	 
	
	PBM-MAP-VPE NilotinibMonograph



Nilotinib (Tasigna®)

National Drug Monograph

March 2011

VA Pharmacy Benefits Management Services, 
Medical Advisory Panel, and VISN Pharmacist Executives
The purpose of VA PBM Services drug monographs is to provide a comprehensive drug review for making formulary decisions. These documents will be updated when new clinical data warrant additional formulary discussion. Documents will be placed in the Archive section when the information is deemed to be no longer current.
Executive Summary
Nilotinib is a highly selective inhibitor of the BCR-ABL tyrosine kinase, that is responsible for the abnormal signaling which leads to the clinical manifestations of Chronic Myelogenous Leukemia (CML).  Nilotinib was initially FDA-approved for the treatment of CML in chronic and accelerated phases in patients with resistance or intolerance to prior therapy that included imatinib.  More recently, the FDA granted approval for use of nilotinib in newly diagnosed patients with Philadelphia chromosome positive (Ph+) CML in chronic phase.
Efficacy:
Phase 2 studies in imatinib resistant/intolerant patients either in CML chronic or accelerated phases showed that nilotinib was effective in achieving their primary endpoints. 
· Major Cytogenetic Response (MCyR) was achieved overall in 48% of CML-CP (chronic phase) patients who were imatinib resistant/intolerant.
· Complete Hematologic Response (CHR) was achieved by 25% of CML-AP (accelerated phase) patients who were imatinib resistant/intolerant.
In a Phase 3 clinical trial, the ENESTnd study, nilotinib was compared to imatinib as first line therapy in newly diagnosed CML-CP patients.  The primary endpoint of Major Molecular Response (MMoR) at 12 months was reached earlier and by more patients receiving nilotinib than imatinib.
Safety:
The most common non-hematologic adverse events associated with nilotinib are rash, pruritus, headache, nausea, fatigue and myalgia.
The most common hematologic adverse events associated with nilotinib are anemia, thrombocytopenia and neutropenia.  CBC’s should be monitored regularly.
A boxed warning exists concerning the risk of QT interval prolongation and sudden death.
· Electrolyte abnormalities, particularly hypokalemia or hypomagnesemia must be corrected prior to initiating nilotinib therapy.
· Drugs known to prolong the QT interval and strong CYP3A4 inhibitors should be avoided.
· Patients should avoid food 2 hrs before and 1 hr after taking a dose.
· Dose reductions are recommended in patients with hepatic impairment.
· ECG’s should be obtained at baseline, after initiation, periodically thereafter and following dose-adjustments.
Nilotinib can cause alterations in serum lipase values, liver function tests and electrolytes.  Diligent monitoring is necessary.  Dose-modification may be needed.
Nilotinib capsules contain lactose.  Use of nilotinib is not recommended in individuals with conditions relating to severe intolerance of lactose-containing products.
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 nilotinib 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.
Pharmacology/Pharmacokinetics

Nilotinib belongs to the class of drugs known as kinase inhibitors.  Nilotinib is a Bcr-Abl kinase inhibitor that both binds and stabilizes the inactive conformation of the kinase domain of the Abl protein.  
Absorption/Distribution:
Nilotinib reaches its peak concentration 3 hours after oral administration.  The bioavailability of nilotinib is increased when administered with a meal.  AUC exposure increases by ~82% when the dose is given within 30 minutes after a high fat meal compared to the fasted state. 
The exposure of nilotinib at steady-state is dose-dependent.  Steady-state levels following exposure to nilotinib 400 mg twice daily dosing was 35% higher than with 800 mg once daily dosing.  Steady-state exposure of nilotinib 400 mg twice daily was 13% higher than with 300 mg twice daily dosing.  There was no relevant increase in exposure when the dose of nilotinib was increased from 400 mg twice daily to 600 mg twice daily.

Nilotinib is 98% serum protein bound.  The blood-to-serum ratio of nilotinib is 0.68.

Metabolism/Excretion:

Nilotinib is metabolized via oxidation and hydroxylation pathways.  In addition, nilotinib undergoes metabolism by CYP3A4.  None of the metabolites contribute significantly to the pharmacologic activity of nilotinib.  Nilotinib is the main circulating component in the serum.
After a single dose in healthy subjects, 93% of the dose was eliminated in the feces within 7 days.  Parent drug accounted for 69% of the dose.  The elimination half-life with daily dosing is ~ 17 hours.  Steady state levels are achieved by Day 8.  
Factors such as age, body weight, gender or ethnic origin did not significantly alter the pharmacokinetics of nilotinib.
FDA Approved Indication(s)1 

Nilotinib’s newest indication is for the treatment of newly diagnosed adult patients with Philadelphia chromosome positive chronic myelogenous leukemia (CML) in chronic phase.   
Nilotinib is also indicated for the treatment of chronic and accelerated phase Ph (+) CML adult patients who are resistant to or intolerant to prior therapy that included imatinib.  

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).
Potential off-label uses of nilotinib include: treatment of CML in the blastic phase that is resistant or intolerant to imatinib, Philadelphia chromosome-positive, relapsed/refractory Acute lymphoid leukemia (ALL), systemic mast cell disease, Gastrointestinal Stromal Tumors (GIST), systemic sclerosis, scleroderma and other fibrotic conditions.
Current Alternatives

Alternative agents for the treatment of newly diagnosed patients with Ph(+) CML include imatinib and dasatinib.  Imatinib is a formulary agent, while dasatinib is non-formulary.
An alternative agent for the treatment of chronic phase and accelerated phase Ph(+) CML in patients resistant or intolerant to prior therapy that included imatinib, is dasatinib.  Dasatinib is a non-formulary agent.
Dosage and Administration1
· Nilotinib is available as 150 mg and 200 mg hard gelatin capsules

· Newly diagnosed patients with Ph(+) CML in chronic phase:  

dose of nilotinib 300 mg orally twice daily.
· Resistant/Intolerant Ph(+) CML in chronic phase and accelerated phase:  

dose of nilotinib is 400 mg orally twice daily.
· Nilotinib should be taken at ~ 12 hour intervals without food.

· Capsules should be swallowed whole with water.

· Avoid food 2 hours prior to each dose and for at least 1 hour after each dose.

· Missed doses should not be made up.  Patients should resume with the next scheduled dose.

· Nilotinib may be given in combination with the following:


hematopoietic growth factors (i.e. erythropoietin, filgrastim, etc.)


hydroxyurea or anagrelide, as clinically indicated

Dose Adjustments

Nilotinib dosing regimens may be modified based on the following:

· QT interval prolongation

· Neutropenia and thrombocytopenia not related to underlying leukemia

· Select non-hematologic laboratory abnormalities 
· Baseline hepatic impairment
· Drug interactions

Table 1. Dose Adjustments for QT Prolongation

	ECGs with a QTc > 480 msec
	1. Withhold nilotinib and check serum potassium and magnesium levels; if below lower limit of normal, correct with supplementation to normal limits; concomitant medications must be reviewed

2. Resume prior dose within 2 weeks if QTcF returns to < 450 msec and to within 20 msec of baseline

3. If QTcF is between 450 – 480 msec after 2 weeks, reduce dose to 400 mg once daily

4. If after dose reduction QTcF returns to > 480 msec, nilotinib should be discontinued

5. ECG should be repeated ~ 7 days after any dose adjustment


Myelosuppression: Nilotinib doses may need to be held or reduced for hematologic toxicities that are not related to underlying leukemia.  Refer to table 2.

