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The Division of Medical Imaging and Hematology Products and members of the review
team for the above referenced BLA recommend an approval action. I concur with this
recommendation. Below is a brief summary of the application with attention to major
points of discussion surrounding the product labeling.

Alexion Pharmaceuticals, Inc. submitted the above referenced Biological License
Application (BLA) on September 15, 2006. The product, Eculizumab (Soliris™),

is a monoclonal antibody directed against complement C5. The product was studied for
its efficacy and safety in patients with Paroxysmal Nocturnal Hemoglobinuria (PNH), a
rare disease characterized by a deficiency in terminal complement inhibitor. The
hallmark of this disease is chronic intravascular hemolysis secondary to complement-
mediated lysis. Manifestations of the disease are related to the hemolysis and include
anemia, fatigue, transfusion requirements, and thromboses. The disease manifestations
and their severity vary from patient to patient.

Soliris™ inhibits the actions of terminal complement by blocking C5 activation. This
mechanism provides the rationale for its use in PNH as well as the major safety concern
of serious meningococcal disease, discussed below. In this BLA, the major evidence for
efficacy and safety derive from TRIUMPH, a randomized, placebo controlled trial in
patients with transfusion-dependent PNH (> 4 transfusions/month). A total of 87 patients
were randomized 1:1 to Soliris™ or placebo for 26 weeks. Treatment was administered
intravenously as follows: 600 mg q 7 days X 4 weeks, then 900 mg for dose 5, then 900
mg q 14 days thereafter. This dose/regimen chosen was based on pK and pD modeling
data to identify the concentrations of eculizumab needed to block terminal C5 activation.
These data were derived from pk/pd studies in several different patient populations. The
specific regimen for PNH was derived from a study in 40 PNH patients in which serum
LDH, a marker of hemolysis, was markedly reduced by week 1 and sustained at week 26.

The major efficacy outcomes were measures of hemolysis. The co-primary endpoints
were hemoglobin stabilization rates and avoidance of RBC transfusions. Secondary
outcomes included other measures of hemolysis and fatigue. Patients randomized to
Soliris™ had significant improvements in all primary and secondary outcomes compared
to placebo treated patients. The most frequent adverse reactions relative to placebo
treated patients were constitutional symptoms — headache, nausea, back pain, and naso-
pharyngitis. There were no differences between groups in rates of serious adverse
reactions and no severe infusion reactions.

Additional data were derived from a single arm trial (SHEPHERD) in which 97 patients
who required at least one RBC transfusion in the past 12 months received Soliris™ at the



same dose and schedule as in TRIUMPH, but for 52 weeks. The hemolysis-related
parameters at the end of the study were similar to the results in TRIUMPH.

Patients who had enrolled in and completed initial Soliris™ studies were eligible for an
extension study. In the extension study, 187 patients continued with Soliris™ at the same
dose and schedule as above. The exposure ranged from 10 months to 54 months.

Patients maintained improvements in signs and symptoms of hemolysis.

The major safety concern, closely related to the mechanism of action of the drug, is
serious infection from encapsulated bacteria, primarily meningococcal infections. All
PNH patients were required to be vaccinated with meningococcal vaccine prior to
receiving Soliris™. Despite this, 2 of 196 PNH patients still developed a serious
meningococcal infection; fortunately, no one died as a result of their infection. The high
degree of concern about this serious safety issue and ability to minimize risk through
vaccination are described in various sections of the product labeling, including the boxed
warning, contra-indication, Medication Guide, and specific risk minimization program
that will involve initial and ongoing patient and provider education.

A theoretical safety concern is the risk of excessive thrombosis from abrupt Soliris™
discontinuation. This situation could arise because Soliris™ treatment reduces the
hemolysis and therefore results in expansion of PNH cells. These expanded cells would
still be susceptible to complement-mediated hemolysis. In the clinical trial experience,
no patient had evidence of enhanced or exaggerated hemolysis. The package insert
includes a warning/precaution about the potential for this type of event.

A major point of contention with the sponsor was whether and if so, what data to include
in the PI about the effect of Soliris™ on thromboses. In all the clinical studies,
approximately 50-60% of the patients were on anticoagulants during the study; some
because of known thromboses, others as prophylaxis. In TRIUMPH, there was 1
thrombotic event in the placebo arm and 0 in Soliris™ arm. The sponsor argued that the
event rate was so low, and study duration and small sample size prohibited that study
from being able to show an effect. They proposed to draw evidence of the effectiveness
of Soliris™ on thromboses from the extension trial by comparing rates/per patient years
prior to and while on treatment. However, FDA concluded that these types of
observational data were not sufficient eswss———— " decreased thromboses and
moreover, the PI needed to include a warning/precaution not to alter anticoagulant
management as a result of Soliris™. The PI does include a statement that in the
extension trial, there were fewer thrombotic events on Soliris™ than during the same
period of time prior to Soliris™ along with caveats about inability to conclude the effects
of anticoagulant withdrawal. The sponsor has agreed to conduct as part of a PMC a study
to evaluate the withdrawal of anticoagulation while on Soliris™.

In addition, the sponsbr will evaluate patients in a registry, and periodically submit
results periodically, and assess the impact of their risk minimization plan on occurrence
of serious meningococcal infection.
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125166

Eculizumab injection, solution for intravenous use

Soliris®

300 mg single-use vials, containing 30 mL of 10 mg/mL
sterile, preservative-free soluation

Intravenous administration as an infusion over 35 minutes
600 mg every seven days for the first four weeks, followed
by 900 mg for the fifth dose seven days later, then 900 mg
every 14 days thereafter

Alexion Pharmaceuticals, Inc.

September 15, 2006

March 17, 2007

March 10, 2007

Dwaine Rieves, MD, Acting Division Director

Division of Medical Imaging and Hematology Products

SPONSOR'S PROPOSED INDICATION:

"Soliris is indicated for the treatment of patients with paroxysmal nocturnal
hemoglobinuria (PNH) to reduce hemolysis."

RELATED DRUGS:

Soliris is the first FDA-approved product specifically indicated for treatment of PNH.

RELATED REVIEWS:

Clinical: Andrew Dmytrijuk, M.D.; Kathy Robie Suh, M.D., Ph.D.

Statistics: Yuan Richard Chen, Ph.D, Jyoti Zalkikar, Ph.D.

Chemistry: Michelle Jessen, Ph.D., Joseph Kutza, Ph.D., Kurt Brorson, Ph.D.
Microbiology: Benda Uratani, Ph.D., Patricia Hughes, Ph.D.

Pharm-toxicology:  Siham Biade, Ph.D., Adebayo Laniyonu, Ph.D.

Clin Pharmacology: Ike Lee, Ph.D, Hong Zhao, Ph.D.

Project Manager: Florence Moore, RN, MSN, RAC

SEALD Reviewers: Melissa Furness and Laurie Burke (Study endpoint and label
development) -

Advisory Committee: None

RECOMMENDED REGULATORY ACTIONS:

1) Licensure of Soliris for the treatment of PNH to reduce hemolysis:

PNH is a very rare (estimated prevalence of no more than 500 patients in the United
States) condition that manifests with:
e intravascular hemolysis

e thrombosis

¢ bone marrow hypoplasia or aplasia



Patients with PNH may manifest none or all three of these major clinical problems
although red blood cell (RBC) hemolysis is the most common presentation of the
condition. RBC hemolysis is the only condition that was shown, in clinical studies, to be
altered by Soliris therapy.

RBC hemolysis in PNH patients occurs through the development of a clonal population
of RBC that are exceptionally susceptible to lysis by complement. These cells are
referred to as "PNH cells." The development of this clone is due to a somatic mutation
in marrow cells. Hence, the clonal population affects not only RBC but also white blood
cells and other celis derived from the marrow. The complement-mediated hemolysis
results in anemia that may require RBC transfusions.

The other major clinical manifestations of PNH, thrombosis and marrow
aplasia/hypoplasia, account for most of the mortality in the condition and the extent, if
any, to which these problems mechanistically relate to hemolysis is unknown. Only
about one-half of all PNH patients will ever experience a thrombotic event and even
fewer will experience marrow aplasia. The rarity of these events, combined with the
overall rarity of PNH, may have contributed to the sponsor's inability to establish Soliris
treatment effects upon thrombotic complications and marrow hypoplasia/aplasia.

Soliris is a humanized monoclonal antibody that inhibits C5, a key complement
component protein. Administration of Soliris results in a form of drug-induced
complement deficiency which, in PNH patients, allows PNH cells to survive such that this
clonal population expands in the blood and increases the blood's total content of RBC.

The sponsor submitted data from one adequate and well controlled clinical study that
provided substantial evidence of Soliris safety and efficacy in the treatment of hemolysis
among adult PNH patients. Overall, safety data were obtained from 196 PNH patients
exposed to Soliris. The most important safety finding was the occurrence of Nesseria
meningitidis septicemia among two PNH patients. Meningococcal sepsis or meningitis is
the major risk for use of Soliris. These safety concerns are addressed in product
labeling and the sponsor's use of a risk minimization plan that focuses on education and
voluntary compliance with meningococcal vaccination.

All review teams concur with the decision for licensure of Soliris. The submitted safety
and efficacy data did not present unique challenges in data review or interpretation and
the findings were regarded as sufficiently persuasive to preclude the need for a
discussion at an Advisory Committee. :

2) Requirement of the sponsor to conduct post-marketing studies and to submit
additional information:

The sponsor has agreed to provide no less than five years of follow-up clinical data
regarding Soliris usage, including any Soliris usage among pediatric patients and
pregnant patients. This information will be obtained from a special registry to be
maintained by the sponsor. Additionally, follow-up safety data obtained in this registry
will include the detection of malignancies, serious infections and antibody formation. No
controlled clinical studies are required as post-marketing commitments.

An additional post-marketing commitment pertains to the submission of a final risk
minimization document that describes the "Soliris Guardian Program," the sponsor's risk



management program that was submitted in draft form during the review (it was
contingent, in part, upon finalization of labeling).

Multiple chemistry, manufacturing and controls (CMC) items were also components of
post-marketing commitments (PMC).

3)  Approval of the trade name, Soliris®

This recommendation is consistent with that of the FDA Office of Drug Safety/Division of
Medication Errors and Technical Support.

4) No Pediatric Research Equity Act (PREA) of 2003 expectations:

Soliris has an Orphan Product designation. Hence, PREA does not directly apply to the
licensure. Nevertheless, the sponsor's post-marketing registry is designed to obtain
outcome data from any usage of Soliris among pediatric patients. PNH is
predominantly a condition among adults and very rare among pediatric patients.

REVIEW COMPONENTS:

Background

Soliris (eculizumab) was proposed by the sponsor for "treatment of PNH." The sponsor
agreed to modify the indication statement to describe hemolysis as the major treatment
effect of Soliris. Indeed, the entire Soliris clinical development program was engineered
to establish Soliris treatment effects upon hemolysis and this effect was established with

robust clinical evidence. '

During the review cycle, the sponsor initially proposed a complex risk management
program that was referred t0 as the e ————— e ———

—ee  CONsequently, the sponsor revised the risk minimization
plan to still require participation of all patients within a safety registry and educational
program but this modified program (Soliris Guardian Program) eliminated verification
mandates. Instead, compliance with vaccination expectations and other usage
requirements will be on a voluntary basis. This proposal is reasonable in light of the
consideration that Soliris prescription/administration is expected to be under the aegis of
hematologists-and other well-trained health care personnel. Additionally, the
requirement for intravenous administrations of Soliris every 14 days, provides a strong
likelihood that patients will frequently and regularly interact with health care personnel.

Brief Requlatory Timeline

September 15, 2006 - submission of BLA

October 30, 2006 Filing meeting, BLA was assigned a priority review
November 14, 2006 Filing action date

January 4, 2007 Mid-cycle meeting

March 16, 2007 PDUFA due date



Clinical Review

The clinical review was performed by Dr. Andrew Dmytrijuk. Dr. Kathy Robie Suh
provided Team Leader expertise to the review and a secondary review. | have
examined the clinical review and | concur with the findings, comments and
recommendations. The review was finalized prior to labeling discussions. Hence, some
of the recommendations are not specifically consistent with the final labeling, in terms of
textual wording. However, the substance of the recommendations is consistent with the
final labeling.

Substantial evidence of safety and effectiveness for Soliris was obtained from the clinical
study referred to as the TRIUMPH study (A hemoglobin stabilization and transfusion
reduction efficacy and safety clinical investigation, randomized, multi-center, double-
blind, placebo-controlled, using eculizumab in paroxysmal nocturnal hemoglobinuria).

Triumph study:
a. Major study features:

Triumph was a randomized, double-blind clinical study that compared Soliris to placebo
among 87 transfusion-dependent adults PNH patients. The study's co-primary
endpoints were a (superiority) comparison of "hemogiobin stabilization" rates and a
comparison of the number of RBC units between the two study groups. Prior to initiation
of the active treatment periods, patients were observed over a period of time (up to three
months) to establish a hemoglobin "set point" that identified the hemoglobin criterion
applicable to establishing "hemoglobin stabilization." The set point identified the lowest
hemoglobin value that would necessitate RBC transfusion.

Soliris was administered at the dose recommended within the product label; 600 mg
once weekly for four weeks followed by 900 mg on the fifth week and then 900 mg on
alternate weeks, thereafter.

The major study evaluations consisted of frequent hematologic evaluations (serum lactic
dehydrogenase (LDH), free hemoglobin, blood counts and flow cytometry) as well as
clinical, clinical chemistry and certain patient reported outcome (FACIT-fatigue and
EORTC QLQ-30) evaluations--all obtained at baseline and throughout a 26 week
treatment period.

The study's primary endpoint analytical methodology consisted of a Fisher's comparison
of the hemoglobin stabilization rates and the comparison of the total number of RBC
units used by each patient within each group used a Wilcoxin rank sum comparison.
Secondary endpoints (transfusion avoidance, area-under-the-curve lactate
dehydrogenase (LDH), FACIT-fatigue outcomes) were also analyzed using prespecified
methods.

b. Major study findings:

Both co-primary endpoints were directly related to evidence of Soliris reduction in
hemolysis and both demonstrated statistical persuasiveness (P < 0.001). This reduction



Antibody formation to Soliris was detected in three patients (out of 196) and resulted in
no apparent clinical consequences.

Statistical Review:

The statistical review was performed by Dr. Richard Chen, lead statistician for the BLA.
The findings from her review were secondarily reviewed by Dr. Jyoti Zalkikar, Biometric
Team Leader.

- | have read Dr. Chen's statistical review report and | concur with his statistical analyses,
findings and comments that the sponsor has provnded persuaswe evidence of Soliris
safety and efficacy.

Clinical Pharmacology and Biopharmaceuticals (OCPB) Review

The clinical pharmacology and biopharmaceutical review was performed by Dr. Jang-lk
Lee. The findings from the review were secondarily reviewed by Dr. Hong Zhao, Team
Leader. Dr. Rajanikanth Madabushi provided a phaarmacometrics review.

I have read the clinical pharmacology and biopharmaceuticals review report and | concur
with the observations and comments.

The OCPB review noted that pharmacodynamics of Soliris are mainly indicated by
‘reductions in serum LDH, a measure that is readily available to clinicians and that may
be clinically useful for monitoring Soliris effects. This monitoring is briefing described
within the Soliris label. The OCPB reviewers requested no phase 4/PMC studies.

Chemistry and Microbiology

The Chemistry review was performed mainly by Dr. Michelle Jessen. However, other
CMC reviewers included Drs. Joseph Kutza, Gurpreet Gill-Sangha and Kurt Brorson.
Her report was secondarily reviewed by Dr. Patrick Swann as supervisory chemist.

I have read the summary of the chemistry review findings and concur with the results.
Dr. Jessen observed that the supplied chemistry and manufacturing information was
sufficient to support the product's approval. She also noted that inspection of all
manufacturing facilities revealed satisfactory findings. Multiple CMC PMC were agreed
to by the sponsor.

Notably, the sponsor had not supplied an acceptable neutralization assay for the
detection of antibody formation. One of the PMC relates to the need for this assay
although the Soliris bioactivity appears so intimately related to the reduction of serum
LDH, the in-use, patient data may provide the most meanlngful measure of neutralizing
antibody formation.

Dr. Brenda Uratani provided a microbiology review that recommended approval. | have
examined Dr. Uratani's summary findings, including inspectional findings.

Pharamcoloqy/Toxicology




The pharmacology/toxicology review was performed by Dr. Siham Biade and was
secondarily reviewed by Dr. Adebayo Laniyonu.

I have read the pharmacology/toxicology recommendations and | concur with the
observations. The reviewers noted that the submitted pharmacology/toxicology data
support the approval of Soliris and with no need for PMC nonclinical studies.

In general, animal testing used a monoclonal antibody that was bioactive within animals
(a surrogate antibody). Soliris was not used since it appeared specific for human
proteins and was inactive in the tested animals.

Pediatric Safety and Efficacy

As previously noted, no pediatric data were supplied and the sponsor is to collect any
pediatric usage information in the post-marketing period.

Proposed Labeling

During the review cycle, FDA and the sponsor developed multiple revisions of the Soliris
product label. These revisions largely related to the description of the clinical studies
and the safety information. | have reviewed the final product label and concur with the
text.

Office of Druq Safety/Division of Medication Errors and Technical Support
(ODS/DMETS/)

Linda Wisniewski, RN (Safety Evaluator) provided a DMETS review of the proposed
product label, container label and proprietary name. The secondary review of her
findings was performed by Nora Roselle, PharmD. (Team Leader). The team found the
proposed labeling of cartons/containers acceptable as was the proprietary name, Soliris.

Division of Scientific Investigation (DSI)

Dr. Tejashri Purohit-Sheth provided a report of the FDA inspectional findings at selected
clinical sites involved in the TRIUMPH study. The secondary reviewer on his report was
Dr. Leslie Ball. The inspectors found the clinical data reliable. Only minor protocol
violations were detected. | have read the report and concur with the findings.

Financial Disclosure

As noted in Dr. Dmytrijuk's review, the sponsor has submitted required financial
disclosure information and the information is acceptable.

Consultations

The SEALD (study endpoint and label development) team provided a consult regarding
the quality of life measures used in the Soliris clinical development program. The team
noted that Soliris studies demonstrated persuasive treatment effects as evidenced by
changes in the FACIT-fatigue and EORTC QLQ-C30 scores. The team regarded use of
the words, "health-related quality of life” in the label but discouraged the word, "fatigue.”
During labeling discussions, the sponsor insisted upon the use of “fatigue” and the



SEALD team, at one point, acknowledged the size of the treatment effects in FACIT-
fatigue and did not object to the use of the word, "fatigue." The team did object to the

Office of Surveillance and Epidemiology (OSE) consultation (Joyce Weaver, Betsy
Scruggs, Jeanine Best and Claudia Karwolski) participated in the review of the risk
minimization plan and were instrumental in working with the sponsor to draft an
acceptable program. The OSE consultants also participated in final labeling discussions
and provided detailed feedback on development of a Medication Guide.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

Date: March 5, 2007

From: Kathy M. Robie-Suh, M.D., Ph.D. %W_?
. ) ' s f 2]
Medical Team Leader, Hematology _ / 7
Division of Medical Imaging and Hematology Drug Products (HFD-160)

Subject: Medical Team Leader Secondary Review
BLA 125166, submitted 9/15/06
Soliris (eculizumab; h5G1.1 G2/G4 mAb) for treatment of patients with
paroxysmal nocturnal hemoglobinuria (PNH)

To: BLA 125166

Background:

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare acquired intravascular hemolytic
disorder having an incidence of 1 to 2 per million and prevalence of 12 per million. The
disorder is due to a somatic mutation in the PIG-A gene which is necessary for the
synthesis of GPl-anchors. The mutation leads to a deficiency of the GPI-anchored
terminal complement inhibitor CD59 on the surface of clonal populations of
hematopoietic stem cells. Normally CD59 blocks formation of the terminal complement
complex on the red blood cell (RBC) surface and thereby prevents hemolysis. Though
PNH cells are present in all blood cell types, PNH RBCs are more sensitive to
complement mediated lysis and characteristics of the disease reflect RBC hemolysis.
The clinical manifestation of this disorder is a highly variable anemia that may be
accompanied by fatigue, pain and intermittent frank hemoglobinuria. Patients may also
have mild thrombocytopenia and granulocytopenia. Patients have an increased frequency
of thromboses (predominantly venous) and may develop aplastic anemia or evolve into
acute myeloblastic leukemia. Patients have a shortened lifespan. Intravascular hemolysis
. 1s monitored most commonly by measuring the release of the enzyme lactate
dehydrogenase (LDH) into the plasma. There are no labeled treatments for PNH.
Patients usually require RBC transfusions, which increase hemoglobin concentration and
may help decrease hemolysis by suppressing hematopoiesis of abnormal RBCs.
Corticosteroids have been used to suppress inflammation which may stimulate
complement activation. Patients often receive anticoagulants to prevent and treat
thrombosis.
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Eculizumab is a humanized version of a murine monoclonal antibody that binds to human
complement 5 (C5) component protein and results in inhibition of complement-mediated
hemolysis. The drug has been developed for use in treating PNH to reduce hemolysis of
PNH cells thereby preventing anemia and consequent need for red blood cell
transfusions. Eculizumab is not currently approved in the U.S. or anywhere in the world
for any use. In this application the sponsor is seeking marketing approval of eculizumab
for treatment of PNH in adult patients. The application has been granted priority review.

