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Executive Summary:  

Efficacy

· Eribulin received FDA-approval for the treatment of metastatic breast cancer in patients who have received at least two prior chemotherapy regimens for MBC, which should have included an anthracycline and a taxane in either the adjuvant or metastatic setting.

· Eribulin mesilate is a modified, synthetic analogue of halichondrin B, which is a natural product isolated from the marine sponge, Halichondria okadai.   Eribulin has a novel mode of action, as a non-taxane inhibitor of the microtubule growth phase without affecting the shortening phase and sequesters tubulin into non-functional aggregates.  
· Cortes,et al., investigators of the EMBRACE (Eisai Metastatic Breast Cancer Study Assessing Physician’s Choice Versus E7289) trial, compared eribulin therapy to the Treatment of Physician’s Choice (TPC) in patients with metastatic breast cancer who have been heavily pretreated with therapies that included an anthracycline and taxane.

· Patients received eribulin 1.4 mg/m2 IV on days 1 and 8 of a 21-day cycle or TPC. Treatment continued until progressive disease, unacceptable toxicity, physician/patient request to discontinue or non-compliance.  

· A total of 762 patients (508 eribulin; 254 TPC) in 19 countries were included.  The most common treatments provided to 96% of patients in the TPC arm included vinorelbine, gemcitabine or capecitabine.

· The median duration of eribulin treatment was 3.9 months vs. 2.1 months in the TPC arm.  Overall survival, the primary endpoint, was improved with a median OS of 13.1 vs. 10.6 months, in the eribulin vs. TPC arms, respectively (HR 0.81; 95% CI 0.66-0.99; p=0.041). 

Safety

· Adverse events were reported in 99% of eribulin patients vs. 93% of TPC patients.  Serious adverse events were reported in 25 vs. 26% of eribulin vs. TPC patients, respectively.  Adverse events led to discontinuation in 13 vs. 15% of eribulin vs. TPC-treated patients.

· Most common adverse events in both groups were asthenia/fatigue and neutropenia.  Eribulin-treated patients experienced more grade 3 or 4 neutropenia, leucopenia and peripheral neuropathy.

· Peripheral neuropathy was the most common reason for eribulin discontinuation.  

	Outcome in clinically significant area
	Overall survival

	Effect Size
	Median OS of 13.1 vs. 10.6 months, eribulin vs. TPC (HR 0.81; 95% CI 0.66-0.99; p=0.041)

	Potential Harms
	Grade 3,4 neutropenia (57%); peripheral neuropathy (8%); asthenia/fatigue (10%)

	Net Clinical Benefit
	Negative (low chance benefit; high harm risk)


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 eribulin 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
Eribulin mesilate is a modified, synthetic analogue of halichondrin B, which is a natural product isolated from the marine sponge, Halichondria okadai.   Eribulin has a novel mode of action, as a non-taxane inhibitor of the microtubule growth phase without affecting the shortening phase and sequesters tubulin into non-functional aggregates.  By contrast, other tubulin-targeting agents, such as taxanes, epothilones and vinca alkaloids inhibit both growth and shortening of microtubules.
Pharmacokinetics
Distribution (Vd):
43-114 L/m2

Protein binding:

49-65%

Metabolism:

negligible

Elimination half-life:
~ 40 hrs

Excretion:

feces (82% as unchanged drug); urine (9%, as unchanged drug)

FDA Approved Indication(s)1 

Eribulin received FDA-approval for the treatment of metastatic breast cancer in patients who have received at least two prior chemotherapy regimens for MBC, which should have included an anthracycline and a taxane in either the adjuvant or metastatic setting.
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).
Eribulin is currently being studied in various settings of breast cancer as well as in combination with other agents active in MBC.  It is also being researched in multiple solid tumor types.

