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Opinion statement

Treatment of metastatic clear cell renal cancer (mccRCC) has seen substantial progress over
the last 20 years, with many regulatory approvals since 2006 culminating in a substantial
increase to overall survival (OS). Six therapies are currently available for first-line use, with
additional treatments currently being tested in this setting, some of which are expected to
be approved soon based on new data from the CABOSUN and CheckMate-214 trials. Based
on the available evidence, we strongly believe that vascular endothelial growth factor
tyrosine kinase inhibitor (VEGF-TKI) therapy over mechanistic target or rapamycin (mTOR;
formerly known as mammalian target of rapamycin) inhibitor therapy is the most effective
first-line option regardless of risk category assignment. High-dose interleukin-2 (HDIL-2)
therapy remains a reasonable treatment option in patients with Eastern Cooperative
Oncology Group (ECOG) performance status 0–1 and have minimal comorbid conditions.
In the near future, these agents are likely to be surpassed by cabozantinib and by
combination immune checkpoint inhibitor therapy with nivolumab and ipilimumab. In-
dependent review has recently confirmed superiority of first-line cabozantinib over
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sunitinib in a phase 2 trial of 157 patients with intermediate or poor risk mccRCC
(progression-free survival [PFS] 8.6 vs 5.3 months, hazard ratio [HR] 0.48, p = 0.0008).
In a separate study of 1096 patients treated with either upfront sunitinib or the combi-
nation of nivolumab and ipilimumab, those with intermediate and poor risk had signifi-
cant improvement in both PFS (11.6 vs 8.4 months, HR 0.82, p = 0.0331) and OS (not
reached vs 26 months, p G 0.0001). Responses were greater in patients with positive
programmed death receptor ligand-1 (PD-L1) tumor staining, and pending regulatory
approval may become standard of care in untreated patients with intermediate to poor
risk disease with positive PD-L1 status. This likely represents the beginning of additional
novel immunotherapy combinations for the first-line treatment of mccRCC.

Introduction

Renal cell carcinoma is the seventh and the ninth
most common in men and women, respectively,
with 65,000 new cases and 13,000 deaths in the
USA in 2013 [1]. Over 25% of patients with RCC
have metastatic disease (mRCC) at presentation,
while another 20–40% with localized disease will
eventually develop mRCC [2, 3]. Until 2006, the
only available treatments were cytokine immuno-
therapies: interleukin-2 (IL-2) and interferon-α
(IFN-α). Overall response rates (ORR) with these
two agents were meager at 15–20%, though 7–9%
of patients obtained a complete remission (CR) [4,
5]. Fortunately, most patients today experience sig-
nificantly better clinical outcomes as a result of
treatment advances. The WHO pathologic classifi-
cation defines multiple subtypes of renal cell carci-
noma, but this review will only discuss the first-
line treatment options for clear cell renal carcino-
ma. The pathology, prognosis, and treatment of
non-clear cell cancer vary from clear cell and has
been reviewed previously [6–9].

Improved understanding of the pathogenic mech-
anisms of renal cell carcinoma, including the role of
the tumor suppressor gene VHL and hypoxia-
inducible factor (HIF), has improved the median
overall survival (OS). VHL mutations are frequently
seen in mccRCC, with a reported incidence of over
50% [10]. In the absence of hypoxia, VHL normally
degrades transcription factor HIF which prevents
gene expression of the growth factors it encodes
including VEGF. In the majority of patients with
mccRCC, somatic mutations of VHL prevent
ubiquitination of HIF which allows nuclear traffick-
ing and subsequent intracellular HIF accumulation.

This leads to growth factor production allowing an-
giogenesis and glycolysis which promotes tumori-
genesis [11]. Other key discoveries of tumor biology
include understanding of the PI3K/AKT/mTOR path-
way, an important pathogenic driver in mccRCC
with an estimated incidence of 28% in the TCGA
study [10]. Through production of HIF, mTOR in-
creases expression of proangiogenic growth factors
including VEGF [12]. The first VEGF-TKIs approved
for treatment of mRCC, sorafenib, and sunitinib
were in 2005 and 2006, respectively [13, 14]. FDA
approvals of two inhibitors of mTOR (temsirolimus,
everolimus), a monoclonal antibody (mAb) against
VEGF (bevacizumab), and multiple other VEGF-TKIs
(pazopanib, axitinib) have subsequently been ap-
proved [15–21]. Median OS for mRCC has signifi-
cantly increased during this timeframe [22].

