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Executive Summary:  

Ofatumumab is a monoclonal antibody that is directed against CD-20 positive cells.  It is FDA-approved for the treatment of patients with chronic lymphocytic leukemia (CLL) who are refractory to both fludarabine and alemtuzumab-based therapies.

Efficacy:

Ofatumumab received FDA-approval based on the results of an international, single-arm trial.2
· Patients with active CLL, ECOG PS 0-2 and refractory to at least one fludarabine-based regimen and either refractory or not a candidate for alemtuzumab-based therapy were eligible to participate.

· Results are from an interim analysis when 66 patients achieved the primary endpoint; the efficacy analysis is based on the fludarabine and alemtuzumab-refractory population (n=59).

· Of those refractory to fludarabine and alemtuzumab, the median age was 64 years (range, 41-86), 75% male; median number of prior therapies was 5; 93% received prior alkylating agents; 59% received prior rituximab; 88% received at least 8 infusions of ofatumumab; 54% received 12 infusions.

· ORR was 58% in FA-ref group, with a median PFS of 5.7 months and median OS of 13.7 months

· The authors note that the responses were independent of prior rituximab therapy; in the FA-ref group, ORR in those with prior rituximab was 19/35 (54%); ORR in those without prior rituximab was 15/24 (63%); median PFS with prior rituximab vs. no prior rituximab was 5.5 vs. 7.1 months. 
Safety:

· The most common adverse events (> 10%) noted in the clinical trial were infections, cough, diarrhea, anemia, fatigue, fever, neutropenia, dyspnea, nausea and rash.
· The most common serious adverse events noted were infections (pneumonia and sepsis), neutropenia and pyrexia.  Infections were the most common adverse reaction leading to drug discontinuation in the clinical trials.  

· Grade 3 or greater neutropenia was experienced by 42% of patients who had normal neutrophil counts at baseline.  Grade 4 neutropenia was noted by 18% of patients; some had prolonged neutropenia lasting > 2 weeks in duration.
· Serious adverse events may also include infusion-related reactions, bone marrow suppression, Progressive Multifocal Leukoencephalopathy (PML), Hepatitis B reactivation and intestinal obstruction.  
· Infusion-related reactions occur with greatest frequency during the first infusion and lessen with subsequent infusions.  
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 ofatumumab 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

Ofatumumab is an IgG 1κ human monoclonal antibody.  It binds to both extracellular loops of the CD20 molecule.  The Fab domain of the antibody binds to the CD20 molecule while the Fc domain mediates immune functions to result in cell lysis.  Possible mechanisms of cell lysis include complement dependent cytotoxicity and antibody-dependent, cell-mediated cytotoxicity.

Table #1
Pharmacokinetic Parameters
	Parameter
	Ofatumumab
	
	

	
	
	
	

	Elimination
	Dose-dependent clearance; due to B-cell depletion, clearance was reduced with subsequent infusions
	
	

	Half-life
	~ 14 days (range, 2.3 – 61.5 days)


	
	

	Vss
	1.7 – 5.1 L
	
	

	
	
	
	


Cross-study analyses were performed on patients with varied conditions (including 162 with CLL) who received ofatumumab in doses ranging from 100 – 2000 mg for the purpose of assessing the effect of body weight, age, gender and renal impairment on drug pharmacokinetics.

 Body weight: Clearance and volume of distribution increased as body weight increased.  This increase was not deemed to be clinically significant.  There is no dose adjustment recommended based on body weight.
Age: Age (range, 21 – 86 years) did not significantly influence pharmacokinetics, 
Gender: Female patients were noted to have a 14-25% lower clearance and volume of distribution.  These effects were not noted to be clinically important, therefore no dosage adjustment based on gender is recommended.

Renal impairment: In patients with creatinine clearance values ranging from 33 – 287 ml/min, no clinically important effects were noted on ofatumumab pharmacokinetics.

