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Executive Summary:  
Efficacy
· Everolimus binds to an intracellular protein and inhibits the mammalian target of rapamycin (mTOR) kinase downstream signaling involved in cell proliferation and survival.
· High fat and light fat meals decrease the AUC, but do not affect the post absorption concentration time profile.  Doses should be administered consistently either with or without food.

· Everolimus is metabolized by and is a substrate for CYP3A4 and P-glycoprotein (PgP).

· In a phase III clinical trial in patients with advanced renal cell carcinoma who progressed during or shortly after stopping therapy with sunitinib and/or sorafenib, everolimus 10mg orally daily reduced the risk of disease progression by 67% compared to placebo (PFS 4.9 month vs. 1.9 months).

· Placebo patients who progressed and crossed over to open-label everolimus had a PFS of 5.1 months.

· In a phase II trial in patients with subependymal giant cell astrocytoma of tuberous sclerosing complex, everolimus therapy reduced tumor volume and decreased the frequency of seizures.

· FDA Indications: 1)Advanced renal cell carcinoma after failure of treatment with sunitinib or sorafenib; 2)Subependymal giant cell astrocytomas associated with tuberous sclerosis

Safety

· mTOR inhibition commonly causes stomatitis, infections, dyspnea, fatigue, asthenia, cough, and diarrhea

· Grade 3 and 4 adverse events included infections, dyspnea, fatigue, stomatitis, dehydration, pneumonitis, abdominal pain, and asthenia.

· In clinical trials the majority of adverse events were grade 1 or 2.
· Non-infectious pneumonitis is potentially serious.  It is characterized by radiograph changes with or without signs and symptoms.  Grade 3 pneumonitis occurred in 3% of patients.  The most common symptoms are cough, hypoxia, and dyspnea.  Resolution may require dose interruption, dose reduction, and/or the use of corticosteroids
· There was an increased incidence of infections (bacterial, fungal, protozoal, opportunistic) due to the immunosuppressive properties of everolimus.

· Dose adjustments are required for co-administration of moderate or strong CYP3A4 and PgP inhibitors and with strong CYP3A4 inducers.

· Dose adjustments are recommended for patients with moderate hepatic impairment (Child-Pugh Class B).

Introduction
,
,

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating everolimus for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

The treatment of advanced renal cell carcinoma has evolved in the past 5 years.  The earliest treatments with hormones or traditional chemotherapy yielded poor results.  In the 1980’s, immunotherapy with interleukin-2 produced the first durable remission in advanced renal cell carcinoma and small gains in survival with interferon alpha, which was generally easier to administer and tolerate than IL-2, moved it to become the standard of therapy.  However, the benefits were small and the toxicity was high.  Molecular genetic discoveries of abnormalities in the Von Hippel-Lindau tumor suppressor gene which caused abnormalities in expression of the hypoxia response gene HIF-1( and its downstream products like Vascular Endothelial Growth Factor (VEGF) led to the discovery of the VEGF tyrosine kinase inhibitors (VEGF-TKI) sorafenib and sunitinib in renal cell carcinoma.  The mammalian target of rapamycin (mTOR) also had some control over the HIF-1( and VEGF pathways.  Temsirolimus, an injectable mTOR inhibitor, is approved for first-line use in poor prognostic risk patients.  As the majority of patients now received first-line therapy with either sorafenib or sunitinib, there is a need for therapy once patients progress on VEGF tyrosine kinase inhibitors.
The Tuberous Sclerosis Complex is an autosomal dominant disorder characterized by benign tumors (hamartomas) in multiple organ systems.  Mutations can be found in Tuberous Sclerosis Genes (TSC1 or TSC2) in over 85% of patients.  Proteins encoded in these genes form a tumor suppressor complex that limits activation of mTOR complex 1.  A deficiency in either gene allows mTOR complex 1 to be constitutively activated leading to abnormal cell growth and proliferation.  In 5-20% of patients with Tuberous Sclerosis Complex, subependymal giant-cell astrocytomas (SEGA) develop near the foramen of Monro.  Current standard treatment for SEGA is surgical resection, however due to the deep location, resection is not always possible.  Incompletely resected SEGAs recur, and there is no effective alternative therapy to date.

Pharmacology/Pharmacokinetics

Everolimus binds to an intracellular protein, FKBP-12, forming a complex that inhibits mTORC1, disrupting mTOR kinase downstream signaling involved in survival and cell proliferation.  Inhibition of mTOR also reduces the activity of downstream targets involved with protein synthesis (SK61 and 4E-BP1).  mTOR kinase also has some control in the VEGF pathway via HIF1(.
The oncogene suppressors tuberin-sclerosing complexes 1 and 2 (TSC1, TSC2) regulate mTOR signaling.  In tuberous sclerosis (TS), a genetic disorder, loss or inactivation of either TSC1 or TSC2 gene results in the formation of hamartomas.
Table #1
Pharmacokinetics
	Parameter
	Everolimus

	Absorption
	Peak concentrations in 1-2 hours after oral administration of doses 5-70mg.  
Steady state achieved within 2 weeks of daily dosing.  High fat meals reduced AUC by 22% and light fat meals reduced AUC by 32%, but food did not affect the post-absorption concentration-time profile.

