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ABSTRACT
In the past decade, several agents targeting
angiogenesis and signal transduction pathways have
replaced the use of cytokines as standard of care
treatment for metastatic renal cell carcinoma (RCC)
after showing improved clinical benefit and survival.
Currently, several novel immunotherapy agents
targeting the programmed cell death-1 (PD-1) and
cytotoxic T-lymphocyte-associated protein-4 (CTLA-4)
pathways are being tested in metastatic RCC and are
bound to revolutionise the management of this
disease. However, the success of both antiangiogenic
drugs and new immunotherapy agents still depends on
our ability to select patients most likely to respond to
treatment. This article will review the current available
evidence on prognostic and predictive biomarkers of
response to signal transduction pathways-targeted
agents and modern immunotherapy in metastatic RCC.

INTRODUCTION
Prior to the advent of antiangiogenic drugs
and tyrosine-kinase inhibitors (TKIs), immu-
notherapy with cytokines such as
interferon-α (IFN-α) and interleukin 2 (IL-2)
was considered standard of care treatment
for metastatic renal cell carcinoma (RCC). In
the past decade, several agents targeting
angiogenesis and signal transduction path-
ways such as pazopanib, sunitinib, temsiroli-
mus, axitinib or everolimus have replaced
the use of cytokines after showing improved
clinical benefit and survival in randomised
prospective clinical trials.1–5 However, TKIs
rarely cause durable tumour regressions and
most patients will ultimately experience
disease progression despite an initial period
of response. For decades, the experience
with high-dose IL-2 served as proof of
concept that immunotherapy can result in
durable complete responses in a small sub-
group of patients with metastatic RCC. This
has led to the development of novel immu-
notherapy agents such as programmed cell
death-1 (PD-1) and programmed cell death
ligand-1 (PD-L1) inhibitors and cytotoxic

T-lymphocyte-associated protein-4 (CTLA-4)
inhibitors, which are currently being tested
in metastatic RCC and several other solid
tumours. However, the success of TKIs and
new immunotherapy agents still depends on
our ability to select patients most likely to
respond to treatment and prevent unneces-
sary toxicity and cost in those unlikely to
benefit. For that reason, remarkable efforts
are being made to identify biomarkers that
may predict response to these new agents.
This article will review the current available
evidence on prognostic and predictive bio-
markers of response to signal transduction
pathways-targeted agents and modern immu-
notherapy in metastatic clear cell RCC.

PREDICTIVE AND PROGNOSTIC BIOMARKERS
OF SIGNAL TRANSDUCTION
PATHWAYS-TARGETED AGENTS
Clear cell RCC is intrinsically highly resistant
to conventional cytotoxic agents. As a result,
research on possible treatments of this
disease has focused on histopathological and
genetic abnormalities that might serve as
targets for treatment other than the process
of mitosis. It has been well established that
RCC are hypervascularised tumours with an
abundance of abnormal blood vessels, which
makes angiogenesis an attractive target for
treatment.
In the past decade, studies have demon-

strated that a loss in the Von Hippel-Lindau
(VHL) tumour suppressor gene, on chromo-
some 3p25, plays a pivotal role in this process
of angiogenesis in RCC.6 In normal healthy
tissue, VHL causes proteolysis of hypoxia
inducible factor 1 α (HIF-1α), but in RCC a
lack of VHL leads to an increase in HIF-1α,7

which consequently leads to an increased
transcription of genes involved in angiogen-
esis and tumourigenesis, such as vascular
endothelial growth factor (VEGF) and
platelet-derived growth factor (PDGF). In
addition to the increased transcription of
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growth factor genes, VHL loss also leads to the direct
activation of the phosphatidylinositol 3 kinase (PI3-K)/
AKT/mammalian target of rapamycin (mTOR) pathway,
a signalling transduction pathway that promotes tumour
survival and growth.8 These insights into the pathogen-
esis of RCC have led to the development of several
drugs with proven clinical benefit, such as sunitinib, sor-
afenib, axitinib and pazopanib, which preferentially
target the VEGF pathway, and temsirolimus and everoli-
mus, which act as mTOR inhibitors.
On the basis of their mode of action, namely targeting

angiogenesis, predictive biomarkers of response could
be linked to the alterations these drugs cause in soluble
angiogenic factors (ie, soluble VEGF, angiopoietins) or
transcript levels of the targeted genes. With regard to
the mTOR inhibitors, genetic abnormalities in this
pathway may serve as biomarkers. Alternatively, baseline
patient characteristics or treatment-induced changes in
clinical parameters could provide clinicians with impor-
tant tools for treatment selection and modification.

Prognostic and predictive biomarkers of response to
angiogenesis inhibitors
Tumour angiogenesis is mainly driven by VEGF, a potent
endothelial cell mitogen. The VEGF family comprises
multiple isoforms, produced by alternative splicing from
an eight-exon VEGF gene.9 Three receptors for VEGF
have been identified, namely VEGF receptors (VEGFR)
1 and 3. VEGFR1 and VEGFR2 are expressed on
endothelial cells, whereas expression of VEGFR3 is
limited to lymphangiocytes. The VEGF/epidermal
growth factor (EGF)-R2 interaction has mainly been
shown to play a pivotal role in tumour angiogenesis. On
stimulation of VEGFR2, intracellular tyrosine-kinase resi-
dues become phosphorylated, resulting in the down-
stream activation of protein kinase C, RAS and ERK, as
well as PI3-K/AKT/mTOR, ultimately leading to
endothelial proliferation.10

Regulation of VEGFA and VEGFR2 is complex, and a
large number of contributing factors have been identi-
fied. Various cytokines such as tumour necrosis factor α
(TNF-α), transforming growth factor β (TGF-β) and EGF
have been shown to modify both VEGFA and VEGFR2
transcription; however, the most important regulator in
RCC appears to be HIF-1α, as mentioned earlier. Several
VEGF pathway inhibitors have been approved for the
treatment of metastatic RCC, including sunitinib,2 beva-
cizumab,11 pazopanib1 and axitinib.4 In the search for
predictive and prognostic biomarkers for
VEGF-targeting compounds, a variety of markers have
been explored. Numerous clinical and molecular
markers, including carbonic anhydrase-9, VEGF and
HIF, have been investigated as potential prognostic and
predictive biomarkers. So far, only the Memorial Sloan
Kettering Cancer Center (MSKCC) and the Heng prog-
nostic models have been validated as prognostic tools
and are included in the most relevant international
guidelines such as the European Association of Urology

guidelines on RCC12 and the National Comprehensive
Cancer Network Clinical Practice Guidelines in Kidney
Cancer.13 However, no molecular marker has so far been
shown to improve the prognostic accuracy of these prog-
nostic scores, and their use is therefore not recom-
mended in routine practice.

