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Executive Summary:  

Efficacy 

· Efficacy was evaluated in a prospective, multinational, randomized, double-blind, parallel-arm, phase III trial that evaluated ziv-aflibercept + FOLFIRI compared to placebo + FOLFIRI in patients with mCRC who have progressed during or post-completion of an oxaliplatin-based regimen.

· Eligible patients with an ECOG PS of 0 to 2 were randomized to treatment vs. control, and were stratified according to prior therapy with bevacizumab and ECOG performance status.

· Median OS rates were 13.5 vs. 12.06 months, respectively, comparing ziv-aflibercept vs. placebo arms; HR 0.817 (95.34% CI, 0.713-0.937; P=0.0032).

· Median PFS of 6.9 versus 4.7 months was increased in the ziv-aflibercept arm vs. control arm; HR 0.758 (95% CI, 0.661-0.869; P < 0.0001).

· Response rate was 19.8% vs. 11.1% in the ziv-aflibercept vs. control arm, which is statistically significant (P< 0.001), although ~ 13% of patients in each arm were excluded from response rate analysis due to non-measurable disease at baseline.

	Outcome in clinically significant area
	Median OS rates of 13.5 vs. 12.06 months 

Median PFS rates of 6.9 vs. 4.7 months

(ziv-aflibercept/FOLFIRI vs. placebo/FOLFIRI arms)

	Effect Size
	HR 0.817 (95% CI, 0.713-0.937; P=0.0032) for OS
HR 0.758 (95% CI, 0.661-0.869; p<0.0001) for PFS

	Potential Harms
	Grade 3-4 toxicity includes neutropenia (37 vs. 30%), diarrhea (19 vs. 8%), stomatitis (13 vs. 5%) fatigue (13 vs. 8%), hypertension (19 vs. 1.5%), proteinuria (8 vs. 1%)

	Net Clinical Benefit
	Minimal


Safety  

· Treatment-related adverse events (AEs) were reported in 99 vs. 97% of ziv-aflibercept vs. control arms, respectively.  

· Grade 3 or 4 events were reported in 84 vs. 63% of ziv-aflibercept vs. control arms, respectively.

· Grade 3 or 4 events related to VEGF-inhibition included hypertension, hemorrhage, arterial thromboembolic events and venous thromboembolism.

· Grade 3 or 4 events that are commonly associated with cytotoxic chemotherapy included diarrhea (19 vs. 8%), asthenic conditions (17 vs. 11%), stomatitis/ulceration (14 vs. 5%), infections (12 vs. 7%), palmar-plantar erythrodysesthesia (3 vs. 0.5%) in the ziv-aflibercept vs. control arms, respectively.

· Grade 3 or 4 hematologic conditions included neutropenia (37 vs. 30%), thrombocytopenia (3.3 vs. 1.7%) and complicated neutropenia (5.7 vs. 2.8%).

· AEs led to discontinuation from protocol in 26.8 vs. 12.1% of ziv-aflibercept vs. control arm patients.  All grades of AEs most frequently leading to discontinuation of study treatment were asthenic conditions, infections, diarrhea and hypertension.
Place in Therapy

· Because of the small overall survival benefit compared to placebo and high toxicity profile, use of ziv-aflibercept is expected to be small in VA.  
· However, based on the available evidence, the best candidates for ziv-aflibercept therapy in combination with the FOLFIRI regimen in the second-line mCRC setting are those who have progressed on an oxaliplatin-containing regimen, aged < 65 years with an ECOG performance status of 0 and who have not received prior systemic bevacizumab therapy.   
· The adverse effect profile of ziv-aflibercept warrants extreme caution and selectively chosen patients as grade 3 or 4 toxicities included neutropenia, diarrhea, asthenia, stomatitis/ulceration, infections and hand-foot syndrome. 
· There is no data suggesting that ziv-aflibercept is effective in the first-line setting of mCRC, therefore it should not be used in that manner.  

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 ziv-aflibercept 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

Ziv-aflibercept is a recombinant fusion protein that consists of Vascular Endothelial Growth Factor (VEGF)-binding proteins that are fused to the Fc portion of human IgG.  It is produced in the Chinese hamster ovary by recombinant DNA technology.

