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Abstract

Renal cell carcinoma (RCC) is considered a chemotherapy-resistant tumor; the landscape
of metastatic RCC (mRCC) is rapidly changing due to the development of target therapy.
By now, 10 novel agents have dramatically improved the prognosis of mRCC. The pur-
pose of this chapter is to provide an updated overview of the clinical data, which support
the use of these agents. We conducted a systematic review using PubMed and
ClinicalTrials.gov about target therapy in RCC according to the existing guidelines, made
analysis of the clinic trials, and discussed their mechanism, impact on quality of life (QoL),
and patient selection algorithms. A total of 11 completed phase III trials were included in
our research data. Agreement was correlated with the availability of data in seven trials,
contributing to the category 1 option of first-line therapy for patients with mRCC. Three
completed phase III trials contributed for the subsequent therapy as the evidence. Target
therapy shows promise in clinical practice. Guidelines and algorithms should be revised
and adapted to the new target drugs. However, more research is needed in parallel to
discover biomarkers that enable the prediction of a treatment response and therefore lead
to better patient selection.

Keywords: renal cell cancer, target therapy, tyrosine kinase inhibitor, immune checkpoint
inhibitors, clinical trial

1. Introduction

About 25-30% of renal cell carcinoma patients are in locally advanced or metastatic stage when
diagnosed, an additional third patients with localized tumor will recur after rational surgery.
Before 2005, treatment option for advanced renal cell carcinoma (RCC) was limited to cytokines
and clinical trial. With both IFN and IL-2, the response rate was only 5-27% [1, 2], while
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associated with substantial side effect. The last decade witnessed the important advance in the
development of renal cell carcinoma (RCC) molecular biology, which leads to the improvement
in the survival of patients with advanced RCC, Nowadays, half of the patients with advance
RCC are likely to survive more than 2 years. Currently, 10 targeted agents are approved for first-
line or later-line use in the treatment of patients with RCC including one monoclonal antibody
targeting vascular endothelial growth factor (VEGEF; bevacizumab), six multi-targeted tyrosine
kinase inhibitors (TKIs; sunitinib, sorafenib, axitinib, pazopanib, cabozantinib, and lenvatinib),
two target the mammalian target of rapamycin (mTOR) pathway (everolimus and temsirolimus),
and one target the immune checkpoint programmed death-1 (PD-1) pathway (nivolumab) (Fig-
ure 1). The guidelines of kidney cancer recommend first-line pazopanib, sunitinib, bevacizumab
(plus interferon-2b [IFN-2b]) as category 1 recommended for patients with clear cell histology
and good or intermediate Memorial Sloan Kettering Cancer Center (MSKCC) prognosis (NCCN
category 1 preferred, European Society for Medical Oncology (ESMO) level I evidence of activity
and grade A recommendation). Temsirolimus is only recommended as first-line treatment for
poor-prognosis patients, and in the latest version of NCCN 2018, cabozantinib was added to the
first-line therapy for poor- and intermediate-risk patients based on modified MSKCC criteria [3].
For patients who experience disease progression during (or who are intolerant to) treatment with
a first-line target treatment, subsequent therapy with the highest level of evidence include
cabozantinib, nivolumab, axitinib, or lenvatinib plus everolimus. Although several targeted
agents were recommended, the optimal sequence has not been determined. The goal of therapy
for patients with mRCC is to prolong survival while maintaining good quality of life, which
should be taken into consideration when choosing second-line and third-line agents. Choosing a
sequence of targeted agents with nonoverlapping safety profiles might improve quality of life by
improving tolerability. Looking forward, identification of the optimal sequence of targeted agents
might be achieved through identification of biomarkers and individualization of treatment for
patients with mRCC.

Prognostic scoring systems used in some clinical trials is from the Memorial Sloan Kettering
Cancer Center (MSKCC), which was derived from evaluating prognostic factors in patients
with mRCC in clinical trials [4]. The validated MSKCC model includes the following five
independent predictors of short survival: time from diagnosis to treatment less than 1 year;
Karnofsky performance status less than 80%; lactate dehydrogenase level more than 1.5 times
ULN; low serum hemoglobin level, and corrected serum calcium level more than 10 mg/dL).
Patients with 0, 1-2, or 3 risk factors are stratified into categories as low risk with good
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Figure 1. Chronological transition of pharmacotherapy for mRCC in USA.
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prognosis, intermediate risk, or poor risk, respectively. The MSKCC model has been validated
by an independent group at the Cleveland Clinic, and has been valuable in identifying the
most effective treatment strategy [5].

2. Approved drugs

2.1. Targeting VEGF/VEGFR

Angiogenesis is a key target in the treatment of advanced RCC. Therapeutic strategies include
the inhibition of the receptor of the vascular endothelial growth factor (VEGFR) by tyrosine
kinase inhibitors and the blockage of the ligand (VEGF) by monoclonal antibodies.

2.1.1. Sorafenib

Sorafenib is a small molecule multi-tyrosine kinase inhibitor that targets RAF, MEK, ERK,
VEGFR1-3, PDGFR-$3, ¢-KIT, RET, CRAF, and BRAF, which are involved in tumor cell prolif-
eration and angiogenesis [6].

A randomized phase II trial investigated the efficacy and safety of sorafenib vs. IFN-2« in previ-
ously untreated patients with clear cell RCC. One hundred and eighty nine patients were random-
ized to receive oral sorafenib (400 mg twice daily) or subcutaneous IFN-2a.. When the disease
progressed, the dose of sorafenib escalated to 600 mg twice daily for sorafenib patients and IFN-2a
patients had to crossover to sorafenib (400 mg twice daily). The primary endpoint was PFS.

Ninety seven patients in the sorafenib arm received treatment and had a median of
5.7 months PFS vs. 5.6 months for IFN-2a. More sorafenib-treated patients had tumor regres-
sion (68.2 vs. 39.0%). Overall, sorafenib-treated patients show fewer symptoms and better
quality of life [7].

The clinical efficacy of sorafenib has also been shown in the phase III randomized TARGET
trial [8, 9]. Nine hundred and five cytokine-refractory mRCC patients with favorable or inter-
mediate MSKCC risk were randomly assigned to receive sorafenib vs. placebo. The median
PFS was longer in the experimental arm at the time of the interim analysis (5.5 vs. 2.8 months;
hazard ratio (HR) 0.44; p <0.01) and a median overall survival (OS) of 17.8 months, which was
statistically identical with that of the placebo group, 15.2 months. The most common grade 3
or 4 adverse events (AEs) sorafenib was associated with were as follows: hand-foot-syndrome
(86%), fatigue (5%), dyspnea (4%), and hypertension (4%).

Sorafenib was approved by the U.S. Food and Drug Administration (FDA) and the European
Medicines Agency (EMA) in December 2005 and July 2006, respectively. It was listed as a
category 2A option as first-line treatment for patients with relapse or unresectable stage IV
predominantly clear cell renal carcinoma.

