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Background: This phase I/II study was conducted to determine the maximum tolerated dose (MTD), safety, and
efficacy of lenalidomide plus sunitinib in metastatic renal cell carcinoma (RCC) patients.
Patients and methods: Patients with histologically confirmed, metastatic RCC were treated with 10 mg/day lenalido-
mide plus 37.5 mg/day sunitinib, orally in 21-day cycles. Doses were escalated to determine the MTD in phase I, with
additional patients planned at this dose in phase II. Primary end points were MTD and response rate.
Results: Sixteen patients received a median of 2, 3, and 5 cycles in cohort 1 [lenalidomide 10 mg (days 1–21) and suniti-
nib 37.5 mg (days 1–21)], cohort 2 [lenalidomide 10 mg (days 1–21) and sunitinib 37.5 mg (days 1–14)], and cohort 3
[lenalidomide 15 mg (days 1–21) and sunitinib 37.5 mg (days 1–14)], respectively. Median treatment durations were 41,
63, and 97 days for lenalidomide; and 41, 57, and 97.5 days for sunitinib. The MTD was found to be continuous dosing
of lenalidomide 10 mg/day plus sunitinib 37.5 mg/day for 14 of 21 days. Dose-limiting toxicities included neutropenia,
leukopenia, thrombocytopenia, asthenia, atrial fibrillation, and increased transaminases. The most frequent grade 3–4
treatment-emergent adverse events were hematologic, including neutropenia and leukopenia. One patient achieved
partial response, and seven had stable disease of which three were confirmed at subsequent tumor assessments. B cells
and several T-cell subsets were modulated versus baseline.
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Conclusion: The dose schedules of lenalidomide and sunitinib evaluated in this study were not well tolerated; cumulative
toxicity precluded enrollment at the MTD.
Key words: sunitinib, lenalidomide, metastatic renal cell carcinoma, phase I/II, maximum tolerated dose

introduction
Factors regulating angiogenesis, such as vascular endothelial
growth factor (VEGF), play an important role in the pathogen-
esis of renal cell carcinoma (RCC) [1].
Sunitinib inhibits cellular signaling by targeting multiple re-

ceptor tyrosine kinases, including VEGF receptors, KIT, and
Fms-like tyrosine kinase 3 [2]. The inhibition of these targets
leads to reduced tumor vascularization, cancer cell death, and
tumor shrinkage. Sunitinib has demonstrated efficacy and toler-
ability in the treatment of RCC [3], and is a first-line treatment
option in metastatic RCC patients [4]. It is hypothesized that
the judicious use of novel combination therapies can enhance
treatment effect and delay or preclude the development of treat-
ment resistance [5].
Lenalidomide is a pleiotropic pathway modifier that has

demonstrated antiangiogenic and antitumor activity with a fa-
vorable safety profile in advanced RCC [6, 7]. In a phase II study
of single-agent lenalidomide at 25 mg daily in patients with re-
fractory metastatic RCC, the overall response rate was 10% and
median overall survival ≥17 months [7]. In vitro, both lenalido-
mide and sunitinib significantly inhibited tube formation in
endothelial cells and outgrowth of a rat aortic-ring model by
creating an inhospitable microenvironment [8]. Combining
these two agents led to additive inhibition of angiogenesis [9].
This phase I/II study aimed to determine the maximum toler-

ated dose (MTD) of lenalidomide in combination with suniti-
nib, and to evaluate the safety and efficacy of this combination
in patients with advanced or metastatic RCC. To maximize the
combined antiangiogenic, immunomodulatory, and tumor
microenvironment effects of the combination, lenalidomide and
sunitinib were administered continuously. To minimize toxicity,
the sunitinib starting dose was 37.5 mg; lenalidomide was dose
escalated until the MTD was reached.

patients andmethods
This study (ClinicalTrials.gov identifier, NCT00975806) was approved by
the institutional review boards of the participating sites, and was conducted
in accordance with the Declaration of Helsinki and all applicable regulatory
guidelines. The primary objective in phase I of the study was identification
of the MTD of lenalidomide administered in combination with sunitinib.
Secondary and exploratory objectives included evaluation of safety, tolerabil-
ity, antitumor activity, plasma pharmacokinetics, and assessment of biomar-
kers. All patients signed an informed consent form before inclusion.

