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Executive Summary:  

· Brentuximab vedotin is a CD30-directed antibody drug conjugate that disrupts microtubule function, induces cell cycle arrest, apoptosis, and cell death.
· Brentuximab vedotin is FDA approved for the treatment of Hodgkin lymphoma (HL) after failure of autologous stem cell transplant (ASCT) or after failure of at least two prior multi-agent chemotherapy regimens in patients who are not ASCT candidates.
· The drug is also approved for the treatment of systemic anaplastic large cell lymphoma (sALCL) after failure of at least one prior multi-agent chemotherapy regimen.
· Efficacy was shown in phase II open-label, single-arm, multi-center studies for both HL and sALCL.  Brentuximab vedotin received FDA approval based on response rate.  There are no data indicating an improvement in survival or patient-related outcomes.  Accelerated approval was granted based upon a surrogate endpoint that is reasonably likely to predict a clinical benefit.  
· In HL patients, the objective response rate (ORR), defined as complete remission (CR) plus partial response (PR), was observed in 75% of patients.  The median time to ORR was 5.7 weeks.  The median duration of response was 6.7 months.  A complete remission was observed in 34% of patients with a median time to CR of 12 weeks.  The median duration of CR was 20.5 months.  

· In sALCL patients, ORR was observed in 86% of patients.  The median time to ORR was 5.9 weeks.   The median duration of ORR was 12.6 months.   Complete remissions were noted in 57% of the study population with a median time to CR of 11.9 weeks.  The median duration of response in those achieving CR was 13.2 months.  
· Most adverse effects were grade 1 or 2. Serious grade 3 or 4 adverse events included peripheral sensory (8-10%, grade 3) and motor neuropathy (3-4%, grade 3), neutropenia (12-15%, grade 3), thrombocytopenia (5-7%, grade 3), and anemia (8%, grade 3).  
· Although there is no contraindication or warning listed in the manufacturer’s information, caution should be exercised when considering use of brentuximab vedotin in Veteran patients with heart failure, as this population has not been studied.

· Both neuropathy and neutropenia are managed with dose delays or reductions.  Growth factor support in severe neutropenia may be warranted.  

· Brentuximab vedotin has a boxed warning for progressive multifocal leukoencephalopathy (PML) that is a rare but life threatening brain infection. 

· Other uncommon, but life threatening, adverse events reported from brentuximab vedotin include infusion-related reactions and Stevens-Johnson syndrome.
· Brentuximab vedotin has a low emetogenic potential, so no antiemetics are required prior to drug administration.  Premedication may be needed if infusion-related reactions are noted. 

· Brentuximab vedotin is an antibody-drug conjugate.  Its waste should be treated as hazardous.
· Brentuximab vedotin was not studied in a comparative-fashion, therefore only indirect comparisons can be made against current therapies.  As the clinical trial population differs from the Veteran population in many facets, caution should be used when considering use of this agent. Patient education, close monitoring and follow-up will be essential to use this agent in a safe and effective manner.
Introduction
Hodgkin Lymphoma (HL)1
Hodgkin lymphoma is a cancer of the immune system characterized by the presence of CD30-expressing Reed-Sternberg cells. In at least 80% of newly diagnosed HL, primary treatment will result in cure. Still, approximately 20% of patients are refractory to first-line treatment or relapse after achieving CR. The prognosis is poor for patients who have primary refractory disease or relapse following stem cell transplant. Risk factors such as time from last treatment to relapse, presence of extra nodal disease at relapse, CR less than 1 year, and presence of B symptoms at relapse affect 5-year survival for refractory or relapsed HL. Depending on the number of risk factors present, 5-year survival rates range from 10% to 90%. 
Systemic Anaplastic Large Cell Lymphoma (sALCL)2
Systemic anaplastic large cell lymphoma is classified as a peripheral T-cell lymphoma and accounts for less than 5% of all cases of adult non-Hodgkin lymphomas. There are three subtypes of ALCL which include ALK1 (anaplastic lymphoma kinase) expressing ALCL, systemic ALK1 negative ALCL, and primary cutaneous ALCL. Systemic ALK1 negative ALCL occurs more often in adults and is the subtype approved for treatment with brentuximab vedotin. This type of lymphoma expresses CD30 antigen on all cell surfaces. The 5-year overall survival for patients with ALK1 negative ALCL is estimated to be 49%. 
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 brentuximab 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/Pharmacokinetics3,4
Brentuximab vedotin is a CD30-directed antibody drug conjugate that consists of the following three components: 1) the chimeric IgG1 antibody cAC10, specific for human CD30, 2) a microtubule disrupting agent, monomethylauristatin E (MMAE), and 3) a protease-cleavable linker that covalently attaches MMAE to cAC10. 

The anticancer activity of brentuximab vedotin is due to the antibody drug conjugate binding to CD30 expressing cells, followed by internalization of the antibody conjugate-CD30 complex, and release of MMAE via proteolytic cleavage. MMAE binds to tubulin with the cell disrupting the microtubule network and inducing cell cycle arrest, apoptosis, and cell death. In pharmacokinetic studies, levels of the antibody-drug conjugate and MMAE components were evaluated following IV administration. 
Table #1
Brentuximab Vedotin Pharmacokinetic Parameters
	Parameter
	Brentuximab

	Absorption
	Maximum concentrations of the antibody-drug conjugate were achieved immediately following the infusion. Maximum concentrations of MMAE were achieved 1-3 days following the infusion. Steady state concentrations for both antibody-drug conjugate and MMAE components were achieved at 21 days. 

	Distribution
	The mean volume of distribution was 6-10L for the antibody-drug conjugate.

	Metabolism
	MMAE is metabolized primarily via oxidation by CYP3A4/5. MMAE inhibits CYP3A4/5

	Elimination
	Of the antibody-drug conjugate, MMAE was eliminated in both urine and feces over a 1-week period. Approximately 24% of MMAE was recovered of which 72% was recovered in the feces and 28% was excreted unchanged in the urine.

	Half-life
	Terminal half-life of 4-6 days

	Protein Binding
	Protein binding of MMAE ranged from 68-82%. MMAE is a substrate of P-gp, but does not inhibit P-gp


FDA Approved Indications 
Brentuximab vedotin received FDA-approval for two indications:

1) The treatment of HL after failure of ASCT or after failure of at least two prior multi-agent chemotherapy regimens in patients who are not ASCT candidates.

2) The treatment of sALCL after failure of at least one prior multi-agent chemotherapy 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).

Potential off-label uses of brentuximab include the treatment of recurrent HL prior to autologous stem cell transplant, use of brentuximab in combination with cytotoxic chemotherapy for the treatment of HL, treatment of CD30-positive Non-Hodgkins Lymphoma, mycosis fungoides, and Sézary syndrome.  Brentuximab vedotin is also being studied for use in primary cutaneous ALCL as well as CD30-positive non-lymphomatous malignancies.
Current VA National Formulary Alternatives

The treatment of HL involves the administration of combination chemotherapy regimens, the most commonly used regimens are provided here.  