Findings of the Clinical Review:

Efficacy: :

The primary Clinical Review of eculizumab was done by Dr. A. Dmytrijuk (dated 2/1/07,
signed 02/28/07). To support the indication the sponsor has conducted a single adequate
and well-controlled study evaluating the efficacy and safety of eculizumab in transfusion-
dependent PNH patients. This study (C04-001, TRIUMPH) was a randomized,
multicenter, double-blind, placebo-controlled investigation of eculizumab involving 109
enrolled patients (88 randomized, 87 randomized and treated) patients with transfusion-
dependent PNH. Qualified patients were adult males or females (age >18 yrs) having a
GPI deficient RBC clone (Type III cells) >10% and stable dose of other therapies [e.g.,
immunosuppressive therapy, corticosteroids, erythrocyte stimulating agent (ESA), iron
supplementation). Notable exclusion criteria were mean hemoglobin prior to transfusion
of >12.5 g/dL over the prior 12 months, neutrophil count <500/mcL, history of
meningococcal disease, history of bone marrow transplantation. Following enrollment
patients underwent a 13 week observation period. Patients having LDH level >1.5 times
upper limit of normal, who received at least 1 RBC transfusion during the observation
period within 48 hours of experiencing either a hemoglobin of <9 g/dL with symptoms or
a hemoglobin <7 g/dL without symptoms [hemoglobin “set point”][hemoglobin value
also must be within 1.5 g/dL of the previously calculated mean hemoglobin pre-
transfusion for the previous 12 months], and who had platelet counts >100,000/mcl were
randomized at the conclusion of the observation period. Important criteria for exclusion -
were evidence for or suspicion of bacterial infection, history of meningococcal disease or
bone marrow transplant, neutrophil count <500/mcl, mean hemoglobin prior to
transfusion of >10.5 g/dL during preceding year, pregnant or breast-feeding. All patients
were vaccinated against Neisseria meningitidis at least 14 days prior to beginning
treatment. Patients were randomized to eculizumab 600 mg IV (via 25-45 minute
infusion) weekly for 4 weeks followed by 900 mg in week 5 and then every 14 days
thereafter to a total of 26 weeks of treatment or placebo for 26 weeks. Patients were
followed for 12 weeks after their last dose of study drug. Randomization was stratified
on packed RBC transfusions (low, mid and high) during the year prior to screening.
Efficacy was assessed using the co-primary endpoints of hemoglobin stabilization and
RBC transfusion requirement (number of units). For the hemoglobin stabilization
endpoint, those patients who dropped out of the study or were transfused above their set
points during the treatment phase were categorized as failures. For the number of units of
packed red blood cells (PRBCs) transfused, each patient’s units of PRBCs transfused
after randomization to 26 weeks was calculated. Additional endpoints included lactate
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dehydrogenase area-under-the-curve (AUC) during the study, changes in the functional
assessment of chronic illness therapy fatigue (FACIT-F) assessment score, quality of life
(QOL) assessment using the EORTC-C30 instrument, and thrombosis. Important safety
outcomes were occurrence of infections

In Study C04-001, of 88 patients randomized, 87 were treated (43 eculizumab, 44
placebo). Baseline characteristics were reasonably well-balanced between treatment
groups in this somewhat small study. Mean age of patients was similar in the two
treatment groups (42.1 yrs in eculizumab; 38.4 yrs in placebo group). There were
relatively more females in the placebo group than in the eculizumab group (65.9% and
53.5%, respectively) and patients with blood type A+ predominated in the placebo group
(25.6% in the eculizumab group; 45.5% in the placebo group) while patients with blood
type O+ predominated in the eculizumab group (37.2% in the eculizumab group; 22.7%
in the placebo group). About 90% of patients were Caucasian. Mean hemoglobin prior
to transfusion was approximately 8.0 g/dL and mean number of RBC units transfused
was about 19.5 in both groups. About 63% of patients had symptomatolo gy of severe or
worsening fatigue associated with transfusion. Nine patients in the eculizumab group and
8 patients in the placebo group had history of major vascular event. There was
concomitant use of antithrombotic agents in 55.8% of patients randomized to placebo and
45.5% of patients randomized to placebo. Ten patients in the placebo group discontinued
study treatment prematurely, all due to lack of efficacy; all 10 continued followup to
complete study assessments. Two patients in the eculizumab group discontinued
prematurely, 1 due to an adverse event (pregnancy) and one due to patient request.
Results for the primary efficacy analyses are summarized in the following table.

Primary Efficacy Results for Study C04-001 after 26 Weeks of Treatment

Randomization Strata N Eculizumab Placebo ' p-value
N=43 N=44
Overall: ' 87
Hb stabilized 21/43 (48.8) 0/44 (0.0) <0.00001°
Mean units PRBC transfused (SE) 3.0(0.67) 11.0(0.83) <0.00001"
4 to 14 units: 30
Hb stabilized 12/15 (80.0) 0/15 (0.0) <0.00001% ,
Mean units PRBC transfused 0.4 (0.29) . 1 6.7(0.72) <0.00001°
15 to 25 units 35
Hb stabilized '5/17 (29.4) 0/18 (0.0) <(0.00001°
Mean units PRBC transfused 4.2 (1.14) 10.8 (1.17) <0.00066"
>25 units _ 22 '
Hb stabilized 4/11 (36.4) 0/11 (0.0) 0.090°
Mean units PRBC transfused 4.5 (1.59) 17.0 (1.04) 0.00030°

3 Fisher’s exact test; ° Wilcoxon’s rank sum test

No placebo-treated patients achieved hemoglobin stabilization. Overall and within each
of the strata, more eculizumab-treated patients than placebo-treated patients achieved
hemoglobin stabilization, and the difference between treatment groups was statistically
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significant and robust overall. Results within the low and medium transfusion strata (<25
units PRBC) strongly supported the overall efficacy result. Units of PRBC transfused
similarly were significantly less in the eculizumab group than in the placebo group.
Efficacy results were similar for males and females. '

In addition, overall and within each stratum AUC for LDH was significantly less over the
course of the study in the eculizumab group as compared to the placebo group (mean
AUC: eculizumab group, 81140; placebo group, 429874). At completion of study
treatment (Week 26) for assessed patients a modest between groups difference was seen
in FACIT-Fatigue score improvement (53.7% of eculizumab patients as compared to
20.5% of placebo patients improved by at least 4 points). Two eculizumab patients and 5
placebo patients were missing data for this analysis.

Study C04-001 was supported by an additional study, Study C04-002 (SHEPHERD
Study), which was an open-label, multicenter study designed primarily as a safety study.
The inclusion and exclusion criteria for this study were similar to those for Study C04-
001 except that Study C04-002 allowed lower platelet counts (>30,000/mcl) and required
only 1 RBC transfusion in prior 24 months. The study included a 12 week enrollment
phase followed by a 2-week screening phase, followed by 52-weeks of treatment and 8
weeks of additional followup. In this single arm study, efficacy was assessed by change
in LDH AUC over time. Treatment duration was planned for 52 weeks. The BLA
submission contains an interim report of 26 weeks treatment. A total of 97 patients were
enrolled and treated. One patient died after 5 doses of study drug due to cerebral
herniation and 96 patients completed all visits. Baseline characteristics, including pre-
treatment LDH levels were similar to those for patients in Study C04-001. In this study
42/97 patients had a history of thrombosis and and 63.9% of patients were on
concomitant antithrombotics during the study. Mean change in LDH from baseline to 26
weeks was a decrease of 325376 U/Lxday. Mean LDH level at 26 weeks was 270 (mean
at baseline was not calculated). Of the enrolled patients, 55.7% of patients had no
transfusions. Percentages of PNH Type III RBC increased from a median of 33.5% at
baseline to 50.6% at 26 week visit.

The sponsor attempted to evaluate efficacy of eculizumab for reducing likelihood of
thrombosis in patients with PNH. In Study C04-001, 9 patients in the eculizumab group
had a history of a total of 12 thrombosis events and 8 patients in the placebo group had a
history of 8 thrombosis events. During that study only one patient in the placebo group
experienced a thrombotic event (hepatic vein thrombosis) and none in the eculizumab
group. The small number of patients in this study and the low thrombotic event rate
preclude meaningful comparison of rates between groups in this controlled study. The
sponsor seeks to augment the data by performing an analysis across all studies of
eculizumab in PMH patients comparing frequency of thrombosis during treatment with
eculizumab with their historical rate of thrombosis during the total time before and during
the year prior to study entry as documented in the case report form. Events included in
this analysis included those classified as major adverse vascular events (MAVE). MAVE

p
a<
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included thrombophlebitis/deep vein thrombosis, pulmonary embolus, cerebrovascular
accident amputation, myocardial infarction, transient ischemic attack, unstable angina,
renal vein thrombosis, mesenteric vein thrombosis, portal vein thrombosis (Budd-Chiari),
gangrene, acute peripheral vascular occlusion, and sudden death. Event rates were
calculated by dividing the total events reported (historical) or observed (during study
treatment) by the calculated total amount of time all patients in the study had been on
eculizumab (patient years). In all the PNH studies in the eculizumab treated patients, the
calculated MAVE rates per 100 patient years were less during study treatment than
during the time prior to the study. These results using the 12 months prior to eculizumab
treatment are shown in the sponsor’s table below.

Table 5.4.2-1: Thromboembalic Events in Patients During the 12 Mouths Prior
to Start of Eculizumab Treatment and Duaring Eculizumab Treatment in C04-
001, C04-002, C02-001/E02-001/X03-001 and E05-001

C02-001/ E05-001
C04-001 | C04-002 | E02-001/ (All studies
X03-001 combined)
Pre-Treatment
Patients (n) B 43 97 11 195
MAVE Eveants (1) 6 23 3 33
Patient Years (n) 42.9 o938 11.0 191.8
MAVE Event Rate (n per 100 patieat years) 13.98 2451 2727 17.21
SOLIRIS™ Treatment
Patients (1) 43 97 11 195
MAVE Events (1) 0 2 0 2
Patient Years (n) | 218 48.2 35.8 164.1
MAVE Event Rate (n per 100 patieat years) 0.00 4.15 0.00 122}

1p=0.013 Eculizumab vs. Pre-Treatment

In the controlled clinical study (Study C04-001), MAVE rate prior to study treatment
were lower in the patients randomized to placebo (2.34 per 100 patient years) than in
those randomized to eculizumab (5.18 per 100 patient years). The MAVE rate in
placebo-treated patients during the study was 4.38 per 100 patient years. Average years
per patient prior to treatment were 10.7 and 7.2 in the placebo and eculizumab treatment
groups, respectively.

During these studies approximately 54% of patients had received antithrombotic agents
prior to start of eculizumab. These medications were allowed as concomitant treatment
in the studies and about half of patients were on anticoagulation during the study. The
apparent diminution in MAVE rate with eculizumab was confined to patients who had
been on anticoagulants prior to study. (Actually, MAVE rates rose in the STUDY C04-
002 study during eculizumab treatment in patients who had not been on anticoagulants
prior to the study). Because anticoagulant use was common and was not controlled or
carefully documented in terms of dose, dose adjustment, starting and stopping,
monitoring and so forth, and because there was not a concurrent control for this analysis
it is not possible to distinguish between an effect of anticoagulation management and a

A
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possible effect of eculizumab. Also, there was no prospective plan for verifying or
validating the quality of the data collection on event rates prior to study enrollment.

Thus, the sponsor’s analysis must be considered exploratory. In addition to there being a
lack of evidence to support efficacy on the thrombosis endpoint, there is concern that
highlighting the low thrombosis rates generally seen in these PNH studies may mislead
patients or health care providers into thinking anticoagulation can be discontinued in high
risk patients who are receiving eculizumab.

Safety:

The safety information is the application is reviewed, summarized and discussed in detail
in the Medical Officer’s review by Dr. A. Dmytrijuk (dated 2/1/07, signed 2/28/07). The
major findings will be summarized here.

In the controlled study in PNH patients (Study C04-001), 43 patients were exposed to
eculizumab. Two patients in the eculizumab group discontinued prematurely, 1 due to an
adverse event (pregnancy) and one due to patient choice. In the placebo group, 10
patients discontinued, all due to lack of efficacy. One patient in the placebo group
experienced a portal vein thrombosis during the study; no patients in the eculizumab
group experienced thrombosis in this study. Adverse events that were notably more
common in the eculizumab treated patients than in the placebo treated patients were:
headache (44.2% and 27.3%, respectively), back pain (18.6% and 9.1%, respectively),
fatigue (11.6% and 2.3%, respectively), and respiratory tract infection (7.0% and 2.3%,
respectively). Viral infection (2.3% and 11.4%, respectively), urinary tract infection
(2.3% and 9.1%, respectively) and paroxysmal nocturnal hemoglobinuria (2.3% and
6.8%, respectively) were more frequent in the placebo group than in the eculizumab
group. There were no deaths in this study.

Among 193 PNH patients who received eculizumab in uncontrolled studies serious
adverse events occurring in 2 or more patients were: viral infection (2.6%), anemia
(1.6%), pyrexia (1.6%), hemolysis (1.0%), and headache 2.1%). Serious adverse events
occurring in more that 1 patient among the 140 patients who received eculizumab in
Studies C04-001 and C04-002 included: anemia (2.1%), hemolysis (1.4%), intervertebral
disc protrusion (1.4%) and pyrexia (1.4%) and headache (1.4%).

Across all PNH studies overall infections did not seem to be more frequent in patients
who received eculizumab than in those who received placebo. The incidence of herpes
simplex infection appeared to be increased in PNH patients treated with eculizumab
(8/140; 5.7%) as compared to none in placebo patients.

Because eculizumab inhibits complement activation, it may impair neutrophil and
monocyte function and impair the ability of the patient to clear infections with
encapsulated orgainisms. For this reason all patients were required to be vaccinated
against Neisseria meningitides at least 2 weeks prior to starting study treatment. There
have been 3 cases of Neisseria meningitis in patients receiving eculizumab. These were:
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a 22 year old unvaccinated woman with idiopathic membranous glomerulonephritis who
had received eculizumab for about 7 months; a 54-year old vaccinated female PNH who
had been on eculizumab for approximately 14 months; and a 24 year old male vaccinated
PNH patient who had received exulizumab for approximately 12 months. No patients
died but the unvaccinated patient had a complicated course with amputation of parts of
some digits due to gangrene, pulmonary embolus, and pneumonia and she was discharged
to a rehabilitation facility after prolonged antibiotic treatment.

In the PNH studies patients were tested for human antihuman antibodies (HAHA) after
eculizumab treatment and 2 patients were found to have IgG titers of 1:20 and one patient
had an IgM titer of 1:20 and 1:100. No patients developed a rebound in hemolysis with
these antibodies. Also, because of concern of rebound hemolysis after discontinuing
eculizumab it was planned to follow patients after discontinuation of eculizumab, but few
patients in the controlled study discontinued eculizumab prematurely and most patients
continued into extension studies of eculizumab after completing study treatment.

In the eculizumab database of PNH patients, a total of 4 patients have died. These were:
a 31 year old man with PNH and hemosiderosis in C04-002 who experienced low back
pain was hospitalized and suffered a pulmonary embolus 31 days after last eculizumab,
had a hemorrhagic cerebral infarction and cerebral herniation and died; a woman

“mmssssememm  patient in a physician-sponsored study who experienced exacerbations
of cholecystitis and fever about 2 months after last eculizumab dose, abdominal pain and
presumed sepsis died due to a CVA; a man in E05-001 who had PNH and
myelodysplastic syndrome (MDS) developed cellulitis, sepsis and acute renal failure after

esmsmssmms——"  was hospitalized, developed a viral infection and died due to
worsening of his MDS; a woman who died after 13 months on eculizumab of metastatic
adenocarcinoma. There is also some experience with eculizumab in other indications,
including rheumatoid arthritis, bullous pemphigoid, systemic lupus erythromatosis,
idiopathic membranous glomerulonephropathy, psoriasis and dermatomyositis (984 total
patients; about 666 exposed to eculizumab). Duration of exposure in these studies
generally was longer than in the PNH studies, There have been 3 deaths of patients in
these studies: a woman who received placebo in C01-004, a study in rheumatoid
arthritis, who experienced acute respiratory distress post-surgery for an incarcerated
hernia and died presumably of a pulmonary embolus; a 60 year old woman with
rheumatoid arthritis who received eculizumab in Study E99-01, who developed bacterial
sepsis followed by Candida sepsis after cholecystectomy and died after 8 months of
eculizumab therapy; a man in CC99-004 with 1d10pathlc membranous.

glomerulonephropathy who died “—m

Special Populations:

Pediatrics: No pediatric patients have received eculizumab. PNH is an uncommon
disease occurring in only about 1-2 per million persons. The sponsor was granted
Orphan Drug status for the drug for the PNH indication on 8/20/03; consequently

‘-
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pediatric studies are not required under PREA. The sponsor has requested an exemption
from any requirement to assess eculizumab in the pediatric PNH subpopulation. Clinical
review recommends that this request be granted. Any pediatric patients treated may be
followed in a post-marketing registry.

Pregnancy and Lactation: The Pediatric and Maternal Health Staff (PMHS).has provided
comment on the proposed labeling for eculizumab. (See Memorandum from Dr. K.
Feibus, dated 2/22/07, signed 2/28/07). The PMHS team comments and
recommendations for the package insert included that: the Labor and Delivery section of
the label be deleted, since there is no information; human IgG crosses the placenta and,
therefore, eculizumab also is expected to cross the placenta; eculizumab will likely be
Pregnancy Category C and sclass should be used during pregnancy or in women not
using adequate contraception unless the potential benefit justifies the potential risk to the
fetus; IgG is excreted in human milk, therefore eculizumab is expected to appear in the
breast milk.

The PMHS review recommended that in the registry the sponsor plans to establish for
patients with PNH who use eculizumab, the registry should be used to prospectively
follow pregnancies with eculizumab exposure and their maternal and neonatal outcomes.

Other Information:

Chemistry: The eculizumab antibody (h5G1.1-mAb) is a humanized IgG 54 kappa
antibody consisting of two 448 amino acid heavy chains and two 214 amino acid light
chains. The heavy chains are comprised of human IgG, sequences in constant region 1,
the hinge, and the adjacent protion of constant region 2, and human IgG, sequences in the
remaining part of constant region 2 and constant region 3. The light chains are comprised
of human kappa sequences. The variable chains consist of human framework regions
with grafted murine complementarity-determining regions, which form the antigen
binding site. The protein molecule has an expected molecular mass of 148,523 Daltons.

The chemistry, manufacturing, and controls (CMC) (Product) information for eculizumab
drug substance has been reviewed by B. Urtani, Ph.D. (review signed 2/23/07). The
review found the drug substance section of the application acceptable fro a microbiology
product quality perspective. Lonza Biologics, NH, the drug substance manufacturer, and
Alexion Pharmaceuticals, CT, for release testing, were found to be in acceptable GM
compliance. : ’

The review of the drug substance control of source and Starting Materials of Biological
Origin, Generation of Cell Substrate, Cell banking system, characterization, batch
analyses, justification of specifications, reference standards, and stability sections of the
application were reviewed by Office of Biotechnology Products, Division of Monoclonal
Antibodies (OBP/DMA) (review by M. Frazier-Jessen, Ph.D. et al., final signature
2/277/07). Manufacturing information was found acceptable to support product approval.
A number of PMCs were recommended to provide additional information to assure the
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continued safety of the product. The review states that these have been agreed to by the
sponsor and are as follows: ‘

L. Alexion commits to developing a validated and quantitative assay for the
measurement of hunan anti-human antibodies (HAHA) for the detection of
antibody formation to Eculizumab. This assay will assess potential immune
responses Lo the whole Eculizumab molecule.  Description of the validated
assay will be submitted to the BLA as a CBE 30 by July 9, 2008.

2. Alexion commits to developing a validated and sensitive assay for the
measurement of neutralizing HAHA to Eculizamab. Alternatively, Alexion
commits to submit documentation to FDA demonstrating with due diligence
that a suitable assay could not be feasibly developed and that the assessment
of serum lactate dehydrogenase (LDH) is a sufficiently sensitive indicator of

the presence of neutralizing antibedies. This information will be submiited to
the BLA by July 9, 2008.

