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1	SYNOPSIS


Name of Company:  Swedish Orphan Biovitrum
Name of Finished Product: Kepivance®
Name of Active Ingredient: Palifermin





STUDY IDENTIFIERS
Title of Study:	A Double-Blind, Randomized, Placebo-Controlled Study of Two Different Schedules of Palifermin (Pre- and Post-Chemotherapy and Pre-Chemotherapy only) for Reduction in Severity of Oral Mucositis in Subjects with Multiple Myeloma Receiving High Dose Melphalan Followed by Autologous Peripheral Blood Stem Cell Transplantation
Clinical Study Number:	20050219
Co-ordinating Investigator:   Dietger Niederwieser, Professor, Universitatsklinikum Leipzig, Germany
Study Centers:	39 centers in 14 countries in Europe
Publication (reference):	Not Applicable
Studied Period:	First Subject Screened: 28 December 2006
First Subject Randomized: 04 January 2007
Last Subject’s Last Visit, acute phase: 27 February 2009
Last Follow-Up: 22 November 2011
Type of Study:	Therapeutic Exploratory

STUDY OBJECTIVES: ACUTE PHASE
Primary Objective:	  To compare the efficacy of palifermin relative to placebo when given either pre- and post-high dose chemotherapy (CT) or pre-high dose CT only with regard to the maximum severity of OM (World Health Organization [WHO] Grades 0/1, 2, 3, or 4).
Secondary Objectives:	  To assess the effect of palifermin on the incidence and duration of ulcerative
OM (WHO Grades 2, 3, and 4) and of severe OM (WHO Grades 3 and 4).
  To evaluate the impact of palifermin on patient-reported mouth and throat soreness (MTS).
Tertiary Objectives:	  To evaluate the impact of palifermin on subject function (e.g., swallowing, eating, drinking, and talking).
  To assess healthcare resource and subject burden associated with OM, as measured by the incidence and duration of febrile neutropenia, incidence and duration of intravenous (IV) anti-infectives, incidence and duration of nonopioid and opioid use, incidence and duration of total parenteral nutrition (TPN), days of hospitalization, incidence of significant infections, and time to absolute neutrophil count (ANC) recovery.
  To assess the acute safety profile of palifermin in this setting.





Exploratory Objectives:	  To explore the relationship between OM severity and covariates of interest, to include renal function (as determined by creatinine clearance).
  To explore healthcare resource and subject burden associated with OM, as measured by blood product use.

STUDY OBJECTIVES: CATARACT ASSESSMENT
	Primary Objective:
	
	To assess the effect of palifermin on the incidence of cataract development or progression at Month 12 based on an increase of ≥ 0.3 in the Lens Opacities Classification System (LOCS III) score for either posterior subcapsular cataract (P), cortical cataract (C), or nuclear opalescence (NO).

	Secondary Objectives:
	
	To assess the effect of palifermin on the incidence of cataract development or progression at Month 6 based on an increase of ≥ 0.3 in the LOCS III score for either P, C, or NO.

	
	
	To assess the effect of palifermin on the change of P using the LOCS III score.

	
	
	To assess the effect of palifermin on the change of C using the LOCS III score.

	
	
	To assess the effect of palifermin on the change of NO using the LOCS III
score.

	
	
	To assess the effect of palifermin on the incidence of decreased best corrected visual acuity (BCVA) from the baseline BCVA on the ETDRS charts.



STUDY OBJECTIVES: LONG TERM FOLLOW-UP PHASE
   To assess the long-term safety profile of palifermin.
   To evaluate the impact of palifermin on patient-reported MTS.
   To evaluate the impact of palifermin on subject function (e.g., swallowing, eating, drinking, and talking).

STUDY DESIGN AND METHODS: ACUTE PHASE
Study Design:	This was a double-blind, placebo-controlled, randomized, multicenter Phase IIIb study of palifermin (60 μg/kg/day IV), given pre- and post-high dose CT (total
6 doses) or pre-high dose CT only (total 3 doses), in subjects with MM receiving high dose melphalan (200 mg/m2 or 140 mg/m2), in a 1-day schedule, followed by autologous PBSCT (Day 0).
It was planned to enroll 275 subjects in a 2:2:1 ratio to the following dosing schedules, respectively:
1.	Palifermin pre-CT and post-CT: 60 μg/kg/day IV palifermin for
3 consecutive days before (Days -6, -5, and -4) conditioning with high dose melphalan (given on Day -2) and 3 consecutive days after (Days 0,
1, and 2).