	Metabolism
	Substrate of CYP3A4 and P-glycoprotein.  Six metabolites identified in humans, but everolimus is the main circulating component.  In vitro competitively inhibits the metabolism of CYP3A3 and a mixed inhibitor of the CYP2D6 inhibitor dextromethorphan, but the steady state Cmax after daily doses of 10mg is 12-times below the Ki-values for inhibition and is unlikely to affect the metabolism of other CYP3A4 and CYP2D6 substrates

	Elimination
	No specific excretion studies in cancer patients. Following a radiolabeled dose, 80% of a radioactivity recovered in feces and 5% excreted in urine.  


	Half-life
	Mean elimination half-life=30 hours


Renal Impairment

Creatinine clearances in the range of 25-178 mL/min did not significantly influence the oral clearance of everolimus in a population pharmacokinetic study.

Hepatic Impairment

Average AUC’s in patients with moderate hepatic impairment (Child-Pugh Class B) were twice that of patients with normal hepatic function.

A dose reduction is recommended for RCC patients with moderate hepatic impairment.

For patients with Subependymal Giant Cell Astrocytoma, a change in starting dose may not be needed in patients with moderate hepatic impairment.  Subsequent doses will be individualized based on therapeutic drug monitoring.
Patients with severe hepatic impairment (Child-Pugh Class C) should not receive everolimus as there is no data of the impact of severe hepatic impairment on everolimus exposure.

Age and Gender

No relationship with oral clearance and patient age or gender

Ethnicity

In a cross-study comparison of six Japanese patients, average exposure was higher than in non-Japanese patients.

In a population pharmacokinetic study, oral clearance was approximately 20% higher in Blacks versus Caucasians.

FDA Approved Indication(s) .
· Everolimus is indicated for the treatment of patients with advanced Renal Cell Carcinoma after failure of treatment with sunitinib or sorafenib.
· Everolimus is indicated for the treatment of patients with Subependymal Giant Cell Astrocytoma (SEGA) associated with tuberous sclerosis (TS) who require treatment but are not surgical candidates.  Efficacy is based on reduction in tumor volume, not on symptom improvement or overall survival.

Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
· First-line therapy in RCC
· Combination therapy in RCC: combination with bevacizumab (currently a randomized phase II trial versus bevacizumab + interferon in the RECORD-2 trial), sunitinib (phase II trials), sorafenib (phase II trials), or pazopanib (phase II trial)
· Sequencing everolimus prior to sunitinib (current phase III trial examining sequencing with crossover to the other agent in the RECORD-3 trial)

· Waldenstrom Macroglobulinemia

· Use in non-clear cell histology

Current VA National Formulary Alternatives

None
Dosage and Administration

General
Administer each daily dose at the same time every day either consistently with or without food.  Tablets should not be chewed or crushed.  Tablets may be dispersed in a glass of water with approximately 30mL by gently stirring; rinse the glass with another 30mL of water and swallow to obtain the entire dose.

Grapefruit, grapefruit juice and other foods that inhibit cytochrome P450 and PgP activity should be avoided as they increase everolimus exposure.  The use of St. John’s Wort (hypercum perforatum) may unpredictably decrease everolimus exposure and should be avoided.
Renal Cell Carcinoma
The recommended dose is 10mg taken orally daily.  Continue therapy as long as there is benefit or until unacceptable toxicity.

Dose Modifications in Renal Cell Carcinoma
Severe or intolerable adverse reactions- temporary dose reduction to 5mg daily and/or dose interruption may be required.
Hepatic impairment- Reduce dose to 5mg daily in patients with moderate hepatic impairment (Child-Pugh Class B).  Do not use in patients with severe hepatic impairment (Child-Pugh Class C) as everolimus has not been investigated in this population.

CYP3A4 and/or P-Glycoprotein (PgP) inhibitors- Avoid the use of strong CYP3A4 inhibitors (e.g. ketoconazole, itraconazole, clarithromycin, atazanavir, nefazodone, saquinavir, telithromycin, ritonavir, indinavir, nelfinavir, voriconazole).
Use caution when co-administering with moderate CYP3A4 and/or PgP inhibitors (e.g. amprenavir, fosamprenavir, aprepitant, erythromycin, fluconazole, verapamil, and diltiazem).  If co-administration is required, reduce dose of everolimus to 2.5mg daily to achieve an AUC in the range observed without an inhibitor.  Dose increases to 5mg daily may be considered based on patient tolerance.  If the moderate inhibitor is discontinued, a washout period of 2-3 days should be allowed before increasing the everolimus dose to the dose used prior to the moderate inhibitor.

