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Executive Summary1-6  
· Ixabepilone is a novel microtubule stabilizing agent that is FDA approved in combination with capecitabine for the treatment of metastatic or locally advanced breast cancer that is taxane- and anthracycline-resistant and for patients in whom further anthracycline therapy is contraindicated 
· Ixabepilone is also indicated as monotherapy for the treatment of metastatic or locally advanced breast cancer in patients whose tumors are resistant or refractory to capecitabine, taxanes and anthracyclines
· FDA-approval of the combination of ixabepilone plus capecitabine was based upon a statistically significant prolongation of Progression-Free Survival (PFS) and improvement in Objective Response Rate (ORR) compared to capecitabine monotherapy.  This endpoint was noted in patients with locally advanced or metastatic breast cancer that were pretreated or resistant to anthracycline and taxane therapy

· The combination of ixabepilone plus capecitabine has failed to demonstrate any prolongation of overall survival
· Ixabepilone’s effect on health-related quality of life has not been studied.

· The combination of ixabepilone plus capecitabine is more toxic compared to capecitabine alone.  Dose reductions or discontinuation of therapy resulted in a reduction of adverse events in most patients.  Treatment discontinuation due to adverse events was reported in 18% of patients receiving the combination vs. 7% receiving capecitabine monotherapy.

· The most common adverse reactions (> 20%) included peripheral sensory neuropathy, fatigue/asthenia, myalgia/arthralgia, alopecia, nausea, vomiting, stomatitis/mucositis, diarrhea and musculoskeletal pain.  The most common hematologic abnormalities (> 40%) included neutropenia, leukopenia, anemia and thrombocytopenia.
· The combination of ixabepilone plus capecitabine in the Sparano, et al. trial resulted in grade 3 / 4 sensory neuropathy (21%), hand-foot syndrome (18%) and fatigue/asthenia (16%).  Hematologic grade 4 toxicites of the combination included neutropenia (36%) and leukopenia (16%).

· Ixabepilone has a low emetogenic potential.  An antiemetic should be given prior to each dose.  In addition, premedication with an H1 and H2 antagonist should be given to minimize the hypersensitivity reaction risk.

· The primary route of metabolism via CYP3A4 isoenzyme system.  Evaluate concomitant therapies for potential drug interactions with ixabepilone.
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 ixabepilone 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/Pharmacokinetics1
Pharmacokinetic properties were found to be linear across a dosage range of 15 mg/m2 to 57 mg/m2 daily in cancer patients.

Mechanism of action

Ixabepilone is a semi-synthetic epothilone B analog that binds directly to the β-tubulin subunits of microtubules, stabilizing microtubular promoting tubulin polymerization and microtubular function in a concentration-dependent manner, leading to arrest of the cell cycle (in the mitotic phase) and cellular apoptosis. In vitro, ixabepilone displays low susceptibility to many efflux transporters such as MRP-1 and P-glycoprotein and has displayed activity in taxane-resistant cells.
Absorption

In patients with cancer, the Cmax typically occurred after the 3-hour infusion had completed. The mean Cmax and AUC following administration of a 40 mg/m2 dose of ixabepilone was 252 ng/mL (coefficient of variation, CV 48%) and 2143 ng•hr/mL (CV 48%).  
Distribution

At steady-state, the mean volume of distribution of a 40 mg/m2 dose of ixabepilone was in excess of 1,000 L. In vitro, ixabepilone was shown to bind to 67-77% of human serum proteins and the blood-to-plasma ratios ranged from 0.65 to 0.85 over a concentration range of 50-5,000 ng/mL. 
Metabolism

Ixabepilone is extensively metabolized via the liver. In vitro studies have shown the primary route of metabolism is via the CYP3A4 isoenzyme. Metabolites of ixabepilone did not show activity against human tumor cell lines when tested for in vitro cytotoxicity. In vitro studies did not reveal any hepatic microsome inhibition or induction. Therefore, ixabepilone is unlikely to interact with other drugs that are metabolized or are substrates of the CYP isoenzymes.
Elimination
Ixabepilone is primarily eliminated as metabolites, none of which account for more than 6% of the administered dose. Ixabepilone metabolism results in over 30 metabolites that are excreted in the urine (21% of the dose) and the feces (65% of the dose). Approximately 5.6% and 1.6% of ixabepilone was excreted as unchanged in the feces and urine, respectively. The terminal elimination half-life of ixabepilone is approximately 52 hours. Therefore, accumulation in plasma is not expected when administered every 3 weeks. 

Drug Transport Systems

In vitro, ixabepilone is a weak inhibitor and substrate of the drug efflux transporter P-glycoprotein and is not a substrate for the breast cancer resistance protein (BCRP).  
FDA Approved Indication(s) and Off-label Uses1
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).

Ixabepilone, in the combination with capecitabine, is FDA-approved for the treatment of metastatic or locally advanced breast cancer for patients whom an anthracycline is contraindicated and the cancer is taxane resistant or the cancer is both taxane and anthracycline resistant. 
Ixabepilone monotherapy is FDA-approved for patients with locally advanced breast cancer or metastatic breast cancer in which is taxane, anthracycline and capecitabine resistant or refractory. 
Potential off-label uses of ixabepilone include the treatment of various solid tumors including Non-Small Cell Lung Cancer, Cervical and Endometrial cancers. 
Current VA National Formulary Alternatives

Patients with metastatic or locally advanced breast cancer, who progress or are resistant to anthracyclines and taxanes can receive either a combination regimen or single agent.  Sequential single agents are preferred, while combination chemotherapy regimens may be reserved for those with aggressive disease.  

Single agent options in this setting include:

Capecitabine –
 not on VANF

Gemcitabine – 
on VANF

Vinorelbine –
 on VANF

Eribulin – 
not on VANF

Cyclophosphamide – on VANF

Vinblastine –
 on VANF

Ixabepilone –
 not on VANF

Combination chemotherapy options to patients in this setting include:

CMF (cyclophosphamide/methotrexate/fluorouracil) – all on VANF


Ixabepilone + capecitabine – neither on VANF

Dosage and Administration1
Ixabepilone is administered over 3 hours via intravenous administration every 3 weeks. The recommended dosage is 40 mg/m2.  For patients with a body surface area (BSA) > 2.2 m2, it is recommended that the dose be calculated based on a BSA of 2.2 m2.
Patients receiving ixabepilone should be premedicated with an H1 and H2 antagonist (diphenhydramine 50 mg orally or equivalent and ranitidine 150-300 mg orally or equivalent, respectively) 1 hour prior to administration of ixabepilone to minimize the risk of hypersensitivity reactions.

