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Page numbers: All page numbers in this document refer to the electronic page number from the
digital documents as numbered by Adobe Acrobat.

1. Executive Summary

Rixubis (BAX326) is a lyophilized recombinant human factor IX manufactured in Chinese
hamster ovary (CHO) cells. Rixubis is intended for intravenous administration as a replacement
therapy or prophylaxis for adult patients 16 years or older with hemophilia B, including control
and prevention of bleeding episodes, peri-operative management and routine prophylaxis.

Data from a single combined phase 1/3 study that included subjects on prophylactic and on-
demand treatment as well as subjects undergoing surgery were submitted in support of licensure
for the proposed indications. The clinical development program for Rixubis included a
randomized cross-over comparative PK study with BeneFIX; a non-randomized open-label
treatment phase where subjects received either prophylaxis or on-demand treatment for at least 50
exposure days (ED), and a peri-operative prophylaxis study. A study in pediatric subjects is
ongoing and complete data is not yet available.

A total of 86 subjects were enrolled in one or more study phases and 73 of these subjects were
used for analysis of safety and efficacy in the treatment phase. Overall, Rixubis was effective in
preventing bleeding in hemophilia B subjects with a twice weekly prophylactic dose. The majority
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of subjects were dosed with 40-60 IU/kg twice weekly with a mean annualized bleeding rate of
4.26 in the prophylaxis arm (N=56) and 33.87 in the on-demand arm (N=14).

The adverse event profile of Rixubis was most commonly low-titer binding antibodies to FIX and
/or rFurin (8-18%) of no clinical significance, nasopharyngitis (9%), pharyngitis (5.5%), pyrexia
(4.4%) and arthralgia (4.4%).

Although formation of FIX inhibitors was not observed, non-neutralizing FIX antibodies of low-
titer were seen in 12 subjects at any time-point other than screening and similarly development of
low-titer anti-rFurin antibodies was seen in 16 subjects (N=91 including subjects in continuation
study). These findings were transient in some subjects especially when considering only those
who were positive at the time of data cut-off. At data cut-off, there were 7 subjects positive for
rFurin antibody and no subjects with binding FIX antibody. FIX and rFurin antibodies were
considered of indeterminate specificity by Baxter because they were below the threshold pre-
specified for positivity and within the limits of assay variability. In order to further evaluate the
potential clinical significance of these antibodies and to conduct a root cause analysis of this
finding, a risk analysis assessment addressing potential safety concerns was requested from
Baxter. Healthy subject data provided by Baxter using the same assay in the pivotal study
demonstrated similar reactivity without exposure to the investigational product. Additionally, the
risk assessment analysis showed no associated clinical findings including no adverse events, lack
of therapeutic effect or alterations in pharmacokinetics in study subjects that developed these low-
titer antibodies.

The potential consequences of an immune reaction can range from development of binding
antibodies without any clinical significance to rare but severe life-threatening conditions,
including allergic reactions. The benefit to risk profile for Rixubis remains favorable despite the
low titer non-inhibitory binding antibodies to FIX and rFurin as there was no observed clinical
significance. Postmarketing pharmacovigilence through implementation of a cohort event
monitoring safety and efficacy PMC study is recommended for approval.

Recommendation:
An approval is recommended.

Letter-Ready Comments:

2. Clinical and Regulatory Background

2.1 Disease or Health-Related Condition(s) Studied

Hemophilia B (Christmas disease) is a rare hereditary blood disorder caused by deficiency or
dysfunction of factor IX resulting in bleeding secondary to abnormal clot formation. The
hemophilia B gene is located on the X chromosome with an X-linked recessive inheritance
pattern, affecting 1 in 100,000 male births and rare females.
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2.2 Currently Available, Pharmacologically Unrelated Treatment(s)/Intervention(s) for the
Proposed Indication(s)

Treatments for hemophilia B require replacement with a form of factor IX. Factor IX therapy
includes human plasma products such as fresh-frozen plasma or prothrombin complex
concentrates. Monoclonally purified, recombinant factor IX preparations are now available and are
the mainstay of therapy.

2.3 Safety and Efficacy of Pharmacologically Related Products

The only FDA-approved recombinant factor IX product is BeneFIX, which was approved in 1997.
There are two plasma derived factor IX products approved: Alphanine and Mononine.

2.4 Previous Human Experience with the Product (Including Foreign Experience)

Human subjects were exposed for the first time to this product under the current IND.

2.5 Summary of Pre- and Post-submission Regulatory Activity Related to the Submission

The evidence for safety and efficacy for this product was collected under IND 14488.

3. Significant Efficacy/Safety Issues Related to Other Review Disciplines

3.1 Chemistry, Manufacturing, and Controls

Rixubis is a purified protein that has b(4) amino acids in a b(4) chain. It has a —b(4)----- amino
acid sequence that is comparable to the Alal148 allelic form of plasma—derived factor IX with
-b(4)

. Rixubis is secreted by genetically engineered mammalian cells
derived from a Chinese Hamster Ovary (CHO) cell line. No human or animal materials are
employed during the manufacturing process of Rixubis.

The purification process includes two validated viral inactivation/reduction steps:
solvent/detergent virus inactivation and nanofiltration. The potency (in international units, IU) is
determined using an in vitro one-stage clotting assay against the World Health Organization
(WHO) International Standard for factor IX concentrate. Factor IX potency results for Rixubis can
be affected by the type of aPTT reagent and reference standard used in the assay; differences of up
to 40% have been observed.

The final product is a sterile, nonpyrogenic, preservative-free, lyophilized preparation for
intravenous (IV) injection.

4. Sources of Clinical Data and Other Information Considered in the Review

4.1 BLA/IND Documents that Serve as the Basis for the Clinical Review

Documents pertinent to the review of this submission were provided in this BLA 125446/0.
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4.2 Table of Studies/Clinical Trials
The clinical trial is summarized in the Table below

4.3 Consultations
No consultations were requested by the clinical team.

4.4 Advisory Committee Meeting (if applicable)
N/A

4.5 External Consults/Collaborations
N/A
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6. Discussion of Individual Studies/Clinical Trials

The trial provides data as of the cut-off date of March 27, 2012 on the pivotal study and
March 23, 2012 for the surgery, pediatric and continuation studies. A schematic of the
pivotal trial design is depicted in the figure below.