First-line chemotherapy for HL (all components are formulary items): 
· ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine) + rituximab

· Stanford V (doxorubicin, vinblastine, mechlorethamine, etoposide, vincristine, bleomycin, and prednisone)BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone)
The prognosis of patients with recurrent disease depends upon the duration of first remission.  For those patients who experience an initial remission period that lasts for greater than 1 year after their treatment, 25-70% may have long-term survival with salvage therapy.  Patients with an initial remission period shorter than 1 year after receiving chemotherapy, do much worse and have an estimated long-term survival of 11-46%.  
Patients who relapse after their initial chemotherapy regimen may be re-induced with the same regimen (if the duration of initial remission lasted greater than 12 months) or a different regimen (if the duration of initial remission was short) in conjunction with radiation therapy.  In appropriate candidates, high-dose chemotherapy will be given in preparation for stem cell transplantation.  Radiation may be given in addition.
Examples of some of the most commonly used regimens in the recurrent setting include (all components are formulary items):
· C-MOPP (cyclophosphamide, vincristine, procarbazine, prednisone)

· DHAP (dexamethasone, cisplatin, high-dose cytarabine)

· ESHAP (etoposide, methylprednisolone, high-dose cytarabine and cisplatin)

· ICE (ifosfamide, carboplatin, etoposide)

· Mini-BEAM (carmustine, cytarabine, etoposide, melphalan)

· MINE (etoposide, ifosfamide, mesna, mitoxantrone)

· VIM-D (etoposide, ifosfamide, mitoxantrone, dexamethasone) 

Treatment of sALCL involves combination chemotherapy as initial therapy.  Patients should be evaluated for transplantation.  At the time of disease recurrence, those who are candidates for transplant will undergo high-dose chemotherapy followed by transplantation.  Those who are not transplant candidates can receive salvage therapy in the form of a single agent.
First-line chemotherapy for sALCL, ALK1 negative (all components are formulary items):
· CHOEP (cyclophosphamide, doxorubicin, vincristine, etoposide, and prednisone)

· CHOP-14 (cyclophosphamide, doxorubicin, vincristine, prednisone)
· CHOP-21

· HyperCVAD (cyclophosphamide, vincristine, doxorubicin, dexamethasone) alternating with high-dose methotrexate and cytarabine

Second-line chemotherapy for sALCL, ALK1 negative, (all components are formulary items, unless noted otherwise):
High-dose chemotherapy that may be considered for transplant candidates:

· DHAP (dexamethasone, cisplatin, cytarabine)

· ESHAP (etoposide, methylprednisolone, high-dose cytarabine and cisplatin)

· GDP (gemcitabine, dexamethasone, cisplatin)

· GemOx (gemcitabine, oxaliplatin)

· ICE (ifosfamide, carboplatin, etoposide)

· MINE (etoposide, ifosfamide, mesna, mitoxantrone)
Single agent chemotherapy that may be considered for non-transplant candidates:

· Romidepsin (non-formulary)
· Alemtuzumab (non-formulary)
· Bortezomib

· Gemcitabine

· Denileukin diftitox (non-formulary)
Dosage and Administration3,4
Recommended Dosing
Brentuximab vedotin 1.8 mg/kg IV infusion over 30 minutes every 3 weeks for a maximum of 16 cycles, or until disease progression or intolerable toxicities.
Brentuximab vedotin has a low emetogenic potential.  Although nausea was reported in ~40% of patients within the phase II trials, it was considered to be low grade.  No antiemetics are required prior to drug administration.

Recommended Dose Modifications

Peripheral Neuropathy:
· For new or worsening grade 2 or 3 neuropathy: hold medication until neuropathy improves to grade 1 or baseline, then restart at 1.2 mg/kg.

· For grade 4 neuropathy: discontinue medication.

Neutropenia:

· Grade 3 or 4 neutropenia: hold medication until resolution to baseline or grade 2 or lower. 

· Growth factor support should be considered for subsequent cycles in patients who experience grade 3 or 4 neutropenia.

·  In patients with recurrent grade 4 neutropenia despite the use of growth factors, discontinue or consider dose reduction to 1.2 mg/kg.

Hepatic Impairment:
No dosing recommendations available.
Renal Impairment:
No dosing recommendations available.
Preparation

· Use appropriate aseptic technique and procedures for handling anticancer drugs when preparing this medication.
· All waste should be treated as hazardous disposal.
· Calculate the dose and number of vials required. Note: the dose for patients >100 kg should be calculated using 100 kg.
· Reconstitute each 50 mg vial with 10.5 mL of sterile water for injection to yield a single-use solution containing 5 mg/mL brentuximab vedotin.
· Immediately add the reconstituted solution to a minimum of 100 mL infusion bag of either 0.9% sodium chloride injection, 5% dextrose injection, or lactated ringer’s injection.
· Final concentration should be 0.4 mg/mL to 1.8 mg/mL brentuximab vedotin.
· Solution can be stored at 36-46°F for 24 hours. Do not freeze.
· Do not mix or infuse with other medications. 
Administration 

· Given as IV infusion over 30 minutes.
Dosage Form
· Brentuximab vedotin injection comes as single-use vial containing 50 mg of brentuximab vedotin as a sterile, white to off-white lyophilized, preservative-free cake or powder.

Efficacy 

Efficacy Measures12
Primary Endpoints:
· Objective response rate (ORR): ORR is defined as the proportion of patients with tumor size reduction of a predefined amount and for a minimum time period, also defined as the sum of partial responses plus complete responses.

· Complete Remission (CR) refers to disappearance of all evidence of disease.
· Partial Response (PR) refers to regression of measurable disease and no new sites.

· Disease response findings evaluated by an Independent Review Facility (IRF)
Secondary Endpoints:
· Duration of tumor control, including duration of response (DoR) and progression-free survival (PFS).  PFS is defined as the time from randomization until objective tumor progression or death.