Mechanistically, ziv-aflibercept acts as a soluble receptor that binds to VEGF-A, VEGF-B and Placental Growth Factor (PlGF).  This binding inhibits activation of cognate receptors resulting in
reduced neovascularization and vascular permeability.
Enzyme-linked immunosorbent assays (ELISAs) were used to measure plasma concentrations of both free and VEGF-bound ziv-aflibercept.  In the dosing range of 2-9 mg/kg, free concentrations of ziv-aflibercept mimic linear pharmacokinetics. The elimination half-life, after dosing 4 mg/kg via intravenous route every 2 weeks, is approximately 6 days (range, 4-7 days).  Steady state concentrations are attained by the second dose.  The accumulation ratio for free drug was 1.2 after 4 mg/kg given every 2 weeks.
Age, race and gender did not impact the exposure of free ziv-aflibercept, although patients weighing > 100 kg had greater systemic exposure (29%) compared to those weighing 50-100 kg.

In a population pharmacokinetic analyses of patients with mild and moderate hepatic impairment, there appeared to be no effect of liver function parameters (Tbili, AST, ALT) on the clearance of free ziv-aflibercept.  The drug has not been studied in patients with severe hepatic impairment.

A population pharmacokinetic analyses of patients with varying degrees (mild, moderate, severe) of renal impairment indicate that creatinine clearance does not clinically affect the clearance of ziv-aflibercept.
FDA Approved Indication(s) 

Ziv-aflibercept is indicated in combination with 5-fluorouracil, leucovorin and irinotecan (FOLFIRI regimen) in patients with metastatic colorectal cancer that is resistant to or has progressed following an oxaliplatin-containing regimen.
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).
Per www.clinicaltrials.gov, ziv-aflibercept is currently being investigated for the treatment of relapsed/refractory advanced solid tumors including metastatic breast cancer and non-hodgkin’s lymphoma.  Research in the areas of pancreatic carcinoma and lung cancer have yielded negative results, thus far.

Current VA National Formulary Alternatives

Bevacizumab is a monoclonal antibody with VEGF-inhibiting effects listed on the VA national formulary.  FDA-approved indications in metastatic colorectal cancer are in combination with a fluoropyrimidine-based chemotherapy regimen as first-line or second-line therapy.
Dosage and Administration

Ziv-aflibercept is dosed at 4 mg/kg and given as an intravenous infusion over 1 hour every two weeks.  Ziv-aflibercept may be given prior to any component of the FOLFIRI regimen on the day of treatment.  Continue therapy until disease progression or intolerable toxicity.
Dose modification

Ziv-aflibercept should be discontinued for the following:

· Severe hemorrhage

· Gastrointestinal perforation

· Compromised wound healing

· Fistula formation

Ziv-aflibercept should be temporarily held in the following scenarios:

· Prior to elective surgery, hold for at least 4 weeks

· Recurrent or severe hypertension, hold until blood pressure is controlled, then resume at the permanently reduced dose of 2 mg/kg

· Proteinuria 2 gm/24 hours, hold until proteinuria is less than 2 gm/24 hours, then resume at the permanently reduced dose of 2 mg/kg

Preparation for administration
Visually inspect ziv-aflibercept vials prior to use.  Ziv-aflibercept is a clear, colorless to pale yellow solution.  Do not use if discolored, cloudy or solution contains particles.

Ziv-aflibercept does not contain a preservative and each vial is for single-use only.  After initial puncture, do not re-enter the vial.  Discard unused portions.

Withdraw the prescribed dose of ziv-aflibercept, dilute in 0.9% sodium chloride solution, USP or 5% dextrose solution for injection, USP to a final concentration of 0.6-8 mg/ml.

Polyvinyl chloride (PVC) infusion bags containing vis (2-ethylhexyl) phthalate (DEHP) or polyolefin infusion bags should be used.

Store diluted drug at 2-8º C (36-46 ºF) for up to 4 hours.

Administration

Ziv-aflibercept is available as 100 mg/4 ml (25 mg/ml) and 200 mg/8 ml (25 mg/ml) solution, single-use vials.

Ziv-aflibercept should be administered as an intravenous infusion over 1 hour through a 0.2 micron polyethersulfone filter.  Filters made of polyvinylidene fluoride (PVDF) or nylon should not be used.

Do not administer as an intravenous push or bolus.

Other drugs should not be combined with ziv-aflibercept in the infusion bag or intravenous line.