study population
Patients aged ≥18 years with histologically confirmed unresectable or meta-
static RCC were eligible to participate. RCC of any histological subtype was
allowed in phase I, whereas the phase II portion would include patients with
clear-cell component RCC only. Documented clinical or radiographic evi-
dence of unresectable or metastatic disease was mandatory. Patients were
required to have an Eastern Cooperative Oncology Group Performance

Status (ECOG PS) score of ≤1 and to be chemotherapy-naive. In phase I,
patients were allowed prior treatment with tyrosine kinase inhibitors or bev-
acizumab, as long as treatment was completed 14 or 28 days before study
entry, respectively. Furthermore, patients were required to have no active
brain metastases and adequate organ function defined as: absolute neutrophil
count ≥1.5 × 103/mm3; hemoglobin ≥9 g/dl; platelet count ≥100 × 103/µl;
serum creatinine ≤2.5 mg/dl; aspartate transaminase and alanine transamin-
ase ≤3× ECOG PS (ULN) or ≤5× ULN in patients with liver metastases;
and total bilirubin ≤2.0 mg/dl. Any patient with, or with a history
of, uncontrolled hypertension (blood pressure >160/90 mmHg), venous
thromboembolism, arterial thrombotic events, unstable angina, myocardial
infarction, clinically significant peripheral artery disease, congestive heart
failure, ≤50% left ventricular ejection fraction, or peripheral neuropathy was
excluded.

study design and treatment schedule
Dose escalation followed a standard ‘3 + 3’ dose escalation design [9].
Initially, lenalidomide and sunitinib were both administered orally, on a con-
tinuous once-daily schedule for each 21-day cycle. The starting dose of lena-
lidomide was 10 mg/day, with potential for escalation to 15, 20, and 25 mg/
day. If the initial dose level was deemed intolerable, the protocol allowed the
same planned escalation of lenalidomide in combination with sunitinib
administered on an intermittent schedule: days 1–14 of each 21-day cycle.
Treatment would continue until documented tumor progression, unaccept-
able toxicity, death, or treatment discontinuation for any other reason.

The MTD was defined as the highest dose level at which ≤1 of 6 patients
experienced a dose-limiting toxicity (DLT) during the first cycle of therapy.
DLTs were defined as: any drug-related grade 3–4 nonhematologic adverse
event (AE) occurring in cycle 1 and lasting ≥14 days; febrile neutropenia;
grade 4 neutropenia lasting for ≥7 days; or grade 4 thrombocytopenia.
Toxicities that did not meet the above criteria, but resulted in the inability to
continue treatment at the same dose beyond cycle 2 were considered ‘func-
tional DLTs’.

If the MTD was exceeded at any dose level, up to six patients were to be
enrolled into the level immediately below the dose level that exceeded the
MTD. Once the MTD had been established, up to 50 additional patients
were to be enrolled into phase II of the study at the MTD dose level.

biomarker analysis
Biomarkers were analyzed based on the biomarker evaluable (BE) population.
The BE population included all patients who received one or more doses of
study drug. Blood samples were analyzed by ICON, a central immunoflow
cytometry laboratory, using FCS Express analysis software (DeNovo Software
Clinical Edition version 3.00.0601; Los Angeles, CA). Circulating endothelial
cells were processed using the CellSearch® Circulating Endothelial Kit (Veridex
LLC; Raritan, NJ).

As systemic corticosteroids are known to abrogate the immunomodula-
tory effects of lenalidomide on T cells and NK cells [10], all descriptive and
inferential biomarker analyses were carried out both for the total BE popula-
tion and for the group of patients who did not receive concomitant treat-
ment with systemic corticosteroids. The biomarker data were pooled for
analysis because of the small number of patients enrolled in the phase I
portion before study termination. Due to the decision to terminate the study
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prematurely, the exploratory analyses of pharmacokinetics and cytokines/
immune markers were not carried out.

statistical analysis
There was no hypothesis testing for the phase I portion of the study. The
statistical analyses were descriptive and exploratory. Data from all patients
receiving one or more doses of study drug were included in the safety ana-
lyses. AEs were classified using the Medical Dictionary for Regulatory
Activities classification system. AE severity was graded according to the
National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI CTCAE) version 4.0 [11]. The sample size of 50 patients for
phase II would have ≥80% power to claim the response rate is >20% at the
one-sided 2.5% level when the true response rate is at 40%. Tumor response
analysis would be carried out after all patients completed six or more cycles
of therapy or discontinued the study.

