoptosis is induced by bone colonizing KCa cells, enabling 
transition to the osteolytic vicious cycle. We will test our 
hypothesis as follows:

Aim 1. Demonstrate KCa-induced osteocyte apoptosis 
in a 3D in vitro model of cortical bone. Our 3D co-culture 
of RCC with osteocytes is a cortical bone model that 
mimics KCa-osteocyte interactions near the endosteal/
periosteal surfaces. Using immunofluorescence (IF) and 
confocal microscopy with the 3D co-culture system, we 
will determine the types of paracrine interactions and 
heterotypic junctions formed between KCa cells and 
osteocytes that induce osteocyte apoptosis.

Aim 2. Demonstrate early osteolysis ex vivo and in vivo 
induced by osteocyte apoptosis from tumor seeding in bone. 
Our group has developed an ex vivo model, the “bone in 
culture array” (BICA), which mimics KCa-bone interactions 
in the pre-osteolytic phase and recapitulates transitions to 
the osteolytic phase. KCa BICA will be implanted in nude 
mice and monitored with intravital microscopy, in order to 
observe the induction of osteolysis. Additionally, we will use 
our mouse model of osteolytic bone metastases for in vivo 
testing.

Impact: The overall objective of these Aims is to identify 
unknown early steps that comprise KCa bone metastasis 
formation, enabling new, more efficacious, and longer 
lasting therapy solutions that overcome resistance to 
the inadequate current standard-of-care treatment for 
KCBM. Our innovative preclinical experimental strategy is 
generalizable for studying the pathobiological mechanisms 
of other tumors that cause bone metastases.

Keywords: Metastasis
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Epigenetic Modifications of 
Cytosines in Clear Cell Kidney 
Carcinogenesis and Survival

Lucas Salas

Dartmouth College, Hanover, New Hampshire, USA

Background: Around 73,820 new cases of renal cell cancer 
will be diagnosed in the United States in 2019; it is the sixth 
leading cause of newly diagnosed cancer cases in men and 
the eighth in women. Clear cell renal carcinoma (ccRCC) 
accounts for 70& to 75% of these tumors. Epigenetic 
dysregulation has been established as one of the factors 
involved in those tumors that have global hypermethylation. 
The alteration of critical pathways, such as the hypoxia 
inducible factor-1 (HIF-1) signaling cascade, could regulate 
downstream epigenetic control by modulating Ten to 
eleven translocation (TET) enzymes, which ultimately affect 
the regulation of DNA methylation/hydroxymethylation. 
In preliminary data, hydroxymethylation is decreased in 
tumor samples compared to normal kidney samples; some 
of these alterations were found to be concentrated on the 
gene bodies of the tumors. Some in vitro and in vivo models 
have shown that these alterations could be reverted.

Hypotheses: The central hypotheses tested in this 
proposal are that differential DNA hydroxymethylation 
is significantly associated with ccRCC carcinogenesis and 
disease progression.

Specific Aims: (1) Characterize the specific genome-wide 
DNA methylation and hydroxymethylation patterns in 
ccRCC. (2) Evaluate whether specific changes in DNA 
hydroxymethylation are related to changes in cancer 
survival. (3) Examine whether the observed changes in 
DNA hydroxymethylation and DNA methylation alter the 
expression of mRNA and miRNA in the ccRCC. 

Study Design: This protocol will utilize 200 ccRCC and 50 
normal adjacent kidney samples from the Renal Cancer 
Bank at Dartmouth. Tandem DNA OxyBs conversion will 
be performed and used to measure the levels of these 
features through Illumina HumanMethylationEPIC 
microarrays. mRNA-seq and miRNA-seq information will 
be obtained for the samples. Specific pipelines for analyzing 
DNA hydroxymethylation will be employed for statistical 
analyses. Specific strategies will be used to deal with data 
sparsity and low variability to reduce multiple comparison 
burden.

Impact: The importance of epigenetic dysregulation in 
cancer is well established, and epigenetic therapies are 
progressing rapidly in several cancer types. This project 
will fill several gaps in the knowledge of the epigenetic 
dysregulation occurring in ccRCC. Understanding the 

specific changes occurring at the loci or regional level could 
help to explain how these events occur in these tumors. 
Further, this work will open the door to future developments 
in targeted or untargeted therapies on these mechanisms. 
Finally, this project will explore if some of these changes 
are related to cancer prognosis, which could have clinical 
applications for patients suffering this disease.

Career Development: My development plan is comprised of 
focused, in-depth training sessions in kidney cancer tumor 
biology, through independent readings, national seminars, 
and the use of institutional resources. I have assembled a 
team of mentors with expertise in kidney cancer research 
(James Brugarolas, M.D., Ph.D.) and epigenetics (Dr. Brock 
Christensen, Ph.D.) to oversee this training. The proposed 
scientific proposal, the complementary expertise of my 
team of mentors, and the support of my department will 
enable me to launch a successful career as an independent 
researcher and sustain this career through derived projects 
from the current proposal.

Keywords: Bioinformatics, Biomarkers

Analysis of Transcriptional Profiles 
During the Evolution of ccRCC from 
Premalignant to Malignant Lesions

Olivia Lombardi

University of Oxford, Oxford, UK, United Kingdom

Kidney cancer, 80% of which is clear cell renal cell cancer 
(ccRCC), is the seventh most common malignancy in the 
Western world. The majority of ccRCC occur sporadically, 
but these cancers can also arise as part of the familial von 
Hippel Lindau (VHL) cancer syndrome. In both cases, ccRCC 
occurs following biallelic inactivation of the VHL tumour 
suppressor gene. However, this occurs with high frequency 
in kidneys of individuals with VHL syndrome since they 
already have one inactivated copy of the VHL gene in each 
cell. The VHL gene product, pVHL, forms a ubiquitin ligase 
complex that regulates the cellular transcriptional response 
to oxygen, orchestrated by hypoxia-inducible factor (HIF). 
Many hundreds of genes are activated as a consequence of 
VHL loss and the ensuing HIF activation. However, these 
include genes that inhibit as well as promote tumourigenesis, 
such that the overall effect does not cause tumour growth 
in itself. Indeed, in cellular models, the immediate response 
to VHL inactivation is cellular senescence rather than 
proliferation. Consistently, while VHL loss is necessary for 
ccRCC formation, it is not sufficient; additional events are 
required to rebalance the output of the VHL/HIF pathway 
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to favour tumour development. Crucially, the kidneys of 
patients with VHL syndrome contain many early lesions at 
different stages of development that have lost the second 
copy of VHL. This includes single cells that have not yet 
started to proliferate and small nests of proliferating cells 
that have not yet begun to invade the surrounding tissue. 
This, therefore, provides an excellent model to study ccRCC 
evolution.

Objectives: Transcriptional profiles of cells at different 
stages of ccRCC evolution will be examined using single-cell 
RNA sequencing of healthy, precancerous, and cancerous 
kidney cells in patients with VHL syndrome to determine 
how the HIF transcriptional output adapts as cells progress 
to a more advanced phenotype.

Specific Aims: (1) Perform single-cell RNA sequencing 
(scRNA-seq) of VHL-associated renal samples; comprising 
healthy, pre-malignant, and ccRCC (malignant) cell types. 
(2) Identify genes that are upregulated and downregulated 
as kidney cells progress from healthy to pre-malignant to 
malignant states. These will represent candidate oncogenic 
and tumour-suppressive nodes of the HIF pathway 
that are rate-limiting in ccRCC initiation. (3) Perform 
immunohistochemistry and RNA-scope analysis of genes of 
interest to confirm findings in situ and to correlate genes of 
interest with histological features.

Study Design: (1) Samples of ccRCC and tumour-adjacent 
macroscopically “normal” kidney (the latter of which 
will contain healthy cells and pre-malignant cells) will be 
taken from tissue resected during the standard surgical 
management of VHL syndrome-associated ccRCC. (2) 
scRNA-seq will be performed on single-cell suspensions 
of these samples. A combination of medium-throughput 
(Smart-seq 2) and high-throughput (10x Genomics 3’ 
gene expression solution) technologies will be applied. 
Pre-malignant cells will be identified using fluorescence 
activated cell sorting (FACS) based on the expression of 
HIF target genes for the medium-throughput method, 
and via inference from scRNA-seq data for the high-
throughput method. Malignant and non-malignant cells 
will be distinguishable via gene expression profiles. (3) 
Immunohistochemistry and RNA-scope will be employed to 
analyse genes of interest in the context of native tissue.

Innovation: Pangenomic analyses of HIF pathways in 
ccRCC have revealed much greater complexity than 
originally envisaged. Initially, pathway activation results in 
heterogenous effects, which have to be tuned and reset for 
ccRCC tumours to ultimately develop. However, systems 
in which early cancer evolution can be studied in its native 
setting at multiple time points are limited. This study 
will utilise scRNA-seq, a recently developed technology, 
which allows the gene expression profiles of individual 
cells to be analysed. For the first time, this will be applied 

to characterise the transcriptomes of cells at various early 
stages of ccRCC evolution ranging from isolated cells with 
inactivated VHL through non-invasive multicellular lesions 
to overt cancer.

