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Summary

Purpose: This phase Il study evaluated the activity of combined treatment with the mTOR
inhibitor everolimus and the PDGFR inhibitor imatinib in patients with previously-treated,
advanced renal carcinoma. The primary endpoint was estimation of the 3-month progression-free
rate.

Patients and methods: Eligible patients had metastatic or unresectable clear cell renal
carcinoma, at least one prior systemic therapy, no prior mTOR inhibitor therapy, performance
status 0-2, and measurable disease. Treatment consisted of everolimus 2.5 mg p.o. daily and
imatinib 600 mg p.o. daily. The primary endpoint was the 3-month progression-free rate.

Results: The study was closed after the first 19 patients because of an insufficient number of
patients who were progression-free at 3 months. The 3-month progression-free rate was 49% (95%
C.1. 23%, 72%) and the median progression-free survival was 2.9 months (95% C.I. 1.9, 6.2).
Toxicities with an incidence of >50% included nausea, elevated serum creatinine, edema, anemia,
hypocalcemia, fatigue, diarrhea, vomiting, and dyspnea, and leukopenia.
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Conclusion: The combination of everolimus with imatinib in previously treated patients with
advanced renal carcinoma did not result in a sufficient 3-month progression-free rate to warrant
further investigation of this combination.
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Introduction

The mammalian target of rapamycin (mTOR) is a serine-threonine kinase that plays a
central role in the coordination of cellular response to nutritional and growth factor
signals thereby regulating cell growth and cell cycle progression. In cancer, deregulation
of upstream cell surface growth factor receptors can initiate signaling that converges

on mTOR, thus driving cell growth and proliferation. In clear cell renal cell carcinoma
(RCC), accumulation of hypoxia-inducible factor 1 (HIF-1) due to loss of the von Hippel-
Lindau tumor suppressor gene may promote cancer progression and activated mTOR may
further contribute to HIF-1 expression [1, 2]. Inhibition of mTOR has been validated as a
therapeutic strategy in the treatment of advanced RCC [3, 4]. Temsirolimus, a pro-drug of
sirolimus, improved survival in prior-untreated patients with poor prognosis disease over
treatment with interferon [3]. Everolimus, an orally administered macrolide derivative of
sirolimus, improved progression-free survival as compared to placebo in patients who had
received prior treatment with a vascular endothelial growth factor (VEGF) receptor tyrosine
kinase inhibitor (TKI) [4].

Inhibition of tyrosine kinase receptors that signal downstream through mTOR in conjunction
with mTOR inhibition may provide an opportunity for increased activity. One potential
target is the platelet-derived growth factor receptor (PDGFR). Platelet-derived growth factor
beta (PDGF-B) is overexpressed in RCC secondary to enhanced HIF-1 activity and may
play an important role in tumor-driven angiogenesis through pericyte recruitment and other
mechanisms [1, 5]. Additionally, high PDGFR expression has been associated with tumor
progression in RCC [6].

Imatinib mesylate is a TKI with specificity towards KIT, ABL, and PDGFR-A/B kinases
[7]. In renal carcinoma, a phase Il study of single-agent imatinib reported no responses
among 14 patients with a median PFS of only 2.3 months [8]. Studies combining imatinib
with interferon or with the combination of bevacizumab and erlotinib have also been
reported; however, none have shown evidence of improved efficacy with the addition of
imatinib [9, 10]. While these studies have not revealed substantial activity of imatinib in
metastatic RCC, the exploitation of the agent’s PDGFR inhibitory activity in combination
with mTOR inhibition has not been explored. Targeting PDGFR-B expressing perivascular
cells with imatinib may compliment the antivascular and antiangiogenic effects that have
been described with mTOR inhibition [1, 11, 12].

We chose to study the combination of everolimus and imatinib as a strategy of dual mMTOR
and PDGFR inhibition. The safety of combining everolimus with imatinib was evaluated
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in an earlier phase I/11 trial in gastrointestinal stromal tumors [13]. We used the maximum
tolerated daily dose of 2.5 mg/day everolimus and 600 mg/day imatinib reported in that trial.