Biomarker values collected during the study were compared with the
baseline value using the paired t-test. The method of Benjamini and
Hochberg [12] was used to control the false discovery rate (FDR).

results

baseline characteristics and treatment
A total of 16 patients were enrolled with a median age of 58
years (range 35–78 years). Of these patients, 50% were male and
75% had an ECOG PS score of 0 (supplementary Table S1, avail-
able at Annals of Oncology online). None of the patients received
prior radiation therapy. Patients were enrolled into three
cohorts, and received a median of 2.0, 3.0, and 5.0 cycles in
cohorts 1, 2, and 3, respectively. Median durations of treatment
were 41, 63, and 97 days for lenalidomide; and 41, 57, and 97.5
days for sunitinib.

dose-limiting toxicities
The number of patients enrolled and incidences of DLTs per
cohort are presented in supplementary Table S2, available at
Annals of Oncology online. The initial cohort of continuous
daily dosing of both lenalidomide 10 mg and sunitinib 37.5 mg
on days 1–21 of each 21-day cycle, exceeded the MTD as two
patients experienced DLTs. The protocol allowed for dose escal-
ation to proceed with intermittent dosing of sunitinib (days
1–14 of each 21-day cycle); three patients were enrolled into
cohort 2 (lenalidomide 10 mg on days 1–21 plus sunitinib 37.5
mg on days 1–14 of each 21-day cycle) with no DLTs. Cohort 3
(lenalidomide 15 mg on days 1–21 plus sunitinib 37.5 mg
on days 1–14 of each 21-day cycle) also exceeded the MTD, with
three of the four patients enrolled experiencing DLTs.
Therefore, enrollment into cohort 2 was expanded with four
additional patients (one of the three patients enrolled as per
protocol discontinued before completing cycle 1 and was
replaced), none of whom experienced DLTs.
Of the 11 occurrences of DLT, only one (grade 3 asthenia

cohort 1) met the protocol-specified criteria for a DLT. All
others were considered to be functional DLTs. The MTD was
determined to be 10 mg lenalidomide on days 1–21 in combin-
ation with 37.5 mg sunitinib given on days 1–14 of each 21-day
cycle.

safety
All 16 patients were assessable for safety analysis and experi-
enced one or more treatment-emergent AEs (TEAEs) that were
attributed by the investigator to lenalidomide and/or sunitinib.
The TEAEs most commonly attributed to both study drugs were
fatigue (87.5%), dysgeusia (56.3%), neutropenia (50%), and
diarrhea (50% for lenalidomide and 62.5% for sunitinib).
At least one grade 3 AE was reported by 60%, 57%, and 25%

of patients in cohorts 1, 2, and 3, respectively (Table 1). At least
one grade 4 AE was reported by 40%, 14%, and 75% of patients
in cohorts 1, 2, and 3, respectively. One patient (cohort 2)
experienced a grade 5 AE of general physical health deterior-
ation resulting in death due to disease progression.
Nine deaths occurred during the study: four each in cohorts 1

and 2; and one in cohort 3. All deaths were due to disease pro-
gression. A 36-year-old male patient enrolled in cohort 1, died
due to cardiorespiratory arrest with progressive disease 349 days
after the first, and 161 days after the last dose of the study drug.
With the exception of the patient with a grade 5 AE of general
physical health deterioration resulting in death due to disease
progression mentioned above, all deaths occurred after discon-
tinuation and >30 days after the last dose of either study drug.
Nine patients experienced one or more serious AEs: three in

cohort 1; four in cohort 2; and two in cohort 3. The majority of
these AEs were grade 3, and the frequency was similar across the
three dosing cohorts. Two patients in each cohort experienced
TEAEs that led to treatment discontinuation of both lenalido-
mide and sunitinib. Neutropenia was the most common TEAE
that led to discontinuation of both study drugs (one patient in
each cohort).
Fifteen patients had TEAEs that led to dose reductions and/or

