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Micro-Abstract

This study evaluated the maximum tolerated dose (MTD) of combining everolimus and sorafenib for potential additive effects to treat metastatic renal cell cancer (mRCC). Patients received daily everolimus and twice-daily sorafenib at escalating dose levels of 2.5 mg/400 mg, 5 mg/400 mg, and 10 mg/400 mg. The MTD was 10 mg/400 mg, with patients experiencing less severe adverse events with the higher dosage.

Abstract 

Background

Everolimus, a mammalian target of rapamycin (mTOR) inhibitor, and sorafenib, a RAF kinase inhibitor, has shown efficacy in renal cell cancer (RCC) as single agents. We conducted a phase I study to evaluate the maximum tolerated dose (MTD) of combining these agents for potential additive or synergistic effects when treating progressive metastatic RCC (mRCC).

Patients and Methods

The 15 patients enrolled in the study had predominantly clear cell RCC (cRCC) and progressive measurable disease with previous treatment that included immunotherapy, tyrosine kinase inhibitors, and/or everolimus. Patients received daily everolimus and twice-daily sorafenib at escalating dose levels of 2.5 mg/400 mg (cohort 1), 5 mg/400 mg (cohort 2), and 10 mg/400 mg (cohort 3), and they were evaluated weekly for toxicity and every 8 weeks for response, using computed tomography/positron emission tomography (CT/PET) and CT at baseline and at first staging.

Results

In cohort 1, 2 of 6 patients experienced dose-limited toxicity (DLT) of thrombocytopenia/leukopenia and pneumonitis. In cohort 2, 1 of 6 patients experienced a DLT of pulmonary embolism, and the 3 patients in cohort 3 experienced no DLTs. The MTD was 10 mg/400 mg. Common adverse events included grade 1/2 hand-foot syndrome. Using Response Evaluation Criteria in Solid Tumors (RECIST), 1 patient achieved a pathologic complete response (CR), 1 patient achieved a radiographic CR, and 1 patient achieved a surgical CR. Seven patients achieved stable disease; 10 patients had decreased fluorine-18 fluorodeoxyglucose uptake. Median progressive-free survival was 5.6 months; overall survival was 7.9 months.

Conclusion

The MTD of daily everolimus 10 mg and twice-daily sorafenib 400 mg is safe and effective for progressive mRCC.

Introduction 

The incidence of renal cell cancer (RCC) has been increasing at a slow but steady rate for the past decade, with an estimated 57,760 new cases expected in 2010, and the 5-year survival for those with metastatic disease is only 5%-15%.1 The treatment of patients with metastatic renal cell cancer (mRCC) has until recently centered around immunomodulatory agents such as interleukin-2 (IL-2) and interferon-alfa. Recent advances in understanding the mechanisms underlying tumorigenesis have led to the development of new targeted agents such as monoclonal antibodies (bevacizumab), tyrosine kinase inhibitors (sunitinib, sorafenib, and pazopanib), and mammalian target of rapamycin (mTOR) inhibitors (temsirolimus and everolimus). Despite these advances in the treatment of RCC, there is still a need to develop combinations with these agents that may attain further increases in survival.