Current Therapeutic Alternatives

Treatment options for metastatic breast cancer in patients with prior exposure to anthracyclines and taxanes include the following:

	Drug
	VA formulary status
	Responses in pretreated 

MBC setting

	Capecitabine
	Non-formulary
	ORR 30%; OS 15.2 mos

	Vinorelbine
	Formulary
	ORR 26%; 

PFS 4.0 mos; OS 16.4 mos

	Gemcitabine
	Formulary
	ORR 20%; OS 11 mos

	Ixabepilone
	Non-formulary
	ORR 18%; 

PFS 3.1 mos; OS 8.6 mos


Dosage and Administration1
The dose of eribulin is 1.4 mg/m2 given via intravenous infusion over 2-5 minutes on Days 1 and 8 of a 21-day cycle.
Adjustment for hepatic impairment

Patients with mild hepatic impairment (Child-Pugh A): dose is 1.1 mg/m2  IV 

Patients with moderate hepatic impairment (Child-Pugh B): dose is 0.7 mg/m2  IV

Adjustment for renal impairment

Patients with moderate renal impairment (CrCl 30-50 ml/min): dose is 1.1 mg/m2 IV

Dose modifications
Assess for peripheral neuropathy and obtain CBC prior to each dose.

Recommended dose delays

Do not administer eribulin on Day 1 or Day 8 for any of the following:

· ANC < 1000 /mm3
· Platelets < 75,000 /mm3
· Grade 3 or 4 non-hematologic toxicity

Day 8 dose may be delayed for a maximum of 1 week

· If toxicities do not resolve or improve to < grade 2 severity by Day 15, omit the dose.

· If toxicities resolve or improve to < grade 2 severity by Day 15, administer eribulin at a reduced dose and initiate the next cycle no sooner than 2 weeks later.
Recommended dose reductions

· If a dose has been delayed for toxicity and toxicities have recovered to grade 2 severity or less, resume eribulin at a reduced dose as set out in Table 1.

· Do not re-escalate eribulin dose after it has been reduced.

Table 1. Recommended Dose Reductions

	Event
	Recommended eribulin dose

	Permanently reduce the 1.4 mg/m2 eribulin dose for any of the following:

· ANC < 500 /mm3 for > 7 days

· ANC < 1000 /mm3 with fever or infection

· Platelets < 25,000/mm3
· Platelets < 50,000 requiring transfusion

· Non-hematologic grade 3 or 4 toxicities

· Omission or delay of Day 8 eribulin dose in previous cycles for toxicity
	1.1 mg/m2

	Occurrence of any event requiring permanent dose reduction while receiving 1.1 mg/m2
Occurrence of any event requiring permanent dose reduction while receiving 0.7 mg/m2
	0.7 mg/m2
Discontinue eribulin


Administration

Eribulin is commercially provided as 1 mg/2ml (0.5 mg/ml) in a single-use vial.

Using aseptic technique, withdraw the required amount of drug from the vial and administer undiluted or diluted in 100 ml of 0.9% sodium chloride injection, USP.

Do not dilute in or administer through an intravenous line containing solutions with dextrose.  Do not administer in the same intravenous line concurrent with other medicinal products.

Efficacy 

Efficacy Measures

Common efficacy measures in the treatment of metastatic breast cancer include:
· Overall survival (OS)

· Progression Free Survival (PFS)
· Objective Response Rates (ORR)
· Duration of Response (DOR)

· Rate of clinical benefit (typically defined as a composite outcome of complete responses, partial responses or stable disease for at least 6 months)

Summary of efficacy findings 

Use of eribulin in pretreated MBC after prior anthracycline and taxane therapy2
· Cortes,et al., investigators of the EMBRACE (Eisai Metastatic Breast Cancer Study Assessing Physician’s Choice Versus E7289) trial, compared eribulin therapy to the Treatment of Physician’s Choice (TPC) in patients with metastatic breast cancer who have been heavily pretreated with therapies that included an anthracycline and taxane.

· Patients received eribulin 1.4 mg/m2 IV on days 1 and 8 of a 21-day cycle or TPC. Treatment continued until progressive disease, unacceptable toxicity, physician/patient request to discontinue or non-compliance.  

· A total of 762 patients (508 eribulin; 254 TPC) in 19 countries were included.  The most common treatments provided to 96% of patients in the TPC arm included vinorelbine, gemcitabine or capecitabine.

· The median duration of eribulin treatment was 3.9 months vs. 2.1 months in the TPC arm.  Overall survival, the primary endpoint, was improved with a median OS of 13.1 vs. 10.6 months, in the eribulin vs. TPC arms, respectively (HR 0.81; 95% CI 0.66-0.99; p=0.041).  