Table 2.  Dose Adjustments for Neutropenia and Thrombocytopenia

	Newly diagnosed Ph+ CML in CP (300 mg BID)

Resistant/Intolerant Ph+ CML in CP or AP (400 mg BID)
	ANC < 1.0 x 109/L and/or

Platelets < 50 x 109/L
	1. Stop nilotinib and monitor blood counts
2. If ANC > 1.0 x 109/L and

Platelets > 50 x 109/L within 2 weeks, resume prior dose
3. If ANC < 1.0 x 109/L and/or

Platelets < 50 x 109/L for more than 2 weeks, reduce dose to 400 mg once daily


Non-hematologic toxicity: Refer to table 3 for suggested nilotinib dose adjustments for elevations of lipase, amylase, bilirubin and/or hepatic transaminases.  For all other significant non-hematologic toxicity, withhold nilotinib dosing and resume at 400 mg once daily when the toxicity has resolved.  Further escalation to 300 mg or 400 mg twice daily should be considered, if clinically appropriate.

Table 3. Dose Adjustments for Select Non-Hematologic Lab Abnormalities
	Elevated serum lipase or amylase > grade 3
	1. Withhold nilotinib and monitor serum lipase/amylase
2. If serum lipase/amylase < grade 1, 
resume nilotinib at 400 mg once daily
3. Test lipase/amylase levels monthly or as clinically indicated

	Elevated bilirubin > grade 3
	1. Withhold nilotinib and monitor bilirubin
2. If bilirubin < grade 1, 
resume nilotinib at 400 mg once daily
3. Test bilirubin levels monthly or as clinically indicated

	Elevated hepatic transaminases > grade 3
	1. Withhold nilotinib and monitor hepatic transaminases
2. If transaminases < grade 1, 
resume nilotinib at 400 mg once daily
3. Test hepatic transaminase levels monthly or as clinically indicated


Hepatic Impairment – If possible, consider alternative therapy.  If nilotinib must be used, consider the following dose adjustments for baseline hepatic impairment.

Table 4. Dose Adjustments for Baseline Hepatic Impairment

	Newly diagnosed Ph+ CML in CP (dose 300 mg twice daily)
	Mild, moderate or severe*
	Initial dose of 200 mg twice daily; increase to 300 mg twice daily, 

if tolerated

	Resistant/intolerant Ph+ CML in CP or AP (dose 400 mg twice daily)
	Mild or moderate* 
	Initial dose of 300 mg twice daily; increase to 400 mg twice daily, 

if tolerated

	
	Severe*
	Initial dose of 200 mg twice daily, 

then increase to 300 mg twice daily, then to 400 mg twice daily, if tolerated


*Mild = mild hepatic impairment (Child-Pugh Class A); Moderate = moderate hepatic impairment (Child-Pugh Class B); Severe = severe hepatic impairment (Child-Pugh Class C)
Drug Interactions – Avoid the concomitant use of strong CYP3A4 inhibitors, grapefruit products and strong CYP3A4 inducers.

Table 5. Suggested Management for Select Drug Interactions

	Strong CYP3A4 Inhibitors (e.g. ketoconazole, itraconazole, clarithromycin, atazanavir, indinavir, nefazodone, nelfinavir, ritonavir, saquinavir, telithromycin, voriconazole) and grapefruit products
	1. Avoid concomitant use with nilotinib
2.If concomitant use is necessary, consider nilotinib dose reduction to 300 mg once daily (in resistant/intolerant CML) or 200 mg once daily (in newly diagnosed CML – CP)
3. If strong inhibitor is discontinued, a washout period should be allowed before increasing nilotinib dose upward to indicated dose
4. Closely monitor for prolongation of QT interval if concomitant nilotinib and strong inhibitor cannot be avoided

	Strong CYP3A4 Inducers (e.g. dexamethasone, phenytoin, carbamazepine, rifampin, rifabutin, rifapentine, Phenobarbital) and St. John’s Wort
	Avoid concomitant use with nilotinib; it is unlikely that increasing the nilotinib dose while on a strong inducer will compensate for loss of exposure



Efficacy 

Efficacy Measures

Response Criteria

The following are commonly used when referring to clinical trial endpoints that determine efficacy in CML: hematologic response, assessed by WBC count, differential and platelet count; cytogenetic response, assessed by bone marrow biopsy, is used to evaluate the quantity of Philadelphia chromosome positive cells present; molecular response, assessed by quantitative PCR (polymerase chain reaction) of the peripheral blood, is used to detect the presence of cells containing the BCR-ABL gene.
Complete Hematologic Response (CHR)


A hematologic response is defined as a 50% reduction in WBC counts from baseline sustained for at least 2 weeks.  A Complete Hematologic Response (CHR) is defined as 
WBC < 10,000 per mm3 and platelet count < 450,000 per mm3 maintained for at least 4 weeks.

Complete Cytogenetic Response (CCyR)


Cytogenetic responses (CR) are defined in terms of percentage of cells in metaphase existing within the bone marrow that were Philadelphia (Ph) chromosome positive. These responses are based upon a sample size of twenty cells in metaphase. A Complete Cytogenetic Response (CCR) is defined as no Ph(+) cells. 
Major Cytogenetic Response (MCyR)


A major cytogenetic response (MCR) is comprised of complete and partial responses.
Partial Cytogenetic Response (PCyR)


Partial CR is defined as < 35% cells that were Ph(+). 


Minor CR was defined as 36-65% cells that were Ph(+). 

Minimal CR was defined as 66-95% cells that were Ph (+).  

Major Molecular Response (MMoR)

MMoRs are defined as a BCR-ABL transcript level of < 0.1% (3 log reduction) in peripheral blood samples via RQ-PCR (real-time quantitative polymerase-chain-reaction) assay.
Complete Molecular Response (CMR)


BCR-ABL transcript is nondetectable in an assay on two consecutive occasions.
Progressive Disease (PD)

Disease progression is defined as an increase in marrow blasts > 15%, increase in peripheral blood blasts > 5% or WBC > 20,000 cells/mm3. A relapse is defined as evidence of disease progression or death.

The primary efficacy endpoint for nilotinib in those newly diagnosed with CML, in the first-line setting, was the rate of major molecular response at 12 months.  Secondary endpoints included the rate of complete cytogenetic response by 12 months, as well as progression to accelerated or blast phase.  
Primary endpoints to evaluate the efficacy of nilotinib in patients with chronic- or accelerated-phase CML, resistant/intolerant to imatinib, included both hematologic and cytogenetic response rates.
Evaluation of response at particular time points throughout the course of therapy can help to predict the likelihood of improved survival, which can help to guide therapy.    The response categories can be separated into optimal, suboptimal and treatment failure.