In second line, efficacy of sorafenib was studied in patients who progressed to a previous
tyrosine kinase inhibitor (TKI). The international phase III trial INTORSECT [10] randomized
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512 mRCC patients with progressive disease after sunitinib in two groups: temsirolimus 25 mg
once weekly (n =259) or sorafenib 400 mg twice a day (n = 253). The median PFS did not differ
statistically (4.2 vs. 3.9 months) but the secondary endpoint, the OS, favored sorafenib (12.3 vs.
16.6 months).

Sorafenib has also been evaluated in the adjuvant therapy in ASSURE trial [11], however, no
clinical benefit both in the PFS and OS was showed compared to placebo. There are still several
clinical trials that are ongoing in order to verify the role of sorafenib in the adjuvant setting of
RCC, the SORCE trial compares sorafenib to placebo for 1 or 3 years after surgery (NCT00492258)
and The RESORT trial is assessing the clinical value of sorafenib for 1 year after radical resection
of the metastases (NCT01444807) [12].

2.1.2. Sunitinib

Sunitinib is an oral multikinase inhibitor that targets VEGFR 1-3, c-Kit, PDGFR, FMS-like
tyrosine kinase-3 (F1t3), and neurotrophic factor receptor (RET). A large multinational phase
III trial compared sunitinib vs. IFN in 750 untreated patients with mRCC. Patients selected for
the trial had no prior treatment, and around 90% of the patients in the trial had either favorable
or intermediate MSKCC risk features. They were randomized 1:1 to receive oral sunitinib or
subcutaneous IFN. This trial showed a statistically significant benefit for experimental arm in
both objective response rate (ORR) (39 vs. 6%; p <0.001) and median PFS (11 vs. 5 months; HR
0.54; p < 0.001). However, no difference in median OS was seen, maybe it is due to the
crossover occurring in more than 50% of placebo-assigned patients. The most common grade
3—4 adverse events (AEs) reported were neutropenia (12%), thrombocytopenia (8%), hyperten-
sion (8%), hyperamylasemia (5%), hand foot syndrome (5%), and diarrhea (5%) [13]. Updated
results of the trial demonstrate a strong trend toward median OS in the sunitinib group than in
the IFN-a group (26.4 vs. 21.8 months, p = 0.051) [14].

Based on these studies, this drug received full approval in February 2007 from both the FDA
and the EMA due to the study findings in untreated patients with advanced RCC. And the
NCCN Kidney Cancer Panel has also listed sunitinib as a preferred category 1 option for first-
line treatment for patients with relapsed or medically unresectable predominantly clear cell
stage IV renal carcinoma.

Sunitinib also has demonstrated substantial anti-tumor activity in the subsequent-line therapy
of metastatic RCC after progression on cytokine therapy [15, 16]. Studies investigating the
sequential use of sunitinib and sorafenib are mostly retrospective, along with limited prospec-
tive data, showing their differences in target specificities and slightly different toxicity spectra
that sometimes permit tolerance of one agent over another [17-19]. Sunitinib is considered a
category 2A subsequent therapy option and was registered by the FDA in January 2006 for
patients with mRCC refractory to cytokine therapy.

2.1.3. Pazopanib

Pazopanib is an oral second-generation multitarget receptor tyrosine kinase inhibitor that
targets VEGFR1-3, PDGFR, and c-Kit [20].
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The safety and efficacy of pazopanib was evaluated in a double blind, phase III, international
study. Four hundred and thirty five patients with locally advance and/or mRCC were enrolled
with no prior treatment or with one prior cytokine-based treatment. All the patients were
randomized 2:1 to pazopanib 800 mg daily or placebo. Pazopanib was significantly associated
with a longer median PFS compared with the placebo arm (9.2 vs. 4.2 months; p <0.0001) [21].
And in the treatment-naive subgroup of 233 patients, pazopanib arm also showed survival
advantage with median PFS of 11.1 months vs. 2.8 months on placebo. The ORR was 30% with
pazopanib and 3% with placebo. The most common grade 3/4 AEs related to pazopanib was
hypertension and diarrhea. The most common grade 3/4 chemistry abnormalities were ALT
elevation and AST elevation.

Another phase III noninferiority study (COMPARZ) compared randomly pazopanib to
sunitinib as first-line therapy for advanced RCC [22], the PFS being the primary endpoint.
One thousand one hundred and ten patients with mRCC were randomized to receive
pazopanib or sunitinib. The predefined criterion for noninferiority was reached with a median
PFS of 8.4 and 9.5 months for pazopanib arm and sunitinib arm respectively (HR 1.05; 95% CI
0.90-1.22), and ORRs were 31% for pazopanib, and 25% for sunitinib. This trial showed a
different safety profile between both drugs: diarrhea and hepatotoxicity being more frequent
with pazopanib, while fatigue, hand-foot syndrome, and alteration in taste were most seen
with sunitinib.

Based on the above evidence, Pazopanib was approved as first-line therapy by the FDA for the
treatment of advanced/metastatic RCC in 2009. And the NCCN Kidney Cancer Panel has listed
pazopanib as a preferred category 1 option for first-line treatment of patients with relapsed or
medically unresectable predominantly clear cell stage IV renal carcinoma.

2.1.4. Axitinib

Axitinib is a second-generation multitarget TKI that inhibits the receptors VEGFR1-3 and with
low inhibitory activities against PDGFR-«, —3 and c-Kit.

Some preclinical and clinical data suggested that axitinib might have an increased efficacy
when compared with first-line VEGFR inhibitors. Two phase II trials evaluated axitinib in
patients with cytokine refractory mRCC after sorafenib, the ORR reached 44 and 22.6%,
respectively. The phase III AXIS trial compared axitinib and sorafenib in the second-line
therapy of mRCC, 723 patients in 22 countries were enrolled in the trial. Patients who had
progressed after an initial systemic therapy including sunitinib (54%), cytokines (35%), and
bevacizumab-IFN or temsirolimus (11%) were randomized to 1:1 to axitinib 5 mg twice daily
and sorafenib 400 mg twice daily as a second-line option. Dose of axitinib was predefined to
escalate to 10 mg twice daily according to the toxicity profile of each patient. PFS was the
primary endpoint, patients in the axitinib group showed significantly longer PFS than in the
sorafenib group (6.7 vs. 4.7 months; HR 0.67; p < 0.001). The type of prior treatment did not
impact those study findings. The ORR differed significantly in both arms (19.4 vs. 9.4%;
p < 0.001). The most common adverse events were diarrhea (55%), hypertension (40%), and
fatigue (39%) in the axitinib arm. However, the updated result showed no difference in the
terms of OS between the two groups (20.1 vs. 19.2 months, p = 0.3744) [23].
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To determine its effectiveness in the first-line setting, a randomized, phase III study was
carried out. Around 288 patients were randomized 2:1 to receive axitinib and sorafenib, and
the result indicated that axitinib was associated with improvements in both median PFS: 6.5
vs. 10.1 months (HR 0.767; p = 0.0377) and ORR 14.6 versus 32.3% (p = 0.0006), respectively,
while these results were inferior to those of sunitinib or pazopanib [24].