Number of Subjects
(Planned and Analyzed):



Diagnosis and Main
Criteria for Inclusion:



2.	Palifermin pre-CT only: 60 μg/kg/day IV palifermin for 3 consecutive days before (Days -6, -5, and -4) conditioning with high dose melphalan (given on Day -2). To maintain the blind placebo injections were given for 3 consecutive days after (Days 0, 1, and 2).
3.	Placebo (n=57): Matched placebo for 3 consecutive days before
(Days -6, -5, and -4) conditioning with high dose melphalan (given on
Day -2) and 3 consecutive days after (Days 0, 1, and 2).
All subjects were to be followed for disease progression, second primary tumors, additional malignancies, and survival for up to 10 years.
Planned: 275 subjects.
Randomized: 281 subjects total; 115 subjects to palifermin pre/post-CT,
109 subjects to palifermin pre-CT, and 57 subjects to placebo.
Analyzed: 281 subjects in the full analysis set, 277 subjects in the Safety subset. Multiple myeloma subjects ≥ 18 years and ≤ 70 years of age, scheduled to receive
high dose melphalan (200 mg/m2 if creatinine clearance ≥ 30 mL/min or
140 mg/m2 if creatinine clearance < 30 mL/min) in a 1-day schedule (Day -2) followed by autologous PBSCT on Day 0. Subjects were to have an Eastern Cooperative Oncology Group (ECOG) performance status ≤ 2, or an ECOG status
of 3 if the reason for a status of 3 was due exclusively due to MM), a minimum of
2.0 x 106 CD34+ cells/kg collected for autologous transplantation, adequate pulmonary function (corrected carbon monoxide diffusing capacity ≥ 50% of predicted), adequate hematological function (ANC ≥ 1.5 x 109/L and platelet
count ≥ 100 x 109/L), total bilirubin ≤ 2 mg/dL, and adequate liver function
(aspartate aminotransferase and/or alanine aminotransferase ≤ 4.0 x institutional upper limit of normal).

Assessments:	Efficacy
Oral cavity assessment, patient-reported outcome (PRO) questionnaires (Oral Mucositis Daily Questionnaire [OMDQ], Functional Assessment of Cancer Therapy - Esophageal [FACT-E], European Quality of Life Utility Scale
[EQ-5D], and Mucositis Chronic Symptoms Questionnaire [MCSQ]).
Safety
Physical examination (including body temperature), concomitant medications, transfusions, vital signs, laboratory assessments (hematology, chemistry), cataract assessments, adverse events (AEs).


Test Product; Reference

Palifermin pre/post-CT:

Therapy; Dose and Mode of Administration; Batch Number:

	Palifermin 60 µg/kg/day, single bolus IV dose for 3 consecutive days before (Days -6, -5, and -4) conditioning with high dose melphalan (given on Day -2) and 3 consecutive days after (Days 0, 1, and 2). Batch numbers: D061748 and D097988.
Palifermin pre-CT:
	Palifermin 60 µg/kg/day, single bolus IV dose for 3 consecutive days before (Days -6, -5, and -4) conditioning with high dose melphalan (given on Day -2).
Batch numbers: D061748 and D097988.
	Placebo, single bolus IV dose for 3 consecutive days after administration of melphalan (Days 0, 1 and 2).
Batch numbers: 024A099608 and 024A054178.

Placebo:
	Placebo, single bolus IV dose for 3 consecutive days before (Days -6, -5, and -4) conditioning with high dose melphalan (given on Day -2) and
3 consecutive days after (Days 0, 1, and 2). Batch numbers: 024A099608 and 024A054178.
Duration of Treatment(s):	Up to a maximum of 6 days.
Criteria for Evaluation:	Efficacy
Primary Efficacy Endpoint: Maximum severity of OM (WHO Grades 0/1, 2, 3, or 4).
Secondary Efficacy Endpoints: Incidence and duration of OM (WHO Grades 2,
3, and 4), incidence and duration of severe OM (WHO Grades 3 and 4) and area under the curve (AUC) for patient-reported MTS limitations.
Tertiary Efficacy Endpoints: Incidence and duration of febrile neutropenia, incidence and duration of IV anti-infective use, incidence and duration of nonopioid and opioid use, incidence and duration of TPN, duration of hospitalization, incidence of significant infections, time to ANC recovery, and PRO, AUC for MTS limitation scores in swallowing, eating, drinking, talking, and sleeping.
Exploratory Efficacy Endpoints: Relationship between the maximum severity of OM, and covariates of interest, including renal function and use of blood products.
Safety
Short-term endpoints: Incidence of all AEs (including serious AEs [SAEs], severe AEs, and treatment related AEs) and laboratory abnormalities using the Common Toxicity Criteria for AEs version 3.0 (CTCAE v3.0) toxicity scales.



