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Abstract

Purpose of Review Targeting PD-1/PD-L1 immune checkpoints is a new therapeutic tool in patients with locally advanced and
metastatic clear cell renal cell carcinoma (CCRCC). The purpose of this review is to offer clinicians an updated translational
insight into the current status of a therapeutic alternative that may impact significantly patient’s life.

Recent Findings Immune checkpoint inhibition has recently demonstrated promising results in selected CCRCC patients with
respect to tumor progression and survival. The decision to treat these patients with immune checkpoint inhibitors (ICI) relies on
the immunohistochemical detection of PD-1/PD-L1 positivity in inflammatory cells in the tumor, which makes the role of the
pathologist crucial, but clinical concern upon the reliability to use immunohistochemistry (IHC) to predict therapeutic response is
increasing.

Summary We review the state of the art of the immune checkpoint inhibition in CCRCC, from the basic science and its
fundamentals to the daily application in clinical routine.

Keywords Clear cell renal cell carcinoma - Immune checkpoint inhibition - PD-1 - PD-L1 - Immunohistochemistry - Sampling
protocols - Targeted therapy

Introduction

Renal cancer is a common malignancy ranking in the top-ten
lists of the most frequent neoplasms in Western countries.
More than 64,000 new cases (up to 42,000 cases in males
and 22,000 in females) are expected in 2018 in the USA [1].
Clear cell renal cell carcinoma (CCRCC) is the most common
histologic variant, accounting for more than 70% of the total
cases [2]. CCRCC is a complex disease. On the one hand, it
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has been traditionally resistant to radiotherapy and chemother-
apy and only surgery has demonstrated a significant impact on
survival [3]. On the other, CCRCC is a paradigmatic example
of inter- and intratumor heterogeneity (ITH) [4, 5], which
makes its clinical evolution unpredictable. Very recent whole
genomic studies in large series of CCRCC have demonstrated
up to seven different evolutionary routes [6°¢] and two differ-
ent patterns of metastatic seed [7¢¢] thus confirming at the
molecular level the high complexity of this disease.
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This high genomic variability is responsible for many ther-
apeutic failures in CCRCC. Immune checkpoint inhibitors
(ICI), alone or in combination with drugs promoting anti-an-
giogenesis, i.e., tyrosine kinase inhibitors (TKI), are promis-
ing new options for patients with advanced disease [8]. In
brief, VHL gene malfunction, the hallmark of CCRCC gene-
sis, increases the angiogenic activity via overexpression of the
hypoxia inducible factor-o¢ (HIF-) in concert with check-
point inhibition. Both VHL gene inactivation [9] and HIF-«
silencing [10] have shown to inhibit the expression of the
checkpoint programmed death ligand 1 (PD-L1). Other au-
thors, however, suggest that PD-L1 expression correlates with
non-inactivated VHL gene [11], what depicts a complex and
still not well understood scenario in the regulation of PD-L1 in
CCRCC. Although ICI are showing great promise in ad-
vanced renal cancer treatment, not all patients benefit from
these therapies. Taking into consideration that the incidence
of CCRCC is predicted to increase during the next decade
mainly due to obesity and aging, finding effective predictive
biomarkers in these tumors is a priority in modern oncology
[12, 13-].

At present, the assessment of immune checkpoint status
relies on the immunohistochemical identification by the pa-
thologist of one of the ligands of programmed death-1 (PD-1)
in the mononuclear inflammatory cells inside the tumor, or in
the tumor cells. However, this assessment involves several
concerns considering the high ITH that some CCRCC display.
In this regard, very recent studies have demonstrated a high
variability in the regional PD-L1 expression in CCRCC [14,
15] and in non-small cell lung cancer [16], what makes the
extent of tumor sampling and immune-testing a crucial issue.
An insufficient sampling and/or testing might be among the
causes of the non-expected good response to anti-PD-L1
drugs observed in up to 17% of patients whose tumors appar-
ently did not express PD-L1 [12]. Although the contrary also
may happen, with some authors pointing to a possible associ-
ation between intracellular metabolic factors as responsible for
the resistance to anti-PD-1 therapy in patients who do express
PD-L1 by IHC [17].

This review offers to the clinicians a translational update of
the state of the art of ICI in CCRCC, from the basic science to
the clinical application and future trends in the field.

