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In the so-called “antiangiogenic era” of recent years, a number of targeted therapies have been approved for the
treatment of metastatic renal cell carcinoma (mRCC). Emerging information about the immunological features of
mRCC and the immunomodulating properties of antiangiogenic agents, one of the standard treatments for
mRCC, indicates that a more rational design of potentially synergistic combinations should be pursued. Indeed,
immunotherapy has undergone a resurgence in clinical practice. In this narrative review, we discuss the im-

munological features of mRCC and the potential interactions that antiangiogenic agents may also exert on host
immunity and tumor immunogenicity, possibly working on both sides of this complex cross-talk. Hence, the
recall to Gianus, the ancient two-faced Roman God who was looking both at the future and the past. Treatment
strategies will be also critically discussed.

1. Introduction

Over the last decade, in the so-called “antiangiogenic era”, a number
of targeted therapies have been approved for the treatment of meta-
static renal cell carcinoma (mRCC) (Choueiri and Motzer, 2017; Vitale
and Carteni, 2016). More recently, immunotherapy has undergone a
resurgence in clinical practice (Gill and Agarwal, 2017). In 2016 the
European Society for Medical Oncology (ESMO) guideline still re-
commended bevacizumab plus interferon (IFN)-a, sunitinib or pazo-
panib as first-line treatment in patients with good or intermediate risk
and clear-cell histology and temsirolimus for the poor risk cases
(Escudier et al.,, 2016). These indications have been completely
changed with the recent publication of the Checkmate-214 results,
comparing nivolumab + ipilimumab versus sunitinib in previously
untreated advanced or metastatic RCC and suggesting the use of the two
drug combination in cases with intermediate-poor prognosis but not in
patients with good risk where sunitinib remains, at the moment, the
standard treatment option (Powles et al., 2017; Motzer et al., 2018a,b).
For patients treated beyond the first line, at the moment the most
promising data derive from the nivolumab or cabozantinib studies,

while other second-line treatments include axitinib, sorafenib or ever-
olimus; enrolment into clinical trials is recommended where possible
(Escudier et al., 2016).

The introduction of innovative immunotherapeutic agents to the
treatment scenario for mRCC has undoubtedly provided clinicians with
new therapeutic options, to be used either alone or in combination with
existing drugs. Of note, modern treatment selection should rely upon a
detailed knowledge of the molecular effects exerted by each molecule
and not simply upon an empirical basis (Porta et al., 2017), although it
must be admitted that gaining a precise definition of the pleiotropic
mechanisms of action of immune checkpoint inhibitors (ICI) might be
challenging. Furthermore, the emerging amount of information about
the immunological and other features of RCC and the not-always ac-
knowledged immunomodulating properties of most of the recent RCC
standard treatments, such as tyrosine kinase inhibitors (TKI) or mono-
clonal antibodies, indicate that a more rational and careful design of
potentially synergistic combinations can be achieved.

This narrative review discusses recent data on the immunological
features of mRCC and the potential interactions that antiangiogenic
agents may exert on host immunity and tumor immunogenicity,

* Corresponding author at: Department of Oncology, Azienda USL Toscana Sud-Est, Ospedale San Donato, Istituto Toscano Tumori, Arezzo, Italy.
E-mail addresses: Sergio.bracarda@uslsudest.toscana.it (S. Bracarda), c.porta@smatteo.pv.it (C. Porta), roberto.sabbatini@policlinico.mo.it (R. Sabbatini),

Licia.Rivoltini@istitutotumori.mi.it (L. Rivoltini).

https://doi.org/10.1016/j.critrevonc.2018.07.009

Received 25 March 2018; Received in revised form 12 July 2018; Accepted 30 July 2018

1040-8428/ © 2018 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/10408428
https://www.elsevier.com/locate/critrevonc
https://doi.org/10.1016/j.critrevonc.2018.07.009
https://doi.org/10.1016/j.critrevonc.2018.07.009
mailto:Sergio.bracarda@uslsudest.toscana.it
mailto:c.porta@smatteo.pv.it
mailto:roberto.sabbatini@policlinico.mo.it
mailto:Licia.Rivoltini@istitutotumori.mi.it
https://doi.org/10.1016/j.critrevonc.2018.07.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.critrevonc.2018.07.009&domain=pdf

S. Bracarda et al.

possibly functioning on both sides of this complex cross-talk. Hence the
recall to Gianus, the ancient two-faced Roman God of beginning and
transitions, who was looking at the same time to the future and to the
past. On these bases, some speculations on how old and new drugs
among the RCC treatment strategies could be rationally combined will
also be discussed.

2. Metastatic renal cell carcinoma and the immune system

2.1. The paradox of high T-cell infiltrate correlating with poor prognosis, an
exception confirming the rule?

Despite the overwhelming amount of new information that has
enlightened the field of tumor immunology in recent years, the decades-
old paradox about the correlation of the T-cell infiltrates with poor
prognosis for RCC remains totally unexplained. In the difficult days
when nobody believed in cancer immunotherapy, and we were strug-
gling for evidence to strengthen our faith in the role of the immune
system, the presence of cytotoxic T cell (CD)8+ T-cell infiltrate cor-
relating with good prognosis in several solid cancers, including color-
ectal cancer, and the pioneering Immunoscore developed by Jérome
Galon (Galon et al., 2006, 2014), were some of the few positive things
to hold onto. But in this scenario, RCC was already standing alone as an
awkward exception: an immunogenic cancer responding to im-
munotherapy but showing a curious inverse association of the T-cell
infiltrates with the worst patient outcome. Various hypotheses were
formulated depicting a possible immunosuppressive nature of the in-
filtrating T cells, a prevalent role of natural killer (NK)-mediated im-
mune surveillance, lack of human leukocyte antigen (HLA)-I expres-
sion, and HLA-G positivity. But that was not a random observation as,
even now in this era of ICIs, the inverse correlation has been confirmed
with multiple and sophisticated technical approaches, from im-
munophenotyping by conjugating mass spectrometry with CyTOF
(Cytometry by Time-Of-Flight) to gene expression profiling (GEP), and
it still remains totally unexplained. Indeed, are the RCC patients with
the strongest CD8 +, perforin+, IFN-y + signature T-cell infiltrates who
respond to ICI in perfect alignment with the other cancer histologies,
except for the not negligible difference that these are patients with the
worse conditions and the most aggressive disease in which ICI may even
mediate the so-called Lazarus effect and totally tilt the fate of patients?
Hence, in line with the newest theories, we should be facing “hot tu-
mors”, highly programmed cell death (PD)-1 and programmed cell
death-ligand (PD-L)1 expressing tumors in which immunity is in-
explicably a negative prognostic factor. Although reasonable explana-
tions are still lacking, it is tempting to speculate that what is driving
immunogenicity of RCC is also driving disease aggressiveness. In other
words, according to the most up-to-date trends, neoantigens (likely to
stem from deletion/insertion events rather than mutations in RCC)
possibly involve genes fostering tumor cell proliferation and progres-
sion. Alternatively, RCC is a quite immune-dependent tumor, hence the
T-cell response, while there, is totally paralyzed by PD-1, thus the
greater the immune response, the more immune escape there is and the
more aggressive the disease gets: does this make sense?

It should be remembered that tumor-infiltrating lymphocytes are
associated with bad prognosis, but this is rapidly reverted in the pre-
sence of PD-1 blockade, suggesting a connection. A final hypothesis,
which is rather counter-intuitive but still likely, is based on the possi-
bility that the T cell immune response is actually causing a detrimental
effect on the tumor microenvironment, favoring tumor growth instead
of hindering it. On the same basis that might underlie hyperprogression
in patients receiving ICI, a strong type 1 IFN-related immunity might,
for still unconceivable reasons, favor tumor proliferation and spreading.
May tumor cells feed on IFN or tumor necrosis factor (TNF)? May they
express specific receptors and receive a protumor instead of antitumor
effect upon their triggering? PD-L1 expression is associated with re-
sistance to IFN, but there is also limited evidence that, for instance, IFN-
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y may have protumorigenic effects in particular circumstances (Zaidi
and Merlino, 2011).

One key emerging issue is why tumor regression can occur in PD-L1
negative RCC tumors. Although this is still an open question in clinical
setting, preclinical studies allow to speculate that tumor immunity is a
systemic effect and, as such, can be modulated in sites other than tumor
microenvironment. An interesting view on this topic comes from two
recent studies investigating in murine models the role of PDL-1 as
predictive factor of sensitivity to PD-1 blockade. By knocking-out PD-L1
expression in tumor cells or in host immune cells, both the studies
conclude that host PD-L1 + antigen presenting cells (i.e. dendritic cells,
monocytes, macrophages) play an essential part in the antitumor re-
sponse mediated by anti-PD-1/PD-L1 mAbs. These data indicate that
the expression of PD-L1 by these cells, that are present throughout the
body (in lymph nodes, blood, bone marrow and many organs), could
provide more predictive information about patient response to ICB
therapy with respect to tumor microenvironment (Lin et al., 2018; Tang
et al., 2018). Additional data sustaining the systemic nature of tumor
immunity come from complex murine cancer models in which tumor
rejection by different types of immunotherapies has been recently dis-
covered to require a systemic response coordinated across tissues
(Spitzer et al., 2017). This evidence again confirms that effective tumor
immunity is only marginally influenced by tumor microenvironment
while is critically regulated by systemic immune responses.

The question remains, “why should ICI work?” They probably work
in those tumors where the T-cell infiltrate is so dense and “ready to be
unleashed” that the tumor is rapidly eliminated upon PD-1 blockade.

