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Abstract.

Background: Ipilimumab plus nivolumab is approved as a first-line treatment for intermediate or poor risk metastatic renal
cell carcinoma (mRCC). However, ~35% of patients progress within six months on ipilimumab plus nivolumab, and no
validated genomic biomarkers predict the benefit. In this study, we explore the genomic and transcriptomic differences
among patients with clear cell mRCC patients who either did or did not experience clinical benefit from first-line ipilimumab
plus nivolumab therapy.

Method: Patients with clear cell mRCC intermediate or poor IMDC risk scores, with available tumor whole exome
with/without transcriptome sequencing before starting systemic therapy were included. Patients who developed a com-
plete response, partial response, or stable disease for at least six months after initiating treatment were categorized into the
‘clinical benefit’ group, whereas the rest were classified as ‘no clinical benefit.” Genomic alteration frequencies between the
groups were assessed with a chi-square test. Differentially expressed genes and gene sets were identified via DeSeq2 and
GSEA v4.2.3, respectively.
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Result: 53 patients with clear cell mRCC (37 clinical benefit and 16 no clinical benefit) were eligible and included. No

significant difference was found in the genomic alteration frequencies between these groups. Baseline tumor transcriptomic

data were available for 14 patients (9 clinical benefit and 5 no clinical benefit). The apical surface and pathways downregulated

by KRAS signaling were enriched in the clinical benefit group, whereas inflammatory pathways were enriched in the no

clinical benefit group.

Conclusion: These findings suggest that tumor specific gene expression as assessed by RNA sequencing could serve as a

potential biomarker of response to ipilimumab plus nivolumab therapy.

Keywords: Gene expression analysis, ipilimumab, immunotherapy, nivolumab, renal cell carcinoma

INTRODUCTION

The therapeutic landscape of metastatic renal
cell carcinoma (mRCC) has evolved rapidly in the
past few years. Combination therapy incorporat-
ing dual immune checkpoint inhibitors targeting
programmed cell death protein 1 (PD-1) and cyto-
toxic T-lymphocyte-associated protein 4 (CTLA-4)
or combined PD-1 and vascular endothelial growth
factor (VEGF) inhibition has become the standard
of care after demonstrating significant improvement
in overall survival (OS) compared to monotherapy
with the VEGF receptor tyrosine kinase inhibitor,
sunitinib, in randomized clinical trials [1-4]. In
the CheckMate 214 trial, patients with intermedi-
ate or poor risk disease per the International mRCC
Database Consortium (IMDC) risk stratification had
significantly better objective response rate (ORR)
and OS with the combination of ipilimumab and
nivolumab as compared to sunitinib leading to its
regulatory approval [5, 6]. Though ipilimumab plus
nivolumab is one of the commonly used first-line
treatment regimens, not all patients benefit [6, 7].
For instance, although durable partial and complete
responses were seen in a subset of patients with inter-
mediate or poor-risk disease in the CheckMate 214
study, a significant proportion (20%) of patients had
primary progressive disease as the best response and
~35% progressed within 6 months [6]. The median
progression-free survival is 11.6 months [6].

To date, there does not exist a clinically action-
able biomarker to guide therapy selection in front-line
mRCC, and treatment selection is made based on
IMDC risk stratification, patient disease volume,
comorbidities, and patient and clinician’s preferences
[8]. Several putative biomarkers derived from com-
prehensive genomic profiling (CGP) are currently
under investigation, such as tumor mutational burden
(TMB), somatic alterations in PBRM1, along with
RNA-based molecular subtypes and gene expression
signatures characterizing tumor microenvironment
and anti-tumor immune response [9—17]. For exam-

ple, whole-transcriptome analysis of IMmotion151
trial tumor samples revealed seven unique molec-
ular patient subgroups. Atezolizumab (anti-PD-L1)
combined with bevacizumab (VEGF monoclonal
antibody) showed improved results in clusters 4
(T-effector/proliferative), 5 (proliferative), and 7
(snoRNA), while sunitinib monotherapy (VEGF
Tyrosine kinase inhibitor) seemed more effective in
clusters 1 (angiogenic/stromal) and 2 (angiogenic)
[18]. However, none of these biomarker candidates
have been validated prospectively. Therefore, there
continues to be a significant unmet need to develop
and validate biomarkers to predict immune check-
point inhibitor-based therapy outcomes in mRCC.
This multi-institution real-world retrospective study
evaluated the genomic and transcriptomic charac-
teristics associated with clinical benefit in mRCC
patients receiving first-line therapy with ipilimumab
and nivolumab.