Impact: Identifying genes that are positively or negatively 
modulated during early ccRCC tumourigenesis will help 
determine those that are driving or restricting tumour 
progression. This will help distinguish them from the many 
“passenger” genes that are simply co-activated as part 
of VHL-HIF pathway activation but which have neutral 
effects on tumour progression that are not under selection. 
Ultimately, this will help define better biomarkers of 
prognosis in both familial and sporadic ccRCC. Furthermore, 
genes that are upregulated during the early stages of 
ccRCC tumourigenesis will provide novel, more selective 
therapeutic targets in ccRCC. Indeed, targeting of those 
specific components of the HIF pathway should be more 
effective than blanket blocking of the entire response.

Keywords: Progression, Oncogenes

Dissecting the Periostin-Directed 
Metastatic Cross Talk in Clear Cell 
Renal Cell Carcinoma

Lily Wu

University of California, Los Angeles, California, USA

Clear cell renal cell carcinoma (ccRCC) is the most common 
subtype of kidney cancer. The 5-year survival rate is greater 
than 70% for patients with resectable, localized disease, 
but for the approximately 30% of ccRCC patients with lung 
metastasis, their outcome drops precipitously to a 5-year 
survival rate of only 10%. The loss of function of the VHL 
tumor suppressor is a hallmark of ccRCC, but the precise role 
of VHL in the development of metastasis is unclear as the 
recreation of a clinically relevant transgenic mouse model 
of ccRCC has proven to be difficult. Recently, we created 
a new metastatic ccRCC model by CRISPR-mediated 
VHL gene disruption and uncovered a novel cooperative 
mechanism of metastasis. In our model, VHL-deleted (VHL-
KO) tumor cells underwent EMT and are highly motile but 
non-proliferative. Both the VHL-positive parental (VHL-
WT) and VHL-KO cells alone are non-metastatic. Strikingly, 
when VHL-WT and VHL-KO tumor cells are engrafted 
together, metastases develop rampantly in the lungs. Our 
results indicate VHL-KO cells are the driver of metastasis, 
even though they are often the minority population in the 
tumor. We further discovered that periostin (POSTN) is 
a soluble factor that is overexpressed in VHL-KO cells. 
Our preliminary data supports that POSTN is a mediator 
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of metastasis. We postulate that POSTN could facilitate 
tumor cell escape, spread, and growth via dual effects on 
the VHL-WT tumor cells and vascular endothelial cells. This 
project aims to verify these new concepts in animal and 
patient-derived models and also validate POSTN as a new 
biomarker and therapeutic target for metastatic ccRCC.

Specific Aims: (1) To investigate the mechanism of 
metastasis-promotion by POSTN on tumor and endothelial 
cells in a human ccRCC models. (2) To examine the 
expression of VHL, HIF1alpha, HIF2alpha, and POSTN by 
multiplex immunofluorescence in ccRCC patient tumor 
specimens and newly derived patient-derived xenografts 
established on CAM. (3) To evaluate the therapeutic effects 
of a potent and selective POSTN monoclonal antibody to 
inhibit metastasis in ccRCC models.

Research Design: From our cooperative metastasis model 
combining VHL-KO and VHL-WT cells, we have identified 
POSTN as a secreted factor produced by VHL-KO tumor 
cells that boosted the motility of the VHL-WT cells. The 
research strategies of this KCRP project is to investigate 
the tumor cell- and endothelial cell-directed mechanisms of 
action for POSTN to promote metastasis in the first specific 
aim. In the second specific aim, we have created eight new 
patient-derived xenografts from surgical specimens on 
CAM including an extremely aggressive and metastatic 
case PD#22. We will use the multiplex IF analyses to 
examine the expression of VHL-HIF1¿-POSTN axis in tumor 
tissue sections and CAM PDXs to assess if crosstalk occurs 
in a spatially oriented manner. The objective is to assess if 
this signaling axis and phenotypic changes observed in our 
murine metastatic model is indeed at play in clinical disease. 
If so, then POSTN and this coordinated signaling axis could 
serve as prognostic biomarkers for metastatic ccRCC. In 
the third specific aim, we will test the therapeutic efficacy 
of a new blocking antibody that targets POSTN in our 
metastatic ACHN and PD#22 model.

Innovation: Our project is unique and innovative in the 
following ways: (1) The cooperative metastasis concept 
represents a paradigm shift from the linear cellular 
progression concept. This concept stresses the need to 
identify and target the right driver population. (2) The 
human-derived metastatic ccRCC model is novel and 
provides a valuable system to test treatment for metastasis 
as there is no clinically relevant spontaneous metastatic 
ccRCC animal model available. (3) POSTN is a novel soluble 
metastasis-promoting factor that could potentially serve 
as a biomarker and therapeutic target. (4) We further 
generated eight new patient-derived xenografts from 
ccRCC tumor specimens on CAM to investigate our 
hypothesis. Specifically, we generated PD#22, a highly 
aggressive and metastatic case. (5) We also obtained a 
highly potent and selective POSTN-blocking antibody from 

our collaborators in Belgium. This antibody could serve 
as a new therapeutic agent to block metastasis. With the 
great number of valuable resources at hand, we are well-
situated to advance the understanding and management of 
metastatic RCC.

Impact: Developing new, effective treatments to control 
metastasis in ccRCC will address a clear unmet need in 
kidney cancer and improve the patient outcomes. This 
project aims to unravel the mechanism of action of POSTN 
in metastatic ccRCC and specifically addresses the New 
Disease Model Systems, Biomarker Development and 
Therapeutic Development of the FY19 KCRP Area(s) of 
Emphasis.

Keywords: Clinical Biomarkers, Metastasis

The Investigation of Ferroptosis as 
a Novel Therapeutic Paradigm for 
Kidney Cancer

Mei Yee Koh

Kuda Therapeutics, Inc., Salt Lake City, Utah, USA

Background: Veterans have higher rates of cigarette 
smoking and obesity, as well as a higher probability of 
exposure to cancer-causing toxins, which may increase 
their risks of developing kidney cancer compared to 
the general population. Clear cell renal cell carcinoma 
(CCRCC) is the most common and aggressive subtype of 
kidney cancer, and approximately 30% of patients present 
with metastatic tumors, which is associated with a dismal 
5-year survival rate of 8%. Mainstay treatments for CCRCC 
include tyrosine kinase inhibitors and immune checkpoint 
inhibitors (ICIs), which are plagued by low response rates, 
the development of resistance, and frequent dose-limiting 
toxicities. Hence, there is an urgent need for therapeutic 
interventions with novel mechanisms of action, which can 
improve patient outcomes. Almost 90% of CCRCC cases 
show von Hippel Lindau deficiencies, which result in the 
constitutive expression of the hypoxia-inducible factors 
(HIFs). A defining hallmark of CCRCC is robust lipid and 
glycogen accumulation within the tumor cell cytoplasm, 
driven at least in part by the HIFs, giving rise to the “clear 
cell” appearance. Intriguingly, these metabolic changes 
also confer susceptibility to ferroptosis, a non-apoptotic 
form of cell death characterized by iron-dependent lipid 
peroxidation. Indeed, T cell-mediated antitumor activity 
associated with ICIs is also mediated via ferroptosis. Thus, 
we propose that ferroptosis inducers may provide a novel 
therapeutic paradigm for the specific targeting of the lipid 
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accumulation that characterizes CCRCC, as well as for 
potentiating the effects of the ICIs.

Through efforts to identify selective inhibitors of HIF-
2a, Kuda Therapeutics, Inc., has discovered a novel series 
of compounds, including KD025, that induce ferroptosis 
in vitro and in vivo. These compounds inhibit iron sulfur 
cluster assembly 2 (ISCA2), which interferes with the ability 
of cells to utilize iron, thus promoting cellular iron overload, 
and triggering ferroptosis. KD compounds also deplete 
levels of glutathione peroxidase 4 (GPX4), a key molecule 
that protects cells from ferroptosis. Significantly, KD025 
treatment inhibits CCRCC xenograft growth in vivo with 
no measurable toxicity at the therapeutic dose. Thus, we 
reveal a novel strategy for the induction of ferroptosis in 
vivo, through the targeting of ISCA2.

Areas of Emphasis: Therapeutic Development

Hypothesis: Our hypothesis is that ISCA2 inhibition 
provides a novel strategy for the induction of ferroptosis 
in vivo, thus exploiting a major metabolic vulnerability of 
CCRCC: lipid accumulation, and providing an opportunity 
for synergy with ICIs. Our goal is to perform critical studies 
using pre-defined methods and well-characterized animal 
models to assess the feasibility and utility of ferroptosis 
inducers for the treatment of CCRCC either as single 
agents, or in combination with ICIs.

The Specific Aims (SAs) and study design are:

SA 1 (9 months): To design and synthesize improved 
derivatives of KD025 for in vitro and in vivo characterization. 
Through multiple rounds of SAR, we will design and 
synthesize novel compounds with improved potency and 
enhanced predicted in vivo characteristics using well-
validated in vitro solubility and stability assays.