Many novel agents have recently been approved
in the second-line setting and are currently under
investigation. These include cabozantinib (targeting
VEGFR, c-MET, AXL, c-KIT, and RET) and lenvatinib
(targeting VEGFR, PDGFR, FGFR, c-KIT, and RET).
Additionally, immunotherapy has had a resurgence
with the approval of nivolumab, an immune
checkpoint inhibitor directed against programmed
death ligand-1 (PD-1). Cabozantinib, lenvatinib,
and nivolumab were approved in 2015 in the
second-line setting for treatment of mRCC [23].
Recently published data may also lead to regulato-
ry approvals for cabozantinib and combination
nivolumab with ipilimumab for the treatment-na-
ïve patient [24••, 25••].

In this review, we discuss the background, clinical
trials, and appropriate use of approved first-line agents
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including HDIL-2, VEGF-TKIs, and mTOR inhibitors.
Finally, we review the potential for future first-line

therapies and the role of genetic biomarkers in person-
alizing first-line treatment selection.

Current first-line therapy
High-dose interleukin-2 (HDIL-2)

IL-2 is a cytokine produced by T cells which induces both cytotoxic and helper T
cells which can restore immunocompetence by generating lymphokine-
activated killer cells targeted against tumor cells [26]. Initial human studies of
255 patients with mRCC treated with HDIL-2 reported ORR of 14% with 5%
obtaining a CR [27]. Today, the treatment-related mortality with HDIL-2 has
decreased as a consequence of improved supportive care and better patient
selection. In the PROCLAIM registry of 352 patients treated with HDIL-2
between 2011 and 2014, the treatment-related mortality was just 1.4%
(5/352) with an ORR of 17% and stable disease (SD) in 39% (129/352) [28].
In connection with the University of Michigan, we recently reported our insti-
tutional experience with no treatment-related mortalities in 362 patients [29].
Importantly, we also found no difference in PFS between those who obtained
partial response (PR) or SD (HR 0.74, 95% CI 0.48–1.10). Similar results were
seen with OS (HR 0.66, 95% CI 0.39–1.09) [30]. However, those obtaining SD
compared to progressive disease had significantly improved PFS (HR 0.13, 95%
CI 0.09–0.22) and OS (HR 0.33, 95% CI 0.23–0.48) [30]. Therefore, approx-
imately half of appropriately selectedHDIL-2-treated patients will achieve some
clinical benefit.

In the present era, many have questioned how HDIL-2 interacts with
targeted therapy. Two recent studies have shown that response to HDIL-2 after
targeted therapy and response to targeted therapy afterHDIL-2 are independent,
and patients still derive benefit from either treatment [28, 31]. HDIL-2 still has a
role in contemporary treatment of mRCC and can be offered to select patients
with excellent performance status (ECOG of 0–1) and appropriate organ func-
tion receiving care at treatment centers experienced with HDIL-2
administration.

VEGF-TKIs
Up to 80% of sporadic clear cell mRCC have inactivating mutations in VHL.
Inactivated VHL leads to elevated levels of HIF and its downstream products,
including VEGF and PDGF [11]. The first VEGF-TKI to obtain FDA approval was
sorafenib in 2005. Sorafenib is a multi-kinase inhibitor of VEGFR, PDGFRβ,
FLT-3, c-Kit, and RET [13]. The phase 3 TARGET trial compared sorafenib to
placebo in the first-line setting for mRCC. Median PFS was improved in the
sorafenib arm compared to placebo (5.5 vs 2.8 m, HR 0.44, 95% CI 0.35–0.55,
p G 0.01), although improvement in OS was only significant when post-cross-
over placebo data was censored (17.8 vs 14.3 m, HR 0.78, p = 0.03) [13, 32]. In
2006, sunitinib obtained approval after a phase 3 trial of 750 patients random-
ized to either sunitinib or IFN-α demonstrated improved median PFS (11.0 vs
5.0 months, HR 0.42, p G 0.001) and ORR (31 vs 6%, p G 0.01) in the sunitinib
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arm [14]. Follow-up data also reported superior OS in the sunitinib arm (26.4
vs 21.8 m, HR 0.82, p = 0.51) [33]. Pazopanib, a VEGF-TKI targeting VEGFR,
PDGFR, FGFR, c-Kit, and RET, was compared to placebo for untreated mccRCC
and those previously treated with cytokines [18]. In treatment naïve mccRCC,
pazopanib exhibited superior median PFS compared to placebo (11.1 vs 2.8 m,
HR 0.40, p G 0.0001). It subsequently obtained FDA approval in 2009. Axitinib,
targeting VEGFR, PDGFR, and c-Kit, was approved for second-line mRCC
treatment but is not approved for upfront use [19].