· Overall survival (OS)
· Safety and tolerability

All responses were assessed using the 2007 revised response criteria for lymphoma which utilizes computed tomography (CT) and positron emission tomography (PET) scans.  See Appendix A for 2007 revised response criteria for lymphoma.
Summary of efficacy findings in Hodgkin’s Lymphoma
The efficacy of brentuximab in Hodgkin’s Lymphoma was evaluated in a phase 2, multi-center, single arm, open-label study conducted in four countries at 25 study sites.  A brief summary of findings is provided below.
Younes A, Gopal AK, Smith SE, et al. Results of a Pivotal Phase II Study of Brentuximab Vedotin for Patients with Relapsed or Refractory Hodgkin’s Lymphoma. J Clin Oncol 2012; 30. DOI: 10.1200/JCO.2011.38.0410.14
This study enrolled 102 patients with relapsed or refractory HL who had previously received high-dose chemotherapy followed by an autologous stem cell transplant.  Patients had measurable disease with histology of CD30-positive Reed-Sternberg cells and Eastern Cooperative Oncology Group (ECOG) performance status score of 0 or 1.  The mean age of participants was 31 years (range, 15-77 years).  The primary endpoint was Objective Response Rate (ORR) as determined by an Independent Review Facility (IRF).  Secondary endpoints included Duration of Response (DoR), Complete Remission (CR), Progression-free survival (PFS) and Overall Survival (OS).  
The efficacy results indicate the ORR was 75% (95% CI, 64.9 to 82.6%) with 34% achieving a CR (95% CI, 25.2 to 44.4%).  The median time to OR was 5.7 weeks with a median time to CR of 12 weeks.  For those obtaining an ORR, the median DoR was 6.7 months.  Those achieving a CR had a median DoR of 20.5 months.  The estimated median PFS was 5.6 months.  Those achieving CR had a median PFS of 21.7 months. Although PFS was reported by Younes, et al. the FDA reviewer notes that PFS and OS cannot be adequately assessed as the natural history of the disease can confound the results in a single-arm trial design.
The median duration of treatment was 27 weeks (range 3-56) and the median number of cycles administered per patient being 9 (range 1-16).  Dose reduction occurred in 11% of patients and 10 of the 11 causes for dose reduction was due to peripheral sensory neuropathy. The greatest number of dose reductions occurred between cycles 10 through 16. Dose delays occurred in 47% of patients and were most frequently due to neutropenia (16%), peripheral sensory neuropathy (13%), and thrombocytopenia (4%). 

Summary of Efficacy Findings in Systemic Anaplastic Large Cell Lymphoma

The efficacy of brentuximab in Systemic Anaplastic Large Cell Lymphoma was evaluated in a phase 2, multinational, open label study conducted in 22 centers within the U.S., Canada and Europe. A brief summary of findings is provided below.

Pro B, Advani R, Brice P, et al. Brentuximab Vedotin (SGN-35) in Patients with Relapsed or Refractory Systemic Anaplastic Large-Cell Lymphoma: Results of a Phase II Study. J. Clin Oncol 2012; 30. DOI: 10.1200/JCO.2011.38.0402.

The study enrolled 58 patients with relapsed or refractory sALCL who had previously received first-line chemotherapy (CHOP) or multi-agent chemotherapy regimens with curative intent.  Patients had measurable disease with confirmed histology of CD30-positive disease and an ECOG performance status of 0 or 1.  The median age of patients was 52 years.  ALK-negative disease was documented in 72% of study participants.
Per IRF, the ORR was 86% (95% CI, 74.6 to 93.9%).  A total of 57% of patients achieved a CR and 29% achieved a PR.  The median time to ORR was 5.9 weeks with a median time to CR of 11.9 weeks. The median DoR was 12.6 months for those obtaining ORR and 13.2 months for those achieving a CR.  Estimated median PFS was 13.3 months and 14.6 months in those achieving a CR.  Twelve-month survival rate was estimated to be 70%.  Although PFS was reported by Pro, et al. the FDA reviewer notes that PFS and OS cannot be adequately assessed as the natural history of the disease can confound the results in a single-arm trial design.

The ORR for ALK-positive and ALK-negative patients was comparable at 81% and 88%, respectively.  The CR rate was 69 vs. 52% in ALK-positive and ALK-negative patients, respectively.  Median PFS and DoR were not different between these two subpopulations.  Additional measures evaluated included those with “B” symptoms at baseline.  Of the 17 patients with baseline B symptoms at baseline, 82% had resolution of all symptoms.  Complete resolution of cutaneous lesions occurred in 93% of 15 patients who had these lesions at baseline.  It is difficult to ascertain the potential benefit of symptom improvement as a validated tool for patient-reported outcomes was not utilized.  Further evaluation of patient-reported outcomes is needed.
The median duration of treatment was 30 weeks (range 3-51) and the median number of cycles administered per patient was 7 cycles (range 1-16).   The most common adverse events, regardless of grade, included peripheral sensory neuropathy (41%), nausea (40%), fatigue (38%), pyrexia (34%), diarrhea (29%), rash (24%), constipation (22%) and neutropenia (21%).  Grade 3 or higher events included neutropenia (21%), thrombocytopenia (14%), peripheral sensory neuropathy (12%) and anemia (7%).
For further details on the efficacy results of the clinical trials, refer to Appendix B.
Adverse Events (Safety Data)3,4
Table #2
Most Commonly Reported (>10%) Adverse Events
	Adverse Reaction
	Hodgkin Lymphoma

Total N=102

% of patients
	Anaplastic Large Cell Lymphoma

Total N=58

% of patients

	
	All Grades
	Grade 3
	Grade 4
	All Grades
	Grade 3
	Grade 4

	Blood and lymphatic system disorders
Neutropenia

Anemia

Thrombocytopenia

Lymphadenopathy
	54

33

28

11
	15

8

7

-
	6

2

2

-
	55

52

16

10
	12

2

5

-
	9

-

5

-

	Nervous system disorders

Peripheral sensory neuropathy

Peripheral motor neuropathy

Headache

Dizziness
	52

16

19

11
	8

4

-

-
	-

-

-

-
	53

7

16

16
	10

3

2

-
	-

-

-

-

	General disorders and administration site conditions

Fatigue

Fever

Chills

Pain

Peripheral edema
	49

29

13

7

4
	3

2

-

-

-
	-

-

-

-

-
	41

28

12

28

16
	2

2

-

-

-
	2

-

-

5

-

	Infections

Upper respiratory tract infection
	47
	-
	-
	12
	-
	-

	Gastrointestinal disorders

Nausea

Diarrhea

Abdominal pain

Vomiting

Constipation
	42

36

25

22

16
	-

1

2

-

-
	-

-

1

-

-
	38

29

9

17

19
	2

3

2

3

2
	-

-

-

-

-

	Skin and subcutaneous disorders

Rash

Pruritus
Alopecia

Night sweats

Dry skin
	27

17

13

12

4
	-

-

-

-

-
	-

-

-

-

-
	31

19

14

9

10
	-

-

-

-

-
	-

-

-

-

-

	Respiratory disorders

Cough

Dyspnea

Oropharyngeal pain
	25

13

11
	-

1

-
	-

-

-
	17

19

9
	-

2

-
	-

-

-

	Musculoskeletal and connective tissue disorders

Arthralgia

Myalgia

Back pain

Pain in extremity

Muscle spasms
	19

17

14

10

9
	-

-

-

-

-
	-

-

-

-

-
	9

16

10

10

10
	-

2

2

2

2
	-

-

-

2

-

	Psychiatric disorders

Insomnia

Anxiety
	14

11
	-

2
	-

-
	16

7
	-

-
	-

-


Deaths and Other Serious Adverse Events (Sentinel Events)

Hodgkin’s lymphoma

Thirteen deaths occurred in the phase I clinical trial. Of these, 9 deaths were due to disease progression, 1 death occurred in the setting of disease progression and treatment emergent adverse events, and 3 deaths were due to unknown causes.  
Serious adverse events occurred in 24 patients (24%) and included the following conditions: peripheral motor neuropathy, urinary tract infection, pneumonia, pneumonitis, pulmonary embolism, hyperglycemia, abdominal pain, gastrointestinal hemorrhage, and pyrexia. Fifty-six patients (55%) experienced at least one Grade 3 or Grade 4 adverse event.