(]

Alexion commits to revalidating the linearity and accuracy of the Osmolality
method across the full specification range using a combination of product
samples diluted to lower osmolality and product samples spiked with
osmolality standards. The revalidation plan will be submitted in advance to
FDA for review and endorsement. This information will be submitted to the
BLA as a CBE 30 by August 31, 2007.

4, Alexion commits to revalidating the linearity of the IEF method across a load
range of eemssesssme Tl revalidation plan will be submitted in advance to
FDA for review and endorsement. This information will be submitted to the
BLA as a CBE 30 by August 31, 2007.

L

Alexion commits fo revising the IEF method SOP to specify that the method
is validated only fora ess== . This information will be submitted fo the
BLA as a CBE 30 by August 31, 20407.

6. Alexion commits to improving and revalidating the existing hemolytic assay.
Improvements include increasing the number of sample replicates and
qualifying the chicken erythrocytes reagent. The revised method SOP and

~ revalidation plan will be submitted in advance to FDA for review and
endorsement. This information will be submitted to the BLA as a CBE 30 by
August 31, 2007,
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7. Alexion commits to developing a new quantitative biological activity assay to
replace the existing hemolytic assay, or submit documentation to FDIA
demonstrating with due diligence that a suitable assay could not be feasibly
developed. This information will be submitted to the BLA as a CBE 30 by
February 29, 2008. Validation of the quantitative biclogical activity assay
will be submitted by July 9, 2008.

8. Alexion commits to providing FDA with a completed drug substance and drug
product container closure system leachables evaluation using end-of-shelf-life,
long-term 2 — 8°C stability samples. This information will be submitted to the
BT.A as a CBE 30 by August 31, 2007,

9. Alexion commits to develop a suitable -=mss= assay and subsequently
confirm

‘on three drug substance batches. This information will
be submitted to the BLA as a CBE 30 by August 31, 2007,

Pharmacology: The pharmacology and toxicology data have been reviewed in detail by
S. Biade, Ph.D. (review signed 2/23/07). Notable review findings are summarized briefly
here. ’

Early non-clinical investigations showed that eculizumab did not cross-react with C5
complement of non-primate and non-human primate species. Activity against human C5
was established by measuring the ability of eculizumab to block C5b-9 dependent lysis of
pre-sensitized chicken erythrocytes by human serum ir vitro. Because the molecule
shows species specificity with regard to complement inhibition (inhibits only human C5
complement), all non-clinical studies safety studies (safety pharmacology, general
toxicity, and reproduction toxicology studies) were done with a murine anti-mouse C5
whole antibody (BB5.1) (“surrogate mAb”). Also, there are no murine models of PNH,
so the sponsor studied the murine anti-mouse C5 antibody in mouse models of arthritis,
lupus-like autoimmune disease, and asthma which potentially involve C5 and evidence of
complement inhibition activity was seen in these models.

No genotoxicity studies have been done (in accordance with ICH S6 Guidance) and no
carcinogenicity studies have been done, because of lack of cross-reactivity with CS5 in the
species usually used for these tests. No placental transfer studies have been done with
eculizumab or the similar mouse antibody. However, IgG antibodies are known to cross
the placental/fetal barrier through an FcRn receptor mediated mechanism, so eculizumab
is felt to have the potential for transfer across the placenta.

The Pharmacology/Toxicology Review describes that, “In a 4 week, repeat dose toxicity
study, no toxic signs, based on mortality, clinical observations and body weights, were
observed in mice treated for 4 weeks with 30, 60, or 90 mg/kg/week (2-4, 4-8, and 6-12
times the human dose) by bolus injection. Similar hemolytic inhibition was obtained at

- 60 and 90 mg/kg/week. Therefore, 60 mg/kg/week was selected as the maximum dose

\
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for subsequent studies.” In a 26 week study in mice where 60 mg/kg/week was the high
dose, there were some clinical signs and microscopic findings and some unexpected
deaths in control and high-dose, but not low dose, animals. The
Pharmacology/Toxicology Review comments that, “Because of the higher incidence in
clinical signs and histopathological findings (lungs, ears, eyes) in the low and high dose
treatment groups compared to the control animals, an NOAEL could not be established in
this study.” Toxicokinetics and antibody measurement were not conducted in any of the
toxicology studies. Hemolytic activity was measured as an indicator of systemic
exposure.

Reproductive and developmental toxicity studies done in mice established a NOEL for
female toxicity, for male and female fertility, reproductive performance and fetal effects
of >60 mg/kg/week when BB5.1 was administered prior to mating and through early
gestation. For male toxicity the NOAEL was 30 mg/kg/week. When BB5.1 was
administered to pregnant mice through organogenesis, the NOAEL for maternal toxicity
and reproductive performance was 60 mg/kg/week and the NOAEL for embryo-fetal
development toxicity was 30 mg/kg/week. In the mouse reproduction studies there were
three malformations (2 unilateral retinal dysplasias and 1 umbilical hernia) among 230
offspring of high-dose (60 mg/kg/week) animals. In studies where BB5.1 was
administered from implantation through weaning in mice, a NOAEL of >60 mg/kg/week
was established for F, pup development and reproductive performance.

The Pharmacology/Toxicology Review found no unresolved toxicology issues and
recommended that from the perspective of nonclinical pharmacology and toxicology,
Soliris may be approved. There were no recommendations for postmarketing studies.
Recommendations for labeling included Pregnancy Category C classification for
eculizumab, comment that it is expected that Soliris will be excreted in human milk, and
mention of lack of long-term animal studies for carcinogenic and genotoxic potential of
the drug. The exact wording of these recommendations from the
Pharmacology/Toxicology Review is as follows:

Appears This Way
On Original

et
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Pregauancy (Category C)

8.1

83

Pregnancy

Pregnancy Category C:

Soliris is a recombinant IgG molecule (humanized murine anti-C5 antibody), and
IgG molecules are known to cross the placenta. Developmental abnormalities and
an increased rate of dead and moribund offspring were observed in animal studies
(mice) that used a surrogate murine anti-C5 antibody at 2 — 8 times the human
dose of Solirs. There are no adequate and well-controlled studies in pregnant
women. . Soliris should be used during pregnancy only if the potential benefit
Justifies the potential risk to the fetus.

Animal reproduction studies were conducted in mice using doses of a murine anti-
C 5 antibody that approximated 2-4 times (low dose) and 4-8 times (high dose)
the recommended human Soliris dose. When animal exposure to the antibody
occurred in the time period from before mating until early gestation, no decrease
in fertility or reproductive performance was observed. When maternal exposure to
the antibody occurred during organogenesis, two cases of retinal dysplasia and
one case of umbilical hernia were observed among 230 offspring born to mothers
exposed to the higher antibody dose; however, the exposure did not increase fetal
loss or neonatal death. When maternal exposure to the antibody occurred in the
time period from implantation through weaning, S—
—— antibody-treated mothers also had a higher number of male offspring
that became moribund or died (1/25 controls, 2/25 low dose group, 5/25 high dose

group} ——— ————
wmmememsrmmeen  Surviving offspring had normal development and
reproductive performance.

Nursing Mothers
1t is not known whether Soliris is secreted into human milk. IgG is excreted in
human milk, so it is expected that Soliris will be present in human milk.

However, published data suggest that breast milk antibodies do not enter the
neonatal and infant circulation in substantial amounts. Caution should be
exercised when Soliris is administered to a nursing woman. The unknown risks to
the infant from gastrointestinal or limited systemic exposure to Soliris should be
weighed against the known benefits of breastfeeding.
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Carcinogenesis, Mutagenesis, Impairment of Fertility

Long-term animal studies have not been conducted to evaluate the carcinogenic
and genotoxic potential of Soliris. Effects of Soliris upon fertility bave not been
studied in animals. Intravenous injections of male and female mice with a murine
anti-C5 antibody at up to 4-8 times the equivalent of the clinical dose of Soliris
had no adverse effects on mating or fertility.

ical Pharmacology: Clinical Pharmacology and Biopharmaceutics review was

conducted by J.-1. Lee, Pharm.D., Ph.D. (signed 2/28/07). The review found the

appl

ication acceptable for approval and did not recommend any post-marketing

commitments from clinical pharmacology perspective.

Dr. Lee’s summary of the clinical pharmacology findings are shown below:

Exposure-Response Relationships

*

When determined using a hemolytic assay following a single dose of eculizumab 8.0 mg/kg
to patients with theumatoid arthritis (RA), the onset of complete hemolytic inhibition
occutred before the first sampling time (15 min). The duration of the inhibition ranged from
7 to 14 days. The recovery time ranged from 11 to 21 days.

Based on the pharmacokinetic (PK) / pharmacodynamic (PD) modeling using data collected
from patients with idiopathic membraneous glomerulopathy IMG), RA, and PNH, the total
serum (free and bound) concentrations of eculizumab required to block terminal C5
complement activation was roughly 43 meg/mL.

Treatment with eculizumab at the proposed dose and dosing regimen resulted in an
immediate (from 2109 U/L to 65 U/L by Week 1) and sustained (325 U/L by Week 26)
decrease in serum lactate dehydrogenase (LDH) levels as determined in 40 PNH patients
(Study C04-001).

Basic Pharmacaokinetics

L]

When studied in patienis with RA and systemic lupus erythematosus (SLE) following a
single dose, a striking feature of eculizumab concentration-time curve is the presence of
second peak at approximately 2 days post dose.

Eculizumab PK have not been assessed following a single dose to PNH patients.

e Basedona populatxon PK modeling with sparse sampling in a multiple dose study, the

clearance of eculizumab for a typical PNH patient weighing 70 kg was 22 mL/hr and the
volume of distribution was 7.7 L. The estimated half-life was 272 + 82 hrs (mean + SD).
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¢ The mean observed peak and trough serum concentrations of eculizumab by week 26
following the administration of the proposed dose and dosing regimen were 194 + 76
meg/mL and 97 + 60 meg/mL, respectively.

Immunogenicity

+ Using a partially validated enzyme-liked immunosorbent assay (ELISA) method, 1 out of 43
(2.3%) PNH patients treated with eculizumab and | out of 44 PNH patients treated with
placebo demonstrated a detectable level of huittan anti-human antibodies (HAHA.) at the last
study visit (Week 26). ' '

» There appears to be no apparent impact of HAHA induction on the efficacy, safety, and PK
of eculizumab. However, a definitive conclusion cannot be made based on the small number
of PNH patients with positive HAHA response.

Pharmacometrics review (R. Madabushi, Ph.D. (signed 2/28/07) evaluated the sponsor’s
pharmacokinetic data. The data were based on population PK modeling using sparse
sampling. The review found the following: '

1) Based on the population pharmacokinetic modeling, the clearance of
ectlizumab for a typical PNH patient weighing 70 kg was 0.022 Lfhr and
the volume of distribution was 7.7 L. The half-life was 272 + 82 hrs {mean
+ SD).

2) The mean observed peak and trough serum concentrations of eculizumab
by week 26 were 194 + 76 pg/mL and 97 £ 60 mcg/mL respectively.

3) Based on the PKAPD modefing, the total serum (free and bound)
concentration of eculizumab required to block 50% of terminal
complement activation is roughly 43 pg/mL (ECgq).

4) Treatment with Eculizumab with the proposed dosing regimen resuits in
immediate (from 2109 + 965 U/L to 652 + 278 U/ by week 1) and
sustained (326 £ 438 U/L by week 26) lowering of LDH ievels.

The review concluded, “Treatment with Eculizamab with the proposed dosing regimen
result in immediate and sustained decrease in intravascular hemolysis as evidence by
lowering of LDH levels.”

Office of Safety and Epidemiology/ Division of Surveillance, Research, and
Communication Support (OSE/DSRCS) Review of Patient Labeling: The sponsor
proposed a Patient Package Insert (PPI) and a Patient Safety Card for distribution with

Soliris (eculizumab). This material was reviewed by OSE/DSRCS (J. Best, review dated |

and signed 2/28/07). DSRCS recommended that the PPI be modified and issued as a
Medication Guide, since a Medication Guide is required to be distributed with the
product while distributionof a PPI is voluntary. This should enhance the education of
patients who receive eculizumab about the drug. DSRCS also recommended that these
two pieces (the Medication Guide and the Patient Safety Card) be the only materials used
for patient education, so as not to overwhelm the patient. Finally, the Medication Guide
should also be included as part of the text of the package insert following the Patient
Counseling Information. '

A
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Trade Name Review: Review of the proposed trade name, Soliris, by the Division of
Medication Errors and Technical Support (DMETS) (L. Wisniewski, 12/20/06) found
that while the name was acceptable for existing approved products, there was potential
“for strong orthographic and pnonetic similarities” with two other products that are
currently under review, ————————————————sessssssssssmemm . and only the
first of these three to be approved should receive the requested name. As of 2/28/07
neither e--————————  has been approved.

Discussion: _

The sponsor has provided convincing evidence from a single adequate and well
controlled clinical trial (C04-001) of eculizumab versus placebo in PNH patients of
efficacy in stabilizing hemoglobin levels and reducing the need for transfusions at the
eculizumab dose tested. Hemolysis in these PNH patients is lessened as demonstrated by
a rapid and sustained decrease in plasma LDH levels in patients receiving eculizumab.
Event rates for thrombosis were too small to allow meaningful statistical comparison
between treatment groups. Based on the efficacy analyses in C04-001 the clinical review
(Dr. A. Dmytrijuk, dated 2/1/07, signed 2/28/07) concluded,

Therefore it appears that Beulizumab is effective in stabilizing hemogiobin and decreasing the
number of packed red blood cell transfusions required in transfusion dependent PNH patients.
Secondary endpoint analyses for transfusion avoidance and LDH AUC provide additional
support that Eculizamab is effective in the treatment of PNH. However, QOL measures uging
the FACIT- F tool and EORTC QLQ-C30 tool are confounded by the fact that no assessment of
effect of transfusion on QOL was performed. Furthermore, with regard to the FACIT-F tool it is
not clear if the tool measures all of the components of fatigue because fatigue is a
multidimensional concept that encompasses both mental and physical attributes. With regard to
the BORTC QLQ-C30 tool there is no evidence available to support the validity of the
instrument to measure the individual domain or individual symptom constructs. Analyses of the
effect of Eculizumab on the incidence of thrombosis are confounded by the fact that

approximately 50% of patients in the Eculizumab treatment arm were on concomitant
anticoagulant therapy.

The review concluded that conclusions regarding effect of eculizumab on thrombosis
were confounded because a majority of patients in Study C04-002 were on concomitant
anticoagulant therapy in the study. The application also was consulted to the Study
Endpoints and Label Development (SEALD) team for comment on the quality of life
assessments and data. The medical review reports that the SEALD team identified
concerns, including that it is unclear if the FACIT-F tool measures all components of
fatigue and no evidence is available to support the validity of the EORTC QLQ-C30
QOL instrument to measure the individual domain or individual symptom constructs.

Based on the safety database provided, with regard to safety the Clinical Review
concluded:
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Therefore, Eculizumab appears to be generally safe for the treatment of patients with PNH.
However, because of the mechanism of action of Eculizumab on the immune system patients
with PNH who are treated with Eculizumab are at increased risk for infections with encapsulated
organisms. The sponsor proposes an early alert program and a registry program in order to
minimize the risk of infections in patients with PNH were treated with Eculizumab. In addition
patients who are to be freated with Eculizumab must be vaccinated with Neisseria meningitidis
vaccine at least two weeks prior to treatment with Eculizumab as was described in the protocols
in the PNH studies.

The Clinical Review recommended that eculizumab be approved for treatment of PNH ==
dosing as used in the C04-001 Study.

Conclusions and Recommendations: :

Soliris (eculizumab) is being recommended for approval for the treatment of paroxysmal

nocturnal hemoglobinuria (PNH) to wmsss hemolysis emsmam——
e Soliris is
administered intravenously over e . minutes at a dose of 600 mg every 7 days for the
first 4 weeks, followed by 900 mg for the fifth dose 7 days later, then 900 mg every 14
days thereafter.

To support the BLA application the sponsor has provided a single adequate and well-
controlled clinical trial of eculizumab compared to placebo for 24 week treatment in
transfusion-dependent PNH patients and a single-arm, uncontrolled study following PNH
patients on eculizumab treatment over 26 weeks. Results of the controlled study clearly
demonstrated greater improvement in the co-primary endpoints of number of transfused
RBC units required and hemoglobin stabilization and in proportions of patients requiring
blood transfusions, and decreases in serum lactate dehydrogenase levels in the
eculizumab treated patients as compared to the placebo-treated patients. The Statistical
Review (Y. W. Chen, Ph.D., 1/31/07) concluded, “Efficacy results for both two co-
primary efficacy endpoints demonstrated the statistical significance favoring eculizumab,
overall and by subgroup of historical transfusion stratification.” Measures of some
quality of life parameters, such as fatigue, also appeared to improve in the eculizamab
treated patients as compared to in the placebo patients. However, the quality of life
assessments were carried out only prior to transfusion in the control group, so it is not
clear whether improvement in fatigue was due to a direct eculizumab effect or, more
likely, due to improvement in the hemolysis. '

Important aspects for the labeling include:

e There should be prominent inclusion of the necessity of well-documented, up to
date immunization of patients against Neisseria meningitidis prior to treatment
with eculizumab. Patients must be maintained with current vaccinations
throughout treatment with eculizumab. Information about Neisseria meningitis
risk should be contained in a black box warning, as the sponsor has proposed.
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o. The label should indicate that active meningococcal infection and/or lack of up to
date meningococcal immunization are contraindications for eculizumab use.

e The indications statement should reflect that eculizumab decreased hemolysis in-
PNH patients. Clinical studies in PNH patients were done in transfusion
dependent patients and eculizumab stabilized hemoglobin and reduced the need
for red blood cell transfusions in these patients. '

e The recommended dosing should be that used in the controlled clinical trial.

e An effect of eculizumab in reducing thromboses in PNH patients has not been
shown in the submitted studies. Over half of the patients enrolled in the PNH
studies had concomitant use of antithrombotics during eculizumab treatment.

¢ The patient education materials should be revised to include a Medication Guide
and a Patient Safety Card, as recommended by DSRCS.

Though a restricted distribution risk minimization plan is not being recommended for this
product, the labeling should prominently reflect the particular risk of meningococcal
infections and a patient Medication Guide and Patient Safety Card should be developed
for the product as planned by the sponsor and distributed to all patients who receive the
drug, as recommended by the DSRCS.

Exact wording of the labeling is being negotiated with the éponsor.

Though the information provided is adequate from a clinical viewpoint to support
approval of eculizumab for marketing, additional information is needed to provide more
complete information in the labeling to enhance the safe use of the product. Accordingly,
the clinical review (Dr. A. Dmytrijuk, 2/28/07) recommends the following clinical post-
marketing commitments (PMCs):

The sponsor should be required to do the following:
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¢ Commit to evaluating long-term safety of Eculizumab by analyzing outcomes in the
paroxysmal nocturnal hemoglobinuria (PNH) registry program for a time period of no
less than five years. At the end of the five year period, a study réport will be submitted to
the Biological License Application (BLA) that describes the major safety findings from
the registry program, including the specific itenas listed below and proposing labeling
changes as appropriate. Additionally, annual interim reports will be submitted to the
BLA, along with expedited reports as specified below. All patients within the registry

will be

O

followed for the occurrence of:

Serious infections, defined as infections necessitating or prolonging
hospitalization or resulting in death. The sponsor should commit to collecting
follow-up information from these patients to assess the nature of the serious
infection, the duration of hospitalization, the major features of the clinical course
and the survival status. Expedited reporting (15 day télephone or facsimile
Medwatch communication) will be provided for the occurrence of these serious
infections. :

Malignancy, including the nature of the malignancy and the survival status of
patients who develop a malignancy;

Use of Eculizumab among pediatric patients under 16 years of age, to include
collection of Eculizumab dosage information, as well as the same information
being required for adult patients in the registry.

Pregnancy, including the clinical course of each pregnancy and the defection of
congenital abnormalities among babies born to the women exposed to Eculizumab
during the pregnancy.

For all the patients being followed in the registry, eculizumab exposure (dose and
treatment duration), as well as clinical outcomes and adverse events should be collected.
Patients who discontinue eculizumab should be followed for evidence of rebound

hemolysis.