Molecular and Cellular Aspects of PD-1/PD-L1
Axis in CCRCC

Human PD-1 (official gene name PDCD1; 288 amino acids in
its longer form) is a type I transmembrane glycoprotein that
belongs to the CD28/CTLA-4 immune checkpoint receptor
family. PD-1 is monomeric and contains a single
immunoglobulin-like variable (IgV) domain in its N-
terminal extracellular region, which mediates PD-1 binding
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to its ligands PD-L1 and PD-L2 [18-21]. PD-1 intracellular
region encompasses about 95 amino acids, and contains two
immunoreceptor tyrosine-based (ITIM and ITSM) regulatory
motifs, which undergo tyrosine phosphorylation and mediate
the binding to the SH2-domain containing tyrosine phospha-
tases PTPN6 (SHP1) and PTPN11 (SHP2), favoring the inhi-
bition of T and B cell antigen receptor-mediated signaling
[22-25] (Fig. 1a). A serum soluble variant of PD-1 (PD-
1Aex3; sPD-1) has been found [26], although its relevance
in CCRCC remains to be determined.

Human PD-L1 (also known as B7-H1; official gene name
CD274; 290 amino acids in its longer form) is a type I trans-
membrane glycoprotein that belongs to the B7 family of im-
mune checkpoint proteins. PD-L1 contains one IgV-like and
one immunoglobulin-like constant (IgC) domain in its extra-
cellular PD-1 binding region, and a short C-terminal intracel-
lular region of about 30 amino acids, which is important for
the transmission of cell survival signals [24, 27, 28] (Fig. 1a).
Human PD-L2 (also known as B7-DC, official gene name
PDCDILG?2; 273 amino acids in its longer form) is the other
PD-1 ligand and the closer related protein to PD-L1, with a
similar arrangement of Ig-like domains and about 40% amino
acid identity in its extracellular region, but divergent in its
short intracellular C-terminal portion [20]. PD-L1 and PD-
L2 shorter isoforms have been described which lack Ig-like
domains or the transmembrane and intracellular regions, but
their physiologic role is unclear [29, 30]. Both PD-L1 and PD-
L2 are expressed in kidney epithelial cells under basal condi-
tions and are upregulated in an inflammatory-dependent-
induced manner [31-33] (Fig. 1a). A soluble form of PD-L1
has been detected in the serum of CCRCC patients in associ-
ation with tumor aggressiveness [34], although its clinical
correlation was not confirmed in a separate study [10].

PD-1 expression is well known in hematopoietic tissues
and cells, including T cells, B cells, NK cells, monocytes/
macrophages, and dendritic cells, although recent findings
have revealed PD-1 expression in several non-hematopoietic
cancer cell types [35]. PD-1 expression is rapidly induced
upon T or B cell antigen stimulation, or upon lymphoid cell
activation conditions, such as lipopolysaccharide or proin-
flammatory cytokine stimulation [24, 25, 36]. Major transcrip-
tion factors regulating positively PD-1 gene expression in-
clude NFAT, STATs, NF-«kB, and IRFs [25, 28]. In RCC pa-
tients, PD-1 is highly expressed on the surface of both activat-
ed tumor-infiltrating mononuclear immune cells and periph-
eral blood mononuclear cells, in association with higher tumor
staging and poor outcome [37, 38].

The expression pattern of PD-L1 is wider, displaying both
constitutive and inducible expression in lymphoid, myeloid,
and endothelial cells [24, 27, 39]. PD-L1 expression is high in
many human cancers, both in the tumor-infiltrating immune
cells and in the tumor cells [25, 40, 41]. The PD-L1 gene
promoter harbors functional hypoxia response elements which
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Fig.1 PD-1/PD-L1 axis in renal cancer. a. Top left, a schematic depiction
of the domain composition of PD-1 and PD-L1, including their
transmembrane regions (black boxes), is shown. C, C-terminal
intracellular region; N, N-terminal extracellular region; IgV,
immunoglobulin-like variable; IgC, immunoglobulin-like constant.
Glycosylation at the extracellular regions is indicated with branched
lines. Bottom, the amino acid sequences (one-letter code) of the human
PD-1 and PD-L1 intracellular regions are indicated. The ITIM (sequence
VDYGEL) and ITSM (sequence TEYATT) motifs in PD-1 are underlined.
Residues which can be phosphorylated are in red, and residues which can
be acetylated are in blue (https://www.phosphosite.org/; and references in
the text). PD-L1 can also be ubiquitinated, but the affected residues have
not been identified. Top right, mRNA expression in kidney of PD-1, PD-

