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ABSTRACT
Background: Prior biomarker studies have mainly been restricted to advanced RCC patients treated in
clinical trials or have had limited integration of immunotherapy features such as programmed death
ligand (PD-L)-1 with gene expression signatures intended to capture other canonical pathways to con-
firm their prognostic value.
Material and methods: PD-L1 and PD-L2 by immunohistochemistry (IHC), PD-L2 messenger RNA
(mRNA), and 10 gene expression profile (GEP) signatures targeting immune, angiogenesis and canon-
ical pathways were analyzed in nephrectomy specimens from 227 advanced clear cell RCC (ccRCC)
and 42 non-clear cell RCC (nccRCC) patients treated with targeted therapies including VEGF and mTOR
inhibitors. Biomarker association with best overall response (BOR), progression-free survival (PFS), and
overall survival (OS) were evaluated using multivariable modeling. Except for PD-L1 IHC and angiogen-
esis, tested with a nominal p-value of .05, multiplicity control was applied with a 0.1 significance level
given limited experience in this setting.
Results: The strongest biomarker correlations were observed for hypoxia inducible factor (HIF)-2a and
angiogenesis signatures (rho ¼ 0.860 [ccRCC], 0.819 [nccRCC]); hypoxia and glycolysis signatures (rho ¼
0.943 [ccRCC], 0.973 [nccRCC]); PD-L2 mRNA and T-cell-inflamed GEP signatures (rho ¼ 0.764 [ccRCC],
0.897 [nccRCC]); and PD-L2 mRNA and monocytic myeloid-derived suppressor cell signature (rho ¼ 0.787
[ccRCC], 0.815 [nccRCC]). For ccRCC, higher angiogenesis expression was associated with improved BOR
(OR:2.85 [95%CI:1.37, 5.93]), longer PFS (HR:0.61 [95%CI:0.45, 0.82]) and OS (HR:0.74 [95%CI:0.54, 1.00]);
higher PD-L1 expression with shorter OS (HR:1.44 [95%CI:1.01, 2.07]). For nccRCC, there was more than a
two-fold increased risk with longer OS associated with lower angiogenesis (HR:2.43 [95%CI:1.04, 5.68]), gly-
colysis (HR:7.03 [95%CI:1.51, 32.76]) and hypoxia (HR:8.83 [95%CI:1.69, 46.05]) gene signature expression.
Conclusion: Data pointed at PD-L1 IHC and angiogenesis expression in ccRCC and hypoxia, glycolysis,
and angiogenesis expression in nccRCC as potential prognostic factors. These findings may have impli-
cations for the design and interpretation of advanced RCC trials and to identify potential targets for
combination therapy strategies.
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Introduction

The comprehensive molecular characterization of clear cell
renal cell carcinoma (ccRCC) and non-clear cell RCC (nccRCC)
by the Cancer Genome Atlas (TCGA) Research Network has
revealed the complexity of cancer [1–3]. For ccRCC, genetic
changes were underpinned with the identification of 19 sig-
nificantly mutated genes. Since then, Motzer identified seven
molecular subtypes in the IMmotion 151 cohort [4,5] and a
26-gene signature in the JAVELIN Renal 101 cohort with dif-
ferential outcomes to vascular endothelial growth factor
(VEGF) blockade alone or in combination with programmed
death-ligand 1 (PD-L1) inhibition [6], and McDermott identi-
fied a significant association of an 18 gene T-cell-inflamed

gene expression profile (TcellinfGEP) in Keynote 427 with
improved response to pembrolizumab monotherapy [7].
Analysis of biomarkers in nccRCC have been limited given
the paucity of clinical trials for this disease. Comprehensive
molecular characterization of primary papillary RCC revealed
two types described by specific gene alterations [2]. An inte-
grated comparative genomic analysis of ccRCC, papillary and
chromophobe RCC confirmed a nearly universal upregulation
of immune cell gene signatures for ccRCC compared with
nccRCC [3]. Although there continues to be advancements in
the understanding of disease biology, there is no single pre-
dictive biomarker to date that has been approved to select
metastatic RCC patients for either immuno-oncology (I-O) or
targeted therapies.
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Within the past two decades, there has been dramatic
progress in the treatment of metastatic RCC (mRCC) includ-
ing the introduction of drugs targeting the vascular endothe-
lial growth factor (VEGF) receptor(s) and the mammalian/
mechanistic target of rapamycin (mTOR). More recently, anti-
PD-1/L1 immune checkpoint inhibitors (ICI), as monotherapy
or as part of combination regimens, have shown benefit ver-
sus targeted therapies for patients with advanced disease, as
well as versus placebo in the adjuvant setting [8–13]. Novel
HIF-2a inhibitors are also being developed [14–16]. To help
optimize treatment strategies, clinical-pathological prognostic
factors (e.g., size, grade, presence of necrosis) are recom-
mended for collection in localized RCC during routine clinical
practice being integrated into prognostic risk models [17,18].
In patients with mRCC, clinical, biochemical and performance
parameters have been integrated in the Memorial Sloan
Kettering Cancer Center (MSKCC) and International
Metastatic RCC Database Consortium (IMDC) prognostic risk
models [19,20]; presence of sarcomatoid differentiation also
has strong prognostic impact [21–23]. However, no consist-
ent molecular biomarker has been identified and none has
reached routine clinical practice.

