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Aim: Lenvatinib plus everolimus is approved for the treatment of advanced renal cell carcinoma (RCC) after
one prior vascular endothelial growth factor-targeted therapy. Lenvatinib plus pembrolizumab demon-
strated promising antitumor activity in a Phase I/II trial of RCC. Methods: We describe the rationale and
design of the CLEAR study, a three-arm Phase III trial comparing lenvatinib plus everolimus and lenvatinib
plus pembrolizumab versus sunitinib monotherapy for first-line treatment of RCC. Eligible patients must
have advanced clear cell RCC and must not have received any prior systemic anticancer therapy. The pri-
mary end point is progression-free survival; secondary end points include objective response rate, overall
survival, safety, health-related quality of life and pharmacokinetics. Biomarker evaluations are included
as exploratory end points.
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Cancers of the kidney and renal pelvis are among the most common cancers worldwide [1]. Regions with the
highest estimated incidence rates of kidney cancer include North America, Australia/New Zealand and Europe,
with incidence rates much lower in most parts of Africa and Asia [2]. It is the eighth most common cancer in the
USA, with 65,340 new diagnoses and 14,970 deaths estimated for 2018 [3]. The most common type of kidney
cancer is renal cell carcinoma (RCC), comprising approximately 85% of renal malignancies [4]. The 5-year survival
for European patients who were diagnosed between 2000 and 2007 is reported as 60.6%, compared with 72.4%
for the US population [5].

Angiogenesis is known to be integral to the development of clear cell RCC [6], and as such, several pathways
involved in angiogenesis have been important therapeutic targets. A major component of the angiogenic process
in RCC is VEGF [7], which has been a mainstay of anti-angiogenic therapies. Another pathway involved in the
development of RCC is mediated by the mammalian target of rapamycin (mTOR), which is downstream of PI3K
and protein kinase B and is regulated by PTEN [6–8]. Inhibition of the mTOR pathway can inhibit both angiogenesis
and tumor cell proliferation [6,8]. The FGF pathway also plays an important role in angiogenesis in RCC, promoting
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vascularization, lymphangiogenesis and cellular growth [9,10]. In RCC, increased plasma concentrations of FGF
have been shown to correlate with high tumor grade and stage, metastasis and poor prognosis [11–13].

In addition to angiogenesis and tumor cell growth, exploration of immunological mechanisms has led to the
relatively recent identification of the role of different immune checkpoints (e.g., cytotoxic T-lymphocyte associated
protein-4 and PD-1) and their role in circumventing the body’s antitumor immune response in RCC [14,15]. The
PD-1 signaling appears to be an important regulator of tumor immune tolerance in RCC, with increased expression
of PD-L1 correlating with poorer survival [14,15]. Interaction of PD-L1 with its receptor PD-1 (expressed on CD4+

and CD8+ T cells, dendritic cells, B cells and natural killer cells) attenuates the antitumor immune response by
inhibiting T cell function via induction of apoptosis, inhibition of cytokine release and decreased clonal expansion
of T cells [14].

Overall, the measurement of PD-L1 expression by immunohistochemistry to predict response to immuno-
oncology therapy in patients with RCC has been confounded due to differences in assays, expression cut-off
levels, and the definition of positive (e.g., tumor vs immune) cells [16]. In a Phase III trial comparing nivolumab
with everolimus in patients with previously treated advanced RCC (aRCC; CheckMate 025; ClinicalTrials.gov,
number NCT01668784), nivolumab improved overall survival (OS) compared with everolimus, irrespective of
PD-L1 expression [17]. In a Phase III trial comparing nivolumab plus ipilimumab with sunitinib in patients
with previously untreated advanced clear cell RCC (CheckMate 214; ClinicalTrials.gov, number NCT02231749),
median progression-free survival (PFS) was improved among patients with ≥1% PD-L1 expression who were
treated with nivolumab plus ipilimumab (22.8 months) compared with sunitinib (5.9 months; disease progression
or death hazard ratio [HR]: 0.46; 95% CI: 0.31–0.67), whereas median PFS was not improved among patients
with <1% PD-L1 expression who were treated with nivolumab plus ipilimumab (11.0 months) compared with
sunitinib (10.4 months; disease progression or death HR: 1.00; 95% CI: 0.80–1.26) [18]. However, nivolumab
plus ipilimumab therapy improved OS compared with sunitinib, irrespective of PD-L1 expression in patients with
intermediate or high risk [16,18]. Thus, the predictive role of PD-L1 in aRCC is not entirely clear and may vary
between lines of treatment.