Strong CYP3A4 inducers –Avoid the concomitant use of strong CYP3A4 inducers (e.g. phenytoin, carbamazepine, rifampin, rifabutin, rifapentine, and phenobarbital).  If co-administration is required, considering increasing the everolimus dose to 20mg daily in 5mg increments.  There are no clinical data using this dose in patients receiving strong CYP3A4 inducers.  Decrease the everolimus dose following discontinuation of the strong CYP3A4 inducer to the dose used before the strong inducer.
Subependymal Giant Cell Astrocytoma
The recommended starting dose in SEGA is according to the following:

Table #2
Starting Dose in SEGA
	Body Surface Area (BSA)
	Starting Dose

	0.5 m2 to 1.2 m2
1.3 m2 to 2.1 m2
Greater than or equal to 2.2 m2
	2.5 mg once daily

5 mg once daily

7.5 mg once daily


Patients may require dose adjustments based on trough blood concentrations, tolerability, individual responses, and changes in concomitant medications.  Dose adjustments are made at 2 week intervals.
Evaluate SEGA volume approximately 3 months after starting everolimus and then periodically with dose adjustments taking into considerations changes in SEGA volume and tolerability.  The optimal duration of therapy in SEGA is unknown.

Dose Modifications in SEGA
Severe or intolerable adverse reactions –may require temporary dose reduction or interruption of therapy.  If a dose reduction is needed for patients taking 2.5mg once daily, consider alternate day dosing.

CYP3A4 and/or P-Glycoprotein (PgP) inhibitors- Avoid the use of strong CYP3A4 inhibitors (e.g. ketoconazole, itraconazole, clarithromycin, atazanavir, nefazodone, saquinavir, telithromycin, ritonavir, indinavir, nelfinavir, voriconazole).

Use caution when co-administering with moderate CYP3A4 and/or PgP inhibitors (e.g. amprenavir, fosamprenavir, aprepitant, erythromycin, fluconazole, verapamil, and diltiazem).  If co-administration is required, reduce dose of everolimus by approximately 50% to maintain trough concentrations of 5-10 ng/mL.  If a dose reduction is needed for patients taking 2.5mg once daily, consider alternate day dosing.  Subsequent doses should be individualized based on therapeutic drug monitoring of trough levels.  Trough levels should be assessed approximately 2 weeks after the addition of moderate CYP3A4 and/or PgP inhibitor.  If the moderate inhibitor is discontinued, a washout period of 2-3 days should be allowed before increasing the everolimus dose to the dose used prior to the moderate inhibitor and reassess trough levels approximately 2 weeks later.

Strong CYP3A4 inducers –Avoid the concomitant use of strong CYP3A4 inducers (e.g. phenytoin, carbamazepine, rifampin, rifabutin, rifapentine, and phenobarbital).  If co-administration is required, considering doubling the everolimus dose and individualize subsequent doses based on periodic therapeutic drug monitoring.  Decrease the everolimus dose following discontinuation of the strong CYP3A4 inducer to the dose used before the strong inducer and reassess trough levels approximately 2 weeks later.

Therapeutic Drug Monitoring-SEGA patients only
Routine whole blood therapeutic drug concentration monitoring is recommended for all patients with subependymal giant cell astrocytoma.  Doses should be titrated to trough concentrations of 5-10 ng/mL and first assessed 2 weeks after starting everolimus therapy.
There is limited safety data at trough concentrations greater than 10 ng /mL.  If patients have a trough level between 10 and 15 ng/mL and have acceptable tolerability and response of tumor volume, no dose adjustment is necessary.  If the trough concentration is greater than 15 ng/mL, reduce the dose of everolimus.

If trough concentrations are less than 5ng/mL, increase the daily dose by 2.5mg every 2 weeks based on tolerability, with a target trough level of 5-10ng/mL.

Efficacy 

Efficacy Measures

Renal Cell Carcinoma
,

Primary Endpoint:  

Progression-free survival (PFS) documented by RECIST criteria (time from randomization to first documentation of progression or death from any cause)

Secondary Endpoints:
· Safety

· Objective Response Rate

· Overall survival

· Disease-related symptoms

· Quality of life

Summary of efficacy findings 

Renal Cell Carcinoma
Phase III

International, multicenter, double-blind, randomized study comparing oral everolimus to placebo (RECORD-1 trial)

Inclusion

· Metastatic renal cell carcinoma (clear cell histology)

· Progressed on or within 6 months of stopping treatment with sunitinib, sorafenib, or both drugs
· Previous therapy with bevacizumab, interleukin-2, or interferon alpha allowed

· Measurable disease

· Karnofsky Performance Status of ≥70% (scale of 0 to 100%)