FDA Approved Indication(s) and Off-label Uses

Please note that this section is not meant to promote off-label use.  It is only a summary of the current literature.  For discussion of the PBM Guidance on off-label prescribing, please refer to: 

http://vaww.national.cmop.va.gov/PBM/Directives%20Policies%20and%20Information%20Letters/Guidance%20on%20Off%20Label%20Prescribing.pdf
Ofatumumab is FDA-approved for the treatment of patients with chronic lymphocytic leukemia (CLL) that are refractory to fludarabine and alemtuzumab.  

Potential off-label uses of ofatumumab include treatment of Non-Hodgkins Lymphoma (NHL), in combination with cytotoxic chemotherapy for relapsed/refractory CLL, as monotherapy in first-line setting of CLL, Waldenstrom’s Macroglobulinemia, treatment of rheumatoid arthritis and multiple sclerosis.
Current Alternatives

	Alternatives for fludarabine and alemtuzumab-ref CLL
	Formulary status

	Pentostatin – containing regimens

     Pentostatin-cyclophosphamide-rituximab (PCR)
	All on formulary



	High dose methylprednisolone + rituximab
	All on formulary

	Bendamustine +/- rituximab
	Non-formulary

	CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) + rituximab
	All on formulary

	HyperCVAD (cyclophosphamide, vincristine, doxorubicin, dexamethasone, methotrexate, cytarabine) + rituximab
	All on formulary

	EPOCH (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin) + rituximab
	All on formulary


Dosage and Administration1
Premedication
Premedications given 30 minutes to 2 hours prior to each dose:

· Acetaminophen 1000 mg orally

· Cetirizine 10 mg orally (or equivalent antihistamine, either IV or PO)

· Prednisolone 100 mg intravenously (or equivalent corticosteroid)*

* Corticosteroid dose reduction

· Do not reduce corticosteroid dose for ofatumumab infusions #1, 2 and 9.
· Corticosteroid doses may be reduced as follows:


Doses 3 through 8: 
· If infusion-related reaction > grade 3 experienced, do not reduce corticosteroid dose for subsequent doses.
· If infusion-related reaction < grade 3 experienced, may consider gradually reducing corticosteroid dose with subsequent doses.


Doses 10 through 12:

· If infusion-related reaction > grade 3 experienced with dose #9, do not reduce corticosteroid dose for subsequent doses.

· If infusion-related reaction < grade 3 experienced with dose #9, may consider administering prednisolone 50 – 100 mg (or its equivalent) for subsequent doses.
Dosing/Administration
· Ofatumumab should only be administered as an intravenous infusion.  
· It should NOT be given as an intravenous bolus or push.  
A total course of therapy consists of 12 doses administered as follows*:
Dose 1: 300mg initial dose, initiate infusion at a rate of 3.6 mg/hr (12 ml/hr), 


followed 1 week later by
Doses 2 through 8: 2000 mg weekly for 7 doses, then 4 weeks later,


Dose 2: Initiate infusion at rate 24 mg/hr (12 ml/hr)


Doses 3 – 12: initiate infusion at rate of 50 mg/hr (25 ml/hr)

Doses 9 through 12: 2000 mg every 4 weeks for 4 doses

* If no infusional toxicity, the rate of drug infusion may be increased every 30 minutes as described in Table 1.  Do not exceed the listed infusion rates.

Table 2. Recommended Infusion Rates in the Absence of Infusional Toxicity

	Interval After Start of Infusion (min)
	Dose 1 (mL/hr)
	Dose 2 (mL/hr)
	Doses 3 – 12 (mL/hr)

	0-30
	12
	12
	25

	31-60
	25
	25
	50

	61-90
	50
	50
	100

	91-120
	100
	100
	200

	> 120
	200
	200
	400


Dose Modification
Interrupt infusion for infusion-related reactions of any severity (include CTC for infusion rxns)
For Grade 1, 2 or 3 infusion-related reactions,


If reaction resolves or remains < Grade 2, resume with following modifications:



Grade 1 or 2, infusion at 50% of previous rate



Grade 3, infuse at rate of 12 ml/hr
For Grade 4 infusion-related reaction, do not resume the infusion
After resuming the infusion, for Grade 1 – 3 reactions, the rate may be increased according to Table 1, based on patient tolerance.