The current treatment approach for patients with aRCC consists of sequential administration of single-agent
tyrosine kinase inhibitor (TKI) therapies that target either the VEGF, mTOR or PD-1 pathways [19,20]. Until
recently, very few agents proved able to increase OS; despite this, the OS of patients with aRCC has improved over
time using sequential administration of single-agent therapy [21]. First-line therapy typically consists of treatment
with anti-VEGF agents, typically sunitinib or pazopanib [19,20]. In 2017, in a randomized, Phase II trial, cabozatinib
demonstrated superior efficacy compared with sunitinib as first-line therapy for patients with aRCC of intermediate
or high risk [22]. In addition, the combination of ipilimumab and nivolumab was approved by the US FDA for the
treatment of treatment-naive, intermediate- or poor-risk aRCC in April 2018 [23].

However, existing first-line therapies for RCC are unsatisfactory due to toxicities and the development of drug
resistance [24]. Approximately 20–30% of patients do not respond to initial therapy and progress within ≤3 months,
indicating primary or intrinsic resistance to molecular-targeted agents [25–30]. Angiogenic escape due to activation of
VEGF-independent pathways such as FGF-associated signaling is a major mechanism of such resistance [27,29,31,32].
Optimization of efficacy may be achieved by combining therapeutic agents that have either broader or distinct
mechanisms of action. It is thought that the combination of anti-angiogenic agents with mTOR inhibitors may
overcome alternative resistance pathways [29].

Until recently, results of most combination-therapy studies (i.e., temsirolimus plus bevacizumab, temsirolimus
plus sunitinib, erlotinib plus bevacizumab, sunitinib plus bevacizumab, everolimus plus bevacizumab, everolimus
plus sunitinib, everolimus plus dovitinib) have shown no survival advantage over monotherapy with approved single
agents and, in some cases, an unacceptably high degree of toxicity [33–40]. Notable exceptions included the successful
combination of nivolumab plus ipilimumab for the treatment of intermediate- or poor-risk, previously untreated,
aRCC [23], and lenvatinib plus everolimus for the treatment of aRCC following one prior VEGF-therapy [41].
More recently, atezolizumab plus bevacizumab was reported to demonstrate longer PFS versus sunitinib in patients
with PD-L1+ metastatic RCC [42]. The Phase III JAVELIN trial of avelumab plus axitinib also recently reported
improved PFS in patients with aRCC irrespective of PD-L1 status [43]. Two other relevant clinical trials of
combination therapies are currently underway in aRCC – axitinib plus pembrolizumab, which recently reported
improved OS and PFS outcomes versus sunitinib monotherapy (KEYNOTE-426; NCT02853331 [44,45]), and
cabozantinib plus nivolumab (CheckMate 9ER; NCT03141177 [46]), indicative of the high degree of interest
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and promise held for these combination therapy strategies in this disease space with TKIs, which inhibit VEGF
receptors plus immune checkpoint inhibitors.

Lenvatinib
Lenvatinib is a potent multitargeted receptor TKI that selectively inhibits VEGF receptors (VEGFR1, VEGFR2,
VEGFR3) in addition to other pro-angiogenic and oncogenic pathway-related tyrosine kinases, including
FGFR 1–4, PDGFRα, KIT and RET [47–49]. Lenvatinib inhibited VEGF-driven VEGFR2 phosphorylation and
suppressed proliferation and tube formation in human umbilical vein endothelial cell models [47,50,51]. Lenvatinib
also inhibited FGF-driven tube formation in human umbilical vein endothelial cell models [52] and inhibited
VEGF- and FGF-induced angiogenesis in preclinical models [50]. The antitumor activity of lenvatinib in vivo has
been shown in numerous xenograft animals [47,50,51,53].

Clinical evidence of the antitumor activity of lenvatinib in aRCC was first provided in an open-label, Phase I,
dose-escalation study in patients with advanced solid tumors [54]. Among all the tumor types studied, lenvatinib
appeared to be particularly active in RCC, with four of nine patients with RCC achieving a partial response, out of
a total of seven partial responses overall [54].

Lenvatinib plus everolimus
In a mouse xenograft model, the combination of lenvatinib and everolimus demonstrated superior antiangiogenic
and antitumor activity compared with each single agent alone [51]. However, in another xenograft model, the
combination regimen demonstrated enhanced antitumor activity but similar antiangiogenic activity to that of each
monotherapy, suggesting that other mechanisms distinct from angiogenesis may underlie the observed antitumor
activity of lenvatinib plus everolimus [51]. The mechanism of action of the combination of lenvatinib and everolimus
(Figure 1A [53]) was further investigated in cell-based nonclinical models, and it is hypothesized that the dual
inhibition of the VEGF- and FGF-driven mitogen-activated protein kinase and mTOR pathways in endothelial
cells may contribute to the enhanced antiangiogenic activity of the combination treatment [51]. In addition, dual
targeting of the mTOR-S6K-S6 pathway by the lenvatinib plus everolimus combination may contribute toward
the superior antitumor activity of the combination [51].