Sorafenib is a RAF kinase inhibitor. Activation of the RAS oncogene signaling pathway is considered to be an important mechanism by which human cancer develops. RAF kinase is a protein involved in the RAS signal transduction pathway. RAS regulates several pathways that synergistically induce cellular transformation, including the RAF/MEK extracellular signal-regulated kinase (ERK) cascade and the RAC and RHO pathways.2 In particular, RAS activates the RAF/MEK pathway by first localizing RAF to the plasma membrane, where RAF initiates the mitogenic kinase cascade. Activated RAF phosphorylates then activates MEK, which in turn phosphorylates and activates ERK. Activated ERK then translocates from the cytoplasm into the nucleus and modulates gene expression by the phosphorylation of transcription factors. Thus activation of RAF kinase, through activation of RAS, is thought to play an important role in carcinogenesis. B-RAF, a serine/threonine kinase, has been shown to be activated in clear cell renal cell cancer (cRCC). Sorafenib inhibits the receptor tyrosine kinases vascular endothelial growth factor receptor 2 (VEGFR2), vascular endothelial growth factor receptor 3 (VEGFR3), FMS-like tyrosine kinase 3, c-Kit, and platelet-derived growth factor receptor (as well as the nonreceptor serine/threonine kinases BRAF and CRAF. The BRAF and CRAF kinases are members of the RAF/MEK/ERK signaling cascade, which is involved in survival and proliferation of tumor cells and is a therapeutic cancer target.3 Additionally, sorafenib downregulates the expression of activated (phosphorylated) signal transducer and activator of transcription 3, which also has implications regarding the expansion of T regulatory (suppressor) cells that could reduce antitumoral immune surveillance. At the time of this study, the US Food and Drug Administration's (FDA's) recommended dose of sorafenib was 400 mg orally twice daily.4, 5
mTOR is an intracellular kinase that regulates cellular responses to nutrients, energy, and exogenous growth factors.6, 7 When energy and nutrient resources are replete, when growth factors are stimulating the cells, or when defects in the cells upstream of mTOR provide abberant stimulation of its activity, mTOR permits translation of proteins that drive cell growth, cell proliferation, and the production of angiogenic growth factors hypoxia-inducible factor-1 (HIF), vascular endothelial growth factor (VEGF), and platelet-derived growth factor. Inhibiting mTOR delays cell cycling at the G1-S–phase interface and inhibits cell growth and angiogenesis. It may be significant that mTOR inhibitors have the potential to block both tumor cell and neovascular cell proliferation as well as the production and activity of angiogenic growth factors to inhibit tumor growth through effects on the tumor and to inhibit tumor vascularization. The mTOR pathway can be activated in tumor cells by a variety of mechanisms, including those that enhance the phosphotidylinositol 3-kinase (P13K)/AKT signaling pathway (PTEN loss or activated receptor tyrosine kinase signaling).8
Everolimus, an analogue of rapamycin, functions by binding to an ubiquitous intracellular protein called FK 506-binding protein-12; this complex then binds to mTOR to inhibit its kinase activity.8 By virtue of this unique binding mechanism, everolimus is highly specific for inhibition of mTOR kinase.9, 10 In cRCC, activation of P13K signaling, regardless of mechanism, might sensitize tumors to mTOR inhibitors. These inhibitors have direct antitumor activity by arresting cells in the G1 phase of the cell cycle and increasing apoptosis, as well as enhancing the transcriptional activity of HIF.11 In addition, mTOR inhibitors suppress HIF transcription levels in tumor cells, thus reducing VEGF expression and tumor angiogenesis through a VHL-independent mechanism. In endothelial cells, vascular smooth muscle cells, and pericytes, VEGFR signaling activates mTOR kinase.12 Treatment with mTOR inhibitors has been shown to reduce the VEGF-stimulated endothelial cell proliferation and migration. An important difference from targeting the VEGFR signaling pathway directly appears to be that mTOR inhibition appears to have increased activity against a more mature vasculature of the tumor. The FDA's recommended dose is 10 mg given orally once daily.13, 14
The outlook for more promising therapeutic alternatives, coupled with far less toxicity than traditional therapies, reflects the progress in our fundamental knowledge of the biological characteristics of RCC on a molecular level. However despite the wealth of new clinical data on numerous innovative single agents, responses are still modest in that these agents are palliative. Because tumors have multiple mechanisms to induce angiogenesis, blockade with a single agent has limited efficacy. It is likely that combinations of agents will be needed to see more significant clinical activity. The combination of everolimus and sorafenib represents a treatment regimen that is being investigated for tolerance and toxicity as well as initial observation of efficacy. We hypothesized that the combination of everolimus and sorafenib may result in enhanced antitumor activity. This article details the results of a phase I evaluation of this combination in patients with mRCC.
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Patient Selection 