METHODS
Patient selection

This retrospective study included patients with
a histologically confirmed diagnosis of mRCC
receiving treatment at two National Cancer Institute-
Designated Comprehensive Cancer Centers (NCI-
CCC; Huntsman Cancer Institute at the University
of Utah, Salt Lake City, Utah, and the City of Hope
Comprehensive Cancer Center, Duarte, California)
between 2017 through 2022. Eligible patients had
clear cell histology, intermediate or poor disease per
IMDC score, received ipilimumab plus nivolumab as
first-line treatment for metastatic disease, and had
genomic with/without transcriptomic data from the
treatment naive tumor tissue (described below).

Patient-level clinical data were collected from the
patient’s electronic medical records. Collected data
included baseline demographic, clinical, and disease
characteristics such as age at diagnosis, gender, race,
body mass index (BMI), smoking status, history of
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nephrectomy prior to initiation of systemic therapy,
presence of sarcomatoid features in the histopatho-
logical specimen, and IMDC risk score. In addition,
results from comprehensive genomic profiling (CGP)
with or without available transcriptomic data were
obtained as part of their routine clinical care.

Patients were classified into two groups based on
investigator-assessed responses to ipilimumab plus
nivolumab therapy. Patients with a complete or partial
response or stable disease lasting at least six months
from treatment initiation were included in the ‘clini-
cal benefit’ group. In contrast, patients experiencing
disease progression within six months were included
in the ‘no clinical benefit’ group.

Genomic and transcriptomic analysis

Patients included in the study had available
CGP with or without associated transcriptomic data
obtained as part of routine clinical care. CGP and tran-
scriptomic sequencing was done on tumor samples
using archival formalin-fixed, paraffin embedded tis-
sue obtained from nephrectomy, partial nephrectomy,
nephroureterectomy, or diagnostic tissue biopsy done
as a standard of care prior to the initiation of sys-
temic therapy. The CGP was done by a Clinical
Laboratory Improvement Amendments (CLIA) cer-
tified next-generation sequencing assay covering a
limited panel of genes (324 genes in Foundation
Medicine Inc., Cambridge, MA, or 648 genes in Tem-
pus xT, Chicago, IL) or whole exome sequencing
(Caris Life Sciences, Irving, TX, or Exact Sciences,
Phoenix, AZ). Two hundred eighty-six shared genes
among the genomic testing platforms were identi-
fied and included in the genomic analysis. Research
analysis of the tumor whole transcriptome data was
performed for samples with clinical whole transcrip-
tome sequencing available.

Statistical analysis

Pathogenic variants in the prespecified genes iden-
tified to be shared between the assays were included
in the genomic analysis, and variants of unknown sig-
nificance were excluded. The frequency of genomic
alterations was summarized using descriptive statis-
tics and compared between the two outcomes groups
using the chi-square test. Multivariate regression
assessed the difference in the two groups’ base-
line demographic and clinical variables for disease
response.

For the whole transcriptome analysis, FASTQ files
were aligned using STAR. Transcript abundance esti-
mates were generated using Salmon (v0.14.1), run
in quasimapping mode using the GRCh38 genome
build as the reference and additional options of val-
idate Mappings, seqBias, and gcBias. Gene level
abundance estimates were produced using Salmon’s
geneMap function to map transcript ID to gene name.
Transcript abundance normalization and differen-
tial gene expression analysis were performed using
DESeq2 [19]. Expression profiles were compared
between the ‘clinical benefit’ and ‘no-clinical benefit’
groups, with a p-adjusted value of less than 0.1 con-
sidered significant after multiple testing corrections.
Additionally, to interpret the pathway enrichment
in transcriptional data between the cohorts, Gene
set enrichment analysis was performed with GSEA
v4.2.3 using phenotype classes (clinical benefit and
no-clinical benefit), with permutation on gene sets
using the cancer hallmarks gene sets from MSigDB
[20, 21]. Multiple testing correction was performed
using a false discovery rate (FDR) of ¢ <0.1 to indi-
cate significant enrichment within one phenotype
class.

RESULTS

Baseline demographic characteristics

Fifty-three patients met the eligibility criteria and
were included in this study. Of those, 37 patients were
assigned to the ‘clinical benefit’ group and 16 to the
‘no clinical benefit’ group. Figure 1 shows a flowchart
for the patient selection for our study. Clinical charac-
teristics of the patients were similar between the two
groups, and no significant differences in age, gender,
and race were found (Table 1).

Genomic characteristics

The most frequently altered genes in the over-
all cohort were VHL (56.6%), PBRM1 (47.1%), and
SETD2 (20.7%). The frequency of genomic alter-
ations was not significantly different between the
‘clinical benefit’ and ‘no clinical benefit’ groups.
The prevalence of recurrent genomic alterations in
VHL (54.1% vs. 62.5%, p=0.57), PBRM1 (45.9%
vs. 50%, p=0.79), SETD2 (18.9% vs. 25%, p=0.62)
and KDM5C (18.9% vs. 18.8%, p = 0.99) were similar
between the ‘clinical benefit and ‘no-clinical benefit’
cohorts. All patients in our cohort had a TMB <10
Mut/Mb and did not have evidence of microsatel-
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Eligibility:

* Clear cell mRCC
+ IMDC intermediate to poor risk
* First-line Ipilimumab and Nivolumab

therapy

DNA Profiling

RNA Profiling

Fig. 1. Figure showing patient selection for the study.
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lite instability based on CGP. Supplementary Table 1
and Fig. 2 summarize the frequency of genomic

alterations observed among patients in the two
groups.