SA 2 (15 months): To characterize the in vivo efficacy of 
ferroptosis induction in mouse models of CCRCC.

Subaim 2A: To determinate the PK/PD parameters and 
maximum tolerated dose of selected candidates.

Subaim 2B: To investigate antitumor efficacy of best 
candidate compounds as single agents.

Subaim 2C: To evaluate the ability of best candidate 
compounds to potentiate the antitumor activity of ICI.

Subaim 2D: To characterize the preliminary toxicity of the 
most potent compound.

Innovation: We propose the induction of ferroptosis as 
a promising strategy to target the intrinsic metabolic 
vulnerabilities of CCRCC. Although a number of ferroptosis 
inducers have shown potent in vitro activity, these have 

been ineffective in vivo. Here, we identify a novel strategy 
for the induction of ferroptosis in vivo, through the 
inhibition of ISCA2. Further, we describe a novel, orally 
available small molecule inhibitor that will serve as a lead 
for further optimization into a clinical candidate for the 
induction of ferroptosis in CCRCC.

Impact: If successful, the proposed research is expected 
to be transformative for the treatment of kidney cancer as 
it will have provided proof-of-concept for a first-in-class 
therapeutic strategy that will complement the TKIs and 
ICIs currently in use, and provide benefit for the majority 
of patients that exhibit intrinsic or acquired resistance to 
these treatments. The research will also yield a suitable 
preclinical candidate for further IND-enabling studies that 
will be performed by Kuda, ultimately leading to first-in-
human trials.

Keywords: Drug Development

Exploiting Cholesterol Metabolism 
to Treat Primary and Metastatic 
Renal Carcinoma

Marie Simon

University of Pennsylvania, Philadelphia, Pennsylvania, USA

Clear cell renal cell carcinoma (ccRCC) tumors are 
increasingly characterized by dramatic changes in metabolic 
pathways, including gluconeogenesis, the urea cycle, and 
one carbon metabolism. It appears that these common 
metabolic abnormalities, together with elevated HIF-2alpha 
and mTORC1 signaling, endow ccRCC cells with significantly 
enhanced growth and survival. By integrating metabolomic, 
genomic, and transcriptomic data, we demonstrated that 
enzymes in multiple metabolic pathways are universally 
underexpressed or overexpressed in human ccRCC tumors 
(relative to normal kidney), which are otherwise genetically 
heterogeneous. The “clear” cytoplasm of ccRCC reflects 
elevated neutral lipid (cholesterol, cholesterol esters, 
triglycerides) and glycogen deposition. We previously 
demonstrated that ccRCCs are strictly dependent on 
lipid droplet production for cholesterol ester/triglyceride 
storage and lipid homeostasis. More recently, we began 
an in-depth analysis of cholesterol metabolism in ccRCC, 
in terms of its uptake and processing. We found that the 
lipoprotein transporter SCARB1 (Scavenger Receptor class 
B, member 1) and bile acid synthetic enzyme “Hydroxy-
delta-5-steroid dehydrogenase, 3 beta- and steroid delta-
isomerase 7” (HSD3B7) are consistently overexpressed in 
ccRCC compared to normal adjacent renal tissue in >500 
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samples evaluated. Both play a significant role in cholesterol 
accumulation and detoxification, and our proposed studies 
investigating their impact on ccRCC will address the KCRP 
“Metabolism” area of emphasis.

Two hypotheses will be tested: (1) HIF-2-alpha and 
SCARB1 form an epistatic relationship in the initiation and 
progression of ccRCC, where SCARB1 overexpression is 
vital to ccRCC cell proliferation. (2) ccRCC cells upregulate 
HSD3B7 in order to detoxify cholesterol by converting it 
into bile acids for excretion.

Preliminary findings indicate that genetic elimination of 
either results in abrupt ccRCC growth arrest and cell death 
in vitro and in vivo. Moreover, pharmacological inhibition 
of SCARB1 using a novel compound (ITX-5061) results in 
decreased ccRCC cell proliferation in vitro. To investigate 
these hypotheses, SCARB1 and HSD3B7 will be depleted 
via RNAi technology in orthotopic and metastatic ccRCC 
lesions in mice, and ITX-5061 will be tested for ccRCC 
growth control using subcutaneous, orthotopic, metastatic, 
and PDX tumors. Mechanistic studies will enhance our 
understanding of why SCARB1 and HSD3B7 are critical 
to ccRCC progression by investigating the relationship of 
SCARB1 to PI3K/Akt/mTORC1 signaling and how elevated 
HSD3B7 activity avoids toxic accumulation of cholesterol 
derivatives. Of note, HSD3B7 loss could result in DNA 
damage, redox imbalance, and ccRCC cell death.

The innovation of our proposed studies is based in the highly 
novel findings that ccRCCs rely on SCARB1 and HSD3B7 
for cell proliferation and viability, and that both represent 
new “druggable” targets. While pharmacological inhibitors 
of HSD3B7 await further development, ITX-5061 has 
already been used in the clinic to treat hepatitis and been 
well tolerated. As such, ITX-5061 could be repurposed as a 
new therapeutic option for ccRCC patients with localized 
and more advanced disease in a relatively short period of 
time.

The impact of this KCRP Idea Development Application 
comes from the pressing need for new therapeutic 
strategies, given that targeted therapies, anti-angiogenics, 
immunotherapies, and other metabolic strategies (such 
as targeting glutamine metabolism) only serve subsets 
of patients, even in combination, and altered cholesterol 
metabolism is a universal feature of ccRCC. Finally, as HIF-
2alpha antagonists continue to be tested in ongoing clinical 
trials, SCARB1 inhibition could be deployed in patients 
ultimately acquiring resistance to HIF-2alpha-specific 
drugs, as previously demonstrated in preclinical studies.

Conclusions: The impact of this KCRP Idea Development 
Application comes from the pressing need for new 
therapeutic strategies, given that targeted therapies, 
anti-angiogenics, immunotherapies, and other metabolic 
strategies (such as targeting glutamine metabolism) only 

serve subsets of patients, even in combination, and altered 
cholesterol metabolism is a universal feature of ccRCC. 
Finally, as HIF-2alpha antagonists continue to be tested in 
ongoing clinical trials, SCARB1 inhibition could be deployed 
in patients ultimately acquiring resistance to HIF-2alpha-
specific drugs, as previously demonstrated in preclinical 
studies.

Keywords: Metabolism, Targeted Therapies

 

Monitoring Disease Burden and 
Biology Using Tumor Cell-Free DNA 
in Metastatic Kidney Cancer

Scott Haake

Vanderbilt University Medical Center, Nashville, Tennessee, USA

Background: While metastatic kidney cancer is nearly 
universally fatal, immuno-oncology (IO) strategies utilizing 
immune checkpoint inhibitors have revolutionized the care 
of these patients. However, significant challenges persist 
in caring for them. For example, the only validated method 
for assessing IO tumor response is imaging to measure 
the tumor size, typically computerized tomography (CT) 
scans every 2 to 3 months. Tumors infiltrated with immune 
cells, however, can “grow” despite a potent antitumor 
response (i.e., pseudo-progression). In addition, there may 
be a significant lag time between when tumors develop IO 
resistance and when tumor growth is observed on imaging. 
This “lag” is a lost opportunity to intensify and/or change 
therapies. Other problems with disease monitoring are 
rapidly emerging. For example, the field needs sensitive 
assays that can detect active cancer that is below the 
threshold of detection for conventional imaging. Such 
assays could help clinical decision-making regarding the 
use of potential IO-based adjuvant treatments as well 
as determining when it is safe to withdraw IO therapy in 
patients with complete radiographic response. Therefore, 
a clear need exists for new methods to measure tumor 
burden in kidney cancer patients.

One approach to garnering “real time” information 
regarding the burden and biology of metastatic tumors 
is the use of “liquid biopsies.” Cancer cells shed DNA into 
the circulation, and advanced genomics technologies can 
analyze tumor cell-free (cf) DNA, making blood a source 
of real-time genomic tumor profiling. One approach has 
been to use Next Generation Sequencing (NGS) to detect 
somatic mutations, and use the presence of these mutations 
as a measure of tumor burden. However, the “turnaround 
time” for NGS sequencing of tumor cfDNA is often long due 
to the nature of the assay and complicated bioinformatics. 



a b st r ac ts  f rom  kc r s 2 1

4 2Version 2. 10.11.2021. © KidneyCAN.

In addition, the somatic mutational landscape of clear cell 
RCC is constantly evolving. If tumor cfDNA is to be used 
to monitor disease burden, “truncal” genomic alterations 
shared by all subclones must be targeted.

A key first step in clear cell RCC pathogenesis is deletion 
of a large portion of chromosome 3p (3p-del). We propose 
to use droplet digital polymerase chain reaction (ddPCR), 
a nimble tool with a rapid turnaround time, as a tool to 
monitor 3p-del in tumor cfDNA from IO-treated patients. 
While others have used low pass whole genome/exome 
sequencing to assess copy number changes in tumor cfDNA, 
this approach has decreased sensitivity if there is not a high 
level of tumor cfDNA and requires a longer turnaround time 
relative to ddPCR. 3p-del is an ideal molecular biomarker 
target because it is a “truncal” event, allowing monitoring of 
essentially all clear cell RCC subclones in spite of continued 
molecular evolution.

