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Abstract: Although decision making strategy based on clinico-histopathological criteria is well
established, renal cell carcinoma (RCC) represents a spectrum of biological ecosystems
characterized by distinct genetic and molecular alterations, diverse clinical courses and potential
specific therapeutic vulnerabilities. Given the plethora of drugs available, the subtype-tailored
treatment to RCC subtype holds the potential to improve patient outcome, shrinking
treatment-related morbidity and cost. The emerging knowledge of the molecular taxonomy of RCC
is evolving, whilst the antiangiogenic and immunotherapy landscape maintained and reinforced
their potential. Although several prognostic factors of survival in patients with RCC have been
described, no reliable predictive biomarkers of treatment individual sensitivity or resistance have
been identified. In this review, we summarize the available evidence able to prompt more precise
and individualized patient selection in well-designed clinical trials, covering the unmet need of
medical choices in the era of next-generation anti-angiogenesis and immunotherapy.
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1. Introduction

Angiogenesis inhibition remains one of the most active approaches in the treatment of
advanced kidney tumors. Although tumor heterogeneity can be a therapeutic obstacle [1]
angiogenesis-related mechanisms represent a truncal event in renal cell carcinoma (RCC) biology,
particularly in clear cell histotype. Indeed, the alterations of the HIF/VEGF axis are deemed to be the
fundamental target [2], even aiming at overcoming drug resistance [3]. This evidence explains the
clinical success of sequential strategies employing tyrosine kinase inhibitors (TKI) [4-6]. Nonetheless,
recent evidence warrants taking into consideration a more complex biological scenario accounting
for RCC pro-angiogenetic mechanisms. However, RCC boosted neo-vessel formation does not
behave as an oncogene addiction that characterizes other solid tumors [7]. Indeed, a complex
architecture accounts for the RCC heterogeneity, coexisting with a tumour microenvironment
educated as tolerogenic niche [8]. This sophisticated milieu prompts to uncover immunotherapy to
be an effective up-front treatment option.

Nevertheless, not all patients seem to benefit equally from immune-checkpoint inhibition, being
characterized by either primary or secondary-refractoriness [9-11]. Indeed, the subset of individuals
classified as favorable risk seems to be an oasis in which TKI sequence followed by TKI, may still
represent a logical choice [12-14]. Conversely, despite ambitious attempts aimed at dissecting the
biology behind RCC [15,16], the criteria used to stratify patients’ risk and response prediction
remain largely elusive, since the evidence on which we currently base the hypothesis-generating
indication have been adapted from clinical and laboratory criteria. Peculiar subgroups treated by
single agents inhibiting angiogenesis, even in a stepwise fashion [12], hold great potential in terms of
disease control and long survival. Indeed, molecular signatures exist and may perhaps identify
patients “addicted” to angiogenesis. Contrariwise, specific subjects can be considered
non-angiogenesis addicted. In these cases, combination immunotherapy or less selective TKI may
constitute a more efficient upfront strategy [17,18]. From this perspective, the phenotypic
deconvolution aiming to biomarkers identification and response prediction, can support
customizing RCC treatment. From this standpoint, it is tempting to propose a combination of
anti-angiogenic and immune-checkpoint inhibitors (ICI), especially when driven by compelling
molecular signatures [19,20].

2. Historical evolution/perspective of prognostic systems in mRCC

The prognosis of patients with renal cell carcinoma (RCC) is influenced by the anatomical,
histological, clinical and molecular characteristics of the neoplasm. The use of anatomo-histological
prognostic factors is further supported by higher levels of evidence compared to clinical and
molecular factors. Anatomical features are described in clinical practice through the TNM
classification system. Anatomical classification systems such as the PADUA (Preoperative Aspects
and Dimensions Used for an Anatomical classification system), the R.E.N.A.L. (Radium,
Exophytic/endophytic properties, Nearness of the tumor to the collecting system or sinus,
Anterior/posterior, Location relative to the polar line) and the C-index have been proposed to
standardize the description of kidney tumors [21-23]. These classification criteria take into
consideration features such as size, endo/exophytic growth, relationships with the renal hilum and
collector ducts and the anterior or posterior position of the tumor. These systems are useful for
assessing the potential morbidity of surgery and ablation techniques. Furthermore, in the case of
metastatic neoplasia (mRCC), the prognosis is further influenced by the number and location of the
metastatic sites [24,25]. The main histological features of renal carcinoma potentially holding a
prognostic value are represented by the histotype (clear cells: 70-80% of cases; papillary: 10-15%;
chromophobe: 5%), grading, the presence of tumor necrosis, microvascular invasion, sarcomatoid
component, and involvement of the collector system. Grading remains the most important
accredited prognostic factor [26]. The WHO/ISUP classification published in 2013 proposes the
replacement of the Fuhrman grade with a ISUP/WHO system ranging from I to IV, describing
nucleolar characteristics, taking into account the presence of a rhabdoid component in grade IV
and/or the presence of the sarcomatoid variant. So far, this classification has been validated for clear
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cell and papillary tumors so far. Among the other histotypes nuclear grading it holds a descriptive
role [27], with scanty translational consequences. Moreover, statistical validation by univariate
analysis corroborated the prognostic impact of the tumour histotype, while describing the clear cell
carcinoma as the most aggressive subtype, followed by the papillary and chromophobe. Conversely,
in multivariate models, the prognostic significance of the histotype was deemed not significant,
suggesting that the stage of disease and tumor grading harbor a greater impact on the prognosis
than the histotypic characteristic per se. Furthermore, the papillary carcinomas can be further
subdivided into two subtypes with different clinical outcomes: type I, low grade tumor with
favorable prognosis and type II high grade with increased dissemination potential [28-30]. In a
retrospective multivariate analysis of over 600 patients suffering from metastatic renal carcinoma
and enrolled in the 1980s in clinical trials, Elson et al. identified five survival indicators: ECOG PS,
the time period between diagnosis and first systemic treatment, the number of metastatic sites,
previous systemic therapies and weight loss. Based on these factors, the authors stratified patients
into five groups characterized by different survival [35]. Subsequently, numerous integrated models
were outlined aimed at analyzing clinical, pathological factors and laboratory parameters in order to
predict survival and identify patients with a high risk of relapse. Among these, the two most widely
used in clinical practice and experimentation are the prognostic system of the MSKCC (Memorial
Sloan Kettering Cancer Center or Motzer criteria) and the prognostic system of the International
Metastatic RCC Database Consortium (or Heng's prognostic system)[31].

In order to overcome the statistical power limitation both in terms of sample size and number of
series included in the multivariate analyses available [32], Motzer et al., in a series of 670 patients
with advanced RCC and treated with immunotherapy or chemotherapy, identified five
pre-treatment factors significantly related to a unfavorable prognosis, namely decreased Karnofsky
PS (<80%), high value of LDH (> 1.5 times over the boundaries) and calcemia (> 10 mg / dl),
decreased hemoglobin concentration, and failure to perform the surgical procedure [32]. Using these
variables, they stratified the patients into three groups (favorable, intermediate and unfavorable risk
group) with dismal clinical outcome for high risk subgroup; survival ranged from 20 months for the
group with a favorable prognosis to 4 months for the group with a poor prognosis [32]. Next, a
similar analysis was applied to 400 patients treated in the first line with IFN-q; this restriction of
inclusion criteria has minimized the heterogeneity determined by previous treatments. The
prognostic stratification criteria were unmodified, except for the substitution of the factor "no
nephrectomy", with the factor "time period elapsed between the diagnosis and the immunological
treatment less than one year" [33] (Figure 1).

Subsequently, Heng et al, in a series of 645 patients with advanced renal cell carcinoma,
identified six prognostic factors significantly related to a worse prognosis (International Metastatic
RCC Database Consortium, IMDC, or Heng Prognostic System). This system derives from a
retrospective analysis conducted on patients with metastatic renal cell carcinoma treated with
sunitinib, sorafenib or bevacizumab + interferon alfa-2a. Patients who had received a first line of
treatment with cytokines and VEGF/VEGER inhibitors as second-line treatment were also included
in the analysis. Six prognostic factors have been identified: Karnofsky PS, low hemoglobin level,
high corrected serum calcium, period from diagnosis to treatment < 1-year, high absolute neutrophil
count and high platelet count. Subjects were divided into different subgroup according to clinical
risk: favorable (n = 157), for whom the median OS was 43.2 months and the 2-year OS was 75%;
intermediate (n = 440), characterized by a median OS was 22.5 months and the 2-year OS was 53%;
and poor risk (n = 252) in which the median OS was 7.8 months and the 2-year OS was 7% [12,34]

(Figure 1).
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Risk factors
Prognostic Karnofsky PS Hb LDH Corrected Ca | Time from diagnosis NE PLT
System to treatment
<80% < n.v. >1.5n.wv. > 10 mg/dL < 1lyear >n.v. >N

Motzer criteria
Heng criteria
PS= Performance Status; Hb= Haemoglobin, n.v.= normal value; LDH= Lactate dehydrogenase; Ca= calcium;
NE= neutrophil; PLT= platelet
Risk Groups Favorable Intermediate Poor Favorable Intermadiate Poor
(nr. of risk factors) (0) (1-2) (3-5) (0) (1-2) (3-6)
Median Survival | 30 months 14 months 5 months 43 23 months 8 months
2 Years Survival - - - 75% 53% 7%
3 Years Survival 45% 17% 2% - -

Figure 1 - MSKCC Prognostic System (Motzer et al.) and IMDC Prognostic System or Heng criteria (Heng et al.):
risk categories and relative median survivals in renal cell carcinoma [12,32-34].