Patients and methods

Patients were required to have metastatic or unresectable, clear cell renal carcinoma with
measurable disease, ECOG performance status 0-2, and be 18 years of age or older. Patients
must have received at least one prior systemic treatment for renal cell carcinoma. At least
28 days must have elapsed from any immunotherapy, chemotherapy, or investigational
agents. Prior mTOR inhibitor therapy was not allowed. Previous radiotherapy to >25%

of the bone marrow was not allowed and at least 2 weeks must have elapsed since

major surgery. Laboratory requirements included total bilirubin <1.5 times upper limit of
normal (ULN), SGOT and SGPT <2.5 times the ULN, serum creatinine <1.5 times ULN,
hemoglobin >8 g/dL, and platelets >100x10%/L. Patients must not have been receiving
therapeutic-dose warfarin. Concomitant use of drugs known to interact with the CYP450
isoenzymes 2D6 and 3A4 was not an exclusion criterion, but consideration was to be

given to the use of alternative agents with less potential for interaction with everolimus

or imatinib. Patients with a history of known brain metastases were not eligible unless
previously adequately treated with radiation and/or surgery. Pregnant or nursing women
were not eligible and both male and female patients of reproductive potential must have
agreed to employ 2 effective methods of birth control. Patients less than 5 years free of
another malignancy were ineligible unless the other primary malignancy was not currently
clinically significant nor required active intervention, or if the other primary malignancy was
basal cell skin cancer or cervical carcinoma in situ. Additional exclusion criteria included
Grade I11/1V cardiac disease as defined by the New York Heart Association Criteria, chronic
liver disease, gastrointestinal disease or impaired function that might significantly alter
study drug absorption, known human immunodeficiency virus infection, severe and/or
uncontrolled medical illness, and any significant history of non-compliance to medical
regimens. All subjects gave written, informed consent in accordance with institutional and
federal guidelines.

Study design

Treatment was initiated with everolimus 2.5 mg and imatinib 600 mg p.o. daily with a cycle
length defined as 6 weeks. Treatment delays and dose reductions (to everolimus 2.5 mg

p.o. daily/imatinib 400 mg p.o. daily and further to everolimus 2.5 mg p.o. every other day/
imatinib 400 mg p.o. daily) were undertaken for grade 3—4 toxicity and, at the investigator’s
discretion, grade 2 clinically-significant non-hematologic toxicity. For grade 3—-4 stomatitis,
the everolimus was reduced prior to imatinib dose reduction. Grade 3—4 hyperlipidemia was
managed by temporarily holding everolimus and initiating lipid-lowering therapy.

Baseline evaluation included a medical history and physical examination; assessment of
performance status; biochemical profile, fasting lipid panel, and complete blood count;
disease assessment with scans as needed for disease measurement; and bone scan, if
clinically indicated. Subjects underwent history and physical every 3 weeks during the
first 5 cycles, then at the beginning of each additional 6 week cycle. Biochemical profile,
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fasting lipid panel and complete blood count were monitored throughout the study. Disease
assessment using scans as needed for disease measurement was performed every 6 weeks
through cycle 6 and then every 12 weeks thereafter. Study treatment was continued until
progressive disease, unacceptable toxicity, withdrawal of consent, or development of an
intercurrent illness or situation that would affect safety or study endpoints.

Study evaluation and statistical methods

Results

The NCI Common Terminology Criteria for Adverse Events Version 3.0 was utilized for
toxicity assessment. RECIST was used for response assessment [14].

The primary objective was estimation of the fraction of patients who remained progression-
free at 3-months. Secondary objectives included assessment of (1) median time to
progression; (2) response rate; (3) overall reduction of tumor measurements; (4) toxicity.