Based on these results, the NCCN panel listed axitinib as a first-line treatment option (category
2A) and second-line treatment option (category 1).

Axitinib is also being evaluated in the adjuvant setting in the ATLAS trial (NCT01599754), a
prospective, randomized, double blind placebo-controlled phase III trial, axitinib was given
orally at 5 mg twice daily for 3 years vs. placebo. The study has completed recruitment and the
results are awaited.

2.1.5. Lenvatinib

Lenvatinib is an oral active multikinase inhibitor that shows inhibitory activity against VEGFR1-3,
FGEFR 14, PDGFR-{, RET, and KIT.

A phase Ib clinical trial evidenced that the combination of daily lenvatinib 18 mg and
everolimus at 5 mg was a potential therapeutic option for mRCC patients who had disease
progression after antiangiogenics therapy: the OR was 30% and the median PFS reached
330 days (95%CI 157-446) [25].

A multicenter phase II trial that randomized 153 patients with metastatic, unresectable,
or locally advanced mRCC whose disease progressed after a first-line treatment of anti-
angiogenic agents. Patients were randomized to lenvatinib plus everolimus or single agent
of lenvatinib or everolimus. Patients treated with the combination therapy experienced
better PFS than patients treated by everolimus alone (14.6 vs. 5.5 months; HR, 0.40; 95%
CI 0.24-0.68), and also with superiority in OS (25.5 vs. 15.4 months; HR, 0.67; 95% CI
0.42-1.08). Grade 3-4 AEs occur in fewer patients with everolimus alone compared with
lenvatinib alone and combination therapy (everolimus 50%, lenvatinib 79%, combination
71%) [26].

In March 2016, the FDA approved the combination of lenvatinib with everolimus for
the treatment of patients with advanced RCC following one prior antiangiogenic therapy,
and it was listed as a category 1 recommendation for subsequent therapy by the NCCN
Cancer Panel. In July 2016, the EMA registered the combination under accelerated assess-
ment program.

2.1.6. Cabozantinib

Cabozantinib is an oral small molecule TKI of MET, VEGFR2, RET, and AXL with promising
antitumor activity evidenced in preclinical studies. The clinical effectiveness of cabozantinib
focused in patients who had already progressed to previous treatment. METEOR is a ran-
domized open-label phase III clinical trial, which compared cabozantinib vs. everolimus in
the patients with advanced RCC that had disease progression after prior antiangiogenics. All
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the patients were allocated into two arms: cabozantinib at a dose of 60 mg daily and
everolimus at 10 mg daily. Median PFS and ORR were superior in the experimental arm: 7.4
vs. 3.8 months (HR 0.58; 95% CI 0.45-0.75), and ORR 21 vs. 5%, respectively. A planned
interim analysis showed that OS was improved in the cabozantinib arm (HR 0.67; 95% CI
0.51-0.89; P = 0.005). Grade 3—4 AEs were reported in 74% of cabozantinib arm and 65% of
the everolimus arm.

In April and July 2016, the FDA and the EMA approved cabozantinib for the treatment of
patients with an advanced RCC refractory to antiangiogenics, respectively.

The most recent CABOSUN phase II multicenter trial evaluated cabozantinib in a population
of patients with intermediate or poor prognosis mRCC. Patients are randomized 1:1 to caboz-
antinib of 60 mg daily or sunitinib 50 mg daily. The primary endpoint was PFS. Cabozantinib
associated with a better median PFS than sunitinib in the first line setting (8.2 vs. 5.6 months; HR,
0.66; 95% (I, 0.46-0.95; one-sided p = 0.012). ORR was 46% for cabozantinib vs. 18% for sunitinib.
Grade 3—4 AE:s of all causality were 67% for cabozantinib and 68% for sunitinib that comprised
fatigue, hypertension, diarrhea palmar-plantar erythrodysesthesia, and hematological toxicity.
Sixty-seven percentage of the patient allocated to cabozantinib caused grade 3 or 4 AEs, which
included hypertension (28%), diarrhea (10%), and fatigue (6%) [3].

Based on the data of CABOSUN trial, cabozantinib has been listed in the first-line setting for
poor- and intermediate- risk of mRCC patients in the updated version 2018 NCCN guideline.

2.1.7. Bevacizumab along with interferon

Bevacizumab is an endovenous recombinant human monoclonal antibody that binds and
neutralizes VEGF-A, which are biologically active. It was also the first antiangiogenic treat-
ment to show clinical efficacy in advanced RCC.

In a randomized double-blind phase II trial, 116 patients with mRCC with measurable meta-
static disease were randomized into three arms: placebo, low-dose (3 mg/kg), or high-dose of
bevacizumab (10 mg/kg) every 2 weeks. The results demonstrated a significant prolongation of
PFES in the high-dose bevacizumab comparing to the placebo group (HR 2.55; P <0.001) [27]. A
multicenter phase III trial (AVOREN) compared bevacizumab in combination with IFN-a to
IFN-a in the first line of treatment. Six hundred and forty nine patients were enrolled. The
median PFS was significantly longer in the arm with combination arm than in the arm with the
monotherapy (10.2 vs. 5.4 months), and ORR (30.6 vs. 12.4%) was significantly different. A trend
toward improved OS was observed although not statistical significantly (23.3 vs. 21.3 months).
These results could be due to the crossover to the bevacizumab plus IFN-a group before
progression. The main side effects related to the combination included asthenia (11%), fatigue
(13%), proteinuria (8%), and hypertension (6%) [28].

The CALGB90206, which is a prospective, randomized, phase III trial clinical carried out in
United States showed the similar results with the AVOREN trial, with 732 treat-naive patients
randomized 1:1 to monotherapy of IFN-a or bevacizumab plus IFN-a. The combination group
produced better PES (8.5 vs. 5.2 months) and ORR (25.5 vs. 13.1%). Also, no significant
differences exist in OS between the two groups [29].

7
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Bevacizumab plus IFN was registered in November 2007 and in August 2009 by the EMA and
the FDA, respectively, for untreated patients with mRCC of good or intermediate risk (Memo-
rial Sloan Kettering Cancer Center (MSKCC) classification.

2.2. Targeting the mammalian target of rapamycin (mTOR) pathway

TORC1 and TORC2 are two multiprotein complexes, which include a serine threonine kinase
called mTOR, and they can regulate micronutrients, cell growth, apoptosis, and angiogenesis.
mTOR inhibitor can inhibit small-molecule kinase, which lies downstream in the phosphati-
dylinositol 3-kinase (PI3K)-AKT pathway.

2.2.1. Temsirolimus

Temsirolimus is an intravenous mTOR inhibitor, which inhibits the TORC1 complex by bind-
ing FKBP12 protein. Temsirolimus showed promising effectiveness in patients with mRCC in
the early phase clinical trials [30, 31].