There is continued interest in identifying biomarkers that
could further optimize treatment strategies, as some RCCs
remain resistant to therapy [17]. Initial attention had been
focused on PD-L1 given the predictive role for ICI therapy
shown in other therapeutic areas such as lung cancer [24,25].
More recently, attention has also been focused on other pro-
tein and genetic biomarkers which may improve knowledge
of the predictive value of PD-L1. Some data suggest that fac-
tors, e.g., VEGF blockade, might enhance the antitumor activ-
ity of immune checkpoint blockade, or serve as separate
independent predictors of response in metastatic RCC [4–7].
Gene expression profiles that focus on angiogenic and
immunologic pathways have seen promising results, and
may be predictive of response to VEGF targeting therapies or
ICI therapy.

The aim of the current study was to examine the associ-
ation of PD-L1 expression by immunohistochemistry and
RNA gene expression profiles with clinical outcomes for
mRCC patients treated in a real-world clinical setting. The
study was undertaken as prior biomarker studies have mainly
been restricted to metastatic ccRCC patients treated in a clin-
ical trial setting or have had limited integration of immuno-
therapy features such as PD-L1 with gene expression
signatures intended to capture other canonical pathways to
confirm their prognostic value. For comparison to ccRCC,
data from tumors with nccRCC histology were also included
to better reflect clinical practice.

Material and methods

Study design

This was a retrospective observational study of patients with
metastatic ccRCC and nccRCC who received first line (1 L)
systemic therapy between 2006 and 2017 at Aarhus
University Hospital in Denmark. The sample included men
and women �18 years of age with newly diagnosed or

recurrent metastatic disease, defined per TNM staging crite-
ria, available nephrectomy samples for biomarker assessment,
and complete biomarker data. Patients were followed from
initiation of 1 L therapy until end of the study in 2019.
Detailed clinical data were extracted from patient files, sup-
plemented by data from the Danish Pathology Databank and
linked mortality data from the Civil Registration System, and
combined with disease information and tissue samples from
the Danish Pathology Databank. The study protocol was
approved by the local ethics committee (reference no. 1-10-
72-173-18).

The primary study objective was to examine the preva-
lence of positive PD-L1 expression by immunohistochemistry
(IHC) and association with overall survival (OS). Secondary
objectives were to examine 1) the association of PD-L1 by
IHC with other clinical outcomes including progression free
survival (PFS) and best overall response (BOR) to treatment,
2) the proportion with sarcomatoid differentiation in ccRCC
and nccRCC and interaction of PD-L1 by IHC and presence of
sarcomatoid differentiation with clinical outcomes, 3) the
association of clinical outcomes with other biomarkers of
interest including PD-L2 expression by IHC, PD-L2 as a single
gene, and 10 prespecified RNA signatures including
TcellinfGEP and other non-TcellinfGEP signatures intended to
capture canonical pathways (angiogenesis, monocytic and
granulocytic myeloid-derived suppressor cells [mMDSC and
gMDSC, respectively], stromal/epithelial-mesenchymal transi-
tion [EMT]/transforming growth factor-b [TGF-b] [Stroma/
EMT/TGF-b], MYC, hypoxia, and glycolysis [26] and hypoxia
inducible factor [HIF]-1a and HIF-2a).

Clinical outcomes and biomarker assessments

Real-world BOR to treatment, defined as % complete or par-
tial response, was determined by clinical assessment using
available clinical and radiology data, evaluated using RECIST
criteria employed in routine clinical practice in Denmark.
Progression-free survival was defined as the time from initi-
ation of 1 L therapy to the first documentation of disease
progression, or death due to any cause, whichever occurs
first. Overall survival was determined using mortality data
reported in the national vital statistics registry.

PD-L1 expression was measured by IHC assessment of tis-
sue slides from formalin-fixed, paraffin embedded nephrec-
tomy specimens using the clinical trial version of the PD-L1
immunohistochemistry 22C3 pharmDX assay (Agilent, Santa
Clara, CA). Expression of PD-L2 was assessed using the
mouse anti-human MSD PD-L2 proprietary antibody (clone
MEB123.3G2.038) and EnVisionTM FLEXþ System on Dako Link
48 autostainer. Interpretation of IHC staining was performed
by pathologist to review the background staining, assess-
ment of positive and negative controls, and distribution and
localization of PD-L2 staining in all samples. For gene expres-
sion profiling, tumor RNA was extracted and targeted RNA
analyses were performed using the commercially available
nCounterVR PanCancer Immune Profiling panel and second
custom panel from Nanostring Technologies. TcellinfGEP
score was calculated as the weighted sum of normalized
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expression value of 18 genes [27]. Nine non–TcellinfGEP
canonical signatures were derived from two databases
(TCGA, Moffit) using an algorithm that included genes based
on their correlation to reference signatures in the literature
[26,28]. HIF-1a and HIF-2a co-expression signature was identi-
fied by selecting top genes positively correlated with HIF-1a
and HIF-2a gene expression, respectively, in TCGA ccRCC
samples. There were 36 genes and 30 genes with Spearman
correlation to HIF-1a and HIF-2a, respectively, above 0.6 and
0.8 (in TCGA ccRCC samples). Overall, there was a very con-
sistent pattern of genome wide co-expression with RCC
between TCGA and Moffitt tumor profiles, though to a lesser
extent for HIF-1a than what was observed for HIF-
2a signature.