If a patient has a known history of a hypersensitivity reaction to ixabepilone, premedication with a corticosteroid (i.e. intravenous dexamethasone 20 mg), in addition to the H1 and H2 antagonists, should be administered 1 hour prior to administration of intravenous ixabepilone. 
Dose Adjustments

Complete blood cell counts and physical examination should be made to evaluate toxicity or risk of developing toxicity. Dose adjustments should be made based off blood counts and nonhematologic toxicities developed from the previous cycle. The following dose adjustments in table 1 are recommended.
Re-treatment Criteria

New cycles of therapy should not be started unless the neutrophil count > 1500 cells/mm3, the platelet count > 100,000 cells/mm3 and nonhematologic toxicities have improved to grade 1 (mild) or completely resolved.  Dose adjustments of each cycle should be based upon the grade of nonhematologic toxicity or hematologic toxicity from the preceding cycle according to the guidelines in table 1.
	Table 1:  Dose Adjustments

	Ixabepilone Monotherapy or Combination
	Ixabepilone Dose Modification

	Nonhematologic:*


Grade 2 neuropathy (moderate) > 7 days

Grade 3 neuropathy (severe)  < 7 days

Grade 3 neuropathy (severe) or disabling neuropathy > 7 days 
Any grade 3 toxicity (severe) other than neuropathy

Transient grade 3 arthralgia/myalgia or fatigue

Grade 3 hand-foot syndrome (palmer-plantar erythrodysesthesia)

Any grade 4 toxicity (disabling)
	Decrease dose by 20%

Decrease dose by 20%
Discontinue Treatment

Decrease dose by 20%

No change in dose

No change in dose

Discontinue treatment

	Hematologic: *
Neutrophil < 500 cells/mm3 > 7 days

Febrile neutropenia

Platelets <25,000/mm3 or platelets <50,000/mm3 with bleeding
	Decrease dose by 20%

Decrease dose by 20%

Decrease dose by 20%

	Capecitabine in combination with ixabepilone
	Capecitabine Dose Modification

	Nonhematologic toxicity
Platelets <25,000/mm3 or platelets <50,000/mm3 with bleeding

Neutrophil < 500 cells/mm3 > 7 days or febrile neutropenia


	Follow capecitabine labeling
Hold for concurrent stomatitis or diarrhea. Continue at same dose once platelet > 50,000/mm3

Hold for concurrent stomatitis or diarrhea. Continue at same dose once neutrophils> 1,000 cells/mm3

	Ixabepilone adjustments in monotherapy or combination with capecitabine
	Ixabepilone Dose Modification#

	Hepatic Impairment

Combination Therapy

AST or ALT > 2.5 x UNL or bilirubin > 1 x UNL
AST or ALT < 2.5 x UNL or bilirubin < 1 x UNL

Monotherapy**
AST and ALT < 2.5 UNL and bilirubin < 1 x UNL
AST and ALT < 10 x UNL and bilirubin < 1.5 x UNL
AST and ALT < 10 x UNL and bilirubin > 1.5 but < 3 x UNL
	Use contraindicated

Standard Dose ixabepilone 40 mg/m2
Standard Dose ixabepilone 40 mg/m2
Reduce dose to 32 mg/m2
Initiate reduced dose 20 mg/m2 and may increase to maximum 30 mg/m2

	Dose adjustments based upon Drug Interactions
	Ixabepilone Dose Modification

	Strong CYP3A4 Inhibitors
	Should be avoided. If must be administered concomitantly, dose should be reduced to 20 mg/m2. If inhibitor discontinued a 1 week washout period before considering upward titration of dose to 40 mg/m3.

	Strong CYP3A4 Inducers
	Should be avoided and an alternative with less propensity to induce hepatic enzymes should be considered. If must be administered concomitantly and patient maintained on inducer, ixabepilone may be increased to 60 mg/m2 as tolerated.***


* Patients should not begin a new cycle of treatment until neutrophils are > 1,500 cells/mm3, 

   platelets > 100,000/mm3 and nonhematologic toxicities have decreased to at least grade 1 (mild)
 ** Patients with elevated bilirubin due to Gilbert’s disease were excluded
 *** Based on a drug interaction study with rifampin. However, no clinical data to support dose 
      increase in patients receiving strong CYP3A4 inducers; Ixabepilone 60 mg/m2 must be infused 
      over a 4 hour period; If strong CYP3A4 inducer is discontinued, the ixabepilone dose should be    

      reduced to standard dosing. Patients should be monitored closely for toxicity if dose increased
# ixabepilone dosing recommendations are for the first course of therapy; further decreases in subsequent courses 
  Should be based on individual tolerance
Preparation and Intravenous Administration1
Ixabepilone must be constituted and diluted for preparation and administration. It is supplied as an injection kit that contains two vials, one of which is a diluent and one of which contains ixabepilone powder. Only the ixabepilone diluent is to be used for constitution. Ixabepilone is supplied as a 15 mg and 45 mg vial which actually contains 16 mg and 47 mg ixabepilone (to allow for withdrawal loss), respectively. The 15 mg kit of ixabepilone contains 8 mL of diluent and the 45 mg kit of ixabepilone contains 23.5 mL of diluent. The kit should be stored away from light in a refrigerator at a temperature of 2º C - 8º C (36º F – 46º F) in the original package. The ixabepilone injection kit should be allowed to sit at room temperature for approximately 30 minutes prior to constitution. During this time frame, a white precipitant may form in the diluents vial but will dissolve as the vial reaches room temperature. The final concentration after constitution is 2 mg/mL.
Constitution Instructions
1. Using aseptic technique, withdrawal the diluent from the diluent vial and inject it into the ixabepilone vial.
2. Gently swirl and invert the vial until ixabepilone is completely dissolved.

Dilution Instructions Prior to Administration

The constituted solution must be further diluted prior to administration in a di-(2-ethylhexyl) phthalate (DEHP) free bag in one of the following USP approved infusion fluids:

· Lactated Ringers

· 0.9% Sodium Chloride

· 2 mEq sodium bicarbonate injection must be added to a 250 mL or 500 mL bag of 0.9% sodium chloride injection to maintain a pH between 6.0 – 9.0 prior to adding the constituted ixabepilone solution

· PLASMA-LYTE A injection pH 7.4®
Using the formulas listed below, a calculation should be performed to ensure a concentration for infusion between 0. 2 mg/mL – 0.6 mg/mL (For most doses, a 250 mL infusion bag is sufficient):
· Total infusion volume = mL constituted solution + mL of infusion fluid

· Final infusion concentration = dose of ixabepilone (mg) /total infusion volume (mL)

Instructions

1. With aseptic technique, withdrawal the correct volume of constituted volume (2 mg ixabepilone/mL) and transfer it to the infusion solution bag with the appropriate volume to ensure the final concentration listed above (0.2 mg/mL – 0.6 mg/mL)

2. Manually rotate the bag to ensure mixture of and to visually inspect the final product.

3. An in-line filter with a microporous membrane of 0.2 to 1.2 microns should be used to infuse the final infusion solution. Make sure to use DEHP-free infusion containers and administration sets. 