Statistical Methods:	The null hypothesis for this study was that the severity distribution for OM was identical for the placebo and each of the two palifermin groups, and the alternative hypothesis was that treatment with palifermin resulted in a shift in the distribution to less severe mucositis than treatment with placebo.
Treatment comparisons including inferential testing were performed between the placebo and each of the two palifermin groups.  Each treatment comparison was made at an alpha level of 0.025 to protect the overall two-sided type I error rate of
0.05. Point estimates of treatment differences were accompanied by
corresponding 97.5% confidence intervals (CIs). Comparison between the
2 palifermin groups was made descriptively.
For the secondary endpoints, the type I error rate was to be protected by using the Hochberg procedure to adjust for multiple testing. In addition, palifermin was not to be declared to be statistically superior to placebo with respect to secondary efficacy endpoints unless the primary endpoint was statistically significant in
favor of palifermin.
Note: As there was no statistically significant benefit for palifermin compared with placebo with respect to the primary outcome, no formal hypotheses tests were performed and consequently no p-values were presented for secondary endpoints.
The tertiary endpoints were exploratory in nature, and no adjustment to the overall alpha level was to be made for the analysis of these endpoints.
The full analysis set included all randomized subjects, and was used to compare treatment effects for all efficacy endpoints. The safety subset included all randomized subjects who received at least one dose of investigational product (IP).
Primary Endpoint: The proportional odds model including the randomization factors as covariates was used as the primary analysis method for the primary endpoint. A secondary analysis (sensitivity analysis) was conducted in which the generalized Cochran-Mantel-Haenszel (CMH) test for mean score difference based on the modified ridit scores, using the randomization factors as strata (Van Elteren test), was used to compare each of the palifermin treatment groups with placebo.
Secondary Endpoints: For the incidence and duration of severe and ulcerative
OM, a comparison was performed using the Van Elteren and stratified Mantel-Haenszel chi-square test. As a sensitivity analysis, the durations of ulcerative and severe OM were analyzed using the two part Lachenbruch procedure. The AUC was calculated for the secondary PRO endpoint, AUC for patient-reported MTS.





Tertiary Endpoints: For all tertiary incidence endpoints, treatment comparison
was performed using the CMH method for the test of general association based on the full analysis set.  Randomization strata were used as the CMH analysis strata.
For all tertiary duration endpoints and the AUC for patient reported MTS limitations in swallowing, eating, drinking, talking, and sleeping, the same CMH test as used for the secondary endpoints was used to make the treatment comparison.
Time to ANC recovery was analyzed using the Kaplan-Meier method. A stratified log-rank test was used for treatment comparison of time to ANC recovery.
Exploratory Endpoints: A proportional odds model (including the additional covariates) was used to explore the relationship between covariates of interest and the maximum severity of OM. Descriptive statistics were used to summarize blood product use by incidence and total volume of blood product.
Safety Analyses: Summary statistics were used to present AEs and laboratory evaluations.


STUDY DESIGN AND METHODS: CATARACT ASSESSMENT
Cataract evaluations were added to the 20050219 study during the recruitment phase as a result of the Food and Drug Administration (FDA) post-marketing commitment #8a (PMC #8a) and European Medicines Agency Follow-up Measure #26 (FUM #26) for palifermin.

Study Design:	A minimum of 100 evaluable subjects were planned to participate in the cataract assessments and they had their eligibility confirmed ≤ 42 days prior to randomization into Study 20050219. This was achieved by assessment of BCVA using early treatment diabetic retinopathy study (ETDRS) Charts, assessment of refraction required to achieve BCVA, assessment of LOCS III score for P, C, NO, and nuclear color (NC) using slit lamp biomicroscopy after dilatation, and reviewing their medical history. The aim of these cataract evaluations was to assess the influence of palifermin on the cataract development or progression, compared with placebo, in a posttransplant setting. Palifermin was administered in 2 alternative dosing schedules (pre-and post-chemotherapy per the current label and pre- chemotherapy only). Both palifermin treatment schedules were pooled and referred to as the palifermin group.


Number of Subjects
(Planned and Analyzed):


A minimum of 100 evaluable subjects were planned to participate in the cataract assessments and they had their eligibility confirmed ≤ 42 days prior to randomization into Study 20050219.
Analyzed:

	Primary cataract subset; 101 subjects
	Secondary cataract subset; 85 subjects









	Study eye subset: right eye; 41 subjects
	Study eye subset: left eye; 60 subjects
	Left eye subset; 97 subjects
	Right eye subset; 89 subjects.
Main criteria for Inclusion:	
	To be eligible for the Cataract Assessment, subjects must have had a LOCS III
score at baseline of P < 1.0, C < 2.0, and NO < 2.0 (in at least one eye), with a
minimum baseline BCVA of 20/40 (6/12 or 0.5 on the decimal scale) or better using the ETDRS charts at 4 m in one eye, and with at least one eye with a natural, intact lens. If a subject was not eligible for cataract assessment procedures, he/she could still be included in the study, but be exempt from the cataract assessments.
Criteria for Evaluation:	Cataract-specific
Primary endpoint: Incidence of cataract development or progression at Month 12, based on an increase from baseline of ≥ 0.3 in the LOCS III score for any of P, C, or NO.
Secondary endpoints: incidence of cataract development or progression at Month
6, based on an increase from baseline of ≥ 0.3 in the LOCS III score for any of P, C, or NO, incidence of an increase from baseline in P, C, and NO of ≥ 0.3 on the LOCS III scale at Months 6 and 12, change from baseline in P, C, and NO on the
LOCS III scale at Months 6 and 12, incidence of a decrease from baseline in
BCVA as measured by a change of 10 letters on the ETDRS chart at 4 m at
Months 6 and 12.
Exploratory endpoint: change from baseline in best corrected visual acuity based on the total number of letters recognized in the ETDRS chart at 4 m at Months 6 and 12.
The cataract development or progression based on an increase from baseline of
≥ 0.3 in the LOCS III score for any of P, C, or NO was defined by the FDA.
Safety
AEs and other concomitant medications taken due to eye-related procedures during Screening and the follow-up period.
Statistical Methods:	The null hypothesis was that the incidence of cataract development or progression
(as defined by a ≥ 0.3 unit increase in the LOCS III score for P, C, or NO) was
not different for subjects treated with palifermin and subjects treated with placebo, and the alternative hypothesis was that the incidence of cataract development or progression was different for the two treatment groups.
Any subject receiving one or more doses of palifermin were included in the palifermin group, regardless of their randomization assignments. For the cataract