mediate binding to the transcription factors HIF-1o and HIF-
2 enhancing PD-L1 gene expression [9, 42]. Accordingly,
PD-L1 expression in CCRCC has been correlated with VHL
inactivation and HIF-2ec expression [9, 43]. NF-kB, STATI,
STAT3, AP-1, and MYC also bind and transactivate PD-L1
promoter, regulating positively PD-L1 transcription in both he-
matopoietic and tumor cells in response to inflammatory cyto-
kines or growth factor stimulation [25, 28] (Fig. 1b), although
the specific role of these transcription factors in the regulation
of PD-L1 expression in renal cancer cells remains unexplored.

As mentioned above, the major effect of PD-1/PD-L1 inter-
action accounting for immune evasion relies on the negative
signaling on the antigen receptor complexes, transduced
through SHP1/2 tyrosine phosphatases, which triggers the re-
versal of CD3-complex tyrosine phosphorylation and the de-
cline in cytokine production and lymphocyte proliferation [19,
23, 44]. In consequence, critical lymphocyte activation-, cell
cycle-, and pro-survival pathways, including PI3K/PTEN/AKT
and RAS/MEK/ERK pathways, are attenuated through PD-1-
facilitated signaling [45, 46] (Fig. 1b). Negative regulation by
PD-1 of PI3K/AKT signaling in T cells has also been proposed
on the basis of its positive effect on PTEN phosphatase activity
via CK2-mediated phosphorylation [47], in line with the ob-
served association between PTEN loss and resistance to PD-1-
based immunotherapy in several human cancers [48, 49]. Of
interest, PTEN protein loss has been associated with renal car-
cinogenesis, although its prognostic value is unclear [50-52].
PD-L1 also plays pro-tumorigenic reverse signaling roles in
cancer cells upon binding to its receptors in hematopoietic cells,
which results in activation of proliferative and survival
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L1, and PD-L2 is shown, from NCBI Gene Resource (https://www.ncbi.
nlm.nih.gov/; RPKM, reads per kilo base per million mapped reads). b.
Schematic of cell signaling mediating PD-1/PD-L1 expression, immune
evasion, and pro-tumorigenesis in T cells and renal cancer cells. The
square boxes in the cytoplasm illustrate relevant signal transduction
pathways activated through the T cell receptor (TCR) in T cells or,
hypothetically, through PD-L1 in renal cancer cells. The tyrosine
phosphatases SHP1/2 are major effectors of the attenuation in T cells of
TCR-mediated signaling triggered upon PD-1/PD-L1 binding. The
square boxes in the cell nucleus illustrate transcription factors that
promote PD-1 and PD-L1 expression. The relevance of the VHL/HIF
pathway in renal cancer cells is depicted

nucleus
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signaling pathways. This further fuels the expression of PD-
L1, and subsequent tumor progression [53] (Fig. 1b). In addi-
tion, PD-L1 has been shown to exert non-immune proliferative
roles in a variety of tumor cell types [54-56]. Noticeably, in
renal carcinoma cells, PD-L1 induced epithelial to mesenchy-
mal transition (EMT) and stem cell-like phenotypes [57], sug-
gesting the existence of PD-L1 intrinsic pathways promoting
renal cancer progression, which could be clinically relevant in
the response to PD-1/PD-L1 immunotherapies.

Pathological Approach to PD-1/PD-L1
Blockade in CCRCC

Many CCRCC are aggressive neoplasms with different mo-
lecular profiles influencing treatment response [58]. Clinical
aggressiveness in these neoplasms has been recently correlat-
ed with specific mutational statuses [6¢¢]. In particular, it has
been reported that a subset of CCRCC characterized by high
chromosome complexity and losses of 9p and 14q has an
increased metastatic potential [7¢¢]. Targeting immune check-
points in renal cancer is being extensively analyzed in
CCRCC in the last years. As an example, at least two meta-
analyses [59, 60] and some series [61—63] have confirmed the
adverse effects of PD-L1 expression in the prognosis and sur-
vival of CCRCC.