4. Discard any remaining solution according to institutional policy and procedures. 

5. Always wear protective gear such as impervious gloves when handling (i.e. inspecting, unpacking, administrating or preparing) ixabepilone products.

Stability1
The constituted ixabepilone product before being diluted further with infusion fluids is stable for a maximum of 1 hour at room temperature and room light as long as kept in the vial (not in a syringe). Once, further diluted with the infusion fluid, the product is stable for a maximum of 6 hours at room temperature and light. Therefore, the administration of the ixabepilone infusion solution must be administered within the 6 hour time frame. Since the above stability parameters are specified based on a pH range of 6.0 – 9.0, other infusion fluids should be avoided and are not recommended in order to ensure optimal ixabepilone stability. 
Efficacy 4-6 

Efficacy Measures
Efficacy measures typically utilized in metastatic breast cancer studies are as follows:

· Time to progression of disease (TTP is commonly defined as the time from randomization to disease progression or death due to breast cancer)

· Progression free survival (PFS is defined as time from randomization to disease progression or death from any cause)

· Overall survival (OS)
· Objective response rate (ORR)
· Rate of clinical benefit (typically defined as a composite outcome of complete response, partial response, or stable disease for at least six months)

Summary of Efficacy Findings 
The efficacy of ixabepilone and capecitabine were evaluated in one Phase II and two Phase III clinical trials.  A brief summary of findings is outlined below.
Perez EA, et al. Efficacy and Safety of Ixabepilone (BMS-247550) in a Phase II Study of Patients With Advanced Breast Cancer Resistant to an Anthracycline, A Taxane, and Capecitabine. J Clin Oncol 2007;25:3407-3414
In this Phase II multicenter, single-arm study, objective response rates (ORR) of ixabepilone monotherapy were assessed by an independent radiology facility (IRF).  The ORR among response-assessable patients was 11.5% (95% CI, 6.3-18.9%).  Patients received a median of 4 cycles with 25% of patients receiving > 8 cycles. The median duration of response was 5.7 months and duration of progression-free survival was 3.1 months. Overall survival median was 8.6 months and stable disease was reached with 50% of patients (13% of patients achieved stable disease for > 6 months).4
Thomas ES, Gomez HL, Li RK, et al.  Ixabepilone Plus Capecitabine for Metastatic Breast Cancer Progressing After Anthracycline and Taxane Treatment. J Clin Oncol 2007; 25: 5210

PFS in the ixabepilone plus capecitabine group was found to be superior to the capecitabine monotherapy group (HR, 0.75; 95% CI, 0.64 to 0.88; stratified log-rank P=0.0003). The combination group was found to reduce the estimated risk of disease progression by 25% and prolonged PFS compared to capecitabine alone (median, 5.8 vs. 4.2 months, respectively). Investigator-assessed median PFS was consistent at 5.3 vs. 3.8 months; p=0.0011.  ORR was also found to be superior in the ixabepilone plus capecitabine group compared to the capecitabine alone group (35% vs. 14%, respectively; Odds Ratio, 3.2; P < 0.0001).5
Sparano J, et al. Randomized Phase III Trial of Ixabepilone Plus Capecitabine Versus Capecitabine in Patients With Metastatic Breast Cancer Previously Treated With an Anthracycline and a Taxane. J. Clin Oncol 2010; 28: 3256
No statistical difference in overall survival was noted between the ixabepilone plus capecitabine vs. capecitabine alone arms (median 16.4 vs. 15.6 months; HR 0.90 (95% CI, 0.78 – 1.03); p=0.1162.  A secondary analysis of prespecified covariates showed improvement in OS for the combination arm (HR 0.85; 95% CI, 0.75-0.98; p = 0.0231).  In those with measurable disease, the combination resulted in a superior PFS, which was a secondary endpoint.  Median PFS was 6.24 months vs. 4.4 months in the combination vs. capecitabine monotherapy arms (HR 0.79; 95% CI, 0.69-0.90; p=0.0005).  This trial supports that the combination of ixabepilone plus capecitabine is more effective at prolonging PFS and improved ORR compared to capecitabine monotherapy in patients pretreated with anthracycline and taxane for metastatic breast cancer. However, it did not prolong overall survival.6    
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 14).

Adverse Events (Safety Data)
The adverse event data is based on one randomized study of 369 patients that received ixabepilone plus capecitabine and one single-arm study that included 126 patients that received ixabepilone monotherapy.
Deaths and Other Serious Adverse Events
The following serious adverse reactions were reported in 1323 patients that received ixabepilone either as monotherapy or in combination with other therapies in phase 2 and 3 clinical trials.
Infection/infestations: sepsis, pneumonia, infection, neutropenic infection, UTI, lower respiratory tract infection

Blood/lymphatic system disorders: coagulopathy, lymphopenia

Metabolic/nutritional disorders: hyponatremia, metabolic acidosis, hypokalemia

Nervous system disorders: cognitive disorder, syncope, cerebral hemorrhage, lethargy

Cardiac disorders: MI, supraventricular arrhythmia, LV dysfunction, angina, atrial flutter, cardiomyopathy

Vascular disorders: hypotension, thrombosis, embolism

Respiratory, Thoracic Disorders: pneumonitis, hypoxia, respiratory failure,

GI disorders: ileus, colitis, gastritis, GI hemorrhage

Hepatobiliary disorders: acute liver failure, jaundice

Skin disorders: erythema multiforme

Musculoskeletal disorders: muscular weakness

Renal disorders: nephrolithiasis, renal failure

Common Adverse Events
The most common adverse reactions (> 20%) were peripheral sensory neuropathy, fatigue/asthenia, myalgia/arthralgia, alopecia, nausea, vomiting, stomatitis/mucositis, diarrhea and musculoskeletal pain.  The following reactions occurred with combination therapy:  palmar-plantar erythrodysesthesia (hand-foot syndrome), anorexia, abdominal pain, nail disorder and constipation.  The most common hematologic abnormalities (> 40%) included neutropenia, leukopenia, anemia and thrombocytopenia.
Table 2. Comparative Adverse Event Profiles
	
	 Sparano, et al.6
	Perez, et al.4

	
	Ixabepilone + capecitabine (n=369)
	Capecitabine (n=368)
	Ixabepilone monotherapy (n=126)