Table 6. Evaluation of Overall Response to First-line Imatinib in Early Chronic Phase11
	Evaluation, months
	Optimal
	Suboptimal
	Failure

	3
	CHR  and at least minor CgR (Ph+ < 65%)
	No CgR 
(Ph+ > 95%)
	Less than CHR

	6
	At least PCgR 
(Ph+ < 35%)
	Less than PCgR 
(Ph+ > 35%)
	No CgR (Ph+ > 95%)

	12
	CCgR
	PCgR 
(Ph+ 1-35%)
	< PCgR (Ph+ > 35%)

	18
	MMoR
	< MMoR
	Less than CCgR

	Any time during treatment
	Stable or improving MMolR
	Loss of MMoR; mutations
	Loss of CHR; loss of CCgR; mutations; CCA/Ph-


Summary of Efficacy Findings

Kantarjian, et al. performed a phase 2, open-label, multicenter trial in a population of patients with CML in chronic phase.9 The trial included patients with imatinib resistance and/or intolerance with adequate performance status and normal organ function.  Nilotinib 400mg was given twice daily with the option to increase to 600mg twice daily if no hematologic response was achieved at 3 months, no cytogenetic response at 6 months, no major cytogenetic response at 12 months or loss of response or progressive disease at any time.  The primary endpoint of major cytogenetic response was reported in 48% (95% CI, 41.2-55.7).  Complete cytogenetic responses occurred in 31% while partial responses occurred in 16%.  Those with imatinib intolerance had a greater response (47%, 95% CI; 35.7-57.6) than those with imatinib resistance (31%, 95% CI, 26-37.2).  An update to this data was published with results from patients that were followed up at 24 months.  Of the 321 patients included in the 24-month analysis, 70% were imatinib-resistant while 30% were considered imatinib-intolerant.  Overall, a major cytogenetic response was achieved by 59% of patients: 56% of imatinib-resistant patients and 66% of imatinib-intolerant patients.  Complete cytogenetic responses were obtained by 41% of imatinib-resistant and 51% of imatinib-intolerant patients.  The patients who achieved MCyR and CCyR were higher in those who entered the study with a baseline CHR than those without (MCyR 73 vs. 52%; p=0.0002 and CCyR 58 vs. 36%; p=0.0002).13  
LeCoutre, et al. performed a similarly designed phase 2 trial in patients with CML in accelerated phase who were resistant/intolerant to imatinib.4    The primary endpoints of this trial included rate of complete hematologic response (CHR), no evidence of leukemia (NEL) or return to chronic phase (RTC).  Patient were started on nilotinib 400mg twice daily, with the option to increase to 600mg twice daily it no RTC by 1 month or loss of HR, CyR or evidence of PD.  A total of 119 patients from 36 centers were evaluated.  The overall rate of HR was 47%; CHR was noted by 26%; NEL 9% and RTC 12%.  This trial supports the use of nilotinib in patients with accelerated phase disease.
A phase 2 trial designed by Giles, et al. included both patients with chronic and accelerated phase disease who had imatinib resistance/intolerance as well as failed dasatinib therapy.6  A total of 60 patients (37 CMP-CP; 17 CML-AP) were evaluated.  Nilotinib 400mg was given twice daily.  The primary endpoint of MCyR was achieved by 43% of CML-CP patients; 25% were complete responders; 19% were partial responders.  CHR was achieved by 79% of patients in CMP-CP.   CHR was achieved by 29% of CML-AP patients; 18% NEL; 12% RTC and PCyR 12%.  The results from this trial support the use of nilotinib in patients who have failed both imatinib and dasatinib for CML-CP and CML-AP.
Sagio, et al. completed a phase 3 randomized controlled open-label trial known as the ENESTnd study.2  The study population included newly diagnosed patients with Ph+ CML-CP.  Patients were randomized to one of three arms: nilotinib 300mg BID vs. nilotinib 400mg BID vs. imatinib 400mg once daily.  A total of 846 patients were evaluated.  The primary endpoint of major molecular response (MMoR) at 12 months was noted by 44% in the nilotinib 300mg arm; 43% in the nilotinib 400mg arm and 22% in the imatinib arm.  Both nilotinib arms showed statistical improvement over imatinib (p<0.001). Complete cytogenetic response (CCyR), a secondary endpoint, was achieved by 80% in the nilotinib 300mg arm; 78% in the nilotinib 400mg arm and 65% in the imatinib arm.  Again, both nilotinib arms showed statistical significance over the imatinib arm (p<0.001).  The time to MMoR was 8.6 months for nilotinib 300mg vs. 11 months for nilotinib 400mg.
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 17).
Adverse Events (Safety Data)

The most common (> 10%) non-hematologic adverse events associated with nilotinib are rash, pruritus, headache, nausea, fatigue, myalgia, nasopharyngitis, constipation, diarrhea, abdominal pain, vomiting, arthralgia, pyrexia, urinary tract infection, back pain, cough and asthenia.  The most common hematologic adverse events include anemia, thrombocytopenia and neutropenia.
Deaths and Other Serious Adverse Events 

Serious adverse reactions noted with nilotinib include myelosuppression (thrombocytopenia, anemia, neutropenia), QT prolongation, sudden death, elevated serum lipase, hepatotoxicity and electrolyte abnormalities.
Common Adverse Events

Newly diagnosed setting in chronic phase

The most common non-hematologic (> 10%) adverse events noted in the trial of newly diagnosed patients in chronic phase CML included rash, pruritus, headache, nausea, fatigue and myalgia.  Pleural and pericardial effusions were reported in 1% of patients.  An increase in QTcF > 60 msec from baseline was observed in one patient; no patient had an absolute QTcF > 500 msec.
The most common hematologic events were thrombocytopenia (17%), neutropenia (15%) and anemia (7%).

Resistant or intolerant to imatinib in chronic or accelerated phases

The most common non-hematologic adverse events (> 10%) in the chronic phase population included rash, pruritus, nausea, fatigue, headache, constipation, diarrhea, vomiting and myalgia.  Common serious adverse events (> 1%) included thrombocytopenia, neutropenia and anemia.
The most common non-hematologic adverse events (> 10%) in the accelerated phase population included rash, pruritus and fatigue.  Common serious adverse events (>1%) included thrombocytopenia, neutropenia, febrile neutropenia, pneumonia, leukopenia, intracranial hemorrhage, elevated lipase and pyrexia.  Sudden deaths and QT prolongation were reported.  The maximum mean QTcF change from baseline at steady-state was 10 msec.  An increase in QTcF > 60 msec from baseline was noted in 4.1% of the study population and QTcF > 500 msec was observed in 4 patients (< 1%).  