Additional

PMCs as recommended by the Division of Monoclonal Antibodies, Division

of Monoclonal Antibodies, OBP, and detailed under “Other Information: Chemistry”
above should also be required.
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LIST OF ABBREVIATIONS:
AE adverse event
ALT alanine aminotransferase
AST aspartate aminotransferase
AUC area under the curve
CFR Code of Federal Regulations
CRF case report form
DSMB data safety monitoring board
ECG electrocardiogram
EORTC QLQ-C30 European Organisation for Research and Treatment of
Cancer Quality-of-Life Questionnaire Care 30,
Version 3.0
FACIT-Fatigue scale  Functional Assessment of Chronic Tlness
Therapy-Fatigue scale, version 4
GP1 glycosylphosphatidylinositol
HAHA human antthuman antibody (anti-h5G1.1-mAb)
ICF mformed consent form '
ICH Intemational Conference on Harmonisation
IEC independent ethics committee
IeG mmunoglobulin G '
IgM immunoglobulin M
INR international normalized ratio
IRB mstitutional review board
ITT intent-to-treat
v mtravenous
IVRS - mteractive voice response systent
LDH lactate dehydrogenase
MAVE major adverse vascular event
MID minimally important difference
NO nitric oxide
PD pharmacodynamics
PK pharmacokinetics
- PNH -paroxysmal nocturnal hemoglobinria
A )
PRBC packed red blood cell
QoL quality of life
RBC red blood cell
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EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

Eculizumab should be approved for the following indication: -

e Treatment of paroxysmal nocturnal hemoglobinuria (PNH) “es—
e ————————————mmvessmmmememssssn  The dOse proposed is as

follows:

o In the induction phase, 600 mg of Eculizumab is administered every week for the
first four weeks and 900 mg of Eculizumab is administered in week five. The
maintenance phase consists of a 900 mg dose of Eculizumab every 14 +/- 2 days
thereafter. The drug is administered as a === minute intravenous (IV) infusion.

The rationale for this approval recommendation is based on the following information:

*» The efficacy of the proposed therapy is supported by the TRIUMPH (C 04-001) study.
This study was a randomized, double-blind, placebo-controlled, multicenter,
multinational trial conducted in transfusion dependent patients with PNH. The study
showed a benefit of Eculizumab in stabilizing hemoglobin levels and reducing
requirement for red blood cell transfusions.

* In addition, the efficacy of Eculizumab for the treatment of patients with transfusion
dependent PNH was supported by the SHEPHERD (C 04-002) study. This was an open
label, multicenter, multinational trial in which Eculizumab decreased intravascular
hemolysis as measured by serum lactate dehydrogenase (LDH) levels in patients with
PNH.

* The safety of this regimen was supported by comparative information from the placebo-
controlled TRIUMPH study and an analysis of the safety in all PNH patients exposed to
Eculizumab.

1.2 Recommendation on Postmarketing Actions

1.2.1 Risk Management Activity

The sponsor should undertake the usual postmarketing monitoring and reporting. In addition the
sponsor proposes a risk minimization program which involves a registry of all PNH patients who
are exposed to Eculizumab. In addition to the registry the sponsor proposes to incorporate an
early alert program to minimize the risk of infectious adverse events in patients with PNH who
are treated with Eculizumab. '
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1.2.2 Required Phase 4 Commitments

The sponsor should address all of the postmarketing commitments (PMCs) which include both
clinical and chemistry/manufacturing postmarketing commitments and are listed as follows:

e Commit to evaluating long-term safety of Eculizumab by analyzing outcomes in the
paroxysmal nocturnal hemoglobinuria (PNH) registry program for a time period of no
less than five years. At the end of the five year period, a study report will be submitted to’
the Biological License Application (BLA) that describes the major safety ﬁndings from
the registry program, including the specific items listed below and proposing labeling
changes as appropriate. Additionally, annual interim reports will be submitted to the
BLA, along with expedited reports as specified below. All patients within the reglstry
will be followed for the occurrence of:

O

Serious infections, defined as infections necessitating or prolonging
hospitalization or resulting in death. The sponsor should commit to collecting
follow-up information from these patients to assess the nature of the serious
infection, the duration of hospitalization, the major features of the clinical course
and the survival status. Expedited reporting (15 day telephone or facsimile
Medwatch communication) will be provided for the occurrence of these serious
infections.

Malignancy, including the nature of the malignancy and the survival status of
patients who develop a malignancy;

it

Use of Eculizumab among pediatric patients under 16 years of age, to include
collection of Eculizumab dosage information, as well as the same information
being required for adult patients in the registry.

Pregnancy, including the clinical course of each pregnancy and the detection of
congenital abnormalities among babies born to the women exposed to Eculizumab
during the pregnancy. '

¢ In addition there are a number of chemistry, manufacturing and controls (CMC)
postmarketing commitments which require that the sponsor evaluate human antihuman
antibody formation (HAHA) as well as other manufacturing issues. (See CMC review
for a list of these PMCs).

1.2.3 Other Phase 4 Requests

None requested.

Sy /
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1.3 Summary of Clinical Findings

1.3.1 Brief Overview of Clinical Program

Eculizumab is a humanized monoclonal antibody that binds to-the human C5 complement

- protein. This results in the inhibition of the terminal complement cascade. CD 59 blocks the ,
terminal complement cascade on normal red blood cells. Red blood cells lacking CD59 are type
IIT red blood cell clones. Patients with paroxysmal nocturnal hemoglobinuria (PNH) lack CD59.
The lack of CD59 on the red blood cells of patients with PNH allows the terminal complement
cascade to hemolyze these red blood cells. Currently there are no pharmacologically related
products other than other monoclonal antibodies used in various other diseases. These
monoclonal antibodies share the common adverse event of infusion reaction usually displayed as
a hypersensitivity reaction either systemically or locally at the point of infusion. Also because
this is a monoclonal antibody with human constant regions HAHA to Eculizumab may develop.

PNH is an uncommon, life-threatening hemolytic anemia. The reported incidence is 1-2 per
million. The disease is characterized by chronic intravascular hemolysis. There is release of
hemoglobin into the plasma from hemolyzed red blood cells. The hemolysis leads to anemia,
thrombosis and fatigue - which are the most common morbidities for this disease. Clinically, the
degree of the hemolysis is monitored by leveéls of serum lactate dehydrogenase (LDH).

Currently there are no approved treatments for PNH.

Eculizumab administered in a 30 minute IV infusion at doses > 4 mg/kg or at fixed doses > 600
mg reaches peak serum concentrations in excess of 100 mcg/ml within one hour of infusion. At
these doses of Eculizumab terminal complement inhibition is evidenced by the essentially
complete inhibition of complement mediated hemolysis. The sponsor notes that the hemolysis in
pharmacodynamic assays is inhibited by Eculizumab concentrations in excess of 35 mcg/ml.
Concentrations below this threshold result in inadequate inhibition of C5. Hemolysis takes place
at concentrations < 20 mcg/ml as measured by the pharmacodynamic hemolytic assay. The
sponsor states that the proposed dosing regimen effectively maintains the concentration of
Eculizumab at approximately 35 meg/ml. '

The study C04-001, also known as the TRIUMPH study (A Hemoglobin Stabilization in
Transtusion Reduction Efficacy and Safety Clinical Investigation, Randomized, Multicenter,
Double-Blind, Placebo-Controlled, Using Eculizumab and Paroxysmal Nocturnal _
Hemoglobinuria Patients), is the pivotal study supporting Eculizumab's safety and efficacy for
the treatment of PNH. In addition, information from the open label study C04-002, also known
as the SHEPHERD study (Safety in Hemolytic Paroxysmal Nocturnal Hemoglobinuria Patients
Treated with Eculizumab: the Multicenter, Open Label, Research Design Study), was submitted
by the sponsor to support the safety and also the efficacy of Eculizumab therapy in PNH patients.
An additional analysis of the safety of Eculizumab in PNH patients was undertaken using the
combined safety database consisting of all of the PNH patients exposed to Eculizumab thus far in
the clinical development program. The sponsor, in the submission, lists 196 PNH patients as
having been exposed to Eculizumab. The sponsor reported in a teleconference with the division
in January of 2007 that one additional patient in a physician sponsored IND was exposed to

9
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Eculizumab that was not reported as part of the safety database for Eculizumab in the BLA
submission. The non-PNH studies were reviewed to further analyze the safety database of
Eculizumab.

In the 87 patient, double blind, placebo controlled, TRIUMPH study conducted in patients with
PNH, the efficacy co-primary endpoints for this study were hemoglobin stabilization and the
number of packed red blood cell units transfused during the treatment phase of the study through
26 weeks. The secondary objectives of this study were transfusion avoidance, hemolysis as o
measured by lactate dehydrogenase (LDH) area under the curve (AUC) during the treatment
phase from baseline through 26 weeks.. This study also had the exploratory endpoints of LDH
change from baseline through 26 weeks, EORTC QLQ-C30 quality-of-life (QOL) changes from
baseline through 26 weeks, thrombosis, platelet activity, nitric oxide and free hemoglobin
measures from randomization and through 26 weeks.

The 97 patient SHEPHERD study was an open label, multicenter study of Eculizumab.
administered IV to patients with PNH for 52 weeks. The primary objective of this study was to
evaluate the safety of Eculizumab in patients with transfusion dependent PNH. The secondary
objectives of this study were to analyze hemolysis reduction as measured by LDH AUC and
changes in the functional assessment of chronic illness therapy fatigue (FACIT-F QOL) scale.
Exploratory endpoints for this study included health-related QOL as measured by the EORTC
QLQ-C30 and measures of thrombosis, platelet activity, nitric oxide and free hemoglobin.

The safety of Eculizumab was supported by information from the TRIUMPH study and an
analysis of the safety in all PNH patients exposed to Eculizumab.

1.3.2 Efficacy

In the TRIUMPH study, in the Eculizumab treated group there were 21/43 patients who had
hemoglobin stabilization compared to 0/44 patients with hemoglobin stabilization in the placebo -
group in the TRIUMPH study (P<<0.0001). The hemoglobin set point for each patient was
defined as <9 g/dl in patients with symptoms and was < 7 g/dl in patiénts without symptoms. To
achieve a designation of hemoglobin stabilization, a patient had to maintain a hemoglobin
concentration above the hemoglobin set point and avoid any red blood cell transfusion for the
entire 26 week treatment period. In the Eculizumab group 22/43 patients did not achieve
hemoglobin stabilization. When patients were stratified according to transfusion requirements
prior to study entry, (low, intermediate and high strata) there was a statistically significant
number of patients who achieve hemoglobin stabilization treated with Eculizumab compared to
placebo treated patients. The table below shows the results of the primary endpoint of
hemoglobin stabilization in the intention to treat population.

10
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Table 10. Hemoglobin Stabilization (ITT)

Eculizumab Placebo
Hemoglehin N=43 N=44 .
Randomization strata stahilization? /N (%) /N (%) PV alue®
Yes 21/43 (48.8) 0/44 (0.0) 0.000000014
Overall (N=8
erall (N=87) No 22/43(512)  44/44 (100)
Y 1215 (80.0 0/15 (0- 0.006010521
4 to 14 units (a=30) s 3 (80.0) ©0 000
No 3/15 (20.0) 15/15 (100)
_ Yes 517 (29.4) 0/18 (0.0) 0.019061584
15 to 25 units (n=35
o 25 units (@=35) No 12/17 (70.6) 18718 (100)
411G64) 0711 (0.0 0.0902;
25 units (1=22) Yes (36.4) (0.0) 090225564
No /11 (63.6) 11/11 (100)

Note: Stabilization was catculated between Baseline and 26 weeks after first dose.

a

P values wege calculated using Fisher's exact test.
Reference: Table 14.2.1.1 '

The table below shows the hemoglobin stabilization in the intention to treat population. In the
Eculizumab treated group there were 21/43 patients who had hemoglobin stabilization compared
to 0/44 patients with hemoglobin stabilization in the placebo group in the TRIUMPH study
(P<<0.0001). In the Eculizumab group 22/43 patients did not achieve hemoglobin stabilization.
When patients were stratified according to transfusion requirements prior to study entry, (low,
intermediate and high strata) there was a statistically significantly greater number of patients
who achieved hemoglobin stabilization treated with Eculizumab compared to placebo treated
patients. The table below shows the results of the primary endpoint of hemoglobin stabilization
in the intention to treat population. ' '

oars This Way

11



Clinical Review
Andrew Dmytrijuk, MD
BLA 125166/0

Soliris (Eculizumab)

Table 11. Summary of Units Transfused from Baseline to 26 Weeks (IT'T)

Randomization strata Eculizumah Placeho P value®
Overall N) 43 4 <0.000000001
Mean (standard error) 3.0(0.67) 11.0(0.83)

Median ' 0.0 - 100

Range (0.0, 16.0) (2.0,21.0)

4 - 14 units (n) ' 15 15 0.000002311 -
Mean (standard esror)” 0.4 (0.29) 6.7 (0.72)

Median 0.0 6.0

Range . 0.0, 4.0) (2.0,12.0)

15 - 25 units (0} 17 18 0.000665129
Mean (standard error) 42 (1-14) 10.8(1.17)
"Median ' 20 100

Range 0.0, 15.0) (2.0,21.0) .

> 25 units (n) 11 11 0.000301977
Mean (standard error) 4.5(1.39) 170(1.04)

Median : 3.0 18.0

Range 0.0, 16.0) (10.0,20.0)°

2 P values were calculated using Wilcoxon™s rank sum test.

Reference: Table 142121

In the SHEPHERD study the primary endpoint was the LDH AUC. The results of the analysis of
the primary endpoint are shown in the table below. There was a significant decrease in the LDH
AUC over time in these patients.

Table 9. Area Under the Curve for Lactate Dehydrogenase in U/L over time (PP)

Eculizamab
Statistic N=97 ~ PVahe®
Overall . <0.001
Mean (standard error) 3253757 (18296 43)
Median . -3018370
Range (-881796.5, -39392.3)

Note: Area under the curve was calculated from Baseline to 26 weeks after first dose.
i Based on Wilcoxon signed rank test.
Reference: Table 14211

Therefore, the TRIUMPH study was a randomized, double-blind, placebo-controlled, multicenter.
study of Eculizumab or placebo administered by IV infusion to 87 patients with hemolytic
transfusion dependent PNH patients. The treatment arms were similar in terms of patient
demographics, thrombosis.and transfusion history. In this study hemoglobin stabilization (a co
primary endpoint) was achieved in 48.8% of Eculizumab treated patients indicating that these
patients did not require any transfusions during the 26 week study duration. Hemoglobin
stabilization did not occur among any of the placebo patients and the difference between the
treatment groups was a statistically significant. A sensitivity analysis performed on the
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hemoglobin stabilization endpoints confirmed this efficacy outcome. After treatment with
Eculizumab, statistically significant differences in hemoglobin stabilization were observed in the
low and middle transfusion strata but not the high strata. In addition a statistically significant
reduction in the number of packed red blood cell units transfused (a co-primary endpoint) was
achieved in the Eculizumab group compared with placebo. During the 26 week study the median
units transfused per patient was 0.0 in the Eculizumab group and 10.0 in the placebo group
regardless of transfusion strata.

Secondary endpoint analyses for efficacy showed transfusion of avoidance was achieved in
22/43 Eculizumab patients and in no placebo patients which was statistically significant. The
LDH AUC secondary endpoint analysis showed a statistically significant overall improvement in
LDH AUC. Also, in each transfusion strata the LDH AUC improved after treatment with
Eculizumab compared to the placebo group which was statistically significant. The sponsor
analyzed the QOL in this study using the FACIT-Fatigue QOL tool. Eculizumab treated patients
demonstrated statistically significant improvements in fatigue levels compared to placebo treated

 patients by visit six and at subsequent visits. However, because the QOL tool was administered
to patients prior to transfusion without a follow-up QOL tool administration immediately after |
transfusion, is difficult to ascertain Eculizumab's effect on QOL independent of transfusion. The
sponsor was asked to demonstrate that improvement in fatigue with Eculizumab did not require
improvements in both hemolysis and anemia but was related to either the improvement in
hemolysis without requirement for an improvement in anemia or a drug activity unrelated to the
observed drug related improvements in hemolysis or anemia. The sponsor was able to
demonstrate that Eculizumab is able to improve hemolysis which may positively impact on
patient QOL.

The sponsor performed a series of exploratory endpoint analyses including the change of lactate

- dehydrogenase from baseline, an analysis of QOL using the EORTC QLQ-C30 tool, platelet

- activity, nitric oxide measure, free hemoglobin measurements and thrombosis. As is noted
above, the change in lactate dehydrogenase from baseline, the analysis of QOL from the EORTC
QLQ-C30 tool. In the TRIUMPH study, Eculizumab treated patients did show improvement in
both the functional and symptom/item measures when assessed using the EORTC QLQ-C30
tool. In addition, nitric oxide measures and free hemoglobin measures favored the Eculizumab
treated patients. The exploratory analysis for platelet activity by visit showed that there is no
statistically significant change from baseline between the treatment groups.

Therefore it appears that Eculizumab is effective in stabilizing hemoglobin and decreasing the
number of packed red blood cell transfusions required in transfusion dependent PNH patients.
Secondary endpoint analyses for transfusion avoidance, LDH AUC and QOL measures using the
FACIT- Fatigue tool support the fact that Eculizumab is effective in the treatment of PNH.
Analyses of the effect of Eculizumab on the incidence of thrombosis are confounded by the fact
that approximately 50% of patients in the Eculizumab treatment arm were on concomitant
anticoagulant therapy.

In the open label SHEPHERD study, Eculizumab decreased the LDH AUC compared to .
baseline, appeared to improve quality of life as measured by the FACIT-F QOL instrument.
Eculizumab treatment resulted in significant improvements in fatigue and hemolysis without
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meaningful changes in transfusion requirements in the SHEPHERD study population. The _—
sponsor stated that statistically significant improvements in fatigue were observed in the < four }
units per year pretreatment transfusion stratum. The sponsor indicated that this improvement in

fatigue was obtained in patients with minimal pretreatment transfusion requirements and without
demonstrable reductions in their transfusion requirements with Eculizumab treatment. The

sponsor indicated that the baseline fatigue score for these patients (n=21) was 27.6. The mean

change from baseline fatigue score at week 26 for these patients was 13.1 (P<0.001). In this

group of 21 patients a median of 0.0 units of red blood cells were transfused during the 26 weeks
pretreatment and a median of 0.0 units of packed red blood cells were transfused during the 26

weeks-of treatment. Using the EORTC QLQ-C30 QOL tool, in an exploratory analysis, the

sponsor was able to show that in patients treated with Eculizumab there were improvements in

13/15 measures including: global health status, role, social, cognitive, physical, emotional,

fatigue, pain, dyspnea, appetite loss, insomnia, nausea/vomiting and diarrthea symptom domains.
Conclusions regarding the effect of Eculizumab on thrombosis are confounded because of the

fact that a majority of patients (59/97) were on concomitant anticoagulant therapy. The

SHEPHERD study was designed primarily to assess the safety of Eculizumab in patients with

PNH.

Therefore, it appears that Eculizumab is effective in the treatment of patients with transfusion
dependent PNH by decreasing hemolysis which results in a stabilization of hemoglobin levels
and avoidance of transfusion. It also appears that Eculizumab may improve QOL in patients
with PNH in terms of decreasing fatigue and by improving other QOL parameters. Dué to the
fact that a large number of patients were on concomitant anticoagulant therapy a conclusion
regarding Eculizumab's effect on thrombosis incidence rates cannot be made.

st

133 Safety

e

There were a total of 7 deaths in all of the Eculizumab studies combined. No deaths occurred in
the TRIUMPH study. There were three deaths in non-PNH studies and four deaths in PNH
studies other than the TRIUMPH study. )

In the TRIUMPH study 4/43 patients in the Eculizumab group compared to 9/44 patients in the
placebo group had serious adverse events. The most prevalent serious adverse event was
exacerbation of PNH which occurred in one Eculizumab treated patient and three placebo treated
patients. '

In addition, overall one Eculizumab treated patient reported one serious adverse event associated
with infection compared to four placebo patients who reported six infections related adverse
events. Overall, there were three patients that developed meningococcal infection while enrolled
in the Eculizumab trials. In the PNH trials there were two patients who discontinued treatment
prematurely. Neither of these discontinuations appeared to be related to Eculizumab treatment
(one patient with pregnancy, one patient with myelodysplastic syndrome).

The serious adverse events reported with Eculizumab treatment which had a frequency of more
than 2% were headache (5.2%) and pyrexia (2.1%) in PNH studies. The sponsor reports that in
uncontrolled studies the frequency of mild-moderate adverse events reported with Eculizumab

:\‘\’mm--“/
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treatment was 99.0%. The overall frequency of severe treatment emergent adverse events in
uncontrolled PNH studies was 22.8%. The sponsor states that adverse events reported as mild to
moderate with Eculizumab treatment in more than 10% of patients in uncontrolled studies were:
headache (47.7%), nasopharyngitis (39.9%), upper respiratory tract infection (28.5%), nausea
(22.3%), arthralgia (17.6%), back pain (17.1%), diarrhea (17.1%), pyrexia (16.1%), vomiting
(15.5%), dizziness (15.0%), cough (14.5%), pharyngeal pain (13%), influenza like illness
(12.4%), extremity pain (12.4%), insomnia (11.9%), viral infection (11.4%), abdominal pain
(11.4%), constipation (10.9%), urinary tract infection (10.9%) and constipation (10.9%).