[Source: BLA 125446/0 Full Clinical Study Report Amendment 3]
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6.1 Trial #1
Pharmacokinetic Study, Rixubis, in Subjects with Hemophilia B

No safety issues were identified in this study.

The pharmacokinetic (PK) results are covered in the review conducted by clinical
pharmacology.

6.1.1 Objectives (Primary, Secondary, etc)

To evaluate the pharmacokinetic parameters for Rixubis in previously treated subjects
with hemophilia B, compare them with Benefix, determine PK equivalence and gather
initial human safety data.

6.1.2 Design Overview

The phase 1 study is a dual arm, randomized, blinded crossover study (Part 1). Rixubis or
BeneFIX were given in randomized order to non-bleeding subjects, separated by at least
5 days but preferably 7 days of washout and up to a maximum of 28 days. Identical single
intravenous doses of 75 = 5 U/kg were administered. The PK study was repeated (Part 3)
in subjects who participated in Part 1 and had accumulated at least 30 EDs to Rixubis
during the treatment phase (Part 2).

Factor IX levels and evidence of prior inhibitor development were gathered prior to
infusion. Clinical and laboratory assessments were analyzed for the presence of safety
signals. These included thrombotic markers (D-dimer, F1+2, and TAT) that were
evaluated pre-infusion and at multiple times post infusion.

6.1.3 Population

Requirements for this study included severe (FIX activity <1%) or moderately severe
(FIX activity 1-2%) deficiency. Subjects also had at least 150 prior exposure days with a
FIX product.

6.1.4 Study Treatments or Agents Mandated by the Protocol

Single 75 U/kg intravenous doses of Rixubis and BeneFIX were administered and
evaluated sequentially. Only 500 IU potency vials from a single lot were used per PK
infusion. No other products were specified by the protocol.

6.1.5 Directions for Use

A single intravenous dose of FIX product was given for each arm. An unblinded
pharmacist or infusionist gave the drug. Other study personnel were blinded. No other
special instructions were used.
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6.1.6 Sites and Centers

The trial was a multi-investigator, multicenter, international study. Sites from Europe
(Bulgaria, Czech Republic, Germany, Poland, Romania, Spain, Sweden, UK, Ukraine),
Russia, South America (Argentina, Brazil, Chile, Colombia) and Japan were included.

6.1.7 Surveillance/Monitoring

The safety of this study was reviewed by an independent data and safety monitoring
board (DSMB), composed of 5 experts in the field of hemophilia clinical care and
research as well as an independent biostatistician who met at least annually at specified
time points for data review including June 8, 2011 for review of PK data. Screening
assessments were provided in Table 21.3 (see below) in amendment 7 of the protocol
document. Physical examinations, medical histories, and concomitant medications were
assessed. Adverse events and vital signs were recorded at each PK time point. The total
duration for PK assessment was 72 hours, with evaluation of thrombogenicity pre- and
post-infusion.

6.1.8 Endpoints and Criteria for Study Success

The pharmacokinetic trial was conducted as a non-inferiority trial comparing Rixubis and
BeneFIX. The primary pharmacokinetic endpoint was area under the plasma
concentration vs. time from 0 to 72 hours. The secondary endpoints were total AUC/dose,
MRT, CL, IR, elimination phase half-life and Vss. Clinical safety was assessed using
descriptive statistics. Other than PK, there is no efficacy component to this part of the
trial.
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6.1.9 Statistical Considerations & Statistical Analysis Plan

The estimated sample size was 27 and 31 subjects were enrolled.

6.1.10 Study Population and Disposition
6.1.10.1 Populations Enrolled/Analyzed

Inclusion criteria included:
1. Severe or moderately severe hemophilia B (factor IX activity <1-2%)
2. Previously treated subjects with a minimum of 150 exposure days to a factor X
preparation

Exclusion criteria included:
1. History of factor IX inhibitor >0.6 Bethesda units
2. Existence of another coagulation disorder

The overall population assessed in the PK portion was 28 subjects. There were three
subjects with major protocol deviations including incorrect lots or potency used that were
excluded.

6.1.10.1.1 Demographics

Average age was 30 years; age range was 18-59 years. Eighty-five percent of the subjects
were Caucasian with remaining subjects of African-American, Japanese, Latin-American,
Mestizo and Arabic descent. All were male.

6.1.10.1.2 Medical/Behavioral Characterization of the Enrolled Population
The two arms had similar average baseline levels of factor IX. The study excluded
subjects with significant concurrent illnesses and subjects receiving drugs such as
chemotherapy, aspirin, or other anticoagulants.

6.1.10.1.3 Subject Disposition
Thirty one subjects were enrolled. All were randomized and 28 completed both study
periods with the 75 1U/kg dose.

6.1.11 Efficacy Analyses

Please refer to the clinical pharmacology memo. No clinical study of efficacy was
performed as part of this segment of the trial.

6.1.11.1 Dropouts and/or Discontinuations

N=3 subjects discontinued from the study before treatment and 2 subjects discontinued
after treatment for reasons including withdrawn consent and lost to follow-up.
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6.1.12 Safety Analyses

6.1.12.1 Methods

Safety of study subjects was monitored in terms of adverse events (AEs),
immunogenicity, viral safety and thrombotic markers. Immunogenicity testing included
total binding antibodies to FIX, inhibitory antibodies to FIX, antibodies to CHO protein
and rFurin. The protocol included pre-specified definitions of adverse reactions including
severity, seriousness, and relatedness. A DSMB monitored the study.

Preinfusion levels of factor IX, inhibitory, and non-inhibitory antibodies were assessed.
Routine laboratory tests were not assessed during the PK part of the study.

6.1.12.2 Overview of Adverse Events

There were no reports of severe allergic reactions, thrombosis or inhibitory antibodies.
Thrombotic markers (D-dimer, F14+2, and TAT) were found to be elevated pre- and post-
infusion in 10 of 28 (36%) subjects exposed to either Rixubis or BeneFIX. The
abnormalities detected did not correlate with infusion time or infused product. The
applicant attributes these findings to sampling technique, handling artifact or recent
bleeding. Clinical review confirms this explanation and does not identify any associated
safety signals. See integrated summary of safety for further details on overall observed
adverse events.