2.2. Immunogenic patterns of mRCC as a potential predictor of response

The extraordinarily rich and heterogeneous immune scenario of
clear cell RCC has made this cancer one of the most studied, and a
training ground for novel and challenging techniques of molecular
profiling. Among 19 human cancer histologies, high through-put ana-
lysis of immune infiltrate scored clear cell RCC as the histology showing
the highest immune response both at a proteomic and transcriptional
level. Of note, RCC tumors could be divided into T-cell enriched, het-
erogeneous and poorly infiltrated, with the former group including
strong expression of pathways involved in T-cell activation, from an-
tigen presenting cell machinery (APM) and HLA-class I expression, to
CD8+T helper (Th)1-like responses, IFN-y secretion, cytolytic granule
release — in sum, all features of an antitumor acute full-fledged immune
reaction (Senbabaoglu et al., 2016). These patients also express the
highest level of immune checkpoints (Chen et al., 2016) and, as such,
the highest chance of responding to ICI (Senbabaoglu et al., 2016),
albeit at the same time, the most aggressive disease course and the
worst prognosis.

Such an impressive immune reactivity does not seem to stem from a
particularly high mutational load, i.e., from non-synonymous mutations
that give rise to the so-called neoantigens, which makes RCC one of the
“outliers” (together with triple-negative breast cancer) of the by now
famous correlation between somatic mutation frequency and overall
response rate to PD-1 blockade (Yarchoan et al., 2017). The puzzle has
been solved only recently by the elegant work of Turajlic and colla-
borators, unraveling RCC immunogenicity to show that it relies on
neoantigens arising from DNA deletions and insertions (rather than
single nucleotide mutations) that are the highest in number in this
cancer with respect to other histotypes (Turajlic et al., 2017). Thanks to
its “exceptions”, RCC is again pushing the field forwards by introducing
the concept that T-cell neoantigens might originate from multiple DNA
alterations if the resulting protein is sufficiently different from the wild-
type counterpart to be detected as non-self by the immune system.

RCC was the first cancer where an” immune atlas” of the tumor
microenvironment was developed and published, thanks to the in-
troduction of a novel approach using conjugating mass-spectrometry
with CyTOF, which allows the mapping at single cell level of the
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cellular composition of the immune infiltrate. Astonishing data depict
an unpredictable complexity of both the effector T cells and myeloid
components, likely reflecting the multiplicity of “real-life” immune
responses (Chevrier et al., 2017). Besides their graphical beauty, these
analyses depict a dynamic, dense and tightly interconnected scenario
where multiple T cell phenotypes interact with equivalent numbers of
myeloid cell subsets, with functional outcomes that eventually influ-
ence the disease course and response to therapy. Although this study is
a goldmine of invaluable information to be exploited in years to come,
some key insights into the mechanisms of RCC-immune interaction
have already emerged: PD-1+ T cells encompass different levels of
exhaustion, from “fully exhausted”, i.e., expressing a broad panel of
immune checkpoints (TIM3, LAG3, Vista, cytotoxic T lymphocyte-as-
sociated protein 4 [CTLA-4], Gal9, GITR in addition, of course, to PD-1)
to partially exhausted cells, showing for instance only PD-1 and/or
CTLA-4. This evidence has key clinical implications, as the latter cells
will be responding to PD-1 and /or CTLA-4 blockade while the first ones
will be resistant and will need the blocking of additional pathways to be
unleashed. The rich palette of myeloid cells and macrophage infiltrate
also have important outcomes in terms of clinical transferability.
Thanks indeed to the concomitant analysis of T cell profiles, it is pos-
sible to distinguish protumor and immunosuppressive myeloid cells
(which would need to be eliminated) from antitumor and protective
cells, which likely represent patrolling macrophages (Hanna et al.,
2015) instead requiring to be potentiated.

Furthermore, macrophages associated with PD-1+ T cells and cor-
relating with poor prognosis selectively express CD38 (Chevrier et al.,
2017), which is intriguing evidence as an antagonist antibody directed
against this molecule (daratumumab) is available for clinical use
(Raedler, 2016).

Therefore, the RCC immune scenario is intriguing and a paradigm in
the face of the complexity but also the remarkable therapeutic po-
tentiality of antitumor immunity. Not to be forgotten, aside from T cells
and macrophages, NK cells are also abundantly detected in RCC in-
filtrate (Geissler et al., 2015) and represent a potent ally in oncology
(Bruno et al., 2014), thanks also to their powerful cytolytic activity
against cancer cells, particularly those lacking HLA and antigenic de-
terminants required for T-cell recognition (Vivier et al., 2012).

2.3. Immune escape and angiogenesis

It has long been known that angiogenesis and immunosuppression
are companion processes in cancer (Motz and Coukos, 2011) and it is
easy to understand why: when new vessels are required and tissues are
healing, immunity has to be tolerant and allow these processes to occur.
This takes place through a series of tightly regulated mechanisms, with
the best example again to be found in RCC, through three main po-
tential pathways: 1) direct immunosuppressive role of angiogenic fac-
tors; 2) accrual by angiogenesis and related mechanisms of immune
regulatory effectors; and 3) detrimental effects of aberrant vasculature
on immune physiology. Specifically:

In most cancers, hypoxia is the major driver of angiogenesis: low O,
tension triggers the release of the transcription factor hypoxia-factor
(HIF)1a, which in turn induces the expression of the proangiogenic
vascular endothelial growth factor (VEGF), along with platelet-derived
growth factor (PDGF)b and erythropoietin (EPO) to promote neoan-
giogenesis and compensate oxygen supply (Majeed et al., 2012). In
RCC, HIF1a is constitutively induced by the hot-spot mutations of the
Von Hippel Landau (VLH) gene, conferring to this tumor the char-
acteristic angiogenesis-dependency (Cowey and Rathmell, 2009). Con-
comitantly, potent immunosuppressive factors are also boosted by
HIFla activation, including transforming growth factor (TGF)b and
PDL-1, both responsible for restraining antitumor T-cell responses (Ruf
et al., 2016). Elegant studies performed in preclinical models have re-
cently enlightened the direct immunosuppressive role of VEGF. For
instance, VEGF knockout (VEGF-KO) tumors display spontaneously
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increased T-cell infiltrate and activation, with a boost in chemokines
such as CXCL10 and 9, both known to attract specific T-cell effectors at
the tumor site (Courau et al., 2016). Most importantly, when tumors are
silenced for the expression of VEGF, they grow much slower in im-
munocompetent mice but similarly to the wild-type tumor in im-
munocompromised animals. These are clear proofs that VEGF exerts
immunosuppression and that the effects of antiangiogenic drugs may be
passing through the recovery of immune-mediated tumor control.
Furthermore, VEGFA induces the upregulation of immune checkpoints,
fueling the exhaustion state in tumor-associated CD8 + T cells, while
ICIs potentiate the therapeutic efficacy of antiangiogenic agents in
murine tumor models (Voron et al., 2015).

HIFla and VEGF are potent activators of inflammatory cells, parti-
cularly of a key subset of immunosuppressive effectors represented by
myeloid-derived suppressor cells (MDSC) (Corzo et al., 2010; Noman
et al., 2014). Accrual of MDSC at the tumor site is further potentiated by
the ability of RCC cells to secrete multiple chemokines such as CCL2,
CCL3, CCL4 5 and CXCLS, favoring myeloid cell migration to the tumor
microenvironment, also enhanced by the activated state of micro-
vascular endothelial cells (Parihar and Tunuguntla, 2014). MDSC, one
of the deadliest culprits favoring cancer progression, contribute by es-
tablishing in the tumor milieu a vicious circle by promoting extra an-
giogenesis via VEGF secretion, supplemented by stroma remodeling,
mesenchymal transition, and immunosuppression, altogether creating
an unbreakable barrier to antitumor immunity (Kumar et al., 2016).
Originating from the bone marrow, MDSC come from myeloid pre-
cursors as granulocytic and monocytic subsets and accumulate in the
blood of patients with RCC in clear association with a bad prognosis
(Najjar et al., 2017) and poor response to cancer vaccines (Walter et al.,
2012). Upon reaching tumor lesions, these cells transdifferentiate into
TAM (tumor-associated macrophages), contributing, together with re-
sident macrophages, to creating the rich myeloid repertoire that is a
feature of RCC (Chevrier et al., 2017). In line with this picture, neu-
trophil infiltration, likely reflecting granulocytic MDSC, is an in-
dependent prognostic factor for short recurrence-free and overall sur-
vival in localized clear cell RCC (Jensen et al., 2009). In addition,
pretreatment neutrophil-to-lymphocytes ratio (NLR) significantly in-
fluences overall and progression-free survival of patients with RCC
treated with first-line therapy (Keizman et al., 2012; Pichler et al.,
2013). The increase of blood neutrophils and their relative ratio with
blood lymphocytes are negative prognostic factors in most cancers, RCC
included. Elevated NLR is associated with poor prognosis in a recent
meta-analysis involving > 3000 RCC patients (Hu et al., 2015) as well
as in the preoperative setting of non metastatic disease (Byun et al.,
2016). As indicator of systemic inflammatory response, NLR at baseline
or early decline are independent immunologic predictor of non-re-
sponse to immunotherapy in RCC patients (Lalani et al., 2018). The
reasons for the negative impact of neutrophils on cancer patients’
prognosis stems for the recently emerged plasticity of granulocytic cells
and their ability to polarize in diverse subpopulations with different
functional properties including protumor and immunosuppressive ef-
fects (Zilio and Serafini, 2016).

Altered vasculature due to the neoangiogenesis process makes RCC
vessels “resistant” to lymphocyte rolling, adhesion, and extravasation,
contributing to limit the homing of antigen-primed T cells to the tumor
site (Farsaci et al., 2014).