A phase III, multicenter open-label, clinical trial in untreated mRCC patients were carried out
with three of six unfavorable prognosis factors. Six hundred and twenty six patients were
randomized equally to three arms of treatment: IFN, temsirolimus, or IFN plus temsirolimus.
The primary endpoint was OS. Patents were stratified with prior nephrectomy and geographic
region. Patients who received temsirolimus alone experienced the best clinical outcome,
showed a significant improvement in OS for 10.9 months (p = 0.008 vs. IFN 7.3 months) while
the toxicity profile was acceptable. The combination group failed to improve the OS and PFS
and also with increased adverse reactions [32]. About 20% of the patients included in this trial
with nonclear cell RCC also benefited from temsirolimus.

Based on these data, in 2007, this drug was approved by both the FDA and the EMA as a
category 1 recommendation for first-line treatment of poor-risk patients with relapsed or
medically unresectable predominantly clear cell stage IV renal carcinoma.

2.2.2. Everolimus

Everolimus is an orally administered inhibitor of mTOR, and it showed promising antitumor
activity in patients with advanced RCC previously treated with cytokines [33]. Based on the
results, a phase III, randomized, double-blind trial was designed (RECORD1) to evaluate the
efficacy and toxicity of everolimus vs. placebo for the treatment of mRCC patients whose
disease had progressed on the treatment of VEGFR inhibitors (sorafenib or sunitinib) [34].
The primary endpoint was PFS, and the secondary endpoints included OS and safety. The
results of the second interim analysis indicated that the everolimus arm was associated with
better PFS than the placebo arm (4.9 vs. 1.9 months; HR 0.33; p < 0.001). However, no signifi-
cant differences exist in median OS between both arms (14.8 vs. 14.4 months; HR 0.87;
p =0.162). The most commonly AEs observed in the everolimus treatment arm were stomatitis
(40%), rash (25%), and fatigue (20%), which were mostly mild or moderate in severity. Pneu-
monitis was caused in 8% of the patients with everolimus treated, eight of them reaching a
grade 3 of severity.
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A recent randomize phase III trial compares nivolumab with everolimus in patients with
advanced mRCC who were previously treated, indicated that the OS was longer occurred
with nivolumab than with everolimus (25.0 vs. 19.6 months, p = 0.002) [35]. In METEOR trial,
which is also a phase III trial, randomized 658 patients to receive cabozantinib or everolimus;
the result showed longer PFS with cabozantinib compared to everolimus (7.4 vs. 3.8 months;
HR:0.58; p < 0.001) [36].

Based on the above data, in 2009, everolimus was approved by both the FDA and the EMA as a
category 2A subsequent therapy option for the treatment of mRCC after antiangiogenics.

2.3. Immunotherapy

T cells play an important role in anti-tumor activity through stimulatory and inhibitory system.
Due to high mutation and other factors, immune system has been made to be self-tolerant by
cancer cells, the most active immunotherapy recently be studied include: anti-PD1, anti-PDLI,
and anti-CTLA-4. Inmunotherapy with monoclonal antibodies against the programmed cell
death 1 (PD-1) protein has become an important and effective therapy of advanced melanoma
and nonsmall cell lung cancer and also is now being tested in a large number of malignancies.
It has been tested in RCC with success results.

2.3.1. Nivolumab

Nivolumab is a fully human IgG4 antibody against PD-1. A phase I clinical trial was designed
to determine the safety and tolerability of nivolumab with treatment-refractory solid tumor,
one RCC patient previously treated experienced an overall PR that lasted more than 16 months
after only three infusions of nivolumab [37]. These findings prompted the clinical development
of this compound in the treatment of mRCC.

A randomized open-label phase III study CheckMate 025 compared nivolumab with
everolimus in patients with previously treated mRCC. Eight hundred and twenty one
patients were randomly assigned 1:1 to receive nivolumab or everolimus. The primary
end point was OS. Patients in the experimental arm experienced better median OS of 25
vs. 19 months (HR 0.73; p = 0.002) and greater ORR (25 vs. 5%; p<0.001). Grade 3-4
toxicities occurred in 19 and 37% for patients receiving nivolumab and everolimus, respec-
tively [35].

Based on the results of the CheckMate 025, nivolumab was approved by the FDA and the EMA
as a category 1, preferred subsequent therapy option in November 2015 and February 2016,
respectively for the treatment of RCC after progression to TKI therapy.

The clinical development of nivolumab in RCC is currently very intense, and multiple studies
are testing the value of strategies in several ways. Phase I CheckMate 016 clinical trial evalu-
ated the efficacy and safety of the combination of nivolumab with the anti-CTLA4 ipilimumab
[38]. CheckMate 214 (NCT02231749) evaluates the role of ipilimumab in combination with
nivolumab in patients who do not response after monotherapy of nivolumab, and results are
highly awaited.
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2.4. Target therapy for nonclear cell RCC

The only available category 1 preferred recommendation for systemic treatment of nonclear
cell RCC (nccRCC) is temsirolimus, and it was commended in patients with poor-risk features
[32]. Although other targeted agents against the VEGF and mTOR pathways are frequently
used in the treatment of nccRCC, optimal first-line agent is much less defined and the out-
comes are inferior to that in patients with ccRCC [39, 40]. Immune checkpoint inhibitors
appear promising effect in early clinical trials and we look forward to a good result in the
updating clinical trial.

3. Upcoming therapies in RCC

3.1. Last generation for targeting VEGF/VEGFR

3.1.1. Dovitinib

Dovitinib (TKI-258) is an oral tyrosine-kinase inhibitor that inhibits VEGF and FGF receptors.
In a multicenter phase III study, patients who previously received VEGEF-targeted therapy or
mTOR inhibitor were randomized to dovitinib or sorafenib. The results indicated that the
mPFS was 3.7 months in dovitinib group vs. 3.6 months in sorafenib group, showing improve-
ment in mPFS, however, with no significant difference [41]. A phase II clinical trial has been
designed to find out the usefulness of dovitinib in the initial treatment for patients with
advanced kidney cancer, and the study will additionally look for changes in the genetic
makeup of tumor cells.

3.1.2. Trebananib

Angiopoietin-2 (Ang2) exhibits broad expression in the remodeling vasculature of tumors but
not in the normal tissues. Trebananib (AMG-386) can bind to angiopoietin 1 and 2 and block
their union with the Tie2 receptor tyrosine kinase, showing its antiangiogenic effect. In pre-
clinical and clinical phase I studies, AMG-386 showed a good safety profile in inhibiting tumor
growth [42]. A randomized phase II trial showed that AMG-386 plus sorafenib reach a RR of
38% in RCC patients previously treated [43].