The COMPARZ trial was the first prospective head-to-head comparison of
pazopanib and sunitinib and reported non-inferior of pazopanib to sunitinib in
efficacy, but had a lower incidence of reported adverse events (AEs) and better
quality of life [34]. However, some have critiqued the study results since more
patients discontinued pazopanib for toxicity and a relatively high cutoff for non-
inferiority at 25%, suggesting tolerance of a 25% reduction in clinical outcomes as
the definition for equivalency between the two therapies [35]. In summary, how-
ever, this study does strongly argue for clinical equivalence between pazopanib and
sunitinib. The PISCES trial was an innovative clinical trial where patients were
randomized to pazopanib for 10weeks followed by a 2-weekwashout period then
sunitinib for 10 weeks or the reverse [36]. The primary outcome was patient
preference assessed by a questionnaire. Seventy percent of patients preferred
pazopanib, whereas only 8% preferred sunitinib. However, some have criticized
the trial for administering questionnaires prior to the sunitinibwashout period and
for using a dosing schedule which is less common in clinical practice. Currently,
both sunitinib andpazopanib are approved first-line VEGF-TKI options and appear
to have equal efficacy.With the available data,we agreewith the established clinical
guidelines which state that sunitinib and pazopanib are reasonable first-line op-
tions and are preferred over sorafenib given the superior tolerability of pazopanib
or sunitinib.

In an attempt to increase tolerability of VEGF-TKI therapy, a phase 2 trial of
intermittent therapy was conducted recently [37]. All patients received up to 4
cycles of sunitinib at standard dosing (50 mg 4 weeks on, 2 weeks off). Patients
were eligible for intermittent dosing if overall tumor burden decreased by 10%
or more at the end of 4 cycles, and treatment was restarted if tumor burden
increased by at least 10%.Of 20 eligible patients, median PFS was 22.4months.
This potentially attractive strategy may improve the quality of life for patients
with mRCC; however, it is a small study of selected patients with relatively
indolent disease and should be validated prior to changing current practice.

Retrospective studies have also evaluated dosing sunitinib at 50 mg
daily for 2 weeks followed by a 1-week break in order to improve
patient tolerability and satisfaction [38]. Compared to the standard
dosing (4 weeks on, 2 weeks off), these results demonstrate a lower
incidence of diarrhea and other side effects with similar clinical out-
comes. Though randomized data is lacking, the results are compelling
and in our opinion represents a reasonable standard of care.

Bevacizumab and IFN-α
Bevacizumab is a mAb targeting VEGF. Results from the AVOREN trial led to
FDA approval of bevacizumab in combination with IFN-α for previously
untreated patients. PFS was improved compared to IFN-α monotherapy (10.2
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vs 5.4 months, HR 0.63, 95% CI 0.52–0.75, p = 0.0001) [17]. There was also a
trend towards improvement in OS with combination bevacizumab and IFN-α
(median 23.3 vs 21.3, HR 0.86, 95% CI 0.72–1.04) at the expense of greater
toxicity with combination therapy [39]. Though IFN-α is infrequently used
compared with other first-line options, bevacizumab with IFN-α continues to
be recognized by NCCN guidelines as an option for first-line treatment of
mRCC.

ECOG led a clinical trial evaluating doublet combinations of bevacizumab
with VEGF-TKI or mTOR therapies [40]. Four arms were compared:
bevacizumab monotherapy (reference arm), bevacizumab plus temsirolimus,
bevacizumab plus sorafenib, and sorafenib plus temsirolimus. The median PFS
was statistically similar between all treatment arms at 7.5, 7.6, 9.2, and
7.4 months, respectively. Each combination arm did have statistically signifi-
cant more AEs than single agent bevacizumab. Currently, no combinations are
approved for first-line therapy except for bevacizumab with IFN-α.