Clinical-related biomarkers
In 2009, Heng et al14 published a landmark retrospective
study looking at baseline features predictive of survival
in untreated patients with metastatic RCC treated in
seven American and Canadian cancer centres. Overall,
645 patients were included, of whom 396, 200 and 49
patients were treated with sunitinib, sorafenib and beva-
cizumab, respectively. Pretreatment factors indepen-
dently associated with a shorter overall survival (OS) on
multivariate analysis were: haemoglobin < the lower limit
of normal (p<0.0001), corrected calcium > the upper
limit of normal (ULN; p=0.0006), Karnofsky perfor-
mance status (PS) <80% (p<0.0001), time from diagno-
sis to treatment <1 year (p=0.01), neutrophils>ULN
(p<0.0001) and platelets>ULN (p=0.01).14 Patients were
classified into three risk categories: the favourable-risk
group (no prognostic factors; n=133), in which median
OS was not reached and 2-year OS was 75%; the
intermediate-risk group (1–2 prognostic factors; n=301),
in which median OS was 27 months and 2-year OS was
53%; and the poor-risk group (3–6 prognostic factors;
n=152), in which median OS was 8.8 months and 2-year
OS was 7% (log-rank p<0.0001).14 This prognostic
model, called the International Metastatic RCC
Database Consortium (IMRDC, also called the Heng cri-
teria), was the first to validate the use of the components
of the MSKCC15 prognostic model previously described
for cytokines with the addition of platelet and neutro-
phil counts in patients treated with VEGF pathway inhi-
bitors. The prognostic role of the IMRDC model was
then externally validated in a cohort of 1028 patients
treated worldwide with sunitinib, sorafenib, pazopanib,
axitinib or bevacizumab, enabling us to stratify patients
by risk in future clinical trials and to counsel patients
about prognosis.16

Mechanism-based adverse events (AEs)
Mechanism-based AEs are treatment-related toxicity
events that indicate on-target effects of a targeted agent
and its inhibition of a given pathway. Several clinical side
effects of VEGFR inhibitors such as hypertension and
hypothyroidism have been investigated as potential pre-
dictive biomarkers of treatment efficacy.
Although side effects between the VEGF targeting

agents differ, several class-effect toxicities are frequent
for all approved drugs and usually occur within the first
weeks of treatment. Hypertension developing during
treatment with sunitinib has been reported to be both a
predictive marker of response and a prognostic factor of
improved survival. The first evidence that
treatment-related hypertension was related to improved
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outcome in metastatic RCC was described with the
anti-VEGF monoclonal antibody bevacizumab.17

Forty-three consecutive patients with metastatic RCC
were treated with bevacizumab and their blood pressures
were monitored. Interestingly, patients who developed
hypertension had a higher response rate (RR) to treat-
ment (p=0.005) and a longer median time-to-disease
progression (8.1 months, 95% CI 5.3 to 11.3, vs
4.2 months, 95% CI 2.6 to 5.6, p=0.036).17 These results
were then validated in the phase III trial of bevacizumab
plus IFN-α versus IFN-α alone in patients with metastatic
RCC. Patients on bevacizumab plus IFN-α who devel-
oped grade 2 hypertension had a significantly greater
progression-free survival (PFS, 13.2 months, 95% CI 10.6
to 15.5, vs 8.0 months, 95% CI 5.9 to 8.6, p=0.001) and
OS (41.6 months, 95% CI 26.3 to 55.1 vs 16.2 months,
95% CI 14.2 to 18.7, p=0.001) compared with patients
who did not develop hypertension.11

Rini et al18 investigated the relationship between
hypertension and sunitinib antitumour efficacy in a ret-
rospective analysis including pooled data from 544
patients with metastatic RCC in the four prospective
multinational clinical trials. Similarly, the appearance of
treatment-induced hypertension defined by an increase
to 140 mm Hg or higher of systolic pressure was related
to better outcomes than those without hypertension:
objective RR 54.8% vs 8.7%; median PFS 12.5 months,
95% CI 10.9 to 13.7 vs 2.5 months, 95% CI 2.3 to 3.8;
and median OS 30.9 months, 95% CI 27.9 to 33.7 vs
7.2 months, 95% CI 5.6 to 10.7, p<0.001 for all).18

Similar data have been found for axitinib,19 20 sorafe-
nib19 and tivozanib,21 but for pazopanib no data are yet
available. In the phase III trial comparing the efficacy of
axitinib versus sorafenib as second-line therapy for meta-
static RCC, the occurrence of a diastolic blood pressure
of ≥90 mm Hg was related to a longer median OS:
20.7 months (95% CI 18.4 to 24.6) versus 12.9 months
(95% CI 10.1 to 20.4) in the axitinib group (p=0.01),
and 20.2 months (95% CI 17.1 to 32.0) versus
14.8 months (95% CI 12.0 to 17.7) in the sorafenib
group (p=0.002).19

Regarding treatment-induced hypothyroidism, the
results are conflicting. Several small and often explora-
tory trials have suggested a potential predictive role of
hypothyroidism, especially with sunitinib and sorafenib.
To better understand the relationship between
TKI-induced hypothyroidism and treatment efficacy,
Nearchou et al22 performed a meta-analysis of 11 retro-
spective and prospective studies encompassing 500
patients treated with sunitinib or sorafenib for metastatic
RCC.22 No statistically significant difference in PFS was
observed between patients with acquired hypothyroidism
during sunitinib and those without hypothyroidism (HR
0.82; 95% CI 0.59 to 1.13, p=0.22; 6 studies, 250
patients). For studies that included patients treated with
either sunitinib or sorafenib, PFS was significantly
longer in patients with acquired hypothyroidism (HR
0.59; 95% CI 0.42 to 0.84, p=0.003; 3 studies; 205

patients). Similarly, OS was longer in patients who devel-
oped hypothyroidism during sunitinib therapy com-
pared with patients who did not (HR 0.52, 95% CI 0.31
to 0.87, p=0.01; 4 studies, 147 patients). However, these
data should be interpreted with caution since the results
were mostly influenced by a positive association by the
retrospective studies.22

Other mechanism-based AEs secondary to VEGRF
inhibitors have been studied as potential biomarkers of
treatment efficacy. In an updated analysis of the pooled
data from four prospective trials with sunitinib men-
tioned earlier, hand-foot syndrome (HFS), fatigue, neu-
tropenia and thrombocytopenia were analysed.23

Importantly, neutropenia was significantly associated
with longer PFS and OS (p=0.013 and p=0.0122, respec-
tively), and HFS with longer OS (p=0.0218). In a multi-
variate analysis, hypertension, neutropenia and HFS
remained as independent statistically significant prog-
nostic factors of OS.23

Circulating cytokines and angiogenic factors (CAFs)
Given the ease of its detection, serum levels of circulat-
ing CAFs are one of the most tested biomarkers with
VEGF pathway inhibitors. One of these trials that
addressed biomarkers was a randomised, double-blind,
placebo-controlled phase III trial of sorafenib as second-
line treatment in metastatic clear cell RCC, the TARGET
trial.24 Here, plasma samples were collected from all 903
eligible patients during screening. A preplanned multi-
variate analysis, including baseline VEGF levels, Eastern
Oncology Cooperative Group (ECOG) PS 0 vs 1 or 2 and
MSKCC score (low vs intermediate), demonstrated that
higher than median VEGF concentrations (131 pg/mL)
were an independent prognostic factor for OS
(p=0.0145) but not PFS (p=0.625) in patients treated
with sorafenib. In addition, an exploratory predictive
analysis was performed using the 75th centile
(254 pg/mL) to differentiate between VEGFlow and
VEGFhigh groups. Using this stratification, the authors
found an increased benefit in terms of PFS for VEGFhigh
patients versus VEGFlow patients treated with sorafenib
(HR 0.27, 95% CI 0.15 to 0.460 vs HR 0.58, 95% CI 0.43
to 0.78, p=0.020).
Zurita et al conducted a CAF profiling analysis in 69