Other Adverse Events

The most common (1-10%) adverse drug reactions, by organ system, are as follows:
Infections/infestations: folliculitis

Neoplasms benign, malignant and unspecified: skin papilloma

Blood and lymphatic system: febrile neutropenia, pancytopenia, lymphopenia

Metabolism/nutrition: hypomagnesemia, hyperkalemia, hypokalemia, hyponatremia, hypocalcemia, hypophosphatemia, hypercalcemia, hyperphosphatemia, diabetes mellitus, hyperglycemia, hypercholesterolemia, hyperlipidemia

Psychiatric disorders: depression, insomnia

CNS disorders: dizziness, hypoesthesia, paresthesia

Eye disorders: eye hemorrhage, periorbital edema, eye pruritis, conjunctivitis, dry eye

Ear/labyrinth disorders: vertigo

Cardiac disorders: angina pectoris, arrhythmia, palpitations, electrocardiogram QT prolonged

Vascular disorders: hypertension, flushing

Respiratory/thoracic systems: dyspnea, epistaxis, cough dysphonia

GI disorders: pancreatitis, abdominal discomfort, abdominal distension, dyspepsia, flatulence

Hepatobiliary disorders: abnormal hepatic function 

Skin and Subcutaneous Tissue Disorders: night sweats, eczema, urticaria, erythema, hyperhidrosis, contusion, acne, dermatitis, dry skin

Musculoskeletal and Connective Tissue Disorders: bone pain, musculoskeletal chest pain, musculoskeletal pain, flank pain

Renal/Urinary Disorders: pollakiuria (abnormal frequent urination)

General Disorders: pyrexia, chest pain, chest discomfort, malaise
Table 7. Clinically Relevant Grade 3 or 4 Laboratory Abnormalities (> 5% incidence)

	
	Newly diagnosed, Ph+ CML-CP
	Resistant/intolerant Ph+ CML

	
	Nilotinib 300 mg twice daily
	Imatinib 400 mg once daily
	CP - Nilotinib 400 mg twice daily
	AP - Nilotinib 400 mg twice daily

	Thrombocytopenia
	10
	9
	30
	42

	Neutropenia
	12
	20
	31
	42

	Anemia
	4
	5
	11
	27

	Elevated lipase
	7
	3
	18
	18

	Hyperglycemia
	6
	0
	12
	6

	Hypophosphatemia
	5
	8
	17
	15


Although noted as an uncommon adverse effect by the manufacturer, there have been reports of thyroid abnormalities in the recent literature.  In a retrospective fashion, Kim et al. evaluated the effects of imatinib, nilotinib and dasatinib on thyroid function in 73 Ph(+) CML patients.  In most patients (74%), the effects on the thyroid were transient without clinical symptoms.  Thyroid therapy was needed in 3 patients (4%), but never resulted in discontinuation of the TKI.  The incidence of thyroid abnormalities was noted in 25, 55 and 70% of patients treated with imatinib, nilotinib and dasatinib, respectively.14
Tolerability

Newly diagnosed setting
Discontinuation of nilotinib due to adverse events, occurred in 7% of the trial population.

Resistant or intolerant to imatinib in chronic or accelerated phases

Discontinuation of nilotinib due to adverse events, occurred in 16% of chronic phase patients and 10% of accelerated phase patients.
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 17).

Contraindications

Nilotinib should not be provided to patients with hypokalemia, hypomagnesemia or long QT syndrome due to risk of QT prolongation.  
Warnings and Precautions

Myelosuppression
Nilotinib can cause grade 3 / 4 thrombocytopenia, neutropenia and anemia.  Monitor blood counts every 2 weeks for the initial 2 months, then monthly thereafter, or as clinically indicated.  Bone marrow suppression was generally reversible and can be managed by temporarily withholding or reducing nilotinib doses.

QT Prolongation
Nilotinib can prolong cardiac ventricular repolarization as measured by the QT interval on the surface ECG in a concentration-dependent manner.  QT prolongation can result in Torsade de pointes, which may result in syncope, seizure and/or death.  ECGs should be performed at baseline, seven days after initiation, after dose adjustments, then periodically as indicated.

Nilotinib should not be used in patients with hypokalemia, hypomagnesemia or long QT syndrome.  Hypokalemia and hypomagnesemia should be corrected prior to starting nilotinib.  Monitor these electrolytes periodically during therapy.

The QT interval may prolong when nilotinib is taken with food and/or strong CYP3A4 inhibitors or products with a known potential to prolong QT.  Co-administration of food and strong CYP3A4 inhibitors or other products known to prolong the QT interval should be avoided.  Hypokalemia and/or hypomagnesemia can further enhance this effect.
Sudden Death
Sudden deaths have been reported in patients with resistant/intolerant Ph+ CML receiving nilotinib (n=867; 0.6%) and a similar incidence has been reported in the expanded access program.  It is thought that ventricular repolarization abnormalities may have contributed to their occurrence.

Elevated Serum Lipase
Nilotinib can cause increases in serum lipase levels.  Caution should be exercised in individuals with a history of pancreatitis.  If elevated lipase levels are accompanied by abdominal symptoms while on nilotinib therapy, interrupt nilotinib and proceed with work-up to exclude pancreatitis.  Serum lipase levels should be monitored monthly or as clinically indicated.

Hepatotoxicity
Nilotinib may cause elevations in bilirubin, AST/ALT and alkaline phosphatase.  Hepatic function tests should be monitored monthly or as clinically indicated.

Electrolyte Abnormalities
Nilotinib can cause hypophosphatemia, hypokalemia, hyperkalemia, hypocalcemia and hyponatremia.  Electrolyte abnormalities must be corrected prior to initiating therapy with nilotinib, then monitored periodically throughout.

Drug Interactions
Administration of nilotinib with drugs that are strong CYP3A4 inhibitors or anti-arrhythmic drugs (examples include amiodarone, disopyramide, procainamide, quinidine and sotalol) and other drugs that may prolong the QT interval (examples include chloroquine, clarithromycin, haloperidol, methadone, moxifloxacin and pimozide) should be avoided.  If concurrent administration is required, nilotinib therapy should be interrupted.  If an interruption in nilotinib therapy is not possible, patients should be closely monitored for prolongation of the QT interval.

Food Effects
Nilotinib bioavailability increases with food, therefore nilotinib should not be taken with food.  Food should be avoided at least 2 hours prior to and at least 1 hour after each nilotinib dose.  Grapefruit products and other foods known to inhibit CYP3A4 should be avoided.

Hepatic Impairment
A lower initial nilotinib dose is recommended in patients with baseline hepatic impairment, as nilotinib exposure is expected to increase.  The QT interval should be closely monitored in patients with baseline hepatic impairment.  In subjects with hepatic impairment ranging from Child-Pugh class A, B or C (mild, moderate, severe impairment), who were given a single dose of nilotinib 200 mg, the mean AUC values were increased on average of 35%, 35% and 56% respectively.
Total Gastrectomy
Nilotinib exposure is reduced in patients with total gastrectomy.  Consider more frequent follow-up for these patients as they may their nilotinib doses increased or changed to an alternative therapy.