mTOR inhibitors
Temsirolimus forms a complex with FKBP-12 which then inhibits mTOR
signaling. Disruption of mTOR inhibits cell cycle progression and angiogenesis
[41, 42]. A 2007 phase 3 trial of 626 patients with previously untreated, poor-
risk mRCC was randomized to receive temsirolimus, IFN-α, or both [15].
Temsirolimus achieved longer median OS (10.9 vs 7.3 m, HR 0.73, 95% CI
0.58–0.92, p = 0.008) and PFS (p G 0.001) than IFN-α and was associated with
fewer serious AEs than IFN-α (p = 0.02). Per current NCCN guidelines, it is
reasonable to use temsirolimus for first-line treatment of patients with poor-risk
mRCC; however, a population-based study using the International mRCC
Database Consortium (IMDC) dataset found that temsirolimus is only used
in 3% of patient in the first-line setting (33/1014) [43, 44]. Everolimus, a
different mTOR inhibitor, is approved for previously treated mRCC, and previ-
ously was a standard second-line therapy, but it is now generally reserved for
salvage therapy as monotherapy or in combination with other novel agents,
such as lenvatinib [16, 43]. Though no phase 3 trial has directly compared the
two, some evidence suggests greater clinical efficacy of VEGF-TKIs over mTOR
inhibitors. This includes data from a sequencing study in which patients who
received a VEGF-TKI prior to an mTOR inhibitor had superior outcomes com-
pared to those treated with the reverse [45].

Future first-line therapy

Clinical trials are ongoing investigating anti-angiogenic agents and im-
munotherapies both in combination and as monotherapy. As the treat-
ment paradigm for mRCC continues to evolve, trial design will become
increasingly important. While currently approved first-line agents showed
superior outcomes to placebo or IFN-α, most trials now utilize sunitinib
as the control arm. In the second-line setting, lenvatinib, cabozantinib,
and nivolumab all showed superior survival outcomes to everolimus in
the second-line setting, suggesting that these therapies might be effective
as first-line therapies as well.
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Anti-angiogenic agents
Cabozantinib may be the next drug approved in the first-line setting for
mccRCC based on promising results from Alliance A031203 CABOSUN trial.
In a randomized, phase 2 open-label trial of 157 good performance status
patients with IMDC intermediate or poor risk disease, cabozantinib 60mg once
daily was compared to sunitinib 50 mg once daily for 4 weeks followed by
2 weeks off therapy. Grade 3/4 toxicities were similar between the two arms
(cabozantinib, 67% vs sunitinib 68%). Notably, grade 3/4 hypertension was
more frequent in the cabozantinib arm (28.2 vs 22.2%) while rates of anemia,
neutropenia, leukopenia, and thrombocytopenia were all more frequent in the
sunitinib arm. In total, grade 3/4 hematologic toxicities occurred in 22% of
patients in the sunitinib arm vs 3% treated with cabozantinib [46]. Recently
presented data from an independent review confirms that median PFS, the
primary endpoint, was significantly increased in the cabozantinib arm (8.6 vs
5.3 months, HR 0.48, 95% CI 0.31–0.74, two-sided p value 0.0008). Median
OS, a secondary endpoint, was increased in the cabozantinib arm but did not
reach statistical significance (26.6 vs 21.2 months; HR 0.80, 95% CI 0.53 to
1.21) [24••]. Cabozantinib is currently being evaluated by the FDA for approval
in the first-line setting.

Combination anti-angiogenic agents + immunotherapy
IMmotion150 is a phase 2 study (NCT02420821) comparing atezolizumab
with or without bevacizumab to sunitinib in previously untreated patients with
mRCC. Results, announced February 2017, reported that the 164 of 305 pa-
tients with at least 1% PD-L1 expression on tumor-infiltrating cells (IC) trended
towards improved median PFS with combination atezolizumab and
bevacizumab compared to sunitinib (14.7 vs 7.8 months, HR 0.64, 95% CI
0.38–1.08, p = 0.095). PD-L1 positive patients had similar median PFS with
atezolizumab monotherapy compared to sunitinib (median PFS 5.5 vs
7.8months, HR 1.03, 95%CI 0.63–1.67, p = 0.917). Notably, in the 12 patients
with at least 10% PD-L1 IC expression, the HR versus sunitinib improved to
0.23 with atezolizumab and bevacizumab combination therapy compared to
HR 0.48 with atezolizumab monotherapy. Toxicity was similar between suni-
tinib and combination therapy [47]. KEYNOTE-426 is comparing sunitinib
monotherapy to combination pembrolizumab and axitinib (NCT02853331),
and another trial is investigating avelumab and axitinib (NCT02684006).

In an attempt to avoid the toxicity associated with other immunotherapy
agents, AGS-003 is an autologous dendritic cell therapy which utilizes
leukapheresis to co-electroporate dendritic cells with amplified RNA from the
patient’s own tumor cells and CD40L in order to stimulate a CD8+ T cell
response [48]. A phase 2 study of 22 patients reported promising results with
43% obtaining PR and 24% obtained 5-year OS with AGS-003 in combination
with sunitinib [48]. Subsequently, the phase 3 ADAPT trial (NCT01582672)
investigated sunitinib with AGS-003 versus sunitinib alone in 462 patients with
mRCC. Unfortunately, an independent data monitoring committee has recom-
mended stopping the trial based on futility and low likelihood of improving OS.