6.1.12.3 Deaths
There were no deaths in subjects who received Rixubis.

6.1.12.4 Nonfatal Serious Adverse Events
Nonfatal serious adverse events were not reported for this phase of the protocol.

6.1.12.5 Adverse Events of Special Interest (AESI)

Events of special interest included thromboses, severe allergic reactions and
immunogenicity. Inhibitor formation was monitored using the —b(4) of
the Bethesda assay titer > 0.6 BU or total binding antibodies with a positive titer of 1:80.

6.1.12.6 Clinical Test Results

None of the subjects developed thromboses, anaphylactic reactions or inhibitor antibodies
to Rixubis.

6.1.12.7 Dropouts and/or Discontinuations

N=3 subjects discontinued from the study before treatment and 2 subjects discontinued
after treatment for reasons including withdrawn consent and lost to follow-up.
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The number of discontinued subjects is within acceptable limits and clinical review of
reasons for discontinuation is consistent with the applicant’s assessment.

6.2 Trial #2
Safety and Efficacy of Rixubis in Subjects with Hemophilia B

6.2.1 Objectives (Primary, Secondary, etc)

The objective of this part of the trial was to evaluate the safety and efficacy of Rixubis in
subjects with hemophilia B. Safety was assessed in terms of acute infusion reactions and
inhibitor formation, while efficacy was determined by breakthrough bleeding during
prophylaxis and on-demand treatments.

The detailed objectives of the trial were as follows:

e To monitor incremental recovery (IR) of Rixubis over time

e To evaluate the hemostatic efficacy of Rixubis in the prevention of acute bleeding
episodes for a period of 6 months

e To evaluate the hemostatic efficacy of Rixubis in the treatment of acute bleeding
episodes

e To evaluate safety in terms of Rixubis related adverse events (AEs), as well as
clinically significant changes in routine laboratory parameters
(hematology/clinical chemistry) and vital signs

e To evaluate immunogenicity for a minimum of 50 exposure days (EDs) with
Rixubis

Exploratory objective:

e To evaluate changes in HR QoL and health resource use

6.2.2 Design Overview

The treatment phase of the trial was an open-label, non-randomized design intended as
the pivotal trial for licensure. Similar to the PK study, a minimum of 150 exposure days
to a factor IX preparation was a pre-enrollment requirement.

The choice of prophylaxis or on-demand treatment was at the discretion of the
investigator and subject. Once enrollment in the prophylactic group was completed,
subjects willing to receive on-demand treatment were recruited. Bleeding episodes in the
prophylaxis group were also treated with Rixubis. Laboratory studies including assays for
inhibitor, anti-rFurin and anti-CHO formation were done prior to initial infusion and at 1,
3 and 6 months. Exploratory endpoints of Health-Related Quality of Life (HRQoL) and
health resource use were also evaluated. HRQoL was assessed using 4 questionnaires
(Haemo-QOL, PedsQL, EQ-5D and VAS Pain Scale) and a total score was calculated for
each subject with higher scores indicating a worse quality of life.
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6.2.3 Population

Requirements for this trial included males aged 12 to 65 years with severe (FIX activity
<1%) or moderately severe (FIX activity 1-2%) hemophilia B. Subjects also had at least
150 prior exposure days with a FIX product. A total of 59 subjects in the prophylactic
cohort and 14 subjects in the on-demand group completed the study.

6.2.4 Study Treatments or Agents Mandated by the Protocol

The planned prophylaxis regimen was an intravenous 50 IU/kg dose of Rixubis twice
weekly for a period of six months or for at least 50 exposure days. Changes in dose and
frequency could be made at the discretion of the investigator according to the PK and
clinical profile of the individual subject with a dose range of 40-60 IU/kg up to a
maximum of 75 IU/kg. Subjects in the on-demand arm were treated with Rixubis until
the last subject of the prophylactic cohort had completed the study.

6.2.5 Directions for Use

The anticipated intravenous doses for prophylaxis were 50-75 IU/kg. On-demand
treatment regimens were based on the BeneFIX Summary of Product Characteristics
(SPC) with a dose ranging from 20-100 [U/kg. No special directions were needed.

6.2.6 Sites and Centers

The trial was a multi-investigator, multicenter, international study. Sites from Europe
(Bulgaria, Czech republic, Germany, Poland, Romania, Spain, Sweden, UK, Ukraine),
Russia, South America (Argentina, Brazil, Chile, Colombia) and Japan were included.

6.2.7 Surveillance/Monitoring

The safety of this study was reviewed by an independent data and safety monitoring
board (DSMB), composed of 5 experts in the field of hemophilia clinical care and
research as well as an independent biostatistician who met at least annually at specified
time points for data review including November 2011 and May 2012. Screening
assessments were provided in Table 21.3 (see section 6.1.7 BLA Memo). Physical
examinations, medical histories, and concomitant medications were assessed. Adverse
events were recorded in subject diaries and reviewed along with vital signs at each visit.

6.2.8 Endpoints and Criteria for Study Success

Efficacy endpoints included control of spontaneous bleeding in the prophylaxis arm and
treatment of hemorrhagic bleeding episodes in both prophylaxis and on-demand settings.
Safety was determined by reporting of adverse events by subjects and investigators.
Subjects recorded adverse events in their diaries and were questioned at the scheduled
evaluations.

Page 18



Clinical Reviewer: Stephanie O. Omokaro
STN: 125446/0

6.2.9 Statistical Considerations & Statistical Analysis Plan

Statistical plans for safety and efficacy were limited to descriptive statistics and
examination by the reviewer. Annualized bleeding rates were calculated. Sample size
calculations were presented in section 9.7.2 of final clinical study report. The planned
sample size for the treatment study phase was up to 60 subjects on prophylaxis and up to
20 subjects using an on-demand schedule.