The infusion set for administration should be made of one of the following materials:

· PVC containing DEHP

· DEHP-free PVC containing trioctyl-trimellitate (TOTM)

· Polypropylene

· Polyethylene-lined PVC

· polyurethane

Efficacy 

Efficacy Measures (see Appendix 1: Approval Endpoints)
The endpoints evaluated to determine efficacy for the treatment of metastatic colorectal cancer include the following:
Primary endpoint: Overall Survival (OS)

Secondary endpoints:
Progression-Free Survival (PFS)




Objective Response Rate 


         
Treatment-emergent adverse events and laboratory abnormalities

Summary of efficacy findings 

· Efficacy was evaluated in a prospective, multinational, randomized, double-blind, parallel-arm, phase III trial that evaluated ziv-aflibercept + FOLFIRI compared to placebo + FOLFIRI in patients with mCRC who have progressed during or post-completion of an oxaliplatin-based regimen.
· Eligible patients with an ECOG PS of 0 to 2 were randomized to treatment vs. control, and were stratified according to prior therapy with bevacizumab and ECOG performance status.

· A total of 1226 patients were randomized. Patients in the ziv-aflibercept arm received a median of 9 cycles overall (21.4 weeks) versus 8 cycles overall (18.1 weeks) of the placebo arm.

· The median relative dose-intensity was 83% for the ziv-aflibercept arm versus 92% for the control arm.  Treatment delays were more common with 78% in the ziv-aflibercept arm versus 69% in the control arm.  Ziv-aflibercept dose adjustments were more common (17%) than with placebo (5%).
· Median OS rates were 13.5 vs. 12.06 months, respectively, comparing ziv-aflibercept vs. placebo arms; HR 0.817 (95.34% CI, 0.713-0.937; P=0.0032).

· Median PFS of 6.9 versus 4.7 months was increased in the ziv-aflibercept arm vs. control arm; HR 0.758 (95% CI, 0.661-0.869; P < 0.0001).
· Response rate was 19.8% vs. 11.1% in the ziv-aflibercept vs. control arm, which is statistically significant (P< 0.001), although ~ 13% of patients in each arm were excluded from response rate analysis due to non-measurable disease at baseline.

· Although the authors note a consistent benefit because point estimates in the prespecified subgroup analysis all favor the addition of ziv-aflibercept, the confidence intervals for select variables (ECOG PS 1, 2 and Prior Bev, Yes) cross the value of 1, indicating the possibility that the results could be reflective of chance in those settings:


Variable


HR (CI)

ECOG PS 0 (n = 699)

0.767 (0.637-0.925)


ECOG PS 1 (n = 500)

0.868 (0.712-1.059)


ECOG PS 2 (n = 27)

0.978 (0.436-2.193)


Prior Bev, No (n = 853)

0.787 (0.671-0.924)


Prior Bev, Yes (n = 373)
0.862 (0.676-1.100)
For further details on the efficacy results of the clinical trials, refer to Appendix 2:  Clinical Trials (page 17).
Adverse Events (Safety Data)

Ziv-aflibercept safety was evaluated in combination with FOLFIRI in 1216 previously treated metastatic colorectal cancer patients.
Adverse reactions and laboratory abnormalities that occurred in > 5% of patients receiving ziv-aflibercept/FOLFIRI and > 2% higher frequency compared to those receiving placebo/FOLFIRI are listed in Table 1.
Table 1. Select Adverse Reactions and Laboratory Findings from Van Cutsem, et al.

	
	Placebo/FOLFIRI (n = 605)
	Ziv-aflibercept/FOLFIRI (n = 611)

	Adverse Effect
	All grades (%)
	Grades 3 – 4 (%)
	All grades (%)
	Grades 3 – 4 (%)

	Urinary Tract Infection
	6
	0.8
	9
	0.8

	Leukopenia
Neutropenia

Thrombocytopenia
	72
57

35
	12
30

2
	78
67

48
	16
37

3

	Decreased appetite
Dehydration
	24
3
	2
1
	32
9
	3
4

	Headache
	9
	0.3
	22
	2

	Hypertension
	11
	1.5
	41
	19

	Epistaxis

Dysphonia

Dyspnea

Oropharyngeal pain

Rhinorrhea
	7

3

9

3

2
	0

0

0.8

0

0
	28

25

12

8

6
	0.2

0.5

0.8

0.2

0

	Diarrhea

Stomatitis

Abdominal pain

Upper abdominal pain
	57
33

24

8


	8
5

2

1
	69
50

27

11
	19
13

4

1

	Palmar-plantar erythrodysesthesia syndrome
	4
	0.5
	11
	3

	Proteinuria

SCr increase
	41
19
	1
0.5
	62
23
	8
0

	Fatigue

Asthenia
	39

13
	8

3
	48

18
	13

5

	AST increase

ALT increase

Weight decrease
	54

39

14
	2

2

0.8
	62

50

32
	3

3

3


Deaths and Other Serious Adverse Events 

Grade 3 or 4 adverse events occurred with greater frequency in the ziv-aflibercept/FOLFIRI arm.  They included hypertension, hemorrhage, arterial thrombotic events, venous thromboembolic events, diarrhea, asthenic conditions, stomatitis/ulceration, infections, palmar-plantar erythrodysesthesia, neutropenia, thrombocytopenia and complicated neutropenia.
Common Adverse Events