In the PNH studies three patients developed human antihuman antibodies (HAHA) after
treatment with Eculizumab. Two patients had IgG titers of 1:20 and one patient had IgM titers of
1:20 and 1:100. None of these patients developed a rebound in hemolysis despite the presence of
these neutralizing antibodies.

Therefore, Eculizumab appears to be generally safe for the treatment of patients with PNH.
However, because of the mechanism of action of Eculizumab on the immune system patients
with PNH who are treated with Eculizamab are at increased risk for infections with encapsulated
organisms. The sponsor proposes an early alert program and a registry program in order to
minimize the risk of infections in patients with PNH were treated with Eculizumab. In addition
patients who are to be treated with Eculizumab must be vaccinated with Neisseria meningitidis
vaccine at least two weeks prior to treatment with Eculizumab as was described in the protocols
in the PNH studies. '

1.3.4 Dosing Regimen and Administration

The sponsor proposes an induction and maintenance phase for the administration of Eculizumab.
In the induction phase, 600 mg of Eculizumab is administered every week for the first four
weeks and 900 mg of Eculizumab is administered in week five. The maintenance phase consists
of a 900 mg dose of Eculizumab every 14 +/- 2 days thereafter. The drug is administered as a
== minute intravenous (IV) infusion. B '

1.3.5 Drug-Drug Interactions

No specific drug-drug interaction studies were performed in the Eculizumab clinical
development program. for PNH treatment. ’

1.3.6 Special Populations

No studies were performed to analyze the safety and efficacy of Eculizumab in patient subgroups
based on age, race or gender.
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2 INTRODUCTION AND BACKGROUND )

2.1 Product Information

¢ Eculizumab is a humanized monoclonal antibody that binds to the human C5 complement.
protein. This results in the inhibition of the terminal complement cascade. CD 59 blocks
the terminal complement cascade on normal red blood cells. Red blood cells lacking
CD59 are type Il red blood cell clones. Patients with paroxysmal nocturnal
hemoglobinuria (PNH) lack CD59. The lack of CD59, on the red blood cells of patients
with PNH allows the terminal complement cascade to hemolyze these red blood cells.
The figure below shows the complement cascade and the target of Eculizumab.

Figure 2.5.1.4.2-1: The Complement Cascade
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Eculizumab is an IgG kappa immunoglobulin comprised of human constant regions and
murine complementarity determining regions (CDR) grafted onto human framework light
and heavy chain variable regions. Eculizumab is composed of two 448 amino acid heavy
chains and two 214 amino acid light chains and has a molecular weight of approximately
148 kDa. The figure below shows the schematic diagram for Eculizumab.
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Figure 2.5.1.1-1: Schematic Diagram of Eculizumab (bSG1.1 G2/G4 mAb)
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* The established name is Eculizumab (h5G1.1 G2/G4 mAb). The proposed trade name is
Soliris.

* Chemical class: New molecular entity biologic.

¢ Phammacological class: Monoclonal antibody.

* Eculizumab was developed for the treatment of patients with paroxysmal nocturnal
hemoglobinuria (PNH). The drug is administered as a == minute intravenous (v)
infusion. The dosage regimen consists of an induction and maintenance phase. In the
induction phase, 600 mg of Eculizumab is administered every week for the first four
weeks and 900 mg of Eculizumab is administered in week five. The maintenance phase
consists of a 900 mg dose of Eculizumab every 14 +/- 2 days thereafter. Eculizumab
therapy was not studied in patients with PNH whose age was <18 years. Therefore,
patients with PNH whose age is > 18 years is the proposed treatment population.

2.2 Currently Available Treatment for Indication

PNH is an uncommon, life-threatening hemolytic anemia. The term "nocturnal” refers to the
belief that hemolysis is triggered by acidosis during sleep and activates complement to hemolyze
red blood cell that lack CD59.- However, it is possible that any condition that activates 7
complement could lead to a hemolytic crisis.! The disease is rare. The reported incidence is 1-2
per million. PNH is an acquired genetic terminal complement inhibitor deficiency disorder. The
disease is characterized by chronic intravascular hemolysis. There is release of hemoglobin into
the plasma from hemolyzed red blood cells. The hemolysis leads to anemia, thrombosis and
fatigue - which are the most common morbidities for this disease. Clinically, the degree of the
hemolysis is monitored by levels of lactate dehydrogenase (LDH). Currently there are no
approved treatments for PNH. The following list is some of the treatments that have been tried
for the treatment of PNH?:
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¢ Transfusion for anemia with washed red blood cells in order to avoid transfusing
complement in plasma. '
e Oral iron therapy for iron deficiency.
¢ Steroid hormones: .
o Fluoxymesterone 20-30 mg orally daily.
o Prednisone 20-60 mg orally every other day.
e Anticoagulants:
o Prophylactic anticoagulation usually not indicated
o Anticoagulant management of thrombotic complications with low molecular
weight heparins, Coumadin has been used.
¢ Bone marrow transplantation.

2.3 Availability of Proposed Active Ingredient in the United States

Eculizumab 1s a new molecular entity (NME) and is not currently marketed in this country.

2.4 Important Issues with Pharmacologically Related Products

Currently there are no pharmacologically related products other than other monoclonal
antibodies used in various other diseases. These monoclonal antibodies share the common
adverse event of infusion reaction usually displayed as a hypersensitivity reaction either
systemically or locally at the point of infusion. Also because this is a monoclonal antibody with
human constant regions it is possible that anti-human neutralizing antibodies to Eculizamab may
develop. :

2.5 Presubmission Regulatory Activity

The regulatory history of Eculizumab is as follows: )

e May 2003- BB IND 11075 for Eculizumab treatment of PNH submitted.
e August 2003 - Orphan drug designation granted.

_July 2004 - Special Protocol Assessment submitted and approved. The sponsor was told
that the co primary endpoints would both need to show significant positive
effects. In addition, the sponsor was told that a sensitivity analysis would need to
be performed.

July 2005 - Fast Track request submitted which identified hemolysis and decreased red
blood cell transfusion as aspects that can benefit Eculizumab treated PNH

patients. The request was denied due to the fact that the sponsor failed to show an

_ unmet need and that no serious aspect of the serious disease PNH was identified.
March 2006 - pre-BLA meeting held.
September 15, 2006 - BLA submission.
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- 2.6 Other Relevant Background Information

In October of 2003 the European Community orphan drug designation was granted. In

- November of 2004 the sponsor was given European Medicines Agency (EMeA) protocol
assistance. In February of 2006 the EMeA gave the sponsor follow-up scientific advice on the
quality of life endpoints. In June of 2006 the EMeA granted an Accelerated Assessment
Procedure. ’ o ' :

For this application the sponsor submits one randomized, double blind, placebo controlled
multicenter study (C04-001, TRIUMPH, see section 4.1 of this review for description of study)
and one open label study (C04-002, SHEPHERD see section 4.1 of this review for description of
study). The original protocol for the TRIUMPH study was dated June 2,2004. On August 8,
2004 an amendment to the protocol was implemented specifically for sites in Germany. This
was done to address inclusion/exclusion regarding hepatitis and HIV status required by the
German regulatory authorities. On August 10, 2004 a clarification letter was distributed to the
primary investigators. This letter clarified the language in the protocol regarding hemoglobin
sample collection times at transfusion visits, the removal of assays for gamma globulin, total
cholesterol and triglycerides from the laboratory measurements, the inclusion of calculations for
red blood cell indices and the addition of phosphorus to the blood chemistry list. These changes
according to the sponsor did not alter the overall analysis plan. Of note, in the TRIUMPH study
there was difference of one patient in the intention to treat (ITT) population compared to the per
protocol population of patients. This patient (number 027-001) is not included in the ITT
population because she was randomly assigned to treatment in error. Only two patients
discontinued from treatment with Eculizumab in the TRIUMPH study. The sponsor did not
conduct an analysis to assess the safety of Eculizumab in those patients who withdrew from the
study, because such an analysis was considered to be not clinically meaningful.

The original protocol for the SHEPHERD study was submitted June 2,2004. On November 24,
2004 an amendment to the protocol was implemented specifically for sites in Germany. This
was done to address the inclusion/exclusion criteria regarding hepatitis and HIV status that the
German regulatory authorities required prior to giving the protocol approval in that country. On-
September 23, 2004 an administrative letter was sent to the investigators to clarify discrepancies
in the laboratory testing sections of the protocol. The wording for the testing sections in the
protocol clarified testing for hepatitis and HIV. On March 4, 2005 protocol changes were made
that included elimination of the upper limit for the number of transfusions required in the
inclusion criteria, changing the intravascular hemolysis as measured by LDH AUC from a
secondary endpoint to a primary surrogate of efficacy endpoint, changing the LDH change from

baseline from an exploratory endpoint to a secondary endpoint and changing the * sessmes
b T

For the SHEPHERD study the sponsor noted that protocol deviations involved incomplete study
procedures, procedures or study visits outside of the prescribed visit window, laboratory samples
collected at incorrect visits, infusion times exceeding protocol limits, incorrect infusion volumes
and transfusions administered above the set point. Some study sites in Germany reported the PQ
interval from patient electrocardiograms instead of the protocol specified PR interval. This was
due to the standard used in Germany. In addition, patient 018-002 was granted a protocol
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exemption from an inclusion criterion which stated that PNH patients had to have > 10% type III
red blood cell clones present by flow cytometry. Nevertheless, this patient was included because
the primary investigator reasoned that the patient was hemolyzing extremely quickly and that the
PNH clone could never build up to a 10% level. Patients 070-009, 070-012 and 070-013 were
granted protocol exemptions from the inclusion criterion that required that patients have

evidence of PNH for more than six months. Patient 015-001 received only 600 mg instead of the
protocol specified 900 mg due to an error at the study site. Patients 022-002, 101-002, 102-003,
102-005, 092-002, 093-001 and 131-001 had visit number two outside the protocol prescribed 14
day window. :

These protocol deviations and protocol amendments, in both the TRIUMPH and SHEPHERD
studies, were good-faith changes and clarified the protocols. The patient errors listed appear to
be minor and do not appear to affect the analysis of the safety and efficacy of Eculizumab in
PNH patients reported by the sponsor.

3 SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

3.1 CMUC (and Product Microbiology, if Applicable)

A number of CMC related concerns have been raised. Of particular note is that the sponsor has
not provided adequate validation of their method for assessing the immunogenicity of
Eculizumab these concerns are reflected in the postmarketing commitments listed in section
1.2.2 of this review.

3.2 Animal Pharmacology/Toxicology .

Eculizumab does not inhibit C5 activity in the sera from 4 primate and 4 non-primate species.
Tissue cross-reactivity of Eculizumab was evaluated by assessing binding to a panel of 38 human
tissues. It was shown that Eculizumab binds to smooth and striated muscle as well as renal-
proximal epithelium. A 26 week mouse toxicity study with a surrogate antibody directed against
murine C5 showed the blockage of hemolytic activity during the course of the study in both male
and female mice. A no adverse effect level (NOAEL) was established at 60 mg/kg/week for
maternal toxicity and reproductive performance and a NOAEL for embryo/fetal development
toxicity was established at 30 mg/kg/week. The pharmacology/toxicology review of this
submission stated there are no unresolved toxicology issues and from the perspective of
nonclinical pharmacology and toxicology, Eculizumab is recommended for approval (see
Pharmacology/Toxicology review completed February 27, 2007).
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4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY |

4.1 Sources of Clinical Data

The sponsor submitted information from six clinical studies which provide the basis for
establishing the safety and efficacy of Eculizumab therapy in PNH patients. The studies are
listed in the table below.

Study Nummber Phase/D esignl Duration/Status | TO;?;::;::;MS
C02-001 2} /0L 12 weeks/Complete i1
E02-001 2/ OL (C02-001 Extension) 52 weeks/Complete 11
X03-001 23/ OL (E02-001 Extension) 104 weeks/Complete 1
C04-001 3/RDB,PC . 26 weeks/Complete v 87

' 52 weeks/Ongoing
C04-002 3/0L : 26 week Interim - 97
: Complete
oo [OLCHOL DO 0 omgony HEEI0

'R = Randomized; "As of July 18, 2006; *Also referred to as Phase I studies; DB = Double Blind; PC =
Placebo Controlled; OL = Open Label. .

The study C04-001, also known as the TRIUMPH study (A Hemoglobin Stabilization in
Transfusion Reduction Efficacy and Safety Clinical Investigation, Randomized, Multicenter,
Double-Blind, Placebo-Controlled, Using Eculizumab and Paroxysmal Nocturnal
Hemoglobinuria Patients), is the pivotal study supporting Eculizumab's safety and efficacy for

~ the treatment of PNH. For the TRIUMPH study the first patient’s first visit was on August 27,
2004 and the last patient’s last visit was on December 27, 2005. In addition, information from
the open label study C04-002, also known as the SHEPHERD study (Safety in Hemolytic
Paroxysmal Nocturnal Hemoglobinuria Patients Treated with Eculizumab: the Multicenter, Open
Label, Research Design Study), was submitted by the sponsor to support the safety and also the
efficacy of Eculizumab therapy in PNH patients. For the SHEPHERD study, the first visit of the
first patient was on December 16, 2004 and the last patient’s last visit was on March 21, 2006.
An additional analysis of the safety of Eculizumab in PNH patients was undertaken using the

- combined safety database consisting of all of the PNH patients exposed to Eculizumab thus far in
the clinical development program. The sponsor; in the submission, lists 196 PNH patients as
having been exposed to Eculizumab. The sponsor reported in a teleconference on January 31,
2007 that one additional patient in a physician sponsored IND was exposed to Eculizumab that
was not reported as part of the safety database for Eculizumab in the BLA submission. The non-
PNH studies were reviewed to further analyze the safety database of Eculizumab.
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In addition, the sponsor provided summaries of studies performed in the non-PNH setting which oy

provides additional information for the safety of Eculizumab. The studies are listed in the table -
below.

Table 2.5.1.5-3: Listing of Al Non-PNH Studies

Nsmtlxl:li)‘e r Indication PhaselDesignI Duration/Status P:;ZZL
C97-001-01  Rhewmatotd Arthritis (RA) 1/R DB, PC Single dose/Complete 42
C99-001 RA 2/R,DB, PC 12 wks/Complete 209
E99-001 RA (C99-001 extension) 2/0L 12 month/Complete 132
C00-003 Bullous Pemphigoid 2/R,DB, PC 8 wks/Termmnated 1
C01-004 RA 2/R, DB, PC 12 month/Complete 367
E01-004 RA (C01-004 extension) 2/0L ' 12 monfthomplete 256
C97-002-01 ;ﬁ;ﬁ;&;ﬁ‘;s 1/R,DB,PC  Single dose/Complete 24
€99-004 ggﬁ?ﬁigﬁi@bﬁ%‘? 7 /R, DB, PC 16 wks/Complete 17
E99-004 IMG (C99-004 extension) 2/0L ‘12 month/Complete 72
C99-007 Psoriasis 2/R, DB, PC 8 wks/Comnplete 40
C99-006 Dermatomyositis 2/R, TP, PC * - 8 wks/Complete 13

'R = Randomized; DB = Double Blind; PC = Placebo Controlled; OL = Open Label.

/
“sawpa”

4.2 Tables of Clinical Studies

See section 4.1.

4.3 Review Strategy

The medical review of the TRIUMPH and SHEPHERD studies is included in this document.
The TRIUMPH and SHEPHERD studies were the primary studies used to understand the safety
and efficacy of Eculizumab for the treatment of patients with PNH. Summaries of the other
studies submitted by the sponsor to support Eculizumab's efficacy and safety in the treatment of
patients with PNH were reviewed.

An additional analysis of the safety of Eculizumab in PNH patients was undertaken using the
combined safety database consisting of all of the PNH patients exposed to Eculizumab thus far in
the clinical development program. The sponsor in the submission lists 196 PNH patients as
having been exposed to Eculizumab. The sponsor reported in a teleconference with the division
in January of 2007 that one additional patient in a physician sponsored IND was exposed to
Eculizumab that was not reported as part of the safety database for Eculizumab in the BLA
submission.. The non-PNH studies were reviewed to further analyze the safety database of
Eculizumab.
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4.4 Data Quality and Integrity

On September 26, 2006 the Division of Scientific Investigations (DSI) was consulted to evaluate
one study site in Leeds, England (study site number 070, primary investi gator Dr. Peter Hillman)
and one study site in Washington, DC (study site number 027, primary investigator Dr. Neil
Young) based on number of patients enrolled at each one of the sites. In addition, DSI also
inspected the sponsor (Alexion Pharmaceuticals). PNH is a rare disease which is treated by a
very limited number of physicians areund the world. There were small numbers of patients
enrolled at any one particular study site however, study site number 027 enrolled five patients
and the site number 070 enrolled 12 patients. The results of the DSI audit are as follows:

e For the site number 027:

o The investigator was found to have executed this study adequately. At this site 3/3
female subjects did not have month a year and pregnancy tests during the
screening, observation and treatment phase as required by the protocol for the
TRIUMPH study.

o 1/3 subjects was administered one incorrect dose investigational drug (180 mL
instead of 120 mL) as required by the protocol for the TRIUMPH study.

o 1/3 subjects was not given rescue medication on the date of first investigational
drug infusion. This patient received rescue medication seven days after the first
investigational drug infusion. -

o Overall it appeared that the data collected and generated was acceptable.

¢ For the site number 070:
o There did not appear to be any significant deviations from regulations and the
study was conducted according to the TRIUMPH study protocol.

¢ For the sponsor investigation:

o The inspection evaluated the sponsor's documentation of selection of qualified
investigators for the study, financial disclosures and trading of clinical
investigators. The inspection verified that the sponsor followed up on all
problems encountered. - ‘ '

Therefore, the violations noted above appear to be inconsequential to this review.

4.5 Compliance with Good Clinical Practices

All studies, both in the PNH setting and non-PNH setting, were conducted in compliance with
the current revision of the Declaration of Helsinki, the International Conference on
Harmonization Guidelines for Good Clinical Practices and local regulatory requirements. The
protocols and any amendments were approved by an institutional review board prior to initiation
and continuation of the studies. Written informed consent provided by the patient was required
and the written informed consent form for the TRIUMPH study was reviewed. The informed
consent, protocol violations and site-specific issues were reviewed and found to be within
accepted standards. ' '
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4.6 Financial Disclosures

. The wnmmms study’s primary investigator was eomssss——————————ecxm
| cmmmm— The sponsor reported that an unrestricted educational grant was awarded to the
| EmSEES— _ in the amount of £50,000 annually. The grant was used to fund the
salary of a research fellow. In addition, the sponsor reported that a two-year unrestricted
educational grant was awarded (0 the T P S ey
which is affiliated with esmssseme—sss i, the amount of £50,000 annually.  The sponsor
reports that the grant was used to fund the salary of a research fellow under the direction of Dr.
s The financial disclosures appear to be appropriate. '

5 CLINICAL PHARMACOLOGY

5.1 Pharmacokinetics

Eculizumab is administered IV and has an assumed 100% bioavailability. The distribution is
expected to be typical of the éndogenous human antibodies within the vascular and extracellular
spaces. Population pharmacokinetic modeling with Eculizumab shows that the volume of
distribution approximates that of plasma. The sponsor states that the amount of Eculizumab
associated with non-C5 plasma proteins and the effects of plasma protein binding on Eculizumab
distribution have not been determined. Eculizumab contains only naturally occurring amino
acids and has no known active metabolites. Human antibodies are metabolized by lysosomal
enzymes to small peptides and amino acids. The extent of catabolism is inversely proportional to
the receptor binding affinity. No specific clinical studies have.been conducted to evaluate
specific pathways of Eculizumab excretion. Due to its molecular size (148 kD) Eculizumab like
other immunoglobulins is expected to be excluded from filtration by normal kidneys. However,
in animal studies, testing with the parent molecule for Eculizumab showed that this parent
molecule can cross the placental barrier. The table below shows a summary of the single-dose
and multiple-does pharmacokinetic parameters of serum Eculizumab estimated from a
rheumatoid arthritis model. This model appears to adequately have described the
pharmacokinetics of Eculizumab in patients with PNH. The sponsor reports that no clinically
important covariates with respect to pharmacokinetic parameters were found. No accumulation
of Eculizumab was observed.