6.2.10. Results
6.2.10.1 Populations Enrolled/Analyzed

Inclusion criteria included:

1. Severe or moderately severe hemophilia B (factor IX activity <1-2%)

2. If the subject is to receive prophylactic treatment, the subject is willing to receive
prophylactic treatment over a period of 6 months

3. [If'the subject is to receive on demand treatment, the subject has > 12 documented
bleeding episodes requiring treatment within 12 months prior to enrollment and is
willing to receive on-demand treatment for the duration of participation in this
study

4. Previously treated subjects with a minimum of 150 exposure days to a factor X
preparation

Exclusion criteria included:
5. History of factor IX inhibitor >0.6 Bethesda units
6. Existence of another coagulation disorder

A total of 86 subjects were enrolled, including 59 subjects who enrolled in the
prophylaxis arm and 14 in the on-demand schedule. Treatment phase analyses included
all subjects who received at least one dose of Rixubis.

6.2.10.1.1 Demographics
Overall median age was 33 years with an age range of 12-59 years and three pediatric
subjects aged 12, 13, and 15 years. All subjects were male and 85% were Caucasian.

6.2.10.1.2 Medical/Behavioral Characterization of the Enrolled Population

The 59 subjects on a prophylaxis regimen achieved a mean compliance of 90%.
Compliance ranged from 89% to 99%, with the former result in subjects who experienced
bleeds during prophylaxis.
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6.2.10.1.3 Subject Disposition
Eighty-six subjects were enrolled. The full analysis set (FAS) was comprised of 73
subjects (N=14 on-demand and N=59 on prophylaxis).

6.2.11 Efficacy Analyses

6.2.11.1 Analyses of Primary Endpoint(s)

Rixubis is effective in preventing bleeding in hemophilia B subjects. All prophylactic
subjects were dosed at a median dose of 50.49 [U/kg twice weekly at a median treatment
duration of 6.03 months. The mean annualized bleeding rate of 4.26 (See Table 7) in the
prophylaxis arm (N=59) was 75% lower than the mean historical on-demand rate of
16.92. Of the 56 subjects on prophylaxis for at least 3 months duration, 48 had
arthropathy at screening and a mean ABR of 3.16 compared to 1.02 in the remaining
subjects who had no arthropathy. Whereas in the on-demand arm (N=14), the mean
annual bleed rate was 38% greater than the mean historical on-demand rate of 24.50. This
increased difference may be attributed to greater disease severity in subjects within the
study. A comparison between both the prophylactic and on-demand cohorts was not done
due to underlying baseline differences. Nonetheless, the results remain consistent with
improvement in the bleeding frequency with prophylactic treatment. Rixubis is effective
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in reducing bleeding compared to on-demand use when administered as routine
prophylaxis in adult subjects 16 years or older with hemophilia B.

There were 134 bleeds recorded for on-demand subjects and 115 bleeds for subjects on
prophylaxis totaling 249 bleeds during the study. By site and causality for all bleeds, 79%
were joint bleeds, 21% were non-joint, 52% were spontaneous, 36% traumatic and 12%
were of unknown cause. Sixty-one percent of all bleeds required one infusion, 23% were
treated with 2 infusions and 16% required more than 3 infusions. Of all 59 subjects on
prophylaxis, 44% experienced no bleeds.

[Adapted from Rixubis Package Insert]

For each bleeding episode, subjects were asked to rate the efficacy of Rixubis on a four
point scale of excellent to poor. Two percent of the bleeding episodes were reported as
not rated for efficacy. Of those that were reported, 41% were rated as excellent, 55% as
good, and 2% as fair. The mean total dose per bleed was 83.83 + 58.82 [U/kg (median:
62.29 TU/kg, range: 25.5-372.1 IU/kg). There were 3 subjects who were treated with
more than 300 IU/kg but review of case reports detailed that dose corresponded to type of
bleed and severity and did not reveal safety concerns.
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6.2.11.2 Analyses of Secondary Endpoints

No significant differences in the HR QoL were observed in on-demand subjects between
baseline and follow-up. In subjects on prophylaxis, statistically significant improvements
between baseline and follow-up were seen only for the physical component score, bodily
pain score and role physical domains of the SF-36 as well as the EQ-5D VAS score.
Overall for all subjects, HR QoL did not show a marked improvement and was
considered underpowered and exploratory.

6.2.11.3 Subpopulation Analyses

Data for pediatric subjects is not available but a pediatric study is ongoing with 16
subjects <12 years currently enrolled. A deferral is requested and a pediatric indication
will not be requested until pharmacokinetic data from at least 20 pediatric subjects is
available.

6.2.11.4 Dropouts and/or Discontinuations

N=3 subjects discontinued from the study before treatment and 2 subjects discontinued
after treatment for reasons including withdrawn consent and lost to follow-up.

The number of discontinued subjects is within acceptable limits and detailed review of
reasons for discontinuation is consistent with the applicant’s assessment.

6.2.12 Safety Analyses

6.2.12.1 Methods

Safety of study subjects was monitored in terms of adverse events (AEs),
immunogenicity, history and physical examination, laboratory measurements,
assessments of bleeding and viral safety. Although bleeding was monitored and
considered an efficacy outcome, subjects were monitored for development of inhibitors
that might predispose to bleeding. Immunogenicity testing by ELISA included total
binding antibodies to FIX, inhibitory antibodies to FIX, antibodies to CHO protein and
rFurin. The protocol included pre-specified definitions of adverse reactions including
severity, seriousness, and relatedness. A DSMB monitored the study.

Preinfusion baseline levels of factor IX, inhibitory, and non-inhibitory antibodies were
also assessed.

6.2.12.2 Overview of Adverse Events

Overall, there were 90 adverse events throughout the pivotal study and 3 non-serious
related AEs (1 case of transient pain in hand of unknown causality considered related by
default, and 2 cases of transient dysgeusia in 1 subject). There were no deaths as well as
no cases of nephrotic syndrome, inhibitors, or anaphylaxis.

There were no patterns of increased consumption or other patterns suggestive of inhibitor
formation. Formation of binding antibodies against FIX (non-neutralizing) and rFurin
proteins is discussed in section 6.2.12.5.
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There were 37 subjects (51%) of the FAS population that experienced an adverse event
during the study but no treatment-emergent adverse events (TEAE) were observed within
24 hours after infusion. The most frequently occurring events were low-titer binding
antibodies to FIX and /or rFurin (8-18%), nasopharyngitis (9%), pharyngitis (5.5%),
pyrexia (4.4%) and arthralgia (4.4%). Causality of the majority of adverse events by
Rixubis did not seem plausible during the clinical review given the common occurrence
in the general population.