The most common adverse events (all grades, > 20% incidence) experienced by those receiving ziv-aflibercept/FOLFIRI in the clinical trial were leukopenia, diarrhea, neutropenia, proteinuria, AST increase, stomatitis, fatigue, thrombocytopenia, ALT increase, hypertension, weight decrease, reduced appetite, epistaxis, abdominal pain, dysphonia, serum creatinine increase and headache.
Common Grade 3 or 4 reactions (> 5%) in the ziv-aflibercept/FOLFIRI arm were neutropenia, diarrhea, hypertension, leukopenia, stomatitis, fatigue, proteinuria and asthenia.

Other Adverse Events

Infection - Infections occurred at a higher frequency with ziv-aflibercept/FOLFIRI treatment.  They included urinary tract infection, nasopharyngitis, upper respiratory tract infection, pneumonia, catheter site infection and tooth infection.
Hypersensitivity - Severe hypersensitivity reactions have been reported in 0.3% of those receiving ziv-aflibercept/FOLFIRI and 0.5% receiving placebo/FOLFIRI.

Venous thromboembolic events (VTE) included deep vein thrombosis and pulmonary embolism.  

Table 2. Comparison of VTEs
	
	Ziv-aflibercept/FOLFIRI+
	Placebo/FOLFIRI+

	VTE
	9%
	7%

	VTE (Grade 3 or 4)
	8%
	6%

	Pulmonary embolism
	5%
	3.4%


+ Patients with metastatic colorectal cancer
Immunogenicity - There is a potential for immunogenicity with ziv-aflibercept, as with all proteins.  Anti-product antibody (APA) developed in 3.1% (53/1687) of those receiving ziv-aflibercept and 1.7% (19/1134) of those receiving placebo.  Among the APA positive patients, neutralizing antibodies were detected in 17 of 48 ziv-aflibercept-treated patients and 2 of 40 of those receiving placebo.  The mean free trough levels of ziv-aflibercept were lower in patients with neutralizing antibodies.

Tolerability

The most common reactions leading to permanent discontinuation of drug were asthenia/fatigue, infections, diarrhea, dehydration, hypertension, stomatitis, venous thromboembolic events, neutropenia and proteinuria.

Table 3. Comparison of dose reduction/omissions or cycle delays
	
	Ziv-aflibercept/FOLFIRI
	Placebo/FOLFIRI

	Ziv-aflibercept reduction or omission
	17%
	5%

	Cycle delays > 7 days
	60%
	43%


For further details on the safety results of the clinical trials, refer to Appendix 2:  Clinical Trials (page 17).

Contraindications

None listed.
Warnings and Precautions

A Boxed Warning highlights risk of hemorrhage, gastrointestinal perforation and compromised wound healing.

Hemorrhage – Ziv-aflibercept appears to increase the risk of hemorrhage.  These hemorrhage were at times severe and sometimes fatal.  Severe intracranial hemorrhage and pulmonary bleed/hemoptysis, including fatal events, have also occurred in patients receiving ziv-aflibercept.
Table 4. Comparison of hemorrhagic events
	
	Ziv-aflibercept/FOLFIRI*
	Placebo/FOLFIRI*

	Hemorrhage/Bleeding (all grades)
	38%
	19%

	Hemorrhage/Bleeding (Grade 3 or 4)
	3%
	1%


*Metastatic colorectal cancer trials
Monitor patients for signs and symptoms of bleeding.  Discontinue ziv-aflibercept if severe hemorrhage develops.  Do not initiate therapy in patients with severe bleeding.

Gastrointestinal Perforation – Gastrointestinal (GI) perforation can occur in patients receiving ziv-aflibercept and can be fatal.  
Table 5. Comparison of GI perforation
	
	Ziv-aflibercept#
	Placebo#

	GI perforation (all grades)
	0.8%
	0.3%

	GI perforation (Grade 3 or 4)
	0.8%
	0.2%


#Phase 3 trials in colorectal, pancreatic and lung cancer populations

Monitor for signs and symptoms of GI perforation.  Discontinue use of ziv-aflibercept in any patients who experience a GI perforation.