Two randomized phase 3 trials are currently investigating the combination of
an immune checkpoint inhibitor with axitinib against sunitinib. NCT02684006
is combining axitinib with avelumab, a PD-L1 mAb, while NCT02853331 is
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combining axitinib with pembrolizumab, a PD-1 mAb. NCT02811861, another
randomized phase 3 trial, is currently investigating the combination of either
lenvatinib and everolimus or lenvatinib and pembrolizumab versus sunitinib in
previously untreated mRCC. All three of these trials have accrued at least 500
patients and are anticipating completion by the end of 2020.

Immunotherapy
RCC is an immunogenic tumor, as evidenced from response to
immunotherapy-based therapies [49, 50]. It is expected that immune therapy
with checkpoint inhibitors will also be effective in the first-line setting. While
nivolumab has improved outcomes in the second-line setting, until recently,
the only data supporting the use of immune checkpoint inhibitors in the first-
line setting for mRCC is from the aforementioned IMmotion150 trial [47].
However, results from the CheckMate-214 trial which investigated the role of
combination checkpoint inhibitor therapy in the first-line setting were present-
ed at the European Society ofMedical Oncology (ESMO)meeting in September
2017. In this phase, 3b/4 trial of 1096 patients randomized to either sunitinib
or the combination of nivolumab and ipilimumab (Table 1). ThoughORR and
PFS were improved with sunitinib in patients with IMDC good risk disease, in
those with intermediate and good risk disease, nivolumab and ipilimumab
demonstrated superior ORR (42 vs 27%, 95% CI 37–47 vs 22–31%, p
G 0.0001), PFS (11.6 vs 8.4 months, HR 0.82, p = 0.0331), and OS (not reached
vs 26months, p G 0.0001). Patients with≥ 1%PD-L1 stainingwith intermediate
or poor risk by IMDC criteria showed 16% complete response rate with anORR
58% (95% CI 48–68%) compared to 1% complete response and ORR 22%
(95% CI 15–31%) when treated with sunitinib, p G 0.0001 [25••]. Notably,
health-related quality of life was also better in the immunotherapy arm.

The ECHO-202/KEYNOTE-037 trial is combining epacadostat, an immune
checkpoint inhibitor directed against indoleamine 2,3 dioxygenase (IDO) to
reverse immune suppression and tolerance, with pembrolizumab compared
against standard of care in a phase 3 trial of 630 patients [53]. Recently
presented interim results of 33 patients reported in those who have received
less than two previous therapies, the ORR was 47%. There was no response in
the cohort who had received at least two previous therapies [52].

Two phase 2 trials seek to better understand the role of sequencing immuno-
therapy and anti-angiogenic agents in treatment-naïve patients. NCT02959554
(NIVOSWITCH) is a phase 2 study of 244 patients treated with VEGF-TKI for
3 months and then randomized to nivolumab versus their previous VEGF-TKI
with a primary endpoint of OS. NCT03035630 is randomizing patients to
treatment with sunitinib and then avelumab on progression or the reverse
sequence, with a primary endpoint of PFS. These novel designs will hopefully
aid the clinician as the number of therapeutic options continue to grow.

Future directions

While we await data from ongoing trials, and as more therapies become
available in the first-line setting, it will become increasingly important to
identify additional predictive biomarkers and increase our understanding of
the tumor microenvironment to further improve care for patients with this
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disease. With many different potential first-line options likely available for
patients in the future, optimal treatment selection of efficacious therapy will
be a critical need for patients with mccRCC.

Biomarkers
Currently, the only validated predictive genetic biomarker available for first-line
therapy is FLT1 C/C, which is a SNP predictive of inferior PFS and ORR to
sunitinib [54, 55]. While PD-L1 expression may be associated with a poor
prognosis in some settings, the presence of PD-L1 staining appears to predict
response to immune checkpoint inhibitors to some extent [25••, 56•, 57].
Other retrospective data suggests that mTOR mutations may predict response
to therapy [58]. Fortunately, recent technologic advances have allowed much
broader access to SNP, whole genome and epigenetic sequencing for re-
searchers. Termed a “liquid biopsy,” researchers also now have the ability to
analyze genomic and mitochondrial circulating cell-free DNA of a patient’s
tumor with a blood draw rather than a biopsy [59]. These techniques are early
in their clinical development, with additional validation and understanding
needed to fully determine the value of this technology regarding the prognostic
and predictive potential in guiding treatment selection for broad clinical use.
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