	AE
	Total 
	Grade 3 / 4
	Total
	Grade 3 / 4
	Total
	Grade 3 / 4

	Upper RTI
	4
	0
	3
	0
	6
	0

	Febrile neutropenia
	5
	4
	1
	1
	3
	3

	Hypersensitivity
	2
	1
	0
	0
	5
	1

	Anorexia
	34
	3
	15
	1
	19
	2

	Dehydration
	5
	2
	2
	<1
	2
	1

	Sensory neuropathy
	65
	21
	16
	0
	62
	14

	Motor neuropathy
	16
	5
	<1
	0
	10
	1

	Dizziness
	8
	1
	5
	1
	7
	0

	Nausea
	53
	3
	40
	2
	42
	2

	Vomiting
	39
	4
	24
	2
	29
	1

	Stomatitis/mucositis
	31
	4
	20
	3
	29
	6

	Diarrhea
	44
	6
	39
	9
	22
	1

	Hand-foot syndrome
	64
	18
	63
	17
	8
	2

	Myalgia/arthralgia
	39
	8
	5
	<1
	49
	8

	Musculoskeletal pain
	23
	2
	5
	0
	20
	3

	Fatigue/asthenia
	60
	16
	29
	4
	56
	13


Tolerability

Thomas et al. reported in their Phase III trial of heavily pretreated patients with metastatic breast cancer that treatment discontinuation due to study drug toxicity occurred in 18% of patients receiving both ixabepilone plus capecitabine vs. 7% of patients receiving capecitabine alone.5  

Perez et al. reports in their Phase II trial that fourteen patients (11%) discontinued therapy due to treatment-related events, which included seven patients (6%) who discontinued due to peripheral neuropathy.  Two patients ceased therapy because of grade 3 stomatitis.4
Sparano et al. reports in their Phase III trial that 30% of patients discontinued the combination arm of ixabepilone and capecitabine vs. 11% in the capecitabine alone arm.6
Precautions/Contraindications1-3
Precautions

Peripheral Neuropathy
· Common while being treated with ixabepilone (60%-67% of patients)
· Most common cause of discontinuation of ixabepilone due to drug toxicity in clinical studies 

· Signs and symptoms  of neuropathy (i.e. burning sensation, neuropathic pain, discomfort, hyperesthesia, hypoesthesia, or parathesia) should be monitored while on ixabepilone

· ~75% of patients experienced new onset or worsening of neuropathy within the first 3 cycles of therapy

· May require reduction or delay in dose

· Management of peripheral neuropathy consists of a reduction in dose, a dose delay, or discontinuation of treatment
· Following a reduction in dose, most patients experienced improvement or no worsening of peripheral neuropathy in clinical studies (80% and 87% in Studies 046 and 081, respectively)

· Improvement of neuropathy to baseline or grade 1 was found in 76% and 79% of patients with grade ¾ neuropathy in studies 046 and 081, respectively, 12 weeks after onset

· Preexisting diabetes mellitus and peripheral neuropathy may increase the risk of developing severe neuropathy as indicated by a pooled analysis of 1540 cancer patients treated with ixabepilone

· Caution should be used when treating patient with preexisting diabetes or peripheral neuropathy

· Caution should be used when treating patients with moderate to severe (> grade 2) neuropathy as they were excluded from studies with ixabepilone

· Prior therapy with neurotoxic chemotherapy agents was not found to increase the risk of developing neuropathy
Table 3:                       Treatment-related Peripheral Neuropathy
	
	Ixabepilone + Capecitabine6
	Ixabepilone as monotherapy4

	All grades1,2
	67%
	63%

	Grades ¾1,2
	23%
	14%

	Neuropathy leading to discontinuation
	21%
	6%

	Median number of cycles to onset of grade ¾ neuropathy
	4
	4

	Median time to improvement of grade ¾ neuropathy to baseline or grade 1
	6 weeks
	4.6 weeks


1Sensory and motor neuropathy combined

224% and 27% of patients has preexisting grade 1 neuropathy in the trials by Sparano, et al. and Perez, et al., respectively

Myelosuppression
· Dose-dependent and primarily presents as neutropenia
· Not to be administered in patients with neutrophil counts <1,500 counts/mm3
· All patients receiving ixabepilone should have frequent blood cell counts drawn

· If neutropenia or thrombocytopenia occur, the dose should be reduced

Table 4:                                 Treatment-related Myelosuppresion
	
	Ixabepilone with Capecitabine6 
	Ixabepilone as monotherapy4

	Grade 4 neutropenia (< 500 cells/mm3
	36%
	23%

	Febrile neutropenia 
	5%
	6%

	Infection
	3%
	5%

	Neutropenia-related death
(Normal or mild hepatic impairment)
	1.9%
	0.4%

	Neutropenia-related death
(AST or ALT > 2.5 x UNL or bilirubin > 1.5 x UNL)
	29%
	No deaths reported


Hepatic Impairment
· In patients with breast cancer being treated with ixabepilone 40 mg/m2 in combination with capecitabine or as monotherapy, toxicity-related events were higher when baseline AST or ALT > 2.5 x UNL or bilirubin > 1.5 x UNL compared to patients with baseline AST or ALT < 2.5 x UNL or bilirubin < 1.5 x UNL
· The overall frequency of grade ¾ adverse reactions, febrile neutropenia, serious adverse events and toxicity-related deaths were greater in patients treated with ixabepilone in combination with capecitabine verses ixabepilone monotherapy.
· Grade 4 neutropenia, febrile neutropenia and serious adverse events occurred more often in patients treated with ixabepilone monotherapy.

· Based on a study of 56 patients (with varying degrees of hepatic impairment) evaluating the safety and pharmacokinetics of ixabepilone monotherapy, dose escalation increased exposure with elevated AST or bilirubin
· Due to increased risk of toxicity and neutropenia-related death, ixabepilone in combination with capecitabine is contraindicated if AST or ALT > 2.5 x UNL or bilirubin >1 x UNL.

· A reduction in dose is recommended in patients receiving ixabepilone monotherapy based on  degree of hepatic impairment

· Patients with AST or ALT > 10 x UNL or bilirubin > 3 x UNL should be avoided

· Limited data is available to support use in patients with AST or ALT > 5 x UNL and caution should be warranted
Hypersensitivity Reactions

· Ixabepilone should not be used in patients who have a history of a hypersensitivity reaction to polyoxyethylated castor oil or its derivatives (commonly known as cremophor).
· An H1 and an H2 antagonist should be given 1 hour prior to administration of ixabepilone infusion and the patient should be monitored for hypersensitivity reactions
· Severe hypersensitivity reactions require discontinuing ixabepilone infusion and aggressive supportive treatment should be initiated (i.e. corticosteroids, epinephrine)

· Clinical studies of ixabepilone reported only 1% (9/1323) of patients experienced a severe hypersensitivity reaction

· 3 of 9 patients were able to repeat administration of ixabepilone

· Patients who experience a hypersensitivity reaction to ixabepilone should be treated with a corticosteroid, an H1, an H2 antagonist and consideration of extending of the infusion time should be considered 