Patients with histologically confirmed predominant cRCC were eligible for participation in the study. Eligibility criteria included age ≥ 18 years, Zubrod performance status ≥ 70%, up to 3 previous systemic and/or investigative therapies for mRCC, which may have included previous single-agent exposure to everolimus or sorafenib, and 4 weeks since last previous therapy. Because of the unknown but potential risk for adverse events in nursing infants secondary to the treatment of the mother, any nursing mothers were required to agree to discontinue breastfeeding before treatment. Patients admitted into the study had to have the following laboratory values: granulocyte count ≥ 1500/μL, platelet count ≥ 100,000/μL, aspartate aminotransferase/alanine transaminase level ≤ 2.5 times the upper limit of normal (ULN), alkaline phosphatase level ≤ 1.5 × ULN, serum bilirubin level ≤ 1.5 × ULN, amylase/lipase level within normal range, and urinalysis results ≤ 1+ protein.

Exclusion criteria included ongoing hemoptysis or cerebrovascular accident within the past 12 months; peripheral vascular disease with claudication on > 1 block; history of clinically significant bleeding, deep venous thrombosis, or pulmonary embolus within 1 year; ongoing need for full-dose oral or parenteral anticoagulation; evidence of current central nervous system metastases; significant cardiovascular disease, including congestive heart failure, angina pectoris requiring nitrate therapy, or myocardial infraction within the past 6 months; uncontrolled hypertension; ongoing requirement for systemic corticosteroid or immunosuppressant therapy; preexisting thyroid function that cannot be maintained in normal range by medication; uncontrolled psychiatric disorder; delayed healing of wounds, ulcers, and/or bone fractures; and a currently active second malignancy other than nonmelanoma skin cancer; and pregnancy.

Written informed consent in accordance with federal and institutional guidelines was obtained from all patients, and the study was conducted in accordance with Good Clinical Practice Guidelines and the Declaration of Helsinki.

Study Design 

Applying the 3 + 3 rule, at least 3 patients were entered at each dose level. Cohort levels are listed in Table 1. If 1 of the initial 3 patients experienced grade 3 toxicity or greater, 3 additional patients would be entered at that dose level. If 0 to 1 of these 3 additional patients experienced grade 3 toxicity, dose escalation would continue. Dose-limiting toxicity (DLT) would be established when 2/3 or 3/3 of the original 3 patients experienced grade 3 toxicity or greater or if 3 or more of the total 6 patients on a dose level experienced grade 3 or greater toxicity. The maximum tolerated dose (MTD) was considered the highest dose to produce the desired effect without unacceptable toxicity. This was determined by testing increasing doses on different groups of patients until the highest dose with an acceptable rate was found (< 27%). Baseline studies to evaluate disease extent consisted of magnetic resonance imaging of the brain; CT of the chest, abdomen, and pelvis; and a bone scan conducted within 14 days of entry into the study. Patients received everolimus orally once a day during treatment and sorafenib orally twice a day without interruption. There were 4 cycles and after completion of 2 cycles (8 weeks), restaging occurred. Three different dose levels of everolimus were used: 2.5 mg, 5 mg, and 10 mg. Dose levels of sorafenib were administered 400 mg every 12 hours or 400 mg every day.

Table 1. Dose Cohorts

	Cohort
	Everolimus
	Sorafenib
	No. of Patients Treated

	1
	2.5 mg q.d.
	400 mg b.i.d.
	6

	2
	5 mg q.d.
	400 mg b.i.d.
	6

	3
	10 mg q.d.
	400 mg b.i.d.
	3


Abbreviations: b.i.d. indicates twice a day; QD, once a day.

	


DLTs were defined as grade 3 toxicity (excluding nausea and vomiting that was not premedicated) and grade 4 toxicity (either hematologic toxicity or nonhematologic toxicity, excluding nausea and vomiting that had not been premedicated). Patients who experienced a toxicity grade 3 or higher that was related to treatment had the everolimus treatment reduced by 1 level until recovery to toxicity grade ≤ 2. If toxicity grade remained at ≤ 2, the patient could return to the previous dosage at the discretion of the investigator. Treatment was discontinued if the patient had a grade 4 nonhematologic toxicity or if toxicity required interruption for more than 3 weeks. Patients were withdrawn from the study if they had grade 4 hypertension or hemorrhage, a symptomatic grade 4 venous thromboembolic event, nephrotic syndrome, any grade arterial thromboembolic event, gastrointestinal perforation, wound dehiscence requiring medical or surgical intervention, or progressive disease.