Data analysis

Patients with ccRCC and nccRCC tumors were evaluated as
two separate cohorts. Demographic, clinical characteristics
and treatment patterns were described using descriptive sta-
tistics. Spearman correlation coefficients were used to exam-
ine the strength and directional relationship of biomarkers.

For the association with clinical outcomes, the analysis
strategy focused on the independent effects of VEGF inhibi-
tors when used as monotherapy, as predominantly used in
the current study, and further differentiation from the inde-
pendent effects of ICIs often used in combination with VEGF
inhibitors [4–6]. Nominal and multiplicity-adjusted p-values
were evaluated using logistic regression (BOR) and Cox pro-
portional hazards regression (PFS and OS). For each clinical
outcome, demographic, clinical, and biomarker variables with
a significant association (p< .05) during univariate analysis
were included in model development. Models were devel-
oped using a stepwise regression with removal of variables
from the final model if p-values were >.1. Age and IMDC
were forced into multivariable models for biomarkers with a
positive independent association with checkpoint inhibitors
(PD-L1 and TcellinfGEP) and additionally TcellinfGEP forced
into models for all other biomarkers [7,26,27,29,30].
TcellinfGEP captures features of the INF-c related T-cell
inflamed microenvironment, and represents a subset of
genes consistently associated with response to pembrolizu-
mab across multiple tumor types [26]. PD-L1 positivity was
defined using a combined positive score (CPS)�1, with CPS
defined as the number of PD-L1 positive cells (tumor cells,
lymphocytes and macrophages) divided by the total number
of tumor cells X 100. Angiogenesis gene signature expression
was categorized based on median values to more closely
align with biomarker categorization in prior VEGF inhibitor
studies and given established association of angiogenesis
gene signature with VEGF inhibitor response [31,32]. All
other biomarkers were evaluated as continuous variables to
enhance power for the analyses given the more limited
experience with these biomarkers A post-hoc analysis was
also conducted with 1 L treatment additionally forced into all
regression models.

Except for PD-L1 and angiogenesis, tested using a nom-
inal p-value and alpha level of .05 for significance,

multivariable testing for all other biomarkers were treated as
a separate family of tests and adjusted by the Hochberg
step-up procedure at one-sided alpha of .10. Given the lim-
ited experience with these additional biomarkers in this non-
I-O treatment setting and the large number of secondary
biomarkers being evaluated, all multivariable tests were
treated as one family. There was no imputation of miss-
ing data.

A target sample size of 200 ccRCC and 200 ncRCC
patients was selected for at least 70–80% power to detect
OS hazard ratio (HR)>1.5 (positive PD-L1 CPS association)
and HR < 0.65 (negative PD-L1 CPS association).

Data availability

MSD’s data sharing policy, including restrictions, is
available at http://engagezone.msd.com/ds_documentation.
php. Requests for access to the clinical study data can be
submitted through the Engage Zone site or via email to
dataaccess@merck.com. Data will be made available upon
reasonable request.

Reporting

The manuscript has been prepared in accordance with the
‘STROBE checklist’ for observational cohort studies (checklist
included as Table S3) [33].

Results

These results include the main findings of our analysis of PD-
L1 and PD-L2 by IHC, PD-L2 as single gene expression, and
10 gene expression profile signatures targeting immune,
angiogenesis and canonical pathways in nephrectomy speci-
mens from ccRCC and nccRCC patients treated with targeted
therapies including VEGF and mTOR inhibitors.

Demographic and clinical characteristics

In total, 227 patients with ccRCC and 42 patients with
nccRCC with clinical and biomarker data were included in
the analysis (Table 1). Although the plan was to recruit at
least 200 ccRCC and nccRCC histology patients, the nccRCC
enrollment target was not met given the much lower preva-
lence of disease. Overall, most patients (67%) were male with
a median age at 1 L treatment of 64.0 years (range: 37, 89).
There was no significant difference in IMDC prognostic
scores between patients with each histologic subtype, 35%
of the overall population was IMDC poor risk. Presence of
sarcomatoid differentiation was similar across both ccRCC
and nccRCC subgroups. Most patients had more than 2
metastatic sites at baseline, similar across subgroups. Lung
and lymph node were common sites of metastasis, with lung
being most common in ccRCC and lymph node being most
common in nccRCC. A similar percentage of patients with
liver or osseous metastasis was observed in each subgroup
(Table 1). Most patients were treated with VEGF inhibitors in
both subgroups with a much lower use of mTOR inhibitors
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for the treatment of patients with ccRCC than nccRCC (1.3%
vs 31.0%, respectively) (Table 1).