It is thus easy to understand that the RCC microenvironment might
represent a type of “immune trap” where immune cells are attracted by
tumor antigenicity, chemokine secretion, angiogenic and hypoxic
mediators, and then rapidly converted into protumor forces, with T
cells paralyzed by immune checkpoint regulation and myeloid cells
conditioned towards immunosuppressive drivers. In such a scenario, we
can speculate that ICIs might have limited room for action, as long as
the immunosuppressive pressure of the angiogeneic-myeloid axis is in
place (Fig. 1).
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Fig. 1. Schematic representation of accrual of myeloid-derived suppressor cells (MDSC) by angiogenesis and chemokine release in the renal cell cancer tumor
microenvironment. PDL, programmed cell death-ligand; VEGF, vascular endothelial growth factor.

3. VEGFRs-TKIs immunomodulatory properties

In keeping with the uniqueness of RCC, this cancer offers the in-
valuable option of testing antiangiogenics for their potential ability to
interrupt the immunosuppressive vicious circle provoked by angio-
genesis. Indeed, mounting evidence indicates that drugs interfering by
diverse pathways with VEGF activity can also modulate hematopoiesis
and immune functions (Powell et al., 2012; Santoni et al., 2012). While
antagonists of VEGF and VEGFR work through the direct interference
with immunosuppressive properties of the former or acting on im-
munosuppressive cells expressing the latter, the effects of TKIs on MDSC
and myelopoiesis depend on their different selectivity for c-kit and fms-
related tyrosine kinase 3 (FLT3) receptors expressed on hematopoietic
stem cells and precursor cells (Santoni et al., 2014). Moreover, TKIs
may modulate the tumor’s ability to process and present antigens,
promoting their immunogenicity through the expression of costimula-
tory molecules and changing the cytokine/chemokine profile in favor of
a more immunogenic milieu.

However, in contrast with a strong rationale and convincing evi-
dence in the preclinical setting, data available about the im-
munomodulating properties of antiangiogenics in RCC patients in terms
of potential boosting of antitumor T-cell immunity and/or reduction of
the immunosuppressive pressure of regulatory immune cells are often
limited and contrasting. Furthermore, depending on the experimental
conditions and the clinical settings, the same drug appears to exert
positive or negative effects on tumor immunity and homeostasis,
making the evaluation of the immunomodulating properties of anti-
angiogenics challenging to perform based on the available data.
Nevertheless, some interesting data that could provide promising in-
sights into the potentiality of antiangiogenics as immunomodulators
have been reported over the last few years.

For instance, the TKI sunitinib ienhances RCC immunogenicity
through the upregulation of innate immune receptors (the so-called
pattern recognition receptors), mediating type I IFN induction pathways
(Cao et al., 2016). Moreover, sunitinib regulates innate immune re-
sponses by influencing the processing and presentation of intracellular

antigens by major histocompatibility complexes (MHC) and enabling
the immune surveillance for intracellular antigens. Treatment with
sunitinib reduces MDSC but acquired drug resistance is associated with
the renewed expansion of these cells, often in combination with in-
creased regulatory T cells (Finke et al., 2011). Importantly, MDSC in-
hibition correlates with reversal of suppression of type 1T cell-medi-
ated IFN-a production (Ko et al., 2010). Of note, neoadjuvant sunitinib
improves tumor immunity in the RCC microenvironment by increasing
CD8+ T-cell infiltrate and PD-1 expression by T cells, decreasing
mMDSC and gMDSC frequencies, and improved ex vivo expansion of
tumor-infiltrating cells (Guislain et al., 2015). Nevertheless, it is worth
mentioning the potential detrimental effects that sunitinib may also
exert on immune cells through its kinase inhibitor activity, such as the
in vitro inhibition of PBMC proliferation and impairment of cytokine
release (Gu et al., 2010). This effect is also evident with concomitant
administration of an anti-PD monoclonal antibody (mAb), which re-
duced CD8+ cytolytic T-cell infiltrate in a preclinical model (Rayman
et al., 2015). Finally, potential activity on glycogen accumulation and
oxidative stress in myeloid cells may indicate a paradoxical worsening
of immunosuppression in RCC patients (Amemiya et al., 2015).
Sorafenib can also suppress activation of human macrophages (Lin
et al., 2013), thus enhancing antitumor T cell response (Edwards and
Emens, 2010; Zhang et al., 2010). This drug can also mediate positive
effects of cancer immunity by reducing the frequency of tumor-in-
filtrating regulatory T cells when administered in a neoadjuvant setting
(Desar et al., 2011). In addition, sorafenib and bevacizumab, but not
sunitinib, have been demonstrated to reverse the inhibitory effects of
VEGF on monocyte-derived dendritic cell (DC) maturation and cell
stimulation (Alfaro et al., 2009). Moreover, both sorafenib and suni-
tinib enhance tumor sensitivity to NK cell killing (Huang et al., 2011).
On the other hand, several detrimental effects have also been reported
for sorafenib. Hipp et al. reported that this drug, but not sunitinib, may
inhibit DC antigen presentation and their capability to stimulate pri-
mary T cell responses, by reducing the secretion of cytokines and the
expression of MHC and CD1la molecules (Hipp et al., 2008). in vitro,
sorafenib, but not sunitinib, inhibited spontaneous and interleukin(IL)-
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2-induced NK cell effector functions (Krusch et al., 2009).

More recently, pazopanib has also been investigated for its prop-
erties of regulating the tumor immune microenvironment.
Unnikrishnan et al. reported that macrophage in vitro expansion is
significantly inhibited by several TKIs, in particular with pazopanib
(Chanmee et al., 2014; Unnikrishnan et al., 2015). Similarly to suni-
tinib, pazopanib can also restore DC immunostimulating functions by
reducing their expression of VEGFR1 and VEGFR2, thus counteracting
the immunosuppressive activity of VEGF (Dikov et al., 2005; Mimura
et al., 2007; Porta, 2011). As for the other TKIs, pazopanib may inhibit
T cells in their proliferation to IL-2 but not in their effector function,
with a final effect of boosting T-cell memory Th1 responses (IFN-y and
IL-2 release) (Porta, 2011). Notably, it enhances PD-1 and PD-L1 ex-
pression, thus increasing the potential responsiveness to PD-1 blockade.
Unlike sunitinib, pazopanib mediates direct apoptosis in RCC cells,
blocks carbonic anhydrase activity, buffering tumor acidity, and is a
potent inhibitor of the tumor-associated, hypoxia-inducible enzymes CA
IX and XII, preserving the function of CTLs (Nakagawa et al., 2015;
Shablak et al., 2014; Winum et al., 2012). In a very recent analysis
presented at the 2017 American Society of Clinical Oncology (ASCO)
meeting, monocyte-derived DCs from 10 healthy donors or patients
with RCC were differentiated in vitro in the presence of pazopanib and
sunitinib (Nuti et al., 2017). Strongly improved DC performance as
antigen-presenting cells, together with the upregulation of HLA-DR,
CD40 and CCR7 was observed with pazopanib but not sunitinib. The
results were confirmed in DCs differentiated from RCC patients during
pazopanib treatment (before and at 30 and 60 days) and suggest a re-
versal of the tumor-induced immunosuppression (Nuti et al., 2017).
Moreover, in these patients only pazopanib treatment induced a defined
circulating CD4+ T-cell population highly expressing the CD137 mo-
lecule. In another recent study, presented at the 2017 ESMO meeting,
16 patients with mRCC receiving first-line pazopanib were pro-
spectively analyzed (Verzoni et al., 2017). Overall, pazopanib admin-
istration was associated with a significant rebalance of tumor im-
munity, more evident in patients experiencing clinical benefit (Rivoltini
L, unpublished data).

As a potential clinical confirmation of the above-mentioned find-
ings, a subgroup analysis of the CHECKMATE 025 trial presented at the
2016 Genitourinary Cancers Symposium showed that patients receiving
prior pazopanib (32% of the total) had an overall survival not estimable
in the nivolumab arm and 17.6 in the everolimus arm; on the other
hand, corresponding figures for prior sunitinib recipients were 23.6 and
19.8 months, respectively (Motzer et al., 2016). This finding needs
further exploring in dedicated studies.

Although the evidence appears intriguing, there is still a great deal
of information to be discovered regarding the role of the RCC tumor
environment and the modifications induced by antiangiogenic treat-
ments. Deeper investigation of the functions of immune cells in the RCC
microenvironment and of the immune-modulatory effects of TKIs will
be crucial to optimize combined or sequential immunotherapeutic ap-
proaches with targeted agents in RCC advanced patients.

4. Combination or sequential approaches: rationale and clinical
evidence

According to the above-mentioned evidence, there is a bidirectional
link between angiogenesis and the immune system (Kuusk et al., 2017;
Porta et al., 2017). This represents the basis for combination or se-
quential approaches with immunotherapy and VEGF inhibitors, where
different antiangiogenic agents may exert immunomodulation with
different activity and patterns. Moreover, VEGFR inhibition drives the
activation of immune checkpoints (Kuusk et al., 2017). Of note, the
efficacy of combination anti-VEGF therapy with immunotherapy (al-
though not by checkpoint inhibition) was demonstrated in mRCC in
2007, in trials of bevacizumab plus INF-a (Bracarda et al., 2011;
Escudier et al., 2007).
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Despite this strong mechanistic rationale, the recent release of the
positive preliminary results of the randomized phase II study ImMotion
150, testing the combination of bevacizumab plus atezolizumab versus
atezolizumab alone or sunitinib (Sznol et al., 2015; McDermott et al.,
2018) are of interest. The complete response rate was the highest in the
atezolizumab-only arm (11%) followed by the combination (7%) and
sunitinib arm (5%), and the rate of adverse events was high (41% for
atezolizumab only, 64% for the combination therapy, and 69% with
sunitinib); Intent-to-treat PFS HR for atezolizumab + bevacizumab or
atezolizumab monotherapy versus sunitinib were 1.0 (95% CI,
0.69-1.45) and 1.19 (0.82-1.71), respectively; PD-L1+ PFS hazard
ratios were 0.64 (0.38-1.08) and 1.03 (0.63-1.67), respectively
(McDermott et al., 2018). However, at present evidence on these
combination approaches is not completely established, with several
studies still ongoing (see Kuusk 2017 (Kuusk et al., 2017) for an up-
dated review of those investigations). Of note, most of these trials are in
the phase I stage, and only a few phase II studies are being performed to
date. It is worth noticing that a phase I study (Checkmate-016,
NCT01472081) in mRCC has compared the combination regimens of
nivolumab with sunitinib, pazopanib or ipilimumab (Amin et al., 2014).
However, the results of this study showed efficacy but also relevant
toxicities for the two TKI-based combinations. Several other trials have
investigated pembrolizumab, an anti-PD-1 inhibitor, in combinations
with bevacizumab or a TKI. In particular, a phase Ib study on the
combination of pembrolizumab and bevacizumab in 16 patients with
mRCC showed somewhat promising results, with a 71% rate of partial
responses and no grade 3-4 adverse events (Dudek et al., 2016).