Preparation
· Ofatumumab is available as 100 mg/5ml (20mg/ml concentration) single-use, preservative-free glass vials that should be stored under refrigeration and protected from light. 

· Do not shake the product.

· Inspect drug products for particulate matter and discoloration prior to administration.  The final product should be a colorless solution and may contain small amounts of visable translucent-to-white, amorphous, ofatumumab particles.  Do not use if discolored, cloudy or if foreign particulate matter is visible.

· All doses should be prepared in 1000 ml of 0.9% Sodium Chloride Injection, USP
· To prepare a 300 mg dose:  

1. Withdraw/discard 15 ml of 0.9% Sodium Chloride Injection from 1000 ml 


polyolefin bag

2. Withdraw 5 ml from each 100 mg vial of ofatumumab (3 x 100 mg) 

3. Add to 1000 ml bag

4. Gently invert to mix

· To prepare a 2000 mg dose:

1. Withdraw/discard 100 ml from 0.9% Sodium Chloride Injection, USP

2. Withdraw 5 ml from each 100 mg vial of ofatumumab (20 x 100 mg)

3. Add to 1000 ml bag

4. Gently invert to mix

· Store diluted solution between 2° to 8°C (36° to 46°F)

Administration

· Do not mix the ofatumumab infusion with other medications.
· Use an infusion pump with polyvinyl chloride (PVC) administration sets and the in-line filter that is provided.
· Flush the intravenous line with 0.9% Sodium Chloride Injection, USP before and after each dose.
· Begin infusion within 12 hours of preparation.
· Discard prepared solution after 24 hours.
Efficacy 

Efficacy Measures for CLL

Chronic Lymphocytic Leukemia

The response criteria according to the National Cancer Institute-Sponsored Working Group Guidelines for CLL were used.5   Final assessment of best response was conducted by an Independent Committee for Response Assessment.  Classification by this group was based on the NCI Group criteria.

	Variable
	NCI Working Group Criteria

	Complete Response (CR)

     Physical exam

     Symptoms

     Lymphocytes (x 109/L)

     Neutrophils (x 109/L)

     Platelets (x 109/L)

     Hgb (g/dL)

     Bone marrow lymphs (%)
	Normal

None

< 4
> 1.5

> 100 

> 11 (untransfused)

< 30; no nodules

	Partial Response (PR)

     Physical exam (nodes, and/or liver, spleen)

     Plus > 1 of:

          Neutrophils (x 109/L)

          Platelets (x 109/L)

          Hgb (x 109/L)
	> 50% decrease

> 1.5

> 100

> 11 or 50% improvement

	Duration of CR or PR
	> 2 months

	Progressive Disease (PD)

     Physical exam (nodes, liver, spleen)

     Circulating lymphocytes

     Other
	> 50% increase or new

> 50% increase

Richter’s syndrome

	Stable Disease (SD)
	All others


Summary of efficacy findings 

Ofatumumab received FDA-approval based on the results of an international, single-arm trial.2
· Patients with active CLL, ECOG PS 0-2 and refractory to at least one fludarabine-based regimen and either refractory or not a candidate for alemtuzumab-based therapy were eligible to participate.
· Treatment included eight weekly infusions of ofatumumab, followed by four monthly infusions.

· The initial ofatumumab dose was 300mg, subsequent doses were 2000mg.

· Assessments of disease status and response were performed every 4 weeks until week 28, then every 3 months until month 24.  Responses must be maintained > 2 months.  Assessment was via Independent Review Committee, but imaging scans were not included for response assessment.

· The primary endpoint was ORR (including CR, nodular PR and PR) during the 24 week period.  NCI-Working Group 1996 Guidelines for CLL were used.
· Results are from an interim analysis when 66 patients achieved the primary endpoint; the efficacy analysis is based on the fludarabine and alemtuzumab-refractory population (n=59).
· Of those refractory to fludarabine and alemtuzumab, the median age was 64 years (range, 41-86), 75% male; median number of prior therapies was 5; 93% received prior alkylating agents; 59% received prior rituximab; 88% received at least 8 infusions of ofatumumab; 54% received 12 infusions.
· ORR was 58% in FA-ref group, with a median PFS of 5.7 months and median OS of 13.7 months

· The authors note that the responses were independent of prior rituximab therapy; in the FA-ref group, ORR in those with prior rituximab was 19/35 (54%); ORR in those without prior rituximab was 15/24 (63%); median PFS with prior rituximab vs. no prior rituximab was 5.5 vs. 7.1 months. 
For further details on the efficacy results of the clinical trials, refer to Appendix: Clinical Trials (page 14).