Biomarker prevalence and correlation

For ccRCC and nccRCC, the prevalence of positive PD-L1
expression by IHC (defined as CPS � 1) was 62.6% and
69.0%, respectively; generally higher in patients with adverse

pathological features including higher Furhman nuclear
grade, sarcomatoid differentiation, necrosis and higher with
worse prognostic scores (Table S1). Among ccRCC and
nccRCC patients with PD-L1 positive tumors �30% had sar-
comatoid differentiation, and among those with sarcomatoid
differentiation a majority (>80%) had PD-L1 positive tumors
(Tables S1, S2).

Among the biomarkers assessed, there were significant
differences between histology subtypes in biomarker expres-
sion levels for most biomarkers with generally higher expres-
sion levels in ccRCC than nccRCC; no difference for PD-L1
IHC and PD-L2 IHC between histology subtypes, and border-
line association (p¼ .08) for gMDSC (Table S3). With regards
to biomarker correlations, there was remarkable overlap in
the associations among immune biomarkers (PD-L1 IHC, PD-
L2 IHC, PD-L2 mRNA, TcellinfGEP) and angiogenesis bio-
markers (HIF-2a, angiogenesis) for ccRCC and nccRCC
(Figures 1(A,B)). The strongest biomarker correlations among
patients with ccRCC and, separately, nccRCC tumors were
observed for HIF-2a and angiogenesis signatures (rho ¼
0.860 [ccRCC], 0.819 [nccRCC]); hypoxia and glycolysis signa-
tures (rho¼ 0.943 [ccRCC], 0.973 [nccRCC]); PD-L2 mRNA and
TcellinfGEP (rho¼ 0.764 [ccRCC], 0.897 [nccRCC]); PD-L2
mRNA and mMDSC signature (rho¼ 0.787 [ccRCC],
0.815 [nccRCC]).

Notable differences include a pattern of negative correla-
tions of immune and angiogenesis biomarkers for ccRCC, but
not nccRCC, including inverse correlations of PD-L1 CPS
expression with angiogenesis signature (rho¼�0.595) or
HIF-2a co-expression signature (rho¼�0.532); and MYC sig-
nature with angiogenesis (rho¼�0.435) or HIF-2a co-expres-
sion signatures (rho¼�0.487). There were also several
positive biomarker correlations observed for nccRCC, but not
for ccRCC; notably, the correlation of angiogenesis signature
with immunosuppressive signatures including hypoxia
(rho¼ 0.584), stromal/EMG/TGFbeta (rho¼ 0.585), or glycoly-
sis (rho¼ 0.484).

Clinical outcomes

PD-L1 IHC
Overall survival was greater for patients with ccRCC than
nccRCC tumor histology, with an OS of 18.4months (95%CI:
14.7, 22.7) and 8.2months (95%CI: 3.9, 15.4), respectively. For
ccRCC, the OS was significantly shorter in patients with PD-
L1 positive (CPS �1) tumors (14.5months [95%CI: 9.6, 18.9])
as compared with those with PD-L1 negative (CPS <1)
tumors (28.3months [95%CI: 19.1, 36.4]; adjusted HR 1.44
[95%CI: 1.01, 2.07]) (Table 2, Figure 2(A)). For nccRCC, the
median OS was also shorter in patients with PD-L1 positive
tumors (6.7months [95%CI: 2.8, 14.4]) as compared with
those with PD-L1 negative tumors (18.2months [95%CI: 4.9,
27.0]) but the difference in survival times did not reach stat-
istical significance (log rank, p¼ .185) (Figure 2(B)). There was
no PD-L1 association with BOR or PFS in either ccRCC or
nccRCC subgroups (Table 2).

Additional analyses were performed to evaluate the
impact of PD-L1 expression and presence of sarcomatoid

Table 1. Summary of demographic, clinicopathologic, and 1 L treatment char-
acteristics overall and by RCC histology subtype.

Characteristics

RCC Histology

ccRCC n (%) nccRCC n (%) p-valuea

All subjects, N 227 (84.4) 42 (15.6)
Age at start of 1 L treatment
Mean (SD) 63.4 (9.54) 63.8 (9.82) .80
Median (range) 64.0 (37, 89) 63.0 (38, 80)

Gender
Male 154 (67.8) 26 (61.9) .45
Female 73 (32.2) 16 (38.1)

Fuhrman Grade from Histology Slides
1 5 (2.2) 1 (2.4) .28
2 65 (28.6) 8 (19.0)
3 104 (45.8) 18 (42.9)
4 53 (23.3) 15 (35.7)

Sarcomatoid Differentiation
Yes 52 (22.9) 9 (21.4) .41
No 171 (75.3) 31 (73.8)
Unknown 4 (1.8) 2 (4.8)

Necrosis
Yes – macroscopic 81 (35.7) 21 (50.0) .20
Yes – microscopic 101 (44.5) 12 (28.6)
No 36 (15.9) 8 (19.0)
Unknown 9 (4.0) 1 (2.4)

Stage IV disease status
Recurrent Metastasis 134 (59.0) 30 (71.4) .13
Initial Diagnosis 93 (41.0) 12 (28.6)

Karnofsky Performance Score at 1 L treatment baseline
90/100 129 (56.8) 20 (47.6) .05
70/80 93 (41.0) 18 (42.9)
Other 5 (2.2) 4 (9.5)