Compromised Wound Healing – Ziv-aflibercept has been shown to impair wound healing in the animal model.  Repeated administration resulted in delayed wound healing in rabbits.  Fibrous response was reduced as well as neovascularization, re-epithelialization and tensile strength.
Grade 3 compromised wound healing was reported in 0.3% of ziv-aflibercept/FOLFIRI-treated patients versus none of the placebo/FOLFIRI-treated patients.

Ziv-aflibercept should not be given for 4 weeks prior to elective surgery.  Resumption of therapy should not occur for at least 4 weeks following major surgery and until the surgical wound site is healed.  Ziv-aflibercept can be given following minor surgery (i.e. central venous access port placement, biopsy, tooth extraction) once the surgical wound site is fully healed.  Therapy with ziv-aflibercept should be stopped in any patient with compromised wound healing.

Fistula Formation – The risk of fistula formation is higher in patients receiving ziv-aflibercept.  
Table 6. Comparison of fistula formation
	
	Ziv-aflibercept/FOLFIRI@
	Placebo/FOLFIRI@

	All fistulas
	9 of 611 (1.5%)
	3 of 605 (0.5%)

	GI fistula (Grade 3)
	2 (0.3%)
	1 (0.2%)


@ Patients with metastatic colorectal cancer

Ziv-aflibercept therapy should be discontinued in patients who develop fistula.
Hypertension – The risk of grade 3 to 4 hypertension is increased with ziv-aflibercept.  
Table 7. Comparison of hypertension
	
	Ziv-aflibercept/FOLFIRI
	Placebo/FOLFIRI

	Hypertension (Grade 3)^
	19%
	1.5%

	Hypertension (Grade 4)%
	0.2%
	0


^ Grade 3 defined as requiring adjustment in existing anti-hypertensive therapy or treatment with more than one drug

% Grade 4 defined as hypertensive crises
Blood pressure should be monitored every 2 weeks or more frequently, as clinically indicated, while receiving ziv-aflibercept therapy.  Anti-hypertensive therapy may be needed.

If uncontrolled hypertension develops, hold ziv-aflibercept until blood pressure is controlled.  Resume ziv-aflibercept at a reduced dose of 2 mg/kg for subsequent cycles.

Ziv-aflibercept should be discontinued in patients with hypertensive crises or hypertensive encephalopathy.
Arterial Thromboembolic Events – Arterial Thromboembolic Events (ATEs) occurred more frequently in patients who have received ziv-aflibercept.  ATEs include transient ischemic attack, cerebrovascular accident and angina pectoris.  
Table 8. Comparison of ATEs
	
	Ziv-aflibercept/FOLFIRI+
	Placebo/FOLFIRI+

	ATE (all grades)
	2.6%
	1.7%

	ATE (Grade 3 or 4)
	1.8%
	0.7%


+ Patients with metastatic colorectal cancer

Discontinue ziv-aflibercept in patients who develop ATEs.

Proteinuria – Patients treated with ziv-aflibercept experienced higher rates of severe proteinuria, nephrotic syndrome and thrombotic microangiopathy (TMA).  
Table 9. Comparison of proteinuria/nephrotic syndrome
	
	Ziv-aflibercept/FOLFIRI+
	Placebo/FOLFIRI+

	Proteinuria (all grades)
	62%
	41%

	Proteinuria (Grade 3 or 4)
	8%
	1%

	Nephrotic syndrome
	0.5%
	0


+ Patients with metastatic colorectal cancer

Monitoring should include urine dipstick analysis and urine protein creatinine ratio (UPCR) during ziv-aflibercept therapy.  If UPCR > 1, then obtain a 24-hour urine collection.

If proteinuria > 2 gm/24 hours, hold ziv-aflibercept therapy and resume when < 2 gm/24 hours.

If proteinuria is recurrent, hold therapy and resume at a permanently reduced dose of 2 mg/kg when proteinuria < 2 gm/24 hours.

If nephrotic syndrome or TMA develops, discontinue ziv-aflibercept.
Neutropenia and Neutropenic Complications – Patients treated with ziv-aflibercept experienced a higher incidence of neutropenic complications (febrile neutropenia, neutropenic infection).
Table 10. Comparison of neutropenia and complications
	
	Ziv-aflibercept/FOLFIRI+
	Placebo/FOLFIRI+

	Neutropenia (Grade 3 or 4)
	37%
	30%

	Febrile neutropenia (Grade 3 or 4)
	4%
	2%

	Neutropenic infection/sepsis (Grade 3 or 4)
	1.5%
	1.2%


+ Patients with metastatic colorectal cancer

CBC with differential should be monitored at baseline and prior to each cycle of ziv-aflibercept.