Adverse Events (Safety Data)1,2
Deaths and Other Serious Adverse Events 

Serious adverse events may include infusion-related reactions, bone marrow suppression, Progressive Multifocal Leukoencephalopathy (PML), Hepatitis B Reactivation and intestinal obstruction.  

The most common serious adverse events noted were infections (pneumonia and sepsis), neutropenia and pyrexia.  Infections were the most common adverse reaction leading to drug discontinuation in the clinical trials.  A total of 108 patients (70%) experienced bacterial, viral or fungal infections.  Infections considered > grade 3 were noted in 29% of patients, of which 12% were fatal.  In the FA-ref group, 17% had fatal infections.
Grade 3 or greater neutropenia was experienced by 42% of patients who had normal neutrophil counts at baseline.  Grade 4 neutropenia was noted by 18% of patients; some had prolonged neutropenia lasting > 2 weeks in duration.

The FDA-review notes that myocardial infarction / angina was noted in four patients within two days of receiving a dose of ofatumumab.  Due to characteristics of the patient population and single-arm design of the trial, a direct relationship cannot be made to ofatumumab therapy.

Common Adverse Events

The most common adverse events (> 10%) noted in the clinical trial were infections, cough, diarrhea, anemia, fatigue, fever, neutropenia, dyspnea, nausea and rash.

Infusion-related reactions occur with greatest frequency during the first infusion and lessen with subsequent infusions.  Wierda et al. note that 38% of patients experienced an infusion-related reaction during their first infusion while only to 7% of patients experienced a reaction at their 12th infusion.2
Other Adverse Events

Table #3 Incidence of AEs occurring in > 5% of study patients

	
	Total population (n=154)
	FA-ref population (n=59)

	AE
	All grades
	Grade > 3
	All grades
	Grade > 3

	Infections

     Pneumonia

     URI

     Bronchitis

     Sepsis

     Nasopharyngitis

     Herpes Zoster

     Sinusitis
	23

11

11

8

8

6

5
	14

0

< 1

8

0

1

2
	25

3

19

10

8

7

3
	15

0

2

10

0

2

2

	Anemia
	16
	5
	17
	8

	Insomnia
	7
	0
	10
	0

	Headache
	6
	0
	7
	0

	Cardiovascular 
     HTN

     Hypotension

     Tachycardia
	5

5

5
	0

0

< 1
	8

3

7
	0

0

2

	Respiratory

Cough
	19
	0
	19
	0

	Dyspnea
	14
	2
	9
	5

	Gastrointestinal

Diarrhea
	18
	0
	19
	0

	Nausea
	11
	0
	12
	0

	Skin disorders

Rash
	14
	<1
	17
	2

	Urticaria
	8
	0
	5
	0

	Hyperhidrosis
	5
	0
	5
	0

	Musculoskeletal

Back pain
	8
	1
	12
	2

	Muscle spasms
	5
	0
	3
	0

	General

Pyrexia
	20
	3
	25
	5

	Fatigue
	15
	0
	15
	0

	Peripheral edema
	9
	<1
	8
	2

	Chills
	8
	0
	10
	0


Tolerability

Ofatumumab appears to have limited tolerability.  A course of therapy consists of 12 doses.  The clinical trial by Wierda et al. reports that only 54% of the study population received all 12 infusions.
For further details on the safety results of the clinical trials, refer to Appendix: Clinical Trials 
(page 14).