Appears This Way
On Original
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Table 9.5 C04-001 Parameter Mean Estimates 1C-p Method (n=40)

CL V4 Ka tin

(mL/Mr/kg) (mL/kg) (1/hr) (hr)
Meat 0.311183 - 1103 0.002776 2717
SD 0.125097 179 . 0.000817 81.6
% SD 4020 16.2 2945 30.0
Min | 0.150944 79.1 0.001376 134.1
Max 0.745052 1441 0.005169 5038
Median ' . 0.289969 108.3 0.002793 2482

1C-p = 1CPNCLI; I-compartment clearance parameterization IT2B method
Source: Appendix 15

5.2 | Pharmacodynamics

The sponsor states that 35 meg/ml of Eculizumab blocks the terminal complement mediated
intravascular hemolysis in PNH patients. Pharmacodynamics of Eculizumab mediated
complement inhibition was measured in human serum samples using an assay of antibody
sensitized chicken erythrocyte lysis in the presence of human serum complement, in which even
small amounts of unbound C5 resulted in > 90% hemolysis. The sponsor states that Eculizumab
binds to human C5 and inhibits human C5 cleavage in a dose-dependent manner such thata 1:1
molar ratio of Eculizumab to C5 is sufficient for C5 inhibition.. The sponsor states that there are
no known secondary pharmacological effects of Eculizumab because of the highly specific
interaction of Eculizumab with its target as indicated by the lack of Eculizumab binding to C5
from other species.

5.3 Exposure-Response Relationships

Eculizumab administered in a 30 minute IV infusion at doses > 4 mg/kg or at fixed doses > 600

- mgreaches peak serum concentrations in excess of 100 mcg/ml within one hour of infusion. At

these doses of Eculizumab terminal complement inhibition is evidenced by the essentially
complete inhibition of complement mediated hemolysis. The sponsor notes that the hemolysis in -
pharmacodynamic assays is inhibited by Eculizumab concentrations in excess of 35 mcg/ml.
Concentrations below this threshold result in inadequate inhibition of CS. This takes place at
concentrations < 20 mcg/ml as measured by the pharmacodynamic hemolytic assay. The
sponsor states that the proposed dosing regimen effectively maintains the concentration of
Eculizumab at approximately 35 mcg/ml. The sponsor states that no clinically relevant
pharmacodynamic interactions between Eculizumab and other medications or substances have
been observed in any of the clinical subjects at this point. The sponsor also states that, with the
exception of patients with a known C5 deficiency, no genetic factors have been identified that
would be anticipated to affect the response to Eculizumab. The pharmacology group in the
Division of Medical Imaging and Hematology stated that the pharmacology of Eculizumab is
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described by the sponsor is appropriate and reflects the pharmacologic parameters of
Eculizumab.

6 INTEGRATED REVIEW OF EFFICACY

6.1 Indication

The proposed indication for Eculizumab in this submission is: "Eculizumab is indicated for the
treatment of patients with paroxysmal noctumal hemoglobinuria (PNH)."

6.1.1 Methods

The clinical data upon which this application is submitted is based on the TRIUMPH study with
additional support from the SHEPHERD study. : :

6.1.2. General Discussion of Endpoints

The TRIUMPH study was a randomized, double-blind, placebo-controlled, multicenter study of -
Eculizumab or placebo administered IV to patients with PNH. The primary objective of this
study was to evaluate the safety and efficacy of Eculizumab in transfusion dependent patients
with hemolytic PNH. The efficacy co-primary endpoints for this study were hemoglobin
stabilization and the number of packed red blood cell units transfused during the treatment phase
of the study through 26 weeks. The secondary objectives of this study were transfusion
avoidance, hemolysis as measured by lactate dehydrogenase (LDH) area under the curve (AUC)
during the treatment phase from baseline through 26 weeks. This study also had the exploratory
endpoints of LDH change from baseline through 26 weeks, EORTC QLQ-C30 quality-of-life
(QOL) changes from baseline through 26 weeks, thrombosis, platelet activity, nitric oxide and
free hemoglobin measures from randomization and through 26 weeks.

The SHEPHERD study was an open label, multicenter study of Eculizumab administered IV to
patients with PNH for 52 weeks. The primary objective of this study was to evaluate the safety
of Eculizumab in patients with transfusion dependent PNH. The secondary objectives of this
study were to analyze hemolysis reduction as measured by LDH AUC and changes in the
functional assessment of chronic illness therapy fatigue (FACIT-F QOL) scale. Exploratory
endpoints for this study included health-related QOL as measured by th¢ EORTC QLQ -C30.and
measures of thrombosis, platelet activity, nitric oxide and free hemoglobin.

6.1.3 Study Design

The TRIUMPH study was a randomized, double-blind, placebo-controlled, multicenter study of
Eculizumab or placebo administered IV to patients with PNH. Patients that were randomized to
the placebo group received placebo IV once a week for five doses then once every two weeks for
21 weeks. Patients randomized to the Eculizumab group received Eculizumab as noted in
section 2.1 of this review. Patients who completed the study received 16 IV infusions. The
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duration of the study was as follows, a 12 week enrollment phase followed by a 13 week
observation phase followed by a 26 week treatment phase and an 8 week post-treatment phase.
The sponsor supplied the study drug and placebo. Patients who were prematurely discontinued
from the study had follow-up contact through 12 weeks after their last dose. 87 patients were
enrolled in the study. Patient stratification was based on packed red blood cell transfusions
within one year prior to screening. The strata were as follows:

¢ 4-14 units (low stratum).
¢ 15-25 units (mid stratum).
® > 25 units (high stratum).

The major inclusion criteria were as follows:

* Male or Female patients had to be at least 18 years of age.

* Required to have transfusions and 12 months prior to visit number one.

¢ CD 59 cell clone > 10%. :

* Stable dose of erythrocyte stimulating agent (ESA) for 26 weeks prior to screening visit -
number one with a dose remaining stable during the observation and treatment phases.

¢ Immunosuppressive therapy it was to be stable for at least 26 weeks prior to the first visit
and was to remain stable during the observation and treatment phases.

¢ Corticosteroid dose was to be stable for at least four weeks prior to the first visit. The
dose could remain stable or decrease over the course of the study.

* Anticoagulant therapy was to be stable for four weeks with international normalized ratio
(INR) remaining stable during the observation and treatment phases.

* [ron supplementation or folic acid was to be stable for four weeks prior to visit number
three.

* Vaccination against Neisseria meningitidis at least 14 days prior to visit number three.
In addition, during the observation period following inclusion criteria were applied:

¢ Documented LDH level > 1.5 times the upper limit of normal either at visit one or during
the observation phase. '

» Patients that received red blood cell transfusion during the observation phase if the
patients hemoglobin was< 9 g/dl with symptoms or if the hemoglobin was < 7 g/dl
without symptoms, and also within a 1.5 g/dl of the mean hemoglobin pretransfusion
value for the previous 12 months. The transfusion was to be carried out in accordance
with the patient's individual transfusion hemoglobin algorithm and was to occur within
48 hours a hemoglobin sample that predicted the transfusion. _

* Platelet count > 100,000/mcl either at visit one or during the observation phase.

The exclusion criteria for this study were as follows:

* Mean hemoglobin level prior to transfusion over the previous 12 months > 10.5 g/dl.
* Absolute neutrophil count < 500/mcl.
* Presence or suspicion of bacterial infection.

27



Clinical Review
Andrew Dmytrijuk, MD
BLA 125166/0

Soliris (Eculizumab)

¢ Known or suspected hereditary complement' deficiency.

¢ Pregnant, breast-feeding or intending to conceive during the course of the study including

the post-treatment phase.
e History of meningococcal disease.
¢ History of bone marrow transplantation.

Patients were to be discontinued from treatment for the following reasons:

If > 25% absolute decrease in PNH red blood cell clone population in one week or less.
The hemoglobin level was <5 gm/dl.
There was a change in mental status.
There was a 50% increase in serum creatinine.
Thrombosis developed.

¢ Ifthe patient was discontinued from treatment then blood transfusion, exchange
transfusion, anticoagulant therapy or steroid treatment could be admmlstered at the
discretion of the treating physician.

The schedule of events for this study is listed in the tables below.

Table 2. Schedule of Events

STUDY PHASE
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Table 2. Schedule of Events

STUDY PHASE Earollment Treatment
QObservation — Post-
Stady Period Period Enduction Period Mainteasuce Period g | treatment
g +——
Study Month Sereen | Month Month Month2 | Month3 | Month 4 | Month 5 | Month6 | Month7 | £ | FINAL
Study Visit ’ 1 3 3 4 H [1 1 8 110 INIRIBIM[IE]I6]19]18] D | Weeks
Study Week [ 1 2 3 4 1] gl |l16]{18]2e]a]x 26 18 ET
Flow cytometry for PNH red blood |
cells, white blood cells, and platelet x = | x T x x x
clone size
Platelet activity assays x x x x x . x =
Free hamoglobinNO meazures I= x x x i x X x
Presnamey (B-lmman chorionic R
gonadotropin) x x x
Anit-hSGI.1-mAB (HAHA) x x x x
Ferritin, vitarnin By, folate - : x x x
Maningococeal vaccine titer
given/assayed x =% x %
Coml o et T X
Admimster quakity-of-life mstroments X~ X|IX[|[X]X]X X X X X
Adverse events WX XIXIX|XIx|Xx]X|X]xlxlx[xIx{x{ x| x=x X X
Throwboszis record (MAVE) l X X{XI XX XX XXX [X|X[x[xXIxTxTxI=x X X
Vaccnation for Netssena menmatidis X*
Prescribe rescue mithiotic and provide
identification card X
Review aufry cnifena / fax attestation
form for autherization to randomize podd
Call IVRS for randonnzation X

Table 1. Schiedule of Events

STCUDY PHASE Enroffmeat Treatment Post.

. . Chservation 2] 4 :ﬁnnk

Stady Derind Period Taduetion Perod _ Maintensnee Period - B

. &

Study Month Pseren | X0 | Monthl | Mot | Month3 | Mot | Month5 | Moath | Mont7 | £ | v

Stady Vist T T B[ [6 T[S0 [0[U[R|B[U |60 [8]|D V]

Stady Week IR EEBEIERE 3 |

Dosig it ll e 21 ) Do ) €0 [ 60 | 60 | 60| 90| 90| 90|09 |9 |% || ]|
ofojofejajojolalolofofalolofalo

Trau..ﬁJonlxordﬁpdate(datemd#ofPRBCs)l X o x il xlx xlxdaelxbelwlal sd x|« X

ET =Barly Termiution; B=Baseline T/P=TroushndPesk T=Tewugh N0=m1nc oxadz HAHA <mun anﬁ]mmm atbody MAVEsmajor adversa vascular event
TVR S=interaciive voice TeTponze system

*Patients must have been vacemated for N memingiidas 14 days prior to randomization at Visit 1 or during the observation period as deferminad by the principal mvestizstor’s dizcretion
*The quality-of-fifs asessmant was to be done before the patient was given 2 fransfasion.
#The meningococcal vaccine fiter assay sample was fo be collected 4 to & weeks postvaceination

#*Pior to calling IVRS for randomization, witten authorization to randomly #sign a patient to treatment mst have been recerced f o gggy global prejeci manager or Alexion's chmieal
project manager.

In addition safety assessments included treatment emergent adverse events, clinical laboratory
and electrocardiogram data as well as vital signs were to be analyzed. Adverse events were
assigned MedRA preferred terms and tabulated as incidence rates per treatment group. The
safety review for this study can be found in section 7 of this review.

The statistical analysis was as follows:
* Patient characteristics at baseline were summarized for each treatment group. Summary

statistics were used to present the demographics, transfusion history, thrombosis history
and LDH. The number of study drug infusions and total amount of study drug infused
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were summarized by treatment group. The frequency and listings of concomitant
medications were also provided by the sponsor. ‘

e The co primary endpoints and all secondary endpoints of the primary analysis were based
on the intention to treat (ITT) population. The hemoglobin set point for each patient was
defined as <9 g/dl in patients with symptoms and was < 7 g/dl in patients without
symptoms. To achieve a designation of hemoglobin stabilization, a patient had to

maintain a hemoglobin concentration above the hemoglobin set point and avoid any red _

blood cell transfusion for the entire 26 week treatment period. Patients who reached or
dropped below their predetermined hemoglobin set point did not achieve hemoglobin
stabilization. Those patients who withdrew prematurely from the study or work
transfused above their hemoglobin set point during the treatment phase also were treated

~ as not achieving hemoglobin stabilization. A 2-sided Fisher exact test was used for
analysis. Each patient's units of packed red blood cells transfused after randomization

- through visit 18 were calculated. For those patients who discontinued study drug but
remained in the study for follow-up the actual transfusion records were used to calculate
the units transfused. For patients who had at least one transfusion but withdrew
prematurely from the study prior to 26 weeks, the number of units were prorated bya
applying the formula (26/number of weeks on study drug) x (Number of units transfused
while on the study drug). For patients who withdrew prematurely from the study prior to
having a transfusion their transfusion data, 26 weeks previous to their last contact date,
was used to calculate the number of units of packed red blood cells transfused. The
primary analysis method was the Wilcoxon rank sum test. A sensitivity analysis was
performed based on the following rules in order to test the robustness of the results for
the co primary endpoints:

o Ifa patient assigned to placebo violated the protocol by receiving a transfusion
without meeting the hemoglobin transfusion criteria, that transfusion was ignored
in determining the endpoints and the patient was considered to have achieved
hemoglobin stabilization.

o If a patient assigned to Eculizumab violated the protocol by receiving a
transfusion without meeting the transfusion criteria, that transfusion was counted
in determining the endpoints and the patient was not considered to have achieved
hemoglobin stabilization.

For the sensitivity analysis the population in each treatment group for packed red blood cell
transfusion units at visit 18 was examined. For each treatment group, available packed red blood
cell transfusion unit values were used to impute missing data using multiple imputation, mean
values and median values. :

The secondary efficacy analyses were undertaken as follows:

¢ The endpoint of transfusion avoidance was classified for each patient during the 26 week
treatment phase I utilizing patients’ transfusion records from randomization through visit
18. Those patients who withdrew prematurely from the study during the treatment phase
were treated as requiring transfusion. The analysis was carried out using the two sided
Fisher exact test. '
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* The AUC of LDH from baseline through visit 18 was calculated for each patient. For
patients with missing LDH values, the last observation carried forward method was used
to impute missing values. The AUC was analyzed using the Wilcoxon rank sum test.
¢ The scoring guideline for the FACIT-Fatigue scale was used to calculate the fatigue
score. The main hypothesis of interest was that Eculizumab will provide a statistically
significant increase in a patients” total FAC IT-Fatigue scale score compared to placebo.
The change in the total FAC IT-Fatigue score from baseline was analyzed using a mixed. -
effects model with baseline as covariate, treatment and time as fixed effects and patient
as a random effect.

The SHEPHERD study was an open label, multicenter study of Eculizumab administered IV to
97 patients with transfusion dependent hemolytic PNH. Patients who received the same dosing
regimen and schedule of Eculizumab as that of the TRIUMPH study. This study had a 12 week
enrollment phase followed by a two-week screening phase followed by a 52-week treatment
phase and an eight week post-treatment phase. Patients who prematurely discontinued study
drug were required to have for follow-up visits at 1, 2, 4 and 8 weeks after their last dose of
study drug and a follow-up contact 12 weeks after their last dose of study medication. The .
inclusion and exclusion criteria were similar to that of the TRIUMPH study with the exception of
the following:

e TRIUMPH
o >4 transfusions/12m
o > 100,000/mcl platelets
o >1.5ULNLDH
o >10% RBC clone

o SHEPHERD
o >1 transfusions/24m -
o > 30,000/mcl platelets
o >15ULNLDH
o >10% RBC clone

Therefore, the SHEPHERD study patient population had a broader range of transfusion
~ requirements and degree of thrombocytopenia which is reflected in the demographics for the .
SHEPHERD study.

The SHEPHERD Study had similar discontinuation from treatmeént criteria to that of the
TRIUMPH study. The schedule of events for the SHEPHERD study is shown below.
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Tabie 1. Schedule of Events
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Table 2. Schedule of Events (continued)
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In addition safety assessments included treatment emergent adverse events and clinical
laboratory and vital signs were to be analyzed. Adverse events were assi gned MedRA preferred
terms and tabulated as incidence rates per treatment group. The safety review for the
TRIUMPH, SHEPHERD and combined studies can be found in section 7 of this review.

Two populations were analyzed for the TRIUMPH study - the per protocol population and the
safety population. The criteria for patient analysis subsets were, in the per protocol population,
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all patients who received any amount of Eculizumab and had no major protocol violations and in
the safety population, any patient who received any amount of Eculizumab was considered
evaluable for safety analyses. The LDH AUC change from baseline to week 26 was calculated
and sensitivity analyses performed. QOL measurements were calculated and analyzed at 26
weeks. The incidence of thrombosis was tabulated for each type of event. In addition platelet
activity was analyzed that 26 weeks taking into account patient's transfusions and concomitant
medications such as anticoagulants. Changes of platelet activity results from baseline were
analyzed using a mixed- effects model. Changes in nitric oxide and free hemoglobin measures
from baseline were also analyzed using a mixed - effects model. Safety was assessed by
examination of treatment emergent adverse events and analyses were performed at 26 weeks.
Adverse events were assigned MedRA preferred terms and tabulated by severity and analyzed
using descriptive statistics. In addition adverse events related to the occurrence of infection were
tabulated. Descriptive statistics were used in the analysis of laboratory safety data.

The design of the TRIUMPH study appears to be appropriate for the evaluation of safety and
efficacy. However, the SHEPHERD study was an open label study and lacked a comparator.
The sponsor used baseline patient data in terms of LDH AUC, QOL, transfusion history and
other laboratories which were analyzed. Therefore the TRIUMPH study is the pivotal study
supporting the safety and efficacy of Eculizumab for the treatment of patients with PNH.
Efficacy data from the SHEPHERD study is supportive. The SHEPHERD study was designed to
evaluate safety primarily.

6.1.4 Efficacy Findings

In the TRIUMPH study, 114 patients were screened and five patients did not meet entry criteria.
One patient revoked consent. There were 109 patients who were enrolled in the study however,
one patient did not meet enrollment criteria. There were 108 patients who entered the
observation phase of which 20 were not eligible for treatment. Therefore, 88 patients were
randomized of which, one patient was removed from the analysis because they were randomized
in error. 87 patients entered the treatment phase and two patients terminated their participation
early. 85 patients completed all visits. 10 patients discontinued treatment but completed all
study visits. 75 patients completed the treatments as scheduled. The disposition of the patlents
by treatment group for the ITT population is shown below.

Table 3. Patient Disposition by Treatment Group (ITT)

Eculizemah Placebo . Total
N=43 N=44 N=87
_ n (%) n (%) u (%)
Completed treatment 41 (95.3) 34.(77.3) 75 (86.2)
Discontinued treatment because of:
Lack of efficacy o 00009 10227y - 10 (11.5)
Treated and ternunated early because of: . :
Patient requested withdrawal 1(2.3) ' 0(0.0) 1(1.1)

Adverse event | 1(23) 0(0.0) 1(1.1)
Reference: Table 14.1.1.1 i
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In the TRIUMPH study, protocol deviations in individual patients do not appear to change the
efficacy results. Patient 010-001 who was treated with Eculizumab did not have a serum
pregnancy test at screening as required per protocol. This site performed a urine dipstick test.
Patient 010-001 eventually had a serum beta hCG pregnancy test but not until the last visit on
study. Patient 102-002 also treated with Eculizumab did not have a serum beta hCG pregnancy
test performed on till visit number three. Both of these patients were randomized in violation of
the protocol. Patient 028-003 reported her pregnancy to the primary investigator on the =
« She had been randomly assigned to Eculizumab treatment on e and
received her first dose on = esss=—es———  Yhen her pregnancy was reported the patient was -
discontinued from the study drug. This patient’s pregnancy resulted in a normal pregnancy
despite Eculizumab exposure. Patient 028-002 was randomly assigned to Eculizumab treatment
however it was discovered that after randomization she had not been vaccinated. She did not
receive her first dose on till she was vaccinated after 14 days and had another qualifying
transfusion. Patient 027-001 did not meet entry criteria (the mean hemo globin was below the
specified protocol criterion) but was inappropriately entered for random assignment to treatment.
The patient did not receive study drug. The sponsor made a decision to not include this patient
in the intention to treat population because she was randomly assigned in error. Patient 015-002 )
was taking erythropoietin on February 17, 2005. The protocol required that patients on ESA had
to have any stable dose for at least 26 weeks prior to visit number one. At visit number one the
investigator indicated that the.ESA did not appear to improve the patient's status and the ESA
was subsequently discontinued. The sponsor reported that the patient had an increased need for
transfusion in the first several weeks of the study. The patient was allowed to remain in the
study and completed all study assessments. Seven patients (013-0 02, 0 to 7-004, 061-002, 070- .
005, 070-010, 101-002 and 102-003) showed a discrepancy between the stratification assignment
as entered compared to the number of units transfused in the patient's transfusion history. All
analyses for this study were performed on the intention to.treat population as randomized and
stratified according to the parameters listed above. Patient 015-001 who was treated with
placebo was not on a stable dose of prednisone for weeks prior to randomization. The patient
was allowed to stay in the study. '

The demographic and baseline characteristics. for the intention to treat population are
summarized in the table below.
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Table 4. Summary of Demographics and Baseline Characteristics (ITT)

Eculizumab’ Placebo
- N=43 N=44 P Value®
Gender n (%)
Male 20 (46.5) 15 (34.1) 0.2783
Female 23(53.3) 29 (65.9)
Race n (%6)
Not required” 1(2.3) 1Q.3) 0.2629
Caucasian 37 (86.0) 41 (93.2)
Black 4093) 0(0.0)
Asian 123 1(2.3)
Othex 0 (0.0) 1(2.3)
Age (years) '
Mean (standard deviation) 421 (1547 384 (13.38) 02714
Median (first, third quartile) 41.0(29.0, 51.0) 35.0(29.0.450)
Range (20.0, 85.0) (18.0, 78.0)
Age groups (vears) n (%0)
<65 ‘ 37 (86.0) 42 (95.5) 10.2085
65t0 75 5(11.6) 1(2.3)
=75 1(23) 1(2.3)
Weight (kg)
n 41 43 0.2287
Mean (standard deviation) 749 (11.69) - 728 (14.04)
Median (first, thind quartile) 76.1 (656, 83.7) 70.0 (61.5, 79.6)
Range (53.1.102.0) (55.0, 124.1)
Height (cm)
n 42 44 0.6750
Mean (standard deviation) 170.4 (9.37) 169.7 (8.89)
Median (first, third quartile) 171.5(164.0. 179.0) 168.0 (162.3, 175.3)
Range . (151.0, 187.0) (156.0, 185.0)
Bload type n (%)
A~ 5(11.6) 1(2.3) 0.1357
A+ 11 (25.6) 20 (45.5)
B- 2¢4.7) 0(0.9)
B+ 370 5014
AB+ 2¢4.7) 2 (4.5)
O- 4 (9.3) 6 (13.6)
O+ 16 (37.2) 10 (22.7)

‘ T.ocal law did not allow the collection of race data at sites in France.

