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SYNOPSIS  
Name of Sponsor:  Amgen SA 
Name of Finished Product:  palifermin 
Name of Active Ingredient:  Recombinant human keratinocyte growth factor (rHuKGF) 

Title of Study:  An Open-label, Single-arm Study of Palifermin for Reduction of Mucositis in 
Subjects with Non-Hodgkin’s Lymphoma (NHL) or Multiple Myeloma (MM) Undergoing High-Dose Chemotherapy and Autologous Peripheral Blood Stem Cell (PBSC) Transplantation 
Investigators and Study Centers:  This study was conducted at 25 sites in Spain; Dolores Caballero, MD, was the coordinating investigator.  See Appendix 2 for the location of all sites and the principal investigator at each site. 
Publications:  No publications based on this study have been written to date. 
Study Period:  25 April 2006 (first subject enrolled) to 26 April 2007 (last visit of last subject) 
Development Phase:  4 

Introduction and Objectives:  Keratinocyte growth factor (KGF) is a 28-kilodalton, heparinbinding member of the fibroblast growth factor (FGF) family that was initially isolated in 1989 from pulmonary fibroblasts as a protein (FGF-7) with keratinocyte-stimulating activity.  KGF stimulates the growth of epithelial cells from a wide variety of tissues but has no known direct effect on other cell types (Rubin et al, 1989).  Recombinant human KGF (palifermin) has been found to markedly reduce chemotherapy- and radiation-induced injury to the mucosal lining of the oral cavity and the lower gastrointestinal (GI) tract in a variety of animal models of chemotherapy, radiotherapy, and blood stem cell transplantation (Farrell et al, 1998; Farrell et al, 1999).  The action of the drug appears to be bimodal: a growth enhancing differentiation and a cytoprotective effect throughout the GI tract, both of which result in a thickening of the epithelial tissues (squamous epithelium of the oral cavity, and glandular tissue of the intestinal column). 
Palifermin has demonstrated a clinical effect in reducing the incidence and duration of severe oral mucositis in two different clinical studies in patients with hematologic malignancies undergoing total body irradiation with high-dose chemotherapy and autologous peripheral blood stem cell support (Amgen studies 980231 and 20000162; Spielberger et al., 2001; Spielberger et al., 2003).  This study was conducted to estimate the incidence and duration of grade 3 and 4 oral mucositis in subjects with NHL receiving BEAM (bis-chloroethyl-nitrosourea, also known as BCNU; etoposide; cytosine arabinoside, also known as Ara-C; and melphalan) and subjects with multiple myeloma receiving high-dose melphalan conditioning therapy.   
Primary Objective: 
The primary objective of this study was to estimate the effectiveness of palifermin administered at a dose of 60 μg/kg/day intravenously (IV) for 3 consecutive days before the start of the conditioning regimen and for 3 consecutive days after autologous peripheral blood stem cell transplantation (PBSCT) by determining the incidence and duration of severe World Health Organization (WHO) grades 3 and 4 oral mucositis in patients with NHL and MM who have received high-dose conditioning chemotherapy. 
Secondary Objectives: 	 
The following were the secondary objectives: 
· assess the incidence and duration of oral mucositis using multiple assessment methods (including WHO scale grade)  
· assess the overall safety profile of palifermin 
· assess healthcare resource and patient burden associated with oral mucositis, as measured by the incidence and duration of febrile neutropenia, duration of hospitalization by type of ward, use of IV anti-infectives, use of opioid analgesics, and need for total parenteral nutrition (TPN) 
· estimate impact of oral mucositis on Patient Reported Outcome (PRO) of mouth and throat soreness (MTS) 

Methodology:  The study consisted of a screening period of up to 42 days to determine subject eligibility, followed by a treatment period of a maximum of 40 days, and an end of study visit.  Eligible subjects received a dose of 60 μg/kg/day IV palifermin for 3 consecutive days before the start of the conditioning chemotherapy (BEAM or high dose melphalan), and 3 additional doses of 60 μg/kg/day IV palifermin on days 0, 1, and 2 after transplantation.  Filgrastim (G-CSF, Neupogen®) was administered on Day 0, after autologous transplantation, and continued daily until neutrophil recovery (absolute neutrophil count [ANC] ≥ 1 x 109/L for 3 consecutive days or ANC ≥ 10 x 109/L for 1 day).  Subjects also received peripheral-blood progenitor cells (PBPC) collected after mobilization by either cytokines or chemotherapy with or without cytokines, according to the practices at each participating institution.  The number of CD34+ cells infused was documented in the case report form.  The PBPC product was thawed and infused according to standard institutional practices. 