evaluations, both palifermin treatment schedules were pooled, and referred to as the palifermin group. Separate summaries were presented for each of the 2 dosing schedules versus placebo only if the 95% confidence interval for the treatment difference (palifermin-placebo) did not contain 0.
The primary cataract subset included all subjects eligible for cataract evaluation who received at least one dose of investigational product. This subset was used to analyze all cataract specific endpoints and for the analysis of individual eyes. Supplemental analyses, for the primary endpoint only, were performed using the secondary cataract subset, the study eye subset, and also using the left eye and right eye subsets.
Analyses based on the primary cataract subset may include both subjects with
2 eyes eligible for evaluation, and subjects with only 1 eligible eye.
For analyses of incidence, subjects with 2 eligible eyes were regarded as experiencing the event of interest if the subject experienced the event in 1 or both eyes. For subjects with a single eligible eye, an event of interest in that single eye was sufficient.
Similarly for analyses of change from baseline, for subjects with 2 eligible eyes the largest change from either eye was taken as the value for analysis for that subject. For subjects with a single eligible eye, the change for that eye was used as the value for analysis.
Primary Cataract Endpoint: The primary cataract endpoint, the incidence of cataract development or cataract progression at Month 12 based on the primary cataract analysis subset, was summarized and presented together with the simple asymptotic 95% CI for the treatment difference (palifermin – placebo).
Summaries for the primary cataract endpoint were also provided for the secondary cataract subset, the study eye subset, the left eye subset, and the right eye subset.
Secondary Cataract Endpoint: The analysis of the secondary endpoints was performed only on the primary cataract subset. Secondary incidence endpoints were summarized and displayed in the same way as the primary incidence endpoint.
For secondary change from baseline endpoints, summary statistics were presented for change from baseline (calculated as subscale score at that assessment – score
at baseline) for each cataract assessment subscale. These summaries included simple asymptotic 95% CIs for the difference in means (palifermin-placebo) in
change from baseline.
Cataract Specific Exploratory Analysis: Change from baseline in best corrected visual acuity based on the total number of letters recognized in the ETDRS chart at 4 m at Months 6 and 12 was summarized using descriptive statistics and included CIs for the difference in means for the 2 groups being compared




(palifermin-placebo).



To check the robustness of the results, taking into consideration the correlation between two eyes of a subject, generalized estimating equations (GEE) methodology was used to estimate the treatment effect for the primary cataract endpoint. All eyes for subjects in the primary cataract subset were included in this analysis. Each subject was treated as a cluster, and their cataract development or progression at Month 12 was modeled.
Results of a univariate model of cataract incidence at Month 12 containing only treatment group as an explanatory variable were provided. Results of a multivariate model were also provided. A forward stepwise regression approach was utilized to determine that the following covariates will be included in the model in addition to treatment: age, history of diabetes, exposure to corticosteroids, and exposure to radiotherapy (head and neck only). The level of significance for an explanatory variable to enter the model was set to 0.20.
Safety Analyses: Summary statistics were used to present AEs and other concomitant medications taken due to eye-related procedures.


STUDY DESIGN AND METHODS: LONG TERM FOLLOW-UP PHASE
Study Design:                           In the long-term follow-up phase of the study, all subjects were to be monitored for disease progression, secondary malignancies, and survival. Follow-up visits were planned between day 60-100 post-transplant, 6 months post-transplant,
12 months post-transplant, and yearly thereafter.
The long term PRO endpoints used data collected at the day 60-100, and month 6 follow-up visits.

Number of Subjects
(Planned and Analyzed):

For the long-term follow-up safety analyses, the two palifermin groups were pooled. A total of 277 subjects were included in the Safety subset with
220 subjects in the palifermin group and 57 subjects in the placebo group.