A randomized, open-label, Phase Ib study in 20 patients with metastatic RCC established the maximum tolerated
dose and recommended Phase II dose as lenvatinib 18 mg once daily in combination with everolimus 5 mg once
daily [56]. In an open-label, randomized, Phase II study, lenvatinib plus everolimus and lenvatinib alone resulted
in a PFS benefit over everolimus alone (HR: 0.40; 95% CI: 0.24–0.68; p = 0.0005 and HR: 0.61; 95% CI:
0.38–0.98; p = 0.048, respectively) in patients with advanced or metastatic RCC and disease progression after one
previous VEGF-targeted therapy [41]. The combination of lenvatinib plus everolimus also significantly prolonged
OS compared with single-agent everolimus (HR: 0.51; 95% CI: 0.30–0.88; p = 0.024) [41]. Based on the results
of the Phase II study [41], lenvatinib in combination with everolimus was designated as a breakthrough therapy by
the US FDA in July 2015 [57]. The combination was subsequently approved in various countries, including the
US and those in Europe, for patients with aRCC following one prior anti-angiogenic therapy [58,59]. An ongoing
Phase II study (NCT03173560) is investigating whether a lower dose of lenvatinib can demonstrate the same
efficacy as that observed in the Phase II trial, which led to the approval of the combination but with reduced
toxicity [60]. Patients with clear cell RCC, who had disease progression following one VEGF-targeted therapy, will
be randomized 1:1 to receive either lenvatinib 18 mg/day plus everolimus 5 mg/day or lenvatinib 14 mg/day plus
everolimus 5 mg/day [60].

Lenvatinib plus pembrolizumab
In addition to its antitumor and antiangiogenic effects, VEGF-targeted treatments may also act, in part, by
preventing VEGF-mediated immune suppression [61]. In syngeneic mouse models, the combination of lenvatinib
with monoclonal antibodies against PD-1 resulted in greater antitumor activity than either agent alone and was
accompanied by an improved immune response, likely mediated by CD8+ T cells [62]. Lenvatinib treatment also
significantly decreased the population of tumor-associated macrophages in tumors, which enhanced the activity
of PD-1 signal inhibitors (Figure 1B) [62]. Additionally, treatment with lenvatinib has been shown to inhibit
TH2 and enhance TH1 immune response, leading to the activation of memory T cells [63]. Taken together, these
preclinical studies demonstrating lenvatinib’s immunomodulatory activity provide mechanistic rationale for the
study of lenvatinib in combination with an anti-PD-1 agent such as pembrolizumab.
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Figure 1. The mechanism of action of lenvatinib with its combination partners. Mechanisms of action of (A)
lenvatinib plus everolimus and (B) lenvatinib plus pembrolizumab combination therapies.
IL: Interleukin; VHL: von Hippel-Lindau.
(A) Reproduced with permission from [53].
(B) Adapted with permission from [55].
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Preliminary results from a Phase Ib/II study (n = 13) evaluating the combination of lenvatinib plus pembrolizumab
showed promising activity in a range of solid tumor types [64]. Among eight patients with RCC enrolled in the
Phase Ib part of the study, five achieved a partial response as their best overall response and three achieved stable
disease. The most common treatment-emergent adverse events were decreased appetite, diarrhea and fatigue (each
n = 9), and hypertension, hypothyroidism and nausea (each n = 8). Generally, toxicities were managed with dose
modifications [64].

An analysis of the RCC cohort of patients enrolled across both phases of the study (n = 30) strengthened the
promising antitumor activity and acceptable safety profile of lenvatinib plus pembrolizumab [65]. The objective
response rate (ORR) was 63.3% for all patients in the RCC cohort, and 83.3% in the first-line treatment setting [65].
Responses were seen regardless of prior treatment and PD-L1 status [65]. Toxicities (most commonly diarrhea, fatigue,
hypothyroidism, nausea and stomatitis) were manageable with lenvatinib dose interruption and/or modification [65].
An updated analysis of the RCC cohort in this ongoing study recently reported an ORR of 70.0%, with a median
duration of response of 18.4 months [66]. The combination of lenvatinib plus pembrolizumab has been granted
breakthrough therapy designation by the US FDA for patients with advanced or metastatic RCC [67]. Because a
significant unmet medical need remains for more effective treatment options with manageable safety profiles for
patients with aRCC, these combination therapies are the focus of the CLEAR study.

The CLEAR study
Here, we describe the design and rationale of the CLEAR study (NCT02811861; EudraCT 2016-000916-14),
a multicenter, randomized, open-label and Phase III trial, designed to evaluate whether the combination of two
targeted therapies (lenvatinib plus everolimus) or the combination of one targeted therapy plus a PD-1 inhibitor
(lenvatinib plus pembrolizumab) would be superior to standard first-line therapy with single-agent sunitinib in
patients with advanced or metastatic RCC. The study is funded by Eisai Inc., with study support also provided by
Merck & Co., Inc.