Study Outcomes 

The primary objective of this study was to establish the MTD and safety profile of escalating doses of the mTOR inhibitor everolimus in combination with the RAF kinase and VEGF inhibitor sorafenib in patients with mRCC.

Safety 
Evaluations throughout the entire study consisted of complete history, including histologic confirmation of RCC and disease staging; physical examination, including vital signs, height, weight, and body surface area; Zubrod performance status; imaging and diagnostic studies; hematologic studies; coagulation and chemistry studies; and urinalysis. Any incidence of adverse events, DLTs, and abnormal laboratory values were recorded for each patient per cohort. Adverse events were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events,(version 3.00, and the association between the adverse event and the study was determined by the investigator.

Antitumor Efficacy 
After the completion of 2 cycles (8 weeks total), patients were evaluated for response, including at least CT/PET and CT at baseline and first staging. RECIST criteria were used to assess the response of the tumor.

Results 

Patient Characteristics 

A total of 15 patients with mRCC were enrolled in this study. One patient failed the screening, 1 patient experienced bone pain requiring radiation therapy and was consequently withdrawn and 1 patient's condition worsened, resulting in death before completing 1 cycle of treatment. These 3 patients were replaced, and 15 patients were treated from January 2007-March 2008. The baseline characteristics are described in Table 2. The median age was 60 years, and patients were predominantly men (87%). Eighty-seven percent of patients had a Zubrod performance status of 0, with the remaining 12% having a Zubrod performance status between 1 and 2. Using the Memorial Sloan-Kettering Cancer Center risk factors, 40% of patients were classified as intermediate risk, 33% of patients were high risk, and 27% were low risk. All patients had had previous nephrectomy, and most (93%) had had previous systemic therapy composed of IL-2 (8 patients), interferon-based therapy (4 patients), a combination of IL-2 and interferon-based therapy (3 patients), sorafenib (5 patients), everolimus (4 patients), other molecular targeted therapy (7 patients), and bevacizumab (5 patients). Seventy-three percent received radiotherapy before enrollment, and on average patients had between 1 and 4 metastatic sites, with only 6% having 5 sites. Most patients had lung (86%), bone (66%), and/or lymph node (53%) metastases.

Table 2. Patient Characteristics

	Patient Characteristics
	No. (%)

	No. of Patients
	15

	Age Range
	39-77

	Median Age
	60

	Female
	2[image: image2.png]


(14%)

	Male
	13[image: image3.png]


(86%)

	Race
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White
	14[image: image5.png]


(93%)

	[image: image6.png]


African American
	1[image: image7.png]


(7%)

	Zubrod Performance Status
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0
	13[image: image9.png]


(86%)

	[image: image10.png]


1
	1[image: image11.png]


(7%)
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2
	1[image: image13.png]


(7%)

	Histologic Type
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Clear cell
	15[image: image15.png]


(100%)

	MSKCC Risk Factors
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High
	5[image: image17.png]


(33%)
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Intermediate
	6[image: image19.png]


(40%)
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Low
	4[image: image21.png]


(27%)

	Previous Nephrectomy
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Yes
	15[image: image23.png]


(100%)

	Previous Therapy
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No
	1[image: image25.png]


(7%)
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Yes
	14[image: image27.png]


(93%)
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IL-2–based
	8[image: image30.png]


(53%)
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INF–based
	4[image: image33.png]


(27%)
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INF- and IL-2–based
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(20%)
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Tyrosine kinase
	5[image: image39.png]


(33%)
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Everolimus
	4[image: image42.png]


(27%)
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Molecular targeted
	7[image: image45.png]


(47%)
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Other (including VEGF)
	5[image: image48.png]


(33%)

	No. of Previous Therapies
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0
	1[image: image50.png]