· Adequate bone marrow, hepatic, and renal function

Exclusion

· Previous mTOR therapy with temsirolimus

· Untreated CNS metastases

· Uncontrolled medical conditions (e.g. unstable angina, symptomatic CHF, recent myocardial infarction, or diabetes)

Stratification

· Memorial Sloan Kettering Cancer Center Prognostic Score (favorable versus intermediate versus poor risk)

· Previous anticancer therapy (one versus two VEGF receptor tyrosine kinase inhibitors)

Treatment

· Everolimus 10 mg orally once daily plus Best Supportive Care versus placebo plus Best Supportive Care

· Cycle length: 28 days

· Dose Reductions: clinically significant hematologic or other adverse events

Table#3

Results
	Endpoint
	Everolimus

N=272
	Placebo

N=138

	Progression-free survival (95%CI)

Hazard Ratio (95%CI)

P value
Probability of being progression-free at 10 months (95%CI)
	4.9 months (4.0-5.5)

HR 0.33 (0.25-0.43)

P<0.001

25% (14-37)
	1.9 months (1.8-1.9)

0

	Objective Response Rate (%)

   Partial Response

   Stable Disease
	5
66.8
	0

32.4

	Overall Survival

Hazard Ratio (95%CI)
	14.8 months
HR 0.87 (0.65-1.15)

P=0.162
	14.4 months 


Summary in Renal Cell Carcinoma
Baseline demographics were similar in both groups.  71% of patients in the everolimus group and 79% of patients in the placebo group progressed while on VEGF tyrosine kinase inhibitor therapy.  Approximately 26% of patients received prior treatment with both sorafenib and sunitinib.  Fifty-six % of patients were classified as Intermediate risk and 15% as high risk based on the MSKCC scores.
Table #4
Summary
	Treatment Data
	Everolimus
	Placebo

	Median Duration (days)
	141 (range 19-451)
	60 (range 21-195)

	At least 1 dose reduction  (%)
	7
	1

	At least 1 dose interruption  (%)
	38
	11

	PFS according to prior VEGF-TKI

Sorafenib (n=124)

Sunitinib (n=184)

Sorafenib and Sunitinib (n=108)
	5.9 months (HR 0.25)

3.9 months (HR 0.34)

4 months (HR 0.32)
	2.8 months

1.8 months
1.8 months


Efficacy assessments were done by central review, finding a 67% reduction in the risk of progression for the everolimus group compared with placebo (HR 0.33).  This benefit was maintained across all subgroups in a sensitivity analysis.  76.2% of patients assigned to the placebo group crossed over to open label everolimus prior to the end of the double-blind treatment.  Overall survival was likely affected by the high percentage of placebo patients who crossed over to open label everolimus (median PFS after crossover 5.1 months).  The double-blind portion of the trial was stopped following the second interim analysis based on a prespecified efficacy boundary for the primary endpoint.
Health-related quality of life was assessed using the European Organization for the Research and Treatment of Cancer (EORTC) QLQ-30 and Functional Assessment of Cancer Therapy Kidney Symptom Index-Disease-Related Symptoms (FKSI-DRS) administered at randomization, on day 1 of therapy and at discontinuation of therapy.  There were no significant differences in the time to definitive deterioration of patient-reported outcomes: EORTC-QLQ-30 physical functioning scale HR 0.94 (95%CI, 0.64-1.39); global health status/quality-of-life score HR 1.02 (95%CI, 0.7-1.5); FKSI-DRS risk score 0.82 (95%CI, 0.57-1.18).  Scores from the FKSI-DRS and EORTC QLQ-30 physical functioning, global health-status/quality-of-life, role functioning, emotional functioning, cognitive functioning, social functioning, and symptom scores indicated quality of life was sustained during treatment with everolimus compared to placebo regardless of expected adverse events.
A randomized phase II trial utilized bevacizumab in combination with everolimus in patients with metastatic or locally advanced renal cell carcinoma.  Patients in Group A did not receive prior targeted therapy.  Patients in Group B received prior sunitinib, sorafenib, or both and had progressed on therapy or were intolerant of therapy.  The median PFS for the entire group was 8.1 months (95%CI, 6.3-10.8).  In previously untreated patients, the median PFS was 9.1 months with an overall response rate of 30%.  In the group who received previous targeted therapy, the median PFS was 7.1 months with an overall response rate of 23%.  When compared indirectly to PFS from sequential single drug trials, these results do not differ significantly.  Patients were able to tolerate full doses of both drugs, unlike the phase I trial of everolimus plus sunitinib which produced DLTs including endocarditis, GI hemorrhage, and severe anemia and pulmonary embolism.

Efficacy Measures

Subependymal Giant Cell Astrocytoma

Primary Endpoint:

Change in volume of the subependymal giant-cell astrocytoma during the core 6-month treatment phase.