Objective
The primary objective of this study is to demonstrate superiority of first-line lenvatinib plus everolimus or lenvatinib
plus pembrolizumab over sunitinib alone in prolonging PFS, assessed by independent imaging review (IIR) using
Response Evaluation Criteria in Solid Tumors (RECIST) version (v)1.1 in patients with aRCC. Secondary objectives
are to compare ORR, OS, safety and tolerability, and health-related quality of life (HRQoL), as well as PFS,
in patients on next-line therapy between treatment arms. The pharmacokinetic/pharmacodynamic relationship
between exposure and efficacy, biomarkers and safety will also be explored. Exploratory end points include PFS in
the lenvatinib plus pembrolizumab arm by immune-related RECIST (irRECIST) [68], duration of response, disease
control rates, clinical benefit rates and the relationship between blood biomarkers and efficacy outcomes.

Eligible patients
Patients aged ≥18 years should have histological or cytological confirmation of RCC with a clear cell component
and documented evidence of advanced disease. Patients should also have at least one measurable target lesion
according to RECIST v1.1, a Karnofsky performance status score of ≥70, adequately controlled blood pressure
(with or without the use of antihypertensive medications), and adequate renal, bone marrow, blood coagulation
and liver function. Patients should not have received any prior systemic anticancer therapy for RCC. Patients also
should not have received any radiation therapy within 21 days prior to the first dose of study drugs, except for
palliative radiotherapy to bone lesions, which is permitted if completed 2 weeks prior to the start of study treatment.
Patients with untreated CNS metastases or those who had received a live vaccine within 30 days of the planned
first dose of study drug(s) are also excluded.

Study design
Patients are being recruited from Australia, Austria, Belgium, Canada, Czech Republic France, Germany, Greece,
Ireland, Israel, Italy, Japan, the Netherlands, Poland, Russian Federation, South Korea, Spain, Switzerland, the UK
and the USA. Eligible patients will be randomized centrally by an interactive voice- and web-response system in a
1:1:1 ratio to open-label treatment with oral lenvatinib 18 mg/day plus oral everolimus 5 mg/day, oral lenvatinib
20 mg/day plus intravenous pembrolizumab 200 mg every 3 weeks or oral sunitinib 50 mg/day on a schedule
of 4 weeks on and 2 weeks off (Figure 2). Randomization will be stratified according to the geographic region

future science group www.futuremedicine.com 933



Clinical Trial Protocol Grünwald, Powles, Choueiri et al.

Histology or cytological

confirmation of RCC with

a clear cell component

•

Key eligibility criteria:

Geographic region (western

Europe and North America

vs other)

•

MSKCC prognostic groups

(favorable, intermediate and

poor risk)

•

Stratification factors:

(n = 1050)

Documented evidence of

advanced RCC

•

≥1 measurable target lesion

according to RECIST v1.1

•

Karnofsky performance scale

of ≥70

•

Lenvatinib 18 mg
(orally, once daily)

plus everolimus 5 mg
(orally, once daily)

Lenvatinib 20 mg
(orally, once daily)

plus pembrolizumab
(intravenously, every 3 weeks)

Sunitinib 50 mg
(orally, once daily)

on a schedule of 4 weeks on,
2 weeks off

R
A
N
D
O
M
I
Z
E
D

1:1:1

Figure 2. CLEAR study design.
MSKCC: Memorial Sloan Kettering Cancer Center; RCC: Renal cell carcinoma; RECIST v1.1: Response Evaluation Criteria
In Solid Tumors version 1.1.

(western Europe and North America vs other) and Memorial Sloan Kettering Cancer Center (MSKCC) prognostic
groups (favorable, intermediate or poor risk). Patients will continue to receive treatment until disease progression,
unacceptable toxicity, patient request, withdrawal of consent, completion of 35 treatments with pembrolizumab or
study termination. However, patients may continue treatment beyond initial RECIST v1.1-defined progression so
long as an investigator-assessed clinical benefit is observed and the patient is tolerating the study drug. In this case,
patients will discontinue study treatment on evidence of further progression and/or loss of clinical benefit.

Outcome evaluations
Tumor assessments, including computed tomography scans of the chest and computed tomography or magnetic
resonance imaging scans of the abdomen, pelvis and other areas of known disease, will be performed every 8 weeks
according to RECIST v1.1 by the investigator and sent to an imaging core laboratory for IIR. Patients randomized
to the lenvatinib plus pembrolizumab treatment arm will also be assessed by IIR using immune-related RECIST.
Tumor assessments will be performed at baseline, then every 8 weeks during treatment until disease progression or
the start of another anticancer therapy for patients who discontinue study treatment without disease progression.