FY19 KCRP Areas of Emphasis: (1) Biomarker Development 
and (2) Liquid Biopsy

Hypothesis: We will test the hypothesis that 3p-del is 
conserved in tumor cfDNA of metastatic clear cell RCC 
patients despite ongoing subclonal evolution, and 3p-del 
detection in tumor cfDNA serves as a robust marker for IO-
response in patients.

Specific Aims: (1) Compare 3p-del and somatic mutations 
in primary tumors and tumor cfDNA of metastatic clear cell 
RCC patients. Given the marked heterogeneity of primary 
tumors and continued subclonal evolution of metastases, 
we hypothesize that we will detect differences in somatic 
mutations in primary tumors and tumor cfDNA whereas 
3p-del will be conserved. (2) Evaluate 3p-del in tumor 
cfDNA as a dynamic marker of response to IO therapy. We 
will use ddPCR to measure 3p-del to test the hypothesis that 
3p-del in tumor cfDNA is a dynamic marker for response to 
IO therapy in clear cell RCC patients.

Study Design: In Aim 1, we will use ddPCR to assess 3p-del 
and NGS to sequence a panel of genes commonly mutated 
in kidney cancer in the primary tumor and tumor cfDNA. 
In Aim 2, we will contrast 3p-del levels in IO-responders 
before and after IO-therapy. As a secondary endpoint, we 
will use NGS to contrast cfDNA mutations before and after 
3 months of IO therapy in responders and non-responders 
to evaluate the impact of IO therapy on somatic mutations.

Innovation: To monitor global tumor burden using tumor 
cfDNA, measurement of genomic alterations shared by 
all tumor cells are ideal. In the context of clear cell RCC, 
two such genomic alterations include VHL mutations and 
chromosome 3p-deletion. However, VHL has proven a 
difficult gene to sequence, possibly due to GC-rich regions 
in exon 1. As an alternative approach, we have designed 
an assay that focuses on the deletion of a large portion of 

chromosome 3p. This assay compares the ratio of genes 
located in 3p21.1-26.1 to a housekeeper gene using droplet 
digital PCR, a relatively inexpensive technology with a rapid 
turnaround time.

Impact: In the short term, a major impact of this study will 
be the development of a novel liquid biopsy assay to monitor 
clear cell RCC patients receiving IO treatment, especially in 
cases where interpreting CT scan data is difficult (e.g., bone 
tumors and cases suggestive of pseudoprogression). In the 
long term, this method of analysis of tumor cfDNA could 
be used as a biomarker to address emerging clinical needs, 
such as measuring minimal residual disease in patients 
with metastatic kidney cancer who have a complete 
response (CR) or near CR considering IO discontinuation 
or in patients considering IO-based adjuvant therapies. 
This proposal thus addresses the KCRP areas of emphasis 
biomarker development and liquid biopsy.

Keywords: Clinical Biomarkers

 

Exploiting Epigenetic Dysregulation 
to Identify Targetable Vulnerabilities 
in ccRCC

Abhishek Chakraborty

Cleveland Clinic Foundation

ECI’s Training, Goals, and Sustainibility: I recently joined 
the Cleveland Clinic as Assistant Professor and have an 
established record of academic excellence. My postdoctoral 
training in Dr. William Kaelin’s laboratory at Dana-Farber 
Cancer Institute has not only been extremely rigorous, 
but also extremely productive. I carry forward these ideas 
and momentum in my own research program and hope to 
exploit epigenetic dysfunction in kidney cancer to identify 
therapeutic vulnerabilities. To establish a sustainable career, 
I have identified exciting research problems, assembled a 
great team of support staff and trainees, found a great team 
of research mentors, and established collaborations with 
world-class kidney cancer clinicians.

Background: pVHL-deficient clear cell renal cell carcinomas 
(ccRCC) represent ~75% of kidney cancers in adults. 
Despite major strides in therapy, ccRCC remains incurable; 
thus, identifying novel targets remains crucial. Recent 
discoveries show recurrent chromatin dysregulation in 
ccRCC, providing an opportunity to identify such novel 
targets. We noted major differences in the histone 
modification profiles in pVHL-null ccRCCs relative to 
pVHL-proficient (papillary and chromophobe) RCCs, which 
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included, for example, elevated levels of acetylated lysine 
27 on Histone H3 (H3K27ac). The H3K27ac histone mark 
is associated with transcriptionally active enhancer regions. 
Therefore, we hypothesized that elevated H3K27ac must 
mark enhancers upstream of some genes that are essential 
for tumorigenesis in pVHL-deficient cells.

Preliminary Findings: By overlapping genes with increased 
H3K27ac marking and transcriptional induction in 
pVHL-deficient cells, we listed the top 100 genes that 
encode “druggable” targets. Using a pooled ORF library 
corresponding to this list, we performed a functional “up” 
screen, looking for genes whose expression was sufficient 
to promote tumorigenesis in otherwise poorly tumorigenic 
pVHL-proficient cells. Our screen identified the Asp/Glu 
transporter EAAT3, encoded by the SLC1A1 gene, as a 
novel oncogene in ccRCC.

Orthogonal observations support an oncogenic role for 
SLC1A1/EAAT3: (1) EAAT3 regulates amino acid transport 
and promotes intestinal epithelial growth; (2) SLC1A1 levels 
show stage-specific elevation in human ccRCC tumors; and 
(3) Perturbing intracellular Glu pools, either by inactivating 
other SLC1A1-like Glu transporters or by inactivating 
Glutaminase (which converts Gln to Glu) is detrimental to 
ccRCC. However, our finding is the first formal evidence to 
functionally support EAAT3’s role as an oncogene in ccRCC.

Aims and Objectives: Considering the novelty of our 
finding, little is formally known about EAAT3 function or 
regulation. For example, how does pVHL loss influence 
SLC1A1 enhancer? or does EAAT3’s canonical amino 
acid transporter function, and the consequent metabolic 
reprogramming, contribute to EAAT3’s oncogenic ability? 
Answering these questions can uncover interesting 
biology associated with this understudied oncogene, 
but also impact the clinical utility of targeting EAAT3 in 
ccRCC. Our immediate aims, therefore, are: (1) To define 
the molecular basis of SLC1A1 dysregulation in ccRCC. 
The SLC1A1 enhancer is a previously annotated “super-
enhancer.” Super-enhancers typically mark key genes 
involved in cell identity and oncogenesis, many of which are 
now defined as targetable dependencies in other cancers. 
Therefore, we will first define the molecular basis for 
pVHL-dependent SLC1A1 dysregulation. Gene expression 
analysis, H3K27ac changes at the SLC1A1 locus, and 
immunoblotting will be used to determine the relevance of 
pVHL-responsive biological pathways, such as HIF and/or 
AKT1 activation, in modulating SLC1A1 expression. Genetic 
and pharmacological perturbation of H3K27 modifiers 
will be used to identify mechanisms by which pVHL loss 
marks SLC1A1 and potentially other super-enhancers. 
(2) To determine the oncogenic mechanism of EAAT3 in 
ccRCC. The SLC1A1 gene encodes the Asp/Glu transporter 
EAAT3. Therefore, by combining in vitro metabolomics 
analysis with functional epistasis experiments in vivo, 

we will begin to identify the metabolic basis of EAAT3’s 
oncogenicity. ccRCCs are hyperdependent on Glu and rely 
on the conversion of Gln to Glu by Glutaminase to fuel these 
needs. Glutaminase inhibition is thus being clinically tested 
in ccRCC. EAAT3 expression, however, also increases 
intracellular Glu, which should reduce dependency 
on Glutaminase. Therefore, using in vitro and in vivo 
experiments, we will establish how EAAT3 status influences 
response to Glutaminase inhibition in kidney cancer.

Impact: This proposal is a collaborative effort that relies on 
in vivo biological assays, metabolic analysis, and rigorous 
mechanistic studies to begin understanding EAAT3’s 
oncogenic functions and its clinical relevance in kidney 
cancer. These studies will allow us to uncover the molecular 
links between VHL loss and EAAT3 dysregulation, establish 
EAAT3’s mechanism of action, and ultimately begin 
defining the utility of targeting EAAT3, either alone or in 
combination with metabolic enzymes such as Glutaminase, 
in patients with renal cancer. Together, this work will 
establish the foundation for future delivery of EAAT3 as a 
novel metabolic target in pVHL-deficient renal cancers.

Keywords: clear cell, renal carcinoma, epigenetics

 

Guest Speaker: 
Development of mouse models for 
variant RCC Histologies

Giannicola Genovese

MD Anderson

To follow.