Previously, a large, randomized, placebo-controlled phase 111 study of patients with
advanced RCC reported a median progression-free survival of 2.8 months in the placebo
arm [15]. Therefore, we considered a 3 month progression-free rate of less than 50% to

be consistent with the natural history of the disease and suggestive of a non-effective
therapy. Alternatively, a 3-month progression-free rate of 70% or more would be promising.
This single arm, phase 11 trial was designed according to the optimal criteria of Simon’s
two-stage design with 5% significance level and 80% power [16]. Fifteen patients were to be
accrued to the first stage; if 9 or more of these patients were progression-free at 3 months,
enrollment would continue to a total of 43 patients. During the first stage, patients who
were not assessable for progression-free status at 3 months due to study discontinuation

for any reason except death or progression were replaced only for purposes of determining
continuation to the second stage. Therefore, a total of 19 patients were enrolled in the first
stage (15 evaluable patients at 3 months and 4 patients who withdrew earlier).

Patient characteristics

The study was activated in February 2006 and completed accrual in December 2007.

The study was closed after enrollment of 19 subjects due to an insufficient number of
subjects who were progression-free at 3 months in accordance with the protocol-specified
stopping rule. All enrolled subjects were evaluable for PFS and for toxicity. Baseline patient
characteristics are shown in Table 1. The majority of patients (89%) were either classified as
favorable or intermediate prognosis using prognostic criteria for previously-treated patients
with metastatic RCC [17]. All but 2 subjects had received prior VEGF receptor TKI therapy
(89%), and 21% had received 3 or more prior systemic therapies.

Treatment delivery

The median duration of protocol treatment was 2.6 months (range <1 — 21 months). All
subjects are currently off study treatment. Reasons for treatment discontinuation were
disease progression (12), withdrawal of consent (3), adverse events (2), physician decision
(1), and subject non-compliance (1).
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Of the 19 patients, 6 (32%) had their dose of imatinb reduced and 1 of these patients also
required dose reduction of everolimus. Fourteen patients (74%) required a dose-interruption
during protocol treatment.

Response and survival

Toxicity

Eighteen subjects were evaluable for response. There were no objective responses. Best
response was stable disease in 12 (67%) subjects and progressive disease in 6 (33%)
subjects. Five of 17 subjects who underwent at least 1 post-baseline scan demonstrated a
decrease in the sum of target lesions but did not meet criteria for partial response.

The median progression-free survival was 2.9 months (95% C.I. 1.9, 6.2) and the 3— and
6—month progression-free survival rates were 49% (95% C.1. 23%, 72%) and 41% (95%
C.l. 16%, 65 %), respectively. The median overall survival was 14.4 months (95% C.I. 11.3,
N.R..

Table 2 shows a summary of the most common and grade 3-4 treatment-related adverse
events. The overall most common adverse events associated with everolimus and imatinib
treatment were nausea (79% of subjects), limb edema (74%), and fatigue (68%). The most
common laboratory abnormalities were elevated serum creatinine (79%), anemia (74%),
hypocalcemia (63%), and leukopenia (58%). Sixty-three percent of subjects experienced a
grade 3 or greater adverse event. One subject experienced everolimus-related pneumonitis.
Two subjects were removed from protocol treatment due to adverse events, one each for
grade 3 angioedema and grade 3 pleural effusion.

Discussion

Combination treatment strategies in advanced RCC are an area of active investigation

given the availability of multiple new agents with potential synergistic effects on signaling
pathways. We hypothesized that the activity of the mTOR inhibitor everolimus could be
augmented by inhibition of a relevant upstream receptor tyrosine kinase. We chose to study
imatinib because of its inhibition of the PDGFR, a logical target for RCC therapy given its
role in angiogenesis and the overexpression of PDGF-B secondary to VHL dysregulation [1,
5]. We studied this treatment strategy in pre-treated advanced RCC patients, with all but 2
subjects (89%) having received prior treatment with sorafenib and/or sunitinib, agents that
had became commercially available shortly before activation of this trial.