IMDC Prognostic Score at 1 L treatment baseline
Subjects with data, n 212 42
Favorable 38 (17.9) 4 (9.5) .38
Intermediate 102 (48.1) 21 (50.0)
Poor 72 (34.0) 17 (40.5)

MSKCC Prognostic Score at 1 L treatment baseline
Subjects with data, n 208 42
Favorable/good 51 (24.5) 9 (21.4) .05
Intermediate 125 (60.1) 20 (47.6)
Poor 32 (15.4) 13 (31.0)

Number of metastatic sites at 1 L treatment baseline
<2 58 (25.6) 11 (26.2) .93
�2 169 (74.4) 31 (73.8)

Site of metastatic disease at 1 L treatment baseline
Lung 160 (70.5) 18 (42.9) .001
Lymph Node 107 (47.1) 29 (69.0) .009
Bone 68 (30.0) 12 (28.6) .86
Liver 39 (17.2) 11 (26.2) .17

Type of 1 L Therapy
Sunitinib 107 (47.1) 11 (26.2) <.0001
Sorafenib 16 (7.0) 7 (16.7)
Axitinib 11 (4.8) 0 (0.0)
Pazopanib 90 (39.6) 11 (26.2)
Temsirolimus 2 (0.9) 13 (31.0)
Everolimus 1 (0.4) 0 (0.0)

%¼n/N.
ap-value to test whether there is difference between the subgroups in the
overall cohort. Comparison of characteristics in subgroups will be performed
using Chi-square test (or Fisher’s exact test if cells have very small counts
[n< 5]) for categorical/binary variables, and Student’s t-test for continu-
ous data.
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differentiation. Compared with PD-L1 negative tumors with-
out sarcomatoid differentiation, ccRCC histology patients
with sarcomatoid differentiation and positive PD-L1 expres-
sion had significantly shorter OS (adjusted HR 2.08 [95%CI:
1.31, 3.31]) (Table 2, Figure S1). Presence of sarcomatoid dif-
ferentiation and PD-L1 CPS expression carried the worse OS,
different than individual presence of either biomarker.
Patients with tumors harboring either one of these two
factors had intermediate OS relative to the patients with
tumors harboring both or neither sarcomatoid and
PD-L1 positivity.

Angiogenesis
The angiogenesis signature was the only biomarker with a
consistent association with clinical outcomes (BOR, PFS, OS)
in the ccRCC histology subgroup (Table 2). Patients with

higher angiogenesis signature scores had significantly
greater BOR (32.7% vs 18.3%; adjusted OR: 2.85 [95%CI:
1.37, 5.93]), longer PFS (adjusted HR: 0.61 [95%CI: 0.45,
0.82]) and longer OS (adjusted HR 0.74 [95%CI: 0.54, 1.00])
(Table 2, Figure 3(A)). For nccRCC, overall survival was sig-
nificantly shorter for patients with higher angiogenesis
gene signature scores (adjusted HR 2.43 [95%CI: 1.04, 5.68]),
but no associations were observed for other clinical out-
comes (Table 2).

PD-L2 and other gene signatures
For a few biomarkers, an association with clinical oucomes
was observed but did not reach statistical significance based
on multiplicity control with pre-specified alpha level of 0.1
(Table 3). In ccRCC, there was an association of HIF-2a co-
expression signature with improved BOR (adjusted OR: 6.95

Figure 1. Moderate-strong (rho � 0.4) biomarker correlations. mMDSC: monocytic myeloid derived suppressor cells; gMDSC: granulocytic myeloid derived suppres-
sor cell; PD-L: programmed ligand death; IHC: immunohistochemistry; CPS: combined positive score; mRNA: messenger RNA; HIF: hypoxia inducible factor; TGF-b:
transforming growth factor-b; EMT: epithelial-mesenchymal transition; GEP: gene expression profile.
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[95%CI: 1.57, 30.77]); whereas no association was observed
with PFS or OS. For nccRCC, there were associations of
higher PD-L2 IHC (adjusted HR: 1.05 (95%CI: 1.00, 1.10),
higher HIF-2a co-expression (adjusted HR: 0.71 [95%CI: 0.01,
0.66]), lower glycolysis gene expression (adjusted HR: 7.03
[95%CI: 1.51, 32.76]) and lower hypoxia gene expression
(adjusted HR: 8.83 [95%CI: 1.69, 46.05]) scores with longer OS
(Table 3). For ccRCC and nccRCC, there was no meaningful
difference in the statistical significance or strength of associ-
ation of biomarkers with 1 L treatment forced into the
regression models (post-hoc analysis), except that the associ-
ation of PD-L1 and OS failed to reach significance at pre-
specified alpha level for ccRCC (HR: 1.35 [95%CI: 0.93, 1.96]).