Lactose
Nilotinib capsules contain lactose.  Use is not recommended in patients with rare hereditary problems of galactose intolerance, severe lactase deficiency with a severe degree of intolerance to lactose-containing products or of glucose-galactose malabsorption.
Thyroid Function Abnormalities

Although listed as an uncommon side effect by the manufacturer, there have been recent literature reports of thyroid function abnormalities (hypo- and hyperthyroidism) with the TKI’s.  Consideration may be given to evaluate thyroid function tests in patients who manifest symptoms of either hypo- or hyperthyroidism.
Monitoring Laboratory Tests
CBCs should be performed every 2 weeks for the first 2 months, and then monthly thereafter.  Chemistry panels, including lipid profile, should be checked periodically.  ECGs should be performed at baseline, 7 days after initiation and periodically thereafter, as well as following dose adjustments.  Lab monitored may need to be performed more or less frequently at the physician’s discretion.

Use in Pregnancy
Pregnancy Category D.  There are no adequate and well-controlled studies of nilotinib use in pregnant women.  Nilotinib may cause fetal harm if given to a pregnant woman.  Embryo-fetal toxicity in animals was noted with lower than the expected human exposure at recommended doses of nilotinib.  Women of child-bearing potential should avoid becoming pregnant while taking nilotinib.  If the drug is used during pregnancy, or if the patient becomes pregnant while taking nilotinib, the patient should be made aware of the potential hazard to her fetus.

Nursing Mothers

It is not known if nilotinib is excreted in human milk.  Because of the potential for serious adverse reactions in nursing infants, a decision should be made whether to discontinue nursing or to discontinue the drug, taking into account the importance of the drug to the mother.

Geriatric Use

Approximately 12% of patients were 65 years or older in the clinical trials of newly diagnosed Ph+ CML-CP and ~30% of patients made up this portion of the study population in the resistant/intolerant Ph+ CML-CP and CML-AP trials.

In newly diagnosed patients, there was no difference in major molecular response rates between those aged < 65 years vs. those > 65 years.

In the resistant/intolerant study population, there was no difference in major cytogenetic response rates between those aged ¸65 years vs. those > 65 years.  The hematologic response rate was 44% among those aged < 65 years and 29% among those aged > 65 years.

No major safety differences were noted between those aged < 65 years vs. > 65 years.

Cardiac Disorders

Patients with significant cardiac conditions (i.e. uncontrolled/significant cardiovascular disease including recent MI, CHF, unstable angina or clinically significant bradycardia) were excluded from the clinical trials.  Caution should be exercised when considering nilotinib for use in patients with relevant cardiac disorders.
Renal Impairment

Clinical trials have excluded patients with serum creatinine concentrations > 1.5 x ULN.  Since renal excretion is not a route of elimination, a decrease in total body clearance is not expected in those with renal impairment.

Postmarketing Safety Experience
Cases of tumor lysis syndrome have been reported in patients receiving nilotinib.  These patients were receiving treatment for resistant or intolerant CML.  The majority of these cases experienced malignant disease progression, high WBC counts and/or dehydration.
Sentinel Events

Sudden death was reported in CML patients participating in clinical trials (n=5661; 0.3%).
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, nilotinib:  dasatinib, imatinib, nilutamide
LA/SA for trade name, Tasigna®: Tarceva®
Drug Interactions

Drug-Drug Interactions
Drug Metabolizing Enzymes and Drug Transport Systems

Nilotinib is a competitive inhibitor of CYP3A4, CYP2C8, CYP2C9, CYP2D6 and UGT1A1.  The concentrations of drugs metabolized by these enzymes can be increased when nilotinib is given.
Nilotinib may induce CYP2B6, CYP2C8 and CYP2C9, thereby decreasing the concentrations of drugs metabolized by these enzymes.

Nilotinib inhibits P-glycoprotein (P-gp) and is a substrate of the efflux transporter P-gp (P-gp, ABCB1).  The concentrations of drugs that are substrates of P-gp may be increased when nilotinib is administered.  If nilotinib is administered with drugs that inhibit P-gp, increased concentrations of nilotinib are likely and caution should be used.

Drugs that Induce or Inhibit CYP3A4 Enzymes

Metabolism of nilotinib by CYP3A4 can be affected by concomitant administration of strong inhibitors and inducers of CYP3A4, thereby affecting nilotinib concentrations.  Strong inhibitors of CYP3A4 should be avoided.  Products that are potent inducers of CYP3A4 are likely to reduce nilotinib exposure, therefore use of alternative therapeutic agents with less potential for CYP3A4 induction should be selected.

Examples of known drug-drug interactions:

Ketoconazole (CYP3A4 inhibitor): in healthy subjects, ketoconazole given as 400 mg once daily for 6 days, increased the nilotinib AUC ~ 3-fold

Rifampicin (CYP3A4 inducer): in healthy subjects, rifampicin given as 600 mg daily for 12 days, decreased nilotinib AUC ~ 80%

Drugs that Affect Gastric pH

The solubility of nilotinib depends on gastric pH.  Higher pH values are associated with decreased solubility.  Drugs that inhibit gastric acid secretion to elevate the gastric pH (e.g. proton pump inhibitors) may reduce the solubility of nilotinib and reduce its bioavailability.

In healthy volunteers, co-administration of multiple doses of esomeprazole 40 mg daily with a single dose of nilotinib 400 mg reduced the nilotinib AUC by 34%.  Separation of PPI and nilotinib doses may not eliminate this interaction.
Doses of H2 blockers or antacids should be separated from nilotinib doses by at least several hours.  No clinical study has been conducted to evaluate the concomitant administration of H2 blockers or antacids on nilotinib pharmacokinetics.  

Drugs that Prolong the QT Interval

Concomitant administration of drugs that prolong the QT interval, such as anti-arrhythmics, should be avoided when giving nilotinib.

Drug-Food Interactions
Nilotinib bioavailability increases with food, therefore nilotinib should not be taken with food.  Food should be avoided at least 2 hours prior to and at least 1 hour after each nilotinib dose.  Grapefruit products and other foods known to inhibit CYP3A4 should be avoided.