3. New insights in prognostic and predictive-biomarkers stratification

3.1. From the cytogenetics to the mutational landscape of RCC

Despite the considerable efforts made to stratify patients from a prognostic standpoint by using
clinical criteria, efficient prognosticators for characterization represent an unmet medical need,
especially when considering the plethora of new immunomodulatory and anti-angiogenic drugs
available to date. Cytogenetics pioneered the molecular investigation of patient stratification based
on Xpl1l.2 translocation and deletion or chromosomal aberration on 3p and 14 in RCC impacted
clinical outcome [35-37]; the incidence of Xp11.2 translocation is very low but should be searched
systematically in young patients [38]. Chromosome 3 harbors several putative oncogenes and
oncosuppressors, whom biological relevance is highlighted by von Hippel-Lindau(VHL)/HIF-1a
axis, PBRM1, BAP1, SETD2 prognostic role [15,37,39-41]. Furthermore, numerous chromosome
alterations in terms of chromosome gain or loss (i.e. gain of 7q, 8q, 20q loss of 9p, 9q and 14q) have
been highlighted and associated with worse survival, with a prognostic but not predictive role [42].

Next, several novel biomarkers are currently being evaluated to assess the prognostic and
predictive value for different response of renal malignancies treated with antiangiogenic-TKI and
immunotherapy. Molecular markers can be classified according to their physiological location into
tissue and soluble factors [43]. Among the above-mentioned traditional histological features,
carbonic anhydrase IX (CalX) [44], CXCR4 [45], HIF-1a and HIF-2a [46], have been reported to
predict response to sorafenib or sunitinib as well as improved PFS despite no consistent impact on
OS is reported. Furthermore, PD-L1 expression is associated with poor clinical outcome [47], without
a predictive role of response to cabozantinib and axitinib plus anti-PD1/PD-L1 [4,48-51].
Nevertheless, available data are still debated, since interesting results showed a clinical value in
predicting response to ipilimumab combined with nivolumab treatment [9].

The assessment of the soluble factors evaluation has also been extensively investigated in the
prognostic stratification attempts, uncovering VEGF/VEGFR, LDH, IL-6, IL-8, osteopontin (OPN),
HGF and TIMP1 to be significant drivers of patient’s prognosis and response to therapy [52-55].
Remarkably, nucleotide polymorphisms (SNPs) of IL-8, HIF-1a and VEGF axis deemed significantly
impacting the therapeutic outcome; however, no validation has been achieved in statistically
powered clinical studies [46,56].

Evidence from tissue and circulating pro-angiogenic factors matches with familial VHL
syndrome disease-phenotype: hypoxia-inducible factors overactivation constitutes a fundamental
proof of principle in hereditary clear-cell RCC (ccRCC), but also elicited comprehensive genomic
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characterization of sporadic tumors, by focusing on pro-angiogenic mechanisms. In ccRCC,
decreased VHL activity correlated with enhanced HIF-1a expression, as well as with consequent
hyperactivation of VEGF, PDGF, TGF-a, thus leading to increased PI3-K/PKB/mTOR signaling, and
tumor progression [57-59]. Undoubtably, the biological knowledge related to VHL pathway driven
investigation inspired novel therapeutic windows [60,61]. However, several data and meta-analysis
revealed that VHL gene alteration hold neither prognostic, nor predictive value in subjects suffering
from ccRCC [57,62].

Likely, the dismal impact on clinical outcome exerted by VHL per se can be also explained by
the complex genomic architecture driving the malignant phenotype of RCC. Indeed, several
additional genetic alterations were also frequent in ccRCC, such as somatic mutation of chromatin
remodeling genes including PBRM1, SETD2 and BAP1 (38%, 13% and 11% of cases, respectively),
mutation of PI3K-AKT-mTOR pathway genes (occurring in 16% of patients) comprising PTEN,
MTOR and PIK3CA, loss of CDKN2A, and mutation of TP53 (16.2% and 2.6%, of subjects,
respectively) [15]. CDKN2A loss, BAP-1 and TP53 mutation are associated with poorer survival in
ccRCC. The poor prognostic role of CDKN2A loss has also been confirmed in papillary and
chromophobe RCC histological subtypes [15]. PBRM1 loss-of-function mutations seem to correlate
with a less aggressive behavior and with better PFS and OS upon anti-PD-1 administration, in
previously treated patients [63,64]. However, the IMmotion150 trial which compared, in a three-arm
fashion, suntinib over atezolizumab monotherapy and atezolizumab plus bevacizumab in
treatment-naive RCC, uncovered PBRM1 mutations to be correlated with improved survival in the
sunitinib arm [17]. Statistically powered trials are needed to clarify the predictive value of PBRM1.

3.2. Molecular classification

Gene expression profile parallels genetic and genomic alterations and impacts the clinical
outcome. The mRNA expression patterns differ among major histological subtypes as well as
among each RCC subtype. Proteomics-based subtyping of ccRCC, either according to Brannon et al.
(two clusters, ccA and ccB)[65], Chen et al. (three clusters, CC-e.1, CC-e.2, CC-e.3)[66], or KIRC
analysis (four clusters m1-m4) [67] consistently deconvolute the biologic taxonomy of disease
phenotype. Moreover, the combination of the singular subtypes can dissect three different clinical
behaviors: 1) good prognosis group (cluster ccA, CC-e.2, and m1l), involved chromatin modifier
genes mutations, such as PBRM1; 2) poor prognosis group (cluster ccB, CC-e.3, m3), associated with
higher expression of CDKN2A and hypoxia-related genes, chromatin remodeling genes mutation
including SETD2 or BAP1, PI3BK/AKT/mTOR pathway genes mutations, epithelial-mesenchymal
transition, hypermethylation, and a metabolic shift with higher glutathione and dipeptide levels; 3)
intermediate prognosis group (cluster 3, CC-e.1, m2, and m4) associated with BAP1 mutations and
base-excision repair [46]. Additionally, data obtained from 942 surgical series pinpoint a molecular
signature consisting of 16 genes that could predict post-surgery relapse and could be translated into
clinical trials [68]. Unsupervised hierarchical cluster analysis identified different biological pathways,
including vascular, cell growth or division, immune response, and inflammation phenotypes. In line
with previous data, vascular and immune response phenotype were associated with better outcome,
whereas higher expression of proliferation and differentiation genes and markers associated with
inflammatory responses were associated with worse outcome [68]. Overall, it is worth to highlight
that all the above-mentioned data were generated by analyzing prognostic implications obtained
from non-metastatic settings. Conversely, Beuselinck et al. performed a multi-omics analysis and
identified four molecular tumor subtypes able to predict clinical outcome and response to sunitinib
in metastatic ccRCC: ccrecl (“c-myc-up”) and ccrec4 (“c-myc-up and immune-up”) characterized by
upregulation of MYC targets and shorter PFS, OS and poorer response to sunitinib; ccrcc2
(“classical”) and ccrec3 (“normal-like”) with a higher expression of the pro-angiogenic
HIF-VEGF-VEGFR-pathway, longer OS and better TKI response. Characteristically, the ccrcc4
subtype had a strong inflammation, BAP1 mutation, sarcomatoid dedifferentiation and decreased
angiogenesis addiction, and significantly poor survival and response to sunitinib and pazopanib
[69,70]. The four molecular subtypes could explain the different outcome in IMDC risk group. The
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IMDC good risk group was enriched for the ccrec2 subtype and higher angioscore; conversely, the
IMDC poor risk group was enriched for the ccrcc4 subtype and lower angioscore. Nevertheless, no
correlation was found in the immune-score across IMDC risk groups [71]. Given that the existence of
an angiogenesis-addicted, and immune-inflamed phenotypes seem to correlate with the presence of
peculiar genomic signatures [72], it is tempting to speculate an ancillary role played by specific
mutated genes. Remarkably, PBRM1 mutational status and boosted angiogenesis in ccrcc2-3 seems
to have more interactions among themselves than what would be expected for a random set of
molecular interaction [18,72]. The different clinical outcome obtained in sunitinib-treated patients
compared to avelumab alone or in combination with bevacizumab, remains to be fully elucidated
and might be explained by an underlying angiogenesis-addiction in this subgroup over PBRM1 wild
type phenotype [73].