Criteria for Evaluation:	Long-term follow-up endpoints included overall survival (OS), progression-free survial (PFS), time to disease progression (TTP), and development of new or secondary malignancies. The PRO endpoints included the incidence of patient- reported chronic MTS, patient-reported chronic sensory (taste or smell) dysfunction, patient-reported chronic diarrhea, patient-reported chronic mouth dryness, and patient-reported dental and related sequelae (analyzed separately for incidence of tooth extractions, incidence of gum disease, and incidence of
fillings, crowns, or root canals).
Statistical Methods:	For the long-term safety assessments Kaplan-Meier estimates were provided for overall survival, progression free survival, and time to disease progression. The stratified log-rank test was used for treatment comparison of these long-term safety endpoints. The incidence of secondary malignancies was also presented.












RESULTS: ACUTE PHASE


For the PRO analysis, all incidence comparisons of the MCSQ, the stratified
Mantel-Haenszel chi-square test was used to make the treatment comparison.
For comparisons of the mean scores for the FACT-E the van Elteren test was used to make the treatment comparison. Missing FACT-E/MCSQ data were imputed with the mean/median value from the subject’s treatment group at that
assessment. In the PRO analyses, for the purposes of hypothesis testing, subjects with unknown or missing data for event assessment were considered to have experienced the event.

Efficacy Results:	Primary Endpoint: For the primary efficacy endpoint of maximum severity of OM, no statistically significant differences between placebo and the palifermin pre/post-CT (p=0.188) or pre-CT (p=0.468) groups were observed. Sensitivity analyses were supportive of these findings.  As the primary efficacy analysis did not show any statistically significant differences, no p-values are presented for the secondary analyses.
Secondary Endpoints: The incidence of ulcerative mucositis was higher in the pre/post-CT group (68.7%), with a mean difference of 13.2 (CI: -4.3, 30.8), and slightly lower in the pre-CT group (51.4%), with a mean difference of
-2.0 (CI: -20.5, 16.5), when compared with placebo (57.9%).
The mean duration of ulcerative OM was longer in the pre/post-CT group
(7.4 days), with a mean difference of 2.4 (CI: 0.1, 4.8), and somewhat shorter in the pre-CT group (4.8 days), with a mean difference of -0.2 (CI: -2.6, 2.2), when compared with placebo (5.0 days).
Severe OM was experienced by slightly more subjects in the pre/post-CT group (38.3%), with a mean difference of 4.2 (CI: -13.5, 21.9), and fewer subjects in the pre-CT group (23.9%), with a mean difference of -9.9 (CI: -27.5, 7.7), than the placebo group (36.8%).
No major difference in mean duration of severe OM was observed for the pre/post-CT group (2.7 days), with a mean difference of 0.3 (CI −1.1, 1.6), when compared with placebo. The mean duration of severe OM was shorter in the
pre-CT group (1.9 days) than in the placebo group (2.4 days) (mean difference of
-0.55 days [CI: -1.93, 0.83]).
A higher mean AUC for patient reported MTS was found in both the pre/post-CT group (mean difference of 15.4 [CI -1.5, 32.4]) and the pre-CT group (mean difference of 5.3 [CI -11.8, 22.5]) compared with the placebo group.
Tertiary Endpoints: A greater proportion of subjects in the pre/post-CT group (33.9%) and a slightly lower proportion of subjects in the pre-CT group (24.8%) were reported with febrile neutropenia than the placebo group (26.3%). No major differences in the mean duration of febrile neutropenia were observed between




treatment groups (1.1 days, 1.6 days, and 1.3 days for the placebo, pre/post-CT
and pre-CT groups respectively).
The incidence and mean duration of anti-infective use was similar in all treatment groups (75.4%, 76.5%, and 72.5%, and 20.7 days, 18.3 days, and 20.1 days for
the placebo, pre/post-CT, and pre-CT groups, respectively). The most commonly used anti-infectives were aciclovir, fluconazole, and ciprofloxacin with no notable differences in the use of any 1 anti-infective between treatment groups.
Similar proportions of subjects used nonopioid analgesics during the study (100.0%, 98.3%, and 99.1% in the placebo, pre/post-CT, and pre-CT groups, respectively). The median duration of nonopioid use was 39 days in all groups.
Strong opioids were used in more subjects than mild opioids and the usage of strong opioids was lower in the pre/post-CT and pre-CT groups (63.5% and
61.5%, respectively) compared with the placebo group (75.4%), with a difference in proportions of 11.9 (CI: 27.9, 3.9) between the pre/post-CT and placebo groups and 15.5 (CI: 31.9, 0.9) between the pre-CT and placebo groups.
Mild opioids were used by similar numbers of subjects in each treatment group (17.5% in the placebo group, 15.7% in the pre/post-CT group and 14.7% in the pre-CT group).
More subjects used TPN during the study in the pre/post-CT group than the placebo group (60.9% versus 40.4%) with a mean difference of 20.6% (CI: 2.7,
38.4) and the duration of use of TPN was notably longer in the pre/post-CT group when compared with placebo (mean difference of 3.86 days [CI: 0.88, 6.83
days]). No major difference in the use of TPN and duration of use of TPN was observed.
Mean duration of hospitalization was 23 days in all treatment groups.
More subjects in the pre/post-CT group than in placebo group were reported with significant infections (51.3% versus 26.5%), with a mean difference of
24.1 (CI: 7.0, 41.2). In the pre-CT group, the incidence of significant infections was 38.5%, with a mean difference in proportions between the pre-CT and placebo group of 11.9 (CI: -5.4, 29.2).
The median time to ANC recovery of > 0.5 x 109/L was 11 days in all treatment groups.
No major differences in the mean AUC for the different patient-reported MTS limitations scores were observed between the palifermin treatment groups and placebo. The highest (worst) mean AUC were observed for eating and drinking. Likewise, no major differences in EQ 5D health utility score were observed during the study for the comparison between pre/post-CT and pre-CT groups and placebo.