Safety assessments will consist of monitoring and recording of all adverse events from receipt of informed consent
until the last visit; adverse events will be followed until 30 days after the last dose or until resolution, whichever
comes first. Serious adverse events will be recorded from the receipt of informed consent until 120 days (or 30
days if the patient initiates new anticancer therapy) after the last dose, regardless of their relationship to the study
drugs. Adverse events will be graded according to Common Terminology Criteria for Adverse Events, v4.03.
Additionally, hematology and blood chemistry, urine values and vital sign variables will be regularly measured,
and physical examinations, electrocardiography and multiple-gated acquisition scans or echocardiograms will be
performed periodically. The HRQoL will be assessed at baseline, every 3 weeks, and at the time of withdrawal
using several assessments: the Functional Assessment of Cancer Therapy Kidney Symptom Index–Disease-related
Symptoms, the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-C30
and the European Quality of Life (EuroQOL) EQ-SD-3L.

Blood samples will be collected from all lenvatinib recipients at baseline, every 2 weeks of treatment for the first
two cycles and then every 3 weeks thereafter. Drug concentrations will be measured and analyzed using a population
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pharmacokinetic approach, and serum antidrug antibodies will also be measured for patients in the lenvatinib plus
pembrolizumab treatment arm. A biomarker-discovery program is also associated with this clinical trial, focused
on biomarker discovery and/or validation to identify potential biomarkers that may be useful to predict patient
response, evaluate response-related and/or safety-related outcomes and for potential use in diagnostic development.
Additionally, PD-L1 expression by immunohistochemistry will be evaluated.

Statistical analyses
The full analysis set (i.e., all randomized patients regardless of the treatment actually received) will be used for all
efficacy analyses. In addition, the per protocol analysis set (i.e., patients who received ≥1 dose of the study drug,
had no major protocol deviations and had both baseline and ≥1 postbaseline tumor assessments) will be used in
secondary analysis of efficacy end points, and the safety analysis set (i.e., patients who received ≥1 dose of the study
drug) will be used for all safety analyses. The sample size was estimated based on the primary end point of PFS;
approximately 1050 patients will be randomized. The study is designed to achieve at least 90% statistical power at
two-sided α = 0.0499 to detect at a difference in at least one of the primary comparisons (lenvatinib plus everolimus
vs sunitinib, or lenvatinib plus pembrolizumab vs sunitinib).

The primary efficacy analysis is planned for when approximately 551 PFS events have been observed among
the three treatment arms and at least 368 events have been observed for the lenvatinib plus everolimus arm or the
lenvatinib plus pembrolizumab arm and sunitinib arm. No comparative statistical analyses are planned between the
combination arms. Median PFS will be estimated using the Kaplan–Meier method, with two-sided 95% CIs, and
the differences between treatment arms will be evaluated using the stratified log-rank test at two-sided α = 0.05,
with geographical region and MSKCC prognostic groups as strata. A stratified Cox regression model will be used
to estimate the HR and 95% CI. For the secondary efficacy analysis, ORR will be determined with exact 95%
CIs using the Clopper–Pearson method, with the difference between treatment arms evaluated using a stratified
Cochran–Mantel–Haenszel test. Median OS will be calculated using the same methods used in the primary PFS
analysis. Additionally, the primary end point PFS and secondary end points ORR and OS will be tested using a
parallel gatekeeping procedure to control the overall family-wise error rate.

Discussion & future perspective
This is a pivotal Phase III study comparing outcomes with the current first-line treatment for aRCC (single-agent
sunitinib) versus the combination of either two targeted therapies or one targeted therapy plus an immuno-oncology
agent. Patients of all RCC risk groups will be included and stratified based on geographic region and MSKCC
prognostic score. Results of the CLEAR study may reshape the approach to first-line treatment of aRCC by
introducing a broader range of potential therapies. If the efficacy and safety of either of these combinations is
confirmed, then one or two additional first-line treatment options will be available for patients with aRCC. In
addition, exploratory analyses will investigate whether differences in biomarkers between TKI plus mTOR inhibitor
and TKI plus immuno-oncology therapy combinations exist, and whether different patient populations may derive
benefit from them – which could, in turn, inform patient selection. The treatment landscape for aRCC is rapidly
evolving, and this study is one of several highly anticipated ongoing clinical trials to examine TKI-IO combination
regimens. A key differentiator of the CLEAR study is that lenvatinib has demonstrated immune-modulating activity
and has been shown to potentiate the antitumor activity of PD-1 signaling blockade in vivo [62]. These preclinical
findings form the basis of a solid mechanistic rationale for the combination of these specific agents. Together with
the promising anticancer activity observed with lenvatinib plus pembrolizumab in patients with aRCC in a Phase
Ib/II study [66], results of the CLEAR study are eagerly awaited.