There were no deaths within 30 days of the last dose and no deaths attributed to the drug. 

Systemic anaplastic large cell lymphoma

Of 6 patients who died within 30 days of the last dose of brentuximab vedotin, 3 were due to disease progression. Two patients had pre-existing conditions which occurred in the setting of treatment emergent adverse events. One patient had rapidly progressing disease and received a lower than protocol defined dose of brentuximab vedotin.  None of these deaths were attributed to the study drug.
Serious adverse events occurred in 23 patients (40%) and included the following conditions: sensory and/or motor neuropathy, intracranial hemorrhage, urinary tract infection, pneumonia, endocarditis, sepsis, cellulitis, bronchitis, pulmonary embolism, tumor lysis syndrome, gastroenteritis, myocardial infarction, and acute renal failure. Thirty-six patients (62%) experienced at least one Grade 3 or Grade 4 adverse event.  The most common of these events included neutropenia (21%), thrombocytopenia (14%), peripheral sensory neuropathy (12%) and anemia (7%).
Progressive multifocal leukoencephalopathy (PML) is a rare but serious side effect that can result in death and has been reported in 3 patients receiving brentuximab vedotin. PML is a brain infection that may develop over the course of several weeks or months. Signs and symptoms of PML include changes in mood or behavior, confusion, memory loss, changes in vision or speech, problems walking, and unilateral weakness. Patients who develop PML should notify their providers immediately. Providers should hold brentuximab vedotin if PML is suspected or discontinue the medication if a diagnosis is confirmed.  The FDA released a safety alert on January 13, 2012 informing providers of the new boxed warning and contraindication for brentuximab.5
Common Adverse Events

Adverse reactions that occurred >20% include neutropenia, anemia, thrombocytopenia, peripheral sensory neuropathy, fatigue, fever, pain, upper respiratory tract infection, nausea, vomiting, abdominal pain, diarrhea, rash, and cough. 
Other Adverse Events
Serious but rare side effects include: intracranial hemorrhage, renal failure, transaminitis, hyperglycemia, urinary tract infection, pulmonary embolism, and Steven-Johnson syndrome.
Immunogenicity
Patients in the phase II trials were tested for antibodies to brentuximab vedotin every 3 weeks. Approximately 7% of patients developed persistently positive antibodies (positive test at > 2 time points) and 30% developed transiently positive antibodies (positive in 1 or 2 post-baseline time points). Two (1%) of the patients with persistently positive antibodies experienced infusion-related reactions that led to discontinuation of treatment. Overall, a higher incidence of infusion-related reactions was observed in patients with persistently positive antibodies.
Tolerability
Hodgkin lymphoma
Twenty percent of patients in the phase II clinical trial discontinued treatment due to an adverse event. Peripheral sensory neuropathy was the most common adverse event that led to discontinuation of therapy.
Systemic anaplastic large cell lymphoma
Fourteen patients (24%) experienced adverse events that led to discontinuation of therapy. Nervous system disorders were the most common events leading to discontinuation and included peripheral sensory neuropathy (14%).  Doses were delayed in 40% of patients due to adverse events, but this equates to 10% of total doses administered.  In addition, neutropenia led to dose delays in 12% of the study population.  

Precautions/Contraindications3,4
Contraindications

Brentuximab vedotin is contraindicated with the use of bleomycin due to the increased risk of pulmonary toxicity.

Warnings and Precautions

· Progressive Multifocal Leukoencephalopathy (PML): The FDA has placed a boxed warning on brentuximab vedotin for this rare but serious brain infection that can result in death. 
· Peripheral neuropathy:  Brentuximab vedotin can cause both sensory and motor neuropathy, with sensory neuropathy occurring more frequently. Medication-induced neuropathy is cumulative. In clinical trials, 54% of patients experienced any grade of neuropathy. Of these, 49% had complete recovery, 31% had a partial improvement, and 20% of patients had persistent neuropathy. Symptoms of neuropathy experienced by patients included hypoesthesia, hyperesthesia, paresthesia, burning sensation, neuropathic pain, and weakness. Patients who develop neuropathies may require delay, dose reduction or discontinuation of brentuximab vedotin.
· Infusion reactions: Infusion-related reactions, including anaphylaxis, have occurred during administration of brentuximab vedotin. There were no reports of grade 3 or 4 infusion-related reactions in the phase II trials.  Approximately 12% of trial participants experienced grade 1 or 2 reactions.  If an infusion reaction does occur, administration should be interrupted and patient should be treated appropriately for the reaction. If anaphylaxis occurs brentuximab vedotin should be immediately and permanently discontinued. If a patient has had a previous infusion-related reaction, they should be pre-medicated prior to subsequent infusions. Pre-medication should include acetaminophen, an antihistamine, and a steroid.
· Neutropenia: Neutropenia occurring >1 week has been reported following brentuximab vedotin therapy.  The incidence of grade 3 neutropenia was 15% in those with HL and 12% of those with ALCL.  Complete blood counts should be monitored prior to each dose of brentuximab vedotin. More frequent monitoring should occur if patient experiences grade 3 or 4 neutropenia. Grade 3 or 4 neutropenias should be managed with dose delays, reductions or discontinuation of therapy. 
· Tumor lysis syndrome: Patients with a high tumor burden or rapidly proliferating tumor may be at increased risk for tumor lysis syndrome.  Consideration should be given to starting tumor lysis prophylaxis with close monitoring.
· Stevens-Johnson syndrome: Brentuximab vedotin has been associated with some cases of Stevens-Johnson syndrome and should be discontinued if this occurs. 
· Use in pregnancy: Pregnancy category D
There are no studies with brentuximab vedotin in pregnant women. In animal studies, brentuximab vedotin caused embryo-fetal toxicities at maternal exposure similar to that in humans.
· Nursing mothers: It is unknown whether brentuximab vedotin is excreted in human milk. There is a potential for serious adverse effects to a nursing infant if brentuximab vedotin does get excreted into milk. Consideration should be given on whether to discontinue nursing or discontinue the drug, taking into account the importance of the drug to the mother.
· Pediatric use: Safety and efficacy in this population has not been established since clinical trials did not include a sufficient number of pediatric patients.
· Geriatric use: Safety and efficacy in this population has not been established since clinical trials did not include a sufficient amount of patients >65 years old.
· Renal impairment: The kidney is a route of elimination for MMAE. The influence of renal impairment on the pharmacokinetics of MMAE has not been determined.
· Hepatic impairment: The liver is a route of clearance for MMAE. The influence of hepatic impairment on the pharmacokinetics of MMAE has not been determined.
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 brentuximab:  bendamustine, bevacizumab, rituximab, bortezomib
LA/SA for trade name Adcetris:  Adcirca, Adacel
Drug Interactions3,4
Drug-Drug Interactions

In-vitro data suggests that MMAE is a substrate and inhibitor of CYP3A4/5.
Inhibitors

Co-administration of brentuximab vedotin with ketoconazole, a potent CYP3A4 inhibitor, increased drug exposure by 34%. Patients receiving concomitant CYP3A4 inhibitor and brentuximab vedotin should be monitored closely for adverse side effects.