Exploratory Endpoints: Creatinine clearance was found to statistically significantly increase the severity of OM, however, the magnitude of the effect was too small to have any clinical impact (odds ratio 1.16 [CI: 1.02, 1.33]).
The majority of subjects (up to 77%) used blood products during the study, with no major differences between placebo and the palifermin treatment groups. Platelets and packed RBCs were used in the greatest volume. Higher volumes were used for subjects overall in the pre/post-CT group than in the placebo group. The pre-CT group use of blood products by volume was similar to the placebo group except for the use of platelets, which were used in higher volumes.

Safety Results:	Over 98% of subjects in all treatment groups were reported with an AE during the study. Adverse events were most commonly reported in the gastrointestinal disorders System Organ Class (SOC) (over 90%) and general disorders and administration site conditions SOC (over 65%), with no notable differences in AE incidence between treatment groups. The pre/post-CT group was associated with more AEs than the placebo and pre-CT groups in the skin and subcutaneous disorders (approximately 75% versus 46% and 45%, respectively) and nervous system disorders SOCs (approximately 40% versus 26% and 29%, respectively).
More skin-related AEs were reported in the pre/post-CT group than the pre-CT or placebo groups (78.0% versus 52.3% and 45.6%, respectively), but the majority
of these were considered to be Grade < 3 in severity. More oral-related AEs were reported in the pre/post-CT and pre-CT groups than in the placebo group (27.5%,
27.9%, and 12.3%, respectively). Notably, more subjects reported AEs in the infections and infestations SOC in the pre/post-CT and pre-CT palifermin groups than the placebo group (49.5% and 46.8% versus 24.6%).
Adverse events that were considered to be related to treatment with IP were most commonly reported for rash, erythema, and peripheral edema. Treatment-related AEs were reported in more subjects in the pre/post-CT group than the placebo and pre-CT groups (71.6% versus 29.8% and 56.8%).
In order to distinguish adverse effects of the IP from those caused by the melphalan conditioning the subjects had during the study, AEs were separated into those reported prior to and after the administration of high dose melphalan. Prior to administration of high dose melphalan, AEs were most frequently
reported in the skin and subcutaneous tissue disorders SOC (12.3% in the placebo group, 32.1% in the pre/post-CT group, and 32.4% in the pre-CT group) and the gastrointestinal disorders SOC (7.0%, 28.4%, and 27.0%, respectively). The most commonly reported AEs were rash (5 subjects [8.8%] in the placebo group,
16 subjects [14.7%] in the pre/post-CT group, and 15 subjects [13.5%] in the
pre-CT group), erythema (1 subject [1.8%], 11 subjects [10.1%], and 16 subjects
[14.4%], respectively), and nausea (1 subject [1.8%], 9 subjects [8.3%], and
9 subjects [8.1%], respectively). No other AEs were reported in ≥ 5% of subjects.




After administration of high dose melphalan, AEs were most frequently reported in the gastrointestinal disorders SOC. Nausea, diarrhea, and pyrexia were the most commonly reported Preferred Terms, the incidence of which was similar across all 3 treatment groups. Rash was reported in more subjects in the
pre/post-CT group than the placebo and pre-CT groups (37.6%, 21.1%, and
21.6%, respectively). The majority of Grade 3 AEs and all but one Grade 4 AEs were reported after the administration of high dose melphalan. The majority of SAEs were reported after the administration of high dose melphalan and, except for rash and pneumonia (each reported by 2 subjects), each event was not experienced by more than 1 subject.
Clinically significant changes in platelets, white blood cell (WBC) count and ANC values were observed during the study, most of which were reported as Grade 4 toxicities. These were more likely due to the melphalan conditioning rather than the IP. No clinically significant changes were observed for other hematology parameters and no notable differences between treatment groups were identified.
Minor variations in clinical chemistry parameters were observed over time and from baseline, but these were not clinically significant. No Grade 3 or 4 toxicities were reported for these parameters and the majority of subjects (> 70%) did not have any changes in toxicity Grade during the study. No notable differences between treatment groups were identified.
Few subjects withdrew from the study (3.2%) or discontinued IP due to an AE (6.5%) with no notable differences between treatment groups.