A phase Ib/II study on the combination of pembrolizumab and
lenvatinib in the first-line setting documented an overall response rate
of 69% and no dose-limiting toxicities (Taylor et al., 2016); this com-
bination is now being investigated in a phase III study versus lenvatinib
plus everolimus versus sunitinib (NCT02811861). The results of an-
other phase I/II study combining pembrolizumab with pazopanib 600
or 800mg (Keynote-018, NCT02014636), recently communicated,
confirmed a significant toxicity profile for this combination
(Chowdhury et al., 2017). Preliminary efficacy data were also reported
for the combination of pembrolizumab and axitinib (Atkins et al.,
2016). Axitinib was further investigated in a phase Ib combination
study with the anti-PD-L1 inhibitor avelumab in the first-line setting
(Larkin et al., 2016). No discontinuation due to treatment-related
toxicity occurred, and a partial response was observed in six of 55
patients.

Early data from ASCO 2017 showed that an improved clinical
benefit can be achieved in RCC patients by combining PD-1 blockade
with IDO inhibition (Mellemgaard et al., 2017). Indeed, IDO (in-
doleamine 2,3-dioxygenase) is an enzyme involved in immune toler-
ance, that can be expressed by multiple components of TME including
tumor and stromal cells. In the context of antitumor immune responses,
IDO works as an immune checkpoint by inhibiting hyperactivated T and
NK cells in a sort of negative feedback loop. Of note, RCC immuno-
histochemical evaluation revealed that IDO is almost exclusively ex-
pressed in tumor neo-vessels, and this expression seem to predict re-
sponse to immunotherapy (Seeber et al., 2018). In this scenario, IDO
inhibitors could be exploited not only to rescue suppressed immune
responses but also to target tumor vessels and favor trafficking of
tumor-specific T cells to tumor site (Prendergast et al., 2017).

However, The further development of IDO-based innovative com-
binations in mRCC has been recently blocked after the communication
of initial negative results of this approach in melanoma (Cancer
Discovery 2018).

To our knowledge, only one study has investigated antiangiogenic
therapy (sunitinib) in combination with a monoclonal antibody against
CTLA-4, namely tremelimumab (Rini et al., 2011). However, a high
toxicity rate was reported, and therefore the combination was not
considered worthy of further investigation. In line with the above-de-
scribed, very preliminary evidence, the combination of VEGF Inhibitors
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Table 1

Immunomodulating activity of antiangiogenics.

Critical Reviews in Oncology / Hematology 139 (2019) 149-157

Drug Adaptive Immunity Innate Immunity
Bevacizumab Induction of DC maturation and activation promoting antitumor T Myeloid cell conversion into antigen-presenting cells (dendritic cells) by proper
cell activity chemokine mileu (fractalkine)
Reduction of Treg in blood of CRC patients
Increase of HLA-I expression and CD8+ T-cell infiltration in synergy
with PD-L1 blockade
Sorafenib enhances therapeutic efficacy of a cancer vaccine by inhibiting reduces the frequency of infiltrating Treg in RCC neoadjuvant therapy
STAT3 activation decreases Treg in correlation with survival in HCC patients
Pazopanib activated CD8+ T cells in peripheral blood of RCC patients reduces monocytic and granulocytic MDSC, increasing cytolytic NK cells in
RCC patients
Enhances dendritic cell function
Sunitinib Significantly decline in total leucocyte, CD3 total T-cell and CD4 Reduction of circulating neutrophils

counts in RCC patients
Decreases of Tregs in association with better OS in RCC patients
Raise of activated T cells in both peripheral blood and tumor site in

Monocytic MDSC decrease
Reduced mMDSC and gMDSC frequency

sarcoma patients.

Increased CD8 + PD-1+ T-cell infiltrate upon neo-adjuvant

administration in RCC patients
Increase of CD3+T cell tumor infiltration
Enhancement of antitumor CD8+T cell activity

Axitinib (mouse models)

Reduction of mMDSC immune suppressive activity
STAT3-dependent reversal of MDSC accumulation

or TKIs and immunotherapy in patients with mRCC could be considered
a rational strategy, although it appears burdened by substantial toxicity
for some, but not all, of the TKIs tested to date. However, available
results are derived only from phase I studies, and therefore investiga-
tion in phase II/III trials is necessary. Several phase III trials on this
approach are ongoing and, in particular, initial results of the Immotion
151 trial (NCT02420821) on the combination of bevacizumab +
atezolizumab have been preliminary presented and are expected to be
updated for the end of 2018 (Motzer et al., 2018a,b)

On the other hand, sequential approaches appear more workable.
For instance, nivolumab is active after one or more previous lines of
TKIs, with some data from the CheckMate 025 trial suggesting, as
previously stated, increased efficacy after a first-line therapy with pa-
zopanib, compared with first-line treatment with sunitinib (Escudier
etal., 2017a,b). We believe that the different immunogenic-modulating
properties of TKIs should be considered in order to allow improved
optimization of sequential regimens (Table 1).

In fact, a major challenge to precision medicine in cancer treatment
is tumor heterogeneity, that can heavily hamper our ability to predict
patient sensitivity to a defined treatment based, at least, on a single
analysis of a single tumor biopsy. The complex technical approaches
that are currently used to address this key issue are often applied to
kidney cancer as a prototype of cancer displaying profound intra and
inter-patient heterogeneity in tumor genetics, metabolomics and im-
munity (Okegawa et al., 2017; Thorsson et al., 2018).

One small retrospective study has investigated the optimal treat-
ment choice after anti-PD-1 therapy (Nadal et al., 2015). Of 63 patients
included, 84% had previously received at least one anti-VEGF agent
prior to anti-PD-1 therapy. The percentage of objective responses ob-
served with a VEGFR-TKI treatment (68% axitinib, 17% pazopanib and
1% by sorafenib) after anti-PD-1 antibodies was 27% (17/63; all partial
responses), while 41% achieved disease stabilization, for an overall
disease control rate of 68%. The incidence of grade 3-4 adverse events
was overall modest (11% asthenia). It has been suggested that the
prognosis of patients with mRCC may be further improved by the op-
timization and individualization of current sequential treatment with
targeted agents and immunotherapy (Calvo et al., 2016).

5. Future perspectives

What can we expect, from a biological point of view, from these
partially similar but potentially completely different approaches to the
treatment of mRCC, namely different combination- and sequential-
based regimens? In principle, we may expect similar overall results in

terms of long-term responses but potentially different results in terms of
response rates and progression-free survival data and cohorts of re-
sponders, such as in Checkmate 214 and IMmotion 151 studies.
However, in the recent past sequential therapies proved to be more
feasible than many combinations; certainly, what has happened to date
is that the empirical sequential use of different agents was the ther-
apeutic approach responsible for the overall improvement in the sur-
vival of patients with mRCC observed in the past decade or so. But will
these potential differences in disease control translate into different
probabilities of “chronicization”? Moreover, different cohorts of pa-
tients (i.e., cases with sarcomatoid features, different metabolic aspects
also related to the volume of disease) would likely respond differently
to different combination approaches.

Furthermore, it may be of interest to investigate the importance of
the timing (time factor) of interaction between the two components of
these possible combinations. And, in the case of confirmation of the
importance of the “timing” factor, we should investigate which agent
(or class of agents) should be started first and which should be initiated
later and when, also considering a possible initial induction phase with
both the agents (McDermott et al., 2018). Similarly, rules for stopping a
therapy should also be investigated.

Nothing should be considered by itself in the world of biology. Only
a few years ago, the discovery of angiogenesis and antiangiogenic
agents, stimulated by the pivotal studies of Judah Folkman, represented
a deep revolution which completely changed the treatment scenario of
advanced mRCC. However, only limited advantage in overall survival,
if any, was achieved, which was unexpected, especially in cases ex-
pressing high baseline levels of VEGF, the most awaited, but not con-
firmed, potential predictive factors of the “angiogenic era”.

We are now in the “new immunological era”. Modern im-
munotherapy approaches and data have for the third time completely
changed the treatment scenario of advanced RCC with a rapid evolution
toward a possibility of cure for an undefined, but possibly existing,
percentage of patients, moreover characterized by an unexpected op-
timal candidate phenotype (sarcomatoid features, bulky disease, in-
termediate or poor prognosis). In this new and evolving scenario, an-
tiangiogenic treatments may remain agents of interest with a major role
not only within specific combination approaches, at the moment only
speculative due to limited available data, but also within sequential
regimens, e.g., in patients experiencing progression on a checkpoint
inhibitor, a recent second-line condition that involves a majority of
treated cases at the moment, or also as a remaining standard for good
risk patients in the first line setting (McDermott et al., 2018).

