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Immunotherapy represents the new era of cancer treatment because of its promising results in various cancer types. In urological
tumors, the use of the immune-checkpoint inhibitors (ICIs) is increasingly spreading. Although not all patients and not all
diseases respond equally well to immunotherapy, there is an increasing need to find predictive markers of response to ICIs.
Patient- and tumor-related factors may be involved in primary and secondary resistance to immunotherapy: tumor-derived
protein and cytokines, tumor mutational burden, and patient performance status and comorbidities can condition tumor re-
sponse to ICIs. Recently, some of these factors have been evaluated as potential biomarkers of response, with conflicting results. To
date, the expression of programmed death-ligand 1 (PD-L1) and the presence of deficient mismatch repair ({MMR) in tumor
tissue are the only biomarkers capable of guiding the clinician’s decision in urothelial cancer and prostate cancer, respectively. In
this review, we performed a comprehensive search of the main publications on biomarkers that are predictive of response to ICIs
in urological cancers. Our aim was to understand whether existing data have the potential to drive clinical decision-making in the

near future.

1. Introduction

Immunotherapy is fast becoming the new frontier of on-
cology, accompanied by the dream of being able to defeat
cancer definitively. Although a substantial improvement in
survival has been seen since immunotherapy was first used in
melanoma, response remains low. The use of different types of
immune-checkpoint inhibitors (ICIs), in particular the pro-
grammed death-1/programmed death-ligand 1 (PD-1/PD-
L1) axis, has led to significantly better results in terms of
response and manageability. In recent years, advances have
been made in the treatment of urological tumors, especially
renal cell cancer (RCC) and urothelial cancer (UC). However,
the issue of the identification of nonresponding patients

persists. According to the tumor immunity in the microen-
vironment (TIME) classification [1], tumors can be divided
into 4 subgroups based on the presence of inflammatory
infiltrate (TIL) and PD-L1 expression: T1 (PD-L17, TIL"), T2
(PD-L1%, TILY), T3 (PD-L17, TIL"), and T4 (PD-L1%, TIL")
(Figure 1). Although the TIME classification has significant
predictive implications, there is an increasing need to find
predictive markers of response to ICIs.

2. Factors Involved in Primary and Secondary
Resistance to ICIs in Solid Tumors

Several factors can directly or indirectly influence the im-
mune response and therefore contribute to triggering
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F1GURE 1: Four tumor subtypes according to the TIME classification based on the expression of PD-L1 in tumor cells and on the presence of TILs.

resistance mechanisms. As shown in Figure 2, these factors
can be divided into two categories:

(1) Patient-related factors: it is acknowledged that pa-
tients in poor clinical conditions have a lower immune
response. However, the underlying mechanism for
this is still not understood. In fact, Pan et al. reported
that an Eastern Cooperative Oncology Group per-
formance score (ECOG PS) of 2 in melanoma patients
was associated with worse prognosis when ICIs were
used [2]. Conversely, a study carried out on patients
with UC treated with atezolizumab showed that re-
sponse rates (RRs) did not differ among patients with
different PS [3]. Recently, several trials conducted on
UC demonstrated a shorter overall survival (OS) in
patients with ECOG PS > 2 compared with ECOG PS
0 [3-6]. Several comorbidities can also affect the
immune response: autoimmune diseases [7, 8], di-
abetes [9], transplantations [10-12] (including bone
marrow transplants), and infections [13]. Another
important host-related factor is gut microbiota: sev-
eral studies have shown that restoration of some
bacterial families (Ruminococcaceae [14], Akker-
mansia muciniphila [15], and Bacteroides fragilis [16])
is correlated with a longer response in melanoma mice
treated with anti-PD1 drugs. Thus, the use of anti-
biotics or steroids during ICI therapy may affect the
outcome of treatment. In particular, 2 recent studies
[17, 18] showed that the use of beta-lactams, quino-
lones, and macrolides during ICIs therapy also led to
shorter progression-free survival (PFS) and poorer RR
in RCC patients.

(2) Tumor-related factors: this category can be divided
into 2 subcategories: intratumoral and microenvi-
ronmental factors.

2.1. Intratumoral Factors. Among tumor-related factors,
different histologies and the presence of chromosomal al-
terations influence the immune response. For example,
strongly aneuploid tumors have shown an intrinsic re-
sistance to ICIs [19]. This is due to the poor expression of

markers capable of activating the immune response. Con-
versely, a high expression of mutations, i.e., tumor muta-
tional burden (TMB), especially if mismatch repair genes are
involved, correlates with a high RR to ICIs, regardless of
histology [20-23]. In UC, a recent study showed a higher RR
in patients with alterations in the following genes: ATM,
BRCA2, ERCC2, FANCA, MSH6, and POLE [24]. However,
unlike solid tumors, elevated TMB has been associated with
poor prognosis in hematological cancers, for example,
multiple myeloma [25]. The growing interest in TMB has led
to the development of studies aimed at testing the efficacy of
neoantigens, structured within new molecules, such as
chimeric antigen T-cell receptor therapy (CAR-T). Several
studies are also underway for patients with RCC [26-28] and
prostate tumors (PCa) [29].

PD-L1 expression in tumor tissue is one of the best
known mechanisms for neutralizing immune system ac-
tivity. A higher PD-L1 expression results in a poorer
prognosis without the use of ICIs [13]. However, PD-L1 is
not always capable of predicting response to ICIs [30, 31]. In
fact, although response rates in UC differ significantly on the
basis of PD-L1 status, this is not the case for RCC patients
[32, 33].

To date, CTLA-4 and PD1/PD-L1 axis are not the only
molecules involved in the modulation of the immune re-
sponse. Other molecules are currently under investigation as
potential immune checkpoint for new IClIs, e.g., lymphocyte-
activation gene-3 (LAG-3), T-cell immunoglobulin mucin-3
(TIM-3), and B7-H3 and B7-H4/B7x/B7S1.

LAG-3 molecule is located on the cell surface of several
immune cells; its ligand is Class II MHC and binds with
higher affinity than CD4 [34]. LAG-3 downregulates the
immune response of CD4"- and CD8"-activated cells. In
fact, its negative activity has been observed in CD8" tumor-
infiltrating lymphocytes (TILs) and in CD4" TRegs [35].

TIM-3 is a regulatory molecule expressed on the surface
of innate immune cells; CD8" TILs usually coexpress PD-L1
and TIM-3, causing a strong inhibition of cytokine secretion
[36]. To date, TIM-3/PD-L1 coexpression has also been
studied in CD8" cells in melanoma patients. In one study,
blocking both PD-L1 and TIM-3 led to a restoration of
cytokine secretion [37].
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CXCL: CXC chemokine receptors ligands; NLR: neutrophil-to-lymphocyte ratio; SII: systemic immune-inflammation index.

B7-H3 and B7-H4 (also known as B7x/B7S1) are 2
members of the B7 super-family expressed not only by
immune cells but also by nonlymphoid tissues, including
prostate and testis cells [38]. Although B7-H3 was initially
characterized as a costimulatory molecule, recent studies
have indicated its dual activity. In some cases, it acts as an
upregulator of the immune responses and in others, a
downregulator [39].

2.2. Microenvironmental Factors. Tumor microenvironment
plays an important role in silencing the immune response.
Usually, the presence of TILs is related to higher PD-L1
expression [40, 41] and to better response to ICI treatment
[23]. The KEYNOTE 028 study tested the efficacy of pem-
brolizumab in 20 different tumors. Results showed that
treatment with ICIs was more effective in patients with TILs,
independently of tumor histology [42].