RESULTS: CATARACT ASSESSMENT
Efficacy Results:	The cataract evaluations were not powered to allow formal statistical comparison, and therefore, are descriptive in nature.

Primary Endpoint: For the primary cataract endpoint of incidence of cataract development or cataract progression at Month 12, there was a greater proportion of subjects that experienced cataract development in the palifermin group (25/52) compared with the placebo group (4/14) (difference of 17.4 [95% CI: -11.1,
46.0]). Results similar to the primary analysis were observed for the following populations: secondary cataract subset, study eye subset: left eye, study eye subset:  right eye, left eye subset, right eye subset, and primary subset excluding subjects with assessments outside the schedule time window.

Secondary Endpoints: The number of subjects included in the 6-month evaluations was 53 and 17 in the palifermin and placebo groups, respectively and in the 12- month evaluations was 52 and 14 subjects, respectively.





	Difference in Incidence of Increase ≥ 0.3 on
LOCS III Scale
	Difference
Palifermin-Placebo (95% CI)

	Cataract development of progression, 6 months
	5.9 (-21.7, 33.4)

	Posterior subcapsular cataract, 6 months
	10.0 (1.5, 18.5)

	Posterior subcapsular cataract, Pre only 6 months
	11.5 (-1.2, 24.2)

	Posterior subcapsular cataract, Pre and Post, 6 months
	8.3 (-3.2, 19.8)

	Posterior subcapsular cataract, 12 months
	14.9 (-3.3, 33.1)

	Cortical cataract, 6 months
	0.4 (-21.7, 22.5)

	Cortical cataract, 12 months
	7.9 (-13.7, 29.5)

	Nuclear opalescence, 6 months
	16.3 (-7.0, 39.6)

	Nuclear opalescence, 6 months
	9.4 (-18.9, 37.8)

	BCVA, 6 months*
	-3.7 (-21.6, 14.3)

	BCVA, 12 months*
	6.0 (-0.7, 12.6)

	*  Incidence of decrease  ≥ 10 letters on the EDTRS chart



Post-hoc: A post-hoc analysis using imputation of missing data was performed and presented below.





Incidence  of Cataract Development or

Palifermin	Placebo

Progression at Month 6	N=57	N=19

All                                                                           23 /57 (40%)                 6/19 (32%) Age < 65                                                             16/44 (36%)                 6/18 (33%) Age ≥ 65                                                              7/13 (54%)                    0/1 (0%)
Incidence  of Cataract Development or
Progression at Month 12	N=54	N=17

All                                                                           27/54 (50%)                 7/17 (41%) Age < 65                                                             19/42 (45%)                 7/17 (41%) Age ≥ 65                                                              8/12 (67%)                         0/0




Exploratory: No decreases from baseline in mean BCVA were noted at Month 6 or Month 12 in any of the treatment groups.
In a univariate model, no association between cataract development or progression and treatment with palifermin at Month 12 (odds ratio 2.134 [95% CI: 0.595, 7.651]).
In a multivariate model, no association was identified between treatment with palifermin and the incidence of cataracts at Month 12 (odds ratio 2.069 [95% CI:
0.534, 8.013]) or between age and the incidence of cataracts at Month 12 (odds
ratio 1.045 [95% CI: 0.987, 1.107]).

Safety Results:	A lower proportion of subjects in the palifermin group (10.1%) compared with the placebo group (18.2%) reported AEs due to eye-related procedures at Screening and during the follow-up period. There were no notable differences between treatment groups in individual AEs due to eye-related procedures at Screening and during the follow-up period.
A lower proportion of subjects in the palifermin group (6.3%) compared with the placebo group (18.2%) took other concomitant medications due to eye-related procedures during the follow-up period. There were no notable differences between treatment groups in the individual other concomitant medications taken by subjects due to eye-related procedures during the follow-up period.
Seven subjects (7/101 [6.9%]) discontinued IP during the acute phase of the study due to AEs; however, none of these AEs were related to cataract progression or development or due to eye-related procedures.

RESULTS: LONG-TERM FOLLOW-UP PHASE
Long-Term Safety Results:	The following was observed:
	At Day 60 to 100 for palifermin and placebo groups, respectively,
41 subjects (18.6%) and 11 subjects (19.3%) were recorded with
complete response (CR), 55 subjects (25.0%) and 15 subjects (26.3%) with partial response (PR), 0 subjects (0.0%) and 1 subject (1.8%) with minimal response (MR), 2 subjects (0.9%) and 0 subjects (0.0%) with no change (NC), 4 subjects (1.8%) and 0 subjects (0.0%) with progressive disease (PD), 0 subjects (0.0%) and 0 subjects (0.0%) with relapse (RL), and 116 subjects (52.7%) and 30 subjects (52.6%) with missing data in
the subject status module/disease response module;
	At the last long-term follow-up visit in the palifermin and placebo groups, respectively, 131 subjects (59.5%) and 38 subjects (66.7%) were alive (overall survival), 56 subjects (25.5%) and 10 subjects (17.5%) had died, 27 subjects (12.3%) and 9 subjects (15.8%) were lost to follow-up,
1 subject (0.5%) and 0 subjects (0.0%) withdrew consent, and 3 subjects
(1.4%) and 0 subjects (0.0%) were unknown;