Pregnancy

· Ixabepilone is Pregnancy Category D and may cause fetal harm when given to pregnant women

· No well-controlled human studies have evaluated ixabepilone in pregnant women 
· No teratogenic effects were seen in a study evaluating the effects on embryo-fetal development was studied in rats and rabbits at ixabepilone IV doses of 0.02, 0.08, 0.3 mg/kg/day and 0.01, 0.03, 0.11 mg/kg/day, respectively

· An increase in resorption and post-implantation loss and a decrease in live fetuses and fetal weight was observed in rats at a dose of 0.3 mg/kg/day which is 1/10 the human clinical exposure based on AUC
· Reduced ossification of caudal vertebrae, sternebrea and metacarpals
· In rabbits, maternal toxicity (death) and embryo-fetal toxicity (resorptions) occurred at 0.3 mg/kg/day which is approximately 1/10 of the human clinical dose based on body surface area.  
· Female patients of child-bearing age should be advised to not become pregnant during therapy with ixabepilone

· If pregnancy is to occur while taking ixabepilone the patient should be informed on the potential fetal harm
Cardiac Adverse Reactions

· The frequency of both myocardial ischemia and ventricular dysfunction were higher in ixabepilone in combination with capecitabine compared to ixabepilone monotherapy (1.9% vs. 0.3%, respectively)

· 0.5% of patients in the ixabepilone in combination with capecitabine developed supraventricular arrhythmias compared to no patients reported in the ixabepilone monotherapy group

· Patients who develop cardiac ischemia or impaired cardiac function while on ixabepilone should have treatment discontinued

· Caution should be used with patients with a history of cardiac disease

Cognitive Impairment from Excipients

· Consideration of the central nervous system and other various affects of alcohol should be taken as dehydrated alcohol USP is contained in the ixabepilone product
Contraindications

Ixabepilone is contraindicated in patients with any of the following conditions:

· History of severe hypersensitivity reaction to Cremphor® EL or its derivatives 

· i.e. polyoxyethylated castor oil

· Neutrophil count < 1,500 cells/mm3
· Platelet count< 100,000 cells/mm3
Ixabepilone in combination with capecitabine is contraindicated with AST or ALT > 2.5 x UNL or

bilirubin > 1 x UNL
Special Populations

Data from a pharmacokinetic study of 676 cancer patients indicated that age, gender and race do not have appreciable effects on the pharmacokinetics of ixabepilone.1 

Renal Impairment

There is no data from controlled pharmacokinetic studies evaluating ixabepilone in renal impairment. Ixabepilone is minimally excreted via the kidney and has not been evaluated in patients with a calculated creatinine clearance (CrCl) < 50 mL/min in combination with capecitabine. Ixabepilone monotherapy has not been studied in patients serum creatinine > 1.5 x UNL. The limited pharmacokinetic data in renal impairment indicates no appreciable effect on AUC and Cmax in mild to moderate renal impairment (CrCl > 30 mL/min). 

Hepatic Impairment

Ixabepilone was studied in 56 patients with mild to severe hepatic impairment and compared to 17 patients with normal hepatic function. Hepatic function was defined by bilirubin levels and AST levels. In patients with a bilirubin > 1 - 1.5 x UNL or AST> UNL but bilirubin < 1.5 UNL. the AUC was increased by 22%. In patients with a bilirubin 1.5 – 3 x UNL and any AST level, the AUC was increased by 30%. Lastly, in patients with a bilirubin > 3 x UNL and an AST level, the AUC was increased by 81%. 

Ixabepilone monotherapy was tolerated well in 17 patients with severe hepatic impairment (bilirubin > 3 x UNL) at doses of 10 and 20 mg/m2. It is recommended to monitor hepatic function prior to initiation and periodically thereafter initiation of ixabepilone as there is need of a dose reduction in patients with hepatic impairment. Ixabepilone in combination with capecitabine should not be given if AST or ALT > 2.5 x UNL or bilirubin > 1 x UNL. 
Geriatric Patients

Limited data for the use of ixabepilone in patients > 65 years of age exists. Therefore, an insufficient number of subjects have been studied to determine whether geriatric patients respond differently to ixabepilone compared to a younger population. In a study of ixabepilone in combination with capecitabine, 45 of 431 patients were > 65 years of age (3 > 75 years of age). Grade ¾ adverse events were higher in patients > 65 years of age versus < 65 years of age (82% versus 68%, respectively) as indicated in table 5:
	Table 5:  Rates of Grade ¾ Adverse Events in Geriatric Patients

	Adverse Event
	ixabepilone +

capecitabine
	capecitabine

	

Stomatitis
	9%
	1%

	

Diarrhea 
	9%
	6%

	Hand-foot syndrome
	27%
	20%

	Peripheral neuropathy
	24%
	22%

	Febrile Neutropenia
	9%
	3%

	Fatigue
	16%
	12%

	Asthenia
	11%
	6%


*2 out of 43 patients with normal hepatic and renal function developed fatal toxicity

In a study evaluating ixabepilone monotherapy in breast cancer patients, 32 out of 240 patients were > 65 years of age and 6 out of 240 patients were > 75 years of age. There were no significant differences to be found in safety outcomes compared to patients < 65 years of age. 

Pediatric Patients

Ixabepilone effectiveness has not been studied in a pediatric population. Safety of ixabepilone was evaluated in one Phase 1 and one Phase 2 trial and was shown to be similar to the adult population with no new safety issues identified.

Pregnancy

Pregnancy Category D

Fetal harm may result if ixabepilone is administered to a pregnant woman.  There are no adequate and well-controlled studies in this population.  Patients should be advised not to become pregnant during therapy.  If used during pregnancy, or if the patient becomes pregnant while receiving ixabepilone, the patient should be informed of the potential risk to the fetus.
Nursing Mothers

Studies evaluating excretion of ixabepilone into human milk have not been performed. However, data in rats indicate that ixabepilone is excreted in milk. After administration of radiolabeled intravenous ixabepilone, concentrations in milk were similar to plasma in rats on days 7 – 9 postpartum and declined similarly to plasma concentrations. Given that many drugs are excreted in human milk and for the potential for serious adverse effects in infants, it is recommended that a decision be made to discontinue nursing or discontinue ixabepilone while nursing based on risk versus benefits of the nursing mother.  