Concurrent with our trial, everolimus was studied in a placebo-controlled, phase 111 study

in advanced RCC patients who had prior treatment with sorafenib or sunitinib [4]. That
study found an improvement in PFS compared with placebo (H.R. 0.31, 95% C.I. 0.24-0.41,
p<0-0001) and reported a median PFS of 4.6 months (95% C.I. 3.9, 5.5) in the everolimus
arm using investigator assessments. While the median PFS that we found with everolimus

in combination with imatinib was only 2.9 months, the 95% confidence interval overlaps
with that of the phase 11 trial. Additionally, our 6 month PFS rate of 41% (95% C.1. 16%,
65 %) is comparable to the 6-month progression-free rate of 26% reported in that study.
While comparing the results of a small, phase 11 study with those of a phase 11 trial may be
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misleading, the outcome of subjects treated with everolimus 2.5 mg and imatinib is arguably
no worse than those treated with everolimus 10 mg monotherapy. However, we did not find
evidence that the addition of imatinib augments everolimus activity in RCC and do not
recommend that the combination be further pursued in this disease.

The doses of everolimus and imatinib used in our study were based upon the maximum
tolerated dose that had been determined in a phase | study of the combination in
gastrointestinal stromal tumor patients [13]. Pharmacokinetic analysis in that trial found
imatinib to increase the bioavailability of everolimus approximately 2—3 fold with an
increase in both Cmax and AUC in most patients, possibly due to competition for CYP3A4
metabolism and/or P-glycoprotein at the absorption site [13]. Interestingly, everolimus
administration did not affect imatinib levels. While the dose of everolimus used in our
study (2.5 mg/day) was substantially lower than the single-agent dose used in the phase Il
trial (10 mg/day), it is unknown whether or not this impacted the clinical activity observed.

Our phase Il study closed after the first stage of accrual due to an insufficient number

of subjects who remained progression-free at 3 months, per the study design. We had
assumed that an ineffective therapy would be associated with a median PFS of 3 months

or less. Similarly, a median PFS of 3 months was assumed for the placebo arm in the

phase I11 everolimus study. These assumptions were reasonable given that a median PFS

of 2.8 months that had been reported for the placebo arm of the phase 111 sorafenib study,
another pre-treated population, albeit mostly with cytokine therapy [15]. No large data sets
existed at the time of study design regarding the natural history of RCC after VEGF receptor
TKI therapy. Subsequently, the everolimus phase 111 study reported a median PFS of only
1.8 months (95% C.I. 1.8, 1.9) in the placebo arm, suggesting that previous assumptions
regarding the natural history in the post-TKI setting were overly optimistic. Future studies
in this patient population should be cognizant of the rapid progression that characterizes the
clinical course of RCC patients after TKI therapy.

Toxicity of the combination was moderate, with approximately two-thirds of subjects
experiencing a grade 3 or greater adverse event. Gastrointestinal side effects and fatigue
were most common, occurring in an overall frequency higher than reported for either single-
agent everolimus or imatinib [4, 18]. Edema and other manifestations of fluid overload
were also frequent and characteristic of imatinib. Also observed was a high incidence

of increased creatinine, of unclear etiology. One possibility is that fluid shifts associated
with imatinib therapy may amplify underlying effects of everolimus on renal function.
Several common everolimus side effects and laboratory abnormalities were observed at

a relatively low frequency including stomatitis (16%) and hypercholesterolemia (16%),
possibly due to the relatively short treatment duration in most patients. Several serious
everolimus-associated toxicities were noted including one case of grade 3 pneumonitis that
resolved with steroids and withdrawal of study drug as well as a case of grade 3 angioedema
that occurred in a subject receiving concomitant angiotensin-converting enzyme inhibitor
therapy. Angioedema has been previously reported in association with everolimus in the
transplant population, and non-infectious pneumonitis was reported in 8% of patients in the
phase I11 renal carcinoma study [4, 19].
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In conclusion we found no evidence that imatinib augments the activity of everolimus in
renal carcinoma. Despite PDGFR being a rational target in this disease, imatinib’s tyrosine
kinase inhibitory profile has not shown to be clinically relevant in the treatment of RCC,
as suggested by this study and several other phase |1 studies employing the agent [8-10].
Progression-free survival is short in patients who have received prior systemic therapy for
RCC, and strategies to further improve the outcome of this population are needed.
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Baseline patient characteristics (AV=19)