In the integrated safety analysis, there were 161 AEs reported. Of these, 6 were SAEs
(duodenal ulcer hemorrhage, intestinal obstruction, cervical vertebral fracture, traumatic
hematoma, convulsion and hepatitis B core antibody positive) that were unlikely related
to Rixubis based on review of case reports.

[Source: p. 32, Integrated Analysis of Safety, BLA 125446/0]

6.2.12.3 Deaths
No deaths occurred in this population.

6.2.12.4 Nonfatal Serious Adverse Events

There were 6 SAEs reported and none were considered related to treatment. There were
no patterns suggestive of inhibitor formation. The SAEs included duodenal ulcer
hemorrhage, intestinal obstruction, cervical vertebral fracture, traumatic hematoma,
convulsion and hepatitis B core antibody positive and are unlikely to be caused by
Rixubis.

6.2.12.5 Common Adverse Events

Approximately 51% of subjects experienced at least one adverse event. The most
common adverse reaction were low-titer binding antibodies to FIX and /or rFurin (8-
18%), nasopharyngitis (9%), pharyngitis (5.5%), pyrexia (4.4%) and arthralgia (4.4%).

6.2.12.6 Adverse Events of Special Interest (AESI)

Events of special interest included thromboses, hemolysis, transmitted infections, and
immunogenicity. No case of confirmed inhibitor, thrombosis or hemolysis was detected.

Seventeen out of 91 subjects in the entire trial including the continuation study developed
binding antibodies against FIX and/or rFurin of indeterminate specificity (1:20 and 1:40
titers) on at least one time-point during the study. No clinically relevant abnormalities
were reported in these subjects. A written information request was made to Baxter
regarding a comprehensive risk assessment analysis on the formation of these antibodies.
The antibody formation was considered indeterminate as confirmatory assay was
negative in all but 2 subjects.
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Throughout all 4 studies (pivotal, surgery, pediatric and continuation), 91 subjects had
been treated with Rixubis as of 09/03/2012. A validated screening and confirmatory
ELISA assay was used to detect antibodies against CHO, FIX and rFurin. No anti-CHO
antibodies were detected during the study. Sixteen subjects were positive for rFurin at
one or more time points during the study. Four of these subjects had rFurin antibodies
present at screening and of these, one subject was positive both before and after Rixubis
treatment. Additionally, there was 1 subject who developed rFurin antibody after
treatment with Benefix but prior to Rixubis during the PK study. Overall, a total of 7
subjects had low titer rFurin antibodies detected after screening and after treatment with
Rixubis. Only two subjects reached the lower limit of 1:80 for the confirmatory assay, the
remainder of the subjects were negative for rFurin antibody by default using the
confirmatory assay since their titers were too low for the assay to be done.

Binding antibodies to FIX were detected in 12 subjects at one or more time points during
the study but none were neutralizing. None of the subjects were positive for binding
antibodies to FIX at the time of data cut-off. Six subjects had simultaneous positivity for
rFurin and FIX at one point during the study but in-depth review of these subjects
showed no associated clinical abnormalities.

All but 2 subjects with rFurin and/or FIX binding antibodies were still receiving
treatment with Rixubis as of the data cut-off date in either the continuation or pediatric
study without clinical sequelae. The applicant’s conclusion that low-titer antibodies
(1:80) and indeterminate antibodies (1:20 and 1:40) had no impact on safety and efficacy,
no temporal association with adverse events and no impact on pharmacokinietic
parameters is well supported by the data and risk assessment analysis.

6.2.12.7 Clinical Test Results

Aside from the antibodies of low-titer and indeterminate specificity to FIX and rFurin,
there were no patterns of clinically significant laboratory abnormalities that could be
ascribed to Rixubis. Similarly, no patterns of abnormal vital signs or physical
examination findings were noted.

None of the subjects displayed significant hypereosinophilia. IgE levels were not
assessed during the study or determined for any of the antibody positive subjects.

6.3 Trial #3

Name of trial: Safety and Efficacy of Rixubis in Subjects with Hemophilia B
Undergoing Surgical or Other Invasive Procedures

6.3.1 Objectives (Primary, Secondary, etc)

The objective of the surgery substudy was to evaluate the safety and efficacy of Rixubis
in the peri- and post-operative setting in subjects with severe or moderately severe (factor
IX activity <1-2%) hemophilia B undergoing major or minor elective and emergency
surgical, dental or other invasive procedures.
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The specific study objectives are as follows:

e To determine the actual intra- and post-operative blood loss at the end of surgery
and until drain removal, if applicable, compared to the estimated volume of
expected average and maximum blood loss as predicted post-operatively by the
operating surgeon

e To determine the intra- and post-operative hemostatic efficacy at the end of the

surgery, at the time of drain removal, if applicable, or at post-operative day 3
(approximately 72 hour post-operatively) in case of major surgery and no drain
employed, and at the time of discharge from the hospital on a scale of
“excellent”, “good”, “fair” and “none”.

To calculate the daily and total weight-adjusted dose of Rixubis per subject

To record the number of units and amount (in mL) of blood product transfused
To record the development of inhibitory and total binding antibodies to FIX
To determine AEs related to Rixubis

To determine the occurrence of thrombotic events

6.3.2 Design Overview

The surgery study is an ongoing phase 3, prospective, open-label, uncontrolled,
multicenter trial intended to evaluate the hemostatic efficacy and safety of Rixubis in 30
subjects with severe or moderately severe hemophilia B undergoing major or minor
surgical, dental or other invasive procedures. Subjects were allowed to participate in the
surgery study only or could transfer between the treatment arms as desired.

6.3.3 Population

Many complications of hemophilia require surgical intervention including chronic
destructive arthropathy or acute intracranial hemorrhage. Control of bleeding during and
after surgery is an important determinant of surgical morbidity in this population.