Contraindications
None listed in the package insert.
Warnings and Precautions

Infusion Reactions

Serious infusion-related reactions manifest as bronchospasm, dyspnea, laryngeal and pulmonary edema, flushing, hypertension, hypotension, syncope, cardiac ischemia/infarction, back pain, abdominal pain, pyrexia, rash, urticaria and angiodema.  Infusion-related reactions occur with a higher frequency with the first 2 infusions.  
It is recommended to premedicate with acetaminophen, an antihistamine and a corticosteroid.  Ofatumumab infusions should be interrupted for infusion reactions of any severity.  Immediate medical management should begin for severe infusion reactions such as angina or indicators of potential myocardial ischemia.  
A study of patients with moderate to severe COPD reports that 2 of 5 patients developed Grade 3 bronchospasm during the infusion.
Cytopenias

Severe neutropenia and thrombocytopenia, lasting > 1 week can occur with ofatumumab therapy.  Complete Blood Counts (CBC) and platelet counts should be monitored at regular intervals during therapy.  Patients who develop Grade 3 or 4 cytopenias should be monitored with greater frequency.
Progressive Multifocal Leukoencephalopathy (PML)
PML can occur with ofatumumab therapy.  Fatal cases have been reported.  In any patient exhibiting neurologic changes, whether new onset or changes in pre-existing neurologic condition, consider PML.  Discontinue ofatumumab if PML is suspected.  Initiate further evaluation including consultation with a neurology specialist, brain MRI and lumbar puncture.

Hepatitis B Reactivation

Hepatitis B reactivation has been known to occur with other monoclonal antibodies that target CD20.  Some cases have resulted in fulminant hepatitis and death.  Those patients considered to be at high risk of hepatitis B virus (HBV) infection, should be screened prior to starting ofatumumab therapy.  Carries of the hepatitis B virus should be closely monitored for active HBV infection during treatment and for 6 – 12 months following the last infusion.  Discontinue ofatumumab in patients who develop viral hepatitis or its reactivation and initiate appropriate treatment.  The safety of ofatumumab therapy in patients with active hepatitis is unknown.

Intestinal Obstruction

Obstruction of the small intestine can occur in patients receiving ofatumumab therapy.  A diagnostic evaluation should be performed in any patients exhibiting signs/symptoms of intestinal obstruction.

Immunizations

Do not administer live viral vaccines to patients who currently or recently received ofatumumab therapy.  The safety of live vaccines is unknown.  It is unclear if the ability to mount an immune response to a vaccine is impaired while receiving ofatumumab therapy, as this has not been studied.
Use in Specific Populations
Pregnancy

Pregnancy Category C. Pregnant women were excluded from clinical trials with ofatumumab.  Therefore, use during pregnancy should be considered only if the potential benefit to the mother justifies the potential risk to the fetus.

In a reproductive animal study, ofatumumab crossed the placental barrier and resulted in depletion of peripheral B-cells and reduced spleen and placental weights.  The effects of perinatal B-cell depletion in the fetus and the kinetics of B-cell recovery are unknown at this time.

Nursing Mothers

It is unknown if ofatumumab is excreted in breast milk.  Human IgG is secreted in human milk although it is not believed that infants absorb substantial amounts.  Due to the unknown effects, caution should be taken whenever ofatumumab is given to a nursing woman.

Geriatric Use

There have not been sufficient numbers of patients over the age of 65 to determine if response is different than in younger individuals.

Renal Impairment

No formal studies have been conducted in this patient population.

Hepatic impairment

No formal studies have been conducted in this patient population.

Sentinel Events

There have been no sentinel events reported for ofatumumab.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

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

LA/SA for generic name ofatumumab:  efalizumab
LA/SA for trade name Arzerra™: Asclera™
Drug Interactions

Drug-Drug Interactions

· No formal drug-drug interactions studies have been performed.  

· Would caution that other myelosuppressive therapies given concomitantly may compound myelosuppressive effects of ofatumumab.

· The safety of live viral vaccines during or following treatment with ofatumumab has not been studied.  Do not administer live viral vaccines to patients who have recently received ofatumumab.  It is unclear if the ability to mount an immune response to a vaccine is impaired while receiving ofatumumab therapy, as this has not been studied.