Discussion

The present study adds to a growing body of evidence
related to the underlying tumor biology in patients with
advanced RCC. In addition to PD-L1 IHC and angiogenesis
gene signature, we also tested the association with clinical
outcomes for PD-L2 IHC, PD-L2 mRNA, and 9 additional gene
expression signatures targeting immune, angiogenesis, meta-
bolic and stromal pathways. For ccRCC and nccRCC, the
prevalence of positive PD-L1 expression by IHC (defined as
CPS � 1) was almost identical; among patients with PD-L1
positive tumors �30% had sarcomatoid differentiation, and

among those with sarcomatoid differentiation the majority
(>80%) had PD-L1 positive tumors. In the current analyses,
with CPS scored by central pathology review, we confirmed
the negative prognostic value of PDL-1 expression in
advanced ccRCC patients [34] treated with targeted therapies
in a real-world clinical setting, with a trend in advanced
nccRCC. Notably, presence of both sarcomatoid differenti-
ation and PD-L1 expression carried the worse OS.

In the current study of patients treated with targeted
therapies, predominantly VEGF inhibitors, we observed
greater clinical benefit for ccRCC patients with higher angio-
genesis signature scores. This finding is consistent with
recent studies which have explored the association of gene
signatures targeting the same angiogenic and immunologic
pathways with clinical outcomes for patient receiving VEGF
therapy and anti-PD-1/L1 ICI-VEGF combination therapies. In
IMmotion 150, higher angiogenesis gene signature scores
were associated with improved treatment response (46% vs
9%, p< .001) and PFS (HR 0.31; 95%CI: 0.18–0.55, p< .001)
for predominantly ccRCC patients receiving sunitinib mono-
therapy [32]. This finding was further supported by the asso-
ciation of high angiogenesis signature expression and
improved PFS and OS in the sunitinib treatment arm in
IMmotion 151 [4,5] and recent biomarker analysis of the
Phase 3 Javelin Renal 101 trial in ccRCC patients (PFS: HR
0.56 [95%CI: 0.42, 0.74], p< .0001) [6]. On the other hand,

Table 2. Association of clinical outcomes with PD-L1 by immunohistochemistry and angiogenesis gene signature for patients with clear-cell histology (N¼ 227)
and non-clear cell histology (N¼ 42) adjusted for age, IMDC, and other significant baseline covariates.

rwBOR
rwPFS OS

Na % (95%CI) Adjusted ORb (95%CI) N Adjusted HRb (95%CI) Adjusted HRb (95%CI)

ccRCC
PD-L1 IHC 208 227
CPS� 1 126 23.0% (0.16, 0.31) 0.81 (0.34, 1.92) 142 1.20 (0.81, 1.77) 1.44 (1.01, 2.07)
CPS< 1 82 29.3% (0.20, 0.40) ref 85 ref ref

PD-L1 IHC/ sarcomatoidc 204 223
CPS� 1, sarcomatoidþ 34 14.7% (0.05, 0.31) 0.52 (0.14, 1.94) 43 1.37 (0.83, 2.25) 2.08 (1.31, 3.31)
CPS� 1, sarcomatoid- 91 26.4% (0.18, 0.37) 0.90 (0.36, 2.25) 98 1.21 (0.79, 1.84) 1.35 (0.92, 1.99)
CPS< 1, sarcomatoidþ 9 22.2% (0.03, 0.60) 0.62 (0.11, 3.57) 9 1.24 (0.55, 2.77) 1.04 (0.43, 2.49)
CPS< 1, sarcomatoid- 70 30.0% (0.20, 0.42) ref 73 ref ref

Angiogenesis 208 227
� Median 104 32.7% (0.24, 0.43) 2.85 (1.37, 5.93) 114 0.61 (0.45, 0.82) 0.74 (0.54, 1.00)
< Median 104 18.3% (0.11, 0.27) ref 113 ref ref

nccRCC
PD-L1 IHC 36 42
CPS� 1 25 4.0% (0.00, 0.20) NR 29 0.52 (0.21, 1.30) 0.55 (0.21, 1.43)
CPS< 1 11 – 13 ref ref

PD-L1 IHC/ sarcomatoidc 34 40
CPS� 1, sarcomatoidþ 7 – 8 0.84 (0.22, 3.18) 0.80 (0.21, 3.12)
CPS� 1, sarcomatoid- 17 5.9% (0.00, 0.29) NR 20 0.57 (0.22, 1.51) 0.50 (0.17, 1.46)
CPS< 1, sarcomatoidþ 1 – 1 1.03 (0.07, 15.69) 0.44 (0.03, 7.28)
CPS< 1, sarcomatoid- 9 – 11 ref ref

Angiogenesis 36 42
� Median 18 – NR 21 1.31 (0.62, 2.76) 2.43 (1.04, 5.68)
< Median 18 5.6% (0.00, 0.27) 21 ref ref

rw: real-world; rwBOR: best overall response¼ % complete or partial response based on clinical assessment of clinical and radiology data; rwPFS: progression-
free survival based on clinician assessment; OS: overall survival; OR: odds ratio; HR: hazard ratio; CI: confidence interval; CPS: combined positive score; ref: refer-
ence for odds and hazard ratio estimates; sarcomatoidþ: with sarcomatoid differentiation; sarcomatoid�: without sarcomatoid differentiation; NR: data not
reported given few responses and unstable estimates.
aClear cell RCC: Of the 227 patients, 208 had complete biomarker data and response data; non-clear cell RCC: Of the 42 nccRCC patients, 36 had complete bio-
marker data and response data.
bVariable selection for multivariable models used a stepwise approach including all covariates (demographic, clinical, and biomarkers) with a p-value of <.05 in
univariate analysis and removal of variables if p-values were >.1, with age and IMDC forced into the models for PD-L1 and age, IMDC, and TcellinfGEP forced
into the model for angiogenesis gene signature.

cClear cell RCC: four cases of unknown status for PD-L1/sarcomatoid unknown and not reported in table; non-clear cell RCC: two cases of unknown status for
PD-L1/sarcomatoid unknown and not reported in table.
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Figure 2. Progression-free survival and overall survival for patients with clear cell RCC and non-clear cell RCC histology, by PD-L1 CPS expression.