Unlocking the Human Relevance of 
a New Genetic Papillary Renal Cell 
Carcinoma Mouse Model

Richard Link

Baylor College of Medicine

Background: Kidney cancer is the ninth most common 
cancer and accounts yearly for >14,000 American deaths. 
Papillary renal cell carcinoma (pRCC) is the second most 
common subtype of kidney cancer and is divided into two 
histological variants (I and II). The mutational landscape of 
pRCC is complex without a universal prevailing theme, but 
several pathways have emerged as potentially important 
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drivers. Treatment options for advanced pRCC are often 
extrapolated from clear cell clinical trials due to patient 
accrual challenges, and outcomes are poor. Until now, no 
human relevant pRCC mouse models have existed. By 
combining MET activation and Pten loss with transposon 
mutagenesis, we have engineered a genetic mouse 
model that faithfully and reliably produces renal tumors 
histologically identical to human pRCC.

Hypothesis: Determining which molecular subtype(s) of 
pRCC this model recapitulates will be critical to unlocking 
its potential to provide insight into treatment for pRCC 
patients.

Specific Aims:

(1) Molecularly profile murine pRCC tumors. Banked tumor 
specimens will be reviewed in a blinded manner by an expert 
pathologist to determine histopathologic subtype. Tumor 
samples will then be molecularly analyzed using RNA-Seq 
and Reverse Phase Protein Arrays.

(2) Determine the human subtype specificity of murine 
pRCC tumors. We will establish the similarity between our 
pRCC mouse models and The Cancer Genome Atlas (TCGA) 
patient data at three levels: (1) identify and validate overlap 
of individual genes and proteins; (2) establish significant 
overlap of the gene signatures and the protein signatures, 
respectively, using ORA and GSEA; and (3) establish 
enrichment of similar pathways in the mouse model and 
TCGA for pRCC.

Study Design: The overall objective of this proposal is to 
determine the spectrum of molecular pRCC subtype(s) 
developed by a newly engineered mouse model. This model 
combines an activating allele of the MET proto-oncogene 
(M1248T) that has been identified in pRCC patients, a single 
allele loss of the tumor suppressor PTEN, and additional 
mutagenesis driven by the Sleeping Beauty transposon. 
Using two high-throughput molecular approaches, we will 
characterize the RNA (RNA-Seq) and protein (Reverse 
Phase Protein Array; RPPA) profiles of these tumors. To 
determine the molecular subtype(s) represented by these 
tumors, we will compare these profiles to human data from 
TCGA.

Innovation: This work is highly innovative on several fronts. 
First, we are utilizing a new and previously undescribed 
in vivo model of pRCC that combines pRCC-relevant 
mutations (METM1248T, PTEN-loss) with a transposon 
system to accelerate tumorigenesis. These mice, here 
described for the first time, develop spontaneous tumors 
with histologic features that closely mimic human pRCC. 
Molecular subtyping of these tumors is a key step to 
unlocking the human relevance potential of this model. 
pRCC is a diverse set of molecular subtypes in humans. 
Defining the molecular signatures of our mouse tumors will 

be critical for exploiting this exciting model to apply it to 
human disease.

Impact: Successful completion of this project will provide 
critical resources in the form of a molecularly subtyped 
genetic mouse model for papillary renal cell carcinoma. 
Currently, this resource does not exist, significantly limiting 
our ability to understand potential vulnerabilities for the 
disease in individual patients. Such a model could allow 
testing of hypotheses before moving on to costly and 
time-consuming human clinical trials for new strategies. 
Laboratory models (mouse and cell culture) have been the 
key to identifying and testing durable treatment options in 
other forms of cancer. In this project, we expect to deliver 
both mouse and cell culture-based models for molecular 
subtype-specific forms of papillary renal cell carcinoma 
relevant to human patients. We anticipate that the research 
community will exploit these models to identify tumor 
vulnerabilities and develop and test targeted therapeutics 
against each tumor molecular subtype that can one day 
provide more effective treatment for patients with papillary 
renal cell carcinoma.

The Pathogenesis and Therapy 
of Chromophobe Renal Cell 
Carcinoma: A Single-Cell RNA 
Sequencing Approach

Elizabeth Henske

Brigham and Women’s Hospital

Background: Chromophobe renal cell carcinoma (RCC), 
the third most common subtype of RCC, represents ~5% 
of all RCC and is pathologically and genetically distinct 
from other subtypes. The incidence of metastatic spread 
of Chromophobe RCC (ChRCC) is lower than for clear cell 
RCC, but because there are currently no proven therapies 
for metastatic ChRCC, the prognosis for patients with 
metastatic ChRCC is estimated to be less favorable 
than for metastatic clear cell RCC. Single-cell RNA-Seq 
(scRNA-Seq) is a relatively new method for transcriptional 
investigation of single cells from a complex population, 
thereby enabling completely new insights into tumor 
heterogeneity and the tumor microenvironment, including 
immune cell populations and stromal cells. Single cell ATAC-
Seq (scATAC-Seq), which assesses chromatin accessibility 
and reveals cell-cell epigenetic regulatory variation, can be 
used to investigate underlying mechanisms. We propose to 
investigate transcriptional heterogeneity and epigenetic 
regulation of ChRCC using scRNA-Seq and scATACSeq 
profiling.
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Hypothesis/Objective: Our central hypothesis is that 
integrative profiling of single cell transcriptomics and 
chromatin accessibility will reveal novel pathogenic 
mechanisms in ChRCC, including pathogenic contributions 
from stromal and immune cell populations in ChRCC.

Specific Aims:

Aim 1: Determine the heterogeneity of individual tumor 
cells, stromal cells, and immune cells in ChRCC using 
scRNASeq.

Aim 2: Investigate role of epigenetic regulation in tumor 
heterogeneity using scATAC-Seq.

Aim 3: Determine levels of immune infiltration and clonal 
diversity using single cell T cell receptor (TCR) and B cell 
receptor (BCR) profiling.

Study Design: ScRNA-Seq will be performed on five freshly 
resected ChRCC specimens collected through collaboration 
with our RCC research team. Tumors will be from patients 
in whom pre-operative biopsy has demonstrated ChRCC. 
Complementary cell type annotation strategies will be 
employed for cell type identification: annotation by well-
defined cell-type specific signature gene sets, and database-
based approaches using R package SingleR. Density-based 
clustering and Non-Negative Matrix Factorization (NMF) 
will be used to interrogate transcriptional programs 
in tumor cells and in each of cell types identified in 
microenvironment. Immune-cell “exhaustion” markers 
(including PD-1, TIGIT, LAG3, TIM3, VISTA, CTLA-4) will 
be profiled. Tumor-associated macrophages and tumor-
associated fibroblasts will be identified using marker genes 
and will be further stratified by transcriptional pattern. 
We will perform scATAC-Seq on the five tumors to reveal 
the landscape of chromatin regulatory variation. Bayesian 
network analysis of scRNA-Seq and single cell chromatin 
accessibility from the same sample will be used to identify 
candidate regulatory networks. Single cell TCR/BCR 
profiling will be performed, with integrative analysis of gene 
transcription, chromatin accessibility, and clonal diversity. 
Immune exhaustion mechanisms will be investigated by 
pathway/network analyses. Pairwise ligand-receptor 
correlation analysis will be used to reveal cell-cell crosstalk 
and identify cell populations that may be interacting with 
and/or suppressing immune cells.

Innovation: To our knowledge, this will be the first single 
cell interrogation of ChRCC, allowing integration of single 
cell transcriptomics, single cell epigenomics, and single cell 
immune profiling.

 

Genomic and Functional Analysis of 
Translocation Renal Cell Carcinoma

Srinivas Viswanathan

Dana-Farber Cancer Institute

Background: Translocation renal cell carcinoma (TRCC) is a 
rare and aggressive type of non-clear cell renal cell carcinoma 
(RCC) that represents 1%-5% of sporadic RCC in adults. 
Currently, there are no treatments that are specifically 
targeted to TRCC, and the treatments approved for clear-
cell RCC may be less effective in patients with TRCC. 
Limited genomic and functional studies have revealed that 
TRCC is molecularly distinct from clear-cell RCC, and these 
differences likely underlie differing responses to treatment 
in these two histologies. Nonetheless, a comprehensive 
genomic and functional characterization of TRCC has not 
yet been performed. Most cases of TRCC are characterized 
by in-frame fusions between the transcription factor TFE3 
and any one of several different partner genes (TFE3-TRCC). 
Intriguingly, many TFE3 fusion partners have roles in RNA 
splicing, raising the question of whether perturbation of 
alternative splicing is a hallmark of disease pathogenesis.

FY18 KCRP Areas of Emphasis: We will address the 
following areas of emphasis: genetic, chromatin and gene 
regulation, mechanism of response and resistance, and 
rare kidney cancers. Specifically, Aim 1 will define the 
genetic landscape of this disease; Aim 2 will determine 
how TFE3 fusions alter the chromatin landscape and gene 
expression program; Aim 3 will identify novel therapeutic 
vulnerabilities of TRCC, which may provide insight into 
mechanisms of intrinsic resistance to therapy. Overall, 
TRCC represents a rare, non-clear cell kidney cancer.

Hypothesis/Objective: We hypothesize that TFE3-TRCC 
may represent a “spliceopathy,” whereby endogenous 
transcriptional and splicing complexes are rewired by 
TFE3 fusions, leading to a decoupling of the normally co-
regulated processes of transcription and splicing, and to 
the expression of an oncogenic transcriptional program. 
We propose genomic, biochemical, and functional genetic 
studies to achieve the dual objectives of testing this 
hypothesis and of performing a comprehensive genomic 
and functional characterization of this rare disease.