The next horizon to treat advanced CCRCC has been very
recently reviewed [8]. TKI are being used in combination with
ICI with positive results in CCRCC due to the fact that PD-L1
downregulation is related to HIF-« inhibition [10]. In this
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sense, the monoclonal antibody (mAb) bevacizumab,
inhibiting the binding of vascular endothelial growth factor
(VEGF) to its receptors, and the mammalian target of
rapamycin (mTOR) inhibitor temsirolimus have improved
both progression-free and overall survivals of CCRCC pa-
tients [64e, 65]. Some evidences also hypothesize that ICI
and some genes involved in the EMT process may have a
combined synergic effect on tumor progression and metastatic
potential [66].

Since US Food and Drug Administration (FDA) approved
anti-CTLA-4 ipilimumab for the treatment of advanced mel-
anoma in 2011, other neoplasms have been subsequently ap-
proved for diverse anti-CTLA-4 or anti-PD-L1 drugs in par-
ticular clinical settings [11]. Nivolumab, an anti-PD-1 mAb,
was approved for advanced renal cell carcinoma treatment in
second line in 2015 [11] and atezolizumab, an anti-PD-L1
mAb, is in the process of clinical validation for advanced renal
cell carcinoma [8, 67].

In modern oncology, histological, immunohistochemical,
and molecular studies, as well as biomarker detection, are
performed in tumor samples previously selected from the sur-
gical specimens. Pathologists do perform this tumor selection
worldwide. Small tumors (< 3 cm) can be totally sampled, but
larger tumors cannot, so pathologists perform a tumor selec-
tion following internationally accepted protocols (the so-
called routine sampling). Recent studies, however, have
shown that routine protocols may be insufficient to unveil
with reliability the hidden ITH that many tumors develop [4,
5, 68-70]. To overcome this problem, a new tumor sampling
strategy has been recently developed: the multisite tumor sam-
pling (MSTS) [71e, 72]. This sampling method, based on the
divide and conquer algorithm, follows the rationale the more
you sample the more you find, a strategy successfully followed
in physics [73] and medicine [74]. Interestingly, MSTS im-
proves ITH detection in large tumors while keeping the cost
fixed.

PD-L1 expression pattern is quite diverse across different
tumor regions, as it has been proved in a recent analysis of 39
CCRCC [14], so its identification depends largely on the
deepness of tumor sampling and on the number of blocks
immunostained. In this sense, MSTS has demonstrated a su-
perior performance compared with routine sampling in detect-
ing PD-L1 expression in 22 CCRCC. MSTS detected, in this
study [15], more PD-L1-positive cases than routine sampling.
Thus, an insufficient sampling could be a plausible explana-
tion for the unexpected positive response to anti-PD-L1 ther-
apy that has been observed in a subset of PD-L1-negative
CCRCC [12]. In addition, a different PD-L1 immunostaining
associated with the use of different anti-mAb recognizing dif-
ferent epitopes of PD-L1 increases the level of uncertainty in
the interpretation of the results. Even more, the possibility
exists that the reactivity of these different mAb can be affected
by PD-L1 post-translational modifications [75] (Fig. 1a).
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Finally, whether the expression of PD-L2 in the tumor or in
the tumor-infiltrating lymphocytes could also account for the
response to anti-PD-1 therapy of PD-L1-negative CCRCC
deserves investigation [76].

The variety of anti-PD-L1 clones commercially available
on the market is a specific problem to achieve a reliable im-
munohistochemical evaluation. Thus, up to four different anti-
PD-L1 in two different platforms are available in the market:
22C3 and 28-8 on the Dako Link 48 platform (Dako,
Carpinteria, CA, USA), and SP-142 and SP-263 on the
Ventana Benchmark Ultra platform (Ventana Medical
Systems, Tucson, AZ, USA), so the results may vary depend-
ing on the antibody tested and the platform used. Several
studies performed in non-small cell lung cancer focus on the
problem of interpretation derived from this variability [77-79]
and claim for an accurate definition of the criteria to determine
the PD-L1 status in a given tumor [80].