Acquisition Costs

Table #4
 Drug Cost of Ofatumumab* and Alternatives
	
	Dose
	Cost/Unit/patient ($)
	Cost/Course/patient ($)

	Ofatumumab

     
	300 mg initial dose

2000 mg subsequent doses x 11
	988.00/ initial dose
6587.00/ subsequent doses
	988.00

72,459.00

73,447.00/total course

	Bendamustine
	100 mg/m2 IV on days 1,2 q 28 days x 6 cycles
	5334.00/ cycle
	32,004.00/6 cycles

	Pentostatin-cyclophosphamide-rituximab (PCR)
	P 4mg/m2 IV, day 1
C 600 mg/m2 IV, day 1

R 375 mg/m2 IV, day 1
	P $220.00
C $26.00

R $3600.00

Total $3850.00/cycle
	23,100.00/6 cycles

	Cyclophosphamide-doxorubicin-vincristine-prednisone-
rituximab 
(CHOP-R)
	C 750 mg/m2 IV, day 1
H 50 mg/m2 IV, day 1

O 1.4 mg/m2 (max 2mg) IV, day 1

P 100mg PO daily, days 1 – 5

R 375 mg/m2 IV, day 1
	C $27.00
H $40.00

O $6.50

P $2.00

R $3600.00

Total $3675.50/cycle
	22,000.00/6 cycles

	Etoposide-prednisone-vincristine-doxorubicin (H)-cyclophosphamide (EPOCH)
	E 50 mg/m2/day CIVI, days 1 – 4;
P 60 mg/m2/day PO, days 1 – 5;

O 0.4 mg/m2/day CIVI, days 1 – 4;

C 750 mg/m2 IV x 1, day 5;

H 10 mg/m2/d CIVI, days 1 - 4
	E $16.00

P $2.00
O $15.00

C $27.00

H $80.00

Total $140.00/cycle
	840.00 – 1120.00/6-8 cycles

	Part A:

Cyclophosphamide-mesna-
vincristine-doxorubicin-dexamethasone

rituximab

Part B:

Methotrexate-cytarabine-leucovorin

CNS prophylaxis:

Methotrexate-cytarabine

(hyper-CVAD+R**)
	Part A given for cycles 1, 3, 5, 7
C 300 mg/m2 IV q12hrs x 6 doses;

M 600 mg/m2/d CIVI, days 1 – 3;

V 2mg IV x 1, day 4, 11;

D 50 mg/m2 IV x 1, day 4

Dex 40mg PO daily, d 1-4, 11-14;

R 375 mg/m2 IV x 8 cycles 1-4

Part B given for cycles 2, 4, 6, 8
MTX 200 mg/m2 IV x 1, then 800 mg/m2 IV over 22 hrs, day 1

Cy 3 g/m2 IV q12hrs x 4 doses;

L 50mg IV q6hrs after MTX until        MTX level < 0.05 µM

MTX 12 IT, day 2, total 3-4

Cy 100mg IT, day 8, total 3-4
	C $53.00

M $60.00
V $13.00
D $40.00

Dex $4.80

Total $170.00/cycle
R $7200.00/cycle

MTX $50.00

Cy $156.00

L $44.00 (~5 days)
Total $250.00/cycle
MTX $2.00

Cy $15.00

Total $17.00/cycle
	Part A: $170.00
+ rituximab $28,800

Part B: $100.00

CNS px: $140.00


* FSS pricing as of 8/2010; based on individual 70kg and BSA 1.85 m2; ** version without maintenance or intensification
Pharmacoeconomic Analysis

There have not been any published pharmacoeconomic evaluations of this drug to date. 

Conclusions

Ofatumumab gained accelerated FDA-approval on the premise that therapy is reasonably likely to provide clinical benefit in a patient population with limited treatment options and life-threatening illness.  The population described is considered to be refractory to fludarabine and alemtuzumab (also known as double refractory or DR) and in which the majority (> 90%) failed alkylator-based therapy.  
Treatment options for fludarabine and alemtumumab-refractory CLL are limited.  There is no standard therapy for these patients at this stage in their disease.  Tam et al. reports on the natural history and outcome of salvage therapy in this population of 93 patients6.  They report an overall response rate range of 13 - 38% and a median overall survival of 9 months for various single-agent cytotoxics, monoclonal antibodies and combination chemotherapy regimens.  Of note, SCT was not included in their evaluation.  