Figure 3. Progression-free survival and overall survival for patients with clear cell RCC and non-clear cell RCC histology, by angiogenesis expression.
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our study also explored the association of angiogenesis
scores with outcomes in nccRCC patients where no ORR or
PFS association, but worse OS association, was observed.
However, differences in OS association for nccRCC patients
compared with ccRCC patients should be cautiously inter-
preted given the small sample size and heterogeneous popu-
lation. Yet, it may also provide a biological suggestion for
the less effectiveness of antiangiogenic therapies in
nccRCC [35–37].

For the analysis of other biomarkers where there is more
limited experience in this treatment setting, we applied add-
itional multiplicity control. Here, we found borderline OS
associations for nccRCC with negative associations with gly-
colysis and hypoxia gene expression and positive association
with HIF-2a co-expression. These findings warrant further
exploration to better understand the potential significance
for the treatment of advanced RCC and development of new
treatment regimens.

To date, no study has identified a molecular predictive
factor for routine clinical use in patients with mRCC, nor did
our study. We identified, however, several molecularly based
prognostic factors. Together with data generated from other
recent studies [4–6,32], a growing body of evidence is
emerging; this will form the foundation for future personal-
ized medicine in mRCC. However, different cutoffs and meth-
odologies have been applied in all studies, and direct
comparison between studies is not possible. Standardization

of methods and cutoffs and larger collaborative efforts may
lead to reliable, molecularly based, and clinically meaningful
treatment assignments.

When evaluating the correlation among biomarkers, we
saw remarkable overlap for patients with ccRCC and nccRCC
with positive biomarker associations among immune
biomarkers (PD-L1 CPS, PD-L2 CPS, PD-L2 mRNA, and T-cell-
inflamed GEP) and among angiogenic biomarkers (angio-
genesis, HIF-2a). This might explain the clinical benefit of I-
O and VEGF combination therapies in ccRCC patients
[8–12,29] and nccRCC patients [30]. There was also a greater
number of biomarker correlations observed for nccRCC than
for ccRCC; notably, the additional correlation of angiogen-
esis signature with hypoxia, glycolysis, and stromal/EMG/
TGFbeta signatures. Such differences may underscore the
heterogeneity of nccRCC and more limited clinical benefit
with use of VEGF monotherapy. Notably, we also found
generally higher expression levels of angiogenic, immuno-
logic, and metabolic RNA-based biomarkers in ccRCC than
in nccRCC patients which may correlate with the degree
response for treatments targeting these pathways for
patients with different histology subtypes. The distinction
between ccRCC and nccRCC has traditionally been con-
ducted based on morphology and immunochemistry
markers, but without integrating molecular information.
Further research integrating molecular markers is needed in
a larger cohort of patients.

Table 3. Association of PD-L2 and gene expression profiles for patients with clear-cell histology (N¼ 227) and non-clear cell histology (n¼ 42) adjusted for age,
IMDC, TcellinfGEP and other significant baseline covariates.

rwBOR rwPFS OS

Adjusted OR Adjusted Adjusted HR Adjusted Adjusted HR Adjusted
(95%CI)a p-valueb (95%CI)a p-valueb (95%CI)a p-valueb

Clear cell RCC
PD-L2 IHC 208 0.929 (0.811, 1.064) .9349 227 0.929 (0.972, 1.064) .9191 0.994 (0.947, 1.044) .9900
PD-L2 mRNA 208 0.320 (0.029, 3.577) .9349 227 0.320 (0.416, 3.109) .9191 0.961 (0.335, 2.754) .9900
TcellinfGEP 208 3.713 (0.901, 15.303) .6941 227 3.713 (0.461, 1.458) .9191 0.897 (0.471, 1.708) .9900
mMDSC 208 0.611 (0.027, 13.700) .9349 227 0.611 (0.528, 7.233) .9191 1.258 (0.328, 4.831) .9900
gMDSC 208 0.734 (0.166, 3.251) .9349 227 0.734 (0.565, 2.032) .9191 1.156 (0.621, 2.155) .9900
Stromal/EMT/ TGFbeta 208 1.913 (0.373, 9.819) .9349 227 1.913 (0.428, 1.716) .9191 0.716 (0.355, 1.444) .9900
Glycolysis 208 1.101 (0.113, 10.688) .9349 227 1.101 (0.262, 1.491) .9191 0.994 (0.393, 2.512) .9900
MYC 208 0.458 (0.004, 57.556) .9349 227 0.458 (0.355, 16.599) .9191 2.497 (0.368, 16.922) .9900
Hypoxia 208 0.908 (0.090, 9.206) .9349 227 0.908 (0.240, 1.419) .9191 0.905 (0.356, 2.304) .9900
HIF-1a co-expression 208 4.168 (0.038, 454.577) .9349 227 4.168 (0.136, 9.169) .9191 0.838 (0.113, 6.221) .9900
HIF-2a co-expression 208 6.948 (1.569, 30.773) .1175 227 6.948 (0.521, 2.829) .9191 1.272 (0.532, 3.042) .9900