In a comprehensive interrogation of available datasets carried out by Hakimi et al., four clusters
were also identified, shedding more light on the peculiar features of the tumour microenvironment
(TME) and substantially extending the insights regarding the role of angiogenesis signatures in
predicting TKI response. Specifically, this analysis highlighted the role of macrophages fingerprint
within the TME and uncovered a putative angiogenesishish macrophages'ov signature to be one
fundamental determinant predicting prognosis and, likely, impacting response to TKI [18]. This
piece of evidence might support clinical decision while selecting approaches based on mono- vs.
combination-therapy and anti-angiogenesis vs. ICI-inhibitors based approaches, also pinpointing
the unexplored efficacy of CSFR1-targeting [18]. These data need to be confirmed in appropriately
designed studies to be translated into clinical practice.

Collectively, the complex taxonomy behind RCC recapitulates evidences already validated in
several solid [74] and haematological [75] malignancies, from the emerging role of the tumour
microenvironment standpoint [76]: in patient clinical outcome prediction, inspired non-invasive
evaluation aimed to picture the impact of cancer associated bystanders, such as circulating and
cancer-associated stromal cells [77], like fibroblast [78] and endothelial cells (EC) [79]. This
phenotype mirrors the behavior of several angiogenesis-addicted cancers [80-84], in which also
laboratory and angiogenesis-markers [53,85], related to the VHL [57] and mTOR (mammalian target
of rapamycin) pathway [58], are shared.

4. Therapeutic window driven by angiogenesis and the immune system targeting current
challenges

The treatment scenario of mRCC has largely evolved in the last years, translating into an
outcome improvement achieved by targeting VEGF/VEGFR pathways (bevacizumab, sorafenib,
sunitinib, pazopanib, axitinib, cabozantinib and lenvatinib) [86-92], mTOR signaling (everolimus
and temsirolimus) [93,94] and immunocheckpoint inhibitors comprising anti PD-1/PD-L1
(nivolumab, pembrolizumab, avelumab, atezolizumab) [11,49,50,95] and anti-CTLA4 (ipilimumab)
[96] alone or in combination therapies. (Figure 2)
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FIRST-LINE THERAPY SECOND-LINE THERAPY

Sunitinib

Pazopanib
Axitinib+Pembrolizumb
Axitinib+Avelumab
Alternative regimes:
Tivozanib*
Bevacizumab+IFN-a or IL-2

Nivolumab+Ipilimumab
Axitinib+Pembrolizumab
Axitinib+Avelumab
. . Cabozantinib

Intermediate risk Alternative regimes:
Sunitinib
Pazopanib
Tivozanib*
Bevacizumab+IFN-a

Figure 2. Systemic treatment of clear-cell renal cell carcinoma according to IMDC prognostic system.
*Only EMA approval, * Only FDA approval

Due to the dynamic plethora of therapeutic options available to date, it is critical to identify criteria
driving personalized approaches. Indeed, real-life clinical practice faces the significant challenge of
patient selection by tailoring a TKI- vs. ICI-based and mono- vs. combination-therapeutic strategy
[46,97]. Currently, besides the obvious impact of clinical individual risk profiling and comorbidities
potentially influencing the safety issues, the single decision-making tool is represented by the risk
stratification considered by the regulatory agencies.

Intermediate and high-risk might warrant cabozantinib-containing regimen according to the
CABOSUN study [4] that evaluated only this setting of patients. Cabozantinib, as a small molecule
halting several tyrosine kinase receptors such as VEGFR-2, MET and AXL, as well as other
potentially relevant kinases including RET, KIT, and FLT3, has been evaluated in the CABOSUN
phase II multicenter study. 157 subjects with intermediate/high risk stratified by Heng profiling
were randomized to receive cabozantinib or sunitinib [4,98,99]. The CABOSUN trial met the primary
end-point, showing improved PFS in the experimental arm (median PFS 8.2 months vs. 5.6 months
with cabozantinib over sunitinib, respectively, supporting cabozantinib as a potential first-line
treatment option for patients with advanced RCC of intermediate or poor risk [100].

The combination study of nivolumab with ipilimumab (CheckMate-214 study) including
all-comers, showed an ICI benefit in the intermediate/high-risk population only, apparently with a
detrimental effect in low-risk patients, where sunitinib conferred an improved clinical outcome[9,96].
The phase 3 trial included 847 patients with untreated advanced RCC who were randomly assigned
to receive either nivolumab in combination with ipilimumab, or sunitinib. In the latest update,
presented at 2020 Genitourinary Cancers Symposium at median 42 months of follow-up, the
combination immunotherapy continued to be associated with improved OS and PFS compared to
sunitinib arm (median 47.0 vs. 26.6 and 12 vs. 8.3 months, respectively, and 42-month rates of 52%
versus 39% and 35% versus 19%, respectively). PES curves plateaued after 30 months at around 35%
with nivolumab plus ipilimumab. An exploratory efficacy analysis restricted to the 249
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favorable-risk participants established sunitinib to be more active when compared to ICI in this
patient subset, gaining a median PFS of 27.7 vs. 17.8 months and ORRs of 54% vs. 29% [101].

However, the clinical and pathological features, not entirely mirroring the complex biology of
the tumor should be adapted to the novel agents” era. Specifically, Heng criteria [12] and prognostic
factors were developed to inform patients about their prognosis and in order to compare the results
of different trials [102]. Conversely, such a stratification tools are not expected to efficiently perform
in therapeutic strategy selection. The Checkmate 214 study represented a paradigm shift, holding
the potential to picture and weigh the single prognostic factors quantity over the global additive
effect on the clinical outcome [9,96]. Moreover, the platelet count and the calcium levels resulted
impacted than was usually observed [103].

The recently published data regarding the combination of anti-angiogenic and anti-PD1
treatment (axitinib in combination with pembrolizumab [49] or avelumab [50]) compared to
sunitinib demonstrated a benefit from the combination across the population, regardless of risk class
and PD-L1 expression.

In the phase IIl KEYNOTE-426 study, the majority of patients displayed intermediate or poor
risk disease as assessed by IMDC criteria and sarcomatoid features in 18% of the patients. PFS was
15.1 and 11.1 months in the pembrolizumab/axitinib and in the sunitinib group, respectively.
Pembrolizumab plus axitinib demonstrated effectiveness and good safety for patients with clear cell
mRCC, with an impressive 59% objective response rate.

The Javelin renal 101 study dichotomized patients into two classes, PD-L1positiveiegative, choosing
immunohistochemistry expression as class boundary and by declaring as co-primary outcome OS
and PFS assessment in PD-L1positive, Avelumab/axitinib performed better than sunitinib in terms of
both PFS and ORR, regardless of PD-L1 expression [50]. Conversely, a trend of enhanced efficacy
within the PD-Llresitve subgroup was observed in the atezolizumab plus bevacizumab arm
compared to sunitinib in the IMmotion151 trial (median PFS 11.2 vs. 7.7 months, respectively; p =
0.0217) [51].

Collectively, evidence generated by the above-mentioned trials uncovered neither the risk class,
nor the PD-L1 expression to be efficient in predicting the response to therapy. Thus, several omics
attempts retrospectively analyzed the available data. Nonetheless, as a first in class prospective
study, the IMmotion150 phase II emphasized the translational role of TME deconvolution at
transcriptomic level, suggesting that the outcome prediction with anti-angiogenic drugs and ICI is
applicable upfront in mRCC [73]. In details, a gene expression profiling fingerprint has been
proposed according to different phenotypes, clustered by using expression ranks boundaries of
pro-angiogenic, pre-existing immune- and myeloid tolerogenic-associated molecular subgroups [73].
Consequently, as expected, angiogenic blocking by sunitinib resulted highly active in
Angiogenesistigh patients, whilst atezolizumab alone seems to halt tumour activity in immunogenic
cancers and dismal myeloid inflammation (Teff"ish Myeloid'ev). Regarding the combination of ICI
plus sunitinib, although the authors comprehensively demonstrated a direct impact of immune- and
inflamed-infiltration (TeffHigh Myeloid™ish) [73], it is still debated whether combining anti-angiogenic
and immunological checkpoint inhibitors without proper selection, more than what would
necessary constitutes a synergistic strategy [104]. Nonetheless, robust and compelling preclinical
[20,104] and clinical [18] evidence supports the biological ecosystem dissection as the future driver of
patient selection for choosing candidates among ICl/anti-angiogenic strategies: different biological
RCC behaviors pinpoints the tight correlation existing by intermediate/high risk profile, tumor
angiogenesis and indirect immune-tolerogenic milieu. Statistically powered prospective clinical
studies are expected to be carried out, aiming at further validating the promising pioneering results
[105]. These data will be more than a determinant in a dynamic evolving sequential treatment
strategy, thereby deeply impacting further therapy. Details from the most recent clinical trials are
summarized in Table 1.
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Cabozantinib Nivolumab + Pembrolizumab + Avelumab + Atezolizumab +
(n=79) Ipilimumab (n=550) Axitinib (n=432) Axitinib (n=442) Bevacizumab (n=454)
vs. Sunitinib (n=78) vs. Sunitinib (n=546) vs. Sunitinib (n=429)  vs. Sunitinib (n=444) vs. Sunitinib (n=461)
CABOSUN CheckMate 214 KEYNOTE 426 JAVELIN Renal 101 IMmotion 151
IMDC Score
F bl - 23% 32% 21% 20%
e 81% 61% 55% 61% 69%
o tem ed i 19% 17% 13% 16% 12%
Poor
PD-L1 expression 21% 23% 24% 60,5% 63,2% 40%
End-point
. PFS 0S,PFS,0RR 0S,PFS (ITT) PFS,0S ®PDL1+) PFS @D .1+),0S (ITT)
Prim ary . . .
(interm ed iate + poor risk)
Secondary 0S,0RR 0S,PFS,0RR (ITT) ORR PFS,0S (ITT),0RR PFS (ITT),0S @D L-1+),0RR
Median follow-up (months) 34,5m onths 42,0 m onths 12,8 m onths 9,9m onths (A v.+A x.) 15m onths for PFS