Gene expression analysis

Tumor-based RNA-sequencing data were available
for 14 patients. Among these, 9 derived ‘clinical
benefit’, while 5 had ‘no clinical benefit’. Forty
protein-coding genes were identified as differentially
expressed between the two groups (¢ <0.1).

Thirty-two genes were overexpressed in the ‘clin-
ical benefit’ group, while eight were overexpressed
in the ‘no clinical benefit’ cohort. The most fre-
quently overexpressed genes in patients with ‘clinical
benefit® were NACA2, CTSE, RGSI11, MYLK3,
and PROXI (p-value <0001, all), while WFDCI2
(p<0.001), EDN2 (p<0.001), GJB2 (p<0.001),
XPNPEP2 (p=0.002), and SCG5 (p=0.001) were
enriched in patients without clinical benefit (Sup-
plementary Table 2 and Supplementary Figure 1).
In patients with clinical benefit, pathway analysis
utilizing GSEA showed enrichment in the apical sur-
face pathway (NES =1.67, ¢=0.009) and pathways
downregulated by KRAS-signaling (NES=1.68,

Table 1
Baseline demographic and clinical characteristics of clinical benefit and no clinical benefit cohorts
Clinical Benefit No Clinical Benefit P value
(N=37) (N=16)

Age at diagnosis, years

Median (range) 59 (41-82) 64 (31-82) 0.43

Gender, n (%)
Male 27 (73) 12 (75) 0.28
Female 10 (27) 4(25)

Race, n (%)
White 32 (86.5) 14 (87.5) 0.31
Non-White 5(13.5) 2 (12.5)

Body mass index, n (%)
<30 17 (46) 4(25) 0.72
>30 20 (54) 12 (75)

Prior history of smoking, n (%)
Yes 14 (37.9) 4(25) 0.69
No 23 (62.1) 12 (75)

Nephrectomy, n (%)
Yes 23 (62.1) 13 (82.3) 0.49
No 14 (37.9) 3(18.7)

Sarcomatoid histology, n (%)
Yes 3(8.1) 2 (12.5) 0.67
No 34 (91.9) 14 (87.5)

Brain metastases, n (%)
Yes 3(8.1) 0(0) 0.25
No 34 (91.9) 16 (100)

Lung metastases, n (%)
Yes 26 (70.2) 13 (81.3) 0.95
No 11 (29.8) 3(18.7)

IMDC prognostic risk, n (%)
Intermediate 4(10.9) 2 (12.5) 0.61
Poor 33 (89.1) 14 (87.5)
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Fig. 2. Genomic alteration frequency among ccRCC patients with clinical benefit compared to no clinical benefit from first line Ipilimumab
plus Nivolumab. Abbreviations: CB, clinical benefit; NCB, no clinical benefit.

¢=0.01). In contrast, patients without clinical ben-
efit had upregulation of immunoregulatory pathways
such as interferon (IFN) o response (NES=1.38,
g¢=0.04), IFN-y response (NES=1.49, ¢=0.03),
TNF-a signaling via NFKB (NES =2.01, ¢=0.001),
IL6-JAK-STAT3 signaling (NES=1.56, ¢=0.02),
TGF-B signaling (NES =1.52, ¢=0.02), inflamma-
tory response (NES=1.42, ¢g=0.03) and reactive
oxygen species (NES=1.75, ¢=0.005; Fig. 3 and
Supplementary Table 3).

DISCUSSION

Through our study, we evaluate both DNA and
RNA based biomarkers in real-world metastatic
ccRCC patient population receiving treatment with
first-line ipilimumab and nivolumab therapy. In
our study, no significant differences in baseline
and clinical characteristics or the frequency of
genomic alterations were observed between patients
deriving benefit or no benefit from ipilimumab
plus nivolumab. However, we did observe distinct
transcriptomic profiles in mRCC patients who experi-
enced clinical benefit with ipilimumab and nivolumab
compared to those who did not.

The frequency of most prevalent genomic alter-
ations described in patients with mRCC, such as
PBRM1I and VHL alterations were similar to the
frequency observed in the overall cohort of our
study [22, 23]. Further, the lack of difference in
the frequency of genomic alterations between the
two cohorts mirrored the findings of previous reports
where the efficacy of ICIs containing regimens were
independent of genomic alterations among mRCC
patients [12, 16, 22, 23].