Non-clear cell RCC
PD-L2 IHC 36 NR NR 42 0.019 (0.986, 1.074) .7859 1.052 (1.004, 1.102) .2615
PD-L2 mRNA 36 NR NR 42 0.757 (0.282, 239.003) .7859 2.530 (0.093, 68.690) .8371
TcellinfGEP 36 NR NR 42 1.599 (0.413, 4.468) .7859 0.876 (0.247, 3.103) .8371
mMDSC 36 NR NR 42 0.573 (0.046, 5.006) .7859 0.417 (0.036, 4.852) .8371
gMDSC 36 NR NR 42 66.940 (0.198, 3.400) .7859 0.532 (0.100, 2.843) .8371
Stromal/EMT/ TGFbeta 36 NR NR 42 1.634 (0.040, 2.340) .7859 0.364 (0.020, 6.583) .8371
Glycolysis 36 NR NR 42 0.514 (0.826, 10.482) .7859 7.027 (1.507, 32.759) .1306
MYC 36 NR NR 42 <0.001 (0.493, >999.999) .7859 22.010 (0.306, >999.999) .8371
Hypoxia 36 NR NR 42 0.640 (0.781, 11.404) .7859 8.826 (1.692, 46.049) .1075
HIF-1a co-expression 36 NR NR 42 0.373 (0.013, 23.664) .7859 0.023 (<0.001, 4.268) .8371
HIF-2a co-expression 36 NR NR 42 <0.001 (0.031, 2.646) .7859 0.071 (0.008, 0.660) .1806

rw: real-world; rwBOR: best overall response based on clinician assessment; rwPFS: progression-free survival based on clinician assessment of progression; OS:
overall survival; mMDSC: monocytic myeloid derived suppressor cells; gMDSC: granulocytic myeloid derived suppressor cell; EMT: epithelial-mesenchymal transi-
tion; TGF-b: transforming growth factor-b; PD-L: programmed death ligand; HIF: hypoxia inducible factor; IHC: immunohistochemistry; mRNA: messenger RNA;
NR: data not reported given few responses and unstable estimates.
aVariable selection for multivariable models used a stepwise approach including all covariates (demographic, clinical and biomarkers [included in table plus PD-
L1 and angiogenesis]) with a p-value of <.05 in univariate analysis and removal of variables if p-values were >.1, with age and IMDC forced into the models
for TcellinfGEP and age, IMDC, and TcellinfGEP forced into all other biomarker models included in the summary table. All biomarkers evaluated as continu-
ous measures.
bMultivariable testing for all biomarkers were treated as a separate family of tests and adjusted by the Hochberg step-up procedure at one-sided alpha of .10.
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This population-based study has several strengths includ-
ing prospective central laboratory review of tissue samples
using validated assays, including consistent use of assays for
both the ccRCC and nccRCC assessments, with linkage of
data extracted from an established clinical database and sup-
plemented with data from a national pathology register and
linked data from national vital statistics registry. Additionally,
treatment response and tumor progression were evaluated
using RECIST criteria employed in routine clinical practice. To
control for confounding, we developed multivariable models
and adjusted for demographic, clinical, and biomarker data
with a significant association with the clinical outcomes. The
analysis and generalizability of findings is limited by the
exploratory nature of this study, including potential for
residual confounding and small sample size of patients with
nccRCC including some patients treated with mTOR inhibi-
tors. Particularly for the nccRCC cohort, lack of biomarker
association with clinical outcomes may be due to limited
power given small sample size.

In conclusion, this study confirmed prior findings that PD-
L1 expression by IHC defined using uniform scoring of CPS
by central pathology review was associated with more
aggressive pathologic features and negatively associated
with overall survival in patients with ccRCC. Additionally, our
data for patients treated in a real-world clinical setting with
targeted therapies identified favorable outcomes for ccRCC
patients with higher angiogenesis gene signature scores, and
pointed at expression of hypoxia, glycolysis, gene signatures
and HIF-2a co-expression as potential prognostic factors in
nccRCC. The considerable overlap and notable differences in
biomarker correlations for patients with ccRCC and nccRCC
also warrants further investigation. As with a recent molecu-
larly characterization of heightened angiogenesis in glandular
metastases in patients with clear cell mRCC translating into
better outcomes on VEGFR-TKIs with challenges in selecting
patients who might benefit from targeted therapies alone
[38], these data may further inform the selection of specific
therapies based on tumor biomarkers which may spare tox-
icity from anti-PD-1/L1 ICI combination therapies, which are
the current standard of care for advanced RCC patients.
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