patients with metastatic RCC treated in a randomised
study of sorafenib alone or sorafenib with IFN-α. Several
CAFs were assessed at baseline and on treatment, includ-
ing interleukins, macrophage colony-stimulating factor-1
(M-CSF), E-selectin, EGF, TGF-β, osteopontin, carbonic
anhydrase-9, VEGFA and soluble VEGFR2. On univariate
analyses, 14 of these factors correlated with PFS.
However, on multivariate analysis, only IL-5, M-CSF and
EGF showed independent prognostic value.25 The
authors also searched for markers that identified groups
of patients who experienced different degrees of benefit
from sorafenib versus sorafenib+IFN-α. The only signifi-
cant treatment-by-factor interactions for the 52 baseline
CAFs analysed were for osteopontin and VEGF (p for
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interaction 0.004 and 0.01, respectively) where low
expression of either biomarker predicted superior PFS
with sorafenib plus IFN-α as compared with sorafenib
alone.25

The largest evaluation of the CAF profile published so
far was performed with data from the phase II and III
clinical trials of pazopanib in metastatic RCC.26 The
authors used a three-step approach for screening, confir-
mation and validation of prospective CAF biomarkers.
Initially, potential CAFs were screened in 129 patients
who had the greatest or least tumour shrinkage in the
phase II trial of 215 patients treated with pazopanib.
The candidate CAFs positively related to tumour
response and PFS identified from this screening were
then confirmed with an independent analytical platform
in the whole phase II trial population (215 patients).
Confirmatory analyses identified associations of low
levels of IL-6, IL-8, osteopontin and hepatocyte growth
factor (HGF) with continuous tumour shrinkage and
PFS in patients treated with pazopanib (p<0.05 for all).
These markers were then validated in 344 patients from
a randomised, placebo-controlled, phase III clinical
study of pazopanib. In the validation set, it was con-
firmed that patients treated with pazopanib who had
high concentrations of IL-8 (p=0.006), osteopontin
(p=0.0004), HGF (p=0.010) and TIMP-1 (p=0.006) had
shorter PFS than did those with low concentrations.
These factors were stronger prognostic markers than
were standard clinical classifications such as ECOG PS,
MSKCC model and Heng criteria).26

Single-nucleotide polymorphisms (SNPs)
Several studies have explored SNP of factors along the
VEGF pathway. Lambrechts et al assessed the correlation
of SNPs in the VEGF pathway with PFS and OS in
patients treated with bevacizumab in the AVOREN trial.
Exploration of a total of 138 SNPs revealed variants in
VEGFR1 that were predictive of poor PFS with bevacizu-
mab (HR 1.81, 95% CI 1.08 to 3.05, p=0.033) but not of
OS (HR 0.91, 95% CI 0.45 to 1.82, p=0.78). Specifically,
an SNP at rs7993418 located in the tyrosine-kinase
domain of VEGFR1 was implicated.27

SNPs in the VEGF pathway and related factors have
also been analysed with the use of pazopanib therapy. A
panel of 27 functional SNPs within 13 genes were evalu-
ated in 397 patients with RCC treated with pazopanib
across three clinical trials. Three SNPs in IL-8 and
HIF-1α and five SNPs in HIF-1α, NR1I2 and VEGFA
showed a significant association with PFS and RR
(p≤0.05), respectively. For instance, RR were reduced in
patients with the VEGFA 1498CC genotype as compared
with the 1498TT genotype (33% vs 51%, p≤0.05).28

In a study by Kim et al, a panel of candidate VEGF and
VEGFR2 SNPs were evaluated for associations with clini-
cal outcome in 63 patients receiving sunitinib for meta-
static RCC. No single VEGF or VEGFR SNPs were found
to correlate with clinical outcome. However, the combi-
nation of VEGF SNP 936 and VEGFR2 SNP 889 was

associated with OS after adjustment for the prognostic
risk group (p=0.03).29 A similar recent study comparing
two widely used dosing schedules of sunitinib (50 mg
once daily 4-week-on/2-week-off, vs 37.5 mg once daily
continuous dosing), examined germline SNPs in VEGFA
and VEGFR3 genes.30 Again, no association could be
detected between the presence of SNPs and
time-to-progression, PFS or OS. A prognostic value for
the angiogenic protein angiopoietin-2 was established,
however.
Similar negative results have been described with axiti-

nib and sorafenib. In the phase III trial comparing
second-line axitinib versus sorafenib in patients with pre-
viously treated metastatic RCC, analyses of associations
between germline SNPs and outcomes were conducted.
Fifteen SNPs in VEGFA, VEGFR1, VEGFR2 and HIF-1α
were analysed. In axitinib-treated patients, VEGFA
rs699947 and rs833061 correlated with longer OS (27.0
vs 13.4 months, HR 0.39, p=0.015). In sorafenib-treated
patients, VEGFR2 rs2071559 was associated with longer
OS (26.8 vs 13.8 months; HR 0.41, p=0.030). However,
on multivariate analyses, no SNP predicted axitinib effi-
cacy, but VEGFR2 rs2071559 predicted PFS (p=0.0053)
and OS (p=0.0027) for sorafenib. The authors conclude
that sensitivity/specificity limitations in the study pre-
clude the use of VEGFR2 rs2071559 for selecting indivi-
dual patients for sorafenib treatment.31

Other genetic and analytical factors
Since the vast majority of RCC are driven by a mutation
in the VHL gene, Choueiri et al32 examined whether or
not the VHL mutation status predicted response in 123
patients with metastatic RCC treated with sunitinib, axiti-
nib, sorafenib or bevacizumab. In a multivariate analysis,
patients with wild-type VHL demonstrated an RR of 31%,
whereas patients with a loss of function mutation in VHL
(frame shift, nonsense, splice or in-frame deletions/
insertions, but not missense mutations), demonstrated a
response of 52% (p=0.04). Remarkably, these data have
not been confirmed in subsequent trials. Tumour
samples obtained in a phase II trial that assessed the
safety and efficacy of pazopanib in locally recurrent or
metastatic RCC (the VEG102616 trial) were examined
for VHL status. Here, no correlation between any of the
markers and overall RR or PFS could be established.33