Inducers
Co-administration of brentuximab vedotin with rifampin, a potent CYP3A4 inducer, decreased drug exposure by approximately 46%.

Substrates
Co-administration of brentuximab vedotin with midazolam, a CYP3A4 substrate, did not effect exposure to midazolam. MMAE does not inhibit CYP3A4 to a clinically significant extent and is not expected to alter the pharmacokinetics of drugs that are substrates of CYP3A4.

Acquisition Cost
Refer to VA pricing sources for updated information.
Pharmacoeconomic Analysis
There are no published pharmacoeconomic analyses of brentuximab vedotin therapy.
Conclusions
Anticancer activity of brentuximab vedotin is due to a CD30-directed antibody drug conjugate disrupting microtubule formation within cancer cells promoting cell cycle arrest, apoptosis, and cell death. Brentuximab vedotin is FDA approved for the treatment of refractory HL and sALCL in patients who have failed two prior multi-chemotherapy regimens or have failed ASCT in HL.
Brentuximab vedotin received FDA approval based on response rate.  There are no data indicating an improvement in survival or patient-related outcomes.  Accelerated approval was granted based upon a surrogate endpoint that is reasonably likely to predict a clinical benefit.  Post-marketing studies will help to define this benefit.
In a study of 102 HL patients, ORR was observed in 75% with 34% of those patients achieving CR. Updated analyses showed that ORR was maintained for a median of 6.7 months. CR was maintained for a median of 20.5 months and PFS was approximately 21 months. Patients in this trial had a performance status of ECOG 0-1 with a majority of patients being Caucasian and between the ages of 18-39.
In a study of 58 sALCL patients ORR was observed in 86% of patients with 57% achieving CR. The median duration of objective response and CR was 12.6 and 13.2 months, respectively. Estimated progression free survival was 13.3 months and 14.6 months in those who achieved a CR. Patients in this trial had a performance status of ECOG 0-2 with the majority being Caucasian males between the ages of 39-64. 
Of note, both phase II trials excluded patients with congestive heart failure (NYHA criteria, Class III or IV).  The reason for the exclusion is unclear.  Although there is no contraindication or warning listed in the manufacturer’s information, caution should be exercised when considering use of brentuximab vedotin in Veteran patients with heart failure, as this population has not been studied.
The toxicity profile of brentuximab vedotin is not benign.  Bone marrow suppression, neuropathy, fatigue and infection are the most common adverse events reported.  Both neuropathy and neutropenia are managed with dose delays or reductions.  Growth factor support in severe neutropenia may be warranted.  The boxed warning brings attention to the risk of PML as a total of three cases have been reported in patients receiving brentuximab.

Brentuximab vedotin has a low emetogenic potential.  No antiemetics are required prior to drug administration.  Premedication with acetaminophen, an antihistamine and corticosteroid should be given if the patient experiences an infusion-related reaction with a previous cycle.

Brentuximab vedotin is an antibody-drug conjugate.  Due to the component, MMAE, a microtubule disrupting agent, this drug and its related waste should be treated as hazardous.
Accelerated approval was granted by the FDA based on phase II data using the surrogate endpoint of response rate.  A demonstration of clinical benefit in terms of survival or patient-related outcomes has not been observed.  As brentuximab vedotin was not studied in a comparative-fashion, only indirect comparisons can be made against current therapies.  As the clinical trial population differs from the Veteran population in many facets, caution should be used when considering use of this agent. Patient education, close monitoring and follow-up will be essential to use this agent in a safe and effective manner.
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Appendix A:

Table #3
Revised Response Criteria for Malignant Lymphoma (2007 Cheson Criteria)12
	Response
	Definition
	Nodal Masses
	Spleen, Liver
	Bone Marrow

	Complete Remission (CR)
	Disappearance of all evidence of disease
	1. FDG-avid or PET positive prior to therapy; mass of any size permitted if PET negative

2. Variably FDG-avid or PET negative; regression to normal size on CT


	Not palpable, nodules disappeared
	Infiltrate cleared on repeat biopsy; in indeterminate by morphology, immunohistochemistry should be negative

	Partial Response (PR)
	Regression of measurable disease and no new sites
	> 50% decrease in SPD of up to 6 larges dominant masses; no increase in the size of other nodes

1. FDG-avid or PET positive prior to therapy; one or more PET positive at previously involved site
2. Variably FDG-avid or PET negative; regression on CT
	> 50% decrease in SPD of nodules (for single nodule in greatest transverse diameter); no increase in size of liver or spleen.
	Irrelevant if positive prior to therapy; cell type should be specified

	Stable Disease
	Failure to attain CR/PR or PD
	1. FDG-avid or PET positive prior to therapy; PET positive at prior site of disease and no new sites on CT or PET
2. Variably FDG-avid or PET negative; no change in size of previous lesion on CT
	
	

	Relapsed Disease or Progressive Disease (PD)
	Any new lesion or increase by > 50% of previous involved site from nadir
	Appearance of new lesion(s) > 1.5cm in any axis, > 50% increase in SPD of more than one node, or > 50% increase in longest diameter of previously identified node >1 cm in short axis

Lesions on PET positive if FDG-avid lymphoma or PET positive prior to therapy
	> 50% increase from nadir in the SPD of any previous lesions


	New or recurrent involvement


Appendix B:  Clinical Trials

A literature search was performed on PubMed using the search terms brentuximab vedotin and Adcetris. 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.