On the other hand, the aforementioned TIME classifi-
cation [1] has emphasized the link between TILs and PD-L1 in
determining the response to ICIs. However, its correlation
with response in UTs is still under evaluation [43]. The T2
subgroup, for example, is characterized by the presence of
TILs and higher PD-L1 expression, stimulated by the TIL-
mediated production of interferon-gamma (IFN-y). This
subgroup is associated with high RRs when treated with IClIs.
Unlike T2, the T3 subgroup expresses TILs but not PD-LI
(probably due to a nonexpression of inducing factors, such as
IFN-p). In this context, the use of OX-40 or 4-1BB agonists
may convert tumors classified as T3 into T2 [44, 45]. T1 and
T4 subgroups differ because of their lack of TILs. Many
tumors have this characteristic, which is usually associated
with a nonresponse to treatment with ICIs. There are different
ways to stimulate the immune response, for example, by using

anti-CTLA4 antibodies or CAR-T-cell therapy. However,
some negative PD-L1 tumors may respond to an anti-PD-L1
drug. Positivity or negativity of the histological examination
may not reflect a common characteristic of the overall tumor.
Thus, tumor heterogeneity may be responsible for ICI re-
sponse in patients with PD-L1-negative biopsy [1]. It is also a
unstable characteristic over time; in fact, treatment may select
altered tumor cells capable of activating the process of im-
mune escape, blocking the immune system activation, and
even transforming positive TIL into negative TIL tumors. This
condition has been described in different tumor types, such as
lung and breast cancer and RCC [46-48]. In particular,
discordance in PD-L1 status between primary and metastatic
sites has been observed in 20% of RCC patients [49]. The
immune-silencing process is ascribed to several mechanisms:
activation of the Wnt-f-catenin pathway [50]; loss of PTEN
associated with AKT activation [51]; and loss of immuno-
genicity [52] through several mechanisms (including
downregulation of MHC class I molecules and reduced
production of immunogenic antigens).

The study of the tumor microenvironment has led to the
discovery of other molecules involved in immune-silencing
mechanisms. For example, indoleamine-2,3-dioxygenase
(IDO) is a molecule produced in TILs capable of stimulating
the immune infiltrate, reducing the concentration of tryp-
tophan which is necessary for the activation of cytotoxic
T cells, and permitting their transformation into regulatory
T cells (TRegs). This promotes an immunosuppressive mi-
croenvironment near the tumor. Consequently, IDO is a
promising biomarker, and high concentrations are associ-
ated with worse prognosis. However, IDO as a target for new
drug development has been disappointing, and the use of
IDO inhibitors has not shown any advantages over ICI



treatment [53]. In addition to IDO, there is a high expression
of other molecules in tumor microenvironment, including
TGE-f3 secreted by fibroblasts [54], and various other cy-
tokines involved in immune-silencing mechanisms. Among
these molecules, CXCL9 and CXCL10, two CXCR3 ligands,
have shown to be correlated with the TIL-positive TIME
subgroups, whereas TIL-negative subgroups lack these
chemokines [55, 56].

Furthermore, several studies have evaluated the prog-
nostic/predictive role of some parameters, such as the
neutrophil-to-lymphocyte ratio (NLR) and the systemic
immune-inflammation index (SII). NLR is the most widely
tested prognostic index and correlates with prognosis in
different tumor types [57]. Similarly, SII, combining
neutrophils, lymphocytes, and platelet count in a single
parameter, demonstrates a significant correlation with
prognosis in different cancers [58-60]. Among UTs, SII and
NLR have shown a prognostic and predictive role of re-
sponse to conventional treatment in several retrospective
trials [61-63]. In particular, Lalani et al. recently demon-
strated that an early reduction in NLR (at 6 weeks) was
associated with a significantly improved outcome in mRCC
patients after ICI treatment [64]. Moreover, Raccioppi et al.
found that preoperatory NLR value was a predictor of re-
sponse to BCG therapy in non-muscle-invasive bladder
cancer [65].

3. Potential Prognostic and Predictive
Biomarkers in UCs Treated with ICIs

3.1. PD-L1 and TILs. PD-L1 is the most widely studied
(potential) biomarker in immunotherapy, and several
studies have investigated its predictive value in UCs. Table 1
lists the clinical trials that evaluated PD-L1 expression by
immunohistochemistry (IHC) or the IHC-based combined
positive score (CPS) to develop a reproducible PD-L1
scoring method that can be used to identify patients most
likely to respond to therapy. CPS is obtained as follows:
CPS =100 x PD-L1 stained cells (tumor cells, lymphocytes,
macrophages)/total viable tumor cells. In RCC, PD-L1 is not
a useful predictor of response to ICI treatment. Both PD-L1-
negative and PD-L1-positive tumors respond to immuno-
therapy, despite higher rates of RR and PFS in patients with
PD-L1 expression. In fact, in the metastatic RCC population
of the CheckMate 214 trial, the combination of nivolumab
plus ipilimumab obtained an objective RR of 37% in patients
with PD-L1 expression <1%, compared to 58% of those with
PD-L1 expression >1% [31]. In the IMmotion 151 trial,
patients with PD-L1 > 1% showed longer PFS when treated
with bevacizumab plus atezolizumab [66]. Conversely, the
combination of axitinib with pembrolizumab (KEYNOTE
423 trial) or axitinib with avelumab (Javelin Renal 101) did
not produce different efficacy results on the basis of different
PD-L1 statuses [67, 68]. Similarly, Motzer et al. observed that
the use of nivolumab after treatment with anti-VEGFR
inhibitors improved OS independently of PD-L1 status [69].
Unlike RCC, PD-L1 has been recognized as a predictive
biomarker in UCs. In metastatic/locally advanced UC,
atezolizumab and pembrolizumab demonstrated antitumor

Journal of Oncology

activity and acceptable tolerability in the first-line treatment
of cisplatin-ineligible patients [3, 5]. Based on these results,
the Food and Drug Administration (FDA) approved ate-
zolizumab and pembrolizumab in this subgroup. However,
the FDA updated the prescribing information for first-line
pembrolizumab and atezolizumab in cisplatin-ineligible
patients, making it compulsory to use an approved PD-L1
diagnostic test (Dako PDL-1 ICH 22C; PharmDx Assay®
and Ventana PDL-1 Assay®) to select patients. Therefore,
FDA indications were modified as follows: cisplatin-unfit
patients are eligible for pembrolizumab and atezolizumab if
the tumor expresses PD-L1 (CPS>10 for pembrolizumab
and PD-L1>5% for atezolizumab) [70]. In patients not
eligible for any platinum, pembrolizumab and atezolizumab
can be administered in first-line regardless of tumor PD-L1
expression. In postplatinum UC patients, several trials have
demonstrated ICI efficacy [71-75], with ICI-treated PD-L1-
positive TIL-positive UCs showing higher RRs. In the
IMvigor 210 trial, the use of atezolizumab obtained an
overall response rate (ORR) of 16%, which was higher (28%)
in patients with >5% PD-L1 expression [71]. In CheckMate
275, patients with tumor cluster III proved most likely to
obtain a better response to nivolumab (30%) [73]. Similar
results were obtained in 2 other studies. In the JAVELIN
trial, avelumab demonstrated an ORR of 17% in all patients
and 50% in those showing PD-L1 expression [75]. In a phase
1/2 trial, durvalumab obtained an ORR of 31% in the overall
population, 46% in patients with PD-L1 expression, and 0%
in those without PD-L1 expression [76]. Based on these
results, the FDA approved pembrolizumab as the preferred
drug, with atezolizumab, nivolumab, and durvalumab as
alternative preferred agents, regardless of PD-L1 expression.
The European Medicines Agency (EMA) recently approved
pembrolizumab for the treatment of metastatic/unresectable
UCs in relapsed patients after first-line platinum-based
therapy and also in nonpretreated cisplatin-unfit patients
with CPS>10. The EMA has also approved atezolizumab for
the first- and second-line treatment of UC and nivolumab
for use in a second-line setting. Although the cancer vaccine,
sipuleucel-T, has shown activity in prolonging OS in PCa,
none of the new ICIs have been approved. This is due to
limited antitumor immune infiltrates and poor PD-L1 ex-
pression in this tumor type [77, 78]. In germ-cell tumors,
PD-L1 expression has been observed in 73% and 64% of
patients with seminoma and nonseminoma types, re-
spectively [79] and correlates with outcome. Low levels of
PD-L1 are associated with better PFS [80]. Despite the
prognostic value of PD-L1 expression, pembrolizumab has
not shown activity as a single agent in the treatment of
refractory germ-cell tumors [81]. Therefore, PD-L1 is the
only recognized biomarker in patients with UC, but its
prognostic and predictive role is still open to debate in
nonurothelial urological tumors. A recent study of 160 UC
patients showed that although PD-L1 positivity >5% in
tumor cells was not predictive of OS, it was predictive if
expressed in TIL cells [82]. Mariathasan et al., after evalu-
ating data from the IMvigor 210 phase 2 trials, reported that
differences in PD-L1 also existed between tumor cells and
inflammatory cells in TILs [54]. Hence, the debate about the
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TaBLE 1: Potential predictive biomarkers in urological tumors treated with ICIs.