Similar data were found for patients treated with sorafe-
nib in a large phase III trial.34 Unfortunately, VHL muta-
tional status was only available for 134/712 patients in
this trial. Conclusive trials establishing the predictive
value for VHL are still awaited.
In parallel to the VHL status, several studies have

examined the predictive value of expression levels of
HIF-1α. In the study by Choueiri et al33 mentioned
earlier, expression levels of HIF-1α were predictive of
response to pazopanib. In a study examining several cir-
culating proteins as a biomarker for efficacy in first-line
treatment with sunitinib, baseline expression levels of
HIF-1α, as determined by immunohistochemistry (IHC)
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low versus high, did prove to be of prognostic signifi-
cance.30 Patients whose tumours expressed high levels of
HIF-1α at baseline had a significantly longer PFS of 42.0,
weeks (95% CI 31.0 to 56.3) when compared with patients
with low levels of expression, who displayed a PFS of 30.4
weeks (95% CI 22.2 to 43.9; HR 1.55, p=0.034).
Few studies have analysed the potential role of circulat-

ing cell-free DNA (cfDNA) as predictive biomarkers to
antiangiogenic drugs. cfDNA is thought to originate from
tumours, through necrosis, apoptosis or cell lysis of
tumour cells, and could represent an easily accessible
and non-invasive biomarker.35 Feng et al36 conducted a
study to determine whether plasma circulating cfDNA
levels could predict treatment efficacy in patients with
metastatic RCC treated with sorafenib. Eighteen patients
with treatment-naïve or cytokines-only treated metastatic
RCC were selected. Patients received 400 mg of sorafenib
orally twice daily and were followed up weekly. CT scans
were performed at baseline, with follow-up scans
obtained at 6-week intervals for the first 24 weeks (or
until disease progression), and every 8 weeks thereafter.
Plasma cfDNA levels were quantified by quantitative real-
time PCR at six different time points: before treatment, 4,
8, 12, 16 and 24 weeks. Treatment response was assessed
as per the Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1 criteria. Interestingly, baseline cfDNA
levels could not predict remission, stable disease and pro-
gression (p=0.27, p=0.073, respectively). However, a
decrease in cfDNA levels was observed in patients with
partial response to sorafenib, whereas the levels increased
in patients with stable disease or progressive disease.
Moreover, a significantly lower plasma cfDNA level, mea-
sured from 8 to 24 weeks, was found in patients with
remission or stable disease than in those with progression
(p<0.05). Increasing levels of plasma cfDNA during the
course of treatment indicated a poor outcome. For pre-
dicting progression, cfDNA levels at 8 weeks yielded a sen-
sitivity of 66.7% and a specificity of 100%. The authors
conclude that cfDNA may play a potential role in moni-
toring the efficacy of sorafenib treatment.36

Prognostic and predictive biomarkers of response to mTOR
inhibitors
The PI3-K/AKT/mTOR pathway plays an important role
in the pathogenesis of many tumours. In RCC, the loss
of the tumour suppressor gene VHL leads to the direct
activation of the PI3-K/AKT/mTOR pathway.37

Furthermore, the mTOR pathway controls the synthesis
of key proteins needed for tumour and endothelial cell
proliferation.38 Parallel to VEGF, mTOR is strongly asso-
ciated with HIF-1α. This is illustrated by the detection of
decreased HIF-1α transcription induced by administer-
ing rapamycin.39 The importance of the mTOR pathway
in RCC has led to the development of everolimus and
temsirolimus. Both drugs are allosteric inhibitors of the
mTOR complex 1, one of two main multiprotein com-
plexes that nucleates mTOR, and have demonstrated a
clear benefit in patients with metastatic RCC.3 5 In

comparison to the VEGFR inhibitors, there are currently
very limited data regarding potential predictors of clini-
cal efficacy to mTOR inhibitors.

Mechanism-based AEs
Several mTOR inhibitors-related mechanism-based AEs
have been analysed as potential predictive and prognos-
tic biomarkers. Non-infectious pneumonitis (NIP) is a
class effect of mTOR inhibitors and has been described
with everolimus and temsirolimus. White et al were the
first to assess the relationship between NIP and outcome
in 274 patients treated with everolimus. NIP was diag-
nosed in 13.5% of patients, but no differences in PFS
were seen between patients with radiographic findings
consistent with pneumonitis and patients without NIP
(p=0.96).40 However, in another retrospective study of
46 patients treated with either everolimus or temsiroli-
mus, the occurrence of NIP (30%) was related to an
increased response of target lesions by RECIST criteria
(mean change of tumour long axis size: −2.9% vs
+4.3%, p=0.002).41 In the largest study published
hitherto, Atkinson et al addressed the role of NIP as a
potential biomarker of mTOR inhibitors. In a retrospec-
tive review of 310 patients with metastatic RCC treated
with temsirolimus or everolimus, NIP occurred in 6% of
temsirolimus-treated patients and 23% of everolimus-
treated patients. Interestingly, patients who developed
NIP had a significantly longer median time on treat-
ment (4.1 months, 95% CI 2.53 to 6.97 vs 2 months,
95% CI 1.84 to 2.37, p=0.035) and longer median OS
(15.4 months, 95% CI 11.51 to not reached vs
7.4 months, 95% CI 5.99 to 9.54, p<0.001). On multivari-
ate analysis, NIP remained an independent predictor of
improved OS (HR 0.32, 95% CI 0.2 to 0.5, p<0.001).42

Few small studies have looked at the predictive role of
increases in serum cholesterol, triglyceride and glucose,
a common AE with mTOR inhibitors. Lee et al examined
serum metabolic changes in a phase III trial in which
patients with metastatic RCC with an intermediate-risk
or poor-risk classification were randomised to temsiroli-
mus or IFN-α. Greater increases in serum cholesterol
levels from baseline in patients treated with temsirolimus
were significantly associated with longer PFS (HR 0.81,
p<0.0001) and OS (HR 0.77, p<0.0001).43 Interestingly,
temsirolimus-related hypertriglyceridaemia and hyper-
glycaemia were not associated with improved clinical
outcomes.

Lactate dehydrogenase (LDH)
LDH is an enzyme involved in anaerobic glycolysis and
regulated by the PI3-K/AKT/mTOR containing
complex 1 pathway as well as tumour hypoxia/necrosis,44

which provides a rationale for its study as a potential bio-
marker of mTOR inhibition. High serum LDH levels are
associated with poor prognosis in patients with meta-
static RCC and in several other tumours.15 Increased
LDH had previously been incorporated as a negative
factor in the MSKCC prognostic model but was then
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dropped from the Heng prognostic model.
Nevertheless, neither of these prognostic models have
been validated with the use of mTOR inhibitors.
Armstrong et al evaluated pretreatment and post-

treatment serum LDH in 404 poor-risk patients with
RCC treated with temsirolimus or INF-α in a phase III
randomised trial. On multivariate analysis, elevated LDH
was independently associated with an increased risk of
death (HR 2.81, 95% CI 2.01 to 3.94, p<0.001).
Temsirolimus was found to significantly improve OS in
those patients with an elevated LDH (6.9 vs 4.2 months,
p<0.002) as compared with INF-α. Conversely, temsiroli-
mus did not prolong OS in those patients with a normal
LDH (11.7 vs 10.4 months, p=0.514). The authors con-
clude that serum LDH is a prognostic and a predictive
biomarker of OS in poor-risk patients with RCC treated
with temsirolimus.44

PREDICTIVE AND PROGNOSTIC BIOMARKERS OF MODERN
IMMUNOTHERAPY AGENTS
The ideal immunological biomarker is one that can be
measured easily from body fluids, such as blood; is quan-
titative, allowing patient stratification based on magni-
tude of response; and reflects the mechanism of action
of the agent studied or the direct effect of immunity on
cancer.45 Biomarkers of immunotherapy may include
baseline tumour profiling (gene expression, immuno-
phenotyping and localisation of immune infiltrates,
cancer genetics), baseline patient’s genetic profile, base-
line peripheral blood markers (gene expression, compo-
sition of immune cells, proteomics, soluble factors), and
on-treatment changes in peripheral blood and tumour
microenvironment (gene expression, composition of
immune cells, proteomics, receptor occupancy).
Nevertheless, identifying biomarkers of cancer immu-
notherapy is challenging given the dynamic adaptative
nature of immunity, the multiple immune checkpoints
involved in T cell regulation, and the molecular hetero-
geneity of the tumour and immune compartment.
In the cytokines era, few clinical and laboratory factors

were identified and prospectively validated as being pre-
dictive or prognostic for IFN-α and IL-2. These included
clear cell histology,46 47 ECOG PS,48 49 MSKCC prognos-
tic group,46 48 50 51 number of metastatic sites,46 49 50 52

C reactive protein49 52 and neutrophils levels.49 51 52

However, many of these factors derived from small retro-
spective studies which provided inconsistent and some-
times contradictory data and failed to efficiently identify
all responders. Nevertheless, these factors are relevant as
they offer an insight into potential biomarkers for
modern immunotherapy such as anti-PD-1/PD-L1
agents and CTLA-4 inhibitors.