The Immune atlas of surgically resected RCC indicates a highly
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enriched immune microenvironment, where T cells and macrophages
are key players of reciprocal cross-talks that influence disease-free
survival and patient outcome.

Such a scenario encourages the application of immunotherapy ap-
proaches in a neoadjuvant setting for localized and locally advanced
RCC as a strategy to render it surgically resectable. Despite the lack of
large randomized clinical trials supporting this approach, and guide-
lines for presurgical therapies, immune checkpoints may be a promising
approach in this setting, particularly in light of the positive experience
in other cancer histologies. As a matter of fact, quite recent is the news
that short-term treatment with nivolumab in a neoadjuvant schedule,
beside being safe and not compromizing surgery, produces a quite high
rate of pathological responses, implying a significant gain in terms of
long-term benefit (Forde et al., 2018).

However, anything may change, and what we have at the moment is
the possibility of a further consistent enlargement of the treatment
scenario in mRCC: more weapons for a more tailored approach to the
enemy, as recently suggested by the remarkable results of the first line
ipilimumab plus nivolumab combination in intermediate and poor risk
cases (Escudier et al., 2017a,b). This finding further corroborates the
importance of T-cell infiltrate and tumor microenvironment in de-
termining response to treatment - a new concept, but probably not the
last in the crazy but continuously evolving scenario of advanced RCC

Conflict of interest statement

The Authors have no conflicts of interest directly relevant to this
manuscript.

Author’s contributions

All authors contributed equally to the preparation of this manu-
script and read and approved the final version.

Funding
None.
Acknowledgments

Editorial assistance for the preparation of this manuscript was
provided by Luca Giacomelli, PhD, Ray Hill, PhD, and AuroraMirabile,
M.D, on behalf of Springer Healthcare; this assistance was supported by
Novartis.

References

Alfaro, C., Suarez, N., Gonzalez, A., Solano, S., Erro, L., Dubrot, J., Palazon, A., Hervas-
Stubbs, S., Gurpide, A., Lopez-Picazo, J.M., Grande-Pulido, E., Melero, 1., Perez-
Gracia, J.L., 2009. Influence of bevacizumab, sunitinib and sorafenib as single agents
or in combination on the inhibitory effects of VEGF on human dendritic cell differ-
entiation from monocytes. Br. J. Cancer 100 (7), 1111-1119.

Amemiya, T., Honma, M., Kariya, Y., Ghosh, S., Kitano, H., Kurachi, Y., Fyjita, K.I.,
Sasaki, Y., Homma, Y., Abernethy, D.R., Kume, H., Suzuki, H., 2015. Elucidation of
the molecular mechanisms underlying adverse reactions associated with a kinase
inhibitor using systems toxicology. NPJ Syst. Biol. Appl. 1, 15005.

Amin, A., Plimack, E.R., Infante, J.R., Ernstoff, M.S., Rini, B.I., McDermott, D.F., Knox,
J.J., Pal, S.K., Voss, M.H., Sharma, P., 2014. Nivolumab (Anti-PD-1; BMS-936558,
ONO-4538) in Combination with Sunitinib or Pazopanib in Patients (Pts) with
Metastatic Renal Cell Carcinoma (mRCC) 32. pp. 5010 Abstract, 5-suppl.

Atkins, M., Plimack, E., Puzanov, L., Fishman, M., McDermott, D., Cho, D., Vaishampayan,
U., George, S., Olencki, T., Tarazi, J., 2016. Axitinib in combination with pem-
brolizumab in patients (pts) with advanced renal cell carcinoma (aRCC): preliminary
safety and efficacy results. Abstract. Ann. Oncol. 27 (6), 266.

Bracarda, S., Bellmunt, J., Melichar, B., Negrier, S., Bajetta, E., Ravaud, A., Sneller, V.,
Escudier, B., 2011. Overall survival in patients with metastatic renal cell carcinoma
initially treated with bevacizumab plus interferon-alpha2a and subsequent therapy
with tyrosine kinase inhibitors: a retrospective analysis of the phase IIl AVOREN trial.
BJU Int. 107 (2), 214-219.

Bruno, A., Ferlazzo, G., Albini, A., Noonan, D.M., 2014. A think tank of TINK/TANKs:
tumor-infiltrating/tumor-associated natural killer cells in tumor progression and

155

Critical Reviews in Oncology / Hematology 139 (2019) 149-157

angiogenesis. J. Natl. Cancer Inst. 106 (8), dju200.

Byun, S.S., Hwang, E.C., Kang, S.H., et al., 2016. Prognostic significance of preoperative
neutrophil-to-Lymphocyte ratio in nonmetastatic renal cell carcinoma: a large, mul-
ticenter cohort analysis. Biomed Res. Int. 2016, 5634148.

Calvo, E., Schmidinger, M., Heng, D.Y., Grunwald, V., Escudier, B., 2016. Improvement in
survival end points of patients with metastatic renal cell carcinoma through se-
quential targeted therapy. Cancer Treat. Rev. 50, 109-117.

Cao, P., Jiang, X.J., Xi, Z.J., 2016. Sunitinib induces autophagy via suppressing Akt/
mTOR pathway in renal cell carcinoma. Beijing Da Xue Xue Bao 48 (1), 584-589.

Chanmee, T., Ontong, P., Konno, K., Itano, N., 2014. Tumor-associated macrophages as
major players in the tumor microenvironment. Cancers 6 (3), 1670-1690.

Chen, F., Zhang, Y., Senbabaoglu, Y., Ciriello, G., Yang, L., Reznik, E., Shuch, B., Micevic,
G., De Velasco, G., Shinbrot, E., 2016. Multilevel genomics-based taxonomy of renal
cell carcinoma. Cell Rep. 14 (10), 2476-2489.

Chevrier, S., Levine, J.H., Zanotelli, V.R.T., Silina, K., Schulz, D., Bacac, M., Ries, C.H.,
Ailles, L., Jewett, M.A.S., Moch, H., van den Broek, M., Beisel, C., Stadler, M.B.,
Gedye, C., Reis, B., Pe’er, D., Bodenmiller, B., 2017. An immune atlas of clear cell
renal cell carcinoma. Cell 169 (4), 736-749 e718.

Choueiri, T.K., Motzer, R.J., 2017. Systemic therapy for metastatic renal-cell carcinoma.
N. Engl. J. Med. 376 (4), 354-366.

Chowdhury, S., McDermott, D.F., Voss, M.H., Hawkins, R.E., Aimone, P., Voi, M., Isabelle,
N., Wu, Y., Infante, J.R., 2017. A phase I/II study to assess the safety and efficacy of
pazopanib (PAZ) and pembrolizumab (PEM) in patients (pts) with advanced renal
cell carcinoma (aRCC). Abstract. J. Clin. Oncol. 35 (15_Suppl), 4506.

Corzo, C.A., Condamine, T., Lu, L., Cotter, M.J., Youn, J.I., Cheng, P., Cho, H.L, Celis, E.,
Quiceno, D.G., Padhya, T., McCaffrey, T.V., McCaffrey, J.C., Gabrilovich, D.I., 2010.
HIF-1alpha regulates function and differentiation of myeloid-derived suppressor cells
in the tumor microenvironment. J. Exp. Med. 207 (11), 2439-2453.

Courau, T., Nehar-Belaid, D., Florez, L., Levacher, B., Vazquez, T., Brimaud, F., Bellier, B.,
Klatzmann, D., 2016. TGF-beta and VEGF cooperatively control the immunotolerant
tumor environment and the efficacy of cancer immunotherapies. JCI Insight 1 (9),
e85974.

Cowey, C.L., Rathmell, W.K., 2009. VHL gene mutations in renal cell carcinoma: role as a
biomarker of disease outcome and drug efficacy. Curr. Oncol. Rep. 11 (2), 94-101.

Desar, [.M., Jacobs, J.H., Hulsbergen-vandeKaa, C.A., Oyen, W.J., Mulders, P.F., van der
Graaf, W.T., Adema, G.J., van Herpen, C.M., de Vries, 1.J., 2011. Sorafenib reduces
the percentage of tumour infiltrating regulatory T cells in renal cell carcinoma pa-
tients. Int. J. Cancer 129 (2), 507-512.

Dikov, M.M., Ohm, J.E., Ray, N., Tchekneva, E.E., Burlison, J., Moghanaki, D., Nadaf, S.,
Carbone, D.P., 2005. Differential roles of vascular endothelial growth factor receptors
1 and 2 in dendritic cell differentiation. J. Immunol. 174 (1), 215-222.

Dudek, A.Z., Sica, R.A., Sidani, A., Jha, G.G., Xie, H., Alva, A.S., Stein, M.N., Singer, E.A.,
2016. Phase Ib study of pembrolizumab in combination with bevacizumab for the
treatment of metastatic renal cell carcinoma: big ten Cancer research Consortium
BTCRC-GU14-003. Abstract. J. Clin. Oncol. 34 (suppl 2S), 559.

Edwards, J.P., Emens, L.A., 2010. The multikinase inhibitor sorafenib reverses the sup-
pression of IL-12 and enhancement of IL-10 by PGE(2) in murine macrophages. Int.
Immunopharmacol. 10 (10), 1220-1228.

Escudier, B., Pluzanska, A., Koralewski, P., Ravaud, A., Bracarda, S., Szczylik, C.,
Chevreau, C., Filipek, M., Melichar, B., Bajetta, E., Gorbunova, V., Bay, J.O., Bodrogi,
1., Jagiello-Gruszfeld, A., Moore, N., 2007. Avoren Trial Investigators, 2007.
Bevacizumab plus interferon alfa-2a for treatment of metastatic renal cell carcinoma:
a randomised, double-blind phase III trial. Lancet 370 (9605), 2103-2111.