Median PFS (months)

Experin entalarm vs. Sunitinib
rT)

Experin entalarm vs. Sunitinib
(other popu lation)

Median OS (months)

Experim entalarmm vs. Sunitinib
arT)

Experim entalarmm vs. Sunitinib
(other population)

Overall Response Rate (%)
Experim entalarm vs. Sunitinib
arT)

Experim entalarmm vs. Sunitinib
(therpopulation)

Complete Response (%)

Experin entalarm vs. Sunitinib
arT)

Experin entalarm vs. Sunitinib
(other population)

Grade 23 AEs

Experin entalarm vs. Sunitinib

8,6 vs. 5,3 m onths

NA

26,6 vs. 21,2m onths

NA

20% vs. 9%

NA

0,8% vs. 0%

NA

68% vs. 65%

12,5 vs. 12,3 m onths

12 vs.8,3m onths
(interm ediate + poor risk)

NR vs. 38,4m onths

47,0 vs. 26,6 m onths
(interm ed jate + poor risk)

39% vs. 33%

42% vs. 26%
(interm ed iate + poor risk)

11% vs. 2%

10% vs. 1%
(interm ediate + poor risk)

46% vs. 63%

15,1 vs. 11,1 m onths

15,3 vs. 8,9 m onths
CDL1+)

NR

NA

59,3% vs. 35,7%

NA

5,8% vs. 1,9%

NA

62,9% vs. 58,1%

8,4m onths Sun.)

13,8 vs.8,4m onths

13,8vs. 7,2m onths
D L1+

NR

NR

51,4% vs. 25,7%

55,2% vs. 25,5%
eD L1+

3,4% vs. 1,8%

4,4% vs. 2,1
eD.1+)

71,2% vs. 71,5%

24m onths for0 S

11,2 vs. 8,4m onths

11,2vs. 7,7m onths
D L1+

33,6 vs. 34,9m onths

34,0 vs. 32,7m onths
PDL1+)

37% vs. 33%

43% vs. 35%
epL1+)

5% vs. 2%

9% vs. 4%
eDL1+)

40% vs. 54%

Table 1. Phase II/III trials of novel therapeutical approaches vs. Sunitinib for untreated patients with
metastatic renal cell carcinoma. PFS= progression free survival; OS= overall survival; ORR= overall response
rate; CR= complete response; AE= adverse events; NA=not available; NR = not reached. [49,50,95,98,106]

5. Conclusions

We are currently entering the third era of mRCC therapy with the challenging aim of combining
immune-immune and immune-VEGFR-TKI, which is a direct portrait of the peculiar underlying
pathophysiology of disease, being dependent on angiogenesis and the close connection between
cancer cells and the immune system. Lack of direct comparisons, as well as different study designs
and patient stratification considered as major limits could represent a caveat in order to better tailor
clinical decisions. Nonetheless, though prognostication is mandatory, biological correlates are
highly needed. Using immunotherapy, it is mandatory to design clinical trials with a robust
immunological background.


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2020 d0i:10.20944/preprints202004.0181.v1

10 of 18

Author Contributions: Conceptualization, A.A., A.G.S., A.V. and N.Si; data curation, A.A., A.G.S, MK, PL,,
N.Su., O.B.; funding acquisition, A.G.S., N.Si. and V.R.; supervision, N.S., A.V. and V.R; original draft of the
manuscript, A.A, A.G.S. and M.K,; writing-review and editing, A.G.S., N.Si and A.V. All authors reviewed the
manuscript, approved the draft submission, and accept responsibility for all aspects of this study. All authors
have read and agreed to the published version of the manuscript.

Funding: This research project was also supported in part by the Apulian Regional Project “Medicina di
Precisione” to AGS. This work was supported by the Italian Association for Cancer Research (AIRC) through an
Investigator Grant (no. 20441 to VR) and by Fondo di Sviluppo e Coesione 2007-2013 —APQ Ricerca Regione
Puglia “Programma regionale a sostegno della specializzazione intelligente e della sostenibilita sociale ed
ambientale —FutureInResearch”. The sponsors of this study are public or nonprofit organizations that support
science in general; they had no role in gathering, analyzing, or interpreting the data.

Conflicts of Interest: The authors declare no conflict of interest.


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2020 d0i:10.20944/preprints202004.0181.v1

11 of 18

References

1.  Gerlinger, M.; Rowan, A.].; Horswell, S.; Math, M.; Larkin, J.; Endesfelder, D.; Gronroos, E.; Martinez, P.;
Matthews, N.; Stewart, A.; et al. Intratumor heterogeneity and branched evolution revealed by multiregion
sequencing. N. Engl. ]. Med. 2012, 366, 883-892.

2. Gulati, S;; Martinez, P.; Joshi, T.; Birkbak, N.J.; Santos, C.R.; Rowan, A J.; Pickering, L.; Gore, M.; Larkin, J.;
Szallasi, Z.; et al. Systematic evaluation of the prognostic impact and intratumour heterogeneity of clear cell
renal cell carcinoma biomarkers. Eur. Urol. 2014, 66, 936-948.

3.  Bergers, G.; Hanahan, D. Modes of resistance to anti-angiogenic therapy. Nat. Rev. Cancer 2008, 8, 592-603.
4.  Choueiri, T.K.; Halabi, S.; Sanford, B.L.; Hahn, O.; Michaelson, M.D.; Walsh, M.K.; Feldman, D.R.; Olencki,
T.; Picus, J.; Small, E.J.; et al. Cabozantinib Versus Sunitinib As Initial Targeted Therapy for Patients With
Metastatic Renal Cell Carcinoma of Poor or Intermediate Risk: The Alliance A031203 CABOSUN Trial. J. Clin.
Oncol. Off. ]. Am. Soc. Clin. Oncol. 2017, 35, 591-597.

5. Hutson, T.E.; Escudier, B.; Esteban, E.; Bjarnason, G.A.; Lim, H.Y.; Pittman, K.B.; Senico, P.; Niethammer,
A.; Lu, D.R,; Hariharan, S.; et al. Randomized phase III trial of temsirolimus versus sorafenib as second-line
therapy after sunitinib in patients with metastatic renal cell carcinoma. J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol.
2014, 32, 760-767.

6.  Motzer, RJ.; Hutson, T.E.; Ren, M.; Dutcus, C.; Larkin, J. Independent assessment of lenvatinib plus
everolimus in patients with metastatic renal cell carcinoma. Lancet Oncol. 2016, 17, e4-5.

7. Li, Z.-W,; Dalton, W.S. Tumor microenvironment and drug resistance in hematologic malignancies. Blood
Rev. 2006, 20, 333-342.

8. Vuong, L.; Kotecha, R.R.; Voss, M.H.; Hakimi, A.A. Tumor Microenvironment Dynamics in Clear-Cell
Renal Cell Carcinoma. Cancer Discov. 2019, 9, 1349-1357.

9. Motzer, RJ.; Rini, B.I,; McDermott, D.F.; Arén Frontera, O.; Hammers, H.J.; Carducci, M.A.; Salman, P.;
Escudier, B.; Beuselinck, B.; Amin, A.; et al. Nivolumab plus ipilimumab versus sunitinib in first-line treatment
for advanced renal cell carcinoma: extended follow-up of efficacy and safety results from a randomised,
controlled, phase 3 trial. Lancet Oncol. 2019, 20, 1370-1385.

10. Grimm, M.-O.; Schmidinger, M.; Duran Martinez, I.; Schinzari, G.; Esteban, E.; Schmitz, M.; Schumacher,
U.; Baretton, G.; Barthelemy, P.; Melichar, B.; et al. Tailored immunotherapy approach with nivolumab in
advanced renal cell carcinoma (TITAN-RCC). Ann. Oncol. 2019, 30, v892.

11. Motzer, RJ.; Escudier, B.; McDermott, D.F.; George, S.; Hammers, H.].; Srinivas, S.; Tykodi, S.S.; Sosman,
J.A.; Procopio, G.; Plimack, E.R.; et al. Nivolumab versus Everolimus in Advanced Renal-Cell Carcinoma. N.
Engl. ]. Med. 2015, 373, 1803-1813.