Histology Biomarker Trial/author Drugs Setting Study results
KEYNOTE 052 24% ORR, highest ORR in

Urothelial PD-L1 (CPS) (phase 2) Pembrolizumab 1-line CDDP ineligible patients with CPS > 10%
Higher ORR in
PD-L1 (CPS) KEYNOTE 045 Pembrolizumab vs Second line after pembrolizumab group
(phase 3) CHT platinum-based CHT than CHT, regardless of
tumor PD-L1 expression
A ORR: 26% (PD-L1 > 5%)
NCT02108652 . 22-line after vs 15% (all patients)
PD-L1 (IHC) (phase 2) Atezolizumab platmum}—lbasezd CHT 0S: 114 (PD-IE)I >5%) vs
(cohort 2) 7.9 (all patients) months
T No significant enrichment
PD-L1 (IHC) N(Egt?jsleog?ﬂ Atezolizumab Flrsitr-llgliei;]e)DP of response and OS by
8 PD-L1 expression
Patients with higher PD-
NCT01772004 >2-line treatment after L1 >5% showed higher
PD-L1 (THC) (phase 1b) Avelumab platinum-based CHT response rates and I(g)nger
PES and OS
ORR: 28.4% (PD-L1 >5%)
. vs 23.8% (PD-L1>1%) vs
PD-L1 (IHC) CheckMate 275 Nivolumab 22—11'ne treatment after 161 (PD-L1 < 1%); OS:
(phase 2) platinum-based CHT 113 (PD-L1 > 1%) vs 5.9
(PD-L1 < 1%) months
CXCL9, CXCL10 CheckMate 275 Nivolumab >2-line treatment after ~ Positive predictors of
cytokines (phase 2) platinum-based CHT  response to nivolumab
Positive predictors of
response to atezolizumab;
PD-L1 expression on IC
CXCL9, CXCL10 >2-line after o of cell) was |
cytokines PD-L1 rabbit IMvigor 210 (phase 2) Atezolizumab platinum-based CHT significantly associate
SP142 (Ventana) (cohort 2) with response. In
contrast, PD-L1
expression in tumor cells
was not associated with
response
No differences in PFS and
NCT01693562 >2-line treatment after ORR between high and
PD-L1 (IHC) (phase 2) Durvalumab platinum-based CHT low/negative PgD—Ll
patients
dMMR caused a high
G. Iyer et al,, J Clin . . mutation load and was
dMMR or MSI-H yOncol 2017 ICIs Metastatic setting associated to durable
responses to ICIs
Greater benefit in ORR,
Nivolumab PFS, and OS for patients
Kidney = PD-L1 rabbit 28-8 (Dako) CheckMate 214 ipilimumab vs First line with PD-L1 > l%ptreated
(phase 3) L . .
sunitinib with nivolumab and
ipilimumab
Greater benefit in ORR
and PFS in patients with
PD-L1 (IHC) Javelin renal 101 Avelumab plus First line treated with avelumab
axitinib vs sunitinib plus axitinib,
independently from PD-
L1
Greater benefit in ORR,
OS, and PFS in patients
KEYNOTE 423 Pembrolizumab plus oo with treated with
PD-L1 (THC) (phase 3) axitinib vs sunitinib First line pembrolizumab plus

axitinib, independently of
PD-L1
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TaBLE 1: Continued.

Histology Biomarker Trial/author Drugs Setting Study results
PES in PD-L1>1%
Bevacizumab/ patients: 11.2mo (with
PD-L1 (IHC) rabbit IMmotion 151 ) . atezolizumab plus
SP142 (Ventana) (phase 3) atezﬁiﬁ?irgﬁ)b v I-line bevacizumab) vs 7.7 mo

PD-L1 (IHC) rabbit 28-8
(Dako)

CheckMate 025
(phase 3)

SII rabbit 28-8 (Dako)

Nivolumab vs
everolimus

De Giorgi et al., Clin Retrospective analysis >2-line treatment after
Cancer Research 2019 of EAP of nivolumab

(with sutent), HR 0.74,
P=0.0217
>2-line treatment after No differences in OS on
anti-VEGFR therapy the basis of PD-L1 status
Normal body mass index
combined with higher SII

anti-VEGER therapy tripled the risk of death

Le DT et al., Science

dMMR 2017

Prostate

Pembrolizumab

ORR: 53% of patients and
complete responses were
achieved in 21% of
patients

Advanced dMMR
cancers

PD-L1 = programmed death-ligand 1; CPS = combined positive score; ICIs =immune-checkpoint inhibitors; ICH = immunohistochemistry; SII = systemic
inflammation index; dMMR = mismatch repair genes deficiency; MSI-H = higher microsatellite instability; CHT =chemotherapy; EAP = expanded access
program; ORR = overall response rate; PFS = progression-free survival; OS = overall survival.

different value of PD-L1 expression in tumor and nontumor
cells (TILs) is still open.

3.2. Prognostic and Predictive Role of TIM-3, B7-H3, and
B7-H4. Tumor-associated macrophages induce a more
immunosuppressive phenotype, leading to an enhanced
expression of TIM-3 and PD-1 on CD4" and CD8" T cells.
The concentration of TIM-3 and PD-1-positive CD4" and
CD8" T cells is higher in TILs than in peripheral blood in
RCC patients [83]. Recently, Granier et al. demonstrated that
PD-1"Tim-3"CD8" T cells could not be enhanced in vitro by
a strong stimulus, suggesting that these cells cannot be
reactivated after PD-1-PD-L1 blockade [84]. In PCa patients,
malignant cells show higher TIM-3 expression than benign
cells, expression correlating with TNM staging system,
grading, and PFS [85]. Piao et al. demonstrated that Tim-3
expression in both CD4+ and CD8+ T cells closely correlated
with advanced disease and poor prognosis in PCa patients
[86]. Other studies have evaluated the prognostic role B7-H3
and B7-H4 in UTs. In both RCC and PCa, the over-
expression of B7-H3 and B7-H4 was correlated with poor
prognosis and a higher risk of recurrent and metastatic
disease [87, 88]. Moreover, in RCC, B7-H3 and B7-H4 were
expressed by both immune and endothelial cells: among 743
RCC patients, B7-H3-positive TILs were observed in 17% of
tumor samples and in 95% of tumor vasculature [89].
Another study reported a B7-H4 positive expression in
tumor vasculature of 211 RCC patients [90, 91]. In UCs, B7-
H3 is overexpressed in all tumor stages and its expression
can be stimulated by Bacillus Calmette-Guérin-based
therapy [92].