6.3.4 Study Treatments or Agents Mandated by the Protocol

Exact dosing regimens were tailored for each patient based on serial measurement of
factor IX levels. The treatment regimen was determined by the type of surgery, the
intensity and duration of the hemostatic challenge, and consistent with the study site’s
standards of care for surgical management of hemophilia B subjects.

6.3.5 Directions for Use

Doses of Rixubis were administered such that factor IX levels were 30-60% for minor
surgeries and 80-100% of normal for major surgeries.

6.3.6 Sites and Centers

The trial was a multi-investigator, multicenter, international study (Bulgaria, Poland,
Russia and Ukraine).

Page 25



Clinical Reviewer: Stephanie O. Omokaro
STN: 125446/0

6.3.7 Surveillance/Monitoring

Efficacy and safety assessments were done as outlined in tables 20.3-1 and 20.4-1 below
from the amended protocol dated 10/11/2011. Factor IX levels were determined before
and after infusion. Study duration ranged from 4-93 days. Inhibitory and non-inhibitory
antibodies to factor IX were assessed at end of study visit or sooner if clinically indicated.

6.3.8 Endpoints and Criteria for Study Success

Criteria for efficacy success were determined by the surgeons’ assessment of hemostatic
control during and after the operation based on a 4-point rating scale from excellent to
poor. Separate assessments for peri- and post-operative hemostasis were made. Safety
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was determined from reports of adverse events by subjects and investigators. Adverse
events which occurred during the perioperative hospitalization were also included.

6.3.9 Statistical Considerations & Statistical Analysis Plan

Statistical plans for efficacy were limited to descriptive statistics including median,
range, frequency counts, proportions and examination by the reviewer. A sample size of
at least 30 elective or emergency surgical, dental or other invasive procedures in 30
subjects was planned. At least 10 of the procedures had to be major surgeries in 10
unique subjects.

6.3.10. Results

6.3.10.1 Populations Enrolled/Analyzed

Fourteen surgeries in 14 subjects were included in the interim analysis surgery study
report. All subjects enrolled were analyzed. Other than surgery, the inclusion and
exclusion criteria were similar to the treatment protocols. Figure 10.1-1 below details the
population enrolled and analyzed.

[Source: BLA 125446/0 Full Clinical Study Report Amendment 3]

The major procedures performed included 7 orthopedic, 2 abdominal, 1 dental surgery
and 1 excision of neurofibroma. The minor surgeries were 2 dental procedures and 1
intraarticular infusion.

6.3.10.1.1 Demographics
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The demographics are presented in Table 11-1 in the surgery study report. The cohort
consisted of 14 Caucasian males; ranging in age from19-54 years.

6.3.11 Efficacy Analyses

6.3.11.1 Analyses of Primary Endpoint(s)

The efficacy of Rixubis to control bleeding during surgery was evaluated according to the
surgeon’s assessment of the: a) estimated blood loss intra-operatively, b) post-operative
blood loss, ¢) hemostatic efficacy intra-operatively and d) hemostatic efficacy post-
operatively.

Surgery phase analyses included 14 subjects who underwent 11 major surgeries and 3
minor. The types of procedures are listed below in Table 9 adapted from the package
insert along with the assessment of hemostatic response to Rixubis. Perioperative factor
IX replacement was by bolus infusion. Continuous infusion was not evaluated.

Subjects who had major surgery received bolus infusions at an initial pre-surgery dose of
134-296 1U/kg with subsequent dosing ranging from 20-237 [U/kg. The mean
incremental recovery at 30 minutes was 1.06. Factor IX activity levels ranged generally
between 65-136% at 15 minutes post bolus infusion.

Hemostasis control and blood loss were considered excellent or good in all procedures
and acceptable factor IX levels were achieved in the peri-, intra-, and post-operative
periods with transfusion support required in 4 subjects who underwent orthopedic surgery
and had a mean post-operative blood loss of 704 mL expected for this type of surgery.
The mean volume transfused post-operatively was 575 mL.
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6.3.12 Safety Analyses

6.3.12.1 Methods

Screening and perioperative assessments are provided in amendment 1 of the study
protocol in Figure 20.2-1 and Table 20.3-1. The quality of life assessments were not done
for this subset. Safety assessments included reports of adverse events by investigators and
subjects.

6.3.12.2 Overview of Adverse Events (AES)

The adverse events were presented in Tables 24, 26 and 27 of the interim clinical study
report 251002. In the 14 subjects analyzed, there were no inhibitors to FIX or total
binding antibodies, no severe allergic reactions, thrombotic events or deaths. Fourteen
adverse events reported as non-serious included pyrexia, procedural pain, arthralgia, and
increased ALT in a subject with pre-existing chronic hepatitis B and C. There were no
serious adverse events reported.

6.3.12.3 Deaths
There were no deaths in the surgery clinical trial 251002.

6.3.12.4 Nonfatal Serious Adverse Events
None.

6.3.12.5 Adverse Events of Special Interest (AESI)

Events of special interest included thromboses, hemolysis, transmitted infections, and
immunogenicity. No AESI occurred during the perioperative surgery substudy.

7. Integrated Overview of Efficacy

7.1 Methods of Integration

A total of 86 subjects were enrolled in one or more study phases and 73 of these subjects
were used for analysis of safety and efficacy in the treatment phase. Overall, Rixubis is
effective in preventing bleeding in hemophilia B subjects.

7.2 Demographics and Baseline Characteristics

The baseline characteristics of the substudy populations are sufficiently alike that pooling
data for safety is reasonable. The efficacy targets for each substudy are all different and
are therefore best evaluated separately.
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7.3 Efficacy Conclusions
Rixubis is effective in adults for control and prevention of bleeding, routine prophylaxis
and peri-operative prophylaxis.

8. Integrated Overview of Safety

8.1 Safety Assessment Methods

The population undergoing integrated analysis of safety is the population from three of
the substudies of the Rixubis development program.

The safety issues of interest were adverse events in general, thrombogenicity, inhibitors,
and formation of low-titer binding antibodies to FIX and rFurin. The integrated safety
population includes all subjects in all phases. Since all safety assessments were
descriptive, no additional methods were required to pool them together.

8.2 Safety Database

8.2.1 Studies/Clinical Trials Used to Evaluate Safety

Four substudies (PK, treatment, surgery, continuation) were used to evaluate safety.