12. Heng, D.Y.C; Xie, W.; Regan, M.M.; Harshman, L.C.; Bjarnason, G.A.; Vaishampayan, U.N.; Mackenzie,
M.; Wood, L.; Donskov, F.; Tan, M.-H.; et al. External validation and comparison with other models of the
International Metastatic Renal-Cell Carcinoma Database Consortium prognostic model: a population-based
study. Lancet Oncol. 2013, 14, 141-148.

13. Ko, ]J; Xie, W.; Kroeger, N.; Lee, J.-L.; Rini, B.I; Knox, J.J.; Bjarnason, G.A.; Srinivas, S.; Pal, S.K.; Yuasa, T.;
et al. The International Metastatic Renal Cell Carcinoma Database Consortium model as a prognostic tool in
patients with metastatic renal cell carcinoma previously treated with first-line targeted therapy: a
population-based study. Lancet Oncol. 2015, 16, 293-300.

14. Wells, J.C,; Stukalin, I.; Norton, C.; Srinivas, S.; Lee, ]J.L.; Donskov, F.; Bjarnason, G.A.; Yamamoto, H.;


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2020 d0i:10.20944/preprints202004.0181.v1

12 of 18

Beuselinck, B.; Rini, B.I; et al. Third-line Targeted Therapy in Metastatic Renal Cell Carcinoma: Results from the
International Metastatic Renal Cell Carcinoma Database Consortium. Eur. Urol. 2017, 71, 204-209.

15. Linehan, W.M.; Ricketts, C.J. The Cancer Genome Atlas of renal cell carcinoma: findings and clinical
implications. Nat. Rev. Urol. 2019, 16, 539-552.

16. Ricketts, C.J.; De Cubas, A.A; Fan, H.; Smith, C.C; Lang, M.; Reznik, E.; Bowlby, R.; Gibb, E.A.; Akbani, R,;
Beroukhim, R.; et al. The Cancer Genome Atlas Comprehensive Molecular Characterization of Renal Cell
Carcinoma. Cell Rep. 2018, 23, 313-326.€5.

17.  McDermott, D.F.; Huseni, M.A.; Atkins, M.B.; Motzer, R.J.; Rini, B.I,; Escudier, B.; Fong, L.; Joseph, RW.;
Pal, S.K.; Reeves, ].A,; et al. Clinical activity and molecular correlates of response to atezolizumab alone or in
combination with bevacizumab versus sunitinib in renal cell carcinoma. Nat. Med. 2018, 24, 749-757.

18. Hakimi, A.A.; Voss, M.H.; Kuo, F.; Sanchez, A ; Liu, M.; Nixon, B.G.; Vuong, L.; Ostrovnaya, L; Chen, Y.-B.;
Reuter, V; et al. Transcriptomic Profiling of the Tumor Microenvironment Reveals Distinct Subgroups of Clear
Cell Renal Cell Cancer: Data from a Randomized Phase III Trial. Cancer Discov. 2019, 9, 510-525.

19. Tortora, G.; Melisi, D.; Ciardiello, F. Angiogenesis: a target for cancer therapy. Curr. Pharm. Des. 2004, 10,
11-26.

20. Mennitto, A.; Huber, V.; Ratta, R.; Sepe, P.; de Braud, F.; Procopio, G.; Guadalupi, V.; Claps, M.; Stellato,
M.; Daveri, E.; et al. Angiogenesis and Immunity in Renal Carcinoma: Can We Turn an Unhappy Relationship
into a Happy Marriage? J. Clin. Med. 2020, 9.

21. Ficarra, V.; Novara, G.; Secco, S.; Macchi, V.; Porzionato, A.; De Caro, R.; Artibani, W. Preoperative aspects
and dimensions used for an anatomical (PADUA) classification of renal tumours in patients who are candidates
for nephron-sparing surgery. Eur. Urol. 2009, 56, 786-793.

22. Kutikov, A.; Uzzo, R.G. The R.E.N.A.L. nephrometry score: a comprehensive standardized system for
quantitating renal tumor size, location and depth. J. Urol. 2009, 182, 844-853.

23. Simmons, M.N.; Ching, C.B.; Samplaski, M.K.; Park, C.H.; Gill, I.S. Kidney tumor location measurement
using the C index method. J. Urol. 2010, 183, 1708-1713.

24. Manola, J.; Royston, P.; Elson, P.; McCormack, J.B.; Mazumdar, M.; Négrier, S.; Escudier, B.; Eisen, T,;
Dutcher, J.; Atkins, M.; et al. Prognostic model for survival in patients with metastatic renal cell carcinoma:
results from the international kidney cancer working group. Clin. Cancer Res. Off. ]. Am. Assoc. Cancer Res. 2011,
17, 5443-5450.

25. Santini, D.; Procopio, G.; Porta, C.; Ibrahim, T.; Barni, S.; Mazzara, C.; Fontana, A.; Berruti, A.; Berardi, R.;
Vincenzi, B.; et al. Natural history of malignant bone disease in renal cancer: final results of an Italian bone
metastasis survey. PloS One 2013, 8, e83026.

26. Fuhrman, S.A.; Lasky, L.C,; Limas, C. Prognostic significance of morphologic parameters in renal cell
carcinoma. Am. J. Surg. Pathol. 1982, 6, 655-663.

27. Rioux-Leclercq, N.; Karakiewicz, P.I; Trinh, Q.-D.; Ficarra, V.; Cindolo, L.; de la Taille, A.; Tostain, J.;
Zigeuner, R.; Mejean, A.; Patard, J.-J. Prognostic ability of simplified nuclear grading of renal cell carcinoma.
Cancer 2007, 109, 868-874.

28. Delahunt, B.; Cheville, J.C.; Martignoni, G.; Humphrey, P.A.; Magi-Galluzzi, C.; McKenney, J.; Egevad, L.;
Algaba, F.; Moch, H.; Grignon, D.]J; et al. The International Society of Urological Pathology (ISUP) grading
system for renal cell carcinoma and other prognostic parameters. Am. J. Surg. Pathol. 2013, 37, 1490-1504.

29. Katsumata, T.; Kitamura, S.; Inamura, K.; Terashi, A. [Clinical and CT-findings in hemiballismus]. Nihon

Ronen Igakkai Zasshi Jpn. ]. Geriatr. 1992, 29, 123-128.


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2020 d0i:10.20944/preprints202004.0181.v1

13 of 18

30. Delahunt, B.; Eble, ].N.; McCredie, M.R.; Bethwaite, P.B.; Stewart, ].H.; Bilous, A.M. Morphologic typing of
papillary renal cell carcinoma: comparison of growth kinetics and patient survival in 66 cases. Hum. Pathol. 2001,
32, 590-595.

31. Elson, P.J.; Witte, R.S.; Trump, D.L. Prognostic factors for survival in patients with recurrent or metastatic
renal cell carcinoma. Cancer Res. 1988, 48, 7310-7313.

32. Motzer, RJ.; Mazumdar, M.; Bacik, J.; Berg, W.; Amsterdam, A.; Ferrara, J. Survival and prognostic
stratification of 670 patients with advanced renal cell carcinoma. J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol. 1999,
17, 2530-2540.

33. Motzer, RJ.; Bacik, J.; Murphy, B.A.; Russo, P.; Mazumdar, M. Interferon-alfa as a comparative treatment
for clinical trials of new therapies against advanced renal cell carcinoma. J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol.
2002, 20, 289-296.

34. Heng, D.Y.C; Xie, W.; Regan, M.M.; Warren, M.A.; Golshayan, A.R.; Sahi, C.; Eigl, B.J.; Ruether, ].D,;
Cheng, T.; North, S.; et al. Prognostic factors for overall survival in patients with metastatic renal cell carcinoma
treated with vascular endothelial growth factor-targeted agents: results from a large, multicenter study. J. Clin.
Oncol. Off. ]. Am. Soc. Clin. Oncol. 2009, 27, 5794-5799.

35. Sidhar, S. The t(X;1)(p11.2;q21.2) translocation in papillary renal cell carcinoma fuses a novel gene PRCC
to the TFE3 transcription factor gene. Hum. Mol. Genet. 1996, 5, 1333-1338.

36. Anglard, P.; Trahan, E; Liu, S.; Latif, F.; Merino, M.].; Lerman, M.L; Zbar, B.; Linehan, W.M. Molecular and
cellular characterization of human renal cell carcinoma cell lines. Cancer Res. 1992, 52, 348-356.

37. Kroeger, N.; Klatte, T.; Chamie, K.; Rao, P.N.; Birkhauser, F.D.; Sonn, G.A.; Riss, ]J.; Kabbinavar, F.F,;
Belldegrun, A.S; Pantuck, A.J. Deletions of chromosomes 3p and 14q molecularly subclassify clear cell renal cell
carcinoma: HIF-1a and VHL Gene Deletions in ccRCC. Cancer 2013, 119, 1547-1554.