Another problematic issue needing solution is the interob-
server immunohistochemical variability detected in the eval-
uation of these antibodies in daily practice, a point that has
been recently analyzed in lung carcinomas [81] and in geni-
tourinary and head/neck carcinomas [82]. An additional diffi-
culty comes from the fact that the cutoff between a positive
and a negative result varies from one tumor type to another,
and from one antibody to another. For example, while the
cutoff required to administrate atezolizumab in advanced
urothelial carcinoma is 5% of positive cells (SP-142) [83], this
figure decreases to 1% in current trials for advanced CCRCC
(SP-142) [84¢¢]. The cells in which the immunostaining must
be assessed also vary depending on the tumor type and the
clone used. Actually, only positive immunostaining of mono-
nuclear intratumor inflammatory cells must be considered in
CCRCC [14] and urothelial carcinoma (SP-142) (recommen-
dations made by the manufacturer), whereas positivity in both
inflammatory and neoplastic cells must be taken into account
in lung carcinomas (SP-263, 22C3, 28-8) [77].

Present and Future of PD-1/PD-L1 Blockade
in the Treatment of Advanced CCRCC

Precedent paragraphs have shown to what extent the molecu-
lar biology underlying renal cancer is a complex field of con-
tinuous ongoing research. Deeper understanding of the immu-
nology of T cell activation has led to development of ICI, one
of the major goals in the fight against renal cancer in the very
recent years. The use of monoclonal antibodies that inhibit
PD-1/PD-L1 and CTLA-4 axes thus releasing the inhibition
of T cell activation has opened a new era for immunotherapy
in patients with advanced CCRCC [85¢].

A phase II randomized trial with previously treated meta-
static RCC randomized 168 patients to receive intravenous
nivolumab 0.3, 2, and 10 mg/kg every 3 weeks. Median
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overall survival was 18.2, 25.5, and 24.7 months, respectively
[86]. The CheckMate 025 phase III trial evaluated nivolumab
(3 mg/kg dosage every 2 weeks) versus everolimus (10 mg/
once daily) and included 821 patients with metastatic CRRCC
previously treated with one or two lines of VEGF-directed
therapy. Median overall survival was 25 months in the group
treated with nivolumab and 19.6 months in the group treated
with everolimus (HR =0.73, p=0.02), and overall response
rate was 25% for nivolumab and 5% for everolimus (OR =
5.98, p<0.002). Progression-free survival was not different
among groups, 4.6 months for nivolumab versus 4.4 months
for everolimus (HR =0.88, p =0.11). Nivolumab also proved
to be less toxic, with 19% grade 3—4 adverse events versus
37% in the everolimus group. Very interestingly, the PD-L1-
positive patients had worse survival in both treatment arms,
and also nivolumab showed clinical benefit in both PD-L1-
positive and PD-L1-negative patients [87¢¢]. Post hoc studies
from CheckMate 025 also revealed that patients on nivolumab
previously treated with sunitinib, pazopanib, or IL-2 also had
survival benefit [86, 88]. In these terms, nivolumab has been
approved for second-line treatment of advanced RCC after
failure of VEGF-targeted therapy with the overall survival still
to be defined but with an already proved survival benefit pre-
viously unequaled for a second-line therapy in RCC [89, 90].

The treatment landscape in advanced and metastatic RCC
is moving from TKI and the mTOR inhibitors to specific
immuno-oncology agents among which ICI prevail today,
although their use as first-line therapy needs further explora-
tion. ICI can be used as monotherapy or in combination, either
synergic combination of different immuno-oncology agents
(synergic ICI) or combining ICI with TKI. RCC therapeutics
are expected to move in the direction of combination therapies
extending overall survival as a benchmark for new drug ap-
provals and biomarker validation for improved selection of
patients for specific therapies [91]. Ongoing phase III trials
with emphasis not only on efficacy but also on safety of dif-
ferent combinations tested will define future therapeutic
guidelines in RCC.