Specific Aims: (1) To perform linked-read whole genome 
sequencing and transcriptome sequencing on a cohort of 
tumor-normal pairs from patients with TFE3-TRCC. (2) To 
characterize the protein interactomes, genomic occupancy, 
and RNA-binding sites of TFE3 fusions and to determine 
how these differ from those of wild type TFE3 or TFE3 
partners. (3) To uncover novel therapeutic vulnerabilities of 
TFE3-TRCC via genome-scale functional genetic CRISPR/
Cas9 screening.
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Study Design: Aim 1 will involve linked-read whole 
genome sequencing and transcriptome sequencing of 
25-30 tumor-normal pairs of TFE3-TRCC. We will define 
the genetic and transcriptomic landscape of TFE3-TRCC 
and identify genetic events that correlate to particular 
transcriptional or splicing features. In Aim 2, we will perform 
immunoprecipitation and mass-spectrometry (IP-MS), 
chromatin immunoprecipitation and sequencing (ChIP-
Seq), and enhanced cross linking and immunoprecipitation 
with sequencing (eCLIP-Seq) of TFE3 fusions in three TFE3-
TRCC cell lines. In doing so, we will identify protein, DNA, 
and RNA interactors of TFE3 fusions and compare these 
to interactors of wild type TFE3 and wild type TFE3 fusion 
partners. In Aim 3, we will perform genome-scale CRISPR/
Cas9 essentiality screening on three TFE3-TRCC cell 
lines that contain distinct TFE3 fusions. We will compare 
essential genes identified in this context to candidate 
vulnerabilities identified via the prior screening of clear-cell 
RCC lines in order to identify genetic targets that may be 
unique to TFE3-TRCC.

Innovation: This work will result in extensive biochemical 
and functional profiling of TFE3-TRCC using multiple 
orthogonal data types. We will employ a range of cutting-
edge technologies, including linked-read whole genome 
sequencing, genome-/transcriptome-/proteome-wide 
biochemical profiling, and genome-scale functional 
genetic screening. This work will significantly advance 
our understanding of the pathways that drive TFE3-TRCC 
and will provide valuable resources to the kidney cancer 
research community.

Impact: The proposed work is consistent with the KCRP 
vision of eliminating kidney cancer, as it seeks to perform 
comprehensive molecular characterization of TFE3-TRCC, 
a rare and poorly studied subtype of kidney cancer. In 
the short-term, this work will generate valuable datasets 
for the kidney cancer research community, including 
(1) whole genome and transcriptome sequencing of a 
large TFE3-TRCC cohort; (2) comprehensive molecular 
profiling of TFE3 fusions including their protein interacting 
partners and the sites to which they bind in the genome 
and transcriptome; (3) genetic vulnerabilities of TFE3-
TRCC cell lines as determined via unbiased genome-scale 
CRISPR/Cas9 screening. Over the long-term, this work 
will be foundational for novel diagnostic and therapeutic 
hypotheses in TRCC and may form the basis for the clinical 
development of drugs against novel therapeutic targets in 
this rare kidney cancer subtype.

A Novel Mechanism of Pathogenesis 
for Renal Medullary Carcinoma

Pavlos Msaouel

MD Anderson Cancer Center

Background: Renal medullary carcinoma (RMC) is a highly 
aggressive malignancy with a predilection towards the right 
kidney (~70% of cases) occurring predominantly in young 
African Americans (median age 28 years old). Notably, all 
individuals with RMC have sickle hemoglobinopathies, such 
as sickle cell disease or trait. The median survival of patients 
with RMC is approximately 13 months despite nephrectomy 
and currently available systemic therapies, with less than 
5% of patients surviving beyond 5 years. This highlights the 
need to understand the etiology of RMC and develop new 
diagnostic, preventive, and therapeutic strategies.

Hypothesis/Objective: A key knowledge gap in RMC 
biology is why sickle hemoglobinopathies predispose to 
the development of this cancer and why RMC preferably 
occurs in the right kidney. We propose a testable model that 
connects these defining features by utilizing the following 
key insights: The extreme hypoxia and hypertonicity within 
the renal inner medulla (RIM) produce and dysregulate 
the repair of DNA double-strand breaks associated with 
carcinogenesis. Within this microenvironment, the red 
blood cells of individuals with sickle hemoglobinopathies 
will sickle, resulting in microvascular occlusions that 
produce regional microinfarcts within the RIM. These 
regional microinfarcts reduce the interstitial osmolarity 
in the RIM resulting in the reactivation of DNA repair 
pathways, with a shift towards error-prone non-
homologous end joining (NHEJ) due to hypoxia-induced 
repression of high-fidelity homologous recombination (HR). 
NHEJ decreases the stability of the genome and increases 
the risk of carcinogenesis via chromosomal breaks and 
genomic rearrangements that can inactivate genes such 
as SMARCB1, the tumor suppressor that is lost in all RMC 
cases. The Hagen-Poiseuille equation, commonly used 
to describe blood circulation, stipulates that (assuming 
equal radius and pressure differences) the flow rate of 
blood will be inversely proportional to the length of the 
vessel. Thus, the longer length of the right renal artery will 
result in reduced blood flow in the right RIM compared 
with the left, further exacerbating regional microinfarcts 
that predispose to RMC. Therefore, we hypothesize that 
regional microinfarcts induced by RBC sickling are more 
common in the right RIM due to the longer right renal 
artery, and that these microinfarcts result in perturbations 
of RIM interstitial osmolarity that reactivate error-prone 
NHEJ DNA double-strand repair.
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To test our hypothesis, we propose the following Specific 
Aims:

Specific Aim 1: Determine if regional microinfarcts are 
more common in the right, compared with the left, RIM of 
mice with humanized sickle cell disease and trait.

Specific Aim 2: Determine if the RIM of mice with humanized 
sickle cell disease and trait have increased NHEJ DNA 
repair activity compared with mice harboring wild-type 
human beta hemoglobin.

Study Design: The right renal artery of mice is almost twice 
the length (~2.9 mm) of the left renal artery (~1.5 mm) and is 
therefore an appropriate model to test our hypothesis. We 
will use established mouse models harboring humanized 
sickle cell disease (SS), sickle cell trait (Sß), or wild-type 
human ßß hemoglobin. Both kidneys will be harvested at 
regular intervals and examined for differences in regional 
microinfarcts and DNA double-strand breaks. Expression 
levels of Rad51 and Brca1 will be used as markers of HR, 
whereas Rif1 and Parp1 will be used as markers of NHEJ.

Impact: RMC predominantly occurs in a particularly 
vulnerable population consisting mainly of young African 
Americans. Our short-term goal is to use the proposed 
model to elucidate how environmental factors and inter-
individual genetic/epigenetic variations increase or 
attenuate the risk of RMC. These insights will inform the 
development of strategies to effectively screen and prevent 
RMC.

Innovation: The proposed novel concept provides the first 
testable model of the initial steps in RMC pathogenesis. 
Although it is well-established that the RIM is characterized 
by extreme hypoxia and hypertonicity, as well as an 
abundance of unrepaired DNA double-strand breaks, 
this will be the first investigation of how these unique 
conditions are associated with carcinogenesis. In addition, 
although RMC has a known predilection towards the right 
kidney, this will be the first study to investigate whether 
differences in vascular anatomy can explain this laterality.

Integrated Analysis of Somatic 
Genomic Mutations and Antigen 
Presentation as Predictive 
Biomarkers for Combination 
Immunotherapy in Kidney Cancer

Chung-Han Lee

Sloan Kettering Institute for Cancer Research

Background: With the rapid development and regulatory 
approval of multiple novel immunotherapy regimens, the 
treatment landscape for renal cell carcinoma (RCC) has 
rapidly evolved from initial treatment with single-agent 
tyrosine kinase inhibitors (TKI) to combination therapies 
with immuno-oncology (IO) agents, namely immune 
checkpoint inhibitors (ICI) such as anti-CTLA-4 and PD-1/
PD-L1 inhibitors.

Multiple clinical trials have shown improved efficacy with 
ICI combinations compared to single-agent TKI. These 
trials use two main approaches to build upon a PD-1/
PD-L1 inhibitor backbone: Combining a PD-1/PD-L1 
inhibitor with other IO agents such as anti-CTLA-4 (IO/
IO) or with VEGF-targeted therapy (TKI/IO). Both IO/
IO and TKI/IO combination therapy have demonstrated 
distinct patterns of efficacy and complement PD-1/PD-
L1 inhibition uniquely. However, the optimal treatment 
strategy for individual patients remains unknown. Immune 
checkpoints are tightly regulated, and engagement depends 
on multiple factors including antigen burden, inflammatory 
states, timing, and T-cell differentiation state. The tumor 
antigen burden depends on multiple factors including 
tumor mutation burden (TMB), expression of mutations, 
and peptide presentation by major histocompatibility 
complex (MHC) molecules. TMB has been investigated 
across multiple malignancies as a solitary biomarker but is 
poorly predictive of response to IO therapy. Assessment 
of additional factors may be necessary to better estimate 
the tumor antigen burden from TMB. In RCC, somatic 
mutations in epigenetic modifying genes are the most 
common recurrent mutations, but it remains unknown how 
these somatic mutations alter the proportion of the TMB 
that is expressed. Also, human leukocyte antigen (HLA) 
diversity is critical to antigen peptide presentation, and 
loss of heterozygosity (LOH) is associated with acquired 
resistance to ICI. We have demonstrated that in RCC, HLA 
homozygosity and somatic LOH of HLA are associated with 
worse outcomes for ICI. Conversely, we have also seen in 
preliminary data that increased HLA diversity is associated 
with improved responses to ICI.