Conditioning chemotherapy for NHL subjects consisted of the following:  
· Carmustine (BCNU) was administered by IV infusion on day -7 at a dose of 300 mg/m2, based on actual body weight. 
· Etoposide (VP-16) was administered by IV infusion on days -6, -5, -4 and -3 at a dose of 200 mg/m2, based on actual body weight. 
· Cytarabine was administered by IV infusion on days -6, -5, -4 and -3 given twice daily at a dose of 200 mg/m2 (total daily dose = 400 mg/m2), based on actual body weight. 
· Melphalan was administered by IV infusion on day -2 at a dose of 140 mg/m2, based on actual body weight. 
Conditioning chemotherapy for MM subjects consisted of administration of melphalan by IV infusion either on day -2 at a dose of 200 mg/m2 or on day –3 and -2 at a dose of 100 mg/m2/d, based on actual body weight. 
The following tests and procedures were performed throughout the treatment period: 
· Documentation of adverse events, infectious episodes, hospitalizations (including type of ward), transfusions and concomitant medication including analgesics 
· Maximum body temperature: measured daily from first day of conditioning chemotherapy until engraftment (ANC ≥ 0.5 x 109/L and platelet count ≥ 20 x 109/L for 3 consecutive days) 
· Patient reported outcome (PRO) questionnaire (MTS scale score): daily from administration of palifermin prior to conditioning chemotherapy during hospitalization. This was conducted prior to oral cavity assessments. 
· Oral cavity assessments and specific clinical correlates of oral mucositis including data on saliva, tongue scalloping, and oral bleeding (WHO scale score and Mucositis Assessment Worksheet): daily from administration of palifermin prior to conditioning chemotherapy during hospitalization.  Oral mucositis assessments were performed by a research team member trained in mucositis assessment. 
· Assessment of serum amylase and lipase on day of administration of palifermin prior to conditioning chemotherapy.  Repeated on day of first administration of conditioning chemotherapy and if value greater than ULN monitor daily until value returned to baseline. 
· Hematology: daily from administration of palifermin prior to conditioning chemotherapy until engraftment 
· Chemistry: within 7 days of autologous PBSCT and on discharge or at end of study (whichever was earlier)  
Number of Subjects Planned:  Approximately 150 subjects were to be enrolled. 
Number of Subjects Enrolled (Full Analytical Set):  145 subjects (85 MM, 60 NHL) 
Sex, n (%):  Male 80 subjects (55.2%), Female subjects 65 (44.8%) 
Age, mean (SD):  53.1 (11.7) years 
Ethnicity (Race), n (%):  Caucasian – 145 subjects (100%) Eastern Cooperative Group (ECOG) Status:  
Status of 0: 114 subjects (78.6%), Status of 1: 31 subjects (21.4%) 
Diagnosis and Criteria for Eligibility:   
Inclusion Criteria: 
· Non-Hodgkin’s lymphoma (NHL) subjects scheduled to receive BEAM conditioning chemotherapy followed by autologous PBSCT, or multiple myeloma (MM) subjects scheduled to receive high-dose melphalan (200 mg/m2 total dose) conditioning chemotherapy, in 1 or 2-day schedule, followed by autologous PBSCT 
· Age ≥ 18 years 
· ECOG performance status ≤ 2. In the MM group, ECOG status > 2 was accepted provided that it was exclusively due to MM (eg, pathological fracture) 
· Adequate pulmonary function as measured by a corrected carbon monoxide (CO) diffusing capacity (DLCO) ≥ 60% of predicted  
· Left ventricular ejection fraction (LVEF) ≥ 50% 
· Minimum of 1.5 x 106 CD34+ cells/kg available for autologous transplantation 
· Adequate hematological function (ANC ≥ 1.5 x 109/L and platelet count ≥ 100 x 109/L) 
· Serum creatinine ≤ 2.0 mg/dL 
· Total bilirubin ≤ 2 mg/dL 
· Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) ≤ 4.0 x IULN 
· Negative serum or urine pregnancy test for women of child bearing potential within 14 days prior to enrollment 
· Each subject must have given informed consent directly or through a legally acceptable representative before participating in any study specific procedure or receiving any study medication. 