Hold ziv-aflibercept/FOLFIRI until neutrophil count > 1.5 x 109 L.
Diarrhea and Dehydration – Patients are at risk for developing severe diarrhea while on ziv-aflibercept therapy.  
Table 11. Comparison of diarrhea/dehydration
	
	Ziv-aflibercept/FOLFIRI+
	Placebo/FOLFIRI+

	Diarrhea (Grade 3 or 4)
	19%
	8%

	Dehydration (Grade 3 or 4)
	4%
	1%


+ Patients with metastatic colorectal cancer

The elderly (age > 65 years) are at a higher risk of developing diarrhea than their younger counterparts.  Closely monitor these patients.

Reversible Posterior Leukoencephalopathy Syndrome (RPLS) – Reports of RPLS were noted in 0.5% of 3795 patients treated with ziv-aflibercept as either monotherapy or in combination with chemotherapy.
If suspect RPLS, discontinue ziv-aflibercept and confirm diagnosis with MRI.  Symptoms usually improve or resolve within days.  Some patients may experience continued neurologic sequelae and/or death.

Special Populations

Geriatric Use - Elderly patients (age > 65 years) who participated in the colorectal cancer clinical trial experienced a greater incidence (> 5%) of diarrhea, dizziness, asthenia, weight decrease and dehydration.  A total of 611 patients received ziv-aflibercept.  Of those, 205 (34%) were age 65 years or older and 33 (5%) were age 75 years or older.  The elderly should be closely monitored for diarrhea and dehydration.
No dose adjustment is recommended based on age.

Hepatic Impairment – A population pharmacokinetic analysis of patients with mild and moderate hepatic impairment suggests that ziv-aflibercept exposure was similar to patients with normal hepatic function.  There are no data with the use of ziv-aflibercept in severe hepatic impairment.

Renal Impairment – A population pharmacokinetic analysis of patients with mild, moderate and severe renal impairment suggests that ziv-aflibercept exposure is similar to those with normal renal function.
Reproductive Potential – Fertility and reproductive capacity have been noted to be impaired in monkeys.  These effects were reversible within 18 weeks after completion of treatment.  Males and females of reproductive potential should use effective contraception methods while receiving treatment with ziv-aflibercept and for at least 3 months following the last dose.

Pregnancy – Pregnancy Category C. There are no well-controlled trials of ziv-aflibercept in pregnant women.  Use of this drug during pregnancy should be considered only if the potential benefit to the mother justifies the potential risk to the fetus.
Animal data suggests that ziv-aflibercept is embryotoxic and teratogenic at lower-than human exposure levels (30% of the AUC in patients at recommended doses).  External, visceral and skeletal fetal malformations were noted.

Nursing Mothers – Excretion of ziv-aflibercept into human milk is unknown.  Due to the potential for serious adverse effects to the infant, the decision to breastfeed should take into account the potential benefit to the mother and the potential risk to the infant.

Postmarketing Safety Experience (Optional)

None.
Sentinel Events

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

This section must contain the following paragraph:

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 ziv-aflibercept:  aflibercept (ophthalmic), etanercept, Abelcet, aricept, abatacept, alefacept
LA/SA for trade name Zaltrap: none known
Drug Interactions

Drug-Drug Interactions

There have been no drug interaction studies with ziv-aflibercept.  Based on cross-study comparisons and population pharmacokinetic analyses, there have been no drug-drug interactions found with irinotecan / SN-38 or 5-fluorouracil and ziv-aflibercept.
Drug-Lab Interactions

None noted.

Acquisition Costs
Refer to VA pricing sources for updated information.
Pharmacoeconomic Analysis