There were several considerations taken into account during the clinical trial design stage. The first-line treatment
paradigm is presently changing, particularly in patients with intermediate- and poor-risk features. However,
sunitinib is likely to remain a reasonable first-line treatment option – particularly, but not exclusively, for patients
with good risk features – so the use of sunitinib in the control arm of this study is justified, despite recent
advancements in the first-line treatment setting. Additionally, tumor assessments will be performed using both
investigator and independent reviews. Although independent review is often given more weight due to the lack of
potential investigator bias, investigator-reviewed assessments are likely to be more reflective of real-world clinical
practice, particularly when immunotherapy is involved [68]. Finally, whether the complete remission rate should
be the standard outcome measure to evaluate medical treatment for patients with aRCC remains controversial.
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For targeted and cytokine therapies, the amount of tumor shrinkage typically correlates with survival outcomes,
particularly if a threshold of 60% tumor shrinkage is reached [69].

Combinations of targeted agents may increase the amount of patients with at least 60% tumor shrinkage, thereby
broadening the proportion of patients who may achieve an OS benefit from treatment. However, for checkpoint
inhibitor immuno-oncology therapy, the role of tumor shrinkage as an outcome measure is still undefined. In a
randomized, Phase III trial, the complete remission rate was higher with TKI plus immuno-oncology combination
therapy (nivolumab plus ipilimumab) compared with single-agent TKI use (sunitinib) as first-line treatment for
aRCC (9 vs 1%, respectively), indicating a possible advantage with such a combination [18].

As expected with clinical trials of combination therapies, the safety and tolerability profile is of utmost importance
to evaluate feasibility as part of the RCC treatment armamentarium. Data regarding HRQoL will also help inform
on the usefulness of these therapies.

Conclusion
The CLEAR study will investigate the efficacy and tolerability of lenvatinib in combination with everolimus or
pembrolizumab versus standard single-agent sunitinib as first-line therapy for aRCC. The results of this study will
help define the roles of these novel combination therapies in the management of aRCC. If positive, the results of
this study may change the treatment paradigm in first-line RCC to combination therapy, perhaps irrespective of
the prognostic risk group.

Executive summary

Background
• Despite the availability of several first-line targeted treatment options for advanced renal cell carcinoma (RCC),

current therapies are unsatisfactory.

• Approximately 20–30% of patients do not respond to initial therapy or progress within ≤3 months, indicating
resistance to molecular-targeted monotherapies.

Lenvatinib
• Lenvatinib is a potent, multiple-receptor, tyrosine kinase inhibitor that selectively targets VEGF receptors 1–3, FGF

receptors 1–4, PDGFR α, KIT and RET.

• Lenvatinib in combination with everolimus is approved for the treatment of patients with advanced RCC after
one prior VEGF-targeted therapy.

• In a Phase I study, lenvatinib in combination with pembrolizumab demonstrated promising antitumor activity in
patients with RCC.

The CLEAR study
• The CLEAR study is a three-arm, Phase III clinical trial investigating the combination of lenvatinib plus everolimus

and the combination of lenvatinib plus pembrolizumab versus sunitinib monotherapy for the first-line treatment
of patients with advanced RCC.

• Eligible patients will have advanced RCC with histologically or cytologically confirmed clear cell component and
no prior systemic anticancer therapy.

• The primary end point is progression-free survival, as assessed by independent imaging reviewers using Response
Evaluation Criteria In Solid Tumors version 1.1.

• Results of this trial will help define the roles of combination therapies – targeted therapy combinations as well as
targeted therapy plus immuno-oncology approaches – in the management of advanced RCC.

Supplementary data

An infographic accompanies this paper at the end of the references section. To download the infographic that accompanies this

paper, please visit the journal website at: www.futuremedicine.com/doi/full/10.2217/fon-2018-0745
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36. Négrier S, Gravis G, Pérol D et al. Temsirolimus and bevacizumab, or sunitinib, or interferon alfa and bevacizumab for patients with
advanced renal cell carcinoma (TORAVA): a randomised Phase II trial. Lancet Oncol. 12(7), 673–680 (2011).

37. Graves A, Hessamodini H, Wong G, Lim WH. Metastatic renal cell carcinoma: update on epidemiology, genetics, and therapeutic
modalities. Immunotargets Ther. 2, 73–90 (2013).

38. Ravaud A, Barrios CH, Alekseev BY et al. Randomized Phase II study of first-line everolimus plus bevacizumab (E+B) versus interferon
α-2a plus bevacizumab (I+B) in patients (pts) with metastatic renal cell carcinoma (mRCC): record-2 final overall survival (OS) and
safety results [abstract]. J. Clin. Oncol. 31(15 Suppl.), Abstract 4576 (2013).

39. Powles T, Foreshew SJ, Shamash J et al. A Phase Ib study investigating the combination of everolimus and dovitinib in vascular
endothelial growth factor refractory clear cell renal cancer. Eur. J. Cancer 50(12), 2057–2064 (2014).

40. Kanesvaran R, Watt K, Turnbull JD, Armstrong AJ, Wolkowiez MC, George DJ. A single-arm Phase Ib study of everolimus and
sunitinib in patients with advanced renal cell carcinoma. Clin. Genitourin. Cancer 13(4), 319–327 (2015).