	Citation
	Eligibility Criteria
	Interventions/
Endpoints
	Efficacy Results/Author’s Conclusions
	Safety/Study Analysis

	Seattle Genetics, 20116
Younes (2012)14
Phase II, OL, SA, MC

HL

N=102

Conducted in US, Canada, France and Italy at 25 study centers

Sponsored by Seattle Genetics

	Inclusion
· Relapsed or refractory HL who have previously received ASCT
· Age >18 years (>12 years can be enrolled in US)

· Histologically documented CD30-positive disease by central review

· Measureable disease at least 1.5cm by CT and FDG-avid by PET

· ECOG PS 0-1

· Required baseline laboratory monitoring

A. ANC > 1000/µL

B. Platelets > 50,000/µL

C. Bilirubin < 1.5x ULN or < 3x ULN for patients with Gilbert’s disease

D. Serum creatinine < 1.5x ULN

E. ALT, AST < 2.5x ULN

Exclusion

· Previously received an allogenic transplant
· HF, class III or IV by NYHA criteria

· Known cerebral/meningeal disease

· Any active viral, bacterial, or fungal infection requiring treatment with antimicrobial therapy within 2 weeks prior to the first dose of brentuximab vedotin
· Therapy with corticosteroids at greater than or equal to 20mg/day prednisone equivalent within 1 week prior to the first dose of brentuximab vedotin
	Treatment
· Brentuximab vedotin 1.8 mg/kg IV on Day 1 of each 21-day cycle 

· Patients were allowed to continue study treatment until disease progression or unacceptable toxicity 

· Patients who achieved stable disease or better were allowed to receive a minimum of 8, but not more than 16 cycles of study treatment
Endpoints
Primary

· ORR
Secondary

· Duration of response and PFS
· OS
· Safety and tolerability
Follow-up
· Responses were assessed using the 2007 revised response criteria for lymphoma (see Appendix A)

· CT was done at baseline, and after cycles 2, 4, 7, 10, 13, 16

· PET scans were done at baseline and after cycles 4 and 7

· Patients had an assessment 30 + 7 days after receiving the final dose of study drug

·  Long-term follow-up assessments occurred  every 12 weeks until patient death or study closure

· Bone marrow aspirate and biopsy were required at baseline and within 2 weeks of documented response 

· Patients who discontinued study treatment with stable disease or better, were scanned every 12 weeks until disease progression
	Baseline

Mean age: 34.1; Sex: M47%; Race: C87%; Mean wt:73.8kg; ECOG 1: 59%

Median duration of therapy: 27 weeks
Median number of cycles: 9 cycles
Results
Sponsor’s Analysis of Best OR and CR Rate

All patients (N=102)

Sponsor

95% CI

Best Clinical Response

CR
PR
Stable Disease

Progressive Disease

Not evaluable

34 (34%)

41 (40%)

22 (22%)

3 (3%)

1 (1%)

(25%,44%)

OR (CR + PR), 

n (%)

76 (75%)

(65%, 83%)

FDA’s Analysis of Best OR and CR Rate

All patients (N=102)

Sponsor

95% CI

Best Clinical Response

CR
PR
Stable Disease

Progressive Disease

Not evaluable

33 (32%)

43 (42%)

22 (22%)

3 (3%)

1 (1%)

(23%,42%)

OR (CR + PR), 

n (%)

76 (75%)

(65%, 83%)

The disease response findings were evaluated by FDA reviewers and discrepancies were identified between the FDA and the Sponsor’s review. FDA reviewers identified two patients who were classified as having experienced a CR, who were re-classified as PR. The first patient developed new FDG-positive lesion in the cycle 4 evaluation. The second patient had FDG-positive lesions at baseline which persisted through every follow-up PET scan. The re-classifications did not change OR, only CR. 
Secondary endpoints of PFS and OS could not be evaluated due to the lack of randomization. Additionally, the duration of CR was difficult to evaluate because the trial did not require FDG-PET scans beyond cycle 7. Twelve of the 33 patients (36%) had a PR by CT upgraded to CR by PET scan. Durability of CR is not evaluable due to absence of follow-up FDG-PET studies. The duration of PRs has limited utility without duration of CR.

	Withdrawals
21% (N=21) of patients discontinued therapy due to an AE
Adverse Events
Most Common (>10%) Treatment Emergent Adverse Events

AE

Grade 1-4 (%)

Grade 3-4 (%)

PSN

52

8

Fatigue

49

3

URTI

48

0

Nausea

42

0

Diarrhea

36

1

Fever

29

2

Rash

26

0

Cough

25

0

Abd pain

25

3

Neutropenia

22

20

Vomiting

22

0

Ext pain

21

0

Pruritus

20

0

Arthralgia

19

0

HA

19

0

Sweating
18
0
Myalgia

17

0

Constipation

16

0

PMN
15

3

Dyspnea

15

1

Insomnia

14

0

Back pain

14

0

Alopecia

13

0

Sore throat

13

0

Chills

13

0

Anxiety

12

2

Decreased appetite

11

0

Dizziness

11

0

Lymphadenopathy

11

0

There were no deaths related to AEs
Treatment-Emergent Serious AEs (>2%)
Serious AE
Grade 3 (N=102)

Grade 4 (N=102)

Nervous system disorders

PMN
Demyelinating polyneuropathy

Lower ext weakness

1
2
1
-

-

-

Infection

UTI
PNA
3

2

-

-

Respiratory system disorders

Pneumonitis

PE
1

-

1

2

Endocrine disorders

Hyperlgycemia

1

1 (coma)

GI disorders

Abd pain

GI hemorrhage

2

2

1

-

General disorders

Pyrexia

2

-



	Seattle Genetics, 20117
Pro (2012)15
Phase II, OL, SA, MC

sALCL

N=58

Conducted in US, Canada, France and Italy at 21 study centers

Sponsored by Seattle Genetics

	Inclusion

· Relapsed or refractory sALCL who had previously received front line CHOP or multi-agent regimen with curative intent

· Documented ALK status

· Age >18 years (>12 years can be enrolled in US)

· Histologically confirmed CD30-positive disease; tissue from the most recent post diagnostic biopsy of relapsed/refractory disease must have been available for confirmation of CD30 expression via slides or tumor block
· FDG-avid disease by PET and measurable disease of at least 1.5cm spiral CT

· At least ONE of the following of relapsed or refractory HL

A. Histologically-documented CD30-positive ALCL from biopsy obtained at least 4 weeks subsequent to the most recently delivered radiation, chemotherapy, biologics, immunotherapy, and/or other investigational agents

B. Interval tumor growth documented between two successive CT evaluations with the second evaluation occurring at least 4 weeks after delivery of any radiation, chemotherapy, biologics, immunotherapy, and/or investigational agents

C. FDG-avidity by PET in a new tumor mass on CT that is unlikely to have an alternative explanation

D. FDG-avid tumor mass by PET in conjunction with sALCL related symptoms (pruritus, B symptoms [fever, night sweats, or weight loss>10%])  after infectious causes have been ruled out 

· ECOG PS 0-1

· Received any previous ASCT at least 12 weeks prior to the first study dose

· Completed any previous treatment with radiation, chemotherapy, biologics, and/or other investigational agents at least 4 weeks prior to the first dose of study drug

· Patients must have completed any prior immunotherapy unless progressing on therapy

· Patients must have completed any prior immunotherapy or radioisotopic therapy at least 12 weeks prior to the first dose of study drug, unless progressing on therapy