Exclusion Criteria: 
· History of or concurrent cancer other than NHL or MM 
· Prior treatment with palifermin or other keratinocyte growth factors (eg, KGF-2) 
· Prior autologous or allogeneic transplants 
· Oral abnormalities defined as baseline oral assessment of WHO grade > 0 
· Undergoing other investigational procedures 
· Currently enrolled in or had not yet completed at least 30 days since ending other investigational device or drug study(s), or receiving other investigational agent(s) 
· Evidently pregnant (eg, positive human chorionic gonadotropin test) or breast feeding 
· Not using adequate contraceptive precautions 
· Known to be seropositive for human immunodeficiency virus (HIV), hepatitis B virus (HBV), or hepatitis C virus (HCV) 
· Known sensitivity to any of the products to be administered during dosing, including E coli-derived products 
· Previously treated on this study or with other keratinocyte growth factors 
· Unwilling or unable to complete the patient-reported outcome questionnaires 
· Any kind of disorder that compromised the ability of the subject to give written informed consent and/or to comply with study procedures 
Investigational Product, Dose and Mode of Administration, Manufacturing Batch Number:  
6.25 mg single-dose vials of lyophilized palifermin for reconstitution with 1.2 mL Water for 
Injection (USP/Ph. Eur) administered by IV bolus injection daily doses of 60 μg/kg for 
3 consecutive days before the start of the conditioning regimen and for 3 consecutive days after autologous PBSCT.  Three lots were used in this study: L005051, L005051 and L005191 (Listing 12). 
Duration of Treatment:   
NHL subjects received palifermin on days -10, -9, and -8; BEAM conditioning therapy on days -7 to -2; autologous peripheral-blood progenitor cell transfusion (PBPCT) on day 0, filgrastim (5 μg/kg/day) from day 0 daily until absolute neutrophil count (ANC) returned to ≥ 1 x 109/L for 3 consecutive days or ANC ≥ 10 x 109/L for 1 day; and palifermin on days 0, 1, and 2. 
MM subjects received palifermin on days -6, -5, and -4; high-dose melphalan conditioning therapy  on days -3 and -2 or day -2; autologous PBPCT on day 0, filgrastim (5 μg/kg/day) from day 0 daily until ANC returned to ≥ 1 x 109/L for 3 consecutive days or ANC ≥ 10 x 109/L for 1 day; and palifermin on days 0, 1, and 2. 
Reference Therapy, Dose and Mode of Administration, Manufacturing Batch Number:  None 

Study Endpoints 
Primary Endpoints: 
The primary efficacy endpoints were the incidence (%) and duration of severe oral mucositis (WHO grades 3 or 4). 