Acquisition Costs

Table 8
Cost of TKI’s for the Treatment of CML*
	Drug
	Dose
	Cost/Day/patient ($)
	Cost/Year/patient ($)

	Nilotinib
	N: 300 mg BID
	198
	66,500

	
	R/I: 400 mg BID
	163
	59,500

	Imatinib
	N: 400 mg once daily
	82
	27,550

	
	R/I: 400 mg BID
	163
	54,800

	Dasatinib
	N: 100 mg once daily
	115
	38,500

	
	R/I: 140 mg once daily
	114
	38,100


*based on FSS/BIG4 pricing obtained 5/2011; N= newly diagnosed; R/I=resistant/intolerant
Pharmacoeconomic Analysis

A retrospective review of two administrative claims databases, supported by Novartis Pharmaceuticals Corporation, was performed to compare clinical, economic outcomes and treatment adherence of nilotinib and dasatinib as second-line treatments for CML.12   The study period included the date of the first fill of a TKI based on pharmacy claims up to the end of available data or a maximum of 6 months.  The primary outcome measure was all-cause healthcare resource utilization.  Unadjusted and adjusted cost differences between both TKI cohorts were calculated.  Medication adherence was based on the proportion of days covered (PDC), calculated as the sum of the days-supply for claims of the drug divided by the number of calendar days in the study period.  
A total of 521 patients (452 dasatinib; 69 nilotinib) were included.  Baseline patient characteristics were comparable, except for more patients with cardiovascular disease in the dasatinib cohort.  The results indicate that dasatinib patients utilized greater healthcare resources compared to nilotinib patients, particularly with respect to hospitalizations. After adjusting for confounding variables, dasatinib patients were estimated to have nearly twice as many inpatient days (IRR=2.44;p<0.001) and admissions (IRR=1.99;p=0.047).  
The most common diagnoses during inpatient stays included: CML 60%; respiratory/chest symptoms 38%; fever 28%; symptoms involving abdomen/pelvis 20%.  The authors state in their article that these findings suggest that most of the time, patients were hospitalized for CML and related events.  This may be true, but some of these diagnoses could be related to cardiovascular disease, which was more common in the dasatinib cohort.  
The authors report that patients in the dasatinib cohort were less adherent compared to nilotinib patients.  The average PDC over the study period was 0.79 for nilotinib patients vs. 0.69 for dasatinib patients. This finding is surprising, considering that dasatinib is dosed once daily, while nilotinib is dosed twice daily.  The authors do not mention if dose-modification could have been a limiting factor.  With this type of analysis, it would be hard to differentiate between non-adherence and dose-modification, which may entail holding doses until instructed to resume therapy.
Conclusions

Nilotinib is the third tyrosine kinase inhibitor (TKI) for the treatment of CML that is currently available.  Imatinib was the first TKI that received FDA-approval, followed by dasatinib and then nilotinib.  

Nilotinib is a second-generation tyrosine kinase inhibitor that is effective in imatinib-resistant/intolerant settings and has activity in dasatinib-failure settings.  In the newly diagnosed CML-CP population, more nilotinib-treated patients reached their primary endpoint of MMoR and achieved CCyR at 12 months compared to imatinib-treated patients.
The study populations included in the nilotinib clinical trials were, in general, young and healthy individuals with CML.  The median age of participants was 55 years with normal renal, hepatic and cardiovascular function.  Despite this, grade 3 and 4 myelosuppression was experienced in 20-30% of the imatinib resistant/intolerant population and 10% of the newly diagnosed study population.  The use of growth factors and platelet transfusions were reported in 5-28% of the clinical trials participants.  The incidence of this degree of myelosuppression would be expected to be higher in an elderly veteran population with greater use of supportive therapies, such as WBC growth factors and platelet transfusions.

A boxed warning outlining the concern for QT prolongation and sudden death highlights the importance of proper patient selection, monitoring and education for any patient who may consider nilotinib therapy.  Select electrolyte abnormalities must be corrected prior to initiation and monitored throughout therapy.  Concomitant drugs known to prolong the QT interval and strong CYP3A4 inhibitors should be avoided. Food should be avoided around nilotinib doses to further reduce the risk of QT prolongation.  

Nilotinib has other safety concerns that require assessment and diligent monitoring.  These include elevation of serum lipase values, alteration of liver function tests and electrolyte abnormalities.  Patients exhibiting symptoms consistent with thyroid function abnormalities, may need to have thyroid function testing performed.
The twice daily dosing regimen may be a concern for individuals with compliance issues as   adherence to TKI therapy is important to the successful treatment of CML.  In addition to the twice daily dosing regimen, patients need to be compliant with details of drug administration such as taking their doses on an empty stomach and avoiding grapefruit products.  Patients need to inform their providers of concomitant drugs they are taking and new therapies that are added so that interactions may be assessed and show diligence with follow-up monitoring and appointments.
Nilotinib does not appear to cause peripheral and periorbital edema, as seen with imatinib.  This may be a benefit in those patients who cannot tolerate the effects of edema.  In addition, the incidence of diarrhea and nausea appeared to be less with nilotinib when compared to imatinib in the newly-diagnosed population, although rash and pruritis incidence rates were higher.

Although not FDA-approved after failure of dasatinib therapy, a phase 2 trial showed that nilotinib had activity in this setting and may provide an option in those situations.

References:

1. Nilotinib (Tasigna®) Package Insert. Novartis Pharmaceuticals Corp, East Hanover, New Jersey. June, 2010.
2. Sagio G, Kim DW, Issaragrisil S, et al. for the ENESTnd Investigators.  Nilotinib Versus Imatinib for Newly Diagnosed Chronic Myeloid Leukemia. N. Engl J Med 2010; 362: 2251.

3. Rosti G, Palandri F, Castagnetti F, et al. for the GIMEMA CML Working Party.  Nilotinib for the Frontline Treatment of Ph+ Chronic Myeloid Leukemia.  Blood 2009; 114: 4933.

4. leCoutre P, Ottman OG, Giles F, et al.  Nilotinib (Formerly AMN107) a Highly Selective BCR-ABL Tyrosine Kinase Inhibitor, is Active in Patients with Imatinib-resistant or –intolerant Accelerated-Phase CML. Blood 2008; 111: 1834.

5. Hughes T, Saglio G, Branford S, et al.  Impact of Baseline BCR-ABL Mutations on Response to Nilotinib in Patients with Chronic Myeloid Leukemia in Chronic Phase. J Clin Oncol 2009; 4204.

6. Giles FJ, Abruzzese E, Rosei G, et al.  Nilotinib is Active in Chronic and Accelerated Phase Chronic Myeloid Leukemia Following Failure of Imatinib and Dasatinib Therapy.  Leukemia 2010; 24: 1299.

7.  Zhou L, Meng F, Yin O, et al.  Nilotinib for Imatinib-Resistant or –Intoleerant Chronic Myeloid Leukemia in Chronic Phase, Accelerated Phase, or Blast Crisis: A Single- and Multiple-Dose, Open-Label Pharmacokinetic Study in Chinese Patients. Clin Ther 2009; 31: 1568.

8. Tanaka C, Yin OQP, Smith T, et al.  Clinical Pharmacokinetics of the BCR-ABL Tyrosine Kinase Inhibitor Nilotinib. Clinical Pharmacology & Therapeutics 2010; 87: 197.

9.  Kantarjian HM, Giles F, Gattermann N, et al.  Nilotinib (Formerly AMN107), a Highly Selective BCR-ABL Tyrosine Kinase Inhibitor, is Effective in Patients with Philadelphia Chromosome-positive Chronic Myelogenous Leukemia in Chronic Phase following Imatinib Resistance and Intolerance.  Blood 2007; 110: 3540.

10. Fava C, Kantarjian HM, Jabbour E, et al.  Failure to Achieve a Complete Hematologic Response at the Time of a Major Cytogenetic Response with Second-Generation Tyrosine Kinase Inhibitors is Associated with a Poor Prognosis Among Patients with Chronic Myeloid Leukemia in Accelerated or Blast Phase. Blood 2009; 113: 5058.