(7%)
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1
	4[image: image52.png]


(27%)

	[image: image53.png]


2
	5[image: image54.png]


(33%)
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3
	5[image: image56.png]


(33%)

	Previous Radiotherapy
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No
	11[image: image58.png]


(73%)

	[image: image59.png]


Yes
	4[image: image60.png]


(27%)

	No. of Metastatic Sites
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1
	4[image: image62.png]


(27%)

	[image: image63.png]


2
	3[image: image64.png]


(20%)
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3
	4[image: image66.png]


(27%)
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4
	3[image: image68.png]


(20%)

	[image: image69.png]


5
	1[image: image70.png]


(7%)

	Disease Sites
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Lung
	13[image: image72.png]


(86%)

	[image: image73.png]


Lymph node
	8[image: image74.png]


(53%)

	[image: image75.png]


Bone
	10[image: image76.png]


(67%)

	[image: image77.png]


Other
	9[image: image78.png]


(60%)


Abbreviations: IL-2 = interleukin 2; INF = interferon; MSKCC = Memorial Sloan Kettering Cancer Center; VEGF = vascular endothelial growth factor.

	


Disposition 
At study closure, 3 patients had been in the study for > 1 year, and at the time of the last follow-up in December 2008, 53% of the patients continued to survive. Of the 13 patients who discontinued therapy before study closure, 11 discontinued because of progression of disease, 1 discontinued because of surgery, and 1 discontinued at the patient's discretion. As of June 2011, 3 patients were still alive with 1 in complete remission.

Safety 
Toxicities by grade per cohort are listed in Table 3. The most common toxicities (predominantly grade 1) were diarrhea, skin rash, hand-foot syndrome, alopecia, and mouth sores. Toxicity was notable for 3 patients with grade 3 hand-foot syndrome. No hospitalization was required for any of the patients' adverse events.

Table 3. Everolimus/Sorafenib Toxicity per Dosage Level

	Toxicity
	Grade 1
	Grade 2
	Grade 3
	Grade 4

	Cohort 1
	
	
	
	

	[image: image79.png]


Alopecia
	2[image: image80.png]


(33%)
	
	
	

	[image: image81.png]


Anemia
	
	1[image: image82.png]


(17%)
	
	

	[image: image83.png]


Dehydration
	
	1[image: image84.png]


(17%)
	1[image: image85.png]


(17%)
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Diarrhea
	2[image: image87.png]


(33%)
	1[image: image88.png]


(17%)
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Dry mouth
	1[image: image90.png]


(17%)
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Hand-foot syndrome
	1[image: image92.png]


(17%)
	
	1[image: image93.png]


(17%)
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Hypercholesterolemia
	1[image: image95.png]


(17%)
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Hyperglycemia
	2[image: image97.png]


(33%)
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Hypertriglyceridemia
	2[image: image99.png]


(33%)
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Mouth sores
	1[image: image101.png]


(17%)
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Nausea
	
	
	1[image: image103.png]


(17%)
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Neutropenia
	
	
	1[image: image105.png]


(17%)
	

	[image: image106.png]


Pleural effusion
	
	
	1[image: image107.png]


(17%)
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Shortness of breath
	1[image: image109.png]


(17%)
	
	
	

	[image: image110.png]


Skin rash
	1[image: image111.png]


(17%)
	2[image: image112.png]


(33%)
	
	

	[image: image113.png]


Taste alteration
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Thrombocytopenia
	1[image: image115.png]


(17%)
	
	
	1[image: image116.png]


(17%)
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Vomiting
	
	
	1[image: image118.png]


(17%)
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Weakness
	1[image: image120.png]


(17%)
	
	
	

	Cohort 2
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Alopecia
	2[image: image122.png]


(33%)
	
	
	

	[image: image123.png]


Chills
	1[image: image124.png]


(17%)
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Constipation
	1[image: image126.png]


(17%)
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Diarrhea
	4[image: image128.png]


(67%)
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Dizziness
	1[image: image130.png]


(17%)
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Dry eyes
	1[image: image132.png]