Postmarketing Safety Experience
Radiation recall has been reported.  It is not always possible to reliably estimate the frequency or establish a causal relationship to drug exposure.
Look-alike / Sound-alike (LA / SA) Error Risk Potential2
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 three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
LA/SA for generic name <ixabepilone >:  Iloperidone, Exelon

LA/SA for trade name <Ixempra>:  Xeloda, Iressa, Inspra, Keppra
Drug Interactions1
Drugs That May Increase Ixabepilone Plasma Concentrations
CYP3A4 Inhibitors: Potent CYP3A4 inhibitors such as ketoconazole, increased ixabepilone concentration AUC by 79% compared to ixabepilone monotherapy. It is recommended to avoid drugs that are potent inhibitors of CYP3A4 isoenzyme. If coadministration of a CYP3A4 inhibitor cannot be avoided, a dose adjustment should be considered. Mild to moderate CYP3A4 inhibitors (i.e. verapamil, fluconazole, or erythromycin) have not been studied. Therefore, caution is warranted when coadministering mild-moderate CYP3A4 inhibitors with ixabepilone. Alternative therapies that do not inhibit CYP3A4 are recommended instead. Patients who require coadministration of CYP3A4 inhibitors should be monitored closely for ixabepilone toxicities. It is recommended to monitor peripheral blood counts between ixabepilone cycles. 
Drugs That May Decrease Ixabepilone Plasma Concentrations

CYP3A4 Inducers: Rifampin coadministration resulted in a reduction of ixabepilone AUC by 43% compared to ixabepilone monotherapy. Other CYP3A4 inhibitors (i.e. dexamethasone, rifabutin, phenobarbital, carbamazepine, St. John’s Wort and phenytoin) may decrease ixabepilone plasma concentrations leading to subtherapeutic levels, too. Therefore, it is recommended to avoid these agents or consider coadministration with low potential to induce CYP3A4 metabolism. Consider a gradual dose adjustment in patients who require coadministration of a potent CYP3A4 inducer.
Capecitabine Coadministration

Cancer patients who received ixabepilone (40 mg/m2) in combination with capecitabine (1000 mg/m2) had a reduction in ixabepilone Cmax by 19%, capecitabine Cmax by 27% and 5-fluorouracil AUC by 14%, compared to either agent being administered separately. However, this interaction is not clinically significant as efficacy data supports combination treatment. 
Effect of Ixabepilone on Other Drugs

At relevant clinical concentrations, ixabepilone does not inhibit CYP enzymes. Therefore, it is not expected to affect plasma concentrations of other drugs. 
Drug-Food Interactions

Ixabepilone is a CYP3A4 substrate. Therefore grapefruit juice may also increase plasma concentrations and should be avoided in patients receiving ixabepilone therapy. 
Acquisition Costs
Refer to VA pricing sources for updated information.

Pharmacoeconomic Analysis

A budget impact analysis of ixabepilone used according to FDA-approved indications was funded by Bristol-Myers Squibb and published.  The model estimates that adding ixabepilone to a health plan formulary listing has minimal impact on pharmacy budget.  They conclude that given the poor prognosis of patients with the limited number of treatment options, the need for ixabepilone can be established.7  
Conclusions

· Ixabepilone is a novel microtubule stabilizing agent FDA indicated for the treatment of metastatic breast cancer in patients who have progressed or are resistant to anthracycline- and taxane-based therapies
· Ixabepilone plus capecitabine has consistently demonstrated a statistically significant improvement in prolongation of PFS and improvement in ORR compared to capecitabine monotherapy in patients with locally advanced or metastatic breast cancer pretreated or resistant to anthracycline therapy and resistant to taxane therapy

· The combination of ixabepilone plus capecitabine has failed to demonstrate any prolongation of OS 

· The combination of ixabepilone plus capecitabine is more toxic compared to capecitabine alone. However, dose reductions or discontinuation of therapy resulted in reduction of adverse events in most patients, signifying some reversibility and manageability of adverse events.  Although treatment discontinuation due to adverse events was reported in 18% of patients receiving the combination vs. 7% receiving capecitabine alone.
· Treatment-related adverse events include myelosuppression and peripheral neuropathy.  Significant grade 3 / 4 toxicity in the clinical trial population should lend caution to use of ixabepilone in the Veteran population.
· Ixabepilone has a low emetogenic potential. An antiemetic should be given prior to each dose.  In addition, premedication with an H1 and H2 antagonist should be given to minimize the hypersensitivity reaction risk.

· Ixabepilone has not been shown to provide any HR-QOL benefits.
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Appendix:  Clinical Trials

A literature search was performed on PubMed/Medline (1966 to April 2012) using the search terms ixabepilone and Ixempra. 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 6.  Clinical Trials Assessing the Safety & Efficacy of Ixabepilone Plus Capecitabine in Metastatic Breast Cancer  

	Citation
	Perez EA, Lerzo G, Pivot X, et al. Efficacy and Safety of Ixabepilone (BMS-247550) in a Phase II Study of Patients with Advanced Breast Cancer Resistant to an Anthracycline, a Taxane and Capecitabine. J Clin Oncol 2007; 25: 3407

	Study Goals
	This study was designed to assess the ORR of ixabepilone monotherapy in MBC resistant to anthracyclines, taxanes and capecitabine.

	Methods
	Study Design 

This study was a Phase II, multicenter, single-arm study designed to assess efficacy and safety of ixabepilone monotherapy. The primary endpoint was measured as the Objective Response Rate (ORR) and assessed by the independent radiology facility (IRF). Secondary endpoints included duration of response, time to response, progression-free survival (PFS) and overall survival (OS).
Ixabepilone was dosed based on BSA at 40 mg/m2 on day 1 of a 21-day cycle and administered intravenously over 3 hours. The dose could be reduced to 25 or 32 mg/m2 based on tolerability of the previous cycle. Ixabepilone therapy was continued for < 18 cycles or until disease progression or unacceptable toxicity. 

Data Analysis

Modified Gehan two-stage design used and required at least one response in the initial 29 patients in order to proceed to the second stage.  Two-sided 95% CIs were computed for ORR. Median duration of survival, duration of response and PFS were calculated using Kaplan-Meier methods. 

	Criteria
	Inclusion criteria
· Female > 18 years of age with MBC or locally advanced breast cancer resistant to anthracyclines, taxanes and capecitabine

· Resistance to both taxanes and capecitabine  and minimum cumulative anthracycline dose of 240 mg/m2 of doxorubicin or 360 mg/m2 or epirubicin; Resistance was defined as disease progression while on any of these therapies or within 8 weeks after the last dose in the metastatic setting, recurrence within 6 months of the last dose in the adjuvant or neoadjuvant setting (i.e. anthracyclines and taxanes) or progression of cancer during or after discontinuation of trastuzumab for patients who were HER2+. 