38. Klatte, T.; Streubel, B.; Wrba, F.; Remzi, M.; Krammer, B.; de Martino, M.; Waldert, M.; Marberger, M.;
Susani, M.; Haitel, A. Renal cell carcinoma associated with transcription factor E3 expression and Xp11.2
translocation: incidence, characteristics, and prognosis. Am. J. Clin. Pathol. 2012, 137, 761-768.

39. da Costa, W.H,; Fares, A.F.; Bezerra, S.M.; Morini, M.A.; de Toledo Benigno, L.A.; Clavijo, D.A.; Fornazieri,
L.; Rocha, M.M.; da Cunha, LW.; de Cassio Zequi, S. Loss of BAP1 expression in metastatic tumor tissue is an
event of poor prognosis in patients with metastatic clear cell renal cell carcinoma. Urol. Oncol. 2019, 37, 78-85.
40. Pena-Llopis, S.; Vega-Rubin-de-Celis, S.; Liao, A.; Leng, N.; Pavia-Jiménez, A.; Wang, S.; Yamasaki, T.;
Zhrebker, L.; Sivanand, S.; Spence, P.; et al. BAP1 loss defines a new class of renal cell carcinoma. Nat. Genet.
2012, 44, 751-759.

41. Liu, L; Guo, R.; Zhang, X.; Liang, Y.; Kong, F.; Wang, J.; Xu, Z. Loss of SETD2, but not H3K36me3,
correlates with aggressive clinicopathological features of clear cell renal cell carcinoma patients. Biosci. Trends
2017, 11, 214-220.

42. Kohn, L.; Svenson, U.; Ljungberg, B.; Roos, G. Specific genomic aberrations predict survival, but low
mutation rate in cancer hot spots, in clear cell renal cell carcinoma. Appl. Immunohistochem. Mol. Morphol. AIMM
2015, 23, 334-342.

43. Liu, Y,; Tran, H.T,; Lin, Y.; Martin, A.; Zurita, A.J.; Sternberg, C.N.; Amado, R.G.; Pandite, L.N.; Heymach,
J.; VEG105192 Team Plasma cytokine and angiogenic factors (CAFs) predictive of clinical benefit and prognosis
in patients (Pts) with advanced or metastatic renal cell cancer (mRCC) treated in phase III trials of pazopanib
(PAZO). ]. Clin. Oncol. 2011, 29, 334-334.

44. Choueiri, T.K.; Regan, M.M.; Rosenberg, J.E.; Oh, W.K,; Clement, J.; Amato, A.M.; McDermott, D.; Cho,


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2020 d0i:10.20944/preprints202004.0181.v1

14 of 18

D.C.; Atkins, M.B.; Signoretti, S. Carbonic anhydrase IX and pathological features as predictors of outcome in
patients with metastatic clear-cell renal cell carcinoma receiving vascular endothelial growth factor-targeted
therapy. BJU Int. 2010, 106, 772-778.

45. D’ Alterio, C,; Portella, L.; Ottaiano, A.; Rizzo, M.; Carteni, G.; Pignata, S.; Facchini, G.; Perdona, S.; Di
Lorenzo, G.; Autorino, R.; et al. High CXCR4 expression correlates with sunitinib poor response in metastatic
renal cancer. Curr. Cancer Drug Targets 2012, 12, 693-702.

46. D’Aniello, C.; Berretta, M.; Cavaliere, C.; Rossetti, S.; Facchini, B.A.; Iovane, G.; Mollo, G.; Capasso, M.;
Pepa, C.D.; Pesce, L.; et al. Biomarkers of Prognosis and Efficacy of Anti-angiogenic Therapy in Metastatic Clear
Cell Renal Cancer. Front. Oncol. 2019, 9, 1400.

47. Carlsson, J.; Sundqvist, P.; Kosuta, V.; Filt, A.; Giunchi, F.; Fiorentino, M.; Davidsson, S. PD-L1 Expression
is Associated With Poor Prognosis in Renal Cell Carcinoma. Appl. Immunohistochem. Mol. Morphol. AIMM 2020,
28, 213-220.

48. Flaifel, A.; Xie, W.; Braun, D.A; Ficial, M.; Bakouny, Z.; Nassar, A.H.; Jennings, R.B.; Escudier, B.; George,
D.J.; Motzer, R.].; et al. PD-L1 Expression and Clinical Outcomes to Cabozantinib, Everolimus, and Sunitinib in
Patients with Metastatic Renal Cell Carcinoma: Analysis of the Randomized Clinical Trials METEOR and
CABOSUN. Clin. Cancer Res. Off. ]. Am. Assoc. Cancer Res. 2019, 25, 6080-6088.

49. Rini, B.L; Plimack, E.R.; Stus, V.; Gafanov, R.; Hawkins, R.; Nosov, D.; Pouliot, F.; Alekseev, B.; Souliéres,
D.; Melichar, B.; et al. Pembrolizumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N.
Engl. ]. Med. 2019, 380, 1116-1127.

50. Motzer, R.].; Penkov, K.; Haanen, J.; Rini, B.; Albiges, L.; Campbell, M.T.; Venugopal, B.; Kollmannsberger,
C.; Negrier, S.; Uemura, M.; et al. Avelumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma.
N. Engl. ]. Med. 2019, 380, 1103-1115.

51. Rini, B.I.; Powles, T.; Atkins, M.B.; Escudier, B.; McDermott, D.F.; Suarez, C.; Bracarda, S.; Stadler, W.M.;
Donskov, F.; Lee, J.L.; et al. Atezolizumab plus bevacizumab versus sunitinib in patients with previously
untreated metastatic renal cell carcinoma (IMmotion151): a multicentre, open-label, phase 3, randomised
controlled trial. Lancet Lond. Engl. 2019, 393, 2404-2415.

52. Rini, B.I.; Michaelson, M.D.; Rosenberg, ].E.; Bukowski, R.M.; Sosman, J.A.; Stadler, W.M.; Hutson, T.E,;
Margolin, K.; Harmon, C.S.; DePrimo, S.E.; et al. Antitumor activity and biomarker analysis of sunitinib in
patients with bevacizumab-refractory metastatic renal cell carcinoma. J. Clin. Oncol. Off. |. Am. Soc. Clin. Oncol.
2008, 26, 3743-3748.

53. Armstrong, A.].; George, D.]J.; Halabi, S. Serum lactate dehydrogenase predicts for overall survival benefit
in patients with metastatic renal cell carcinoma treated with inhibition of mammalian target of rapamycin. J.
Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol. 2012, 30, 3402-3407.

54. Tran, H.T,; Liu, Y.; Zurita, A.J,; Lin, Y.; Baker-Neblett, K.L.; Martin, A.-M.; Figlin, R.A.; Hutson, T.E,;
Sternberg, C.N.; Amado, R.G.; et al. Prognostic or predictive plasma cytokines and angiogenic factors for
patients treated with pazopanib for metastatic renal-cell cancer: a retrospective analysis of phase 2 and phase 3
trials. Lancet Oncol. 2012, 13, 827-837.

55. Zurita, A.J.; Gagnon, R.C,; Liu, Y.; Tran, H.T.; Figlin, R.A.; Hutson, T.E.; D’Amelio, A.M.; Sternberg, C.N.;
Pandite, L.N.; Heymach, J.V. Integrating cytokines and angiogenic factors and tumour bulk with selected
clinical criteria improves determination of prognosis in advanced renal cell carcinoma. Br. J. Cancer 2017, 117,
478-484.

56. Liu, X,; Swen, ].].; Boven, E.; Castellano, D.; Gelderblom, H.; Mathijssen, R.H.].; Rodriguez-Antona, C.;


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2020 d0i:10.20944/preprints202004.0181.v1

15 of 18

Garcia-Donas, J.; Rini, B.I; Guchelaar, H.-]. Meta-analysis on the association of VEGFR1 genetic variants with
sunitinib outcome in metastatic renal cell carcinoma patients. Oncotarget 2017, 8, 1204-1212.

57.  Choueiri, T.K,; Vaziri, S.A.].; Jaeger, E.; Elson, P.; Wood, L.; Bhalla, I.P.; Small, E.J.; Weinberg, V.; Sein, N.;
Simko, J.; et al. von Hippel-Lindau gene status and response to vascular endothelial growth factor targeted
therapy for metastatic clear cell renal cell carcinoma. J. Urol. 2008, 180, 860-865; discussion 865-866.

58. Voss, M.H.; Hakimi, A.A.; Pham, C.G.; Brannon, A.R.; Chen, Y.-B.; Cunha, L.F.; Akin, O.; Liu, H.; Takeda,
S.; Scott, S.N.; et al. Tumor genetic analyses of patients with metastatic renal cell carcinoma and extended
benefit from mTOR inhibitor therapy. Clin. Cancer Res. Off. ]. Am. Assoc. Cancer Res. 2014, 20, 1955-1964.