41. Motzer RJ, Hutson TE, Glen H et al. Lenvatinib, everolimus, and the combination in patients with metastatic renal cell carcinoma: a
randomised, Phase 2, open-label, multicentre trial. Lancet Oncol. 16(15), 1473–1482 (2015).

•• The pivotal Phase II trial leading to lenvatinib’s first approval in advanced RCC, in combination with everolimus.

42. Motzer RJ, Powles T, Atkins MB et al. IMmotion151: a randomized Phase III study of atezolizumab plus bevacizumab vs sunitinib in
untreated metastatic renal cell carcinoma (mRCC) [abstract]. J. Clin. Oncol. 36(6 Suppl.), 578 (2018).

43. Motzer RJ, Penkov K, Haanen JB et al. JAVELIN renal 101: a randomized, Phase III study of avelumab + axitinib vs sunitinib as
first-line treatment of advanced renal cell carcinoma (aRCC) [abstract]. Ann. Oncol. 29(Suppl. 8), mdy424.036 (2018).

44. Clinical Trials Database: NCT02853331. https://clinicaltrials.gov/ct2/show/NCT02853331

45. Merck’s KEYTRUDA R© (pembrolizumab) in combination with Pfizer’s Inlyta R© (axitinib) significantly improved overall survival (OS)
and progression-free survival (PFS) as first-line therapy for advanced or metastatic renal cell carcinoma (2018).
https://investors.merck.com/news/press-release-details/2018/Mercks-KEYTRUDA-pembrolizumab-in-Combination-with-Pf izers-Inly
ta-axitinib-Signif icantly-Improved-Overall-Survival-OS-and-Progression-f ree-Survival-PFS-as-First-Line-Therapy-for-Advanced-or
-Metastatic-Renal-Cell-Carcinoma/default.aspx

46. Clinical Trials Database: NCT03141177. https://clinicaltrials.gov/ct2/show/NCT03141177

47. Matsui J, Funahashi Y, Uenaka T, Watanabe T, Tsuruoka A, Asada M. Multi-kinase inhibitor E7080 suppresses lymph node and lung
metastases of human mammary breast tumor MDA-MB-231 via inhibition of vascular endothelial growth factor-receptor (VEGF-R) 2
and VEGF-R3 kinase. Clin. Cancer Res. 14(17), 5459–5465 (2008).

48. Matsui J, Yamamoto Y, Funahashi Y et al. E7080, a novel inhibitor that targets multiple kinases, has potent antitumor activities against
stem cell factor producing human small cell lung cancer H146, based on angiogenesis inhibition. Int. J. Cancer 122(3), 664–671 (2008).

49. Okamoto K, Kodama K, Takase K et al. Antitumor activities of the targeted multi-tyrosine kinase inhibitor lenvatinib (E7080) against
RET gene fusion-driven tumor models. Cancer Lett. 340(1), 97–103 (2013).

50. Yamamoto Y, Matsui J, Matsushima T et al. Lenvatinib, an angiogenesis inhibitor targeting VEGFR/FGFR, shows broad antitumor
activity in human tumor xenograft models associated with microvessel density and pericyte coverage. Vasc. Cell 6, 18 (2014).

51. Matsuki M, Adachi Y, Ozawa Y et al. Targeting of tumor growth and angiogenesis underlies the enhanced antitumor activity of
lenvatinib in combination with everolimus. Cancer Sci. 108(4), 763–771 (2017).

52. Ichikawa K, Miyano SW, Adachi Y, Matsuki M, Okamoto K, Matsui J. Lenvatinib suppresses angiogenesis through the inhibition of
both the VEGFR and FGFR signaling pathways. Glob. J. Cancer Ther. 2(1), 019–025 (2016).

53. Leonetti A, Leonardi F, Bersanelli M, Buti S. Clinical use of lenvatinib in combination with everolimus for the treatment of advanced
renal cell carcinoma. Ther. Clin. Risk Manag. 13, 799–806 (2017).

54. Boss DS, Glen H, Beijnen JH et al. A Phase I study of E7080, a multitargeted tyrosine kinase inhibitor, in patients with advanced solid
tumours. Br. J. Cancer 106(10), 1598–1604 (2012).

55. Kudo M. Immuno-oncology in hepatocellular carcinoma: 2017 update. Oncology 93(Suppl. 1), 147–159 (2017).

56. Molina AM, Hutson TE, Larkin J et al. A Phase Ib clinical trial of the multi-targeted tyrosine kinase inhibitor lenvatinib (E7080) in
combination with everolimus for treatment of metastatic renal cell carcinoma (RCC). Cancer Chemother. Pharmacol. 73(1), 181–189
(2014).