interruptions of lenalidomide, and 13 patients had TEAEs that
led to dose reductions and/or interruptions of sunitinib. The
majority of TEAEs leading to dose reductions occurred in cycles
1 or 2; the most common of these were neutropenia (75% for
lenalidomide and 69% for sunitinib) and leukopenia (25% for
lenalidomide and 19% for sunitinib).
All patients in each cohort required one or more dose reductions

and/or interruptions of lenalidomide and sunitinib. However,
patients in cohorts 1 and 3 required more frequent dose reduc-
tions and/or interruptions than patients in cohort 2, suggesting
that daily administration of sunitinib and a 15-mg lenalidomide
dose led to more dose reductions and interruptions.
The cumulative frequency and severity of toxicities, as well as

the need for frequent dosing-modifications, at each dose level
were notably higher than expected during all cycles and at all
dose levels of study phase I. A consensus decision was made by
the investigators and sponsor not to initiate phase II due to the
inability to deliver an optimal long-term phase II dose and
schedule with this combination. The study was terminated when
all phase I patients had discontinued treatment and a 28-day
follow-up had been completed. Seven patients discontinued due
to disease progression, five due to AEs (grade 3 neutropenia in
three patients, grade 3 elevated transaminases in one patient,
and grade 3 pancreatitis in one patient), one withdrew consent,
one experienced ECOG PS deterioration resulting in death due
to disease progression, and two discontinued for other reasons
[one investigator decision after poor tolerance due to laboratory
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toxicities (including dose-limiting neutropenia) and one inde-
terminate brain lesion on magnetic resonance imaging]. Two
patients stayed on study for >6 months (7 and 11 months).

efficacy
The percentage of tumor burden reduction is shown in Figure 1.
One patient (cohort 1) achieved a Response Evaluation Criteria
in Solid Tumors (RECIST) defined [13] as confirmed partial re-
sponse for a duration of >6 months (through to cycle 10). No
tumor assessments were carried out for this patient at discontinu-
ation. Seven patients had a RECIST-defined stable disease, of
which three were confirmed at subsequent tumor assessments.

biomarker analysis
At both time points (day 1 of cycles 2 and 4), five cell subsets
were decreased compared with baseline, both in terms of abso-
lute and percentage values: B cells; effector T-helper cells; naïve
T-helper cells; total naïve T-cytotoxic/suppressor cells; and total
naïve T-helper cells (supplementary Figure S1, available at
Annals of Oncology online). The analysis was also conducted ex-
cluding three patients who received concomitant treatment with
systemic corticosteroids. In this subgroup analysis, only one
subset (all B cells) was modulated with FDR ≤0.2 and decreased
compared with baseline at both time points, in terms of both ab-
solute and percentage count (data not shown).
Median levels of circulating endothelial cells per 4 ml blood

were 59 (range 11–201) at baseline, 30 (range 11–133) at day 1
of cycle 2, and 58 (range 7–83) at day 1 of cycle 4. Due to the
small sample size and the fact that 3 of the 16 BE patients had
no baseline values, data on circulating endothelial cells were not
further evaluated.

discussion
The present study demonstrated that treatment with lenalido-
mide in combination with sunitinib was not feasible in patients
with metastatic RCC. The MTD was determined to be 10 mg/
day of lenalidomide for 21 days of each 21-day cycle in combin-
ation with 37.5 mg/day sunitinib for days 1–14 of each 21-day
cycle. However, the frequency and severity of toxicities, and the
need for frequent dose modifications observed were notably
higher than anticipated and were evident during all cycles across
all dose levels. The study was therefore terminated early.
Our study enrolled a total of 16 patients; of which 50% were

female and only 37.5% showed pulmonary lesions at baseline.
Based on clinical practice, we would have expected a lower
female enrollment and a higher percentage of baseline pulmon-
ary lesions; this observed discrepancy is probably due to the low
number of enrolled patients in the study.
With only one patient achieving a PR, the response rate is

lower than expected for patients treated with sunitinib. This is
probably due to the limited exposure of these patients to suniti-
nib as a result of the frequency and severity of toxicities.
Overlapping nonhematologic and hematologic toxicities asso-