8.2.2 Overall Exposure, Demographics of Pooled Safety Populations

Study enrollment closed in May 2011. As of September 2012, 91 subjects had received at
least 1 infusion of Rixubis with 6 subjects < 6 years of age, 10 subjects 6-12 years of age

and 3 adolescents (12-<16 years of age). The remaining 72 subjects were adults (16 years
of age and older). The median number of exposure days per subject was 83 with a median
study duration of 13 months.

8.3 Caveats Introduced by Pooling of Data Across Studies/Clinical Trials

Based upon similarities in the subpopulation patient characteristics, it is reasonable to
pool the data together as the applicant has done.

8.4 Safety Results

A total of 161 adverse events were reported in 48 of the 91 subjects. Of these, 6 were
SAESs (duodenal ulcer hemorrhage, intestinal obstruction, cervical vertebral fracture,
traumatic hematoma, convulsion and hepatitis B core antibody positive) that were
unlikely related to Rixubis based on review of case reports. The majority of the non-
serious AEs were related to mild infections, gastrointestinal disease, arthralgia and low-
titer binding antibodies to FIX and/or rFurin.

8.4.1 Deaths

There were no fatalities in this trial.
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8.4.2 Nonfatal Serious Adverse Events

There were 6 SAEs (duodenal ulcer hemorrhage, intestinal obstruction, cervical vertebral
fracture, traumatic hematoma, convulsion and hepatitis B core antibody positive) that
were unlikely related to Rixubis based on detailed review of case reports.

8.4.3 Study Dropouts/Discontinuations

Two subjects were withdrawn from the study for emergent treatment of SAEs (road
traffic accident and intestinal surgery).

8.4.4 Common Adverse Events

The summary table of adverse reactions below is adapted from the Rixubis package

insert.

Summary Table of Adverse Reactions

indeterminate specificity **

Number Percent
Number of
System Organ Class (SOC) Events of ARs Subjects | per
- nfusion
Q) N=91"1 N=7353
n (%)
Infections and Infestations Bronchitis 1 1(1.1%) 0.01%
Gastroenteritis 2 2 (2.2%) 0.03%
Influenza 1 1 (1.1%) 0.01%
Nasopharyngitis 2 2 (2.2%) 0.03%
Pharyngitis 3 3 (3.3%) 0.04%
Rhinitis 1 1(1.1%) 0.01%
Super infection bacterial 1 1(1.1%) 0.01%
Upper respiratory tract infection 1 1(1.1%) 0.01%
Nervous System Disorders Convulsion 1 1 (1.1%) 0.01%
Dysgeusia 2 1 (1.1%) 0.03%
Headache 2 2 (2.2%) 0.03%
Vascular Disorders Hypertension 1 1 (1.1%) 0.01%
Gastrointestinal Disorders Constipation 1 1 (1.1%) 0.01%
Diarrhea 4 2 (2.2%) 0.05%
Dyspepsia 1 1(1.1%) 0.01%
Gingivitis 1 1(1.1%) 0.01%
Musculoskeletal and Arthralgia 1 1(1.1%) 0.01%
Connective Tissue Arthropathy 1 1(1.1%) 0.01%
Disorders Bone Pain 1 1(1.1%) 0.01%
Pain in extremity 2 1(1.1%) 0.03%
General Disorders and Malaise 2 1(1.1%) 0.03%
Administration Site P - 3 . )
Conditions yrexia 3(3.3%) 0.04%
Investigations rFurin antibody test positive* 1 1(1.1%) 0.01%
Increased blood pressure 1 1 (1.1%) 0.01%
FIX or rFurin antibodies of 9 7 (7.7%) 0.12%

8.4.5 Clinical Test Results

No safety signals were seen in the routine laboratory results, physical examinations, or

vital signs. The results of immunogenicity studies are provided in section 8.5.
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8.4.6 Adverse Events of Special Interest

Events of special interest included thromboses, hemolysis, transmitted infections, and
immunogenicity. No episodes of thrombosis, hemolysis, or product-transmitted infection
occurred during any part of the trial.

8.5 Additional Safety Evaluations

8.5.1 Immunogenicity (Safety)

There was no pattern of increased consumption of product, the absence of which is
evidence against clinically significant immunogenicity mediated by neutralizing antibody
against the therapeutic protein.

Although formation of FIX inhibitors was not observed, non-neutralizing FIX antibodies
of low-titer were seen in 12 subjects on at least one time-point other than screening and
similarly development of low-titer anti-rFurin antibodies was seen in 16 subjects (N=91
including subjects in continuation study). Some of these findings were transient and when
considering only subjects who were positive at the time of data cut-off, there were 7
subjects with rFurin antibodies and none with binding FIX. FIX or rFurin antibodies were
considered indeterminate specificity by Baxter because they were below the threshold
pre-specified for positivity and within the limits of assay variability. Two subjects
reached the threshold for positivity at a titer of 1:80 for rFurin antibody but positivity was
transient in one subject and there were no associated adverse events in either.

In order to further evaluate the potential clinical significance of binding antibodies to FIX
and/or rFurin and to conduct a root cause analysis of these findings, a risk analysis
assessment addressing potential safety concerns was requested from the applicant. In
response, Baxter provided data from 500 healthy subjects from 5 different geographies in
Austria who were screened for the prevalence of rFurin antibodies using the same assay
in the pivotal study. Forty-one healthy subjects were found to be reactive (8.2%) without
prior exposure to the investigational product. Of these, 7% had titers of 1:20 or 1:40 and
1.2% had higher titers ranging from 1:80 to 1:320. A review of the literature was also
provided describing the historical knowledge of self-reactive rFurin antibodies that are of
unclear origin but of no associated pathology. The theorized mechanism is the creation of
an immunological homunculus that maintains immune homeostasis as well as binds
apoptotic cells thereby facilitating uptake and clearance by dendritic cells.

The risk assessment analysis showed no associated clinical findings in study subjects
with low-titer or indeterminate titer binding antibodies during the development program
for Rixubis including no adverse events, lack of therapeutic effect or alterations in
pharmacokinetics.