· Median PFS in the eribulin vs. TPC arms was 3.7 vs. 2.2 months (HR 0.87; 95% CI 0.71-1.05; p=0.137).  Median duration of response for eribulin was 4.2 months vs. 6.7 months (p=0.159). Clinical benefit rates were 23% for eribulin vs. 17% for TPC.

· Adverse events were reported in 99% of eribulin patients vs. 93% of TPC patients.  Serious adverse events were reported in 25 vs. 26% of eribulin vs. TPC patients, respectively.  Adverse events led to discontinuation in 13 vs. 15% of eribulin vs. TPC-treated patients.
· Most common adverse events in both groups were asthenia/fatigue and neutropenia.  Eribulin-treated patients experienced more grade 3 or 4 neutropenia, leucopenia and peripheral neuropathy.

· Fatal adverse events occurred in 4% of eribulin-treated patients vs. 7% of TPC-treated patients; 1% in each arm was considered to be treated-related.

· Peripheral neuropathy was the most common reason for eribulin discontinuation.  

Phase II trials evaluating eribulin used an open-label, single-arm design.  Vahdat et al.3 evaluated a dosing schema that dosed eribulin on days 1, 8 and 15 of a 28-day cycle.  Due to neutropenia experienced on day 15, the protocol was amended to a day 1,8 schedule of a 21-day cycle.  This new dosing schema is the schema studied from that point on and is the FDA-approved dose.
Cortes, et al.4 studied eribulin in heavily pretreated patients with MBC in an Phase II, open-label design.   The primary endpoint was ORR and was achieved in 9.3% of patients.  Dose delays and reductions were needed to manage neutropenia throughout the trial.  Growth factor was used in 22% of the study population.  An exploratory QOL evaluation noted no detriment or symptomatic improvement with tumor response in these patients.
Aogi, et al.5 evaluated eribulin in a Japanese population of patients with MBC and at least 3 prior chemotherapy regimens.  The ORR was 21% (all Partial Responses).  Dose reductions/delays were noted in 35% of patients due to bone marrow suppression.  G-CSF was given to 26% of patients.
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 15).
Adverse Events (Safety Data)
Reported adverse reactions were based upon 750 patients treated in the Phase III trial in which patients were randomized 2:1 to eribulin vs. control.  Control was a single-agent treatment chosen by their physician.  A total of 503 patients received eribulin and 247 patients received control treatment.  Median duration of eribulin exposure was 118 days vs. 63 days of control exposure.
Table 2. Adverse events with a Per-Patient Incidence of at least 10% in Cortes, et al.

	Event
	Eribulin (n=503)
	Control (n=247)

	
	All grades
	Grade 3 or 4
	All grades
	Grade 3 or 4

	Neutropenia

Anemia
	82

58
	57

2
	53

55
	23

4

	Peripheral neuropathy

Headache
	35

19
	8

<1
	16

12
	2

<1

	Asthenia/fatigue
Mucosal inflammation

Pyrexia
	54
9

21
	10
1

<1
	40
10

13
	11
2

<1

	Constipation
Diarrhea

Nausea

Vomiting
	25
18

35

18
	1
0

1

1
	21
18

28

18
	1
0

3

1

	Arthralgia/myalgia

Back pain

Bone pain

Pain in extremity
	22

16

12

11
	<1

1

2

1
	12

7

9

10
	1

2

2

1

	Weight decreased
	21
	1
	14
	<1

	Anorexia
	20
	1
	13
	1

	Cough

Dyspnea
	14

16
	0

4
	9

13
	0

4

	Alopecia
	45
	NA
	10
	NA

	Urinary tract infection
	10
	1
	5
	0


Deaths and Other Serious Adverse Events 

Cytopenias

Grade 3 neutropenia occurred in 28% (143/503) and 29% (144/503) experienced Grade 4 neutropenia.  Febrile neutropenia was reported in 5% of patients (23/503) and 2 patients died (0.4%) from complications.  Dose reduction secondary to neutropenia was needed in 12% (62/503) patients and discontinuation was required <1%.
Median time to nadir was 13 days with a mean time to neutrophil recovery of 8 days.