Our gene expression analyses showed that patients
who benefited clinically from ipilimumab and
nivolumab therapy exhibited enrichment of the api-
cal surface signaling and pathways downregulated by
KRAS signaling. The apical surface pathway codes
for membrane proteins in the apical domain of cells,
which maintain cellular polarity [24]. Although there
is a paucity of evidence correlating the role of the
apical surface pathway in mRCC, loss of cellular
polarity has been linked to oncogenesis and cancer
progression [24, 25]. On the other hand, KRAS, a
member of the RAS family of genes, plays a cru-
cial role in cellular proliferation, differentiation, and
survival [26]. Pathways downregulated due to KRAS
signaling such as AKT-mTOR and MAPK signaling,
are known to upregulate PD-L1 expression in can-
cer cells [26]. This may potentially explain the fact
that tumors enriched with pathways downregulated
by KRAS signaling are more sensitive to immune
checkpoint inhibitors [27]. However, KRAS alteration
is rarely observed in mRCC, unlike in other tumor
types, such as colorectal, lung, and melanoma tumors
[28]. Further studies are needed to explore the role of
KRAS signaling and the response to immune check-
point inhibitors in the context of mRCC.

Our study identified several pathways, includ-
ing interferon (IFN)-o, IFN-vy, reactive oxygen
species, MYC target V1, and adipogenesis, which
were enriched in the ‘no clinical benefit’ cohort.
The IFN signaling system is essential in modu-
lating tumor immunogenicity and has been known
to enhance tumor sensitivity to ICIs by inducing
PD-L1 expression [29]. While PD-L1 expression
may promote tumor susceptibility to ICIs, aberrant
IFN-vy signaling-induced adaptive PD-L1 expression
on cancer cells also results in T cell inactivation,
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which mediates resistance to anti-CTLA-4 therapy
or PD1/PD-L1 inhibitors [30]. Further, our study
provided insight into several metabolic pathways,
including glycolysis, adipogenesis, and reactive oxy-
gen species, which were enriched in the ‘no clinical
benefit’ cohort. Our study’s findings align with the
exploratory analysis from the CheckMate214 trial,
which reported the enrichment of pathways such
as adipogenesis, Myc target V1, reactive oxygen
species, and IFN +y and IFN o pathways among ipil-
imumab and nivolumab-treated patients who had a
shorter PFS of less than 18 months [31].

Several pro-tumor immunoregulatory pathways,
including IL-6-JAK-STAT3, TNFa via NFKB sig-
naling, TGF-$ signaling, inflammatory response,
heme metabolism, epithelial-mesenchymal transi-
tion, and myogenesis, were also enriched among
patients who did not benefit clinically from ipili-
mumab and nivolumab therapy, in our study.

Enhanced IL-6-JAK-STAT3 in conjunction with
IFN o« and IFN vy signaling is known to impair
cytotoxic T-cell activation resulting in a diminished
response to ICIs in clear cell renal cell carci-
noma [32]. Gene expression analyses have reported
the overexpression of inflammatory and immune-
related signatures among patients who respond to
immunotherapy or immunotherapy-containing regi-
mens across different cancers [33-35]. Interestingly,
our findings contrasted with the biomarker analysis
of the CheckMate 214 trial, where the upreg-
ulation of these pathways was associated with
prolonged progression-free survival in the ipili-
mumab and nivolumab arm [36]. Possible grounds
for the observed discrepancy could be intratu-
mor heterogeneity and a small sample size of
patients with available pre-treatment tumor-based
RNA sequencing. These findings necessitate the need
to investigate such correlation in further biomarker
studies. Prospective interrogation and clinical valida-
tion of these findings may help identify biomarkers
predictive of a durable response to ipilimumab and
nivolumab therapy.

The results from our study provide insight into
the role of biological processes occurring in the
tumor microenvironment of renal cell tumors and the
response to ipilimumab and nivolumab therapy. Our
study was limited by its retrospective nature and the
small sample size.

Notwithstanding these limitations, the strength
of our study lies in the patient population. Our
study is the first to date to have interrogated RNA-
based markers to predict response to ipilimumab

and nivolumab therapy among real-world mRCC
patients.

CONCLUSION

Our study aimed to explore the genomic and tran-
scriptomic profiles of mRCC patients as biomarkers
of response to front-line ipilimumab and nivolumab.
Patients who derived clinical benefit did not have any
significant difference in the frequency of genomic
alterations compared to those who did not. How-
ever, our gene expression analysis identified distinct
pathways upregulated in the ‘clinical benefit’ group,
suggesting that transcriptomic analysis could help
identify patients who could selectively benefit from
this doublet ICI-based therapy. While further studies
are necessary to validate these findings, identify-
ing predictive biomarkers for treatment selection and
designing clinical trials for this patient population is
crucial.
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