Secondary Endpoints
· Effects on seizures

· Quality of life

· Neurocognition

Summary of efficacy findings 

Subependymal Giant Cell Astrocytoma

Prospective, open-label, phase 1-2 study

Inclusion:

· 3 years old or older

· Definitive diagnosis of the tuberous sclerosing complex (according to Gomez criteria or positive genetic test)

· Serial growth (increase in size, compared to baseline, on at least 2 successive magnetic resonance imaging (MRI) scans)

· Stable, without signs if cerebral herniation or critical hydrocephalus

Treatment:

Everolimus starting at 0.3 mg/m2 orally once daily.  Subsequent adjustments to attain a whole-blood trough concentration of 5-15 ng/mL.  Doses were withheld or reduced by 25 % for severe side effects at current dose.  The core treatment phase was 6 months, followed by an open-ended extension period.

Patients:

N=28 (17 male, 11 female)

Median Age: 11 years (3-34)

15 patients had genotyping- 4 had TSC1 mutation, 10 had TSC2 mutation and 1 had no mutation

13 patients had a second, smaller SEGA

4 patients had previous partial resection or gamma knife surgery for their SEGA

Results:

Median duration of therapy: 21.5 months (4.7-34.4).
27 patients completed the core 6 month phase and continued therapy in the extension phase (1 withdrew due to non-compliance and increased symptoms).
2/27 withdrew after 17.5 and 21.5 months due to the frequency of monitoring visits.
1 patient met criteria for treatment success (≥75% reduction in tumor volume) and therapy was stopped, but restarted 4.5 months later due to regrowth.

Table #5
Independent Central Review

	SEGA Volume
	Baseline
	6 months

	Reduction from baseline

  Mean cm3
  Median (95%CI) cm3
  P value
	1.01±1.04

0.92 (0.5-1.4)

<0.001
	1.15±1.42

0.80 (0.4-1.2)

<0.001

	Percent reduction- %

  ≥50%

  ≥30%

  >0
	39

75

100
	32

75

100


As a consequence of reduction in volume of the astrocytoma, there was no worsening hydrocephalus, and no worsening of symptoms due to increased intracranial pressure.

No new lesions developed and no patient required resection or other therapies for tumor control.

Prior to everolimus therapy the mean annual rate of change in tumor volume was +0.57 cm3 per year.  After everolimus treatment was initiated, the mean annual rate of change in tumor volume was -0.57 cm3 per year.

Epilepsy:
Therapy with everolimus resulted in a reduction in the overall frequency of clinical and subclinical seizures (median change -1 seizure; P=0.02).  In patients who received video EEG monitoring, 9 had a decrease, 6 had no change (although in 5 there were no events in the time period), and 1 had an increase in frequency.

Quality of life and cognition:

Quality-of-Life in Childhood Epilepsy (QOLCE) questionnaire- Patients were assessed at baseline, 3 months and 6 months.  Scores can range from 0-100 with higher scores indicating better quality of life.  The mean scores (±SD) were: baseline 57.8±14.2; 3 months 63.4±12.4; and 6 months 62.1±14.2.

Cognition was assessable in 24 patients (4 patients had baseline cognitive and behavioral impairment that prevented standardized assessment).  There were no changes in intelligence or neuropsychological measurements.

For further details on the efficacy results of the Renal Cell Carcinoma clinical trial, refer to Appendix:  Clinical Trials (page 21).

Adverse Events (Safety Data)

Table #6
Clinical Study Experience in Advanced Renal Cell Carcinoma
	Event
	Everolimus 10mg/day
	Placebo

	
	All grades %
	Grade 3 %
	Grade 4 %
	All grades %
	Grade 3 %
	Grade 4 %

	Any reaction
	97
	52
	13
	93
	23
	5

	GI disorders

  Stomatitis

  Diarrhea

  Nausea

  Vomiting
	44

30

26

20
	4

1

1

2
	<1

0

0

0
	8

7

19

12
	0

0

0

0
	0

0

0

0

	Infections
	37
	7
	3
	18
	1
	0

	General disorders

  Asthenia

  Fatigue

  Peripheral edema

  Pyrexia

  Mucosal inflammation
	33

31

25

20

19
	3

5

<1

<1

1
	<1

0

0

0

0
	23

27

8

9

1
	4

3

<1

0

0
	0

<1

0

0

0

	Respiratory
  Cough

  Dyspnea

  Epistaxis

  Pneumonitis
	30

24

18

14
	<1

6

0

4
	0

1

0

0
	16

15

0

0
	0

3

0

0
	0

0

0

0

	Skin
  Rash

  Pruritus

  Dry skin
	29

14

13
	1

<1

<1
	0

0

0
	7

7

5
	0

0

0
	0

0

0

	Metabolism/nutrition
  Anorexia
	25
	1
	0
	14
	<1
	0

	Nervous system
  Headache

  Dysgeusia
	19
10
	<1

0
	<1

0
	9

2
	<1

0
	0

0

	Musculoskeletal
  Pain in extremity
	10
	1
	0
	7
	0
	0


Table #7
Clinical Trial Experience in Subependymal Giant Cell Astrocytoma
	Event
	Everolimus