(17%)
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Dry mouth
	1[image: image134.png]


(17%)
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Fever
	1[image: image136.png]


(17%)
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Hand-foot syndrome
	4[image: image138.png]


(67%)
	
	2[image: image139.png]


(33%)
	

	[image: image140.png]


Headache
	3[image: image141.png]


(50%)
	
	
	

	[image: image142.png]


Hypertension
	1[image: image143.png]


(17%)
	
	
	

	[image: image144.png]


Memory loss
	1[image: image145.png]


(17%)
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Mouth sores
	4[image: image147.png]


(67%)
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Nausea
	1[image: image149.png]


(17%)
	
	
	

	[image: image150.png]


Pneumonitis
	
	
	1[image: image151.png]


(17%)
	

	[image: image152.png]


Pulmonary embolism
	
	
	1[image: image153.png]


(17%)
	

	[image: image154.png]


Shortness of breath
	1[image: image155.png]


(17%)
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Skin rash
	6[image: image157.png]


(100%)
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Taste alteration
	3[image: image159.png]


(50%)
	
	
	

	[image: image160.png]


Weight loss
	1[image: image161.png]


(17%)
	
	
	

	Cohort 3
	
	
	
	

	[image: image162.png]


Alopecia
	1[image: image163.png]


(33%)
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Constipation
	1[image: image165.png]


(33%)
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Diarrhea
	3[image: image167.png]


(100%)
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Dry Mouth
	1[image: image169.png]


(33%)
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Hand-foot syndrome
	1[image: image171.png]


(33%)
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Heart burn
	1[image: image173.png]


(33%)
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Hypertension
	
	1[image: image175.png]


(33%)
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Skin rash
	1[image: image177.png]


(33%)
	
	
	

	Toxicity was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (version 3.0). Percentages are per cohort level.


Of the 6 patients in cohort 1, DLTs were found in 2 patients, 1 with thrombocytopenia/leukopenia and the other with pneumonitis. This allowed the phase I study to progress, and 6 patients were treated in cohort 2, with 1 patient having DLTs of pulmonary embolism and pneumonitis. Because 1/6 patients had a DLT, the study progressed to cohort 3. None of the 3 patients in cohort 3 had a DLT, which established cohort 3 (400 mg sorafenib, 10 mg everolimus) as the MDT. Two of the patients on the MDT stayed on the full dose for the entire study.

Response Data 
Of the 6 patients in cohort 1, 2 patients achieved a RECIST-defined partial response (PR) and 2 patients achieved stable disease progression. In cohort 2, 2 of 6 patients achieved PR, 1 patient achieved stable disease, 2 patients had progressive disease, and 1 patient achieved CR. One of 3 patients in cohort 3 achieved stable disease, and 1 patient achieved CR. Response data per patient are listed in Table 4. The median progression-free survival was 5.6 months (range, 1.4-14.7 months), and the overall survival was 7.9 months (range, 2.3-23 months).

Table 4. Response by Patient

	Cohort
	Patient No.
	Time to Disease Progression (Months)
	Best Response
	Previous Therapy

	1
	1
	6.9[image: image178.png]


(−34%)
	PR
	Fluorouracil, interferon, GM-CSF, thalidomide, folate immune vaccine, sorafenib

	
	2
	3.7
	PD
	Sunitinib, everolimus

	
	3
	1.4
	PD
	NA

	
	4
	14.8[image: image179.png]


(−16%)
	Path CR
	HSPPC-96 vaccine

	
	5
	2.5[image: image180.png]


(−84%)
	PR
	Bevacizumab/IL-2

	
	6
	3.9
	SD
	MG-98/interferon, TroVax vaccine

	2
	7
	13
	SD
	IL-2/thalidomide/capecitabine

	
	8
	3.83[image: image181.png]


(−37%)
	PR
	Soranefib

	
	9
	5.53
	PD
	IL-2/GM-CSF/thalidomide, Everolimus

	
	10
	12.3[image: image182.png]


(−100%)
	CR
	Fluorouracil/IL-2/interferon, interferon/thalidomide/capecitabine

	
	11
	5.6
	PD
	Sorafenib

	
	12
	11.6[image: image183.png]