Areas of Emphasis: Mechanism of Response and Resistance; 
Prognosis; and Biomarker Development.
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Hypothesis/Objective: We hypothesize that tumor antigen 
burden depends on a patient’s intrinsic antigen presentation 
capability and the tumor’s somatic mutation landscape in 
addition to TMB, and will be better predictive of responses 
to ICI therapy. The overall objective of this proposal is to 
determine whether tumor antigen burden can help predict 
responses to IO/IO and TKI/IO combinations.

Specific Aims: To test this hypothesis, we propose two 
specific aims. (1) Determine how tumor-specific mutations 
alter TMB and the expression of mutated genes. (2) 
Determine the contribution of HLA diversity, TMB, and 
somatic mutations as key components of tumor antigen 
burden; and correlate tumor antigen burden to responses 
to nivolumab, TKI/IO, and IO/IO therapy in RCC either 
individually or in combination.

Study Design: Using integrated DNA/RNA profiling of 
publicly available datasets and de novo sequencing of 
tumors at our institution, we will characterize the tumor 
mutome and expression profile to determine the total 
mutation burden by single-nucleotide variations and 
indels and the predicted neoantigen burden. To determine 
how somatic mutations alter the expressed TMB, we will 
compare the expression of mutation-containing genes when 
key epigenetic genes are lost. To determine the predictive 
ability of the presented antigen burden in patients treated 
with TKI/IO and IO/IO therapies, we will compare presented 
antigen burden to component biomarkers including HLA 
diversity, HLA LOH, somatic mutations, and TMB. We will 
also determine whether presented antigen burden can 
differentiate between responses to ICI monotherapy and 
combination TKI/IO and IO/IO regimens.

Innovation: We will define a novel concept for understanding 
tumor antigen presentation in RCC by incorporating 
estimates of HLA diversity and gene expression in 
combination with TMB. We will apply this novel concept 
to key ICI approaches including PD-1 monotherapy and 
combination approaches including TKI/IO and IO/IO.

Impact: We are working to develop novel biomarkers 
to predict response to immunotherapy, to better aid 
choice of therapy and avoid unnecessary toxicity. These 
studies will add to our understanding of how tumor and 
patient intrinsic factors contribute to responses to PD-1 
inhibitor-based therapy. By more fully characterizing the 
contribution of tumor antigen presentation, we can then 
investigate how TKI and anti-CTLA-4 differ in their effects 
on tumor microenvironment, which may alter the sensitivity 
and dependence on baseline tumor and patient-specific 
biomarkers. This understanding may provide additional 
guidance for stratification to different ICI treatment 
approaches.

Keywords: Immunotherapy, biomarkers

Understanding CD8+ T-Cell 
Specificity and Function in Renal 
Cell Carcinoma

David Braun

Dana-Farber Cancer Institute

Career Development and Sustainment Plan: I am a 
physician-scientist at Dana-Farber Cancer Institute focused 
on understanding and improving immunotherapies in renal 
cell carcinoma (RCC). Under the mentorship of Drs. Toni 
Choueiri and Catherine Wu, international leaders in RCC 
translational medicine and immunogenomics, respectively, 
I formulated this research project and career development 
plan to both address critical translational questions in RCC 
immunotherapy, and to provide a scientific and professional 
foundation that will ultimately sustain me as an independent 
kidney cancer investigator. My research project, training 
environment, formal coursework, and mentorship (both at 
my institution and through the Academy of Kidney Cancer 
Investigators), will allow me to learn important scientific 
skills and build a network of collaborators (physicians, 
scientists, patient advocates) that will be critical to my 
success as an independent physician-scientist focused on 
RCC.

Research Plan: Immune checkpoint inhibitors (ICI), 
and specifically PD-1 blockade-based regimens, have 
transformed the management of advanced RCC. However, 
the majority of patients do not receive durable benefit from 
these treatments. Consequently, RCC, which is particularly 
prevalent among the Veteran population, is still responsible 
for nearly 15,000 deaths each year in the United States. 
Thus, there is a critical need to better understand and 
overcome resistance to current anti-PD-1-based therapies.

Whereas efforts to overcome PD-1 resistance in other 
tumor types have often focused on increasing T cell 
infiltration into the tumor microenvironment (i.e., creating 
a “hot” tumor microenvironment), clear cell RCC (ccRCC) 
stands out as one of the most highly CD8+ T cell-infiltrated 
solid tumors at baseline. This observation highlights the 
gaps in our knowledge of the cellular states, target tumor 
antigens, and specific T cell clones (identified based on the 
expression of unique T cell receptors [TCRs]) that mediate 
an effective response against RCC. The interaction of 
the TCR (on infiltrating T cells [TILs]) and peptide-MHC 
complex (displayed on RCC cells) lies at the heart of 
antitumor immunity, and therefore an understanding of 
antigenic targets and T cell specificity is key to developing 
tumor-specific treatment approaches.

Therefore, I hypothesize that an improved understanding 
of tumor antigens and CD8+ T cell specificity in RCC 
will elucidate mechanisms of response and resistance 
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to anti-PD-1 treatment, and uncover targets for novel 
therapies. By leveraging novel immunogenomic tools 
and unique access to informative RCC clinical specimens 
from anti-PD-1-based clinical trials (HCRN GU16-260, 
COSMIC-313), I propose the follow analyses:

Aim 1: Systematically identify the classes of tumor antigens 
in ccRCC. The targets of effective antitumor T cell immunity 
in RCC remain largely unknown, and could include 
neoantigens, tumor-associated antigens, cancer testis 
antigens, or endogenous retroviruses (ERVs). I propose to 
perform a comprehensive computational and experimental 
antigen discovery analysis of ccRCC, utilizing novel epitope 
prediction pipelines and MS-based physical detection of 
predicted targets to define the landscape of RCC tumor 
antigens.

Aim 2: Link the T cell clonality of TILs in ccRCC with antigen 
specificity. I hypothesize that expanded TILs will be capable 
of recognizing ccRCC target antigens. Using surgical 
research samples (N=15) and pre-treatment cryopreserved 
tumor specimens from clinical trials of ICI (N=25 anti-PD-1 
monotherapy from HCRN; N=20 anti-PD-1 + anti-CTLA-4 
combination therapy from COSMIC-313), I plan to define 
the TCR repertoire using single-cell sequencing and perform 
reconstruction and antigen-specificity testing of TCRs from 
expanded TILs against a panel of candidate antigens.

Aim 3: Connect specific ccRCC target antigens and TIL 
clonotypes with response or resistance to anti-PD-1-
based treatments. I hypothesize that specific ccRCC target 
antigens and cognate TCRs on expanded TILs are associated 
with response to anti-PD-1-based therapy. I plan to evaluate 
differences in tumor antigens (including number and 
breadth of each antigen class) and TIL clonotypes between 
responding and non-responding patients in ICI clinical trials 
(HCRN and COSMIC-313).

Impact: Antigen discovery is a high priority both for 
understanding response and resistance to current anti-
PD-1-based therapies, and for the development of novel 
immunotherapy combinations designed to specifically 
target tumor antigens, including vaccine-based approaches 
and cellular therapies with engineered TCRs. Given 
my experience with antigen-targeting therapy in RCC 
(NCT02950766), I am positioned to rapidly translate this 
study’s findings into clinical trials. Overall then, the results 
of this project will have direct implications on the design 
of future RCC clinical trials investigating novel, antigen-
targeting therapies.

Keywords: Immunotherapy

 

Combining Locally Administered 
Ipilimumab with a Personalized 
Neoantigen Cancer Vaccine 
to Improve T-Cell Priming and 
Antitumor Immunity in High-Risk 
Renal Cell Carcinoma

Catherine Wu

Dana-Farber Cancer Institute

Immune checkpoint blockade (ICB) has shown considerable 
success in the treatment of advanced kidney cancer, leading 
to durable responses in a subset of patients. Despite these 
notable achievements, the majority of patients do not 
receive long-term clinical benefit, and many experience 
substantial autoimmune toxicities. A fundamental challenge 
moving forward then is to improve the tumor-specificity 
of cancer immunotherapies in order to increase efficacy 
while minimizing immune-related toxicities in patients with 
kidney cancer.