59. Bernards, R. Cancer: cues for migration. Nature 2003, 425, 247-248.

60. Linehan, W.M.; Vasselli, J.; Srinivasan, R.; Walther, M.M.; Merino, M.; Choyke, P.; Vocke, C.; Schmidt, L.;
Isaacs, ].S.; Glenn, G.; et al. Genetic basis of cancer of the kidney: disease-specific approaches to therapy. Clin.
Cancer Res. Off. ]. Am. Assoc. Cancer Res. 2004, 10, 62825-9S.

61. Santoni, M.; Conti, A.; Procopio, G.; Porta, C.; Ibrahim, T.; Barni, S.; Guida, F.M.; Fontana, A.; Berruti, A,;
Berardi, R.; et al. Bone metastases in patients with metastatic renal cell carcinoma: are they always associated
with poor prognosis? J. Exp. Clin. Cancer Res. CR 2015, 34, 10.

62. Kim, B.J.; Kim, J.H.; Kim, H.S.; Zang, D.Y. Prognostic and predictive value of VHL gene alteration in renal
cell carcinoma: a meta-analysis and review. Oncotarget 2017, 8, 13979-13985.

63. Braun, D.A.; Ishii, Y.; Walsh, A.M.; Van Allen, EM.; Wu, CJ.; Shukla, S.A.; Choueiri, T.K. Clinical
Validation of PBRM1 Alterations as a Marker of Immune Checkpoint Inhibitor Response in Renal Cell
Carcinoma. JAMA Oncol. 2019.

64. Kapur, P; Pefa-Llopis, S.; Christie, A.; Zhrebker, L.; Pavia-Jiménez, A.; Rathmell, WK, Xie, X.-J;
Brugarolas, J. Effects on survival of BAP1 and PBRM1 mutations in sporadic clear-cell renal-cell carcinoma: a
retrospective analysis with independent validation. Lancet Oncol. 2013, 14, 159-167.

65. Brannon, A.R.; Reddy, A.; Seiler, M.; Arreola, A.; Moore, D.T.; Pruthi, R.S.; Wallen, E.M.; Nielsen, M.E,; Liu,
H.; Nathanson, K.L.; et al. Molecular Stratification of Clear Cell Renal Cell Carcinoma by Consensus Clustering
Reveals Distinct Subtypes and Survival Patterns. Genes Cancer 2010, 1, 152-163.

66. Chen, F.; Zhang, Y.; Senbabaoglu, Y.; Ciriello, G.; Yang, L.; Reznik, E.; Shuch, B.; Micevic, G.; De Velasco,
G.; Shinbrot, E.; et al. Multilevel Genomics-Based Taxonomy of Renal Cell Carcinoma. Cell Rep. 2016, 14, 2476~
2489.

67. Cancer Genome Atlas Research Network Comprehensive molecular characterization of clear cell renal cell
carcinoma. Nature 2013, 499, 43—49.

68. Rini, B.; Goddard, A.; Knezevic, D.; Maddala, T.; Zhou, M.; Aydin, H.; Campbell, S.; Elson, P.; Koscielny, S.;
Lopatin, M.; et al. A 16-gene assay to predict recurrence after surgery in localised renal cell carcinoma:
development and validation studies. Lancet Oncol. 2015, 16, 676-685.

69. Verbiest, A.; Couchy, G.; Job, S.; Zucman-Rossi, J.; Caruana, L.; Lerut, E.; Oyen, R.; de Reyniés, A,;
Laguerre, B.; Rioux-Leclercq, N.; et al. Molecular Subtypes of Clear Cell Renal Cell Carcinoma Are Associated
With Outcome During Pazopanib Therapy in the Metastatic Setting. Clin. Genitourin. Cancer 2018, 16, e605-e612.
70. Verbiest, A.; Couchy, G.; Job, S.; Caruana, L.; Lerut, E.; Oyen, R.; de Reynies, A.; Tosco, L.; Joniau, S.; Van
Poppel, H.; et al. Molecular Subtypes of Clear-cell Renal Cell Carcinoma are Prognostic for Outcome After
Complete Metastasectomy. Eur. Urol. 2018, 74, 474—-480.

71. Verbiest, A.; Renders, I; Caruso, S.; Couchy, G.; Job, S.; Laenen, A.; Verkarre, V.; Rioux-Leclercq, N.;
Schoffski, P.; Vano, Y.; et al. Clear-cell Renal Cell Carcinoma: Molecular Characterization of IMDC Risk Groups


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2020 d0i:10.20944/preprints202004.0181.v1

16 of 18

and Sarcomatoid Tumors. Clin. Genitourin. Cancer 2019, 17, €981-e994.

72. Beuselinck, B.; Verbiest, A.; Couchy, G.; Job, S.; de Reynies, A.; Meiller, C.; Albersen, M.; Verkarre, V.;
Lerut, E.; Méjean, A.; et al. Pro-angiogenic gene expression is associated with better outcome on sunitinib in
metastatic clear-cell renal cell carcinoma. Acta Oncol. Stockh. Swed. 2018, 57, 498-508.

73.  McDermott, D.F.; Huseni, M.A.; Atkins, M.B.; Motzer, R.J.; Rini, B.I,; Escudier, B.; Fong, L.; Joseph, RW.;
Pal, S.K.; Reeves, ].A,; et al. Clinical activity and molecular correlates of response to atezolizumab alone or in
combination with bevacizumab versus sunitinib in renal cell carcinoma. Nat. Med. 2018, 24, 749-757.

74. Wong, G.S.; Rustgi, AK. Matricellular proteins: priming the tumour microenvironment for cancer
development and metastasis. Br. |. Cancer 2013, 108, 755-761.

75. Smyth, M.].; Ngiow, S.F.; Ribas, A.; Teng, M.W.L. Combination cancer immunotherapies tailored to the
tumour microenvironment. Nat. Rev. Clin. Oncol. 2016, 13, 143-158.

76. Heidegger, I; Pircher, A.; Pichler, R. Targeting the Tumor Microenvironment in Renal Cell Cancer Biology
and Therapy. Front. Oncol. 2019, 9, 490.

77. Finke, ] H,; Rayman, P.A.; Ko, ].S.; Bradley, ].M.; Gendler, S.J.; Cohen, P.A. Modification of the tumor
microenvironment as a novel target of renal cell carcinoma therapeutics. Cancer J. Sudbury Mass 2013, 19, 353
364.

78. Liu, T,; Zhou, L.; Li, D.; Andl, T.; Zhang, Y. Cancer-Associated Fibroblasts Build and Secure the Tumor
Microenvironment. Front. Cell Dev. Biol. 2019, 7, 60.

79. Steinbach, F.; Tanabe, K.; Alexander, ]J.; Edinger, M.; Tubbs, R.; Brenner, W.; Stockle, M.; Novick, A.C,;
Klein, E.A. The influence of cytokines on the adhesion of renal cancer cells to endothelium. . Urol. 1996, 155,
743-748.

80. Leone, P.; Di Lernia, G.; Solimando, A.G.; Cicco, S.; Saltarella, I.; Lamanuzzi, A.; Ria, R.; Frassanito, M.A.;
Ponzoni, M.; Ditonno, P.; et al. Bone marrow endothelial cells sustain a tumor-specific CD8+ T cell subset with
suppressive function in myeloma patients. Oncoimmunology 2019, 8, e1486949.

81. Frassanito, M.A.; Desantis, V.; Di Marzo, L.; Craparotta, I.; Beltrame, L.; Marchini, S.; Annese, T.; Visino, F.;
Arciuli, M,; Saltarella, I; et al. Bone marrow fibroblasts overexpress miR-27b and miR-214 in step with multiple
myeloma progression, dependent on tumour cell-derived exosomes. . Pathol. 2019, 247, 241-253.

82. Li, W.W.; Hutnik, M.; Gehr, G. Antiangiogenesis in haematological malignancies. Br. ]. Haematol. 2008, 143,
622-631.

83. Bussard, K.M.; Mutkus, L.; Stumpf, K.; Gomez-Manzano, C.; Marini, F.C. Tumor-associated stromal cells
as key contributors to the tumor microenvironment. Breast Cancer Res. BCR 2016, 18, 84.

84. Gruenwald, V.; Beutel, G.; Schuch-Jantsch, S.; Reuter, C.; Ivanyi, P.; Ganser, A.; Haubitz, M. Circulating
endothelial cells are an early predictor in renal cell carcinoma for tumor response to sunitinib. BMC Cancer 2010,
10, 695.

85. Kim, J.J.; Vaziri, S.A.J.; Rini, B.I; Elson, P.; Garcia, ].A.; Wirka, R.; Dreicer, R.; Ganapathi, M.K.; Ganapathi,
R. Association of VEGF and VEGFR2 single nucleotide polymorphisms with hypertension and clinical outcome
in metastatic clear cell renal cell carcinoma patients treated with sunitinib. Cancer 2012, 118, 1946-1954.