Secondary Endpoints: 
Endpoints Related to Mucositis Assessments 
· Incidence and duration of ulcerative oral mucositis (WHO grades 2, 3, or 4) 
· Incidence of worst oral mucositis on study by grade (WHO grades 0-4) 
· Duration of oral mucositis as defined by specific assessments (eg, bleeding, abnormal saliva) 
Patient Reported Outcomes 
· Average daily patient-reported mouth and throat soreness (MTS) score 
Endpoints Related to Clinical Outcome and Concomitant Medications 
· Total dose of opioid analgesics use (mg of morphine equivalents) 
· Duration of hospitalization by type of ward (transplant ward, ICU, or haematology ward) 
· Incidence and duration of all anti-infective use 
· Incidence and duration of febrile neutropenia, defined as ANC < 0.5 x 109/L and fever > 38°C prior to engraftment 
· Incidence and duration of total parenteral nutrition (TPN) 
· Incidence of significant infections (considered as those clinically defined, microbiologically defined with or without bacteremia, and fever of unknown origin) 
· Time to neutrophil engraftment > 0.5 x 109/L 
· Time to platelet engraftment ≥ 20 x 109/L independent of platelet transfusion 
Safety Endpoints 
Incidence of adverse events and laboratory abnormalities 
Statistical Methods:  The main analysis was descriptive in nature.  Summary statistics are presented for all study endpoints.  Duration endpoints are summarized for all subjects.  Key duration endpoints are also summarized for those subjects with a duration greater than zero of the given endpoint of interest.  For continuous variables and discrete numerical variables (eg, count data), the mean, standard deviation, quartiles, and range are provided.  For categorical variables, the frequency and percentage in each category are displayed.  For time-to-event endpoints, Kaplan-Meier plots are provided and Kaplan-Meier-based quartiles of survival time are shown.  Additionally, point estimates are accompanied by two-sided 95% confidence intervals (CIs) where sensible.  Confidence interval calculation for incidence endpoints assumed a binomial distribution.  Bootstrap methods (not making a distributional assumption) may have been used to calculate CIs for counts and duration endpoints.  Graphical presentations were added as needed.  The number of missing values was identified for all variables.  The daily oral mucositis assessments on the WHO scale were verified against the ulceration and oral intake data also available from the Daily Mucositis Worksheets. 
Summary of Results:   
Subject Disposition:  All 145 enrolled subjects were included in the Full Analysis Set (FAS).  Of the 145 enrolled subjects, 133 subjects (92%) completed the study; 1, 9, and 2 subjects discontinued due to ineligibility determined, adverse events, and death, respectively.   
Efficacy Results:  The primary efficacy endpoints were the incidence (%) and duration of severe oral mucositis (WHO grades 3 or 4).  In the FAS population, 49 of 145 subjects had severe oral mucositis (OM) (33.8%; 95% CI: 26.2 - 42.1%).  Of these, 32 of 85 MM subjects (37.6%; 95% CI: 27.4 - 48.8%) and 17 of 60 NHL subjects (28.3%; 95% CI: 17.5 - 41.4%) had severe OM.  The mean (95% CI) duration of severe OM for the FAS was similar for MM and NHL subjects: 1.8 (1.3, 2.7) and 1.4 (0.7, 2.2) days, respectively.  For those subjects who developed severe OM in the FAS, the mean duration of severe OM was 4.9 days for both diseases.  The results for the key secondary endpoints are summarized in Section 7.2. 
Safety Results:  Of the 145 enrolled subjects, 144 (99.3%) had at least 1 adverse event; 24 of these subjects (16.6%) had adverse events that were considered by the investigator to be serious including 2 deaths; of these, 4 subjects (2.8%) were considered by the investigator to be related to study drug.  Adverse events that were considered by the investigator to be potentially related to study drug were reported for 108 subjects (74.5%).  Of these, adverse events that led to study discontinuation were reported for 6 subjects (4.1%) and those that were considered by the investigator to be serious were reported for 4 subjects (2.8%).  Nine subjects (6.2%) withdrew due to adverse events. 

Conclusions:   
The primary efficacy objective was to assess the efficacy of palifermin administered at a dose of 60 μg/kg/day according to the regimen described above by determining the incidence and duration of severe oral mucositis (WHO grades 3 and 4) in NHL and MM subjects.  This objective was achieved as described in the efficacy results section above.   
The safety objective was to assess the safety profile.  Palifermin was well tolerated and the adverse event profiles reported were as expected for MM and NHL subjects undergoing highdose chemotherapy and autologous peripheral blood stem cell transplantation (PBSCT).  The safety information presented in this report did not lead to the identification of any new safety issues related to the treatment with palifermin.  Therefore the safety profile of the product has not been modified as a result of this data and the benefit/risk ratio of the product remains positive in the population studied. 
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