The approval of ofatumumab was based on the prior FDA precedent, which was approval of alemtuzumab in 20013.  Alemtuzumab provided an ORR of 21 – 33% with a median duration of response ranging from 7 – 11 months.  Ofatumumab provided an ORR of 42% (99% CI: 26, 60) and a median duration of response of 6.5 months.  There were no complete responses.  

Infections were common in a significant portion of the study population.  Due to the high rate of infections in this population at baseline and single-arm design of the trial, it is difficult to ascertain the additional infection risk imposed by ofatumumab.  The high incidence of drug-induced neutropenia may increase the risk of infection.  In addition, B-lymphocytes are depleted for a prolonged duration.  The relationship between ofatumumab and cardiovascular events (ie. infarction, angina) needs to be further evaluated in clinical trials.  Although data reports that ofatumumab is a well-tolerated therapy, the adverse effect profile is significant, especially in a heavily pre-treated CLL population.  Caution and diligent monitoring should be performed throughout the course of therapy.
The FDA review notes uncertainty throughout their review with regards to the magnitude of the ORR due to the small sample size of the study population and lack of objectivity when verifying tumor measurements.  The evidence supports the FDA-approval of ofatumumab, but it questions the place in therapy for ofatumumab.  A trial comparing ofatumumab to best supportive care in a heavily pre-treated CLL population would attempt to answer this question.
The use of ofatumumab in CLL may be limited until the data indicates that patients have experienced clinical benefit, either in the form of improved QOL parameters (ie. reduced pain, improved QOL, improved ADL, require less use of pain medications) or improvement in survival or surrogate indicator (such as PFS).  Use should be reserved for the FDA-approved indication of CLL refractory to fludarabine and alemtuzumab.
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Appendix:  Clinical Trials

A literature search was performed on PubMed/Medline (All dates) using the search terms <ofatumumab > and <Arzerra>. 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 #5.  Clinical Trial that led to FDA-approval  of Ofatumumab
	Citation
	Wierda WG, Kipps TJ, Mayer J, et al.  Ofatumumab as Single-Agent CD20 Immunotherapy in Fludarabine-Refractory Chronic Lymphocytic Leukemia.  J Clin Oncol 2010; 28: 1749-1755.

	Study Goals
	Demonstrate efficacy (ORR), clinical improvement and safety of ofatumumab.

	Methods
	Study Design 

International, single-arm design;

Patients received 8 weekly infusions of ofatumumab (O), then 4 monthly infusions (12 total);

Dose #1 = 300mg; Doses #2-12 = 2000 mg;

Assessments: disease status/response (PE, blood counts) q 4 wks to wk 28, then q 3 months until month 24; beyond month 24, survival and B-cell counts q 3 mos

Primary endpoint: ORR (CR, nodular PR, PR per 1996 NCI-WG criteria)

     Responses assessed per Independent Review Comm (IRC)

     Responses must be maintained >  2 months

     CT scans were not included for response assessments

Secondary endpoints: duration of response (DOR), Time to response, PFS, OS
Data Analysis

Planned interim analysis when data was available for 66 patients in the FA-ref group;
Assuming ORR 30%, data from 100 patients provides 92% power;

Duration of response, PFS, OS evaluated using Kaplan-Meier estimates;

Exploratory analysis conducted to evaluate assoc between response and OS at wk 12;

Adverse events, safety data summarized with descriptive statistics

	Criteria
	Inclusion criteria

Patients age > 18 yrs with active CLL (1996 NCI-WG criteria);
Tumor immunophenotype of CD5+/20+/23+;

ECOG PS 0 – 2; life expectancy > 6 months;

Refractory to at least one fludarabine-containing regimen (at least 2 cycles) AND either refractory to at least one alemtuzumab-containing regimen, at least 12 doses,  (FA-ref) or not suitable for alemtuzumab due to bulky (> 5cm) LAD (BF-ref); 