Prognostic and predictive biomarkers of response to PD-1
and PD-L1 inhibitors
PD-1 is a key immune checkpoint molecule implicated
in T cell-mediated immunosuppression and immune

tolerance. PD-1 is physiologically expressed in mono-
cytes, activated T cells and B cells. PD-1 binds to two
ligands, PD-L1 and PD-L2. Its major ligand PD-L1, also
known as B7-H1, is mainly expressed by haematopoietic
cells, including T and B cells, macrophages and dendri-
tic cells, and by vascular endothelial cells. The interac-
tion between PD-1 and PD-L1 negatively regulates
activated T cell effector functions and leads to immune
suppression and tolerance. PD-L1 is also aberrantly
expressed in several solid tumours, including RCC, as an
adaptative mechanism which promotes an immunosup-
pressive tumour microenvironment, ultimately leading
to tumour immune tolerance. Consequently, novel
immune modulating agents, such as antibodies blocking
PD-1 and PD-L1 have the potential to enhance the host
own immune response and trigger antitumour
immunity.
PD-L1 is overexpressed in up to 30% of RCC tumours,

in primary and metastatic sites of disease.53 54 Moreover,
PD-L1 overexpression has been demonstrated to corre-
late with advanced tumour stage, higher Fuhrman
grade, the presence of necrosis, sarcomatoid differentia-
tion and poorer survival in several case series, suggesting
a prognostic role of PD-L1 expression.53 55–57 This is
probably due to its immunosuppressive role. Recently, a
subanalysis from the randomised COMPARZ study com-
paring sunitinib and pazopanib as a first-line therapy for
patients with metastatic RCC showed that increased
PD-L1 expression in tumour cells is associated with a sig-
nificantly shorter OS, further supporting the role as a
prognostic biomarker of PD-L1 expression.58

Consequently, various PD-1 and PD-L1 inhibitors are
currently being tested in RCC and are at different stages
of clinical development. Most of these ongoing clinical
trials include an exploratory biomarker subanalysis to try
to identify predictive biomarkers of response to PD-1/
PD-L1 inhibition such as PD-L1 expression and charac-
terisation of tumour-infiltrating immune cells (TIIC).
However, their role as potential predictive biomarkers of
benefit to the PD-1/PD-L1 blockade remains controver-
sial and is still under investigation in the ongoing clini-
cal trials.

PD-L1 expression by tumour cells or TIIC
Expression of PD-L1 by tumour cells or TIIC is currently
the most studied factor as a potential predictive biomar-
ker of response to PD-1/PD-L1 blockade. The current
available evidence on PD-L1 expression as a biomarker
comes mainly from exploratory analysis in phase I and II
trials and has not yet been validated in a prospective ran-
domised fashion. Therefore, it should be treated as
hypothesis generating. Table 1 summarises the available
evidence on PD-L1 expression as a predictive biomarker
of PD-1/PD-L1 blockade in RCC.
The first-in-human dose escalation phase I trial of the

PD-1 inhibitor nivolumab in solid malignancies was the
first study to assess the relationship between pretreat-
ment PD-L1 immunohistochemical expression in
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tumour cells and response to treatment.59 Tumours
were considered PD-L1 positive if >5% of tumour cells
showed positive membrane staining. Three of the four
PD-L1-positive patients (including 1 RCC case) were
associated with objective response, whereas none of the
five patients with PD-L1-negative tumours showed
tumour regression (p=0.04). In another phase I trial of
nivolumab in advanced solid tumours, 9 of the 25
PD-L1-positive tumours (including two RCC cases)
experienced objective response but none of the 17
PD-L1-negative tumours patients showed tumour regres-
sion (p=0.006).60 PD-L1 expression by tumour cells and
TIIC was assessed for the first time in a biomarker suba-
nalysis of the latter phase I trial.61 Importantly, PD-L1
expression in tumour cells (n=41) was significantly cor-
related with increased objective RR and with clinical
benefit (defined as an objective response or a stable
disease lasting at least 6 months) (p=0.02 and p=0.005,
respectively). Conversely, PD-L1 expression in

infiltrating immune cells (n=41) was found to signifi-
cantly correlate with clinical benefit (p=0.03) but not
with RR (p=0.14).
In the first RCC-specific phase I trial of nivolumab, 91

patients with previously treated and untreated metastatic
RCC received nivolumab at three possible dosages (0.3,
2 or 10 mg/kg).62 Interestingly, RR was significantly
higher in PD-L1-positive tumours (22%, 4/18) than in
PD-L1-negative tumour (8%, 3/38), suggesting a poten-
tial role of PD-L1 expression as a predictive biomarker.62

However, this study showed, for the first time, that
PD-L1-negative tumours can also derive clinical benefit
from an anti-PD-1 blockade, challenging the use of
PD-L1 expression as sole inclusion criteria for future
prospective randomised trials. In an updated analysis of
this study, median OS and 2 years OS rate were signifi-
cantly longer in the PD-L1-positive tumour group than
in the PD-L1-negative group (not reached vs
23.4 months, 95% CI 13.1 to 33.3, p not given and 64%

Table 1 Selected studies on the role of PD-L1 expression as a predictive biomarker of response to PD-1/PD-L1 inhibitors in

clinical trials

Phase Description

Clinicaltrials.

gov

Immunohistochemical

cut-off point

PD-L1

status RR (%)

Median OS

(months, 95% CI)

Phase

I*

Nivolumab in

refractory solid

tumours59

NCT00441337 ≥5% of tumour cells

membrane staining

+ 3/4 (75)†

– 0/5 (0)

Phase

I*

Nivolumab in

advanced solid

tumours60

NCT00730639 ≥5% of tumour cells

membrane staining

+ 9/25 (36)‡

– 1/17 (0)

Phase

I

Nivolumab in

metastatic

RCC62 63

NCT01358721 ≥5% of tumour cells

membrane staining

+ 4/18 (22) NR

– 3/38 (8) 23.4 (13.1 to 33.3)

Phase

II

Nivolumab in

metastatic

RCC64 65

NCT01354431 ≥5% of tumour cells

membrane staining

+ 9/29 (31) 29.9 (13.4 to NR)

– 14/78 (18) 18.2 (12.7 to 27.2)

Phase

I

Nivolumab plus

ipilimumab in

metastatic RCC67

NCT01472081 ≥1% of tumour cells

membrane staining

+ 8/16 (50)

– 11/20 (55)

≥5% of tumour cells

membrane staining

+ 1/4 (25)