	
	All grades %
	Grade 3 %
	Grade 4%

	Any event
	100
	36
	4

	GI disorders

  Stomatitis

  Diarrhea

  Vomiting

  Abdominal pain

  Constipation
	86

25

21

11

11
	4

0

4

0

0
	4

0

0

0

0

	Infections
  Upper respiratory

  Sinusitis

  Otitis media

  Cellulitis

  Body tinea

  Gastroenteritis

  Skin

  Gastric

  Otitis externa

  Pharyngitis
	82

39

36

21

18

18

18

14

14

11
	0

4

0

0

0

0

0

0

0

0
	0

0

0

0

0

0

0

0

0

0

	General
  Pyrexia
	32
	0
	0

	Nervous system
  Convulsion

  Headache

  Dizziness
	29

18

14
	7

0

4
	4

0

0

	Skin
  Dermatitis acneiform

  Dry skin

  Rash

  Dermatitis contact

  Acne
	25

18

18

14

11
	0

0

0

0

0
	0

0

0

0

0

	Respiratory
  Cough

  Nasal congestion

  Allergic rhinitis
	21

14

14
	0

0

0
	0

0

0

	Psychiatric
  Personality change
	18
	0
	0

	Injury, poisoning, procedural complications
  excoriation
	14
	0
	0


Deaths and Other Serious Adverse Events 

Most common Grade 3/4 adverse events: infections, dyspnea, fatigue, stomatitis, dehydration, pneumonitis, abdominal pain, and asthenia.
Deaths in the everolimus arm due to:

Acute respiratory failure 0.7%

Infection 0.7%

Acute renal failure 0.4%
Common Adverse Events

Stomatitis, infections, dyspnea, fatigue, asthenia, cough, and diarrhea
Tolerability

Most common adverse events leading to discontinuation: pneumonitis, dyspnea
Most common adverse events leading to treatment delay or dose reduction: infections, Stomatitis, pneumonitis

Most common adverse events requiring medical intervention: infections, anemia, stomatitis

Contraindications

Hypersensitivity to everolimus, other rapamycin derivatives, or any excipients.  Hypersensitivity symptoms observed in patients on everolimus or other rapamycin derivatives include anaphylaxis, dyspnea, flushing, chest pain, or angioedema.
Warnings and Precautions

Non-infectious Pneumonitis

Non-infectious pneumonitis is a class effect of the rapamycin derivatives and occurred in 14% of patients in the clinical trial for renal cell carcinoma.  A diagnosis should be considered in patients with non-specific respiratory signs and symptoms (e.g. hypoxia, pleural effusion, cough [51.4%] or dyspnea [43.2%]) in whom other causes have been excluded.  Median time to occurrence was 108 days (range 24-257).
Patients who develop radiologic changes suggestive of non-infectious pneumonitis but have few symptoms may continue everolimus therapy without a dose adjustment.

If non-infectious pneumonitis symptoms are moderate, consider interrupting everolimus therapy until symptoms improve.  The use of corticosteroids may be considered.  In patients with renal cell carcinoma, restart everolimus at 5 mg daily.  In patients with SEGA, restart everolimus at a dose approximately 50% lower than the previous dose.

If non-infectious pneumonitis symptoms are severe, discontinue everolimus and consider using corticosteroids until the clinical symptoms resolve.  Depending on individual clinical circumstances, everolimus therapy may be restarted at a dose of 5mg daily in renal cell carcinoma patients and at a daily dose 50% lower than the previous dose in SEGA patients.

Infections
Everolimus may predispose patients to bacterial, fungal, viral, protozoal, or opportunistic infections due to immunosuppressive properties.  Localized and systemic infections, including reactivation of Hepatitis B virus, has been reported.  Treatment of pre-existing fungal infections should be completed prior to starting therapy with everolimus.  During everolimus therapy, watch for signs and symptoms of infection and treat promptly; consider interruption of everolimus therapy.  If a diagnosis of invasive fungal infections is made, stop everolimus immediately.
Oral Ulceration
The majority of mouth ulcers, stomatitis, and oral mucositis reported in clinical trials for advanced RCC and SEGA were grade 1 or 2.  If they develop, treat topically but avoid alcohol or peroxide containing mouthwashes.  Administer antifungal therapy if a fungal infection has been definitively diagnosed.

Laboratory Monitoring
Renal Function:  Baseline and periodic measurement of serum creatinine and BUN is recommended as mild elevations of serum creatinine were reported in clinical trials.

Blood Glucose and Lipids:  Baseline and periodic assessment of fasting serum glucose and lipid profile is recommended as there were reports of hyperglycemia, hyperlipidemia, and hypertriglyceridemia in clinical trials.  Optimize glucose and lipid control prior to starting therapy.