3.3. Prognostic Role of NLR and SII. In the last few years,
the prognostic role of NLR and SII has been evaluated in
urological and nonurological cancers. Although several
studies have demonstrated a correlation between NLR and

prognosis and NLR and treatment response, its prognostic
role remains uncertain [93, 94]. In UC and RCC, NLR is
significantly associated with prognosis [95-97]. As seen in
breast cancer [98], lymphopenia is also associated with poor
prognosis in patients with RCC [99]. In a study on an elderly
mRCC population treated with first-line sunitinib, lym-
phopenia proved to be a negative prognostic factor [100].
Thrombocytosis has also been identified as a negative
prognostic factor in RCC patients [101]. A recently pub-
lished study evaluated the role of SII in RCC patients treated
with the PD-1 inhibitor nivolumab and enrolled in an Italian
Expanded Access Program. The authors demonstrated that
normal body mass index combined with higher SII tripled
the risk of death, suggesting that SII is a critical prognostic
factor for OS in pretreated RCC patients during treatment
with nivolumab [102]. A recent article confirmed the
prognostic role of SII (and its variations during therapy) in
mRCC patients treated with sunitinib [103]. Recently, a
study evaluated the combination of SII and the monocyte/
lymphocyte ratio (MLR) as new prognostic factor in upper-
tract UC. The authors demonstrated that SII was signifi-
cantly associated with PFS and OS, whereas MLR signifi-
cantly correlated with OS but not with PFS. Both SII and
MLR correlate with an enhanced risk of disseminated disease
[104]. In PCa, Fan et al. reported that SII has a negative
independent prognostic role in terms of OS in patients
treated with both abiraterone and docetaxel, independently
of the treatment sequence [105].

3.4. Predictive Role of IFN-y and Other Cytokines. A 25-
gene IFN-y signature was evaluated in patients with met-
astatic UC enrolled in the phase II trial CheckMate 275, a
trial focusing nivolumab used as a single agent. The analysis
demonstrated that a higher IFN-y signature was expressed in
the basal-1 subgroup, corresponding to cluster III of the
TCGA classification. The patients in this group were more
likely to respond to ICIs [72, 73]. Recently, IFN-y-induced
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cytokines (CXCL9 and CXCL10) were also shown to be
positive predictors of response to atezolizumab in the
IMvigor trial [71].

3.5. Prognostic and Predictive Role of TMB and Genetic
Instability. In PCa, 2 large phase III trials on unselected
patients reported the failure of anti-CTLA4 (ipilimumab)
[106, 107]. Initial clinical data had shown that 5%-12% of
patients with metastatic PCa may benefit from ICIs
[108, 109], probably due to the low mutational loads of PCa,
which is correlated with low neoantigen burden [110]. The
mismatch repair (MMR) gene is a DNA single-strand repair
mechanism. Mismatch repair-deficient (AMMR) cancers are
characterized by microsatellite instability and hypermutator
phenotype, both associated with chemotherapy resistance
but immunotherapy sensitivity [111]. In a study by Iyer etal.,
dMMR or high MSI (MSI-H) were found in 3% of 424 UC
patients [112], both subgroups showing a higher response to
ICIs [112]. A recently published phase II trial including
patients with cholangiocarcinoma, colorectal, endometrial,
gastric, and small bowel cancer demonstrated that dMMR
predicted clinical benefit from pembrolizumab [20]. In PCa,
the prevalence of dMMR varies between 12% and 22% in
different studies, probably because of the different assays
used to detect the genomic aberrations [113, 114]. Recent
evidence that dMMR cancers may benefit from pem-
brolizumab [20] has led to FDA approval of pembrolizumab
for the treatment of metastatic/unresectable solid tumors
with dMMR or MSI-H in patients who progress on prior
treatment. Initially, this indication included several cancer
types but not PCa. After the results from the KEYNOTE-
028-phase 1b trial were published [109], the FDA expanded
the previous indication to include patients with pretreated
metastatic PCa with MSI-H or dMMR deficiency [115].
However, dMMR cancers do not always respond to im-
munotherapy, and not all cancers responding to ICIs are
dMMR [20, 21, 116]. In fact, a recent study showed that
dMMR tumors constitute a subtype with decreased survival
time but that only a proportion has a high mutation load and
show PD-L1 IHC staining. Thus, dAMMR tumors represent a
heterogeneous group and may require further sub-
classification to understand their clinical behaviour and
response to ICIs [117]. However, NCCN guidelines still
recommend DNA-repair gene mutation testing for all pa-
tients with high-risk regional or metastatic PCa [115].

4. Conclusions

In UGCs, several ICIs have been approved in metastatic disease
and several studies are ongoing in a nonmetastatic setting. To
date, 2 biomarkers have been recognized in clinical practice:
PD-L1 and dMMR. The FDA and EMA permit the use of
pembrolizumab and atezolizumab in UC cisplatin-ineligible
patients expressing PD-L1 and undergoing first-line treat-
ment for metastatic disease. The presence of AIMMR or MSI-H
also represents a predictive factor of response to ICIs in PCa
and has led to FDA approval of pembrolizumab in this
subgroup. Notwithstanding, several unanswered questions

remain: Why do some tumors express TILs and some do not?
Why do some tumors not express PD-L1? What regulates
immune escape mechanisms? The role of PD-1 and PD-L1
expression as a predictive biomarker is still unclear, the use of
different methods and cutoft points in trials complicating its
validation. As suggested by Mariathasan et al., another dif-
ference may derive from different PD-L1 expressions in both
tumor cells and immune cells [54]. Moreover, patients with
low or negative PD-L1 expression respond to ICIs. Conse-
quently, more suitable biomarkers must be sought. In the near
future, it is hoped that the biological characterization of
tumors will be able to drive clinical decision-making, leading
to more personalized treatment. In UCs, new classification
systems such as TCGA will add further valuable information,
allowing for better patient selection. Furthermore, classifi-
cation of biomarker expression into the three immunological
phenotypes “immune inflamed,” “immune excluded,” and
“immune desert” could improve our knowledge of distinct
immunological pathways, enabling a more effective use of
ICIs such as mono- or combination therapies [118].

In the past, nanoparticle-based drugs have been hypoth-
esized for the treatment of cancer. These drug nanocarriers can
improve the therapeutic efficacy of a drug by penetrating deep
into tissue and overcoming the physical barriers linked to drug
release [119]. In this scenario, the identification of new cancer-
specific biomarkers could lead to the development of new
nanocarrier drugs directed against cancer-specific driver
biomarkers. In the near future, the identification of new
biomarkers capable of predicting outcome and of acting as
molecular targets for cancer treatment will be possible, thanks
to a greater understanding of the intrinsic mechanisms that
regulate immune system activity. Meanwhile, the search for
new and reliable predictive biomarkers will proceed in 3 main
directions: humoral (cytokines), immunohistochemical (new
or unexplored checkpoints), and genomic (mutations, genetic
instability).

Conflicts of Interest

Ugo De Giorgi has received personal fees for advisory board/
consultancy from Astellas, Bayer, BMS, Ipsen, Janssen,
Merck, Novartis, Pfizer, and Sanofi. Other authors declare
no conflicts of interest.

References

[1] Y. Zhang and L. Chen, “Classification of advanced human
cancers based on tumor immunity in the MicroEnvironment
(TIME) for cancer immunotherapy,” JAMA Oncology, vol. 2,
no. 11, pp. 1403-1404, 2016.

[2] M. Pan, M. Alavi, and L. J. Herrinton, “Association of in-
flammatory markers with disease progression in patients
with metastatic melanoma treated with immune checkpoint
inhibitors,” The Permanente Journal, vol. 22, pp. 17-149,
2018.

[3] A. V. Balar, M. D. Galsky, J. E. Rosenberg et al., “Atezoli-
zumab as first-line treatment in cisplatin-ineligible patients
with locally advanced and metastatic urothelial carcinoma: a
single-arm, multicentre, phase 2 trial,” Lancet, vol. 389,
pp. 67-76, 2017.



(4]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

C. N. Sternberg, Y. Loriot, N. James et al., “Primary results
from SAUL, a multinational single-arm safety study of
atezolizumab therapy for locally advanced or metastatic
urothelial or nonurothelial carcinoma of the urinary tract,”
European Urology, vol. 76, no. 1, pp. 73-81, 2019.