– 18/32 (56.3)

Phase

I

Nivolumab plus

sunitinib metastatic

RCC68

NCT01472081 ≥1% of tumour cells

membrane staining

+ 6/15 (40)

– 9/14 (63.3)

≥5% of tumour cells

membrane staining

+ 1/5 (20)

– 14/24 (58.3)

Phase

I

Nivolumab plus

pazopanib in

metastatic RCC68

NCT01472081 ≥1% of tumour cells

membrane staining

+ 3/7 (42.9)

– 5/10 (50)

≥5% of tumour cells

membrane staining

+ 1/2 (50)

– 7/15 (46.7)

Phase

I

Atezolizumab in

metastatic RCC69
NCT01375842 ≥1% of TIIC membrane

staining

+ 7/35 (20)§

– 2/21 (10)§

Phase

III

Nivolumab vs

everolimus in

metastatic RCC66

NCT01668784 ≥1% of tumour cells

membrane staining

+ 94/370 (25)§ 21.8 (16.5 to 28.1)

– 276/370 (75)§ 27.4 (21.4 to NR)

≥5% of tumour cells

membrane staining

+ 44/370 (11)§ 21.9 (14.0 to NR)

– 326/370 (89)§ 24.6 (21.4 to NR)

*Including metastatic melanoma, colorectal cancer, castrate-resistant prostate cancer, non-small cell lung cancer and/or RCC.
†Including one RCC case among responders.
‡Including two RCC cases among responders.
§Nivolumab arm only.
NR, not reached; OS, overall survival; PD-1, programmed cell death-1; PD-L1, programmed cell death ligand-1; RCC, renal cell carcinoma;
RR, response rate; TIIC, tumour infiltrating immune cells.
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(95% CI 37% to 82%) vs 48% (95% CI 30% to 64%), p
not given, respectively).63

In the randomised blinded phase II trial of nivolumab,
168 patients with previously treated metastatic RCC were
randomised to receive nivolumab at 0.3, 2 or 10 mg/kg.
As an exploratory end point, efficacy parameters were
assessed according to PD-L1 expression status. PD-L1
expression was measured in archival tumour tissue by
IHC and positivity was defined by membrane staining of
≥5% of tumour cells. A cut-off of ≥1% was also
assessed.64 Median OS, median PFS and RR were similar
across the three different dosages. Using the ≥5%
cut-off, 29 of the 107 evaluable patients were considered
PD-L1 positive (27%) and 78 (73%) were PD-L1 nega-
tive. Median PFS was 4.9 months (95% CI 1.4 to 7.8) in
the PD-L1-positive group versus 2.9 months (95% CI 2.1
to 4.2) in the PD-L1-negative group (p not shown). RR
was higher in the PD-L1-positive group than in the
PD-L1-negative group (31% vs 18%, p not shown).
Median OS was 29.9 months (95% CI 13.4 to not
reached) in the PD-L1-positive group and 18.2 months
(95% CI 12.7 to 27.2) in the PD-L1-negative group
(p not shown).65 When a cut-off of ≥1% was used to
define PD-L1 positivity, median PFS, RR and OS were
similar in both groups.64

Motzer et al66 recently published the first phase III ran-
domised trial of nivolumab in metastatic RCC. The study
randomised 821 patients with metastatic RCC previously
treated with one or two regimens of antiangiogenic
therapies to receive 3 mg/kg of nivolumab or 10 mg/day
of everolimus. Membrane PD-L1 tumour expression was
included as a secondary end point and was assessed in
tumour cells using two different exploratory cut-offs (1%
and 5%). Among all the randomised patients, 92% had
quantifiable tumour PD-L1 expression in pretreatment
samples (756/821). In total, 24% of patients with quanti-
fiable PD-L1 expression (181/756) had ≥1% PD-L1
expression, whereas 76% were considered PD-L1 nega-
tive (575/756). Among patients with ≥1% PD-L1 expres-
sion, the median OS was 21.8 months (95% CI 16.5 to
28.1) in the nivolumab arm and 18.8 months (95% CI
11.9 to 19.9) in the everolimus arm (HR 0.79, 95% CI
0.53 to 1.17, p not shown). Among patients with <1%
PD-L1 expression, the median OS was 27.4 months (95%
CI 21.4 to not estimable) in the nivolumab arm and
21.2 months (95% CI 17.7 to 26.2) in the everolimus
arm (HR 0.77; 95% CI 0.60 to 0.97, p not shown).
Similar results were observed using the 5% PD-L1 expres-
sion cut-off point. However, the interpretation of these
data is limited by the small numbers of patients with 5%
or greater expression (85/756).66 A benefit with nivolu-
mab over everolimus was therefore seen regardless of
PD-L1 expression. Interestingly, median OS was consis-
tently lower in the PD-L1-positive group irrespective of
the treatment arm. These findings support the negative
prognostic role of PD-L1 expression previously men-
tioned but do not support the role of PD-L1 expression
as a predictive marker of response to PD-L1 blockade.

Combination studies of nivolumab have also assessed
the potential role of PD-L1 expression as a marker of
response but have provided conflicting data so far. In
the phase I trial of nivolumab plus ipilimumab in meta-
static RCC, an exploratory analysis with a retrospective
collection of samples evaluated two different IHC cut-off
points (1% or 5% in tumour cells membrane staining)
for PD-L1 expression. Interestingly, RRs ranged from
25% to 56.3% and were similar across PD-L1-positive
and PD-L1-negative tumours regardless of the used
cut-off point.67 Similarly, the phase I trial of nivolumab
in combination with sunitinib or pazopanib also pro-
vided equivalent RRs regardless of the IHC cut-off point,
and the PD-L1 status was similar across the sunitinib and
pazopanib groups (52% vs 45%, respectively).68

Available data on the role of PD-L1 expression with
PD-L1 inhibitors are more limited given the earlier stage
of drug development as compared with anti-PD-1 agents.
The phase I study of atezolizumab (also known as
MPDL3280A), an engineered anti-PD-L1 monoclonal
antibody in metastatic solid tumours, included 69
patients with metastatic RCC. PD-L1 expression was eval-
uated in the TIIC. Using a cut-off point of ≥1%, 35 of
the 56 evaluable patients were considered PD-L1 positive
and 21 of the 56 were PD-L1 negative. Interestingly, RR
was twofold increased in the PD-L1-positive group com-
pared with the PD-L1-negative group (20% vs 10%,
respectively, p not shown),69 indicating a potential rela-
tionship between PD-L1 expression in TIIC and antitu-
mour response to atezolizumab. PFS was also longer in
the PD-L1-positive group (24 vs 20 weeks, p not
shown).69 In a biomarker exploratory subanalysis of the
study, PD-L1 tumour expression at baseline was com-
pared with on-treatment PD-L1 expression using paired
serial biopsies in 26 patients including four RCC cases.70

Interestingly, upregulation of PD-L1 in on-treatment
biopsies as compared with baseline expression was signif-
icantly associated with RR, suggesting that adaptative
changes of PD-L1 expression during treatment have a
role as a dynamic on-treatment predictive biomarker.70