11. Baccarani M, Cortes J, Pane F, et al.  Chronic Myeloid Leukemia: An Update of Concepts and Management Recommendations of European LeukemiaNet. J Clin Onc 2009; 27: 6041.

12. Wu EQ, Guerin A, Yu AP, et al.  Retrospective Real-Worth Comparison of Medical Visits, Costs and Adherence Between Nilotinib and Dasatinib in Chronic Myeloid Leukemia. Current Medical Research & Opinion 2010; 26: 2861.

13. Kantarjian HM, Giles FJ, Bhalla KN, et al.  Nilotinib is Effective in Patients with Chronic Myeloid Leukemia in Chronic Phase after Imatinib Resistance or Intolerance: 24-month Follow-up Results. Blood 2011; 117: 1141.

14. Kim TD, Schwarz M, Nogai H, et al. Thyroid Dysfunction caused by Second-Generation Tyrosine Kinase Inhibitors in Philadelphia Chromosome-Positive Chronic Myeloid Leukemia. Thyroid 2010; 20: 1209.
Prepared March 2011 

Contact person: Berni Heron, Pharm.D., BCOP




Pharmacy Benefits Management Services

Appendix:  Clinical Trials

A literature search was performed on PubMed/Medline (1966 to present) using the search terms nilotinib and Tasigna. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.

Table 9.  Clinical Trial Summary of Nilotinib Use in CML 
	Citation

Design

Analysis type

Setting
	Eligibility Criteria
	Interventions
	Patient Population Profile
	Efficacy Results


	Safety Results
	Author’s conclusions (optional)

Critique

(optional)

	Kantarjian (2007)

P2, open-label, MC,

International

Primary endpoint:
MCyR

Secondary:

Time to MCyR, duration of MCyR, CHR, time to CHR, duration of CHR, OS
	Inclusion criteria: Ph+ CML-CP; > 18 yrs; imatinib R/I; adequate PS (WHO PS < 2); normal hepatic, renal, CV function
Exclusion criteria: Imatinib patients w/prior MCyR
	N 400mg BID; ↑ to 600mg BID if no 

HR at 3 mos, 

CyR at 6 mos, 

MCyR at 12 mos or 

loss of HR/CyR or PD 

at any time

	Age: 58 yrs 
(range, 21-85)
Male: 51%
Disease duration: 
57 mos (range, 5-275)

Prior therapy (%):
Allo or SCT 8%

Hydroxyurea 83%

Cytarabine 25%

IFN-α 66%

Imatinib R 69%


	N=318 patients;
63 centers;

15 countries

MCyR 48% overall;

48% (95% CI 41.2-55.7%)

     Complete 31%

     Partial 16%

Those w/imatinib I 47% 
(95% CI 35.7-57.6%)

Those w/imatinib R

CCyR 

31% (95% CI, 26-37.2%)

Time to MCyR ~2.8 mos

12-mos OS 95%

CHR 74% (95% CI, 67.1-80.2%)

Time to CHR ~1 month
	Non-heme: 
rash 28%, 
nausea 24%; pruritus 24%; 
headache 19%; fatigue 19%
Heme (gr 3, 4):

Neutropenia 29%; 

tcp 29%

Duration 15,22 d

Growth factors 5%; Platelet transfusions 10%

↑ AST/ALT (gr 3,4): 1% and 4%

↑ bilirubin (gr 3, 4): 9%

↑ lipase (gr 3, 4):14%
	Nilotinib is highly active and safe and patients with CMP-CP after imatinib failure or intolerance.
Supported by research funding from Novartis

	Kantarjian (2011)

Design as above (2007)

Endpoints as above (2007)
	Same as above
	Same as above
	Age: 58 yrs

(range, 21-85)

Imatinib R 70%

Imatinib I 30%
	N=321 patients;

MCyR 59% overall;

Imatinib R 56%;

Imatinib I 66%

CCyR 44% overall;

Imatinib R 41%;

Imatinib I 51%

Time to CyR:

MCyR 1.4 mos 

(w/ baseline CHR);

MCyR 2.8 mos

(w/o baseline CHR)

PFS at 24 mos 64%;

OS at 24 mos 87%
	Non-heme (gr 3, 4):
Rash 2%

Headache 2%

Diarrhea 2%

Fluid retention <1%;

Bleeding < 1%

Heme (gr 3, 4):

Neutropenia 31%;

Tcp 30%;

Anemia 11%

↑ AST/ALT (gr 3,4): 4% and 3%

↑ bilirubin (gr 3, 4): 7%

↑ lipase (gr 3, 4):18%

Hyperglycemia (gr 3, 4): 12%

Δ QTcF > 60 msec: 2.5%;

Δ QTcF > 500 msec: 1.2%
	At 24-months, nilotinib continues to be effective after imatinib failure
Responses were more likely in patients with CHR at baseline

No cumulative risk of hepatic, pancreatic or cardiac events were observed with longer follow-up


	
	
	
	
	
	
	

	Le Coutre (2008)

P2, single-arm, open-label, MC, international
Primary endpoint:

Rate of CHR, NEL or RTC

Secondary:

Time to HR, duration of HR, MCyR, time to and duration of MCyR, OS
	Inclusion criteria: Ph+ CML-AP; > 18 yrs; imatinib R/I; adequate PS (WHO PS < 2; normal hepatic, renal, CV function; potassium, magnesium, calcium all WNL;

AST/ALT < 2x ULN w/o disease;

AST/ALT < 5x ULN with disease;
SCr, amylase, lipase < 1.5x ULN
Exclusion criteria: abnormal CV fxn, MI in prior 12 mos; LVEF < 45%; congenital QT syndrome or corrected QTc > 450 msec; chemo other than hydroxyurea w/in 1 week prior to start
	N 400mg BID; ↑ to 600mg BID if no RTC by 1 month; loss HR or CyR or PD;
Treatment continued until PD or toxicity
	Age: 57 yrs (range, 22-79)
Male 56%

Disease duration: 71 mos (range 2-298)

Imatinib duration: 976 days (range 2-2163)
Imatinib R: 81%

Imatinib I: 19%

N dose-intensity: 790mg/day 

(range 180-1149)

N duration 202 days

 (range, 2-611 days)
	N=119 patients;
36 centers;

10 countries

Overall HR: 47%

     Complete 26%

     NEL 9%

     RTC 12%

MCyR: 29%

     CCyR 16%

     PCyR 13%

Minor CyR 13%

Minimal CyR 24%

12-mo OS: 79%
	Non-heme:
Rash 22%;

Pruritis 20%;

Constipation 11%;

Headache 10%;

Fatigue 10%;

Nausea 10%

Heme (gr 3, 4):

Tcp 35%

Neutropenia 21%

Growth factor or platelet transfusion 28%

↑ AST/ALT (gr 3,4): 1% and 2%;

↑ bilirubin (gr 3,4): 9%;

↑ lipase (gr 3,4): 18%;