Thrombocytopenia (> Grade 3) occurred in 1% (7/503) patients.  GCSF or GMCSF was used in 19% of patients receiving eribulin.
Common Adverse Events

The most common adverse events, occurring in > 25% of patients in the clinical trial setting, were neutropenia, anemia, asthenia/fatigue, alopecia, peripheral neuropathy, nausea and constipation.  The event leading to drug discontinuation was peripheral neuropathy (5%).
Common serious adverse events include febrile neutropenia (4%) and neutropenia (2%).
Other Adverse Events

Peripheral Neuropathy

Some patients had baseline peripheral neuropathy in the Phase III trial (17% with Grade 1; 3% with Grade 2).  Of those who received eribulin, dose reduction due to peripheral neuropathy was needed in 3% of patients.  Peripheral motor neuropathy of any grade was experienced by 4% of patients, while 2% developed neuropathy of Grade 3 severity.

Liver Function Abnormalities

Of patients with Grade 0 or 1 ALT elevations at baseline, 18% of those who received eribulin experienced Grade 2 or greater ALT elevations.  One patient, without documented liver metastases, had concomitant Grade 2 elevations in both bilirubin and ALT.  These normalized and did not recur with re-exposure to eribulin.

Tolerability

Within the clinical trial setting, eribulin therapy was discontinued early secondary to neutropenia and peripheral neuropathy.
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 15).

Contraindications

None.
Warnings and Precautions

Neutropenia
Neutropenia can be severe.  Among the phase III trial participants, 12% (62/503) experienced severe neutropenia (ANC < 500/mm3) that lasted more than one week.  Patients with ALT or AST  greater than 3x ULN and patients with bilirubin greater than 1.5x ULN had a higher incidence of grade 4 neutropenia and febrile neutropenia.

Monitor CBC prior to each dose; increase the frequency of monitoring in patients who develop grade 3 or 4 cytopenias.  Subsequent doses of eribulin should be delayed and reduced in patients who experience febrile neutropenia or grade 4 neutropenia lasting more than 7 days.  Clinical trials of eribulin did not include patients with baseline ANC below 1500/mm3.

Peripheral Neuropathy

Peripheral neuropathy was the most common reason for discontinuation of eribulin in the clinical trial setting (5% of patients; 24/503).  Grade 3 peripheral neuropathy was reported in 8% (40/503) while grade 4 toxicity was reported in 0.4% (2/503).  Persistent neuropathy, lasting more than one year, occurred in 5% (26/503) of patients.  A total of 22% (109/503) developed new or worsening neuropathy that did not recover within a median follow-up period of 269 days (range, 25-662 days).

Monitor patients closely for signs of peripheral motor and sensory neuropathy.  Eribulin should be held in patients who experience grade 3 or 4 neuropathy until resolution to grade 2 or less.

Embryo-Fetal Toxicity

Embryo-fetal toxicity and teratogenicity occurred in rats, when given eribulin at 50% of the human dose based on body surface area.  There are no adequate, well-controlled studies of eribulin in pregnant women.  Due to its mechanism as a microtubule inhibitor, it is expected that fetal harm would occur when administered to a pregnant woman.  Therefore if this drug is used during pregnancy, or if the patient becomes pregnant while taking eribulin, she should be made aware of the potential hazard to the fetus.
QT Prolongation

QT prolongation was noted on Day 8 of an uncontrolled, open-label ECG study in a population of 26 patients, which was independent of the eribulin concentration.  No QT prolongation was noted on Day 1 of this study.
Monitor ECG if eribulin is started in patients with congestive heart failure, bradyarrhythmias, electrolyte abnormalities or are taking drugs known to prolong the QT interval, including Class Ia and III antiarrhythmics.  Hypokalemia and hypomagnesemia should be corrected prior to starting eribulin therapy.  Continue to monitor these electrolytes periodically, throughout therapy.  Avoid eribulin in patients with congenital long QT syndrome.

Special Populations

Pregnancy Category D
Embryo-fetal toxicity and teratogenicity occurred in rats, when given eribulin at 50% of the human dose based on body surface area.  There are no adequate, well-controlled studies of eribulin in pregnant women.  Due to its mechanism as a microtubule inhibitor, it is expected that fetal harm would occur when administered to a pregnant woman.  Therefore if this drug is used during pregnancy, or if the patient becomes pregnant while taking eribulin, she should be made aware of the potential hazard to the fetus.

Nursing Mothers

There have not been any studies in animals or humans to determine if eribulin is excreted into milk.  Since many drugs are excreted into human milk and there is a potential for serious adverse reactions in milk-fed infants, a decision should be made whether to discontinue nursing or to discontinue eribulin, taking into account the importance of the drug to the mother.