8.6 Safety Conclusions

Twelve subjects out of 91 developed low-titer non-neutralizing antibodies to FIX and 16
subjects had low-titer binding antibodies to rFurin host cell proteins. Only 2 subjects
reached the true limit of detection for rFurin antibody and this finding was transient in
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one subject. No clinically significant adverse reactions could be ascribed to these
antibodies, though the long-term consequences are unknown.

9. Additional Clinical Issues

9.1 Special Populations

9.1.1 Human Reproduction and Pregnancy Data
Not studied.

9.1.2 Use During Lactation
Not studied.

9.1.3 Pediatric Use and PREA Considerations

Safety and efficacy in children has yet to be established. A pediatric study is ongoing
with 16 subjects <12 years currently enrolled. A deferral is requested and a pediatric
indication will not be requested until pharmacokinetic data from at least 20 pediatric

subjects is available.

9.1.4 Immunocompromised Patients
Not studied.

9.1.5 Geriatric Use

Not applicable because of younger age of this population.

10. Conclusions

Rixubis is effective in control and prevention of bleeding, routine prophylaxis and peri-
operative prophylaxis in adults —b(4)- years or older with hemophilia B. The applicant’s
calculations were reproduced and confirmed by both the clinical, pharmacology and
statistical reviewers. In 91 subjects, development of inhibitory antibodies against the
product was not observed.
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Decision Factor

Evidence and Uncertainties

Conclusions and Reasons

Analysis of Condition

Hemophilia B is a rare condition with variable deficiency of coagulation factor IX.

Hemophilia is accompanied by bleeding into tissues and joints which can be
spontaneous, post-traumatic, or perioperative.

Bleeding can be acutely devastating, such as intracranial bleeding, or chronically
destructive such as hemophilic arthropathy.

Hemophilia B is a serious, progressive, life-threatening
disease.

The bleeding associated with hemophilia can cause clinically
significant complications.

Current treatment is expensive and carries risks of infection or
adverse reactions.

Unmet Medical Need

There is one other recombinant factor IX product licensed for use by FDA.

Numerous other plasma-derived factor IX products exist, but carry the same risks as
other human plasma products, such as infection with known or unknown agents, acute
hypersensitivity reactions, or immunogenicity with resistance.

Although alternative recombinant therapy exists for
Hemophilia B, it is expensive with the average on-demand
treatment ranging from ~$130,000-300,000/year and even
higher costs for those on prophylactic therapy. Increasing the
number of available licensed products could have a positive
impact and allow options for hemophilia patients who remain
untreated due to high costs.

Clinical Benefit

Rixubis was shown to be effective for treatment of, and prevention against spontaneous
or traumatic bleeding by both prophylactic or on-demand regiments

Rixubis was shown to be effective in the perioperative setting for reduction of bleeding
during surgery.

Rixubis is similarly effective to the currently licensed
recombinant product.

Risk

Twelve subjects out of 91 developed low-titer non-neutralizing antibodies to FIX and 16
subjects had low-titer binding antibodies rFurin host cell proteins.

No associated clinical sequelae were noted.

The long term consequences of indeterminate or low-titer binding FIX and/or rFurin
antibodies is unknown though cross-reactivity with innate proteins is possible.

The risks of long-term exposure to immunogenic proteins with
Rixubis are largely unknown but increasing or very high titers
could theoretically result in allergic reactions, anaphylaxis,
serum sickness, autoimmunity, and immunogenicity.

Risk Management

An approval with condition of PMC implementation is recommended.

An adequately designed PMC cohort event safety and efficacy
monitoring study would help to better understand potential
aspects of the process of immunogenicity development.

Recipients would need to be routinely evaluated in order to
monitor for reactivity and complications, many of which are
unknown at this point requiring broad surveillance.
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11. Risk-Benefit Considerations and Recommendations

11.1 Risk-Benefit Summary and Assessment

Although formation of FIX inhibitors was not observed, non-neutralizing FIX antibodies
of low-titer were seen in 12 subjects on at least one time-point other than screening and
similarly development of low-titer anti-rFurin antibodies was seen in 16 subjects (N=91
including subjects in continuation study). Some of these findings were transient and when
considering only subjects who were positive at the time of data cut-off, there were 7
subjects with rFurin antibodies and none with binding FIX. FIX and rFurin antibodies
were considered indeterminate specificity by Baxter because they were below the
threshold pre-specified for positivity and within the limits of assay variability. Two
subjects reached the threshold for positivity at a titer of 1:80 for rFurin antibody but
positivity was transient in one subject and there were no associated adverse events in
either.

A risk analysis assessment addressing potential safety concerns was requested from the
applicant. In response, Baxter provided data from 500 healthy subjects from 5 different
geographies in Austria who were screened for the prevalence of rFurin antibodies using
the same assay in the pivotal study. Forty-one healthy subjects were found to be reactive
(8.2%) without prior exposure to the investigational product. Of these, 7% had titers of
1:20 or 1:40 and 1.2% had higher titers ranging from 1:80 to 1:320. A review of the
literature was also provided describing the historical knowledge of self-reactive rFurin
antibodies that are of unclear origin but of no associated pathology. The theorized
mechanism is the creation of an immunological homunculus that maintains immune
homeostasis as well as binds apoptotic cells thereby facilitating uptake and clearance by
dendritic cells.

The risk assessment analysis showed no associated clinical findings in study subjects
with low-titer binding antibody formation during the development program for Rixubis
including no adverse events, lack of therapeutic effect or alterations in pharmacokinetics.

Due to the effective hemostasis in control and prevention of bleeding episodes, routine
prophylaxis and peri-operative prophylaxis in adult subjects b(4) years or older with
hemophilia B, the benefits were considered to outweigh the risks of this product.

11.2 Discussion of Regulatory Options

The regulatory option discussed was approval of the indications of control and prevention
of bleeding, routine prophylaxis and peri-operative prophylaxis in adults -(b)(4)- or older
with hemophilia B. Implementation of a PMC is also recommended.

11.3 Recommendations on Regulatory Actions

An approval is recommended. Implementation of a PMC cohort event safety and efficacy
monitoring study is also recommended.
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11.4 Labeling Review and Recommendations
A labeling review with recommendations is under negotiation with Baxter.
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