A. V. Balar, D. Castellano, P. H. O’Donnell et al., “First-line
pembrolizumab in cisplatin-ineligible patients with locally
advanced and unresectable or metastatic urothelial cancer
(KEYNOTE-052): a multicentre, single-arm, phase 2 study,”
The Lancet Oncology, vol. 18, no. 11, pp. 1483-1492, 2017.
A. Necchi, G. Sonpavde, S. Lo Vullo et al,, “Nomogram-based
prediction of overall survival in patients with metastatic uro-
thelial carcinoma receiving first-line platinum-based chemo-
therapy: retrospective international study of invasive/advanced
cancer of the urothelium (RISC),” European Urology, vol. 71,
no. 2, pp. 281-289, 2017.

A. M. Menzies, D. B. Johnson, S. Ramanujam et al., “Anti-
PD-1 therapy in patients with advanced melanoma and
preexisting autoimmune disorders or major toxicity with
ipilimumab,” Annals of Oncology, vol. 28, pp. 368-376, 2017.
D. B. Johnson, R. J. Sullivan, P. A. Ott et al., “Ipilimumab
therapy in patients with advanced melanoma and preexisting
autoimmune disorders,” JAMA Oncology, vol. 2, no. 2,
pp. 234-240, 2016.

E. S. Scott, G. V. Long, A. Guminski, R. J. Clifton-Bligh,
A. M. Menzies, and V. H. Tsang, “The spectrum, incidence,
kinetics and management of endocrinopathies with immune
checkpoint inhibitors for metastatic melanoma,” European
Journal of Endocrinology, vol. 178, no. 2, pp. 173-180, 2018.
S. Herz, T. Hofer, M. Papapanagiotou et al., “Checkpoint
inhibitors in chronic kidney failure and an organ transplant
recipient,” European Journal of Cancer, vol. 67, pp. 66-72,
2016.

T. Alhamad, K. Venkatachalam, G. P. Linette, and
D. C. Brennan, “Checkpoint inhibitors in kidney transplant
recipients and the potential risk of rejection,” American
Journal of Transplantation, vol. 16, no. 4, pp. 1332-1333,
2016.

L. Spain, R. Higgins, K. Gopalakrishnan, S. Turajlic, M. Gore,
and J. Larkin, “Acute renal allograft rejection after immune
checkpoint inhibitor therapy for metastatic melanoma,”
Annals of Oncology, vol. 27, no. 6, pp. 1135-1137, 2016.

T. Seto, D. Sam, and M. Pan, “Mechanisms of primary and
secondary resistance to immune checkpoint inhibitors in
cancer,” Medical Sciences, vol. 7, no. 2, p. 14, 2019.

V. Gopalakrishnan, C. N. Spencer, L. Nezi et al., “Gut
microbiome modulates response to anti-PD-1 immuno-
therapy in melanoma patients,” Science, vol. 359, no. 6371,
pp. 97-103, 2018.

B. Routy, E. Le Chatelier, L. Derosa et al., “Gut microbiome
influences efficacy of PD-1-based immunotherapy against
epithelial tumors,” Science, vol. 359, no. 6371, pp. 91-97,
2018.

M. Vetizou, J. M. Pitt, R. Daillere et al., “Anticancer im-
munotherapy by CTLA-4 blockade relies on the gut
microbiota,” Science, vol. 350, no. 6264, pp. 1079-1084, 2015.
L. Derosa, M. D. Hellmann, M. Spaziano et al., “Negative
association of antibiotics on clinical activity of immune
checkpoint inhibitors in patients with advanced renal cell
and non-small-cell lung cancer,” Annals of Oncology, vol. 29,
no. 6, pp. 1437-1444, 2018.

N. Tinsley, C. Zhou, S. Villa et al., “Cumulative antibiotic use
and efficacy of immune checkpoint inhibitors in patients

(19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

Journal of Oncology

with advanced cancer,” Journal of Clinical Oncology, vol. 36,
no. 15, p. 3010, 2018.

T. Davoli, H. Uno, E. C. Wooten, and S. J. Elledge, “Tumor
aneuploidy correlates with markers of immune evasion and
with reduced response to immunotherapy,” Science, vol. 355,
no. 6322, Article ID eaaf8399, 2017.

D. T. Le, J. N. Uram, H. Wang et al., “PD-1 blockade in
tumors with mismatch repair deficiency,” Journal of Clinical
Oncology, vol. 33, Article ID LBA100, 2015.

D. T. Le, J. N. Durham, K. N. Smith et al., “Mismatch repair
deficiency predicts response of solid tumors to PD-1
blockade,” Science, vol. 357, pp. 409-413, 2017.

M. J. Overman, R. McDermott, J. L. Leach et al., “Nivolumab
in patients with metastatic DNA mismatch repair-deficient
or microsatellite instability-high colorectal cancer (Check-
Mate 142): an open-label, multicentre, phase 2 study,” The
Lancet Oncology, vol. 18, no. 9, pp. 1182-1191, 2017.

N. McGranahan, A. J. S. Furness, R. Rosenthal et al., “Clonal
neoantigens elicit T cell immunoreactivity and sensitivity to
immune checkpoint blockade,” Science, vol. 351, no. 6280,
pp. 1463-1469, 2016.

M. Y. Teo, K. Seier, I. Ostrovnaya et al., “Alterations in DNA
damage response and repair genes as potential marker of
clinical benefit from PD-1/PD-L1 blockade in advanced
urothelial cancers,” Journal of Clinical Oncology, vol. 36,
no. 17, pp. 1685-1694, 2018.

A. Miller, The MMRF CoMMpass Network, Y. Asmann
et al., “High somatic mutation and neoantigen burden are
correlated with decreased progression-free survival in
multiple myeloma,” Blood Cancer Journal, vol. 7, no. 9,
p. €612, 2017.

Y. Klaver, S. C. L. van Steenbergen, S. Sleijfer, R. Debets, and
C. H.J. Lamers, “Plasma IFN-y and IL-6 levels correlate with
peripheral T-cell numbers but not toxicity in RCC patients
treated with CAR T-cells,” Clinical Immunology, vol. 169,
pp. 107-113, 2016.

E. R. Suarez, D.-K. Chang, J. Sun et al., “Chimeric antigen
receptor T cells secreting anti-PD-L1 antibodies more ef-
fectively regress renal cell carcinoma in a humanized mouse
model,” Oncotarget, vol. 7, no. 23, 2016.

Q. Zhang, K. Tian, J. Xu et al, “Synergistic effects of
cabozantinib and EGFR-specific CAR-NK-92 cells in renal
cell carcinoma,” Journal of Immunology Research, vol. 2017,
2017.

H. Yu, J. Pan, Z. Guo, C. Yang, and L. Mao, “CART cell
therapy for prostate cancer: status and promise,” Onco-
Targets and Therapy, vol. 12, pp. 391-395, 2019.

K. A. Schalper, “PD-L1 expression and tumor-
infiltrating lymphocytes: revisiting the antitumor immune
response potential in breast cancer,” Oncolmmunology,
vol. 3, 2014.

R. J. Motzer, N. M. Tannir, D. F. McDermott et al,
“Nivolumab plus Ipilimumab versus Sunitinib in advanced
renal-cell carcinoma,” New England Journal of Medicine,
vol. 378, no. 14, pp. 1277-1290, 2018.

K. Ghate, E. Amir, M. Kuksis et al., “PD-L1 expression and
clinical outcomes in patients with advanced urothelial car-
cinoma treated with checkpoint inhibitors: a meta-analysis,”
Cancer Treatment Reviews, vol. 76, pp. 51-56, 2019.