· Required baseline laboratory monitoring

A. ANC > 1000/µL

B. Platelets > 50,000/µL
C. Bilirubin < 1.5x ULN or < 3x ULN for patients with Gilbert’s disease
D. Serum creatinine < 1.5x ULN
E. ALT, AST < 2.5x ULN
Exclusion

· Previous treatment with brentuximab vedotin

· Previously received an allogenic transplant

· Patients with current diagnosis of primary cutaneous ALCL

· HF, class III or IV by NYHA criteria

· Known cerebral/meningeal disease

· Any active Grade 3 or higher level viral, bacterial, or fungal infection requiring treatment with antimicrobial therapy within 2 weeks prior to the first dose of brentuximab vedotin
	Treatment
· Brentuximab vedotin administered as a single intravenous infusion on Day 1 of each 21-day cycle 

· Patients were allowed to continue study treatment until disease progression or unacceptable toxicity 

· Patients who achieved stable disease or better were allowed to receive a minimum of 8, but not more than 16 cycles of study treatment
Endpoints
Primary

· OR
Secondary

· Duration of response and PFS
· OS
· Safety and tolerability

Follow-up

· Responses were assessed using the 2007 revised response criteria for lymphoma (see Appendix A)

· CT was done at baseline, and after cycles 2, 4, 7, 10, 13, 16

· PET scans were done at baseline and after cycles 4 and 7

· Patients had an assessment 30 + 7 days after receiving the final dose of study drug

·  Long-term follow-up assessments occurred  every 12 weeks until patient death or study closure

· Bone marrow aspirate and biopsy were required at baseline and within 2 weeks of documented response 

· Patients who discontinued study treatment with stable disease or better, were scanned every 12 weeks until disease progression

	Baseline

Median age: 52; Sex: M57%; Race: C83%; ECOG 0/1: 98%

Median duration of therapy: 20 weeks
Median number of cycles: 6 cycles
Results
Sponsor’s Analysis of Best OR and CR Rate

All patients (N=158)

Sponsor

95% CI

Best Clinical Response

CR
PR


Stable Disease

Progressive Disease

Histologically Ineligible

Not evaluable

31 (53%)

19 (33%)

2 (3%)

3 (3%)

2 (3%)

1 (2%)

(41%,66%)

OR (CR + PR), n (%)

50 (86%)

(77%, 95%)

Secondary Endpoints
· Duration of response and PFS could not be assessed in the absence of a randomized, controlled trial. At the interim analysis, the median duration of neither objective response nor complete response had been reached. A durability update from the sponsor is pending.
· In the absence of a randomized controlled trial, assessment of the OS is not useful.

	Withdrawals
19% (N=11) of patients discontinued therapy due to an AE
Adverse Events
Most Common  (>10%) Treatment Emergent Adverse Events

AE

Grade 1-4 (%)

Grade 3-4 (%)

PSN

43
16
Fatigue

43
2
URTI

16
0

Nausea

34
2
Diarrhea

19
5
Fever

28
2
Rash

48
0
Cough

14
0

Abd pain

25
3

Neutropenia

21
21
Vomiting

12
5
Ext pain

12
2
Pruritus

21
0

Arthralgia

10
0

HA

16
0

Sweating

18
0

Myalgia

2
0

Constipation

19
2
PMN

9
3

Dyspnea

19
2
Insomnia

16
0

Back pain

10
2
Alopecia

14
0

Sore throat

0
0

Chills

12
0

Anxiety

7
2

Decreased appetite

16
0

Dizziness

16
0

Lymphadenopathy

16
0

There were no deaths related to AEs

Serious AEs occurred in 23 patients (40%) and included the following: sensory and/or motor neuropathy, intracranial hemorrhage, UTI, PNA, endocarditis, sepsis, cellulitis, bronchitis, PE, tumor lysis syndrome, gastroenteritis, myocardial infarction, and acute renal failure.

Grade 3-4 AEs occurred in 36 patients (62%). 



	Younes et al, 20109

Phase I, OL, MC, dose-escalation study
HL and sALCL

N=45

Conducted at study centers in the US

Sponsored by Seattle Genetics
	Inclusion

· Relapsed or refractory histologically confirmed CD30-positive hematologic cancers

· Patients with HL had received systemic chemotherapy either as induction therapy for advanced disease or salvage therapy after initial radiotherapy for early-stage disease and previously undergone ASCT unless they were ineligible or declined

· Patients with other CD30-positive cancers had already had a first remission or had disease refractory to front-line therapy

· Age>18 years

· Measurable tumor of at least 10mm in diameter

· ECOG < 2

Exclusion

· Pt who had undergone allogenic SCT
	Treatment
· Brentuximab vedotin administered intravenously at doses of 0.1-3.6mg/kg every 3 weeks

· If 1 of 3 patients had a dose-limiting side effect, the cohort was expanded to 6 patients

· If at least 2 of 6 patients within a cohort had a dose-limiting toxic effect, the maximum tolerated dose was considered to have been exceeded

· After the maximum tolerated dose was exceeded, additional patients were to be enrolled at the preceding dose for a total of 12 patients

· Dose-limiting toxic effects were assessed during the 21-day observation period of cycle 1

Endpoints
Primary

· Define the safety profile of brentuximab vedotin
· Determine the maximum  tolerated dose
Secondary 
· Determine pharmacokinetics

· Evaluate immunogenicity

· Assess anti-tumor response

Follow-up

· Response was assessed every 6 weeks
· Patients with CR, PR, or SD with protocol-defined clinical benefit (improved PS, decreased analgesic consumption, or decreased disease volume) could continue therapy

· After discontinuation, monitoring occurred for 30 days after the last dose of brentuximab vedotin or until they received another treatment for lymphoma
	Baseline

Median age: 36; Sex: M62%; Diagnosis: HL93%; ECOG 0: 62%

Results
Best clinical response in 45 patients

Dose (mg/kg)

Response

0.1 (N=3)

0.2 (N=4)

0.4 (N=3)

0.6

(N=3)

0.8

(N=3)

CR

0

0

0

0

0

PR

0

0

0

2

0

SD

2

0

2

1

2

Progressive disease

1

4

1

0

1

Not evaluable

0

0

0

0

0

Dose (mg/kg)

Response

1.2

(N=4)

1.8

(N=12)

2.7

(N=12)

3.6

(N=1)

CR

1

4

6

0

PR

1

2

1

0

SD

2

5

5

0

Progressive disease

0

1

0

0

Not evaluable

0

0

0

1

· OR (CR + PR) was noted in 17 patients including 11 with CR
· For patients who received the maximum tolerated dose (1.8mg/kg) the OR was 50%

· Of the 17 patients with OR, 15 (88%) had an initial response within 4 cycles of treatment
· Tumor regression was reported in 36 of 42 patients who could be evaluated (86%)

Duration of OR
· Estimated duration of OR  was 17.3 months (range 0.6 to >19.5)