For categoricat variables, exact Péarson’s chi-square test was used, and for continuous variables, Wilcoxon’s
rank sum test was used.

Reference: Table 14.1.1.2

The two arms of the study were overall well-balanced in terms of the patient demographics listed
in the table above. The transfusion history for the patients in the ITT population is presented in
the table below. Overall, the two arms of the study were well-balanced in terms of the
transfusion history. '
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Table 6. Transfasion History (TTT)

) Eculizamab Placeba

Parameter N=43 N=44
Mean hemoglabin prior o ¢ransfusion ] . -

n 43 4

Mean - g/dl.  (standard deviation) - 80(086) 79 (1.02)

Medsan - g/dL (first, third quartile) - 8.1(73,85) ) 78(12,86)

Range - g/dL. ' (59,9.8) (6.0, 10.5) -
Mean hemoglabin posttransfusion

n 10 8

Mean - g/dL.  (standard deviation) 10.5 (1.06) 9.0(1.22)

Median - g/dL (first, third quartile) 108(9.6,11.1H 9.3(85,98)

Range - g/dL : (90,12.6) (6.6,10.6)
Number of units transfused '

a 43 44
Mean - g/dl.  (standard deviation) 192 (8.41) 19.9 (9.28)
Median - g/dL. (first, third quartile) 18.0 (12.0, 24.0) 17.0 (135, 25.0)
Range - g/dL. . (7.0,36.0) (7.0, 44.0)

Symptams assaciated with transfasion n (%)
Al symptoms - 438 ’ 426
Change in mental status 14(3.2) : 204D
Severe or worsening shortness of breath 69 (15.8) 63 (14.8)
Severe or worsening fatigue 279 (63.7) 264 (62.0)
Other : 6 (174 79 (18.5)

Reference: Table 14.1.2.1

In terms of the thrombosis history for patients in the TRIUMPH study, nine patients in the
Eculizumab group compared to eight patients in the placebo group had 16 compared to 11
thrombotic events respectively. The history of previous thrombosis between the two treatment
arms was similar and is shown in the table below. One patient in the placebo group developed a
portal vein thrombosis among all treated patients in the TRIUMPH study.
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Table 7. Thrombosis History by Major Adverse Vascular Event (ITT)

Eculizumab Placeha
Parameter N=43 N=44
Patients Patients
n (%) Events B (%) Events
Any thrombosis event 9 (209 16 8 (18.2) i1
Cerebrovascular accident 1(2.3) 2 0 (0.0) 0
Mesenteric vein thrombosis 0(0.0) 0 24.5) 2
Other (as reported):
Ischemic stroke 12.3) 1 0 0.0 0
Suspected plxlxnonary e.mbolus durmg pregoancy 123y 1 0 (0.0) 0
Thrombus 1(2.3) 1 (IR (eR0)] 0
Thrombus artery carotis interna left 123 1 0(0.0) 0.
Thrombosis right arm after feeding infusion 1(2.3) 1 0 (0.0) 0
Pulmonary embolus 123 1 0.0 0
Thrombophlebitis/deep vein thrombosis 4M03) 5 6 (13.6) 9
Transient ischemic attack 123 3 eF (1 X1)] 0

Reference: Table 14.1.22

‘The number and type of concomitant medications taken by at least 5% of patients in either
treatment group in the ITT population was similar. The sponsor did not formally study drug
interactions with Eculizumab during this study or during the clinical development program for
Eculizumab. The table below shows the concomitant medication list taken by at least 5% of the

patients in either treatment group in the ITT population.
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Table 8. Summary of Concomitant Medications Taken by at Least 3%
of Patients in Either Treatment Group (ITT)

Eculizemab Placeba

. N=43 N=44
Anatomical therapeutic chemical classification level 2 term n (%) n (%)
Vaccines i 43 (100) 44 (100)
Antianemic preparations ) . 31(72.1) 36 (81.8)
Analgesics : - 30 (69.8) 29 (65.9)
Antithrombotic agents 24 (55.8) 20 (45.5)
Antibacterials for systemic use 23 (53.5) 26 (59.1)
Corticosteroids for systemic use 13 (30.2) 15 (34.1)
Antacids, drugs for treatment of peptic ulcers and flatulence 12 (27.9) 11 (25.»
Antihistamines for systemic use 9 (20.9) 15(34.1)
Vitamins 9 (20.9) 8(18.2)
Psycholeptics 8(18.6) 9 (20.5)
All other therapeutic products ' 6 (14.0) 7(15.9)
Blood substitutes and perfusion solutions 6 (14.0) 4¢(9.1)
Psychoanaleptics 6(14.0) . 4(9.1)
Laxatives 6 (14.0) 6 (13.6)
Mineral supplements 6 (14.0) 8 (18.2)
Antiinflammatory and antitheumatic products 6(14.0) 10227
Beta blocking agents "5(11.6) 2 ¢(4.5)

- Amntidiarrheal, intestinal antilnflammatory/antiinfective agents - 4(9.3) 4(9.1»
Antispasmodics and anticholinergic agents and propulsives 4 (9.3) 401
Sex hormones and modulators of the genital system 4(9.3) 8 (18.2)
Agents acting on the renin-angiotensin system 4(9.3) 1(2.3)
Cough and cold preparations ' 4(9.3) 9 (20.5)
Antibiotics and chemotherapy for démmtological use 3(7.0) 1(2.3)
Antivirals for systemic use 3(7.0) 1(2.3)
Cortticosteroids, dermatological preparations ~ 30 1¢2.3)
Nasal preparations 3(7.0) © 2(4.5)
Diauretics 3(7.0) 3(6.8)
Ophthalmologicals : 3 7.0 3 (6.8)
Calcium channel blockers 247D 3¢(6.8) -
Antiasthmatics 1(2.3) 3 (6.8)
Drugs for treatment of bone diseases 122.3) 3(6.8)
Anesthetics 0 (0.0) 519

Reference: Table 14.1.3.1

In the TRIUMPH study, the hemoglobin set point between the two treatment arms was similar
and shown in the table below.
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Table 9. Summary of Hemoglobin Set Points Estabﬁshed During the : \}
Observation Period (ITT) , -
‘Eculizumah Placeba
N=43 N=4
g/dL. gL P Valae®

Hemaglabin set value : _ :

Mean  (standard deviation) 7.8 (0.79) 1.7(0.75) 0.7532

Median  (first, third quartile) 7.7(7.1.8.5) 7.7(1.2,83)

Range (6.1,8.8) (6.2,9.0)

Note:  The hemoglobin set points for patients were based on transfusion data 12 months prior to Screening.
*  Wilcoxon’s rank sum test was used to calculate the P vatue.
Reference: Table 14.1.1.2

The table below shows the hemoglobin stabilization in the intention to treat population. In the
Eculizumab treated group there were 21/43 patients who had hemoglobin stabilization compared
to 0/44 patients with hemoglobin stabilization in the placebo group in the TRIUMPH study
(P<<0.0001). In the Eculizumab group 22/43 patients did not achieve hemoglobin stabilization.
When patients were stratified according to transfusion requirements prior to study entry, (low,
intermediate and high strata) there was a statistically significant number of patients who achieve
hemoglobin stabilization treated with Eculizumab compared to placebo treated patients. The
table below shows the results of the primary endpomt of hemoglobin stabilization i in the intention
to treat population.

Table 10. Hemoglobin Stabilization ITT) "
Eculizumab Placebo
Hemoglehin N=43 N=44 ¥
Randomization strata stabilization? n/N (%) w/N (%) P Value'
Yes 21/43 (48.8) 0/44 (0.0) - 0.000000014
rerall (N=8 .
Overall (N=87) No 243 (512)  44/44 (100)
2715 (80.0 0/ . 1 10521
410 14 uaits (a=30) Yes 1.113( ) 15 (0.0) 0.00001
. “No 3/15 (20.0) 15/15 (100)
.. Yes 3/17 (29.4) 0/18 (0.0) 0.019061584
15 to 25 units (n=3 ,
253 uaits (u=35) No 12/17(706)  18/18 (100) -
' Ye 411 (36 4 0/11 (0. ' .090225564
>25 uaits (n=22) s 1364 0.0) 0.05022
No /11 (63.6) 11/11 (100)
Note: Stabitization was calc_ulated between Baseline and 26 weeks after first dose.
*  Pvalues were calculated using Fisher's exact test.
Reference: Table 14.2.1.1
To assess the robustness of these results a sensitivity analysis was performed based on the rules -
described previously. This analysis shows of that overall there is a statistically significant level
of hemoglobin stabilization in the Eculizumab treated group relative to placebo (P<0.001).
These results are shown in the table below.
A
CLS
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Table 14.2.1.1.1 Sensitivity Analysis for Hemoglo in Stabilization
Population: ITT

Hemoglobin Difference

Randomization Strata (a) Stabilization Ecul::Lzumab Placebo ({95% Ci) 2 value (b)

Overall (N = 87} Yes. 21/43 { 48.8%) 5/44 { 11.4%) .37 (0.20,0.55) . 0.000153935
No 22/43 ( 51.2%) 39/44 ( 38.6%) R

4 - 14 Units (N = 30} Tes ‘ 12/15 { 80.0%) 2/15 ( 13.3%) .0.0016 918§

: No 3/15 { 20.0%} 13715 { 36.7%)

15 - 25 Units (N = 35) Yes 5/17 { 29.4%) 3/18 (' 16.7%) 0.443017494
No 12/17 ( 70.6%) 15718 { 83.3%)

> 25 Units (N = 22) Yes 4/11 { 36.4% 0711 ( ©.0%) ) 0.18%0225564
No 7/11 { 83.6 11711 (100.0%) .

In the TRIUMPH study, Eculizumab patients required significantly fewer units of packed red
blood cells (primary endpoint) during the treatment phase (median 0 units) compared with
placebo treated patients (median 10 units) (P << 0.001). In addition, there was a statistically
significant reduction in the median units of packed red blood cells transfused in each of the three
strata subgroups. These results are shown in the table below:

Table 11. Summary of Units Transfused from Baseline to 26 Weeks (ITT).

Randomization strata Eculizainab ~ Placebe P value®
Overall (V) 43 4 © <0.000000001
Mean (standard error) 3.0(067) 11.0(0.83)

Median 0.0 10.0

Range (0.0, 16.0) (20.21.0)

4 - 14 units (n) 15 15 ~0.000002311
Mean (standard error) 04 (0.29) 6.7(0.72) N

Median 0.0 6.0

Range ©.0,40) (2.0,12.0)

15 - 25 units (m) , 17 . 18 - 0.000665129
Mean (standard error) 42(1.14) 10.8(1.17) '
Median 2.0 ' 100

Range 0.0, 15.0) (20,21.0) .

> 25 units (n) ' 11 11 0.000301977
Mean (standard error) : 45(1.39) 170(1.049)

Median 3.0 180

Range ' (0.0, 16.0) (10.0,20.0)

*  Pvalues were calculated using Wilcoxon's rank sum test.

Reference: Table 14.2.1 2.1

In the TRIUMPH study the secondary analysis of transfusion avoidance showed that overall
22/43 patients in the Eculizumab group compared to 0/44 patients in the placebo group avmded
transfusmn (P<<0.001). The results are shown in the table below.
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Table 12, Summary of Patients Who Avoeided Transfusions (ITT)

. Eculizumab Placeba
Randomization N=43 N=44
strata N /N (%) /N (%) P value®
Overall 87 22/43 (51.2%) 0/44 (0.0%) 0.000000005
4 — 14 units 30 12/15 (80.0%0) /15 (0.0%) 0.000010521
15 — 25 unmits 35 6/17 (35.3%) 0718 (0.0%) 0.007624633
>25 units 22 4/11 (36.4%) 0/11 (0.0%a) 0:090225564

Note: Area under the cugve was calculated from Baseline to 26 weeks after ﬁrst dose.
* P values were calculated using Fisher’s exact test.
Reference: Table 14.2.2 1

LDH reflects the degree of intravascular hemolysis. In the TRIUMPH study there was a

statistically significant decrease in the LDH AUC for patients treated with Eculizumab compared

to placebo both overall and with regard to the randomization strata (P<<0.001). These results are
shown in the table below

Table 13. Area Under the Curve for Lactate Dehiydrogenase (U/L x day) (ITT)

: Eculizumab Placeboe .
Randomization strata N=43 N=44 . P Value®
Overall (N) 43 _ } 44 <0.000000001

Mean (standard error) 81140.0 (17626.59) 4298741 (21704 31)
Median 58586.5 411821.8
Range (32417.0, 792005.5) (161413.5, 886544.0)
4 - 14 units (a) 15 15 0.000057371
Mean (staridard error) 103760.6 (49309.63) 391388.7 (32020.39)
Median 53609.5 398573.0
Range (383405, 792005.5) (230351.5, 697637.5)
15 - 25 units (n) 17 18 0.000000482
Mean (standard error) 386704 (3364.68) 444075.6 37304 .47)
Median 56126.5 4203383
Range (32417.0,90114.3) . (161413 5, 886544.0)
>25 units (n) 11 11 0.000106960
Mean (standard error) 85019.5 (16790.79) 4591155 (44197.34) '
Median 67181.0 441879.5
Range (33230.5, 2420715)  (234604.5, 711934.0)

Note: Area under the curve was calculated from Baseline to 26 weeks affer first dose. -
P values were calculated using Wilcoxon’s rank sum test.
Referénce: Table 14.2.2.2
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In order to determine the degree to which Eculizumab impacts the QOL, the sponsor undertook
an analysis using the FACIT-F QOL tool. The FACIT-F scale was created to measure the
physical symptoms and functional impact of cancer-related fatigue over the past seven days. It
was developed using patient and clinician semi-structured interviews to generate items. The
FACIT-Fatigue scale summarizes a multidimensional construct in to a single score that combines
a fatigue severity/intensity rating with impact assessment. This instrument consists of 13 items -
each rated on a 5-point scale from 0="Not at all” to 4="Very much™). The total score hasa ..
possible range of 0 to 52. (See Study Endpoints and Label Development (SEALD) review
completed January 29, 2007.) . In the TRIUMPH study Eculizumab treated patients demonstrated
statistically significant improvements in fatigue levels compared to placebo by visit six and at
subsequent visits 11, 15 and 18 (P<0.01). The results of this analysis are shown in the table
below. A sensitivity analysis was performed by the statistics reviewer for the data presented in
the table below which showed the finding to be robust (see Statistics review). However,
discussions within the Division of Medical Imaging and Hematology Drug Products have
revealed that the FACIT-F QOL tool has not been validated for patients in the hematology and
oncology setting. Therefore, the results shown in the table below should not be included in _
labeling for Eculizumab. In addition, the FACIT QOL tool was administered to patients prior to.
transfusion. No QOL assessment was made after transfusion. Therefore it is unknown how
transfusion itself impacted the QOL assessment. ' '

The sponsor undertook an exploratory analysis of QOL using the EORTC QLQ-C30 QOL tool.

- The EORTC QLQ-C30 was developed to be an “integrated, modular approach for evaluating the
quality of life of patients participating in international [oncology] clinical trials.” It is comprised
of 5 functional scales (physical, role, cognitive, emotional, and social), three symptom scales
(fatigue, pain, and nausea and vomiting), a global health status scale, a number of single items
assessing additional symptoms commonly reported by cancer patients (dyspnea, loss of appetite,
insomnia, constipation, and diarthea) and perceived financial impact of the disease. (See '
SEALD review completed January 29, 2007.) A positive change in global health status and the
functional (role, social, cognitive, physical and emotional) course and a negative change in
symptom/item (fatigue, pain, dyspnea, appetite loss, insomnia, financial difficulties, constipation,
nausea/vomiting and diarrhea) scores indicate improvement. In the TRIUMPH study,
Eculizumab treated patients did show improvement in both the functional and symptom/item
measures. The results of a QOL analysis using the EORTC QLQ-C30 tool are shown in the table
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below. This was an exploratory analysis and this data should not be included in the label for
Eculizumab.

* In addition, a consult to the Study Endpoints and Label Development (SEALD) was requested on
November 1, 2006. This consult evaluated the adequacy of the FACIT-F QOL tool and the
EORTC QLQ-C30 QOL tool for use in patients with PNH. The review of the EORTC QLQ-
C30 and the FACIT-F tools identified concerns regarding the adequacy of these endpoints to
support claims of clinical benefit. With regard to the FACIT-F QOL tool, the consult states that
validation experience documents that the scales used by this QOL tool assess distinct
components of the QOL construct. However, the review states that it is not clear if the tool
measures all of the components of fatigue because fatigue is a multidimensional concept that
encompasses both mental and physical attributes. (See SEALD review completed January 29,
2007.) Also, with regard to the EORTC QLQ-C30 QOL tool, the consult states that validation

_ experience documents that the scales assess distinct components of the health-related quality of
life construct. However, no evidence is available to support the validity of the instrument to
measure the individual domain or individual symptom constructs. (See SEALD review
completed January 29, 2007.)

During a teleconference with the sponsor on January 31, 2007 the sponsbr was asked to show

that the demonstrated improvement in fatigue with Eculizumab did not require improvements in
both hemolysis and anemia but was related to either the improvement in hemolysis without
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requirement for an improvement in anemia or a drug activity unrelated to the observed drug
related improvements in hemolysis or anemia. The sponsor responded to this request, on
February 1, 2007, by performing univariate and multiple logistic regression analyses. The
sponsor states that in the univariate analysis reductions in intravascular hemolysis and anemia
were independently associated with an improvement in fatigue using univariate logistic
regression analyses over time. For each reduction by a multiple of the upper limit of the normal
range for LDH (223 U/L) the odds ratio was 1.11 (confidénce interval of 1.05-1. 17) that there
would be a four-point or greater improvement in the FACIT-F score (P<0.001). For each
increase in hemoglobin of 1.0 g/dl, the odds ratio was 1.29 (confidence interval of 1.08-1.53) that
there would be a four-point or greater improvement in the FACIT-F score (P=0.005). Inthe
multiple logistic regression analysis reductions in both intravascular hemolysis (reduced LDH)
and anemia (increased hemoglobin level) were associated with an improvement in fatigue using
multiple logistic regression analysis over time. For each reduction by a multiple of the upper
limit of the normal range for LDH (223 U/L), the odds ratio was 1.08 (confidence interval of
1.01-1.14) that there would be a four-point improvement or greater in the EACIT-F score P=
0.03). For each increase in hemoglobin of 1.0 g/dl, the odds ratio was 1.21 (confidence interval
of 0.99-1.46) that there would be a four-point or greater improvement in FACIT-F score (P=
0.058). The sponsor concludes that the univariate and multivariate logistic regression analyses
support that fatigue in patients with PNH is related to intravascular hemolysis. These analyses
suggest that Eculizumab may provide an improvement in the QOL of patients with PNH. This
conclusion is supported by the statistics review (see Statistics review). However, becausea
decrease in the degree of hemolysis can impact the severity of anemia it remains that the sponsor
has not completely shown that Eculizumab can impact the QOL of patients with PNH
independent of its antihemolytic effect and/or its effect on anemia.