M. Weinstock and D. McDermott, “Targeting PD-1/PD-L1
in the treatment of metastatic renal cell carcinoma,” Ther-
apeutic Advances in Urology, vol. 7, no. 6, pp. 365-377, 2015.
B. Huard, P. Prigent, M. Tournier, D. Bruniquel, and
F. Triebel, “CD4/major histocompatibility complex class II



Journal of Oncology

(41

(46

(47

[48

]

J

=

—

interaction analyzed with CD4- and lymphocyte activation
gene-3 (LAG-3)-Ig fusion proteins,” European Journal of
Immunology, vol. 25, no. 9, pp. 2718-2721, 1995.

C.J. Workman and D. A. A. Vignali, “Negative regulation of
T cell homeostasis by lymphocyte activation gene-3
(CD223),” The Journal of Immunology, vol. 174, no. 2,
pp. 688-695, 2005.

A. C. Anderson, D. E. Anderson, L. Bregoli et al., “Promotion
of tissue inflammation by the immune receptor Tim-3
expressed on innate immune cells,” Science, vol. 318,
no. 5853, pp. 1141-1143, 2007.

J. Fourcade, Z. Sun, M. Benallaoua et al., “Upregulation of
Tim-3 and PD-1 expression is associated with tumor anti-
gen-specific CD8+T cell dysfunction in melanoma patients,”
The Journal of Experimental Medicine, vol. 207, no. 10,
pp. 2175-2186, 2010.

G. L. Sica, I.-H. Choi, G. Zhu et al., “B7-H4, a molecule of the
B7 family, negatively regulates T cell immunity,” Immunity,
vol. 18, no. 6, pp. 849-861, 2003.

]. Kleeff, M. Loos, D. M. Hedderich, and H. Friess, “B7-H3
and its role in antitumor immunity,” Clinical and De-
velopmental Immunology, vol. 2010, 2010.

E. D. Thompson, M. Zahurak, A. Murphy et al., “Patterns of
PD-L1 expression and CD8 T cell infiltration in gastric
adenocarcinomas and associated immune stroma,” Gut,
vol. 66, no. 5, pp. 794-801, 2016.

A. Kitano, M. Ono, M. Yoshida et al, “Tumour-
infiltrating lymphocytes are correlated with higher expres-
sion levels of PD-1 and PD-L1 in early breast cancer,” ESMO
Open, vol. 2, 2017.

P. A. Ott, Y.-]. Bang, S. A. Piha-Paul et al., “T-Cell-Inflamed
gene-expression profile, programmed death ligand 1 ex-
pression, and tumor mutational burden predict efficacy in
patients treated with pembrolizumab across 20 cancers:
KEYNOTE-028,” Journal of Clinical Oncology, vol. 37, no. 4,
pp. 318-327, 2019.

C. Pfannstiel, P. L. Strissel, K. B. Chiappinelli et al., “The
tumor immune microenvironment drives a prognostic rel-
evance that correlates with bladder cancer subtypes,” Cancer
Immunology Research, vol. 7, no. 6, pp. 923-938, 2019.

L. Chen and D. B. Flies, “Molecular mechanisms of T cell co-
stimulation and co-inhibition,” Nature Reviews Immunology,
vol. 13, no. 4, pp. 227-242, 2013.

W. Zou, J. D. Wolchok, and L. Chen, “PD-L1 (B7-H1) and
PD-1 pathway blockade for cancer therapy: mechanisms,
response biomarkers, and combinations,” Science Trans-
lational Medicine, vol. 8, Article ID 328rv4, 2016.

S. Kim, J. Koh, D. Kwon et al., “Comparative analysis of PD-
L1 expression between primary and metastatic pulmonary
adenocarcinomas,” European Journal of Cancer, vol. 75,
pp. 141-149, 2017.

Q. F. Manson, W. A. M. E. Schrijver, N. D. ter Hoeve,
C. B. Moelans, and P. J. van Diest, “Frequent discordance in
PD-1 and PD-L1 expression between primary breast tumors
and their matched distant metastases,” Clinical ¢ Experi-
mental Metastasis, vol. 36, no. 1, pp. 29-37, 2019.

A. Lopez-Beltran, V. Henriques, A. Cimadamore et al., “The
identification of immunological biomarkers in kidney can-
cers,” Frontiers in Oncology, vol. 8, 2018.

M. Callea, L. Albiges, M. Gupta et al., “Differential expression
of PD-L1 between primary and metastatic sites in clear-cell
renal cell carcinoma,” Cancer Immunology Research, vol. 3,
no. 10, pp. 1158-1164, 2015.

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

[62]

(63]

(64]

[65]

S. Spranger, R. Bao, and T. F. Gajewski, “Melanoma-intrinsic
B-catenin signalling prevents anti-tumour immunity,” Na-
ture, vol. 523, no. 7559, pp. 231-235, 2015.

W. Peng, J. Q. Chen, C. Liu et al., “Loss of PTEN promotes
resistance to T cell-mediated immunotherapy,” Cancer
Discovery, vol. 6, no. 2, pp. 202-216, 2016.

R. D. Schreiber, L. J. Old, and M. J. Smyth, “Cancer
immunoediting: integrating immunity’s roles in cancer
suppression and promotion,” Science, vol. 331, no. 6024,
pp. 1565-1570, 2011.

G. C. Prendergast, W. P. Malachowski, J. B. DuHadaway, and
A. J. Muller, “Discovery of Idol Inhibitors: from bench to
bedside,” Cancer Research, vol. 77, no. 24, pp. 6795-6811,
2017.

S. Mariathasan, S. J. Turley, D. Nickles et al., “TGEf at-
tenuates tumour response to PD-L1 blockade by contrib-
uting to exclusion of T cells,” Nature, vol. 554, no. 7693,
pp. 544-548, 2018.

D. Bedognetti, T. L. Spivey, Y. Zhao et al., “CXCR3/CCR5
pathways in metastatic melanoma patients treated with
adoptive therapy and interleukin-2,” British Journal of
Cancer, vol. 109, no. 9, pp. 2412-2423, 2013.

S. Spranger, “Mechanisms of tumor escape in the context of
the T-cell-inflamed and the non-T-cell-inflamed tumor
microenvironment,” International Immunology, vol. 28,
no. 8, pp. 383-391, 2016.

A. J. Templeton, M. G. McNamara, B. Seruga et al,
“Prognostic role of neutrophil-to-lymphocyte ratio in solid
tumors: a systematic review and meta-analysis,” Journal of
the National Cancer Institute, vol. 106, 2014.

A. Passardi, E. Scarpi, L. Cavanna et al, “Inflammatory
indexes as predictors of prognosis and bevacizumab efficacy
in patients with metastatic colorectal cancer,” Oncotarget,
vol. 7, pp. 33210-33219, 2016.

B. Hu, X.-R. Yang, Y. Xu et al, “Systemic immune-in-
flammation index predicts prognosis of patients after cu-
rative resection for hepatocellular carcinoma,” Clinical
Cancer Research, vol. 20, no. 23, pp. 6212-6222, 2014.

A. Farolfi, M. Petrone, E. Scarpi et al., “Inflammatory indexes
as prognostic and predictive factors in ovarian cancer treated
with chemotherapy alone or together with bevacizumab. A
multicenter, retrospective analysis by the MITO group
(MITO 24),” Targeted Oncology, vol. 13, no. 4, pp. 469-479,
2018.

L. Rossi, M. Santoni, S. J. Crabb et al., “High neutrophil-to-
lymphocyte ratio persistent during first-line chemotherapy
predicts poor clinical outcome in patients with advanced
urothelial cancer,” Annals of Surgical Oncology, vol. 22, no. 4,
pp. 1377-1384, 2015.

C. Lolli, O. Caffo, E. Scarpi et al., “Systemic immune-in-
flammation index predicts the clinical outcome in patients
with mCRPC treated with abiraterone,” Frontiers in Phar-
macology, vol. 7, 2016.

M. Chovanec, Z. Cierna, V. Miskovska et al., “Systemic
immune-inflammation index in germ-cell tumours,” British
Journal of Cancer, vol. 118, no. 6, pp. 831-838, 2018.