Escudier, B., Porta, C., Schmidinger, M., Rioux-Leclercq, N., Bex, A., Khoo, V., Gruenvald,
V., Horwich, A., Committee, E.G., 2016. Renal cell carcinoma: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 27 (suppl 5),
v58-v68.

Escudier, B., Tannir, N., McDermott, D., Frontera, O., Melichar, B., Plimack, E.,
Barthelemy, P., George, S., Neiman, V., Porta, C., 2017a. CheckMate 214: efficacy
and safety of nivolumab + ipilimumab (N+ I) v sunitinib (S) for treatment-naive
advanced or metastatic renal cell carcinoma (mRCC), including IMDC risk and PD-L1
expression subgroups. LBAS5 [Abstract]. Ann. Oncol. 28 (suppl_5).

Escudier, B., Sharma, P., McDermott, D.F., George, S., Hammers, H.J., Srinivas, S.,
Tykodi, S.S., Sosman, J.A., Procopio, G., Plimack, E.R., Castellano, D., Gurney, H.,
Donskov, F., Peltola, K., Wagstaff, J., Gauler, T.C., Ueda, T., Zhao, H., Waxman, .M.,
Motzer, R.J., CheckMate, i, 2017b. CheckMate 025 randomized phase 3 study: out-
comes by key baseline factors and prior therapy for nivolumab versus everolimus in
advanced renal cell carcinoma. Eur. Urol. 72 (6), 962-971.

Farsaci, B., Donahue, R.N., Coplin, M.A., Grenga, 1., Lepone, L.M., Molinolo, A.A., Hodge,
J.W., 2014. Immune consequences of decreasing tumor vasculature with anti-
angiogenic tyrosine kinase inhibitors in combination with therapeutic vaccines.
Cancer Immunol. Res. 2 (11), 1090-1102.

Finke, J., Ko, J., Rini, B., Rayman, P., Ireland, J., Cohen, P., 2011. MDSC as a mechanism
of tumor escape from sunitinib mediated anti-angiogenic therapy. Int.
Immunopharmacol. 11 (7), 856-861.

Forde, P.M., Chaft, J.E., Smith, K.N., et al., 2018. Neoadjuvant PD-1 blockade in re-
sectable lung Cancer. N. Engl. J. Med. 378, 1976-1986.

Galon, J., Costes, A., Sanchez-Cabo, F., Kirilovsky, A., Mlecnik, B., Lagorce-Pages, C.,
Tosolini, M., Camus, M., Berger, A., Wind, P., Zinzindohoue, F., Bruneval, P.,
Cugnenc, P.H., Trajanoski, Z., Fridman, W.H., Pages, F., 2006. Type, density, and
location of immune cells within human colorectal tumors predict clinical outcome.
Science 313 (5795), 1960-1964.

Galon, J., Mlecnik, B., Bindea, G., Angell, H.K., Berger, A., Lagorce, C., Lugli, A., Zlobec,
1., Hartmann, A., Bifulco, C., Nagtegaal, 1.D., Palmqvist, R., Masucci, G.V., Botti, G.,
Tatangelo, F., Delrio, P., Maio, M., Laghi, L., Grizzi, F., Asslaber, M., D’Arrigo, C.,
Vidal-Vanaclocha, F., Zavadova, E., Chouchane, L., Ohashi, P.S., Hafezi-Bakhtiari, S.,


http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0005
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0005
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0005
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0005
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0005
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0010
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0010
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0010
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0010
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0015
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0015
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0015
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0015
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0020
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0020
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0020
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0020
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0025
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0025
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0025
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0025
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0025
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0030
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0030
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0030
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0035
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0035
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0035
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0040
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0040
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0040
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0045
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0045
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0050
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0050
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0055
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0055
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0055
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0060
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0060
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0060
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0060
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0065
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0065
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0070
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0070
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0070
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0070
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0075
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0075
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0075
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0075
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0080
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0080
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0080
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0080
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0085
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0085
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0090
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0090
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0090
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0090
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0095
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0095
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0095
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0100
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0100
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0100
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0100
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0105
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0105
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0105
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0110
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0110
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0110
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0110
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0110
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0115
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0115
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0115
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0115
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0120
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0120
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0120
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0120
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0120
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0125
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0125
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0125
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0125
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0125
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0125
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0130
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0130
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0130
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0130
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0135
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0135
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0135
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0140
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0140
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0145
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0145
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0145
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0145
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0145
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0150
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0150
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0150
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0150

S. Bracarda et al.

Wouters, B.G., Roehrl, M., Nguyen, L., Kawakami, Y., Hazama, S., Okuno, K., Ogino,
S., Gibbs, P., Waring, P., Sato, N., Torigoe, T., Itoh, K., Patel, P.S., Shukla, S.N., Wang,
Y., Kopetz, S., Sinicrope, F.A., Scripcariu, V., Ascierto, P.A., Marincola, F.M., Fox,
B.A., Pages, F., 2014. Towards the introduction of the’ Immunoscore’ in the classi-
fication of malignant tumours. J. Pathol. 232 (2), 199-209.

Geissler, K., Fornara, P., Lautenschlager, C., Holzhausen, H.J., Seliger, B., Riemann, D.,
2015. Immune signature of tumor infiltrating immune cells in renal cancer.
Oncoimmunology 4 (1), €985082.

Gill, D.M., Agarwal, N., 2017. Cancer immunotherapy: a paradigm shift in the treatment
of advanced urologic cancers. Urol. Oncol. 35 (12), 676-677.

Gu, Y., Zhao, W., Meng, F., Qu, B., Zhu, X., Sun, Y., Shu, Y., Xu, Q., 2010. Sunitinib
impairs the proliferation and function of human peripheral T cell and prevents T-cell-
mediated immune response in mice. Clin. Immunol. 135 (1), 55-62.

Guislain, A., Gadiot, J., Kaiser, A., Jordanova, E.S., Broeks, A., Sanders, J., van Boven, H.,
de Gruijl, T.D., Haanen, J.B., Bex, A., Blank, C.U., 2015. Sunitinib pretreatment im-
proves tumor-infiltrating lymphocyte expansion by reduction in intratumoral content
of myeloid-derived suppressor cells in human renal cell carcinoma. Cancer Immunol.
Immunother. 64 (10), 1241-1250.

Hanna, R.N., Cekic, C., Sag, D., Tacke, R., Thomas, G.D., Nowyhed, H., Herrley, E.,
Rasquinha, N., McArdle, S., Wu, R., Peluso, E., Metzger, D., Ichinose, H., Shaked, L.,
Chodaczek, G., Biswas, S.K., Hedrick, C.C., 2015. Patrolling monocytes control tumor
metastasis to the lung. Science 350 (6263), 985-990.

Hipp, M.M., Hilf, N., Walter, S., Werth, D., Brauer, K.M., Radsak, M.P., Weinschenk, T.,
Singh-Jasuja, H., Brossart, P., 2008. Sorafenib, but not sunitinib, affects function of
dendritic cells and induction of primary immune responses. Blood 111 (12),
5610-5620.

Hu, K., Loy, L., Ye, J., Zhang, S., 2015. Prognostic role of the neutrophil-lymphocyte ratio
in renal cell carcinoma: a meta-analysis. BMJ Open 5, e006404.

Huang, Y., Wang, Y., Li, Y., Guo, K., He, Y., 2011. Role of sorafenib and sunitinib in the
induction of expressions of NKG2D ligands in nasopharyngeal carcinoma with high
expression of ABCG2. J. Cancer Res. Clin. Oncol. 137 (5), 829-837.

Jensen, H.K., Donskov, F., Marcussen, N., Nordsmark, M., Lundbeck, F., von der Maase,
H., 2009. Presence of intratumoral neutrophils is an independent prognostic factor in
localized renal cell carcinoma. J. Clin. Oncol. 27 (28), 4709-4717.

Keizman, D., Ish-Shalom, M., Huang, P., Eisenberger, M.A., Pili, R., Hammers, H.,
Carducci, M.A., 2012. The association of pre-treatment neutrophil to lymphocyte
ratio with response rate, progression free survival and overall survival of patients
treated with sunitinib for metastatic renal cell carcinoma. Eur. J. Cancer 48 (2),
202-208.

Ko, J.S., Rayman, P., Ireland, J., Swaidani, S., Li, G., Bunting, K.D., Rini, B., Finke, J.H.,
Cohen, P.A., 2010. Direct and differential suppression of myeloid-derived suppressor
cell subsets by sunitinib is compartmentally constrained. Cancer Res. 70 (9),
3526-3536.

Krusch, M., Salih, J., Schlicke, M., Baessler, T., Kampa, K.M., Mayer, F., Salih, H.R., 2009.
The kinase inhibitors sunitinib and sorafenib differentially affect NK cell antitumor
reactivity in vitro. J. Immunol. 183 (12), 8286-8294.

Kumar, V., Patel, S., Tcyganov, E., Gabrilovich, D.I., 2016. The nature of myeloid-derived
suppressor cells in the tumor microenvironment. Trends Immunol. 37 (3), 208-220.

Kuusk, T., Albiges, L., Escudier, B., Grivas, N., Haanen, J., Powles, T., Bex, A., 2017.
Antiangiogenic therapy combined with immune checkpoint blockade in renal cancer.
Angiogenesis 20 (2), 205-215.

Lalani, A.A., Xie, W., Martini, D.J., et al., 2018. Change in Neutrophil-to-lymphocyte ratio
(NLR) in response to immune checkpoint blockade for metastatic renal cell carci-
noma. J. Immunother. Cancer 6 (1), 5.