Taken together, these preliminary findings suggest
that PD-L1 expression in tumour cells or in a tumour
microenvironment might be considered a prognostic
factor. However, its role as a predictive biomarker of
response to PD-1 or PD-L1 blockade remains controver-
sial in view of the recent results from the phase III trial
of nivolumab. Despite the fact that PD-L1 expression
increases the probability to benefit from PD-1/PD-L1
inhibitors, it fails to identify all responders as many
PD-L1-negative tumours do benefit from this therapy.
Furthermore, some patients with PD-L1-positive tumours
do not respond to treatment. Clinical benefit among
PD-L1-negative patients, the evidence of intratumoral
heterogeneity of PD-L1 expression and the weak correla-
tion seen between PD-L1 expression in primary and
metastatic sites54 71 question the role of PD-L1 expres-
sion as a robust predictive biomarker and selection cri-
teria for anti-PD-1/PD-L1 clinical trials.
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The role of PD-L1 expression as a biomarker is also
limited by the lack of standard IHC cut-off points to
define positivity and by the lack of evidence as to
whether PD-L1 expression should be better assessed in
tumour cells, TIIC or both. It is also relevant to mention
that most studies use archival tissue samples to assess
PD-L1 expression. However, owing to the dynamic
nature of the immune system and the effect of time and
prior treatment lines, the PD-L1 status in the archival
sample may not be representative of the current PD-L1
status at study entry, which may be many years after the
biopsy was taken. Consequently, current randomised
phase III clinical trials of PD-1/PD-L1 inhibitors are not
restricting patient selection to PD-L1-positive cases but
are recruiting PD-L1-negative patients. Standardisation
in IHC cut-off points and use of baseline fresh tissue
biopsy in phase III trial are therefore needed in order to
better understand the real role of PD-L1 expression as a
biomarker of response to PD-1/PD-L1 inhibitors. Our
capability to identify these and other robust biomarkers
that reliably predict clinical response to PD-1/PD-L1
blockade will be vital for efficiently identifying patients
most likely to respond. Finally, the increasing knowledge
gained over the past years with PD-1 and PD-L1 inhibi-
tors in different solid tumours has actually provided con-
tradictory data with regard to the predictive role of
PD-L1 expression. Therefore, it is likely that the relation-
ship between PD-L1 expression and outcomes after
PD-1/PD-L1 blockade is tumour-specific and even
histology-dependent.

Other immune-related biomarkers
Several other immune-related factors are currently being
studied as potential predictive biomarkers of response to
PD-1/PD-L1 inhibitors. However, none of them have so
far been validated and they should be considered as
hypothesis-generating. In an exploratory biomarker ana-
lysis of the nivolumab phase I trial (including 2 RCC
cases), immune microenvironmental factors such as
PD-L2 expression by tumour cells or tumour infiltrating
T cells, the CD4:CD8 ratio, the presence of CD20+ B
cells, tumour necrosis and lymphoid aggregates were
analysed in relation to treatment outcome but failed to
show any correlation with response to treatment.61

A prospective exploratory biomarker analysis of the
phase I trial of three dosages of nivolumab in metastatic
RCC assessed several immune-related factors such as
serum chemokines, tumour T cell infiltrates, gene
expression profiling and T cell receptor (TCR) reper-
toire, at baseline and after cycle 2. Interestingly, higher
tumour infiltration by CD3+ and CD8+ T cells at
baseline significantly correlated with higher tumour
regression.62 Similarly, responding patients showed a sig-
nificant increase in CD3+ and CD8+ tumour infiltrating
T cells between baseline and on-treatment as compared
with non-responding patients, suggesting tumour infil-
trating T cells as a potential adaptative predictive bio-
marker.62 Moreover, several other changes in immune

biomarkers indicating an adaptative antitumour
immune activity (increased serum markers of IFN-γ acti-
vation, increased tumour gene expression favouring lym-
phoid and myeloid tumour infiltration, increased
baseline tumour T cell frequency) were also correlated
with better clinical outcomes.63

The biomarker subanalysis of the phase I study of ate-
zolizumab in advanced solid tumours, including meta-
static RCC, conducted an messenger RNA expression
assay of 90 different immune profile genes (T cell
markers, cytokines, chemokines, immune regulation
and cell population markers) using pretreatment
paraffin-embedded tissue from 96 patients.70 In addi-
tion, 23 patients had paired baseline and on-treatment
samples. Interestingly, higher expression at baseline of
several cytotoxic Th1 T cell markers such as IFN-γ,
granzyme-A, CD8a and EOMES in tumour tissue was
correlated with greater response to atezolizumab.
Similarly, responding tumours showed an increasing
Th1-dominant immune infiltrate, whereas non-
responders showed a minimal tumour CD8+ T cell infil-
tration and an absence of T cell activation measured by
granzyme-A and perforin expression.70 Taken together,
these findings suggest that signs of immune competency
in pretreatment tumour samples in the form of infiltra-
tion by inflammatory signature T cell markers are a pre-
dictive marker of response to PD-L1 inhibitors. These
observations are consistent with what has already been
described for metastatic melanoma where patients who
have the so-called ‘tumour inflamed’ gene signature,
including T cell markers and pro-inflammatory chemo-
kines, have significantly improved responses to
immunotherapy.72

Clinical-related biomarkers
Few clinical-related factors have been studied as poten-
tial biomarkers of survival to PD-1/PD-L1 inhibitors.
Given the validated prognostic value of the MSKCC
prognostic classification with cytokines, its potential role
has also been studied with new immunotherapy agents.
In the phase I study of atezolizumab in metastatic RCC,
more responses were seen in patients with the MSKCC
poor prognostic group (n=15), both in the whole group
(RR of 27%, 8% and 20% for the poor, intermediate
and favourable groups, respectively) and when only
looking at PD-L1-positive patients (n=7) (RR of 57%,
13% and 0% for the poor, intermediate and favourable
groups, respectively). However, in view of the reduced
number of patients, it is not possible to draw any mean-
ingful conclusions.69 Conversely, in the phase II trial of
nivolumab, median OS was significantly longer in the
MSKCC favourable prognostic group (n=56) (not
reached, 95% CI 24.9 to not reached) compared with
the MSKCC intermediate (n=70) and poor groups
(n=42) (20.3 months, 95% CI 13.4 to not reached and
12.5 months, 95% CI 8.1 to 18.6, respectively, p not
shown), suggesting that the MSKCC risk group might
also have a role as a prognostic biomarker with PD-1/

Rodriguez-Vida A, et al. ESMO Open 2016;1:e000013. doi:10.1136/esmoopen-2015-000013 9

Open Access



PD-L1 inhibitors.64 73 Similarly, the number of prior sys-
temic regimens was also found to be a prognostic
marker because patients who had received only one pre-
vious treatment (n=50) had a significantly longer
median OS (not reached, 95% CI 19.8 to not reached)
as compared with patients who had received two or
more prior regimens (n=118) (18.7 months, 95% CI
13.4 to 26, p not shown).64 73

Prognostic and predictive biomarkers of response to
CTLA-4 inhibitors
CTLA-4 is a key immune checkpoint receptor expressed
by T cells which acts as a negative regulator of early
immune responses. CTLA-4 binds to B7.1 and B7.2
ligands, which are expressed on the surface of antigen
presenting cells. Its activation results in the downregula-
tion of T cells proliferation and cytokines production
leading to immunosuppression and immune tolerance.
Ipilimumab and tremelimumab are the two monoclonal
antibodies inhibiting CTLA-4, which have so far been
studied in patients with metastatic RCC. However, their
clinical development in RCC is at an earlier stage as
compared with PD-1/PD-L1 inhibitors, and therefore
the available evidence on prognostic and predictive bio-
markers is more limited. Interestingly, the onset of
autoimmune-mediated AEs with CTLA-4 inhibitors has
consistently been described as the main potential bio-
marker of tumour response.74 75