ciated with both lenalidomide and sunitinib precluded the ability
to administer these two drugs in combination [3, 6, 7, 14].
Fatigue, nausea, diarrhea, dysgeusia, vomiting, and neutropenia
were common. The most frequent grade 3–4 TEAEs were
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neutropenia and leukopenia, and these were the most common
cause for dose modification. The rates of AEs observed were
much higher than expected with sunitinib monotherapy in RCC
[5], suggesting that the addition of lenalidomide to sunitinib exa-
cerbated the incidence of hematologic toxicities.
Despite the high rates of neutropenia, there were no cases of

neutropenic fever and no neutropenia-associated infections;
infections in general were rare during the study. Deep vein
thrombosis, a known toxicity associated with lenalidomide,
occurred in one patient; whereas pulmonary embolisms did not
occur in this study. Six patients (37.5%) received low-dose
aspirin (81 mg) prophylaxis while on trial. There were also no
incidences of hand–foot syndrome (HFS) in the present study.
HFS has been shown to occur frequently with sunitinib treat-
ment in several studies [3], most commonly near the end of a
4-week treatment period at 50 mg/day. Its absence in our study
is most likely due to the lower sunitinib dose used (37.5 mg/day
compared with the standard 50 mg/day) and the relatively short
exposure time.
Both lenalidomide and sunitinib are known to affect levels of

circulating endothelial cells. In a novel xenograft mouse model
of human blastic NK-cell lymphoma/blastic plasmacytoid den-
dritic cell neoplasm, treatment with lenalidomide resulted in a
significant decrease in the number of circulating endothelial
cells and circulating progenitor cells [15]. The number of circu-
lating endothelial cells is known to increase in patients with
RCC who are treated with sunitinib [16], and is thought to
result from targeting of immature tumor vessels. Unfortunately,
interpretation of the analysis of circulating endothelial cells in
this study was limited by the fact that only 13 of the 16 patients
had a baseline value, 2 patients had one or more on-study values
but no baseline value, and 1 patient had no circulating endothe-
lial cell data.

CD45+ T cells, B cells, and NK cells are known targets of the
immunomodulatory activity of lenalidomide, which co-stimu-
lates cytotoxic T cells and T-helper cells, inhibits regulatory
T cells, stimulates antibody production by B cells, and enhances
NK-cell immunity via induction of interleukin-2 transcription
and secretion in T cells [17]. In this study, five cell subsets were
modulated compared with baseline: B cells decreased; effector
T-helper cells decreased; naïve T-helper cells decreased; total
naïve T-cytotoxic/suppressor cells decreased; and total naïve
T-helper cells decreased. Most of these findings seem to be in-
consistent with the known immunomodulatory activity of lena-
lidomide monotherapy and contrary to an effective antitumor
immune response. Due to the small sample size, there was
insufficient power to correlate the observed changes in CD45+
immune populations and circulating endothelial cells with clin-
ical responses. Thus, the significance of these immune cell
changes is currently unknown.
Combined targeted agents in RCC have been investigated by

several groups, and toxicity has been a common occurrence [18, 19].
Even where phase I studies have identified ‘tolerable’ dosing
regimens, dose reductions—usually of each drug—have been
mandated, and have still resulted in excessive toxicity relative to
monotherapy. The most common observation has been that
typically mild adverse effects associated with one drug are exa-
cerbated by the addition of the second drug [20]. The challenge
of investigating combination therapies in RCC is also illustrated
by the phase III INTORACT trial and the phase II RECORD-2
trial, which have shown no advantage of bevacizumab combined
with temsirolimus or everolimus over bevacizumab and inter-
feron in patients with metastatic RCC [21, 22].
In conclusion, the dose schedules of lenalidomide and suniti-

nib evaluated in this study were not well tolerated in patients
with metastatic RCC. The protocol-defined MTD of this
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Figure 1. Best percentage change from baseline in total length of target lesion. Figure shows the results for 12 patients who had both baseline and postbaseline
total length of target lesion values.
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combination incorporated doses of each agent below those
recommended as monotherapy. Even at these lower doses, cu-
mulative toxicity resulted in treatment modifications during
later cycles, limiting the ability to deliver adequately dosed treat-
ment. Based on these findings and the limited efficacy, planned
enrollment to the phase II portion was halted, and further inves-
tigation of this combination in patients with RCC is unwarrant-
ed.
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