Larkin, J.M., Gordon, M.S., Thistlethwaite, F., Nathan, P.D., Rini, B.I., Martignoni, M.,
Shnaidman, M., Chiruzzi, C., Di Pietro, A., Choueiri, T.K., 2016. Avelumab
(MSB0010718C; anti-PD-L1) in combination with axitinib as first-line treatment for
patients with advanced renal cell carcinoma. Abstract TPS4580. J. Clin. Oncol. 34
(suppD).

Lin, J.C,, Liu, C.L., Lee, J.J., Liu, T.P., Ko, W.C., Huang, Y.C., Wu, C.H., Chen, Y.J., 2013.
Sorafenib induces autophagy and suppresses activation of human macrophage. Int.
Immunopharmacol. 15 (2), 333-339.

Lin, H., Wei, S., Hurt, E.M., et al., 2018. Host expression of PD-L1 determines efficacy of
PD-L1 pathway blockade-mediated tumor regression. J. Clin. Invest. 128, 805-815.

Majeed, R., Hamid, A., Qurishi, Y., Qazi, A., Hussain, A., Ahmed, M., 2012. Therapeutic
targeting of cancer cell metabolism: role of metabolic enzymes, oncogenes and tumor
suppressor genes. J. Cancer Sci. Ther. 4, 281-291.

McDermott, D.F., Huseni, M.A., Atkins, M.B., et al., 2018. Clinical activity and molecular
correlates of response to atezolizumab alone or in combination with bevacizumab
versus sunitinib in renal cell carcinoma. Nat. Med. 24, 749-757.

Mellemgaard, A., Norregaard, L.E., Andersen, M.H., et al., 2017. Combination im-
munotherapy with IDO vaccine and PD-1 inhibitors in advanced NSCLC. J. Clin.
Oncol. 35 (15_suppl).

Mimura, K., Kono, K., Takahashi, A., Kawaguchi, Y., Fujii, H., 2007. Vascular endothelial
growth factor inhibits the function of human mature dendritic cells mediated by
VEGF receptor-2. Cancer Immunol. Immunother. 56 (6), 761-770.

Motz, G.T., Coukos, G., 2011. The parallel lives of angiogenesis and immunosuppression:
cancer and other tales. Nat. Rev. Immunol. 11 (10), 702-711.

Motzer, R.J., Sharma, P., McDermott, D.F., George, S., Hammers, H.J., Srinivas, S.,
Tykodi, S.S., Sosman, J.A., Procopio, G., Plimack, E.R., 2016. CheckMate 025 phase
1II trial: outcomes by key baseline factors and prior therapy for nivolumab (NIVO)
versus everolimus (EVE) in advanced renal cell carcinoma (RCC). Abstract 498. J.
Clin. Oncol. 34 (Suppl 2S).

Motzer, R.J., Powles, T., Atkins, M.B., et al., 2018a. IMmotion151: a randomized phase IIT
study of atezolizumab plus Bevacizumab vs sunitinib in untreated metastatic renal
cell carcinoma (mRCC). J. Clin. Oncol.(36_suppl) 578-578.

Critical Reviews in Oncology / Hematology 139 (2019) 149-157

Motzer, R.J., Tannir, N.M., McDermott, D.F., et al., 2018b. Nivolumab plus ipilimumab
versus sunitinib in advanced renal-cell carcinoma. N. Engl. J. Med. 378, 1277-1290.

Nadal, R., Amin, A., Geynisman, D.M., Voss, M.H., Weinstock, M., Doyle, J., Zhang, Z.,
Viudez, A., Plimack, E.R., McDermott, D.F., 2015. Efficacy and safety of endothelial
growth factor receptor (VEGFR)-tyrosine kinase inhibitors (TKI) after programmed
cell death 1 (PD-1) inhibitor treatment in patients with metastatic clear cell renal cell
carcinoma (mccRCC). Abstract 4566. J. Clin. Oncol. 33 (suppl).

Najjar, Y.G., Rayman, P., Jia, X., Pavicic Jr., P.G., Rini, B.I., Tannenbaum, C., Ko, J.,
Haywood, S., Cohen, P., Hamilton, T., Diaz-Montero, C.M., Finke, J., 2017. Myeloid-
derived suppressor cell subset accumulation in renal cell carcinoma parenchyma is
associated with intratumoral expression of IL1f, IL8, CXCL5, and Mip-1la. Clin.
Cancer Res. 23 (9), 2346-2355.

Nakagawa, Y., Negishi, Y., Shimizu, M., Takahashi, M., Ichikawa, M., Takahashi, H.,
2015. Effects of extracellular pH and hypoxia on the function and development of
antigen-specific cytotoxic T lymphocytes. Immunol. Lett. 167 (2), 72-86.

Noman, M.Z., Desantis, G., Janji, B., Hasmim, M., Karray, S., Dessen, P., Bronte, V.,
Chouaib, S., 2014. PD-L1 is a novel direct target of HIF-1alpha, and its blockade
under hypoxia enhanced MDSC-mediated T cell activation. J. Exp. Med. 211 (5),
781-790.

Nuti, M., Zizzari, 1., Napoletano, C., Botticelli, A., Calabro, F., Gelibter, A., Rughetti, A.,
Ugolini, A., Ruscito, I., Mazzuca, F., 2017. Inmunomodulatory effects of tyrosine
kinase inhibitors (TKIs) in renal cell carcinoma (RCC) patients. Abstract. J. Clin.
Oncol. 35 (suppl), e14506.

Okegawa, T., Morimoto, M., Nishizawa, S., et al., 2017. Intratumor heterogeneity in
primary kidney Cancer Revealed by metabolic profiling of multiple spatially sepa-
rated samples within tumors. EBioMedicine 19, 31-38.

Parihar, J.S., Tunuguntla, H.S., 2014. Role of chemokines in renal cell carcinoma. Rev.
Urol. 16 (3), 118-121.

Pichler, M., Hutterer, G.C., Stoeckigt, C., Chromecki, T.F., Stojakovic, T., Golbeck, S.,
Eberhard, K., Gerger, A., Mannweiler, S., Pummer, K., Zigeuner, R., 2013. Validation
of the pre-treatment neutrophil-lymphocyte ratio as a prognostic factor in a large
European cohort of renal cell carcinoma patients. Br. J. Cancer 108 (4), 901-907.

Porta, C., 2011. Aspetti clinici di pazopanib: nuovo farmaco inibitore dell’angiogenesi per
il trattamento del carcinoma a cellule renali avanzato. Int. J. Publ. Health (IJPH) 8 (3,
Suppl 2), S22-S31.

Porta, C., Toscani, I., Czarnecka, A.M., Szczylik, C.A., 2017. Immuno-oncology for renal
cell carcinoma treatment: future perspectives for combinations and sequences with
molecularly targeted agents. Expert Opin. Biol. Ther. 17 (2), 151-162.

Powell, J.D., Pollizzi, K.N., Heikamp, E.B., Horton, M.R., 2012. Regulation of immune
responses by mTOR. Annu. Rev. Immunol. 30, 39-68.

Powles, T., Albiges, L., Staehler, M., et al., 2017. Updated European association of urology
guidelines recommendations for the treatment of first-line metastatic clear cell renal
Cancer. Eur. Urol Epub ahead of print. pii: $0302-2838(17)31001-1.

Prendergast, G.C., Malachowski, W.P., DuHadaway, J.B., Muller, A.J., 2017. Discovery of
IDO1 inhibitors: from bench to bedside. Cancer Res. 77 (24), 6795-6811.

Raedler, L.A., 2016. Imbruvica (Ibrutinib): first drug approved for the treatment of pa-
tients with Waldenstrom’s macroglobulinemia. Am. Health Drug Benefits 9 (Spec
Feature), 89-92.

Rayman, P., Diaz-Montero, C.M., Yang, Y., Rini, B., Elson, P., Finke, J., 2015. Modulation
of immune cell infiltrate with sunitinib to improve anti-PD1 therapy in preclinical
tumor model [Poster]. J. Inmunother. Cancer 3 (Suppl 2), P310.

Rini, B.I., Stein, M., Shannon, P., Eddy, S., Tyler, A., Stephenson Jr., J.J., Catlett, L.,
Huang, B., Healey, D., Gordon, M., 2011. Phase 1 dose-escalation trial of tremeli-
mumab plus sunitinib in patients with metastatic renal cell carcinoma. Cancer 117
(4), 758-767.

Ruf, M., Moch, H., Schraml, P., 2016. PD-L1 expression is regulated by hypoxia inducible
factor in clear cell renal cell carcinoma. Int. J. Cancer 139 (2), 396-403.

Santoni, M., Rizzo, M., Burattini, L., Farfariello, V., Berardi, R., Santoni, G., Carteni, G.,
Cascinu, S., 2012. Present and future of tyrosine kinase inhibitors in renal cell car-
cinoma: analysis of hematologic toxicity. Recent Pat. Antiinfect. Drug Discov. 7 (2),
104-110.

Santoni, M., Berardi, R., Amantini, C., Burattini, L., Santini, D., Santoni, G., Cascinu, S.,
2014. Role of natural and adaptive immunity in renal cell carcinoma response to
VEGFR-TKIs and mTOR inhibitor. Int. J. Cancer 134 (12), 2772-2777.

Seeber, A., Klinglmair, G., Fritz, J., et al., 2018. High IDO-1 expression in tumor en-
dothelial cells is associated with response to immunotherapy in metastatic renal cell
carcinoma. Cancer Sci. 109 (5), 1583-1591.