3.2. Immunotherapy

3.2.1. Pembrolizumab

Pembrolizumab (MK-3475) is a highly selective IgG4-humanized monoclonal antibody, which
prevents the binding of PD-1 with PD-L1 and PD-L2. A phase I study evaluated the safety,
tolerated does, and antitumor effect of pembrolizumab in patients with advanced solid
tumors. It showed durable antitumor activity in multiple solid tumors including RCC [44].
There are two clinical trials NCT02212730 and NCT02853344, both of which are currently
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recruiting, are going to test the effect of pembrolizumab in the neoadjuvant treatment for
localized RCC and in untreated mRCC, respectively as monotherapy.

3.2.2. Avelumab

Avelumab (MSB0010718C) is a human IgG1 monoclonal antibody against PD-L1. Avelumab
binds to PD-L1 inhibiting its binding to PD-1 and therefore inhibiting its activation of T cells
and restoring anticancer immune function. In an open-label, single-center, phase 1a trial, safety
and activity of this compound was tested in multiple solid tumors including RCC and
prompted the further research for this drug [45]. An open, randomized phase II trial SUAVE,
which is recruiting is going to compare avelumab followed by sunitinib with the opposite
sequence. The effect of avelumab in the combination therapy is also being evaluated. A phase
III, multinational, randomized trial is going to compare avelumab with axitinib vs. sunitinib in
advance renal cell cancer which is currently recruiting (NCT02684006).

3.2.3. Atezolizumab

Atezolizumab (MPDL-3280A) is a PD-L1-specific monoclonal antibody, which inhibits the
binding of PD-L1 to PD-1. Based on the promising date in the phase I clinical trial [46], a
further phase II clinical trial IMmotion 150 enrolled untreated mRCC patients, and random-
ized them into three arms, atezolizumab alone, atezolizumab with bevacizumab, and sunitinib
alone. Preliminary result showed no significant difference in PFS between the two arms with
immunotherapy, PD-1+ patients showed a trend of survival benefit, although with no signifi-
cant difference. The IMmotion 151 phase III trial is ongoing to assess the combination of
atezolizumab with sunitinib in mRCC.

3.2.4. Ipilimumab

Ipilimumab is an antibody against CTLA-4 and it shows powerful antitumor activity and
clinical experience in the treatment of patients with metastatic melanoma. Therefore, a phase
II trial was conducted in patients with mRCC, observing a 10% partial RR, 33% of the patients
experienced a grade III or IV immune-mediated toxicity [47]. The efficacy of ipilimumab
combine with other drugs is also being evaluated in some trials, like the phase III, randomized
study CheckMate 214, comparing the combination of nivolumab and ipilimumab with sunitinib
monotherapy in previously untreated local advanced RCC or mRCC. Ipilimumab is also being
investigated in association with other drugs for the treatment of advanced RCC, like Check-
Mate 214 study or Keynote-29 study.

Due to the remarkable development of the advanced in the molecular mechanism and cytoge-
netic of tumor in the last decade, targeted agents directed against VEGF, VEGFR, and mTOR
have been important therapy in mRCC. Immune checkpoint inhibitors also appear promising
power, and a lot of novel targets including small molecule TKIs and immunotherapies are
entering clinical trials, which will update the treatment paradigms in the future time. It is
hoped that with better understanding of the molecular diversity of RCC, more effective and
personalized therapeutic strategies can be developed against mRCC to make the patients
obtain the maximum benefit.

11



12

Evolving Trends in Kidney Cancer

Author details

Yang Wang' and Lingxiang Liu**

*Address all correspondence to: llxlau@163.com

1 Department of Oncology, The Second Affiliated Hospital of Nanjing Medical University,
Nanjing, China

2 Department of Oncology, The First Affiliated Hospital of Nanjing Medical University,
Nanjing, China

References

(1]

Fyfe G, Fisher RI, Rosenberg SA, Sznol M, Parkinson DR, Louie AC. Mint: Results of
treatment of 255 patients with metastatic renal cell carcinoma who received high-dose

recombinant interleukin-2 therapy. Journal of Clinical Oncology : Official Journal of the
American Society of Clinical Oncology. 1995;13:688-696. DOI: 10.1200/jc0.1995.13.3.688

McDermott DF, Regan MM, Clark ]I, Flaherty LE, Weiss GR, Logan TF, Kirkwood JM,
Gordon MS, Sosman JA, Ernstoff MS, Tretter CP, Urba W], Smith JW, Margolin KA, Mier
JW, Gollob JA, Dutcher JP, Atkins MB. Mint: Randomized phase iii trial of high-dose
interleukin-2 versus subcutaneous interleukin-2 and interferon in patients with metastatic

renal cell carcinoma. Journal of Clinical Oncology : Official Journal of the American
Society of Clinical Oncology. 2005;23:133-141. DOI: 10.1200/jc0.2005.03.206

Choueiri TK, Halabi S, Sanford BL, Hahn O, Michaelson MD, Walsh MK, Feldman DR,
Olencki T, Picus J, Small EJ, Dakhil S, George D], Morris MJ]. Mint: Cabozantinib versus
sunitinib as initial targeted therapy for patients with metastatic renal cell carcinoma of poor
or intermediate risk: The alliance a031203 cabosun trial. Journal of Clinical Oncology :
Official Journal of the American Society of Clinical Oncology. 2017;35:591-597. DOI:
10.1200/jco.2016.70.7398

Motzer RJ, Bacik J, Murphy BA, Russo P, Mazumdar M. Mint: Interferon-alfa as a com-
parative treatment for clinical trials of new therapies against advanced renal cell carci-

noma. Journal of Clinical Oncology : Official Journal of the American Society of Clinical
Oncology. 2002;20:289-296. DOI: 10.1200/]C0O.2002.20.1.289

Mekhail TM, Abou-Jawde RM, Boumerhi G, Malhi S, Wood L, Elson P, Bukowski R.
Mint: Validation and extension of the memorial sloan-kettering prognostic factors model
for survival in patients with previously untreated metastatic renal cell carcinoma. Journal
of Clinical Oncology : Official Journal of the American Society of Clinical Oncology. 2005;
23:832-841. DOI: 10.1200/JC0O.2005.05.179

Mendel DB, Laird AD, Xin X, Louie SG, Christensen ]G, Li G, Schreck RE, Abrams TJ,
Ngai TJ, Lee LB, Murray L], Carver J, Chan E, Moss KG, Haznedar JO, Sukbuntherng J,
Blake RA, Sun L, Tang C, Miller T, Shirazian S, McMahon G, Cherrington JM. Mint: In



[7]

[8]

[9]

[10]

[11]

[13]

[14]

Target Therapy for Kidney Cancer

vivo antitumor activity of sul1248, a novel tyrosine kinase inhibitor targeting vascular
endothelial growth factor and platelet-derived growth factor receptors: Determination of
a pharmacokinetic/pharmacodynamic relationship. Clinical Cancer Research : An Official
Journal of the American Association for Cancer Research. 2003;9:327-337