↑ amylase (gr 3,4): 2%
	Nilotinib has a high level of activity in patients with CML-AP and treatment failure with imatinib; generally well-tolerated
Supported by research funding from Novartis

	Giles (2010)

P2, international

Primary endpoint:

MCyR (CP pts)

CHR or NEL, or RTC (AP pts)

Secondary:

MCyR, TTP, TTTF, OS
	Inclusion criteria:

Adults; Ph+ CML-CP, Ph+ CML-AP; imatinib R/I; failed dasatinib
	N 400mg BID
	CP vs. AP population

Age: 62 yrs vs. 58 yrs
CML duration 
89 vs. 83 mos;
Imatinib duration 
41 vs. 42 mos;
Dasatinib duration 
7 vs. 8 mos;
Imatinib R 33 vs. 18%;
Imatinib I 6 vs. 3%;
Dasatinib R 
12 vs. 12%;
Dasatinib I 26 vs. 7%
	N= 60 patients;
(CP 37; AP 17)

Chronic phase:

MCyR 43%

     CCyR 24%

     PCyR 19%

Minor 3%

Minimal 16%

CHR 79%

Accelerated:

CHR 29%

NEL 18%

RTC 12%

PCyR 12%


	CP vs. AP 

Non-heme: 
Rash 28 vs. 19%;

Nausea 15 vs. 10%;

Pruritus 15 vs. 10%;

Headache 13 vs. 5%

Fatigue 10 vs. 10%;

Heme (gr 3, 4):

Neutropenia 23 vs. 33%;

Tcp 28 vs. 19%;

↑ phosphate:13 vs. 24%;

↑ bilirubin: 8 vs. 14%;

↑ lipase: 25 vs. 10%;

↓ potassium: 5 vs. 10%

CV arrhythmias: 6 vs. 0

↑ QTc > 60 msec: 3 vs. 1

	Nilotinib is effective in both chronic and accelerated phases of CML following failure of both imatinib and dasatinib.
Supported by research funding from Novartis.

	Sagio (2010)

P3, RCT, open-label, MC

ENESTnd study

Primary endpoint:

MMolR at 12 mos

Secondary:

CCyR at 12 mos;

PD
	Inclusion criteria:

Newly diagnosed, Ph+ CML-CP
	N 300mg BID vs.

N 400mg BID vs.

Imatinib 400mg once daily


	N3 vs. N4 vs. Imatinib
Age: 47 vs. 47 vs. 46 yrs

     (ranges, 18-85)

Male: 56 vs. 62 vs. 56%

Duration CML: 31 vs. 31 vs. 28 days

Sokal risk group:

    Low ~37% each

    I-mediate ~ 36% each

    High ~28% each


	N= 846 patients;
282 N3; 281 N4; 283 I

N3 vs. N4 vs. Imatinib

MMolR at 12 mos:

44 vs. 43 vs. 22%;

P<0.001 (N vs. I)

MMolR for High risk:

41 vs. 32 vs. 17%

Time to MMolR:

8.6 vs. 11 vs. NR

CCyR at 12 mos:

80 vs. 78 vs. 65%;

P<0.001 (N vs. I)

CCyR for high risk:

74 vs. 63 vs. 49%

PD at 14 mos:

<1 vs. <1 vs. 4%
	N3 vs. N4 vs. I

Non-heme:
Rash 31 vs. 36 vs. 11%;

Headache 14 vs. 21 vs. 8%;

Nausea 11 vs. 19 vs. 31%;

Pruritis15 vs. 13 vs. 5%;

Myalgia 10 vs. 10 vs. 10%;

Diarrhea 8 vs. 6 vs. 21%;

Peripheral edema 5 vs. 5 vs. 14%;

Eyelid edema 1 vs. 2 vs. 13%;

Periorbital edema <1 vs. 1 vs. 12%

Heme (gr 3, 4):

Neutropenia 12 vs. 10 vs. 20%;

Tcp 10 vs. 12 vs. 9%;

Anemia 3 vs. 3 vs. 5%;

↓ phosphate 5 vs. 5 vs. 8%;

↑ bilirubin 4 vs. 8 vs. <1%;

↑ lipase 6 vs.  6 vs. 3%;

↑ ALT 4 vs. 9 vs. 2;

↑ AST 1 vs. 3 vs. 1
	Nilotinib at either dose was superior to imatinib in newly diagnosed patients.
Supported by research funding from Novartis.

	Rosti (2009)
GIMEMA CML Working Party

Primary endpoint: CCyR at 1 year

Assessments:

PE, CBC w/diff, blood chem. Every 15 days x 3 mos; then monthly x 1 yr;

BM at 3, 6, 12 mos;
BCR-ABL via peripheral blood after 1,2,3,6,9,12 mos
	Inclusion criteria:
Age > 18 years; diagnoses of CML-CP within 6 mos;

Only treated with hydroxyurea or anagrelide

Exclusion criteria;

WHO performance status > 2; women breastfeeding, pregnant or of childbearing potential; uncontrolled serious medical conditions;

Rec’d investigational agent;
	N 400mg BID
	Age: 51 yrs (18-83)
> 60 yrs 36%

Males 51%

Sokal risk

     Low 45%

     I-mediate 41%

     High 14%

Hasford

     Low 40%

     I-mediate 59%

     High 1%
	N= 73 patients;
18 clinical centers;

Median f/u 15 mos

CHR 100% @ 3 mos;

99% @ 6 mos;

97% @ 12 mos;

CCyR 78% @ 3 mos;

96% @ 6, 12 mos

50% @ 3 mos (Sokal high risk patients)
MMolR 52% @ 3 mos;

66% @ 6 mos;

85% @ 12 mos


	Non-heme (gr 3):
Rash 5%

Bone/muscle/joint pain 4%

Pruritus 4%

↑ bilirubin 16%

↑ ALT 8%;

↑ lipase 8%;

↑ γ-GT 7%

↑ amylase 4%

Heme (gr 3, 4):

Neutropenia 4%;

Tcp 2%
	Nilotinib is safe and highly effective in previously untreated CML patients, provided that the dose is adjusted to account for nonhematologic and biochemical side effect profile. Nilotinib provides a more rapid response.
Supportive by grants from The Italian Association Against Leukemia-Lymphoma and Myeloma.  Nilotinib provided free of charge by Novartis Oncology Italy.


NR, Number randomized. R/I= Resistance/Intolerance; P2= phase 2; P3= phase 3; MC= multicenter; MCyR= major cytogenetic response; CCyR= complete cytogenetic response; CHR= complete hematologic response; OS= overall survival; CV= cardiovascular; Ph+=Philadelphia chromosome positive; CP= chronic phase; PS= performance status; PD= progressive disease; SCT= stem cell transplant; tcp=thrombocytopenia; NEL= no evidence leukemia; RTC= return to chronic phase; TTP= time to progression, TTTF= time to treatment failure; MMolR= major molecular response; N3= nilotinib 300mg; N4= nilotinib 400mg; MMolR= major molecular respons
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