There have been no published pharmacoeconomic analyses to date.
Conclusions

Ziv-aflibercept is a VEGF-inhibitor that blocks the actions of VEGF-A, VEGF-B and PlGF.  It has been studied in combination with FOLFIRI in the second-line setting of metastatic colorectal cancer in the VELOUR trial.  Bevacizumab, also an anti-VEGF monoclonal antibody, has FDA-approval in both the first- and second-line mCRC settings, in combination with fluoropyrimidine-based therapy.  Bevacizumab received FDA-approval for its second-line indication in mCRC in June 2006. Its approval was based on an improvement in overall survival.  
The comparator arm in the VELOUR trial was a combination of placebo/FOLFIRI.  The authors of VELOUR state that a placebo-based control arm was chosen because of the lack of established survival benefit with a bevacizumab-containing regimen.  Bevacizumab plus chemotherapy had demonstrated activity in the second-line setting and would have provided beneficial information had it been the chosen comparator in VELOUR.
Aflibercept/FOLFIRI improved the median overall survival (13.5 vs. 12.06 months, respectively) compared to placebo/FOLFIRI.  A difference that is statistically significant.  The addition of bevacizumab to FOLFOX4 resulted in a median OS 13.0 months vs. 10.8 months; hazard ratio 0.75 [95% CI 0.63, 0.89] as compared to FOLFOX4.  The TML study, a randomized phase III trial that compared bevacizumab plus chemotherapy continued beyond first progression in the metastatic colorectal cancer setting to chemotherapy alone reported median OS rates of 11.2 vs. 9.8 months for the active vs. control arms, respectively.4   A phase II study evaluating bevacizumab plus chemotherapy in the second-line setting reported a median OS rate of 19.3 months (95% CI, 14.2-25.1 months).5   Although direct comparisons cannot be made between trials, indirect comparisons may provide perspective on the magnitude of benefit for a particular intervention.
The toxicity profile of the aflibercept/FOLFIRI combination deserves attention.  Those effects associated with VEGF-inhibitor therapy appear to be comparable to those noted with bevacizumab therapy when indirectly compared.  Non-VEGF-related adverse events seem to be more severe with aflibercept as evidenced by a greater incidence of grade 3 and 4 toxicity as well as a higher discontinuation rate of study drug.  
The aflibercept/FOLFIRI combination does not appear to provide any additional clinical benefit to our current therapeutic options, yet may lead to a high risk of harm by virtue of its adverse effect profile.  Use of ziv-aflibercept/FOLFIRI may not be an appropriate second-line option in mCRC given that there are other therapeutic options with comparable efficacy, a milder toxicity profile and less expense.
	Outcome in clinically significant area
	Median OS rates of 13.5 vs. 12.06 months 

Median PFS rates of 6.9 vs. 4.7 months

(ziv-aflibercept/FOLFIRI vs. placebo/FOLFIRI arms)

	Effect Size
	HR 0.817 (95% CI, 0.713-0.937; P=0.0032) for OS

HR 0.758 (95% CI, 0.661-0.869; p<0.0001) for PFS

	Potential Harms
	Grade 3-4 toxicity includes neutropenia (37 vs. 30%), diarrhea (19 vs. 8%), stomatitis (13 vs. 5%) fatigue (13 vs. 8%), hypertension (19 vs. 1.5%), proteinuria (8 vs. 1%)

	Net Clinical Benefit
	Minimal


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)

Place in Therapy

Because of the small overall survival benefit compared to placebo and high toxicity profile, use of ziv-aflibercept is expected to be small in VA.  However, based on the available evidence, the best candidates for ziv-aflibercept therapy in combination with the FOLFIRI regimen in the second-line mCRC setting are those who have progressed on an oxaliplatin-containing regimen, aged < 65 years with an ECOG performance status of 0 and who have not received prior systemic bevacizumab therapy.   The adverse effect profile of ziv-aflibercept warrants extreme caution and selectively chosen patients as grade 3 or 4 toxicities included neutropenia, diarrhea, asthenia, stomatitis/ulceration, infections and hand-foot syndrome. There is no data suggesting that ziv-aflibercept is effective in the first-line setting of mCRC, therefore it should not be used in that manner.  
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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 using the search terms ziv-aflibercept and Zaltrap.  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 12: Phase III Clinical Trial Data for Aflibercept in mCRC
	Citation
	Van Cutsem E, Tabernero J, Lakomy R, et al.  Addition of Aflibercept to Fluorouracil, Leucovorin, and Irinotecan Improves Survival in a Phase III Randomized Trial in Patients with Metastatic Colorectal Cancer Previously Treated with an Oxaliplatin-based Regimen

	Study Goals
	Evaluate the efficacy and safety of the combination of ziv-aflibercept plus FOLFIRI versus placebo plus FOLFIRI in patients with metastatic colorectal cancer (mCRC) following disease progression while on or after completion of treatment with an oxaliplatin-based regimen.

	Methods
	Study Design 

Prospective, multinational, randomized, double-blind, parallel-arm, phase III trial
Patients were randomized 1:1, to receive aflibercept + FOLFIRI or placebo + FOLFIRI; they were stratified according to prior therapy with bevacizumab (yes or no) and ECOG PS (0, 1, 2)
Arms: aflibercept 4 mg/kg or placebo IV over 1 hours on day 1 every 2 weeks, followed immediately by FOLFIRI (irinotecan 180 mg/m2 IV over 90 min, leucovorin 400 mg/m2 IV over 2 hours, followed by 5-FU 400 mg/m2 bolus, then 2400 mg/m2 CIVI over 96 hours)

Data Analysis

Time to event parameters estimated using Kaplan-Meier analysis. Comparisons between groups were performed using stratified log-rank tests. Hazard ratio and CI estimates used Cox proportional hazards model.  Response rate was compared using Cochran-Mantel-Haenszel test.