Escudier B, Szczylik C, Hutson TE, Demkow T, Staehler M, Rolland F, Negrier S, Laferriere
N, Scheuring U]J, Cella D, Shah S, Bukowski RM. Mint: Randomized phase ii trial of first-
line treatment with sorafenib versus interferon alfa-2a in patients with metastatic renal cell

carcinoma. Journal of Clinical Oncology : Official Journal of the American Society of Clini-
cal Oncology. 2009;27:1280-1289. DOI: 10.1200/jco.2008.19.3342

Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Staehler M, Negrier S, Chevreau
C, Desai AA, Rolland F, Demkow T, Hutson TE, Gore M, Anderson S, Hofilena G, Shan
M, Pena C, Lathia C, Bukowski RM. Mint: Sorafenib for treatment of renal cell carcinoma:
Final efficacy and safety results of the phase iii treatment approaches in renal cancer

global evaluation trial. Journal of Clinical Oncology : Official Journal of the American
Society of Clinical Oncology. 2009;27:3312-3318. DOI: 10.1200/JC0O.2008.19.5511

Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels M, Negrier S, Chevreau C,
Solska E, Desai AA, Rolland F, Demkow T, Hutson TE, Gore M, Freeman S, Schwartz B,
Shan M, Simantov R, Bukowski RM. Mint: Sorafenib in advanced clear-cell renal-cell carci-
noma. New England Journal of Medicine. 2007;356:125-134. DOI: 10.1056/NEJMo0a060655

Hutson TE, Escudier B, Esteban E, Bjarnason GA, Lim HY, Pittman KB, Senico P,
Niethammer A, DR L, Hariharan S, Motzer R]. Mint: Randomized phase iii trial of temsir-
olimus versus sorafenib as second-line therapy after sunitinib in patients with metastatic
renal cell carcinoma. Journal of Clinical Oncology : Official Journal of the American
Society of Clinical Oncology. 2014;32:760-767. DOI: 10.1200/JCO.2013.50.3961

Haas NBMJ, Uzzo RG, Atkins MB, Wilding G, Pins M, et al. Mint: Initial results from assure
(€2805): Adjuvant sorafenib or sunitinib for unfavorable renal carcinoma, an ecog-acrin-led,
nctn phase iii trial. Journal of Clinical Oncology. 2015;33 (suppl 7; abstr 403)

Procopio G, Grassi P, Cognetti F, Milella M, Mosca A, Chiuri VE, et al. A randomized,
opne label, multicenter phase 2 study to evaluate the efficacy of sorafenib in patients (pts)
with advanced renal cell carcinoma (rcc) after radical resection of metastases: Resort trial.
Journal of Clinical Oncology. 2016;34 (suppl; abstr tps4582)

Motzer R], Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Rixe O, Oudard S,
Negrier S, Szczylik C, Kim ST, Chen I, Bycott PW, Baum CM, Figlin RA. Mint: Sunitinib

versus interferon alfa in metastatic renal-cell carcinoma. The New England Journal of
Medicine. 2007;356:115-124. DOI: 10.1056/NEJMoa065044

Motzer R], Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Oudard S, Negrier S,
Szczylik C, Pili R, Bjarnason GA, Garcia-del-Muro X, Sosman JA, Solska E, Wilding G,
Thompson JA, Kim ST, Chen I, Huang X, Figlin RA. Mint: Overall survival and updated
results for sunitinib compared with interferon alfa in patients with metastatic renal cell
carcinoma. Journal of Clinical Oncology : Official Journal of the American Society of
Clinical Oncology. 2009;27:3584-3590. DOI: 10.1200/]C0O.2008.20.1293

13



14

Evolving Trends in Kidney Cancer

[15]

[17]

[18]

[19]

[21]

Motzer R], Michaelson MD, Redman BG, Hudes GR, Wilding G, Figlin RA, Ginsberg MS,
Kim ST, Baum CM, DePrimo SE, Li JZ, Bello CL, Theuer CP, George D], Rini BI. Mint:
Activity of sul1248, a multitargeted inhibitor of vascular endothelial growth factor recep-
tor and platelet-derived growth factor receptor, in patients with metastatic renal cell
carcinoma. Journal of Clinical Oncology : Official Journal of the American Society of
Clinical Oncology. 2006;24:16-24. DOI: 10.1200/JC0O.2005.02.2574

Motzer R], Rini BI, Bukowski RM, Curti BD, George D], Hudes GR, Redman BG, Margolin
KA, Merchan JR, Wilding G, Ginsberg MS, Bacik ], Kim ST, Baum CM, Michaelson MD.
Mint: Sunitinib in patients with metastatic renal cell carcinoma. JAMA : The Journal of the
American Medical Association. 2006;295:2516-2524. DOI: 10.1001/jama.295.21.2516

Dudek AZ, Zolnierek J, Dham A, Lindgren BR, Szczylik C. Mint: Sequential therapy with
sorafenib and sunitinib in renal cell carcinoma. Cancer. 2009;115:61-67. DOI: 10.1002/
cncr.24009

Eichelberg C, Heuer R, Chun FK, Hinrichs K, Zacharias M, Huland H, Heinzer H. Mint:
Sequential use of the tyrosine kinase inhibitors sorafenib and sunitinib in metastatic renal
cell carcinoma: A retrospective outcome analysis. European Urology. 2008;54:1373-1378.
DOI: 10.1016/j.eururo.2008.07.051

Shepard DR, Rini BI, Garcia JA, et al. A multicenter prospective rial of sorafenib in
patients (pts) with metastatic clear cell renal cell carcinoma (mccrcc) refractory to prior
sunitinib or bevacizumab[abstract]. Journal of Clinical Oncology. 2008;26:Abstract 5123

Hamberg P, Verweij J, Sleijfer S. Mint: (pre-)clinical pharmacology and activity of
pazopanib, a novel multikinase angiogenesis inhibitor. The Oncologist. 2010;15:539-547.
DOI: 10.1634/theoncologist.2009-0274

Sternberg CN, Davis ID, Mardiak ], Szczylik C, Lee E, Wagstaff ], Barrios CH, Salman P,
Gladkov OA, Kavina A, Zarba JJ, Chen M, McCann L, Pandite L, Roychowdhury DEF,
Hawkins RE. Mint: Pazopanib in locally advanced or metastatic renal cell carcinoma:
Results of a randomized phase iii trial. Journal of Clinical Oncology : Official Journal of
the American Society of Clinical Oncology. 2010;28:1061-1068. DOI: 10.1200/jco.2009.
23.9764

Motzer R], Hutson TE, Cella D, Reeves J, Hawkins R, Guo J, Nathan P, Staehler M, de
Souza P, Merchan JR, Boleti E, Fife K, Jin ], Jones R, Uemura H, De Giorgi U, Harmenberg
U, Wang ], Sternberg CN, Deen K, McCann L, Hackshaw MD, Crescenzo R, Pandite LN,
Choueiri TK. Mint: Pazopanib versus sunitinib in metastatic renal-cell carcinoma. The
New England Journal of Medicine 2013;369:722-731. DOI: 10.1056/NEJMo0a1303989