Pediatric Use

Safety and efficacy of eribulin in patients under the age of 18 years has not been established.

Geriatric Use

A total of 827 patients received eribulin in the clinical trial setting.  Only 15% (121/827) were aged 65 years and older, while 2% (17/827) were aged 75 years and older.  No overall differences in safety were observed between these subjects and younger ones.

Hepatic Impairment

The pharmacokinetics of eribulin was studied in mild and moderate hepatic impairment.  Compared to those with normal hepatic function, eribulin exposure increased 1.8-fold in the mild hepatic impairment group and 2.5-fold in the moderate hepatic impairment group.  Eribulin given at a dose of 1.1 mg/m2 to the mild impairment group and 0.7 mg/m2 to the moderate impairment group resulted in similar eribulin exposures as a dose of 1.4 mg/m2 to patients with normal hepatic function.  Therefore, a lower starting dose is recommended for those with mild to moderate hepatic impairment.  Eribulin was not studied in patients with severe hepatic impairment.
Renal Impairment

Although no pharmacokinetic studies of eribulin in renal impairment have been conducted, the available data suggests that no dose adjustment is necessary for mild renal impairment (CrCl 50-80 ml/min).  Systemic exposure of eribulin increased 2-fold in patients with moderate renal impairment (CrCl 30-50 ml/min) compared to patients with normal renal function, therefore a lower starting dose of 1.1 mg/m2 is recommended in moderate renal impairment.  Eribulin has not been studied in patients with severe renal impairment (CrCl < 30 ml/min).
Sentinel Events

None
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a Joint Commission 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 eribulin:  epirubicin, erlotinib, epoetin, etravirine
LA/SA for trade name Halaven:  heparin, Herceptin, Hexalen, Halotestin, Histrelin, Hyalgan, Halonate
Drug Interactions

Drug-Drug Interactions

Effect of other drugs on eribulin
There are no drug-drug interactions expected with CYP3A4 inhibitors and P-gp inhibitors.

Effect of eribulin on other drugs

Eribulin does not inhibit CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP2E1 or CYP3A4 enzymes.  It does not induce CYP1A2, CYP2C9, CYP2C19 or CYP3A4 enzymes at relevant clinical concentrations and is not expected to alter plasma concentrations of drugs that are substrates of these enzymes.

Acquisition Costs

Refer to VA pricing sources for updated information.
Pharmacoeconomic Analysis6
A cost effectiveness study was undertaken to assess eribulin compared to the most commonly used chemotherapy drugs reported in the EMBRACE trial.  The three most commonly used drug were vinorelbine, gemcitabine and capecitabine.  In addition, eribulin was compared to newer, non-generic drugs used in EMBRACE: ixabepilone, nab-paclitaxel and liposomal-doxorubicin.
A decision-tree analysis and Markov model were developed. Costs were obtained from the Center for Medicare Services Drug Payment Table and Physician Fee Schedule in 2012 US dollars.  Costs for drug acquisition, laboratory tests, physician and administrative fees were included.

The primary endpoint was the incremental cost effectiveness ratio (ICER) of eribulin in comparison to TPC.

Eribulin added 0.208 life-years (LY) and 0.119 quality-adjusted life-years (QALY) and an incremental cost over TPC of $25,458.86.  This equates to a cost of $122,202.53 per LY with an incremental cost-effective ratio (ICER) of $213,742.01 per QALY.  This value exceeds the commonly used figures of $50,000 - $100,000 per QALY as a threshold for assessing the cost-effectiveness of an intervention.  Eribulin cost-effectiveness relative to newer agents is more favorable than compared to TPC, although still exceeds CE thresholds for nab-paclitaxel and lipo-doxorubicin.