A. K. A. Lalani, W. Xie, D. J. Martini et al, “Change in
Neutrophil-to-lymphocyte ratio (NLR) in response to immune
checkpoint blockade for metastatic renal cell carcinoma,”
Journal for ImmunoTherapy of Cancer, vol. 6, no. 1, 2018.

M. Racioppi, L. D. Gianfrancesco, M. Ragonese, G. Palermo,
E. Sacco, and P. F. Bassi, “Can Neutrophil-to-Lymphocyte
ratio predict the response to BCG in high-risk non muscle



10

(72]

(73]

(74]

[75]

[76]

(771

(78]

(79]

(80]

invasive bladder cancer?,” International Brazilian Journal of
Urology, vol. 45, no. 2, pp. 315-324, 2019.

R.J. Motzer, T. Powles, M. B. Atkins et al., “IMmotion151: a
randomized phase III study of atezolizumab plus bev-
acizumab vs sunitinib in untreated metastatic renal cell
carcinoma (mRCC),” Journal of Clinical Oncology, vol. 36,
no. 6, p. 578, 2018.

B. I. Rini, E. R. Plimack, V. Stus et al., “Pembrolizumab plus
axitinib versus sunitinib for advanced renal-cell carcinoma,”
New England Journal of Medicine, vol. 380, no. 12, pp. 1116-
1127, 2019.

R. J. Motzer, K. Penkov, J. Haanen et al.,, “Avelumab plus
axitinib versus sunitinib for advanced renal-cell carcinoma,”
New England Journal of Medicine, vol. 380, no. 12,
pp. 1103-1115, 2019.

R.J. Motzer, B. Escudier, D. F. McDermott et al., “Nivolumab
versus everolimus in advanced renal-cell carcinoma,” New
England Journal of Medicine, vol. 373, no. 19, pp. 1803-1813,
2015.

NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines ®) NCCN.Org NCCN Guidelines for Patients ®,
http://www.nccn.org/patients, 2019.

J. E. Rosenberg, ]. Hoffman-Censits, T. Powles et al,
“Atezolizumab in patients with locally advanced and met-
astatic urothelial carcinoma who have progressed following
treatment with platinum-based chemotherapy: a single-arm,
multicentre, phase 2 trial,” The Lancet, vol. 387, no. 10031,
pp. 1909-1920, 2016.

A. G. Robertson, J. Kim, H. Al-Ahmadie et al., “Compre-
hensive molecular characterization of muscle-invasive bladder
cancer,” Cell, vol. 171, pp. 540-556.25, 2017.

T. Powles, J. P. Eder, G. D. Fine et al., “MPDL3280A (anti-
PD-L1) treatment leads to clinical activity in metastatic
bladder cancer,” Nature, vol. 515, no. 7528, pp. 558-562,
2014.

P. Sharma, M. Retz, A. Siefker-Radtke et al., “Nivolumab in
metastatic urothelial carcinoma after platinum therapy
(CheckMate 275): a multicentre, single-arm, phase 2 trial,”
The Lancet Oncology, vol. 18, no. 3, pp. 312-322, 2017.

A. B. Apolo, J. R. Infante, A. Balmanoukian et al., “Avelu-
mab, an anti-programmed death-ligand 1 antibody, in pa-
tients with refractory metastatic urothelial carcinoma: results
from a multicenter, Phase Ib study,” Journal of Clinical
Oncology, vol. 35, no. 19, pp. 2117-2124, 2017.

C. Massard, M. S. Gordon, S. Sharma et al., “Safety and
efficacy of durvalumab (MEDI4736), an anti-programmed
cell death ligand-1 immune checkpoint inhibitor, in patients
with advanced urothelial bladder cancer,” Journal of Clinical
Oncology, vol. 34, no. 26, pp. 3119-3125, 2016.

M. M. Wattenberg, L. Fong, R. A. Madan, and J. L. Gulley,
“Immunotherapy in genitourinary malignancies,” Current
Opinion in Urology, vol. 26, no. 6, pp. 501-507, 2016.

A. M. Martin, T. R. Nirschl, C. J. Nirschl et al., “Paucity of
PD-LI expression in prostate cancer: innate and adaptive
immune resistance,” Prostate Prostate Cancer and Prostatic
Diseases, vol. 18, pp. 325-332, 2015.

C. D. Fankhauser, A. Curioni-Fontecedro, V Allmann et al.,
“Frequent PD-L1 expression in testicular germ cell tumors,”
British Journal of Cancer, vol. 113, pp. 411-413, 2015.

Z. Cierna, M. Mego, V. Miskovska et al., “Prognostic value of
programmed-death-1 receptor (PD-1) and its ligand 1 (PD-
L1) in testicular germ cell tumors,” Annals of Oncology,
vol. 27, no. 2, pp. 300-305, 2016.

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

(90]

[91]

(92]

(93]

(94]

(95]

[96]

Journal of Oncology

N. Adra, L. H. Einhorn, S. K. Althouse et al., “Phase II trial of
pembrolizumab in patients with platinum refractory germ-
cell tumors: a Hoosier Cancer Research Network Study
GU14-206,” Annals of Oncology, vol. 29, no. 1, pp. 209-214,
2018.

J. Bellmunt, S. A. Mullane, L. Werner et al., “Association of
PD-LI1 expression on tumor-infiltrating mononuclear cells
and overall survival in patients with urothelial carcinoma,”
Annals of Oncology, vol. 26, pp. 812-817, 2015.

S. R. Dannenmann, J. Thielicke, M. Stockli et al., “Tumor-
associated macrophages subvert T-cell function and corre-
late with reduced survival in clear cell renal cell carcinoma,”
Oncoimmunology, vol. 2, Article ID 23562, 2013.

C. Granier, C. Dariane, P. Combe et al., “Tim-3 expression on
tumor-infiltrating PD-1+CD8+ T cells correlates with poor
clinical outcome in renal cell carcinoma,” Cancer Research,
vol. 77, no. 5, pp. 1075-1082, 2017.

Y.-R. Piao, L.-Z. Piao, L.-H. Zhu, Z.-H. Jin, and X.-Z. Dong,
“Prognostic value of t cell immunoglobulin mucin-3 in
prostate cancer,” Asian Pacific Journal of Cancer Prevention,
vol. 14, no. 6, pp. 3897-3901, 2013.

Y. Piao and X. Jin, “Analysis of Tim-3 as a therapeutic target
in prostate cancer,” Tumor Biology, vol. 39, pp. 1-6, 2017.
Y. Liu, L. Vlatkovic, T. Saeter et al., “Is the clinical malignant
phenotype of prostate cancer a result of a highly proliferative
immune-evasive B7-H3-expressing cell population?,” In-
ternational Journal of Urology, vol. 19, no. 8, pp. 749-756,
2012.

G. Chavin, Y. Sheinin, P. L. Crispen et al., “Expression of
immunosuppresive B7-H3 ligand by hormone-treated
prostate cancer tumors and metastases,” Clinical Cancer
Research, vol. 15, no. 6, pp. 2174-2180, 2009.

P. L. Crispen, Y. Sheinin, T. J. Roth et al., “Tumor cell and
tumor vasculature expression of B7-H3 predict survival in
clear cell renal cell carcinoma,” Clinical Cancer Research,
vol. 14, no. 16, pp. 5150-5157, 2008.

A. E. Krambeck, R. H. Thompson, H. Dong et al., “B7-H4
expression in renal cell carcinoma and tumor vasculature:
associations with cancer progression and survival,” Pro-
ceedings of the National Academy of Sciences, vol. 103, no. 27,
pp. 10391-10396, 2006.

R. H. Thompson, X. Zang, C. M. Lohse et al., “Serum-soluble
B7x is elevated in renal cell carcinoma patients and is as-
sociated with advanced stage,” Cancer Research, vol. 68,
no. 15, pp. 6054-6058, 2008.