Motzer R], Escudier B, Tomczak P, Hutson TE, Michaelson MD, Negrier S, Oudard S,
Gore ME, Tarazi ], Hariharan S, Chen C, Rosbrook B, Kim S, Rini BI. Mint: Axitinib versus
sorafenib as second-line treatment for advanced renal cell carcinoma: Overall survival

analysis and updated results from a randomised phase 3 trial. The Lancet Oncology.
2013;14:552-562. DOI: 10.1016/s1470-2045(13)70093-7



[24]

[25]

[27]

[28]

[29]

[30]

[31]

Target Therapy for Kidney Cancer

Hutson TE, Lesovoy V, Al-Shukri S, Stus VP, Lipatov ON, Bair AH, Rosbrook B, Chen C,
Kim S, Vogelzang NJ. Mint: Axitinib versus sorafenib as first-line therapy in patients with

metastatic renal-cell carcinoma: A randomised open-label phase 3 trial. The Lancet Oncol-
ogy. 2013;14:1287-1294. DOI: 10.1016/51470-2045(13)70465-0

Molina AM, Hutson TE, Larkin J, Gold AM, Wood K, Carter D, Motzer R, Michaelson
MD. Mint: A phase 1b clinical trial of the multi-targeted tyrosine kinase inhibitor len-
vatinib (e7080) in combination with everolimus for treatment of metastatic renal cell
carcinoma (rcc). Cancer Chemotherapy and Pharmacology. 2014;73:181-189. DOI: 10.1007/
s00280-013-2339-y

Motzer R], Hutson TE, Glen H, Michaelson MD, Molina A, Eisen T, Jassem J, Zolnierek ],
Maroto JP, Mellado B, Melichar B, Tomasek ], Kremer A, Kim HJ, Wood K, Dutcus C,
Larkin J. Mint: Lenvatinib, everolimus, and the combination in patients with metastatic
renal cell carcinoma: A randomised, phase 2, open-label, multicentre trial. The Lancet
Oncology. 2015;16:1473-1482. DOI: 10.1016/s1470-2045(15)00290-9

Yang JC, Haworth L, Sherry RM, Hwu P, Schwartzentruber DJ, Topalian SL, Steinberg
SM, Chen HX, Rosenberg SA. Mint: A randomized trial of bevacizumab, an anti-vascular
endothelial growth factor antibody, for metastatic renal cancer. The New England Journal
of Medicine. 2003;349:427-434. DOI: 10.1056/NEJMo0a021491

Escudier B, Bellmunt J, Negrier S, Bajetta E, Melichar B, Bracarda S, Ravaud A, Golding S,
Jethwa S, Sneller V. Mint: Phase iii trial of bevacizumab plus interferon alfa-2a in patients
with metastatic renal cell carcinoma (avoren): Final analysis of overall survival. Journal of
Clinical Oncology : Official Journal of the American Society of Clinical Oncology.
2010;28:2144-2150. DOI: 10.1200/jc0.2009.26.7849

Rini BI, Halabi S, Rosenberg JE, Stadler WM, Vaena DA, Archer L, Atkins JN, Picus J,
Czaykowski P, Dutcher ], Small EJ. Mint: Phase iii trial of bevacizumab plus interferon
alfa versus interferon alfa monotherapy in patients with metastatic renal cell carcinoma:
Final results of calgb 90206. Journal of Clinical Oncology : Official Journal of the Ameri-
can Society of Clinical Oncology. 2010;28:2137-2143. DOI: 10.1200/jc0.2009.26.5561

Atkins MB, Hidalgo M, Stadler WM, Logan TF, Dutcher JP, Hudes GR, Park Y, Liou SH,
Marshall B, Boni JP, Dukart G, Sherman ML. Mint: Randomized phase ii study of multi-
ple dose levels of cci-779, a novel mammalian target of rapamycin kinase inhibitor, in
patients with advanced refractory renal cell carcinoma. Journal of Clinical Oncology :
Official Journal of the American Society of Clinical Oncology. 2004;22:909-918. DOI:
10.1200/jc0.2004.08.185

Raymond E, Alexandre J, Faivre S, Vera K, Materman E, Boni ], Leister C, Korth-Bradley J,
Hanauske A, Armand JP. Mint: Safety and pharmacokinetics of escalated doses of weekly
intravenous infusion of cci-779, a novel mtor inhibitor, in patients with cancer. Journal of
Clinical Oncology : Official Journal of the American Society of Clinical Oncology.
2004;22:2336-2347. DOI: 10.1200/jc0.2004.08.116

15



16

Evolving Trends in Kidney Cancer

[32]

[38]

Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor A, Staroslawska E, Sosman
J, McDermott D, Bodrogi I, Kovacevic Z, Lesovoy V, Schmidt-Wolf IG, Barbarash O,
Gokmen E, O'Toole T, Lustgarten S, Moore L, Motzer RJ. Mint: Temsirolimus, interferon
alfa, or both for advanced renal-cell carcinoma. The New England Journal of Medicine.
2007;356:2271-2281. DOI: 10.1056/NEJMo0a066838

O’Donnell A, Faivre S, Burris HA 3rd, Rea D, Papadimitrakopoulou V, Shand N, Lane HA,
Hazell K, Zoellner U, Kovarik JM, Brock C, Jones S, Raymond E, Judson I. Mint: Phase i
pharmacokinetic and pharmacodynamic study of the oral mammalian target of rapamycin
inhibitor everolimus in patients with advanced solid tumors. Journal of Clinical Oncology :
Official Journal of the American Society of Clinical Oncology. 2008;26:1588-1595. DOI:
10.1200/]CO.2007.14.0988

Motzer R], Escudier B, Oudard S, Hutson TE, Porta C, Bracarda S, Grunwald V, Thomp-
son JA, Figlin RA, Hollaender N, Urbanowitz G, Berg W], Kay A, Lebwohl D, Ravaud A,
Group R-S. Mint: Efficacy of everolimus in advanced renal cell carcinoma: A double-
blind, randomised, placebo-controlled phase iii trial. Lancet. 2008;372:449-456. DOI:
10.1016/S0140-6736(08)61039-9

Motzer R], Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S, Tykodi SS,
Sosman JA, Procopio G, Plimack ER, Castellano D, Choueiri TK, Gurney H, Donskov F,
Bono P, Wagstaff ], Gauler TC, Ueda T, Tomita Y, Schutz FA, Kollmannsberger C, Larkin
J, Ravaud A, Simon JS, Xu LA, Waxman IM, Sharma P. Mint: Nivolumab versus
everolimus in advanced renal-cell carcinoma. The New England Journal of Medicine.
2015;373:1803-1813. DOI: 10.1056/NEJMoal510665