	Criteria
	Inclusion criteria

Age > 18 years, ECOG PS 0-2, colorectal adenocarcinoma with metastatic disease, documented disease progression during or following completion of a single prior oxaliplatin-containing regimen; those with relapse within 6 months of completion of oxaliplatin-based adjuvant therapy were eligible

Exclusion criteria

Patients who had major surgery within 28 days of start; prior irinotecan therapy; no known prior malignancies or brain metastases; severe acute or chronic medical condition that may be impaired the ability to participate in the study or interfered with interpretation of results; patients with uncontrolled hypertension within 3 months or DVT within 4 weeks of enrollment were excluded; pregnant and breast-feeding women were excluded; effective methods of contraception were required

	Results
	N=1226 patients randomized to aflibercept/FOLFIRI (612) or placebo/FOLFIRI (614)
Patient groups were well balanced: prior bevacizumab reported in 373 (30.4%); 534 patients (43.6%) had prior hypertension

Median 9 cycles (21.4 wks) in aflibercept arm vs. median 8 cycles (21 wks) in placebo arm

Median relative dose intensity 83% aflibercept vs. 92% placebo arm

Cycle delays in 77.7% aflibercept vs. 69.4% in placebo arm
Efficacy

Median follow-up time 22.28 months

Median survival 13.5 vs. 12.06 months in aflibercept vs. placebo arms; hazard ratio 0.817 (95.34% CI, 0.713 to 0.937; P=0.0032)

Subgroup analyses of OS and PFS were performed based on prior bevacizumab and ECOG PS; Forest plots indicate overall that the subgroups favored aflibercept and there were no significant interaction effect between the stratification factors and treatment.
Median PFS was 6.9 vs. 4.7 months (aflibercept vs. placebo arms, respectively) with a hazard ratio, 0.758; 95% CI, 0.661-0.869; P<0.0001.

Similar trends were shown in the subgroup analyses when evaluating effect of PFS.

Response rate was 19.8% vs. 11.1% (aflibercept vs. placebo arms); P<0.001.

Overall 165 patients (13.2 vs. 13.7%) were excluded from RR analyses due to nonmeasurable disease at baseline.

Safety

Treatment-emergent adverse events were reported in 99.2 vs. 97.9% (aflibercept vs. placebo); grade 3 and 4 events noted in 83.5 vs. 62.5%, respectively.

Discontinuation from study due to AEs:  26.8 vs. 12.1%; the most common reasons included asthenia, infections, diarrhea and hypertension.

Grade 3 or 4 events
Aflibercept/FOLFIRI

Placebo/FOLFIRI

Hypertension

19.1

1.5

Hemorrhage

2.9

1.7

ATEs

1.8

0.5

VTEs

7.9

6.3

Diarrhea

19.3

7.8

Asthenic conditions

16.9

10.6

Stomatitis/ulceration

13.7

5

Infections

12.3

6.9

Hand-Foot Syndrome
2.8

0.5

Neutropenia

36.7

29.5

Thrombocytopenia

3.3

1.7



	Conclusions
	The authors conclude the aflibercept+FOLFIRI statistically improved OS when compared to placebo+FOLFIRI.  The clinical value represents a relative reduction in the risk of death of 18.3%. There is no heterogeneity of treatment effect with regard to prior bevacizumab exposure on both OS and PFS results.  Clinical benefit was accompanied by an expected increase in toxicity.  Common AEs noted with FOLFIRI were enhanced with aflibercept.

	Critique
	Strengths

Study design was prospective and randomized.  A power calculation was performed and included.
Limitations

A reasonable comparator would have been bevacizumab + FOLFIRI, but the authors note that at the time of study design, there was no data available that demonstrated a survival benefit with FOLFIRI + bevacizumab, hence placebo + FOLFIRI was chosen.
The subgroup analysis of prior bevacizumab therapy and ECOG PS appeared to favor the aflibercept arm, but the confidence intervals for those patients with ECOG PS 1,2 and patients who received prior bevacizumab therapy crossed 1, indicating that the benefit may be due to chance.
Although the study design was double-blind, it is likely that the AEs experienced with aflibercept made this difficult to maintain.
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