Hematologic parameters:  Baseline and periodic monitoring of complete blood counts is recommended due to reports of decreased hemoglobin, lymphocytes, neutrophils, and platelets in clinical trials.
Hepatic Impairment
See Dosage and Administration for use in patients with moderate (Child-Pugh class B) hepatic impairment.

Vaccinations
Avoid the use of live vaccines or contact with others who have received live vaccines during treatment with everolimus.

Use in Pregnancy
Pregnancy Category D:  There are no adequate trials of everolimus in pregnant women, but based on the mechanism of action it may cause harm to the fetus.  In animal studies, using exposures lower than human exposures, everolimus caused pre- and post implantation loss, decreased the number of live fetuses, malformation, and retarded skeletal development.  When dosed in animals after implantation until lactation, there was a slight reduction in survival of offspring.

Nursing Mothers
It is not known if everolimus is excreted into breast milk.  Because many drugs do pass into breast milk, and there is a potential for adverse reactions, a decision should be make to stop breast feeding or stop drug therapy.
Geriatric Use
In clinical trials 41% of patients were ≥65 years old and 7% were ≥75 years old.  There were no differences in safety or effectiveness between these subject and younger patients.

Renal Impairment
No studies have been done in patients with renal impairment, although impairment is not expected to affect drug exposure.  No dose adjustments are needed for patients with renal impairment.

Sentinel Events

There are no reports of sentinel events in the VA or on the Joint Commission web site.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name everolimus:  sirolimus, tacrolimus, temsirolimus, everolimus (Zortress)
LA/SA for trade name Affinitor:  Adefovir
Drug Interactions

Drug-Drug Interactions

See Dosage and Administration for dose adjustments needed concomitant therapy with CYP3A4 and/or PgP moderate or strong inhibitors and with CYP3A4 strong inducers
Acquisition Costs

As of January 2011:
Table #8
Everolimus Acquisition Prices
	Drug
	Dose
	Cost/Day/patient ($)
	Cost/28 days ($)
	Cost/5 months/patient ($)

	Everolimus
	2.5 mg
	153.94
	N/A
	

	Everolimus
	5 mg
	147.62
	4133.36
	20,666.80

	Everolimus
	10 mg
	155.35
	4349.80
	21,749.00


Pharmacoeconomic Analysis

No published analyses.
Conclusions

Clinical Efficacy
· In patients with advanced renal cell carcinoma who progressed during or after therapy with sunitinib and/or sorafenib, everolimus therapy decreased the risk  of progression by 67% compared to placebo (4.9 months versus 1.9 months).
· Patients on placebo who crossed over to open-label everolimus after progression had a PFS of 5.1 months.

· Quality of life and disease symptom scores were maintained in the everolimus group compared to the placebo group despite an increase in adverse events.

· There is a potential for drug interactions due to inhibition of CYP3A4 or PgP, as well as due to inducing CYP3A4.

· Patients with moderate hepatic impairment (Child-Pugh Class B) require dose adjustments.

· Although VEGF tyrosine kinase inhibitors provide benefit in first-line therapy of renal cell carcinoma, there is no available second-line therapy for patients who progress on those agents.  Everolimus is the first therapy to show clinical benefit in a randomized phase III trial in patients who progressed on VEGF tyrosine kinase therapy in advanced renal cell carcinoma.
· Inhibition of mTOR is a distinct mechanism of action that provides clinical benefit in patients resistant to VEGF tyrosine kinase inhibitors.
· In patients with subependymal giant cell astrocytomas in tuberous sclerosis, everolimus therapy decreased tumor volume and reduced the overall frequency of seizures.
Clinical Safety
· Common adverse events included stomatitis, infections, dyspnea, fatigue, asthenia, cough, and diarrhea.
· Severe adverse events included infections, dyspnea, fatigue, stomatitis, dehydration, pneumonitis, abdominal pain, and asthenia.

· Although there were more adverse events in the everolimus group, the majority of events were Grade 1 or 2.

· Non-infectious pneumonitis is potentially serious and is associated with rapamycin and its derivatives.  It is characterized by radiograph changes with or without signs and symptoms.  Grade 3 pneumonitis occurred in 3% of patients.  The most common symptoms are cough, hypoxia, and dyspnea.
· Dose interruption or reduction has been helpful some cases of non-infectious pneumonitis.  Corticosteroids may be helpful in some cases.
· Everolimus is immunosuppressive and may predispose patients to bacterial, fungal, protozoal, or opportunistic infections.  Everolimus is used in transplant settings for its immunosuppressive properties.
· mTOR inhibition interferes with glucose and lipid metabolism and may cause laboratory abnormalities in glucose, lipids, and triglycerides.
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Appendix:  Clinical 

Trials

Summary Data for Everolimus in Renal Cell Carcinoma
	Citation

Design

Analysis type

Setting
	Eligibility Criteria
	Interventions
	Patient Population Profile
	Efficacy Results