Choueiri TK, Escudier B, Powles T, Mainwaring PN, Rini BI, Donskov F, Hammers H,
Hutson TE, Lee JL, Peltola K, Roth BJ, Bjarnason GA, Geczi L, Keam B, Maroto P, Heng
DY, Schmidinger M, Kantoff PW, Borgman-Hagey A, Hessel C, Scheffold C, Schwab GM,
Tannir NM, Motzer R], Investigators M. Mint: Cabozantinib versus everolimus in advanced
renal-cell carcinoma. The New England Journal of Medicine. 2015;373:1814-1823. DOI:
10.1056/NEJMoal510016

Brahmer JR, Drake CG, Wollner I, Powderly JD, Picus J, Sharfman WH, Stankevich E, Pons A,
Salay TM, McMiller TL, Gilson MM, Wang C, Selby M, Taube JM, Anders R, Chen L, Korman
AJ, Pardoll DM, Lowy I, Topalian SL. Mint: Phase i study of single-agent anti-programmed
death-1 (mdx-1106) in refractory solid tumors: Safety, clinical activity, pharmacodynamics,
and immunologic correlates. Journal of Clinical Oncology : Official Journal of the American
Society of Clinical Oncology. 2010;28:3167-3175. DOL: 10.1200/JCO.2009.26.7609

Hammers HJ, Plimack ER, Infante JR, Rini BI, McDermott DF, Lewis LD, Voss MH, Sharma
P, Pal SK, Razak ARA, Kollmannsberger C, Heng DYC, Spratlin J, McHenry MB, Amin A.
Mint: Safety and efficacy of nivolumab in combination with ipilimumab in metastatic renal
cell carcinoma: The checkmate 016 study. Journal of Clinical Oncology : Official Journal of
the American Society of Clinical Oncology. 2017:JC02016721985. DOI: 10.1200/JCO.
2016.72.1985



[39]

[40]

[41]

[42]

[44]

[45]

Target Therapy for Kidney Cancer

Singer EA, Bratslavsky G, Linehan WM, Srinivasan R. Mint: Targeted therapies for non-
clear renal cell carcinoma. Targeted Oncology. 2010;5:119-129. DOI: 10.1007/s11523-010-
0148-3

Kroeger N, Xie W, Lee JL, Bjarnason GA, Knox JJ, Mackenzie MJ, Wood L, Srinivas S,
Vaishamayan UN, Rha SY, Pal SK, Yuasa T, Donskov F, Agarwal N, Kollmannsberger
CK, Tan MH, North SA, Rini BI, Choueiri TK, Heng DY. Mint: Metastatic non-clear cell
renal cell carcinoma treated with targeted therapy agents: Characterization of survival

outcome and application of the international mrcc database consortium criteria. Cancer.
2013;119:2999-3006. DOI: 10.1002/cncr.28151

Motzer RJ], Porta C, Vogelzang NJ, Sternberg CN, Szczylik C, Zolnierek J,
Kollmannsberger C, Rha SY, Bjarnason GA, Melichar B, De Giorgi U, Grunwald V, Davis
ID, Lee JL, Esteban E, Urbanowitz G, Cai C, Squires M, Marker M, Shi MM, Escudier B.
Mint: Dovitinib versus sorafenib for third-line targeted treatment of patients with meta-

static renal cell carcinoma: An open-label, randomised phase 3 trial. The Lancet Oncology.
2014;15:286-296. DOI: 10.1016/51470-2045(14)70030-0

Oliner J, Min H, Leal ], Yu D, Rao S, You E, Tang X, Kim H, Meyer S, Han SJ, Hawkins N,
Rosenfeld R, Davy E, Graham K, Jacobsen F, Stevenson S, Ho J, Chen Q, Hartmann T,
Michaels M, Kelley M, Li L, Sitney K, Martin F, Sun JR, Zhang N, Lu J, Estrada J, Kumar
R, Coxon A, Kaufman S, Pretorius J, Scully S, Cattley R, Payton M, Coats S, Nguyen L,
Desilva B, Ndifor A, Hayward I, Radinsky R, Boone T, Kendall R. Mint: Suppression of
angiogenesis and tumor growth by selective inhibition of angiopoietin-2. Cancer Cell.
2004;6:507-516. DOI: 10.1016/j.ccr.2004.09.030

Rini B, Szczylik C, Tannir NM, Koralewski P, Tomczak P, Deptala A, Dirix LY, Fishman
M, Ramlau R, Ravaud A, Rogowski W, Kracht K, Sun YN, Bass MB, Puhlmann M,
Escudier B. Mint: Amg 386 in combination with sorafenib in patients with metastatic
clear cell carcinoma of the kidney: A randomized, double-blind, placebo-controlled,
phase 2 study. Cancer. 2012;118:6152-6161. DOIL: 10.1002/cncr.27632

Patnaik A, Kang SP, Rasco D, Papadopoulos KP, Elassaiss-Schaap J, Beeram M, Drengler
R, Chen C, Smith L, Espino G, Gergich K, Delgado L, Daud A, Lindia JA, Li XN, Pierce
RH, Yearley JH, Wu D, Laterza O, Lehnert M, Iannone R, Tolcher AW. Mint: Phase i study
of pembrolizumab (mk-3475; anti-pd-1 monoclonal antibody) in patients with advanced
solid tumors. Clinical Cancer Research : An Official Journal of the American Association
for Cancer Research. 2015;21:4286-4293. DOI: 10.1158/1078-0432.CCR-14-2607

Heery CR, O’Sullivan-Coyne G, Madan RA, Cordes L, Rajan A, Rauckhorst M, Lamping
E, Oyelakin I, Marte JL, Lepone LM, Donahue RN, Grenga I, Cuillerot JM, Neuteboom B,
Heydebreck AV, Chin K, Schlom ], Gulley JL. Mint: Avelumab for metastatic or locally
advanced previously treated solid tumours (javelin solid tumor): A phase 1a, multicohort,
dose-escalation trial. The Lancet Oncology. 2017;18:587-598. DOI: 10.1016/51470-2045(17)
30239-5

17



18

Evolving Trends in Kidney Cancer

[46]

Brahmer JR, Tykodi SS, Chow LQ, Hwu W], Topalian SL, Hwu P, Drake CG, Camacho
LH, Kauh ], Odunsi K, Pitot HC, Hamid O, Bhatia S, Martins R, Eaton K, Chen S, Salay
TM, Alaparthy S, Grosso JF, Korman AJ, Parker SM, Agrawal S, Goldberg SM, Pardoll
DM, Gupta A, Wigginton JM. Mint: Safety and activity of anti-pd-11 antibody in patients
with advanced cancer. The New England Journal of Medicine. 2012;366:2455-2465. DOI:
10.1056/NEJMo0a1200694

Yang JC, Hughes M, Kammula U, Royal R, Sherry RM, Topalian SL, Suri KB, Levy C,
Allen T, Mavroukakis S, Lowy I, White DE, Rosenberg SA. Mint: Ipilimumab (anti-ctla4
antibody) causes regression of metastatic renal cell cancer associated with enteritis and
hypophysitis. Journal of Immunotherapy. 2007;30:825-830. DOI: 10.1097/CJ1.0b013e3181
56e47e



