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Background
-

-

Clustering Methods

RCC lacks molecular biomarkers to optimally match
therapies to patients, thus preventing true precision medicine
for kidney cancer patients.
Molecular analysis from phase III IMmotion 151 trial identified
biologically distinct clusters with differential response to
therapies (Motzer et al., Cancer Cell 2020).
Cluster 1 & 2 à increased angiogenesis genes and response
to VEGF targeted therapies
Clusters 4, 5 & 7 à increased immune-inflamed patterns and
improved outcomes with checkpoint inhibition

Trial Design

- Traditionally, RNAseq-based gene expression is normalized
across many samples to establish cutoffs and make cluster
predictions. For individual tumors, there is no “batch” to utilize
for cluster assignment.
- To circumvent this challenge, we employed gene ratios as a
novel method of data transformation.
Fig. 3. Gene ratios as a novel
method of gene normalization. The
genes CD8A and VEGFA were
normalized as gene ratios. As
predicted, VEGFA is enriched in cluster
1 & 2 patients (Cluster_Angio) whereas
CD8A is enriched in cluster 4 & 5
patients (Cluster_IO). This example
supports the concept of gene ratios as
a novel method of gene normalization.

- Using this method, a novel IMmotion 151-based gene classifier
was developed capable of assigning individual tumors to
prespecified RNAseq-defined clusters. This classifier
demonstrated 86% accuracy in trial experiments.

Fig. 1. IMmotion 151 RNAseq
tumor clusters. RNAseq was
performed on tumors from the
IMmotion 151 trial. Cluster
analysis identified seven groups.
Relative gene expression for key
pathways is shown. Adapted from
Motzer et al., Cancer Cell 2020.

Fig. 4. Accuracy,
sensitivity and
positive
predictive value
(PPV) for novel
IMmotion 151based classifer.

Fig. 2. Association between IMmotion 151
RNAseq cluster and clinical outcome to IO/antiangiogenesis vs. TKI therapy. RNAseq was used
to define tumor seven tumor clusters. Response to
treatment is evaluated by cluster assignment.
Adapted from Motzer et al., Cancer Cell 2020.

- Early results from a validation cohort composed of VUMC
patients with RCC treated with IO/IO or IO/TKI regimens
demonstrate better responses for cluster_angio patients
treated with IO/TKI regimens and trends towards better
outcomes for cluster_IO patients treated with IO/IO.

Hypothesis & Objective
- We hypothesize that RNAseq analyses can be used to identify
biologic drivers of clear cell (cc)RCC in patients and improve
clinical outcomes by matching therapy to the biology of an
individual patient’s tumor.
- The current proposal will test this hypothesis by prospectively
evaluating gene expression in ccRCC tumors, assigning
tumors to IMmotion 151 based clusters, and using cluster
assignment to choose an FDA-approved first line therapy for
patients with metastatic ccRCC.
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Fig. 6. Trial schema.

- Phase II multicenter trial contains two arms, each based on a
Simon’s MinMax two-stage design.
- Centralized tissue handling by Tempus for RNA extraction and
NGS-based sequencing. Metastatic tissue will be prioritized for
analysis.
- Patients in the angiogenesis-high clusters 1 or 2 will receive
the TKI-containing regimen of cabozantinib plus nivolumab
(n=28).
- Patients assigned the IO-responsive clusters 4 or 5 will receive
ipilimumab plus nivolumab (n=26).
- Cluster 3 & 6 tumors will be excluded due to poor outcomes to
both TKI and IO/VEGF therapies in IMmotion 151
- Cluster 7 is a small cluster (3% of all patients) and cannot be
identified for technical reasons and thus will also be excluded.
- Patient outcomes will be compared to historical controls from
the registration phase 3 trials.
- Primary endpoint will be overall response rate per RECIST 1.1.
- Enrollment is expected to start in Fall 2022.

Biological Correlates
Fig. 5. Early
validation of
association
between IMmotion
151 clusters and
response to
therapy in VUMC
cohort. A) Cluster
assignments and B)
patient response.

- Primary and metastatic tumors, when available, will both be
sequenced so as to evaluate consistency of cluster assignment
across sites of disease.
- Peripheral blood will be collected for immune cell phenotyping
and cell free DNA analysis.

Funding
-

DOD/CDMRP Kidney Cancer Research Program