	From the end of the acute phase to the end of follow-up in the palifermin and placebo groups, respectively, death was recorded for 56 subjects (25.5%) and 10 subjects (17.5%), disease progression was recorded for
116 subjects (52.7%) and 38 subjects (66.7%), and new or secondary malignancies were recorded for 6 subjects (2.7%) and 1 subject (1.8%);
	The median PFS was 15.1 months in the palifermin group (number of events = 125) compared with 18.3 months in the placebo group (number of events = 39). There was no statistically significant difference
(p = 0.236) in the PFS comparing the two groups;
	The median OS was 50.6 months in the palifermin group (number of events = 58), but could not be estimated for the placebo group (number of events = 10). There was no statistically significant difference
(p = 0.192) in the OS comparing the two groups;
	As of end of follow-up, 6 subjects in the palifermin group (2.7%) were reported with new or secondary malignancies, with gastrointestinal tract tumors reported in 2 subjects (0.9%), and male reproductive system tumors, hematological malignancy, respiratory, and Other reported in
1 subject each (0.5% for each). In the placebo group, 1 subject (1.8%)
was reported with a new or secondary malignancy (Other).

PRO results:	The proportion of missing data for the PRO endpoints was very high in all treatment groups; generally highest in the pre/post group and lowest in the placebo group. Since it was decided prior to database lock that subjects with unknown or missing data for an event assessment were considered to have experienced the event for the hypothesis testing, this resulted in a statistically significant difference between the pre/post and the placebo group for some PRO endpoints. The reason for the higher proportion of missing data in the palifermin groups are unknown and the results are therefore difficult to interpret; for instance, the incidence of chronic mouth dryness was somewhat higher in the palifermin treated patients (60, 56,  and 52% in pre-, pre/post versus placebo); however, the proportion of missing data for this endpoint was highest in the pre/post group and lowest in the placebo group, with 26% and 16% missing data, respectively. The other PRO results followed the same pattern.

CONCLUSIONS
Acute phase	In study 200050219, no statistically significant differences were observed between placebo and the palifermin pre-post or pre-only groups for maximum severity of OM (primary efficacy endpoint) in the clinical setting of multiple myeloma subjects receiving high-dose melphalan followed by PBSCT. The pre- only group, however, showed a numerically better result than placebo for the primary and most of the secondary efficacy endpoints.




A likely explanation for these findings was the suboptimal timing of the post-dose palifermin administration applied in the study, with a shorter interval between the pre- and post-dose than in other conditioning regimens. Moreover, the post-dose was administered shortly after the single day high-dose melphalan treatment and before the onset of manifest OM, probably too early to benefit healing.
The safety profile of palifermin was as expected with AEs primarily related to its pharmacological activity, with the exception of infections, which were more frequently reported in subjects receiving palifermin.


Cataract assessment	For the primary cataract endpoint, incidence of cataract development or cataract progression at Month 12, a greater proportion of subjects experienced cataract development in the pooled palifermin group (48%) compared with the placebo group (29%).

The results of the primary analysis were driven mainly by increases from baseline in P and NO scores indicating that development or progression of cortical cataracts was not a factor in the difference observed between the treatment
groups.
Despite the observed difference in incidence of cataract development and progression in the palifermin group, no decreases from baseline in BCVA were noted at Month 6 or Month 12 in any of the treatment groups.
In the post-hoc analysis, where imputation of missing data was performed for the primary endpoint, the difference in incidence in the palifermin group (50%) compared with the placebo group (41%) was smaller, suggesting an imbalance between groups in drop-outs. When comparing the proportion of patients
< 65 years experiencing cataract development or progression, no major difference between the palifermin group (45%) and the placebo group (41%) was observed suggesting that the skewness in age distribution also contributed to the observed difference between the treatment groups.
A lower proportion in the palifermin group compared with the placebo group reported AEs due to eye-related procedures or other concomitant medications taken due to eye-related procedures.
In conclusion, a higher incidence of cataract development and progression (as defined by a ≥ 0.3 unit increase in the LOCS III score for P, C, or NO) in the palifermin-treated subjects was observed in this cataract safety study. However, both the skewness in missing visits between the treatment groups and the imbalances in the age distribution might have influenced the results.

Long-Term Follow-up phase

It was not possible to conclude that there was a difference between the pooled palifermin group and the placebo group for the long term safety data, i.e., overall survival, progression-free survival, and incidence of secondary malignancies.




No conclusions can be drawn regarding the long-term PRO endpoints due to the large proportion of subjects with missing data.
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