Results of cost effectiveness of eribulin versus other cytotoxics used in EMBRACE

	Eribulin vs.
	Total incremental cost (2012 US$)
	USD/LY gained
	Incremental QALYs gained
	ICER per QALY

	TPC
	25,458.86
	$122,202.53
	0.119
	$213,742.01

	Capecitabine
	19,923.30
	$95,631.84
	0.119
	$167,267.64

	Nab-paclitaxel
	15,457.40
	$74,195.52
	0.119
	$129,773.83

	Lipo-doxorubicin
	13,016.73
	$62,480.30
	0.119
	$109,283.00

	Ixabepilone
	9,150.44
	$43,922.11
	0.119
	$76,823.29


This study supports use of less expensive generic drugs prior to considering eribulin use and the use of eribulin over ixabepilone, nab-paclitaxel or liposomal doxorubicin.
Conclusions

· Eribulin received FDA-approval for the treatment of metastatic breast cancer in patients who have progressed on at least two prior chemotherapy regimens.  Prior therapy should have included an anthracycline and a taxane.
· Results from the EMBRACE trial showed that eribulin provided a benefit in median overall survival compared to what is commonly prescribed in the metastatic setting throughout global community practice.

· Significant toxicity, in the form of neutropenia, peripheral neuropathy and fatigue was noted with eribulin therapy.  Providers can expect to use colony-stimulating factors as supportive therapy as growth factors were given in phase II and III clinical trials in ~ 20% of the study population.

· Peripheral neuropathy was the most common reason for discontinuation of eribulin therapy.

· Unfortunately, there is no Quality of Life data to help providers compare the impact of eribulin therapy on daily activities, which should be a focus in this setting.
· Eribulin does not appear to be a cost-effective option when compared to other therapeutic alternatives in this disease.
	Outcome in clinically significant area
	Overall survival

	Effect Size
	Median OS of 13.1 vs. 10.6 months, eribulin vs. TPC (HR 0.81; 95% CI 0.66-0.99; p=0.041)

	Potential Harms
	Grade 3,4 neutropenia (57%); peripheral neuropathy (8%); asthenia/fatigue (10%)

	Net Clinical Benefit
	Negative (low chance benefit; high harm risk)


Definitions

Outcome in clinically significant area:  morbidity, mortality, symptom relief, emotional/physical functioning, or health-related quality of life

Effect Size:  odds ratio, relative risk, NNT, absolute risk reduction, relative risk reduction, difference in size of outcomes between groups, hazard ratio

Potential Harms:  Low risk (Grade 3 or 4 toxicity in <20%) versus High risk (Grade 3 or 4 toxicity in ≥20%)

Net Clinical Benefit:  Substantial (high benefit with low risk of harm), moderate (high benefit with high risk of harm), minimal (low benefit with low risk of harm), negative (low benefit with high risk of harm)
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Appendix 1: Approval Endpoints

Table 1. A Comparison of Important Cancer Approval Endpoints
	Endpoint 
	Regulatory Evidence 
	Study Design 
	Advantages 
	Disadvantages 

	Overall Survival 
	Clinical benefit for regular approval 
	• Randomized studies essential 

• Blinding not essential 


	• Universally accepted direct measure of benefit 

• Easily measured 

• Precisely measured 


	• May involve larger studies 

• May be affected by crossover therapy and sequential therapy 

• Includes noncancer deaths 

	Symptom Endpoints 

(patient-reported outcomes) 
	Clinical benefit for regular approval 
	• Randomized blinded studies 


	• Patient perspective of direct clinical benefit 


	• Blinding is often difficult 

• Data are frequently missing or incomplete 

• Clinical significance of small changes is unknown 

• Multiple analyses 

• Lack of validated instruments 

	Disease-Free Survival 
	Surrogate for accelerated approval or regular approval* 
	• Randomized studies essential 

• Blinding preferred 

• Blinded review recommended 


	• Smaller sample size and shorter follow-up necessary compared with survival studies 


	• Not statistically validated as surrogate for survival in all settings 

• Not precisely measured; subject to assessment bias, particularly in open-label studies 

• Definitions vary among studies 

	Objective Response Rate
	Surrogate for accelerated approval or regular approval*
	• Single-arm or randomized studies can be used 

• Blinding preferred in comparative studies 

• Blinded review recommended
	• Can be assessed in single-arm studies 

• Assessed earlier and in smaller studies compared with survival studies 

• Effect attributable to drug, not natural history
	• Not a direct measure of benefit in all cases 

• Not a comprehensive measure of drug activity 

• Only a subset of patients with benefit

	Complete Response
	Surrogate for accelerated approval or regular approval*
	• Single-arm or randomized studies can be used 