The phase II trial of ipilimumab in advanced solid
tumours included 198 patients, of which 61 had meta-
static RCC.74 Patients were assessed for clinical response
to treatment and onset of autoimmune-mediated AEs.
All RCC cases were either IL-2 refractory or IL-2 ineligi-
ble. Patients with a previous history of autoimmune dis-
eases were excluded. The study comprised two
treatment cohorts: cohort I received ipilimumab at
3 mg/kg with subsequent cycles of 1 mg/kg every
3 weeks and cohort II was treated with 3 mg/kg every
3 weeks for all doses. In the whole group, enterocolitis
was the most frequent autoimmune-mediated AE seen
with ipilimumab (18%), but autoimmune hypophysitis
(7%), dermatitis (4%), arthritis (2%) and uveitis (1%)
were also observed. Enterocolitis was defined as the clini-
cal scenario of sudden-onset diarrhoea; no alternative
aetiology was identified, and response to steroid therapy
and/or presence of endoscopic and histopathological
findings are suggestive of enterocolitis. The incidence of
enterocolitis among patients with RCC was 20% in both
treatment cohorts. Interestingly, the onset of enterocoli-
tis was significantly associated with RR in the whole
group as well as in the RCC cohort. The overall RR for
the evaluable 189 patients was 14% compared with 36%
(14/39) for the assessable patients with enterocolitis
(n=39). The RR for patients with RCC with enterocolitis
(n=17) was 35% compared with 2% in patients who did
not develop enterocolitis (n=44) (p=0.001).74 No tem-
poral relationship was evidenced between the onset of
enterocolitis and the onset of tumour regression.

A subgroup analysis of the previous phase II trial of ipi-
limumab evaluated the onset of other autoimmune-
related AEs in the cohort of 61 patients with metastatic
RCC.75 Thirty-three per cent of patients experienced a
grade 3 or 4 immune-mediated AE. Interestingly, the
onset of other autoimmune AEs such as hypophysitis, der-
matitis or arthritis was also significantly correlated with
tumour response to ipilimumab. The RR among patients
with significant autoimmune AE (n=20) was 30% as com-
pared with 0% in patients free of autoimmune toxicity
(n=41) (p=0.0007).75 Taken together, these findings
suggest that autoimmune-related toxicity such as entero-
colitis or hypophysitis could represent a sign of adaptative
antitumour immune activity triggered by CTLA-4 block-
ade and a surrogate marker of drug efficacy. This is con-
sistent with what has already been described with CTLA-4
inhibitors in metastatic melanoma.76 The underlying
mechanism linking ipilimumab-induced autoimmunity
and tumour response remains unclear. The evidence that
graft-versus-host-related enterocolitis following an allo-
geneic peripheral blood stem cell transplantation is asso-
ciated with tumour regression in patients with RCC77 has
led to the hypothesis that ipilimumab-induced autoim-
munity could be due to a T cell-mediated
graft-versus-host-like response. However, the potential life-
threatening risk of autoimmune toxicity challenges its
use as a valid biomarker of response to CTLA-4 blockade.
Of note, the mortality rate among patients who devel-
oped enterocolitis was 5% as compared with only 1%
among all treated patients. Moreover, the incidence of
perforation or colectomy in the whole group study was
significantly higher in patients being treated for RCC
than in patients with melanoma (6.6% vs 0.7%,
p=0.03).74 A larger experience with ipilimumab in RCC is
therefore needed to adequately balance the risk of life-
threatening immune-related AE against the potential
benefits that can be obtained with CTLA-4 inhibitors.

EXPERT COMMENTARY
Since 2005, the advent of targeted therapies such as
sunitinib, pazopanib and everolimus has revolutionised
the systemic treatment of metastatic RCC. However,
many patients present with primary resistance and never
benefit from treatment, whereas most responders ulti-
mately develop progressive disease. The studies cited
above suggest that certain mechanism-based toxicities
such as hypertension or hypothyroidism with antiangio-
genic therapies or hypercholesterolaemia with mTOR
inhibitors may serve as a surrogate marker of pharmaco-
dynamic effect and may be used as predictive and prog-
nostic biomarkers. However, most of these biomarkers
do not help patient selection as they are assessed after
starting treatment. Moreover, most targeted therapies for
metastatic RCC were approved on the basis of clinical
trials of an unselected population and not on the basis
of a molecularly stratified biomarker-guided approach.
Therefore, despite the widespread use of targeted
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therapies in RCC, robust predictive biomarkers to help
clinicians identify responding patients and minimise
toxicity are still lacking and remain an unmet need.
Regarding modern immunotherapy agents, the identi-

fication of predictive and prognostic biomarkers has so
far shown some promising preliminary results but
remains at a very early and immature stage. The studies
cited above indicate that there are various clinical and
immune-related biomarkers which are relevant and sig-
nificantly correlate with tumour regression and survival
with PD-1/PD-L1 and CTLA4 inhibitors. However, much
of the published evidence is based on retrospective or
small prospective studies and has provided inconsistent
results for many biomarkers. Most accepted biomarkers
are mainly clinical-related and no cancer immunological
biomarkers have been validated until now. The character-
isation of on-treatment lymphocytes subsets with PD-1/
PD-L1 inhibitors is indeed encouraging and can poten-
tially help identify responders, but it cannot be used to
guide patient selection as these are assessed after starting
treatment. Similarly, although baseline tissue biomarkers
are promising, their validation for drug investigation has
been limited by tumour heterogeneity, the use of archival
tissue and the lack of standardisation in immunohisto-
chemical cut-off points. Moreover, PD-L1 expression,
which is the most studied immune-related biomarker so
far, has been shown to be of prognostic value but not a
robust predictor of treatment response. On the other
hand, baseline genetic and peripheral blood biomarkers
such as circulating tumours cfDNA and microRNA in
serum/plasma are more easily and objectively measured
and may therefore hold the key for future biomarkers.

FIVE-YEAR VIEW
The management of metastatic RCC continues to evolve
as newer therapies are proving to be beneficial. Decades
of research have convincingly shown RCC tumours to be
immunogenic and development of more potent strate-
gies beyond cytokines has been enthusiastically wel-
comed. These immuno-oncology (IO) therapies remain
a very promising area of new drug development and are
proving valuable in many different tumour types (lung,
melanoma, bladder, etc). We envision a new treatment
paradigm over the next 5 years that incorporates
biomarker-specific IO therapies integrated with what is
now considered traditional VEGF-targeted therapy. With
the recent advent of technologies, namely next-
generation sequencing, we might be able to quantita-
tively and qualitatively identify nucleic acid biomarkers
in plasma and serum. These genetic biomarkers prob-
ably hold the key to overcoming intratumoural heteroge-
neity and finally identifying robust, predictive and
prognostic biomarkers.

KEY ISSUES
Optimising and integrating new therapies into the
current treatment algorithm for management of RCC.
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