· The median duration of OR was 9.7 months

PFS

· Median: 5.9 months with a trend toward longer PFS in patients receiving doses of at least 1.2 mg/kg
Pharmacokinetics

· Increased exposure to the antibody-drug conjugate  and free MMAE were approximately proportional to dose

· The median time to maximum concentration occurred immediately after infusion  for the antibody-drug conjugate and 2-3 days after the infusion for MMAE
· Steady concentrations were reached within 21 days
	Maximum tolerated dose: 1.8mg/kg
Death
The 1 patient who received 3.6mg/kg developed febrile neutropenia and sepsis which both contributed to death 14 days after the first dose
Withdrawal
12 patients had AEs other than disease progression that led to treatment withdrawal; 1 patient had an anaphylactic reaction to the 1.8mg/kg dose during the infusion
Grade 3 AEs

· 1.8mg/kg: neutropenia, pain

· 2.7mg/kg: acute renal failure, hyperglycemia, prostatitis, febrile neutropenia, anemia, abdominal pain

Grade 4 AEs
· 1.8mg/kg: thrombocytopenia  
· 2.7mg/kg: none

Common Grade 1 and 2 AEs across all doses (N=45)
AE

Grade 1 (N)
Grade 2 (N)
Fatigue

12
4
Pyrexia

10
3
Diarrhea

8
2
Nausea

7
3
PN

7
3
HA

9
0

Vomiting

7
1
Back Pain

4
3
Anemia

0

3

Alopecia

6
0

Constipation
6
0

Cough

4
2
Night sweats

6
0

Limb pain

5

0

URTI

5
1

Abd pain

4
0

Arthralgia

1

4
Insomnia

5

0

Tachycardia
3
1


	Fanale et al, 201210

Phase I, OL, SA, dose-escalation study
HL and sALCL

N=44

Conducted at 5 study centers in the US

Sponsored by Seattle Genetics
	Inclusion

· Relapsed or refractory histologically confirmed CD30-positive hematologic cancers

· Patients with HL had received systemic chemotherapy either as induction therapy for advanced disease or salvage therapy after initial radiotherapy for early-stage disease and previously undergone ASCT unless they were ineligible or declined

· Patients with other CD30-positive cancers had already had a first remission or had disease refractory to front-line therapy

· Age>12 years

· Measurable tumor of at least 1.5 in diameter

· ECOG < 2

Exclusion
· Current diagnosis of primary cutaneous ALC; however patients who had transformed to systemic ALCL were eligible
· Pt who had undergone allogenic SCT or prior treatment with any anti-CD30 antibody
	Treatment

· Brentuximab vedotin administered intravenously on days 1, 8, and 15 of each 28-day cycle

· The starting dose of 0.4mg/kg was selected on the basis of the previous phase I study

· Patients were enrolled into 6 cohorts ranging from 0.4mg/kg to 1.4mg/kg

· Doses were escalated in increments of 0.2mg/kg until dose-limiting toxicity or a maximum dose of 1.8mg/kg was reached.

Endpoints
Primary

· Determine the maximum  tolerated dose as indicated by dose-limiting toxicities
Secondary 
· Assess anti-tumor response

· Evaluate immunogenicity

Follow-up

· Toxicities were assessed on days 1, 8, and 15 of each 28-day cycle
· Immunogenicity was assessed before each day 1 dose of each cycle

· Tumor response was carried out by PET or CT scan every 2 cycles for a maximum of 12 cycles


	Baseline

Median age: 33; Sex: M70%; Diagnosis: HL86%; ECOG 0: 61%

Median number of cycles: 4
Median dose intensity: 0.970mg/kg (rage: 0.56-1.16mg/kg)  

Results
Antitumor Response

Dose (mg/kg)

Response

0.4 (N=4)

0.6 (N=4)

0.8 (N=6)

1

(N=10)

OR
0
2
4
7
CR

0

0

4
5 
PR

0
2
0
2

SD

4
1
1
2
Progressive disease

0
1
1
1
Dose (mg/kg)

Response

1.2

(N=12)

1.4

(N=5)

Total

(N=44)

OR
7
4
24 (59%)
CR

3
2
14 (34%)
PR

4
2

10 (24%)
SD

4
1
13 (32%)
Progressive disease

1
0
4 (10%)
Immunogenicity

Of 39 patients who were negative for ATA at baseline, 27 remained negative throughout the study. Two patients developed persistently positive ATA, defined as a positive titer at more than 2 time-points post baseline. Both ATA positive patients experienced infusion-related reactions upon administration of brentuximab vedotin. 
	Maximum tolerated dose: 1.2mg/kg
Death
A total of 8 patients (18%) died during the study. None of these deaths were deemed to be treatment related.
Withdrawal
Thirteen patients (30%) had an AE that led to treatment discontinuations. Overall, 8 patients discontinued treatment due to peripheral sensory neuropathy and 2 discontinued treatment due to peripheral motor neuropathy. Of these, 5 had improved at a median follow-up time of 31.3 weeks.
Most common AEs
AE

N =44

%

PSN

29

66

Fatigue

23

52

Nausea

22

50

Diarrhea

14

32

Arthralgia

12

27

Pyrexia

11

25

Poor appetite

10

23

Myalgia

10

23

URTI

10

23

HA
8
18
Rash/pruritus

8

18

Vomiting

8

18

Back pain

7

16

Dizziness

7

16

Edema

7

16

The majority of these AEs were Grade 1 or 2

Grade III AEs
Grade III AEs that occurred in >2 patients included PSN (14%), anemia (9%), neutropenia (7%), and peripheral motor neuropathy (7%).

Grade IV AEs
Three patients experienced a single Grade IV AE. Grade IV AEs included: hyperglycemia, hypokalemia, hypomagnesemia, and neutropenia.


OL=open label; SA=single arm; MC=multi-center; HL=Hodgkin lymphoma; sALCL=systemic anaplastic large cell lymphoma; ASCT=autologous stem cell transplant; ECOG=Eastern Cooperative Oncology Group; PS=performance status; ANC=absolute neutrophil count; ULN=upper limit of normal; ALT=alanine aminotransferase; AST=aspartate aminotransferase; HF=heart failure; NYHA=New York Heart Association; OR=objective response;  PFS=progression free survival; OS=overall survival;  M=male; C=Caucasian; wt=weight; CR=complete response; PR=partial response; SD=stable disease; AE=adverse event; PSN=peripheral sensory neuropathy; URTI=upper respiratory tract infection; ABD=abdominal; Ext=extremity; HA=headache; PMN=peripheral motor neuropathy; UTI=urinary tract infection; PNA=pneumonia; PE=pulmonary embolism; GI=gastrointestinal; CHOP=cyclophosphamide, doxorubicin, vincristine, prednisone; ALK=anaplastic lymphoma kinase; antitherapeutic antibodies=AT
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