Tumor neoantigens, patient- and tumor-specific antigens 
arising from amino acid changes encoded formed by 
somatic mutations, represent key targets of antitumor 
T cell immunity. Our DFCI/Broad collaborative group 
recently demonstrated that directly targeting tumor 
neoantigens using personalized cancer vaccines (synthetic 
long peptides containing tumor neoantigens with the 
immune adjuvant poly-ICLC) is safe, feasible, and able to 
generate tumor antigen-specific CD8+ T cell responses 
against ~20% of predicted targets in advanced melanoma 
and glioblastoma. While promising, these proof-of-concept 
studies also suggest clear areas for improvement. Strong 
T cell responses to vaccination require effective T cell 
priming by antigen presenting cells (APCs) in the local 
draining lymph node, but this process is inhibited in many 
cancer patients by immune checkpoints such as CTLA-4. 
By contrast, PD-1 blockade before optimal priming may 
actually induce T cell dysfunction, and is thus not an optimal 
choice for combination study. Moving forward then, it will 
be critical to better understand neoantigen presentation 
and T cell priming following vaccination, and overcome 
early immune checkpoints that inhibit T cell activation. 
Ipilimumab (IPI) is an anti-CTLA-4 monoclonal antibody 
that enhances T cell activation in the priming phase, and 
is therefore an excellent candidate for combination with 
neoantigen vaccination. Whereas systemic delivery of IPI 
is associated with substantial immune-related adverse 
events, local skin administration of small doses of IPI near 
vaccination sites has the potential to improve T cell priming 
in the draining lymph node (as supported by extensive 
preclinical data), while substantially reducing toxicity. 
We hypothesize that the administration of a personalized 
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neoantigen vaccine together with locally delivered IPI will 
improve the immunogenicity and antitumor activity of the 
vaccine in patients with RCC.

Kidney cancer, and specifically the most common subtype, 
clear cell renal cell carcinoma (ccRCC), represents an ideal 
disease setting to explore this hypothesis. Advanced ccRCC 
is often responsive to immunotherapies, yet compared 
with other tumor types, typically has only an intermediate 
number of somatic mutations, and may serve as a more 
generally representative model for effectively targeting 
tumor neoantigens. Most importantly, there is a clinical 
need for new adjuvant therapies for ccRCC, as there are 
currently very limited therapeutic options for patients with 
high-risk, resected disease. To this end, we combined our 
extensive clinical trial expertise in ccRCC with the state-
of-the-art laboratory and computational capabilities of the 
Wu Laboratory to conduct an investigator-initiated phase I 
study of a personal neoantigen-targeting vaccine + locally 
administrated IPI as adjuvant therapy in high-risk, resected 
ccRCC (NCT02950766, PI: Choueiri; already funded and 
actively enrolling). Utilizing the extensive biospecimens 
from this clinical study, we now propose a detailed analysis 
of translational endpoints/immunologic responses:

Aim 1: Identify and characterize antigen presenting 
cells (APCs) that stimulate neoantigen-specific T cells 
following personal neoantigen vaccine with local IPI. We 
hypothesize that locally administered IPI will improve 
antigen presentation and T cell priming by APCs. Utilizing 
single-cell transcriptomic analysis of vaccine site biopsies, 
we will identify and characterize the transcriptional state 
of key APCs, to elucidate which cell types may take up 
and present neoantigens to generate antigen-specific 
responses following vaccination with or without IPI. These 
human studies will be integrated with parallel studies in an 
established mouse model of vaccination to further define 
the effect of local IPI on APC composition and T cell priming 
in the draining lymph node.

Aim 2: Determine the magnitude and characterize the 
phenotype, state, and functional avidity of neoantigen-
specific T cells following personal neoantigen vaccine with 
local IPI. We hypothesize that the addition of local IPI to 
neoantigen vaccination, through improved T cell priming 
and activation, will broaden the T cell repertoire and expand 
tumor neoantigen-specific T cells, leading to highly specific 
antitumor activity. We plan to utilize established immune 
assessment pipelines together with novel approaches 
including single cell transcriptomics, T cell receptor (TCR) 
reconstruction, and culturing of autologous tumor cells, 
to comprehensively quantify the breadth, strength, and 
functional avidity of neoantigen-specific T cell responses in 
the peripheral blood, during and after vaccination (with or 
without that addition of local IPI).

These correlative studies of this first-in-disease therapeutic 
trial will provide a deeper understanding of how modulation 
of antigen presentation and T cell priming affects clinical 
responses to neoantigen vaccination, and ultimately inform 
rational therapeutic combinations for future clinical trials in 
RCC.
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Overcoming Kidney Cancer 
Resistance to Immune Checkpoint 
Inhibitors
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UT Southwestern Medical Center

Background: Immune checkpoint inhibitors (ICI) have led 
to unprecedented improved survival of many metastatic 
renal cell carcinoma (mRCC) patients, but the vast majority 
(~60%) of cases do not respond to ICI from the outset 
(primary resistance) and ~40% of initial responders relapse 
during treatment (acquired resistance). The reason for 
this high resistance is not known, and there are no reliable 
markers for predicting responsiveness vs. resistance. 
Understanding mechanisms of resistance will uncover 
biomarkers for predicting response to ICI response and 
establish new molecular targets for treatment.

Growth and maturation of antitumor T cells and their 
modulation by regulatory T cells (Treg) and myeloid-
derived suppressor cells (MSDC) are useful frameworks for 
understanding resistance to ICI. The efficacy of ICI therapy 
requires a pre-existing (memory) T-cell response best 
discerned at this time by intratumoral CD8 (itCD8) density.

We discovered a novel immune checkpoint DC-HIL (also 
known as Gpnmb), which can be detected as a cell-bound 
receptor (DC-HIL) and a soluble form (sDC-HIL). DC-HIL 
is expressed by MDSC, which are expanded in the blood 
of mRCC patients and responsible for inhibiting T-cell 
proliferation. sDC-HIL is secreted into circulation in mRCC 
patients, with pretreatment levels significantly higher in 
non-responders than in responders (n=14, p=0.02). sDC-
HIL binds to activated T-cells and to select endothelial 
cells on blood vessels; in mouse studies, we showed this 
binding to prevent migration of T-cells from circulation 
into tumor sites. Thus, we hypothesize both forms of DC-
HIL to regulate responsiveness of mRCC patients to ICI by 
decreasing itCD8 density. Since circulating MDSC in mRCC 
are devoid of PDL1, we postulate DC-HIL to be a useful 
marker for prognosticating responsiveness vs. resistance 
to ICI.
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Hypothesis/Objectives: We have shown: (1) an expanded 
population of DC-HIL+MDSC in the blood of mRCC to 
strongly suppress IFN-gamma T-cell response; (2) elevated 
blood sDC-HIL levels appear to associate with poor ICI 
response; and (3) sDC-HIL to block migration of T-cells into 
tumors. We hypothesize that blood levels of DC-HIL+MDSC 
and/or sDC-HIL negatively regulate the influx of effector 
T-cells into RCC tissue, leading to reduced itCD8 density. 
Further, we postulate that this T cell-excluding mechanism 
accounts for the high resistance of RCC to ICI treatment. 
Our objectives are to: (1) understand the mechanisms 
responsible for mRCC resistance to ICI therapy; and (2) 
prove that blood DC-HIL+MDSC and sDC-HIL are reliable 
prognosticators of responsiveness vs. resistance to such 
immunotherapy.

Specific Aims: (1) Evaluate ability of blood DC-HIL markers 
to predict responsiveness vs. resistance of mRCC patients 
to ICI. (2) Determine whether blood DC-HIL levels associate 
with immunosuppressive phenotypes of TME. (3) Determine 
whether combined anti-PDL1/PD1 and anti-DC-HIL mAb 
enhances mRCC response to ICI post-operatively.

Study Design: In Aim 1, for primary resistance, blood 
sDC-HIL at pretreatment (n>200) will be analyzed in non-
responders vs. responders. For acquired resistance, blood 
will be collected from responders during the first response 
evaluation and at 3- to 4-week intervals. We will examine 
sDC-HIL fluctuations and relationship to relapse. We will 
compare predictive value of sDC-HIL vs. other biomarkers 
(sPDL1 and VEGF) and examine additive value (composite 
immune markers). We will also study influence of non-
cancerous conditions on sDC-HIL.

In Aim 2, we hypothesize that blood DC-HIL expression 
reflects the immunosuppressive milieu of TME. To this end, 
we will address whether levels of blood DC-HIL+MDSC 
or sDC-HIL correlates negatively with better prognosis 
(itCD8 density) or positively with worse prognosis (Treg 
and MDSC). In Aim 3, using mouse RenCa cancer model, 
we will combine surgical resection of primary tumor with 
immunotherapy. RenCa cells will be implanted into the left 
renal subcapsule and allowed to grow for 7 days followed 
by tumor resection. After 2 weeks of ICI monotherapy 
or combined therapy, lung metastases will be measured 
by bioluminescent fluxes for treatment effects, including 
itCD8 density.

Impact: Uncovering mechanisms of resistance to ICI 
and validating DC-HIL molecules as predictive markers 
for responses to ICI will improve management of mRCC 
patients. Our outcomes will also provide strong support 
for targeting these molecules as treatment for mRCC and 
other metastatic cancers in the form of monotherapy or in 
combination with ICI.
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