· < 5 prior chemotherapy regimens and < 3 prior regimens in the metastatic setting

· > 1 radiographically measurable target lesion 

· Estrogen receptor positive tumor demonstration of progression after hormonal therapy and no longer a candidate for hormonal treatment

· Human epidermal growth factor receptor 2 positive tumor with prior failure to trastuzumab

· Karnofsky performance score of 70 – 100

Exclusion criteria
· Prior epothilone treatment

· Concurrent chemotherapy

· Brain metastases prior to or at study entry

· Grade > 2 neuropathy at study entry

· Eligibility for trastuzumab or hormonal therapy

	Results
Demographics:

Median age: 51 yrs; range 30-78

KPS 80-90: 70%

Visceral dz: 77%

HR (+): 52%

HER2 (+): 7%

Triple (-): 33%
	The study included 128 patients in 36 centers across 10 countries were enrolled;

126 patients were treated; 113 were deemed assessable for response;

The trial took place between February 24, 2004 and December 21, 2005;

Efficacy

Endpoint

Result

Objective Response Rate (ORR)

   Investigator ORR 

       Response assessable (n= 113)

       Treated (n=126)

   IRF ORR (n=113)

       Response assessable (n= 113)

       Treated (n=126)

18.6% (95% CI, 11.9-27.0)

18.3% (95% CI, 11.9-26.1)

11.5% (95% CI, 6.3-18.9)

11.1% (95% CI, 6.2-17.9)

Duration of response

   Median (months)

       Response assessable (n= 113)

       Treated (n=126)

5.7 months (95% CI, 4.4-7.3)

5.7 months (95% CI, 4.4- 7.3)

Time to response

   Median 

       Response assessable (n= 113)
       Treated (n= 126)
6.1 weeks (95% CI, 5.0-19.0)

6.1 weeks (95% CI, 5.0-19.0)

Safety

Non-Hematologic Adverse Events

Non-hematological Adverse Events (N=126)

Total %

Grade 2 (%)

Grade 3 (%)

Grade 4 (%)

Peripheral neuropathy

62

32

13

1

Fatigue/asthenia

56

21

12

1

Myalgia/arthralgia

49

26

8

0

Alopecia

48

39

-

-

Vomiting

29

9

1

0

Nausea

42

11

2

0

Stomatitis/mucositis

29

7

6

1

Diarrhea

22

5

1

0

Musculoskeletal pain

20

9

3

0

Hematologic Adverse Events

Hematological Adverse Events (N=126)
Grade 3 (%) 

Grade 4 (%)

Leukopenia

36

13

Neutropenia

31

23

Thrombocytopenia

5

2

Anemia

6

2



	Conclusions
	Ixabepilone response occurred in patients with metastatic breast cancer who had failed previous therapies and the safety profile was deemed manageable. Non-hematological and hematological adverse events occurred in > 20% of patients. Discontinuation occurred in 11% of patients due to adverse events and one treatment-related death occurred due to septic shock (patient had baseline grade 4 cardiac failure with previous doxorubicin therapy). Patients received a median of 4 cycles with 25% of patients receiving > 8 cycles. The median duration of response was 5.7 months and duration of progression-free survival was 3.1 months. Overall survival median was 8.6 months and stable disease was reached with 50% of patients (13% of patients achieved stable disease for > 6 months).



	Critique
	Strengths
This study was multicenter and evaluated both safety and efficacy in patients who had failed previous therapies and data was consistent with other studies. 

Limitations

Many authors had immediate family members indicated to have financial interest in the study. Also, the study was funded by Bristol-Myers Squib creating bias. The size of the study was relatively small that had only one study arm that did not compare ixabepilone to other treatment options.  Ixabepilone was not compared to other therapies. Comparative studies are warranted.




	Citation
	Thomas ES, Gomez HL, Li RK, et al.  Ixabepilone Plus Capecitabine for Metastatic Breast Cancer Progressing After Anthracycline and Taxane Treatment. J Clin Oncol 2007; 25: 5210

	Study Goals
	Compare ixabepilone plus capecitabine versus capecitabine alone in patients with anthracycline-pretreated or –resistant and taxane-resistant locally advanced or metastatic breast cancer.

	Methods
	Study Design 

This trial was an international, randomized, open-label, phase III trial
Patients received ixabepilone 40 mg/m2 as a 3 hour infusion on day 1 of a 21 day cycle plus oral capecitabine 2000 mg/m2 divided into two doses on days 1 through 14 of a 21 day cycle or capecitabine 2500 mg/m2 divided into two doses on days 1 through 14 on a 21 day cycle. Patients received treatment until disease progression or unacceptable toxicity developed.
Data Analysis

To estimate PFS and duration of response, Kaplan-Meier methodology was used. Hazard ratios were computed using a stratified Cox proportional hazards model. The Cochran-Mantel-Hanszel test was used to compare objective response between the two groups. A two-sided log-rank method with a final adjusted α level of 0.0483 was used to show statistical significance.

	Criteria
	Inclusion criteria

Women > 18 years of age with anthracycline-pretreated or –resistant and taxane resistant measurable locally advanced or metastatic breast cancer were included in this study.
Exclusion criteria

Patients with brain metastases, > grade 2 motor or sensory neuropathy, reduced hematologic or renal function, known or suspected dihydropyrimidine dehydrogenase deficiency, concomitant use of potent CYP3A4 inhibitors, prior epothilone or capecitabine therapy, or grade > 2 liver dysfunction  were excluded from this trial. 

	Results
Demographics:

Median age 53 yrs; range 25-79

KPS 90-100: 65%
Visceral dz: ~60%

HR (+): 48%

HER2 (+): 15%

Triple (-): 25%
	752 patients were enrolled at 160 sites in 22 countries; enrollment took place from September 2003 and January 2006; 737 patients treated (369 I + C vs. 368 C alone)

Efficacy

PFS in the ixabepilone plus capecitabine group was found to be superior to the capecitabine monotherapy group (HR, 0.75; 95% CI, 0.64 to 0.88; stratified log-rank P=0.0003). The combination group was found to reduce the estimated risk of disease progression by 25% and prolonged PFS compared to capecitabine alone (median, 5.8 vs. 4.2 months, respectively). Investigator-assessed median PFS was consistent at 5.3 vs. 3.8 months; p=0.0011.  ORR was also found to be superior in the ixabepilone plus capecitabine group compared to the capecitabine alone group (35% vs. 14%, respectively; Odds Ratio, 3.2; P < 0.0001). 
Safety

Similar to other studies, the most common grade ¾ adverse events in the combination group were peripheral neuropathy, hand-foot syndrome, myalgia, asthenia, fatigue and diarrhea compared to hand-foot syndrome and diarrhea in the capecitabine alone group. Treatment discontinuation due to toxicity from the study drugs, occurred in 18% of those receiving the combination vs. 7% of those receiving capecitabine alone.  Growth factor support was utilized by 20% of patients in the combination arm vs. 3% in the capecitabine arm.  