• Blinding preferred in comparative studies 

• Blinded review recommended
	• Can be assessed in single-arm studies 

• Durable complete responses can represent clinical benefit 

• Assessed earlier and in smaller studies compared with survival studies
	• Not a direct measure of benefit in all cases

 • Not a comprehensive measure of drug activity 

• Small subset of patients with benefit

	Progression- Free Survival (includes all deaths) or Time to Progression (deaths before progression censored)
	Surrogate for accelerated approval or regular approval*
	• Randomized studies essential 

• Blinding preferred 

• Blinded review recommended
	• Smaller sample size and shorter follow-up necessary compared with survival studies 

• Measurement of stable disease included 

• Not affected by crossover or subsequent therapies 

• Generally based on objective and quantitative assessment
	• Not statistically validated as surrogate for survival in all settings 

• Not precisely measured; subject to assessment bias particularly in open-label studies 

• Definitions vary among studies 

• Frequent radiological or other assessments 

• Involves balanced timing of assessments among treatment arms


*Adequacy as a surrogate endpoint for accelerated approval or regular approval is highly dependent upon other factors such as effect size, effect duration, and benefits of other available therapy. See text for details.

Guidance for Industry: Clinical Trial Endpoints for the Approval of Cancer Drugs and Biologics.  U.S. Department of Health and Human Services, Food and Drug Administration, Center for Drug Evaluation and Research (CDER), Center for Biologics Evaluation and Research (CBER), May 2007.
Appendix 2:  Clinical Trials

A literature search was performed on PubMed/Medline (1966 to August 2013) using the search terms eribulin and Halaven. 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 3. Phase II and III Clinical Trials of Eribulin in Breast Cancer
	Citation

Design

Analysis type

Setting
	Eligibility Criteria
	Interventions
	Patient Population Profile
	Efficacy Results


	Safety Results
	Author’s conclusions (optional)

Critique

(optional)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Cortes (2011)
EMBRACE

Phase III, MC, Rand, OL trial

762 patients from 135 centers in 19 countries

Primary: OS

Secondary: PFS, ORR, duration of response
	Inclusion:
Age > 18 yrs,

Breast cancer with measurable/evaluable disease, 2-5 prior chemo regimens (including taxane & anthracycline), adequate bone marrow, liver, renal function, ECOG PS 0-2, life expectancy > 3 months

Exclusion:

Treatment within 3 weeks of start, known brain mets unless treated & stable; pre-existing neuropathy > grade 2
	Rand 2:1
Eribulin 1.4 mg/m2 IV Days 1 and 8; repeat every 21 days vs.

TPC (Treatment Physician’s Choice) = any single-agent chemo, hormone, or biologic approved for treatment of cancer

Treat until PD or unacceptable AE, request to DC or non-compliance

Tumor response via RECIST every 8 weeks
	Age 55 yrs (27-85)
White 92%

Black 4%

ECOG PS 0 – 42%

1 – 49%

2 – 8%

Median prior regimens 4 (1-7)

Prior chemo:

Taxanes 99%

Anthracyclines 99%

Capecitabine 73%

16% HER2+

19% triple-negative

Common met sites: bone, liver
	From Nov 2006 – Nov 2008
N=762 patients

135 centers

19 countries

Eribulin (508) vs.

TPC (254)

TPC most often was vinorelbine, gemcitabine or capecitabine

Median OS 13.1mos (95% CI, 11.8-14.3) vs. 10.6 mos (9.3-12.5); HR 0.81, 95% CI, 0.66-0.99; p=0.041)
Median PFS 3.7 mos (95% CI, 3.3-3.9) vs. 2.2 mos (2.1-3.4);
HR 0.87; 95% CI 0.71-1.05; p=0.137)

Duration of eribulin response 4.2 mos (95% CI, 3.8-5.0) vs.