57. Inman S. FDA grants priority review to lenvatinib/everolimus combo for RCC (2016).
www.onclive.com/web-exclusives/fda-grants-priority-review-to-lenvatinib-everolimus-combo-for-rcc

58. Lenvima (lenvatinib) [prescribing information]. Eisai Inc., Woodcliff Lake, NJ, USA (2018).

59. Lenvima 4 mg hard capsules [summary of product characteristics]. Eisai Europe Limited, Hertfordshire, UK (2016).

60. Clinical Trials Database: NCT03173560. https://clinicaltrials.gov/ct2/show/NCT03173560

61. Ott PA, Hodi FS, Buchbinder EI. Inhibition of immune checkpoints and vascular endothelial growth factor as combination therapy for
metastatic melanoma: an overview of rationale, preclinical evidence, and initial clinical data. Front. Oncol. 5, 202 (2015).

future science group www.futuremedicine.com 939

https://www.clinicaltrials.gov/ct2/show/NCT02853331
https://investors.merck.com/news/press-release-details/2018/Mercks-KEYTRUDA-pembrolizumab-in-Combination-with-Pfizers-Inlyta-axitinib-Significantly-Improved-Overall-Survival-OS-and-Progression-free-Survival-PFS-as-First-Line-Therapy-for-Advanced-or-Metastatic-Renal-Cell-Carcinoma/default.aspx
https://www.clinicaltrials.gov/ct2/show/NCT03141177
https://www.onclive.com/web-exclusives/fda-grants-priority-review-to-lenvatinib-everolimus-combo-for-rcc
https://www.clinicaltrials.gov/ct2/show/NCT03173560


Clinical Trial Protocol Grünwald, Powles, Choueiri et al.

62. Kimura T, Kato Y, Ozawa Y et al. Immunomodulatory activity of lenvatinib contributes to antitumor activity in the Hepa1-6
hepatocellular carcinoma model. Cancer Sci. 109(12), 3993–4002 (2018).

63. Kato Y, Albu D, Matsuki M et al. Upregulation of memory T cell population and shifting to Th1 response by lenvatinib potentiate
antitumor activity of PD-1 signaling blockade: lenvatinib and PD-1 mAb combination. Presented at: The American Association of Cancer
Research (AACR) Annual Meeting. Washington, DC, USA, 1–5 April 2017.

64. Taylor M, Dutcus CE, Schmidt E et al. A Phase Ib trial of lenvatinib (LEN) plus pembrolizumab (PEM) in patients with selected solid
tumors [abstract]. Ann. Oncol. 27(Suppl. 6), Abstract 776PD (2016).

65. Lee C-H, Makker V, Rasco D et al. A Phase Ib/II trial of lenvatinib + pembrolizumab in patients with renal cell carcinoma. Presented
at: The European Society for Medical Oncology (ESMO) Annual Congress. Madrid, Spain, 9 September 2017. Lee C-H, Makker V, Rasco
D et al. Lenvatinib + pembrolizumab in patients with renal cell carcinoma: updated results. Presented at: The American Society of
Clinical Oncology (ASCO) Annual Meeting. Chicago, IL, USA, 1–5 June 2018.

• Preliminary evidence of lenvatinib plus pembrolizumab antitumor activity in patients with advanced RCC was observed in this
Phase Ib/II study.

67. Eisai and Merck receive breakthrough therapy designation from FDA for LENVIMA R© (lenvatinib mesylate) and KEYTRUDA R©

(pembrolizumab) as combination therapy for advanced and/or metastatic renal cell
carcinoma (2018). http://investors.merck.com/news/press-release-details/2018/Eisai-and-Merck-Receive-Breakthrough-Therapy-Desig
nation-f rom-FDA-for-LENVIMA-lenvatinib-mesylate-and-KEYTRUDA-pembrolizumab-as-Combination-Therapy-for-Advanced-a
nd-or-Metastatic-Renal-Cell-Carcinoma-/def ault.aspx

68. Wolchok JD, Hoos A, O’Day S et al. Guidelines for the evaluation of immune therapy activity in solid tumors: immune-related response
criteria. Clin. Cancer Res. 15(23), 7412–7420 (2009).

69. Grünwald V, Mckay RR, Krajewski KM et al. Depth of remission is a prognostic factor for survival in patients with metastatic renal cell
carcinoma. Eur. Urol. 67(5), 952–958 (2015).

940 Future Oncol. (2019) 15(9) future science group

http://www.investors.merck.com/news/press-release-details/2018/Eisai-and-Merck-Receive-Breakthrough-Therapy-Designation-from-%20FDA-for-LENVIMA-lenvatinib-mesylate-and-KEYTRUDA-pembrolizumab-as-Combination-Therapy-for-Advanced-and-or-Metastatic-Renal-Cell-Carcinoma-/default.aspx


Lenvatinib +everolimus or +pembrolizumab in RCC Clinical Trial Protocol

future science group www.futuremedicine.com 941



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