Failure defined as unable to achieve at least PR, disease progression during treatment or within 6 months of last dose;
Exclusion criteria

CLL therapy within 4 weeks or auto SCT within 6 months of study initiation;
Allo SCT, Richter’s transformation or CNS involvement, active infectious disease requiring systemic treatment, clinically significant cardiac disease or positive hepatitis B serology


	Results
	Patients

Enrollment from 41 centers in 10 countries;
FA-ref arm: Median age, 64 years (range, 41-86); 75% male;

     Median number of prior therapies, 5 (range, 1-14); 95% rec’d prior alkylating agents; 59% rec’d prior rituximab

BF-ref arm: Median age, 62 years (range, 43-84); 72% male;

     Median number of prior therapies, 4 (range, 1-16); 92% rec’d prior alkylating agents; 54% rec’d prior rituximab
Results are from planned interim analysis of data through May 19,2008;

Report includes 59 pts with FA-ref CLL; 79 pts with BF-ref CLL;

91% received > 8 O infusions; 54% received all 12 O infusions;

Efficacy Measures                                    
Baseline

Characteristic

FA-ref

P value

BF-ref

P value

ORR*
58% (99% CI, 

40-74%)

<0.001

47% (99% CI, 

32-62%)

<0.001

ORR w/ prior rituximab

54%

0.5984
44%

0.6553
Refractory to FCR

50%

0.5585
44%

1.00
Refractory to FC

64%

0.4264

50%

0.6480

17p del

41%

0.1429

14%

0.0073
Median Time to response (mos)

1.8

1.8

Median DOR

7.1 (95% CI, 3.7-7.6 mos)

5.6 (95% CI, 3.6-7.0 mos)

Median PFS

5.7 (95% CI, 4.5-8.0 mos)

5.9 (95% CI, 4.9-6.4 mos)

Median OS

13.7 (95% CI, 9.4- unreached)

15.4 (95% CI, 10.2-20.2 mos)

OS in responders at wk 12

Not yet reached

Not yet reached

OS in non-responders at wk 12

9.8 mos

0.0424

10.2 mos

<0.0001

*ORR = 1 CR in BF-ref group; all rest PRs; SD 31% FA-ref and 41% BF-ref CLL
FA-ref

BF-ref

Clinical parameter

# pts w/abnormal parameter at baseline

% pts w/improved clinical parameters at wk 24

# pts w/abnormal parameter at baseline

% pts w/improved clinical parameters at wk 24

Complete resolution of constitutional sx

31

48%

46

63%

Complete resolution of LAD
55
16%
74
11%
Complete resolution of splenomegaly
30
47%
46
35%
Complete resolution of hepatomegaly
18
50%
21
52%
Normalization of neutrophil ct

19

5%

17

29%

Improved hgb

26

31%

42

26%

Improved plt ct

29

41%

44

39%

Safety
· Infusion-related reactions were most common (~60%) adverse event experienced;

The majority of reactions occurred during the first two infusions and subsided with subsequent infusions [38% with dose #1 to 7% with dose #12]; majority of rxns were grade 1 or 2;

· Other common adverse events were infection (67%), cough (18%), diarrhea (16%), anemia (16%), fatigue (15%), fever (15%), neutropenia (15%), dyspnea (13%), nausea (11%), rash (10%).
· Infection: 189 infectious events in 92 patients; 74% were grade 1 or 2; 37% grade 3 or 4

	Conclusions
	Ofatumumab demonstrated significant clinical activity and a favorable safety profile in a heavily treated population with CLL; response was consistent across all subgroups; no unexpected toxicities were observed; phase III trials are needed to confirm therapeutic efficacy.

	Critique
	Strengths

International, multicenter design;

Limitations

Single-arm design; No comparator arms; Responses were not confirmed with imaging technology; no mention of dose-reductions, discontinuations with/without reasoning; Subgroup analysis performed although not powered to identify differences; although B-cell count data was assessed, this data was not provided
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