Duration TPC response 6.7 mos (6.7-7.0); p=0.159

Clinical benefit rates:

Eribulin 23% vs. TPC 17%

Duration eribulin 3.9 mos (range 0.7-16.3)

59% rec’d > 5 cycles

Duration TPC 2.1 mos (range, 0.03-21.2)


	Eribulin vs. TPC
AE 99 vs. 93%

SAE 25 vs. 26%

AE to DC

13 vs. 15%

Refer to Table 2. In AE section
	Primary endpoint of OS was met with eribulin vs. real-life treatment choices
Eribulin was effective in a heavily pretreated population
Limitations:

Open-label design; Treatment allocation not masked to patients or providers;

No QOL evaluation due to study design;’

Lacks info on concomitant conditions or meds

Positive aspects:

Design considered real-world practice;

OS included ITT population



	Vahdat  (2009)

Phase II, OL, single-arm, MC

23 US sites

Primary: ORR

Secondary: DOR, PFS, OS, safety
	Inclusion:

Age > 18 yrs;

MBC, prior taxane & anthracycline therapy, ECOG PS 0 or 1

Adequate bone marrow, renal, liver function; pre-existing neuropathy < grade 2


	Eribulin 1.4 mg/m2 IV on days 1, 8 and 15 of a 28-day cycle
Due to neutropenia on day 15, protocol amended to dose on days 1 and 8 of a 21-day cycle
	N=103 patients
71= PP pop’n

28-day (n=70)

21-day (n=33)

Median 4 prior chemo regimens (range, 1-11)

ECOG PS 1 = 54%


	28-day vs. 21-day cohorts of PP population
ORR 10.2 vs. 14.3%

Overall ORR 11.5% (all PR)

Clinical benefit 11.9 vs. 28.6%

Overall Clin benefit 17.2%

Median DOR 171 days (5.6 mo)

Median PFS 79 days (2.6 mo)

Median OS 275 days (9 mo)
	Dose delays/reductions due to neutropenia
Manageable toxicity w/21-day schedule

Common AEs

Neutropenia, fatigue, alopecia, nausea, anemia

21-d vs. 28-d:

Anemia 

15 vs. 45%, thrombocytopenia 3 vs. 12%,

Anorexia 

6 vs. 19%
	Eribulin has activity in heavily pretreated patients with MBC; manageable toxicity when given on a 21-day schedule

	Cortes (2010)

Phase II, OL, single-arm

299 patients in 78 US sites

Primary: ORR

Secondary: DOR, PFS, OS, AE, QOL
	Inclusion:

Age > 18 yrs;
Local advanced br ca or MBC prior tx with anthracycline, taxane and capecitabine (> 1 for MBC); HER2+ pts must have received trastuzumab; ER-expressing tumors must have received endocrine therapy
	Eribulin 1.4 mg/m2 IV on days 1 and 8 of a 21-day cycle
Tumor assessment every 2 cycles
	N=269 patients

Median age 56 yrs

Race 79% white

ECOG PS 2 = 57%

HER2 (neg) 83%

Triple-neg 21%

Median 4 prior regimens
	ORR 9.3%
CBR 17.1%

Median DOR 4.1 mo

Median PFS 2.6 mo

Median OS 10.4 mo
	Dose delays/reductions due to neutropenia
Common AEs

Asthenia/fatigue, alopecia, neutropenia, nausea, anemia

GCSF to 22%

2 Cycles w/GCSF 

Gr 3 neuropathy 7%

Exploratory QOL – no detriment or symptomatic improvement w/tumor response
	Eribulin showed antitumor activity in heavily pretreated patients with a manageable toxicity profile

	Aogi (2012)

Phase II, OL, single-arm, MC

22 Japanese sites

Primary: ORR, safety

Secondary: DOR, PFS, OS
	Inclusion:

Ages 20-75 yrs, evaluable br ca,

< 3 chemo regimens in MBC setting, ECOG PS 0-2
	Eribulin 1.4 mg/m2 IV on days 1 and 8 of a 21-day cycle

Tumor assessment every 2 cycles via independent blinded review

GCSF permitted
	N=84 patients

Safety n=81

Median 3 prior regimens

HR+ 65%

HER2+ 11.3%

Triple-neg 27.5%


	January 2008-Sept 09

Eribulin

Median 85 days

Median 5 cycles

ORR 21.3% (PRs)

CBR 27.55

Median DOR 3.9 mo

Median PFS 3.7 mo

Median OS 11.1 mo


	Dose reductions 33%

Dose delays 36%

Most common AEs

Neutropenia (99%)

Leukopenia (99%)

FN 14%

GCSF given 26%

Peripheral  neuropathy 

gr 3: 3.7%
	Eribulin was efficacious and tolerable in a Japanese population with MBC


NR, Number randomized. Add abbreviations, other footnotes
1