	Safety Results



	Motzer (2008, 2010)

RECORD-1 study

MC DB PC RCT


	Inclusion criteria

· Metastatic RCC (clear cell)

· Progression on or w/i 6 months of stopping sunitinib, sorafenib, or both

· Previous therapy with bevacizumab, IL-2, or IFN allowed

· Measurable disease

· Karnofsky PS ≥70%

· Adequate BM, hepatic, renal func
Exclusion criteria

· Previous mTOR therapy with temsirolimus

· Untreated CNS mets

· Uncontrolled medical conditions (unstable angina, symptomatic CHF, recent MI, diabetes)
	Everolimus 10mg orally once daily + BSC

Versus

Placebo orally daily + BSC

Duration: until disease progression, unacceptable toxicity, or death, or discontinuation


	Age: mean 61(27-85)

Sex: Male 78%

KPS:

100 – 28%

90 – 36%

80 -26%

70 – 10%

MSKCC risk factors:

Favorable 29%

Intermediate 56%

Poor 15%

Previous TKI therapy:

Sunitinib 46%

Sorafenib 28%

Both 26%

Other previous therapy:

INF 51%

IL-2 22%

Chemotherapy 13%

Bevacizumab 9%

Previous nephrectomy: 96%

Previous radiotherapy:

31%


	NR = 410

Everolimus

Placebo

Outcome

N =272 

N = 138

PFS

4.9 mos

1.9 mos

  HR

0.33

  95%CI

Best response

  PR

  SD

OS

  HR

  95%CI

0.25-0.43

1.8%

66.8%

14.8 mos

0.87

0.65-1.15

0%

32.4%

14.4 mos


	Most common (incidence ≥30%): stomatitis, infections, asthenia, fatigue, cough, diarrhea
Most common grade 3 or 4 (incidence ≥3%): infections, dyspnea, fatigue, stomatitis, dehydration, pneumonitis, abdominal pain, asthenia.

Most common lab abnormality (incidence ≥50%): anemia, hypercholesterolemia, hypertriglyceridemia, hyperglycemia, lymphopenia, increased creatinine

Most common grade 3 or 4 lab abnormality (incidence ≥3%): lymphopenia, hyperglycemia, anemia, hypophosphatemia, hypercholesterolemia.

AEs leading to withdrawal: pneumonitis, dyspnea

AEs leading to dose delay or reduction: infections, stomatitis, pneumonitis


MC=multicenter; DB=double-blind; PC=placebo controlled; RCT=randomized clinical trial; RCC=renal cell carcinoma; IL-2=interleuklin-2, IFN=interferon alpha; PS=performance status; BM=bone marrow; BSC=best supportive care; KPS=Karnofsky Performance Status; MSKCC=Memorial Sloan Kettering Cancer Center; PFS=progression-free survival; HR=hazard ratio; PR=partial response; SD=stable disease; NR, Number randomized.
�  Coppin C. Everolimus: the first approved product for patients with advanced renal cell cancer after sunitinib and/or sorafenib. Biologics: Targets & Therapy 2010;4:91-101.


�  George S, Bukowski RM.  Role of everolimus in the treatment of renal cell carcinoma. Therapeutics and Clinical Risk Management 2009;5:699-706.


�  Goh S, Butler W, Thiele EA. Subependymal giant cell tumors in tuberous sclerosis complex. Neurology 2004;63:1457-1461.


�  Motzer RJ, Escudier B, Oudard S, Hutson TE, Porta C, Bracarda S, er al. for the RECORD-1 Study Group. Efficacy of everolimus in advanced renal cell carcinoma: a double-blind, randomised, placebo-controlled phase III trial. Lancet 2008; 372:449-56.


�  Motzer RJ, Escudier B, Oudard S, Hutson TE, Porta C, Bracarda S, et al. for the RECORD-1Study Group. Phase 3 trial of everolimus for metastatic renal cell carcinoma: final results and analysis of prognostic factors. Cancer 2010;116:4256-65.


�  Hainsworth JD, Spigel DR. Burris III HA, Waterhouse D, Clark BL, Whorf R. Phase II trial of bevacizumab and everolimus in patients with advance renal cell carcinoma. J Clin Oncol 2010; 28:2131-2136.


�  Krueger DA, Care MM, Holland K, Agricola K, Tudor C, Mangeshkar P, et al. Everolimus for subependymal giant-cell astrocytomas in tuberous sclerosis. N Engl J Med 2010;363:1801-11.


�  Affinitor Product Package Insert. Novartis Pharmaceuticals Corporation, East Hanover, New Jersey 10/2010.


�  White DA, Camus P, Endo M, Escudier B, Calvo E, Akaza H, et al.  Noninfectious pneumonitis after everolimus therapy for advanced renal cell carcinoma. Am J Respir Crit Care Med 2010;182:396-403.
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