(−68%)
	PR
	Bevacizumab/IL-2

	3
	13
	2.37[image: image184.png]


(−14%)
	SD
	MG-98, motexafin, IL-2, folate immune vaccine, TroVax vaccine/IL-2

	
	14
	5.67[image: image185.png]


(−100%)
	CR
	Everolimus

	
	15
	3.8
	PD
	Dose-escalated sorafenib, everolimus


Abbreviations: CR = complete response; GM-CSF = granulocyte macrophage colony-stimulating factor; IL-2 = interleukin 2; MG = MG-98; NA = not applicable; Path = pathology; PD = progressive disease; PR = partial response; SD = stable disease.

Discussion 

The results of this phase I study indicate that everolimus and sorafenib can be safely used in combination at full doses (sorafenib 400 mg twice daily, everolimus 10 mg daily). This combination was well tolerated by the patients with evidence of tumor activity, and 1 of the 3 patients receiving this combination achieved CR.

A previous study by Harzstark AL et al published in 2010 found that the combination of 10 mg everolimus with 400 mg sorafenib was not prudent because of toxicities being cumulative over time; however our study found that toxicities actually diminished over time, making everolimus and sorafenib at full dosage safe and effective.15 The Harzstark et al trial determined the MTD based on chronicity, whereas this trial established MTD in the first 4-week cycle. DLTs experienced by the patients in cohort 2 were not experienced or were experienced at a lower level in cohort 3. The incidence of diarrhea progressed with a higher dosage, going from 33% in cohort 1 to 67% in cohort 2 and reaching 100% in cohort 3. Although all patients in cohort 2 experienced hand-foot syndrome, this number dropped to 33% in cohort 3. Other adverse events experienced by 2 or more patients in cohort 2, such as alopecia (33%), headache (50%), mouth sores (67%), and taste alteration (50%), were not experienced by patients in cohort 3. Also of possible significant value is that 14/15 patients in all cohorts previously received systemic therapy, including IL-2, interferon, tyrosine kinase, and everolimus.

Across all 3 cohorts, 13% of patients achieved CR, 27% achieved PR, and 27% achieved stable disease progression. Of the 3 patients in cohort 3, 1 achieved CR, and 1 achieved stable disease progression. There were no DLTs, indicating that cohort 3 (400 mg sorafenib, 10 mg everolimus) was the MTD. Although definitive conclusions of efficacy are difficult to define because of the small sample size, this study suggests that everolimus and sorafenib can be used in combination at the current highest dose levels approved by the FDA to treat RCC.

This study establishes a reasonable MTD for the combination of everolimus and sorafenib coupled with less risk of toxicity. Although the purpose of this study was to establish MTD for this combination, the antitumor activity in patients in this study suggests that everolimus and sorafenib may have enhanced antitumor activity when used together; further research should be conducted to determine the efficacy of this combination and to best guide our use of this new combination of agents.

Clinical Practice Points 

•Sorafenib, a RAF kinase inhibitor, activates the RAS oncogene signaling pathway thought to play an important role in carcinogenesis; inhibits the receptor tyrosine kinases VEGFR2, VEGFR3, FMS-like tyrosine kinase 3, c-Kit, and platelet-derived growth factor receptor; and regulates the expression of activated signal transducer and activator of transcription 3.
•Everolimus, an analogue of rapamycin, inhibits kinase activity. In cRCC, activation of P13k signaling is thought to sensitize tumors to mTOR inhibitors, which have direct antitumor activity and suppress HIF transcription levels in tumor cells.
•The FDA recommends 400 mg sorafenib orally twice daily and 10 mg everolimus orally once daily as monotherapies.
•This study determined that the MTD for the combination of sorafenib and everolimus is sorafenib 400 mg twice daily and everolimus 10 mg daily.
•Although a previous trial determined the everolimus and sorafenib combination to have a lower MTD, this trial found that the higher MTD resulted in greater clinical benefit, with patients having a lower risk for toxicity.
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