Senbabaoglu, Y., Gejman, R.S., Winer, A.G., Liu, M., Van Allen, E.M., de Velasco, G.,
Miao, D., Ostrovnaya, I., Drill, E., Luna, A., Weinhold, N., Lee, W., Manley, B.J.,
Khalil, D.N., Kaffenberger, S.D., Chen, Y., Danilova, L., Voss, M.H., Coleman, J.A.,
Russo, P., Reuter, V.E., Chan, T.A., Cheng, E.H., Scheinberg, D.A., Li, M.O., Choueiri,
T.K., Hsieh, J.J., Sander, C., Hakimi, A.A., 2016. Tumor immune microenvironment
characterization in clear cell renal cell carcinoma identifies prognostic and im-
munotherapeutically relevant messenger RNA signatures. Genome Biol. 17 (1), 231.

Shablak, A., Gilham, D.E., Hawkins, R.E., Elkord, E., 2014. In vitro effect of IL-2 in
combination with pazopanib or sunitinib on lymphocytes function and apoptosis of
RCC cells. Expert Opin. Pharmacother. 15 (11), 1489-1499.

Spitzer, M.H., Carmi, Y., Reticker-Flynn, N.E., et al., 2017. Systemic immunity is required
for effective Cancer immunotherapy. Cell 168 487-502.e15.

Sznol, M., McDermott, D.F., Jones, S.F., Mier, J.W., Waterkamp, D., Rossi, C., Wallin, J.,
Funke, R.P., Bendell, J.C., 2015. Phase Ib evaluation of MPDL3280A (anti-PDL1) in
combination with bevacizumab (bev) in patients (pts) with metastatic renal cell
carcinoma (mRCC) [Abstract]. J. Clin. Oncol. 33 (7), 410.

Tang, H., Liang, Y., Anders, R.A., et al., 2018. PD-L1 on host cells is essential for PD-L1
blockade-mediated tumor regression. J. Clin. Invest. 128, 580-588.

Taylor, M., Dutcus, C., Schmidt, E., Bagulho, T., Li, D., Shumaker, R., Rasco, D., 2016. A


http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0150
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0150
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0150
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0150
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0150
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0155
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0155
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0155
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0160
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0160
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0165
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0165
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0165
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0170
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0170
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0170
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0170
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0170
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0175
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0175
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0175
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0175
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0180
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0180
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0180
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0180
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0185
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0185
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0190
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0190
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0190
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0195
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0195
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0195
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0200
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0200
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0200
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0200
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0200
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0205
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0205
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0205
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0205
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0210
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0210
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0210
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0215
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0215
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0220
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0220
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0220
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0225
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0225
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0225
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0230
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0230
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0230
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0230
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0230
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0235
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0235
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0235
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0240
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0240
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0245
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0245
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0245
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0250
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0250
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0250
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0255
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0255
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0255
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0260
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0260
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0260
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0265
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0265
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0270
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0270
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0270
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0270
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0270
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0275
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0275
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0275
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0280
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0280
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0285
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0285
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0285
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0285
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0285
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0290
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0290
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0290
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0290
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0290
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0295
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0295
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0295
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0300
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0300
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0300
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0300
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0305
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0305
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0305
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0305
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0310
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0310
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0310
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0315
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0315
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0320
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0320
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0320
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0320
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0325
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0325
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0325
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0330
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0330
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0330
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0335
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0335
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0340
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0340
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0340
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0345
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0345
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0350
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0350
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0350
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0355
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0355
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0355
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0360
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0360
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0360
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0360
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0365
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0365
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0370
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0370
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0370
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0370
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0375
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0375
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0375
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0380
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0380
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0380
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0385
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0385
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0385
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0385
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0385
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0385
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0385
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0390
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0390
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0390
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0395
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0395
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0400
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0400
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0400
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0400
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0405
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0405
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0410

S. Bracarda et al.

phase 1b trial of lenvatinib (LEN) plus pembrolizumab (PEM) in patients with se-
lected solid tumors. Abstract 776PD. Ann. Oncol. 27 (suppl_6), 266.

Thorsson, V., Gibbs, D.L., Brown, S.D., et al., 2018. The immune landscape of cancer.
Immunity 48 (4) 812-830.e14.

Turajlic, S., Litchfield, K., Xu, H., Rosenthal, R., McGranahan, N., Reading, J.L., Wong,
Y.N.S., Rowan, A., Kanu, N., Al Bakir, M., Chambers, T., Salgado, R., Savas, P., Loi, S.,
Birkbak, N.J., Sansregret, L., Gore, M., Larkin, J., Quezada, S.A., Swanton, C., 2017.
Insertion-and-deletion-derived tumour-specific neoantigens and the immunogenic
phenotype: a pan-cancer analysis. Lancet Oncol. 18 (8), 1009-1021.

Unnikrishnan, R., Rayman, P., Yang, Y., Diaz-Montero, C.M., Finke, J., 2015. Pazopanib,
sunitinib, and axitinib reduce expansion of in vitro induced suppressive macro-
phages. Abstract PD33-08. J. Urol. 193 (4) e712.

Verzoni, E., De Cecco, L., Dugo, M., Rinchai, D., Bedognetti, D., Grassi, P., Ratta, R., Cova,
A., Squarcina, P., Huber, V., 2017. Broad immunomodulating effect of first-line pa-
zopanib in metastatic renal cell carcinoma patients. Abstract 889P. Ann. Oncol. 28
(suppl_5).

Vitale, M.G., Carteni, G., 2016. Clinical management of metastatic kidney cancer: the role
of new molecular drugs. Future Oncol. 12 (1), 83-93.

Vivier, E., Ugolini, S., Blaise, D., Chabannon, C., Brossay, L., 2012. Targeting natural
killer cells and natural killer T cells in cancer. Nat. Rev. Immunol. 12 (4), 239-252.

Voron, T., Colussi, O., Marcheteau, E., Pernot, S., Nizard, M., Pointet, A.L., Latreche, S.,
Bergaya, S., Benhamouda, N., Tanchot, C., Stockmann, C., Combe, P., Berger, A.,
Zinzindohoue, F., Yagita, H., Tartour, E., Taieb, J., Terme, M., 2015. VEGF-A mod-
ulates expression of inhibitory checkpoints on CD8+ T cells in tumors. J. Exp. Med.

157

Critical Reviews in Oncology / Hematology 139 (2019) 149-157

212 (2), 139-148.

Walter, S., Weinschenk, T., Stenzl, A., Zdrojowy, R., Pluzanska, A., Szczylik, C., Staehler,
M., Brugger, W., Dietrich, P.Y., Mendrzyk, R., Hilf, N., Schoor, O., Fritsche, J., Mahr,
A., Maurer, D., Vass, V., Trautwein, C., Lewandrowski, P., Flohr, C., Pohla, H.,
Stanczak, J.J., Bronte, V., Mandruzzato, S., Biedermann, T., Pawelec, G.,
Derhovanessian, E., Yamagishi, H., Miki, T., Hongo, F., Takaha, N., Hirakawa, K.,
Tanaka, H., Stevanovic, S., Frisch, J., Mayer-Mokler, A., Kirner, A., Rammensee, H.G.,
Reinhardt, C., Singh-Jasuja, H., 2012. Multipeptide immune response to cancer
vaccine IMA901 after single-dose cyclophosphamide associates with longer patient
survival. Nat. Med. 18 (8), 1254-1261.

Winum, J.Y., Maresca, A., Carta, F., Scozzafava, A., Supuran, C.T., 2012.
Polypharmacology of sulfonamides: pazopanib, a multitargeted receptor tyrosine
kinase inhibitor in clinical use, potently inhibits several mammalian carbonic anhy-
drases. Chem. Commun. (Camb.) 48 (66), 8177-8179.

Yarchoan, M., Johnson 3rd, B.A., Lutz, E.R., Laheru, D.A., Jaffee, E.M., 2017. Targeting
neoantigens to augment antitumour immunity. Nat. Rev. Cancer 17 (4), 209-222.

Zaidi, M.R., Merlino, G., 2011. The two faces of interferon-gamma in cancer. Clin. Cancer
Res. 17 (19), 6118-6124.

Zhang, W., Zhu, X.D., Sun, H.C., Xiong, Y.Q., Zhuang, P.Y., Xu, H.X., Kong, L.Q., Wang, L.,
Wu, W.Z,, Tang, Z.Y., 2010. Depletion of tumor-associated macrophages enhances the
effect of sorafenib in metastatic liver cancer models by antimetastatic and anti-
angiogenic effects. Clin. Cancer Res. 16 (13), 3420-3430.

Zilio, S., Serafini, P., 2016. Neutrophils and granulocytic MDSC: the Janus god of Cancer
immunotherapy. Vaccines 4 (3).


http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0410
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0410
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0415
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0415
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0420
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0420
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0420
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0420
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0420
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0425
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0425
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0425
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0430
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0430
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0430
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0430
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0435
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0435
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0440
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0440
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0445
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0445
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0445
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0445
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0445
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0450
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0450
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0450
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0450
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0450
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0450
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0450
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0450
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0450
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0455
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0455
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0455
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0455
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0460
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0460
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0465
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0465
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0470
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0470
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0470
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0470
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0475
http://refhub.elsevier.com/S1040-8428(18)30141-0/sbref0475

	Angiogenic and immunological pathways in metastatic renal cell carcinoma: A counteracting paradigm or two faces of the same medal? The GIANUS Review
	Introduction
	Metastatic renal cell carcinoma and the immune system
	The paradox of high T-cell infiltrate correlating with poor prognosis, an exception confirming the rule?
	Immunogenic patterns of mRCC as a potential predictor of response
	Immune escape and angiogenesis

	VEGFRs-TKIs immunomodulatory properties
	Combination or sequential approaches: rationale and clinical evidence
	Future perspectives
	Conflict of interest statement
	Author’s contributions
	Funding
	Acknowledgments
	References