Dual immune checkpoint blockade through inhibition of
PD-1 (nivolumab 3 mg/kg) and CTLA-4 (ipilimumab
1 mg/kg) has been co-administered four times every week
and followed by nivolumab every 2 weeks until progression
in first-line clinical setting treatment-naive advanced or meta-
static CCRCC compared to sunitinib (50 mg p.o. 4 weeks-on,
2-weeks-off) in the CheckMate 214 phase III clinical trial.
Overall survival was significantly improved in the group with
synergic combination of ICI (HR =0.63, p <0.001). Median
overall survival has not been reached in the nivolumab and
ipilimumab group and is 32.9 months in the sunitinib arm.
Notoriously, overall response rate in the group of intermediate
risk and poor risk was 42% for nivolumab and ipilimumab
combination versus 27% with sunitinib. Interestingly, the risk
of grade 3-5 adverse events was higher in the sunitinib arm,

but treatment-related adverse events leading to discontinua-
tion was 15% for nivolumab and ipilimumab, and 7% for
sunitinib. The influence of PD-L1 expression was also ana-
lyzed and progression-free survival in patients with PD-L1
positivity (expressed as >1%) was 22.8 months for combined
ICI versus 5.9 months for sunitinib (HR = 0.48, p =0.0003) in
the intermediate-risk and poor-risk group [92].

Many phase II and phase III clinical trials are now being
conducted to evaluate the efficacy of different ICI (nivolumab,
ipilimumab, atezolizumab, avelumab, pembrolizumab) to-
gether with cabozantinib, becacizumab, axitinib, everolimus,
or epacadostat. Future status of immuno-oncology therapy
within the next coming years will surely be determined by
the results and strategies derived from them (Table 1). The
overview of possible combinations is enormous and surely
these exploratory trials will lead to set a firm clinical basis to
develop a new era of immunotherapy in renal cancer [67, 89¢];
not only with better survival, but also with less adverse effects
and better patient perception of quality of life. Trials evaluat-
ing TKI and vaccines, such as AGS-003 or IMA901, have
given initial negative results [§9+, 93, 94] and maybe this is
another reason for which more resources have been directed
for the development of different strategies incorporating ICI.

The establishment of valid predictors of treatment response
to immuno-oncology must become a priority, as a substantial
proportion of patients treated with ICI have little or no benefit,
and also these treatments are expensive and might bring asso-
ciated toxicities [95]. Compared with chemotherapy, ICI have
a significantly lower risk of all- and high-grade fatigue, sen-
sory neuropathy, diarrhea and hematologic toxicities, all-
grade anorexia, nausea, and constipation, any all- and high-
grade AEs, and treatment discontinuation [96]. However, in-
creased risk of all-grade rash, pruritus, colitis, aminotransfer-
ase elevations, hypothyroidism and hyperthyroidism, and all-
and high-grade pneumonitis with PD-1/PD-L1 therapies can
be expected [96, 97]. Urologists should start getting used to
this peculiar security profile as their patients will be more
often involved in clinical trials with ICI. Also, utmost concern
must be kept in the combination of different agents as some of
these potential therapies may show prohibitive toxicity.

The Need for a Better PD-1/PD-L1 Blockade
Biomarker Strategy

New biomarker development is urgent in this new era of
immuno-oncology. Tumor-associated PD-L1 expression has
been proposed as a potential biomarker for PD-1 pathway
expression but it is difficult to implement for reasons that have
been already mentioned. In fact, there are current data to trans-
late how the various assays compare with each other. Also,
PD-L1 is an inducible molecule and many CCRCC are highly
heterogeneous. Even though, targeting PD-1/PD-L1, alone or
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Table 1 Main undergoing clinical trials that test combinations of immune checkpoint inhibitors in advanced/metastatic renal cell carcinoma
Combinations Trial name NCT number Drugs evaluated Primary endpoints
Immune checkpoint inhibitors CheckMate 214 NCT02231749 Nivolumab + Ipilimumab vs. Sunitinib PES, OS, ORR
Immune checkpoint inhibitors CheckMate 9ER NCT03141177 Nivolumab + Cabozantinib + Ipilimumab PFS
vs. Sunitinib