Median age (range) 65 (50-79)
Gender
Male 16 (84%)
Female 3 (16%)
Performance status
0 8 (42%)
1 10 (53%)
2 1 (5%)
MSKCC risk factors for previously treated patients[17]
Favorable 8 (42%)
Intermediate 9 (47%)
Poor 2 (11%)
Number of prior systemic therapies
1 9 (47%)
2 6 (32%)
3+ 4(21%)
Prior systemic therapies
Sunitinib 6 (32%)
Sorafenib 14 (74%)
Both sunitinib and sorafenib 3(16%)
Neither sunitinib/sorafenib 2 (11%)
Interferon 7 (37%)
Interleukin-2 3(16%)
Other 5 (26%)
Prior radiation 7 (37%)
Number of metastatic sites
1 7 (37%)
2 8 (42%)
3+ 4 (21%)
Common metastatic sites
Lymph Nodes 14 (74%)
Lung 10 (53%)
Liver 4 (21%)
Kidney 3 (16%)
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Table 2
Treatment-related adverse events and laboratory abnormalities reported in >20% of subjects or Grade 3 and
higher
Gradel Grade 2 Grade3 Grade 4 Any Grade
No. % No. % No. % No. % No. %
Adverse Events
Nausea 10 53% 5 26% 0 - 0 - 15 79%
Edema: limb 9 47% 3 16% 2 11% 0 - 14 74%
Fatigue 3 16% 7 3% 3 16% O - 13 68%
Diarrhea 7 37% 3 16% 1 5% 0 - 11 58%
\omiting 8 42% 3 16% 0 - 0 - 11 58%
Dyspnea 4 21% 6 32% 1 5% 0 - 11 58%
Periorbital edema 6 32% 2 1% 2 1% 0 - 10  53%
Anorexia 3 16% 6 32% 0 - 0 - 9 47%
Abdominal pain 7 37% 0 - 2 11% 0 - 9 47%
Cough 5 26% 2 11% 0 - 0 - 7 37%
Dyspepsia 3 16% 3 16% 0 - 0 - 6 32%
Dysgeusia 2 11% 4 21% 0 - 0 - 6 32%
Rash 3 16% 2 11% 0 - 0 - 5 26%
Myalgias 3 16% 1 5% 0 - 0 - 4 21%
Pleural effusion 0 - 1 5% 3 16% O - 4 21%
Fever 4 21% 0 - 0 - 0 - 4 21%
Hypotension 2 11% 0 - 0 - 1 5% 3 16%
Dehydration 1 5% 0 - 1 5% 0 - 2 11%
Angioedema 0 - 0 - 1 5% 0 - 1 5%
Rash: Hand-foot 0 - 0 - 1 5% 0 - 1 5%
Pneumonitis 0 - 0 - 1 5% 0 - 1 5%
Laboratory Abnormalities

Elevated creatinine 7 3% 6 32% 2 1% 0 - 15 79%
Hemoglobin 7 37% 7 37% 0 - 0 - 14 74%
Hypocalcemia 10 53% 2 11% 0 - 0 - 12 63%
Leukopenia 4 21% 7 3% 0 - 0 - 11 58%
Elevated AST 9 47% 0 - 0 - 0 - 9 47%
Thrombocytopenia 5 26% 3 16% 1 5% 0 - 9 47%
Hypertriglyceridemia 3 16% 6 2% 0 - 0 - 9 47%
Hypoalbuminemia 4 21% 1 5% 0 - 0 - 5 26%
Elevated ALT 4 21% 0 - 0 - 0 - 4 21%
Hyponatremia 3 16% 0 - 1 5% 0 - 4 21%
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