	Conclusions
	The combination of ixabepilone plus capecitabine prolonged PFS compared to capecitabine alone in patients with anthracycline-pretreated or –resistant and taxane resistant metastatic breast cancer. The results from this trial support use of the combination of ixabepilone plus capecitabine in this patient population as there are currently limited effective treatment options. However, there are higher risks of toxicity in the combination group and risks versus benefits should always be weighed. 

	Critique
	Strengths

· Multicenter, international, randomized trial

· Large study

· Evaluated the combination of ixabepilone plus capecitabine versus capecitabine alone

· Blinded assessment of efficacy
· Patient symptom assessment prior to each cycle was included
Limitations
· Funding by Bristol-Myers Squibb

· Did not assess overall survival
· Missing data from 75% of treatment arms limits symptom assessment


	Citation
	Sparano J, et al. Randomized Phase III Trial of Ixabepilone Plus Capecitabine Versus Capecitabine in Patients With Metastatic Breast Cancer Previously Treated With an Anthracycline and a Taxane

	Study Goals
	Assess if the combination of ixabepilone + capecitabine (I+C) improved overall survival compared to capecitabine monotherapy

	Methods
	Study Design 

Multinational, multicenter, randomized, open-label, phase III study
Patients were randomized 1:1 to receive ixabepilone 40 mg/m2 infused over 3 hours on day 1 of a 21 day cycle plus oral capecitabine 1000 mg/m2 twice daily on days 1 through 14 of a 21 day cycle or capecitabine monotherapy as 1250 mg/m2 twice daily on days 1 through 14 of a 21 day cycle.  

Data Analysis

Kaplan-Meier analysis was used to assess survival. A two-sided log-rank set at 0.05 to show statistical significance was used for comparison of OS between the two treatment groups. Survival hazard ratios were computed using unadjusted and adjusted Cox proportional hazard models. Similar analysis was conducted for PFS. Response rate was analyzed using a stratified Cochran-Mantel-Haenszel test with odds ratio and 95% CI to compare rates of response between the two treatment groups. 

	Criteria
	Inclusion criteria

Key inclusion criteria included the following: Women ≥ 18 years of age with measurable or nonmeasurable, metastatic or locally advanced disease, and previously treated with both an anthracycline (doxorubicin or epirubicin) and a taxane (paclitaxel or docetaxel) were eligible. Anthracycline and taxane resistance was defined as (1) tumor progression during treatment or within 3 months of last dose in the metastatic setting, or (2) recurrence within 6 months in the neoadjuvant or adjuvant setting. Patients were not allowed to receive more than two prior chemotherapy regimens (including those administered in the neoadjuvant or adjuvant setting), with sequential neoadjuvant/adjuvant treatment counting as one regimen. The anthracycline and the taxane may have been given either as monotherapy or as part of a combination with another agent, in either the adjuvant or metastatic setting or both, and patients' not receiving treatment for metastatic disease had to have experienced relapse within 1 year. Karnofsky performance status of 70% to 100% and life expectancy ≥ 12 weeks were required. Patients were required to have adequate hematologic function (absolute neutrophil count > 1,500/μL, platelets > 125,000/μL), and hepatic function (serum bilirubin < 1.5× upper institutional limits and ALT or AST < 2.5× upper institutional limits).

Exclusion criteria

Key exclusion criteria included the following: brain metastases; motor or sensory neuropathy ≥ grade 2; prior severe hypersensitivity to agents containing polyoxyethylated castor oil or hypersensitivity to fluoropyrimidine; known or suspected dihydropyrimidine dehydrogenase deficiency; prior radiation covering ≥ 30% of bone marrow–containing areas; concurrent active malignancy other than nonmelanoma skin cancer or carcinoma in situ of the cervix; history of previous malignancies (only included were patients disease-free for ≥ 5 years); concurrent chemotherapy or radiation therapy regimens; continued treatment with trastuzumab, hormonal anticancer agents, or other systemic treatment for cancer; prior epothilone or capecitabine therapy

	Results
Demographics:

Median age: 53 yrs;
Range 23-81

KPS 90-100: ~70%

Visceral dz: ~45%

HR (+): ~55%

HER2 (+): ~15%

Triple (-): ~21%


	A total of 1,198 patients (595 in the combination group and 603 in the capecitabine monotherapy group) received treatment and were included in final analysis. There were no major differences in baseline characteristics reported with the exception of the Karnofsky performance status being higher in the combination group compared to the capecitabine group (32% vs. 25%, respectively). 

Efficacy

Efficacy Endpoint

       Ixabepilone Plus Capecitabine             Capecitabine

Overall Survival (OS)
No. of patients

OS, months (median)

Hazard Ratio

95% CI

Stratified log-rank P
                       609                                                    612

                       16.4                                                   15.6

0.9

0.78-1.03 

0.1162

PFS (measurable disease patients)
No. of patients

PFS, months (median)

Hazard Ratio

95% CI

Stratified log-rank P
                       480                                                    480

                       6.2                                                      4.4

                                                    0.79

                                                0.75-0.98 

                                                   0.0005       

ORR (response-evaluable patients)
No. of patients

Objective response rate (%)

Odds Ratio

95% CI

Cochran-Mantel-Haenszel P
                       462                                                    462

                       43.3                                                   28.8

                                                    1.89

                                                1.44-2.50

                                                 <0.0001

Safety

Results for adverse events associated with treatment were similar to previously published reports. Most treatment-related adverse events were mild to moderate in severity (grade 1 to 2) in both groups. Peripheral neuropathy (24%), hand-foot syndrome, fatigue, diarrhea, myalgia, arthralgia and stomatitis were the most frequently reported grade 3 to 4 adverse events in the combination group and occurred at higher rates compared to capecitabine monotherapy. Hand-foot syndrome, diarrhea and stomatitis were the most frequent grade 3 to 4 adverse event in the capecitabine monotherapy group. Grade 3 to 4 peripheral neuropathy was generally reversible with dose reduction as 86% of patients achieved resolution to grade 1 or baseline during follow-up.

	Conclusions
	This trial supports that the combination of ixabepilone plus capecitabine is more effective at prolonging PFS and improved ORR compared to capecitabine monotherapy in patients pretreated with anthracycline and taxane for metastatic breast cancer. However, it did not prolong overall survival and was associated with more toxicity compared to capecitabine monotherapy. This trial showed that combination therapy may be considered for patients in whom more effective treatment is warranted than capecitabine monotherapy as long as the benefit is thought to outweigh the risks. 



	Critique
	Strengths

· Multinational, multicenter, randomized trial

· Large population

· Compared combination therapy to standard therapy with capecitabine monotherapy
Limitations

· Authors with financial relationships to Bristol-Meyers Squibb

· Open label design 
· Failed to show overall survival benefit
· No prospective analyses of symptomatic benefit or QOL considerations
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