Immune checkpoint inhibitors IMmotion 151 NCT02420821 Atezolizumab + Bevacizumab vs Sunitinib PFS in PD-L1 (+)

with anti-VEGF mAb patients, OS
Immune checkpoint inhibitors Javelin Renal 101 NCT02684006 Avelumab + Axitinib vs. Sunitinib PFS and OS in PD-L1

with VEGFR TKI (+) patients
Immune checkpoint inhibitors Keynote-426 NCT02853331 Pembrolizumab + Axitinib vs. Sunitinib PFS, OS

with VEGFR TKI
Immune checkpoint inhibitors CLEAR NCT02811861 Lenvatinib + Everolimus or Lenvatinib + PFS

with GFR TKI Pembrolizumab vs. Sunitinib
Immune checkpoint inhibitors Keynote-679 NCT03260894 Pembrolizumab + Epacadostat vs. Sunitinib

with IDO or Pazopaniv

Immune checkpoint inhibitor specificity: Nivolumab, anti-PD-1; Pembrolizumab, anti-PD-1; Atezolizumab, anti-PD-L1; Avelumab, anti-PD-L1;

Ipilimumab, anti-CTLA-4

PFS progression-free survival, OS overall survival, ORR overall response rate, VEGF vascular endothelial growth factor, VEGFR vascular endothelial
growth factor receptor, GFR growth factor receptor, mAb monoclonal antibody, 7K/ tyrosine kinase inhibitors, /DO indoleamine 2-3-dioxigenase

in combination with TKI, is a promising therapeutic tool in
patients with advanced CCRCC. Several trials are ongoing
trying to define real benefit, new drugs, and strict indications
of use. Since ICI are being applied in advanced tumors of
several topographies and different antibodies and their respec-
tive drugs are available on the market, at least four important
points should be assured for an optimal routine. First, the
heterogeneous distribution of positive areas across the tumor
requires a reliable tumor sampling, especially in those cases in
which ITH is high. The question of, “how much tumor tissue
should be tested for a reliable evaluation?”” needs an accurate
answer. Second, the results obtained with the antibodies com-
mercially available are not interchangeable, so the compari-
sons between different series may not reflect the real situation.
Third, there are several difficulties in assigning the respective
negative versus positive cutoffs in each tumor type, since
these figures vary depending on the observer, tumor type,
and the antibody used, so the interobserver results may be
discordant and confusing. Fourth, the unknown expression
pattern and role of PD-L2 should be defined.

A recent meta-analysis evaluates the relative efficacy of
PD-1 or PD-L1 inhibitors versus conventional drugs in pa-
tients with different neoplasia (mainly lung cancer, but also
renal cancer, head/neck cancer, melanoma, and urothelial can-
cer) that were PD-L1 positive and PD-L1 negative. PD-L1
expression alone is clearly insufficient to determine which
patients should receive ICI because this therapy is beneficial
in both groups. Also, no significant differences are observed
in terms of overall survival between studies in which patients
are randomized according to PD-L1-positive and PD-L1-
negative expression, respectively [98e¢]. That means PD-1 or
PD-L1 blockade is a preferable treatment option even for pa-
tients that are PD-L1 negative.

@ Springer

Apart from PD-L1 and PD-L2 expression, T cell density in
pretreated samples, T cell receptor clonality, mutational or
neoantigen burden, assessment of peripheral T cell popula-
tions, immunogen signatures, and multiplex IHC with direct
assessment of both tumor and immune-cell phenotypes and
their spatial relationships are some of the strategies investigat-
ed [99+]. Combining two or more methods to capture the im-
mune status of the tumor microenvironment might be more
effective as predictive biomarker. In fact, high tumor PD-L1
expression can be present even when tumor-infiltrating lym-
phocyte counts are low, and conversely tumors with high
tumor-infiltrating lymphocyte density may not express PD-
L1. Still though, ICI may be helpful but current chaos must
be first clarified through a more precise characterization of
tumor microenvironment immune status to guide immuno-
therapy with objective parameters. This point is crucial to
predict treatment failures and avoid unnecessary toxicity
[100].

Conclusions

ICI have started to transform the therapeutic landscape of
advanced and metastatic CCRCC, both as second- or third-
line therapy or as part of different immuno-oncology combi-
nations that are currently being tested. The need to develop
new biomarker strategies is evident as IHC alone for PD-L1
expression is not reliable itself to predict prognosis neither the
chance of a therapeutic response. Clinicians need elements
with higher positive and negative predictive value to sustain
their decision to use or not these treatments. Thereof develop-
ment of better markers should be primary endpoint itself in the
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design of future clinical trials for checkpoint immunotherapy-
based management of patients with CCRCC.
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