86. Rini, B.I; Halabi, S.; Rosenberg, J.E.; Stadler, W.M.; Vaena, D.A,; Ou, S.-S.; Archer, L.; Atkins, ].N.; Picus, J.;
Czaykowski, P.; et al. Bevacizumab plus interferon alfa compared with interferon alfa monotherapy in patients
with metastatic renal cell carcinoma: CALGB 90206. J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol. 2008, 26, 5422-5428.
87. Motzer, RJ.; Hutson, T.E.; Tomczak, P.; Michaelson, M.D.; Bukowski, R.M.; Rixe, O.; Oudard, S.; Negrier,

S.; Szcezylik, C.; Kim, S.T.; et al. Sunitinib versus interferon alfa in metastatic renal-cell carcinoma. N. Engl. |. Med.


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2020 d0i:10.20944/preprints202004.0181.v1

17 of 18

2007, 356, 115-124.

88. Escudier, B.; Eisen, T.; Stadler, W.M.; Szczylik, C.; Oudard, S.; Staehler, M.; Negrier, S.; Chevreau, C.; Desai,
A.A.; Rolland, F.; et al. Sorafenib for treatment of renal cell carcinoma: Final efficacy and safety results of the
phase III treatment approaches in renal cancer global evaluation trial. J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol.
2009, 27, 3312-3318.

89. Sternberg, C.N.; Davis, 1.D.; Mardiak, J.; Szczylik, C.; Lee, E.; Wagstaff, J.; Barrios, C.H.; Salman, P,
Gladkov, O.A.; Kavina, A,; et al. Pazopanib in locally advanced or metastatic renal cell carcinoma: results of a
randomized phase III trial. J. Clin. Oncol. Off. |. Am. Soc. Clin. Oncol. 2010, 28, 1061-1068.

90. Rini, B.I; Escudier, B.; Tomczak, P.; Kaprin, A.; Szczylik, C.; Hutson, T.E.; Michaelson, M.D.; Gorbunova,
V.A; Gore, M.E.; Rusakov, L.G.; et al. Comparative effectiveness of axitinib versus sorafenib in advanced renal
cell carcinoma (AXIS): a randomised phase 3 trial. Lancet Lond. Engl. 2011, 378, 1931-1939.

91. Choueiri, T.K;; Escudier, B.; Powles, T.; Tannir, N.M.; Mainwaring, P.N.; Rini, B.I; Hammers, H.J;
Donskov, F.; Roth, B.].; Peltola, K.; et al. Cabozantinib versus everolimus in advanced renal cell carcinoma
(METEOR): final results from a randomised, open-label, phase 3 trial. Lancet Oncol. 2016, 17, 917-927.

92. Motzer, R.J.; Hutson, T.E.; Glen, H.; Michaelson, M.D.; Molina, A.; Eisen, T.; Jassem, J.; Zolnierek, J.;
Maroto, J.P.; Mellado, B.; et al. Lenvatinib, everolimus, and the combination in patients with metastatic renal
cell carcinoma: a randomised, phase 2, open-label, multicentre trial. Lancet Oncol. 2015, 16, 1473-1482.

93. Motzer, R].; Escudier, B.; Oudard, S.; Hutson, T.E.; Porta, C.; Bracarda, S.; Griinwald, V.; Thompson, J.A.;
Figlin, R.A.; Hollaender, N.; et al. Phase 3 trial of everolimus for metastatic renal cell carcinoma : final results
and analysis of prognostic factors. Cancer 2010, 116, 4256—4265.

94. Hudes, G.; Carducci, M.; Tomczak, P.; Dutcher, J.; Figlin, R.; Kapoor, A.; Staroslawska, E.; Sosman, J.;
McDermott, D.; Bodrogi, I; et al. Temsirolimus, interferon alfa, or both for advanced renal-cell carcinoma. N.
Engl. ]. Med. 2007, 356, 2271-228]1.

95. Rini, B.I; Powles, T.; Atkins, M.B.; Escudier, B.; McDermott, D.F.; Suarez, C.; Bracarda, S.; Stadler, W.M.;
Donskov, F.; Lee, J.L.; et al. Atezolizumab plus bevacizumab versus sunitinib in patients with previously
untreated metastatic renal cell carcinoma (IMmotion151): a multicentre, open-label, phase 3, randomised
controlled trial. Lancet Lond. Engl. 2019, 393, 2404-2415.

96. Motzer, R.J.; Tannir, N.M.; McDermott, D.F.; Arén Frontera, O.; Melichar, B.; Choueiri, T.K,; Plimack, E.R.;
Barthélémy, P.; Porta, C.; George, S.; et al. Nivolumab plus Ipilimumab versus Sunitinib in Advanced
Renal-Cell Carcinoma. N. Engl. ]. Med. 2018, 378, 1277-1290.

97. Brighi, N.; Farolfi, A.; Conteduca, V.; Gurioli, G.; Gargiulo, S.; Galla, V.; Schepisi, G.; Lolli, C.; Casadei, C.;
De Giorgi, U. The Interplay between Inflammation, Anti-Angiogenic Agents, and Immune Checkpoint
Inhibitors: Perspectives for Renal Cell Cancer Treatment. Cancers 2019, 11.

98. Choueiri, T.K.; Hessel, C.; Halabi, S.; Sanford, B.; Michaelson, M.D.; Hahn, O.; Walsh, M.; Olencki, T.; Picus,
J; Small, EJ.; et al. Cabozantinib versus sunitinib as initial therapy for metastatic renal cell carcinoma of
intermediate or poor risk (Alliance A031203 CABOSUN randomised trial): Progression-free survival by
independent review and overall survival update. Eur. |. Cancer Oxf. Engl. 1990 2018, 94, 115-125.

99. George, D.J.; Hessel, C.; Halabi, S.; Michaelson, M.D.; Hahn, O.; Walsh, M.; Picus, J.; Small, E.J.; Dakhil, S.;
Feldman, D.R.,; et al. Cabozantinib Versus Sunitinib for Untreated Patients with Advanced Renal Cell
Carcinoma of Intermediate or Poor Risk: Subgroup Analysis of the Alliance A031203 CABOSUN trial. The
Oncologist 2019, 24, 1497-1501.

100. Schmidt, E.; Lister, J.; Neumann, M.; Wiecek, W.; Fu, S.; Vataire, A.-L.; Sostar, J.; Huang, S.; Marteau, F.


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2020 d0i:10.20944/preprints202004.0181.v1

18 of 18

Cabozantinib Versus Standard-of-Care Comparators in the Treatment of Advanced/Metastatic Renal Cell
Carcinoma in Treatment-naive Patients: a Systematic Review and Network Meta-Analysis. Target. Oncol. 2018,
13,205-216.

101. Tannir, N.M.; McDermott, D.F.; Escudier, B.; Hammers, H.J.; Aren, O.R,; Plimack, E.R.; Barthelemy, P.;
Neiman, V.; George, S.; Porta, C.; et al. Overall survival and independent review of response in CheckMate 214
with 42-month follow-up: First-line nivolumab + ipilimumab (N+I) versus sunitinib (S) in patients (pts) with
advanced renal cell carcinoma (aRCC). J. Clin. Oncol. 2020, 38, 609-609.

102. Motzer, R.J.; Hutson, T.E.; Cella, D.; Reeves, J.; Hawkins, R.; Guo, J.; Nathan, P.; Staehler, M.; de Souza, P.;
Merchan, J.R.; et al. Pazopanib versus sunitinib in metastatic renal-cell carcinoma. N. Engl. J. Med. 2013, 369,
722-731.

103. Escudier, B.; Motzer, R.J.; Tannir, N.M.; Porta, C.; Tomita, Y.; Maurer, M.A.; McHenry, M.B.; Rini, B.I
Efficacy of Nivolumab plus Ipilimumab According to Number of IMDC Risk Factors in CheckMate 214. Eur.
Urol. 2020, 77, 449-453.

104. Rassy, E.; Flippot, R.; Albiges, L. Tyrosine kinase inhibitors and immunotherapy combinations in renal cell
carcinoma. Ther. Adv. Med. Oncol. 2020, 12, 1758835920907504.

105. Young, M.D.; Mitchell, T.J.; Vieira Braga, F.A.; Tran, M.G.B.; Stewart, B.J.; Ferdinand, J.R.; Collord, G.;
Botting, R.A.; Popescu, D.-M.; Loudon, K.W.; et al. Single-cell transcriptomes from human kidneys reveal the
cellular identity of renal tumors. Science 2018, 361, 594-599.

106. Tannir, N.M.; McDermott, D.F.; Escudier, B.; Hammers, H.J.; Aren, O.R,; Plimack, E.R.; Barthelemy, P.;
Neiman, V.; George, S.; Porta, C.; et al. Overall survival and independent review of response in CheckMate 214
with 42-month follow-up: First-line nivolumab + ipilimumab (N+I) versus sunitinib (5) in patients (pts) with

advanced renal cell carcinoma (aRCC). J. Clin. Oncol. 2020, 38, 609-609.


https://doi.org/10.20944/preprints202004.0181.v1
https://doi.org/10.3390/jcm9051594