S. A. Boorjian, Y. Sheinin, P. L. Crispen et al., “T-Cell co-
regulatory molecule expression in urothelial cell carcinoma:
clinicopathologic correlations and association with survival,”
Clinical Cancer Research, vol. 14, no. 15, pp. 4800-4808,
2008.

D. Lorente, J. Mateo, A. J. Templeton et al., “Baseline
neutrophil-lymphocyte ratio (NLR) is associated with sur-
vival and response to treatment with second-line chemo-
therapy for advanced prostate cancer independent of
baseline steroid use,” Annals of Oncology, vol. 26, no. 4,
pp. 750-755, 2015.

G. Schepisi, A. Farolfi, V. Conteduca et al., “Immunotherapy
for prostate cancer: where we are headed,” International
Journal of Molecular Sciences, vol. 18, no. 12, p. 2627, 2017.
K. Hu, L. Lou, J. Ye, and S. Zhang, “Prognostic role of the
neutrophil-lymphocyte ratio in renal cell carcinoma: a meta-
analysis,” BMJ Open, vol. 5, 2015.

A. J. Templeton, J. J. Knox, X. Lin et al,, “Change in neu-
trophil-to-lymphocyte ratio in response to targeted therapy


http://www.nccn.org/patients

Journal of Oncology

[100]

[101]

[102]

(103

[104]

[105]

[106]

[107]

[108

[109]

for metastatic renal cell carcinoma as a prognosticator and
biomarker of efficacy,” European Urology, vol. 70, no. 2,
pp. 358-364, 2016.

G. Schepisi, M. Santoni, F. Massari et al., “Urothelial cancer:
inflammatory mediators and implications for immuno-
therapy,” BioDrugs, vol. 30, no. 4, pp. 263-273, 2016.

U. De Giorgi, M. Mego, E. Scarpi et al., “Relationship be-
tween lymphocytopenia and circulating tumor cells as
prognostic factors for overall survival in metastatic breast
cancer,” Clinical Breast Cancer, vol. 12, no. 4, pp. 264-269,
2012.

S. Saroha, R. G. Uzzo, E. R. Plimack, K. Ruth, and T. Al-
Saleem, “Lymphopenia is an independent predictor of in-
ferior outcome in clear cell renal carcinoma,” Journal of
Urology, vol. 189, no. 2, pp. 454-461, 2013.

U. De Giorgi, K. Rihawi, M. Aieta et al., “Lymphopenia and
clinical outcome of elderly patients treated with sunitinib for
metastatic renal cell cancer,” Journal of Geriatric Oncology,
vol. 5, no. 2, pp. 156-163, 2014.

D. Y. Heng, W. Xie, M. M. Regan et al., “External validation
and comparison with other models of the International
Metastatic Renal-Cell Carcinoma Database Consortium
prognostic model: a population-based study,” The Lancet
Oncology, vol. 14, no. 2, pp. 141-148, 2013.

U. De Giorgi, G. Procopio, D. Giannarelli et al., “Association
of systemic inflammation index and body mass index with
survival in patients with renal cell cancer treated with
nivolumab,” Clinical Cancer Research, vol. 25, no. 13,
pp. 3839-3846, 2019.

C. Lolli, U. Basso, L. Derosa et al., “Systemic immune-in-
flammation index predicts the clinical outcome in patients
with metastatic renal cell cancer treated with sunitinib,”
Oncotarget, vol. 7, pp. 54564-54571, 2016.

H.-C. Jan, W.-H. Yang, and C.-H. Ou, “Combination of the
preoperative systemic immune-inflammation index and
monocyte-lymphocyte ratio as a novel prognostic factor in
patients with upper-tract urothelial carcinoma,” Annals of
Surgical Oncology, vol. 26, no. 2, pp. 669-684, 2019.

L. Fan, R. Wang, C. Chi et al, “Systemic immune-in-
flammation index predicts the combined clinical outcome
after sequential therapy with abiraterone and docetaxel for
metastatic castration-resistant prostate cancer patients,” The
Prostate, vol. 78, no. 4, pp. 250-256, 2018.

E. D. Kwon, C. G. Drake, H. 1. Scher et al.,, “Ipilimumab
versus placebo after radiotherapy in patients with metastatic
castration-resistant prostate cancer that had progressed after
docetaxel chemotherapy (CA184-043): a multicentre,
randomised, double-blind, phase 3 trial,” The Lancet On-
cology, vol. 15, no. 7, pp. 700-712, 2014.

T. M. Beer, E. D. Kwon, C. G. Drake et al., “Randomized,
double-blind, phase III trial of ipilimumab versus placebo in
asymptomatic or minimally symptomatic patients with
metastatic chemotherapy-naive castration-resistant prostate
cancer,” Journal of Clinical Oncology, vol. 35, no. 1,
pp. 40-47, 2017.

J.N. Graff, J. J. Alumkal, C. G. Drake et al., “Early evidence of
anti-PD-1 activity in enzalutamide-resistant prostate can-
cer,” Oncotarget, vol. 7, pp. 52810-52817, 2016.

A. Hansen, C. Massard, P. A. Ott et al., “Pembrolizumab for
patients with advanced prostate adenocarcinoma: pre-
liminary results from the KEYNOTE-028 study,” Annals of
Oncology, vol. 27, 2016.

[110]

(111]

[112]

[113]

(114]

[115]

[116]

(117]

[118]

[119]

11

D. Robinson, E. M. Van Allen, Y.-M. Wu et al., “Integrative
clinical genomics of advanced prostate cancer,” Cell, vol. 161,
no. 5, pp. 1215-1228, 2015.

M. Nilbert, M. Planck, E. Fernebro, A. Borg, and A. Johnson,
“Microsatellite instability is rare in rectal carcinomas and
signifies hereditary cancer,” European Journal of Cancer,
vol. 35, no. 6, pp. 942-945, 1999.

G. Iyer, F. Audenet, S. Middha et al, “Mismatch repair
(MMR) detection in urothelial carcinoma (UC) and corre-
lation with immune checkpoint blockade (ICB) response,”
Journal of Clinical Oncology, vol. 35, no. 15, p. 4511, 2017.
C. C. Pritchard, C. Morrissey, A. Kumar et al., “Complex
MSH2 and MSH6 mutations in hypermutated microsatellite
unstable advanced prostate cancer,” Nature Communica-
tions, vol. 5, 2014.

B. Nghiem, X. Zhang, H.-M. Lam et al., “Mismatch repair
enzyme expression in primary and castrate resistant prostate
cancer,” Asian Journal of Urology, vol. 3, no. 4, pp. 223-228,
2016.

J. L. Mohler, E. S. Antonarakis, A. J. Armstrong et al,
“Prostate cancer, version 2.2019, NCCN clinical practice
guidelines in oncology,” Journal of the National Compre-
hensive Cancer Network, vol. 17, no. 5, pp. 479-505, 2019.
R. S. Herbst, J.-C. Soria, M. Kowanetz et al., “Predictive cor-
relates of response to the anti-PD-L1 antibody MPDL3280A in
cancer patients,” Nature, vol. 515, no. 7528, pp. 563-567, 2014.
D. N. Rodrigues, P. Rescigno, D. Liu et al., “Immunogenomic
analyses associate immunological alterations with mismatch
repair defects in prostate cancer,” Journal of Clinical In-
vestigation, vol. 128, pp. 4441-4453, 2018.

P. S. Hegde, V. Karanikas, and S. Evers, “The where, the
when, and the how of immune monitoring for cancer im-
munotherapies in the era of checkpoint inhibition,” Clinical
Cancer Research, vol. 22, no. 8, pp. 1865-1874, 2016.

M. Conti, V. Tazzari, C. Baccini, G. Pertici, L. P. Serino, and
U. De Giorgi, “Anticancer drug delivery with nanoparticles,”
In Vivo, vol. 20, pp. 697-702, 2006.