In addition, in the TRIUMPH study the sponsor undertook further eXploratory analyses of the
endpoints of nitric oxide, free hemoglobin measures thrombosis and platelet activity with the
essential results as follows:

¢ Change of the LDH from baseline: reduced LDH from baseline by visit number four p <
0.001.

* Platelet activity: 14 North American sites contributed. Activity evaluated by P-selectin
and leukocyte platelet aggregation via flow cytometry showed that neither treatment nor
time had influence on platelet activity. ‘ _ -

* Nitric oxide: consumption favored Eculizumab p < 0.05 at visit 12 and p <0.01 at visit
18. '

¢ Free hemoglobin favored Eculizumab by visit 18 the median free hemoglobin was
reduced from 40.5mg/dl to 5.2mg/dl p<0.001.

 Thrombosis: one patient in the placebo group developed a portal vein thrombosis among
all treated patients.

The SHEPHERD study was primarily designed to evaluate the safety of Eculizumab for the
treatment of patients with PNH (see section 7 for the review of the safety of Eculizumab
demonstrated in the SHEPHERD study). Changes in the conduct of the SHEPHERD study were
mainly for clarification of the protocol in terms of laboratory schedule of events and clarification
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of site-specific inclusion and exclusion criteria namely, hepatitis and HIV status as required by a
German regulatory authorities. Also changes in the protocol included elimination of the upper
limit for the number of transfusions required in the inclusion criteria. This change in the
protocol does not appear to have impacted the analysis and in fact allowed for patients with
greater transfusion needs to be included. :

In the SHEPHERD study there were 107 patients screened and nine patlents did not meet entry )

criteria. 98 patients were enrolled into the screening phase. 96 patients completed all visits
through visit 17. There was one patient who discontinued the study before visit 17. Patient 102-
005 it received five doses of study drug (for induction doses and one maintenance dose) but died
approximately 1 month into the study as a result of a cerebral herniation. This patient is
described in detail in the Deaths section (7.1.1) of this review.

Protocol deviations included site-specific deviations similar to the TRIUMPH study. Patient |
'protocol deviations were as follows and were minor:

e Patient 018-002 was granted exemption despite a PNH clone < 10%.

e Patient 070-009, 070-012, 070-013 did not have formal PNH diagnoses established at least
six months prior to enrollment.

¢ Patient 015-001 received 600 mg of Eculizumab at visit six instead of 900 mg.

* Seven patients had study medication infused beyond the 14 day treatment phase.

There were six patients (013-001, 013-002, 014-002, 070-006, 091-002, 101-004) that had
Eculizumab dosing at a shorter time interval than every 14 days in the SHEPHERD study as is
required by the maintenance phase of the dosing regimen. Allsix of these patients received
Eculizumab on day 12 of the mamtenance dosing regimen. This was within the parameters of
the dosing regimen.

The table below further describes the demographics of the patients included in the SHEPHERD
study. The sponsor performed no subgroup analyses based on age, race or gender.
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Table 3. Summary of Demographics and Baseline Characteristics (PP)

Overall
N=97
Gender n (%4) '
Mate 48 (49.5)
Female - 49 (505
Race n (%)
Caucasian 88 (907
Black ETER)
Asian 331
Other EYER))
Age (years)
Mean (standard deviation) 41.05 (14.41)
Median (first, third quartile) 41.00 (29.00, 51:00)
Range (18.00,78.00)
Age groups (vears) n (%6} :
<65 ' 90 (92.8)
65t0 75 5(.2)
=73 221y
Weight (kg)
1 a7

Mean (standard deviation)
Median (first, third quartile)
Range

Height (c1n)

1

Mean (standard deviation)
Median (first, third cquartile)
Range

Blood Type n (%)

A-

A+

B-

B+

AB-

AB+

0-

O+

_73.72(14.29)
73.50 (62.80, 81.10)
(47.63, 120.50)

96
171.70 (10.23)
173.00 (163.00, 180.00)
(148.00, 203.00)

10 (10.3)

| 31(32.0)
31(3.1)
5(3.2)
1(1.0)
5(52)
6(6.2)

36 (37.1)

Reference: Table 14.1.2.3
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Generally, patients in the SHEPHERD were of the same median age and had a similar gender
distribution to that of the TRIUMPH study. A list of the concomitant medications used by the
patients enrolled in-the SHEPHERD study is presented below. Of note, 62.9% of patients in this
study were on concomitant anticoagulant therapy. Also 47.4% of patients in the SHEPHERD
study were on concomitant steroids, and 29.9% had a history of aplastic anemia or
myelodysplastic syndrome. The sponsor reported that patients in the SHEPHERD study had an
8.0 U median RBC transfusion requirement in the 12.months prior to enrollment into the study.
~ Also, the mean baseline LDH levels was reported to be 2,051 U/L and the mean free hemoglobin”
concentration at baseline was reported to be 34.9 g/dl in patlents enrolled in the SHEPHERD
study.
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Table 7. Summary of Concomitant Medications Taken by at Least 5%
of Patients (PP) '

: N=97
Anatomical therapeutic chemical classification level 2 term : n (%6
Vaccines - 97 (100
Anfianteniic preparations. ] : - 84 (86.6}
Analgesics : ' ' 71 (713.2)
Antithrombotic agents 61 (62.9)
Antibacterials for systemic use ' _ 67 (69.1)
Corticosteroids for systemic use 39 (40.2)
Antihistamines for systemic uze 32(33.0)
Antacids, drugs for treatment of peptic ulcers and flatulence  30(30.9)
Vitanmins 24 (24.7)
Mineral supplements 22 .(22\?)
Asntunflameatory and antitheumatic products . FI(ELS)
Psycholepticz 19 (19.6%)
Dmretics ’ _ 16 (16.5)
Sex hormones and modulators of the genital systern . 13(13.4)
Psychoanaleptics 13 (13.4)
Al oflrer therapeutic products : : 13 (13.4)
- Beta blocking agents 12 (12.4)
Cough and cold preparations : 12 (12.4)
Immunosuppressive agents 11 (11.3)
Laxatives ' 11 (11.3)
Agents acting on the renin-angiotensin system . 10 (10.3)
Cardiac thetapy ‘ ‘ 9(9.3)
Ogphthalmologicats 8(8.2)
Blood substitutes and perfusion solutions §(8.2)
Antiemetics and antinauseants ' 7(7.2)
Anesthetics - T(2)
Antispasmodics and anticholinergic agents and propulsives Ty
- Antivirals for systemic use 701
Muscle refaxants o 7(72)
Drugz uzed in diabetes 6 (6.2)
Antiasthmatics 6(6.2)
Antifungals for dermotological use _ . 6(6.2)
Antimycotics for systemic use ' . 6 (62
Stomatological preparations _ 6(6.2)
Urologicals 6 (6.2)
Antidiarrheal, intestinal antiinflanunatory/antiinfective agents 5G2
Antieptleptics 5(3.2)
Antibiotics and Chemotherapy for dermotological use- C _ 5(32)
Immunostinmlants ~ 35
Other nervous system dougs ‘ 5{(52)
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The baseline thrombosis history of patients in the SHEPHERD study is presented in the table
below. In the SHEPHERD study 42/97 patients had a history of thrombosis. These 42 patients
had a history of 93 thrombotic events.

14.1.2.4 summary of Thrombosis History by Major Rdverse Vascular Zvent (MAVE)
Population: Per Protocol

Major Rdverse Yascular Bvent Patient Svent

Bny Thrombosis Event

o
[

{ 43.3%) G3

o\®

-
—

Cerebrovascular Accident

Mesenteric Vein Thrombosis

Portal Vein Thrombosis (Budd-Chiari)

Pulmonary Embolus

Thrombophlebitis/Deep Vein Thrombosis:

Transient Ischemic Attack

Unstable Angina

other ({post-thrombosis?) portal vein cavernoma)
other (Budd-Chiari syndrome) '
Other (Deep Vein Thrombosis)

oOther {Hepatic vein thrombosis})

Other (Jugularis interna thromposis)

Other (Recurrent ischemic colitis)

other (Splenic infarct.)

Other "{Suspected abdomiral veins microthrombosis)
other (Thrombophlebitis)
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NOTE: Major Rdverse Vascular Events (MAVEs) were defined in the protocol. Those designated as 'cther' were
required to have explanatory verbatim terms entered.. Patients may have reported mors than one MAVES.

-

o

Source Data: 1

18.2.3.
Source: “\\SAS\Eculi

zumab\C04-002\Programs\Tables\THROMHXSUM. S&S Run: OSMAEY2006 15:19
In the SHEPHERD study the primary endpoint was the LDH AUC. - The results of the analysis of

the primary endpoint are shown in the table below. There was a significant decrease in the LDH
AUC over time in these patients.

Table 9. Area Under the Curve for Lactate Dehydrogenase in U/L over time (PP)

Eculizamah _
Statistic N=97 ' PValue'
Overall ' ' ~ <0.001
Mean (standard error) -325375.7 (18296 43)
Median -301837.0
Range (-881796.5, -39392.5)

Note: Area under the curve was calculated from Baseline to 26 weeks after first dose.
d

Based on Wilcoxon signed rank test.
Reference: Table 14.2.1.1
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QOL measured by the FACIT-F QOL tool secondary endpoint analy51s is shown in the table
below. This table shows that fatigue was mgmﬁcantly 1mpr0ved as compared to baseline in these
patients (P<0.001).

Table 10. Change of FACIT-Fatigue Scores Between Baseline and
AH Visits (PP)

Eculizumah B P Value®

Baseline ) -

N 96

Mean (standard error) . 30.8 (1.20)

Median 33.0

Range (5.0,51.0)

Change from Baseline at: .

Visit 3 (Week 1) (n) 93 <0.001

Mean (standard error) 5.6 (1.00)

Median 30

Range (-8.0.40.0)

Visit 4 (Week 2) (n) 94 : <0.001

Mean (standard error) ‘7. 1 (0.98) ’

Median 50

Range (-12.0,34.0)

Visit 5 (Week 3) (n) 95 ) <0.001

Mean (standard error) : ) 91(.10)

Median ’ 7.0

Range ‘ - (-22.0,44.0)

Visit 6 (Week 4) (n) 93 <0.001
. Mean (standard error) 8.9 (1.12)

Median . 80

Range (-18.0.37.0)

Visit 10 (Week 12) (n) . 90 ' <0.001

Mean (standard error) 9.9 (1.20)

Median 7.5 .

Range } (-13.043.0)

Visit 14 (Week 20) (n) 90 <0.001

Mean (standard error) 11.6 (1.25)

Median 95

Range (-18.0,42.0)

Visit 17 (Week 26) (n) . . 94 ~<0.001

Mean (standard ermor) 11.8 (1.20)

Median 8.5

Range (-10.7. 44

A

Based on Wilcoxon signed rank test.
Reference: Table 142312

As in the TRIUMPH study analyses of QOL, on January 31, 2007, the sponsor was asked to
show that improvement in fatigue with Eculizumab did not require improvements in both
hemolysis and anemia but was related to either the improvement in hemolysis without
requirement for an improvement in anemia or a drug activity unrelated to the observed drug-
related improvements in hemolysis or anemia. The sponsor responded on February 1, 2007,
stating that Eculiziumab treatment resulted in significant improvements in fatigue and hemolysis
without meaningful changes in transfusion requirements in the SHEPHERD study population.
The sponsor stated that statistically significant improvements in fatigue were observed in the < 4
Ulyear pretreatment transfusion stratum. The sponsor indicated that this improvement in fatigue
was obtained in patients with minimal pretreatment transfusion requirements and without
demonstrable reductions in their transfusion requirements with Eculizumab treatment. The
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sponsor indicated that the baseline fatigue score for these patients (n=21) was 27.6. The mean
change from baseline fatigue score at week 26 for these patients was 13.1 (P<0.001). In this
group of 21 patients a median of 0.0 units of red blood cells were transfused during the 26 weeks
pretreatment and a median of 0.0 units of packed red blood cells were transfused during the 26
- weeks of treatment. The analysis performed by the sponsor appears to support the claim that
Eculizumab may improve the QOL of patients with PNH regardless of Eculizumab's affect on
hemolysis or anemia. However, the SHEPHERD study was an uncontrolled and open label
study and it is not clear what the effect of placebo may have been or if there may have been

~ biased patient reporting in favor of improved QOL. :

In the SHEPHERD study two patients developed thrombotic events (one patient with deep vein
thrombosis and one patient with pulmonary embolism). The event rate was low however, a
majority of patients were on concomitant anticoagulant treatment and there was no comparator
arm in this trial. These issues confound the conclusion regarding the effect of Eculizumab on the
rate of thrombosis.

Table 14.2.3.3 Summary of Thrombosis Events
Population: Per Protocol

Major Adverse Vascular Event (N = 97)
Any Thrombosis Event 2 (2.1%)
Other (Deep Vein Thrombosis) 1 (1.0%)
Pulmonary Embolus ) 1 (1.0%)

The baseline transfusion history of the patients enrolled in the SHEPHERD study is shown in the
table below. Patients had a median hemoglobin of 7.5 g/dl and a median transfusion requirement
of eight units of red blood cells over two years. The sponsor reports that shortness of breath and
fatigue was the two most common reported symptoms which triggered transfusion.
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Table 5. Transfusion Histery (PF)

Eculizemab
Parameter N=97
Hemoglobin prior to transfusion
n 94 .
Mean - g/dL. (standard ervor) 7.7 (0.13)
Median - g/dl.  (first, third quartile) 7.5(69,8.3)
Range - g/dl. 4.5, 12.4)
Hemeoglobin after transfusion :
n 42
Mean - g/dl. (standard deviation) 9.4 (0:22)
Median - g/dl.  (first, third quartile) 9432, 101)
Range - g/dL 6.3,13.2)
Number of units transfused
i 97
Total units transfused 1546
Mean  (standard esver) 15.9 (1.67)
Median (first, third quartile) 8040, 240}
Range (0.0, 66.0)
Symptoms asseciated with transfosion
All symptoms 728
Angina 1(<1%)
Change in mental status 5 {196}
Severe or worsening shortness of breath 143 (20%)
Severe or worzening fatigue 448 (62%)
Other : 131 (18%%)

Reference: Takle }14.1.2 3

The sponsor undertook an analysis of the number of units of packed red. blood cells transfused
and transfusion avoidance and the analyses are shown in the table below. The results shown here
for the SHEPHERD study for these analyses are compared to baseline. In addition, LDH levels
(secondary endpoint) and free hemoglobin analyses (exploratory endpoint) are shown in the table
below. This table shows that compared to baseline in the SHEPHERD study patients had '
improved transfusion avoidance has no packed red blood cell units were transfused. In addition,
LDH levels decreased compared to baseline. ~Also, free hemoglobm levels decreased compared
to baseline.
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TRIUMPH - SHEPHERD

[Placebo |Ecu Ecu :

N =44 IN=43 |P—Yaluel N = 97 P — Value2
Stabilization of _ -
hemoglobin levels (%) 00 48.83 < 0.001 IN/A | N/A
Median PRBC Units ' ' :
Transfused/patient 10.0 0.03 < 0.001 0.0 < 0.001
Transfusion Avoidance (%)[0.0 51.2 < 0.001 55.7 < 0.001
[.DH levels at 26 wks 2.166.5 239.0 K 0.001 270.0 < 0.001
Free Hb at 26 weeks 61.6 152 < 0.001 5.0 < 0.001

In the SHEPHERD study six patients had Eculizumab dosing during the maintenance phase
given more frequently then every 14 days. These patients were still treated-according to the
protocol specified dosing regimen of 14 +/- 2 days. The mean number of doses of Eculizumab
administered to these six patients was 29.5 (range 29-31 doses). The table below shows the
number of doses at each of the intervals and the change from baseline in LDH and hemoglobin
for these six patients. At the dosing interval of every 14 days these six patients had a mean
decrease in hemoglobin of 0.44 mg/dl. Administration of Eculizumab more frequently caused an
increase in hemoglobin and further decrease in LDH as is shown in the table below. In an e-mail
communication on February 21, 2007 the sponsor reported that only these 6/196 PNH patients
have been treated more frequently then the maintenance specified dosing interval of every 14
days.

Parameter Dosing Interval
Every 12 days Every 13 days Every 14 Days
Number of doses 71 45 25
Mean change LDH -1998 - -2519 i 1 -755
(U/L) from baseline '
Mean change 1.26 1.44 : -0.44
hemoglobin (mg/dl) ’
from baseline

An additional exploratory analysis was conducted on QOL using the EORTC QLQ-C30 tool. A
positive change in global health status and functional scores (role, social, cognitive, physical,
emotional) and eight negative change in symptom/item scores (fatigue, pain, dyspnea, appetite
loss, insomnia, financial difficulties, constipation, nausea/vomiting and diarrhea) would indicate
an improvement. Changes in this QOL tool’s scores from baseline were analyzed using a mixed-
effects model with baseline as a covariate, time as fixed effect and patient as a random effect.
The sponsor indicates that there was a statistically significant improvement seen for overall visits
in 13/15 items inctuding: global health status, role, social, cognitive, physical, emotional, fatigue,
pain, dyspnea, appetite loss, insomnia, nausea/vomiting and diarrhea symptom domains. The
table below shows these results.
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6.1.5 Clinical Microbiology

Not Applicable

6.1.6 Efficacy Conclusions

The TRIUMPH study was a randomized, double-blind, placebo-controlled, multicenter study of
Eculizumab or placebo administered by IV infusion to 87 patients with hemolytic transfusion
dependent PNH patients. The treatment arms were similar in terms of patient demographics, -
thrombosis and transfusion history. In this study hemoglobin stabilization (a co primary
endpoint) was achieved in 48.8% of Eculizumab treated patients indicating that these patients did
not require any transfusions during the 26 week study duration because their hemoglobin levels
remained above their individual set points. Hemoglobin stabilization did not occur among any of
the placebo patients and the difference between the treatment groups was statistically significant.
A sensitivity analysis performed on the hemoglobin stabilization endpoints confirmed this
efficacy outcome. After treatment with Eculizumab, statistically significant differences in
hemoglobin stabilization were observed in the low and middle transfusion strata but not the high
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strata. In addition a statistically significant reduction in the number of packed red blood cell
units transfused (a co-primary endpoint) was achieved in the Eculizumab group compared with
placebo. During the 26 week study the median units transfused per patient was 0.0 in the
Eculizumab group and 10.0 in the placebo group regardless of transfusion strata.

Secondary endpoint analyses for efficacy showed transfusion avoidance was achieved in 22/43
Eculizumab patients and in no placebo patients which was statistically significant. Secondary
endpoint analysis showed a statistically significant overall improvement in LDH AUC. - Also,
there was a statistically significant improvement in LDH AUC in each transfusion stratum after
treatment with Eculizumab compared to the placebo. The sponsor analyzed the QOL in this
study using the FACIT-Fatigue QOL tool. Eculizumab treated patients had a similar mean
number of QOL assessments per patient compared to placebo treated patients in the TRIUMPH
study (8.7 (range 5-9) assessments, n = 43 Eculizumab treated patients compared to 8.6 (range 3-
9) assessments, n = 44 placebo treated patients). Eculizumab treated patients demonstrated
statistically significant improvements in fatigue levels compared to placebo treated patients by
visit six and at subsequent visits. A sensitivity analysis was performed by the statistics reviewer
for the data presented in the table below which showed the finding to be robust (see Statistics
review). However, because the QOL tool was administered to patients prior to transfusion
without a follow-up QOL tool administration immediately after transfusion, is difficult to
ascertain Eculizumab's effect on QOL independent of transfusion. The sponsor was asked to
demonstrate that improvement in fatigue with Eculizumab did not require improvements in both
hemolysis and anemia but was related to either the improvement in hemolysis without
requirement for an improvement in anemia or a drug activity unrelated to the observed drug
related improvements in hemolysis or anemia. However, the sponsor was not able to
demonstrate that improvement in fatigue with Eculizumab did,not require improvements in both
- hemolysis and anemia but was related to either the improvement in hemolysis without
requirement for an improvement in anemia or a drug activity unrelated to the observed drug
related improvements in hemolysis or anemia due to the fact that the sponsor did not assess the
effect of red blood cell transfusion by itself on QOL.

The sponsor performed a series of exploratory endpoint analyses including comparison of change
of lactate dehydrogenase from baseline, an analysis of QOL using the EORTC QLQ-C30 tool,
platelet activity, nitric oxide measure, free hemoglobin measurements and thrombosis. In the
TRIUMPH study, Eculizumab treated patients did show improvement in both the functional and
symptom/item measures when assessed using the EORTC QLQ-C30 tool and fatigue using the
FACIT-F tool. The QOL analyses suggest that Eculizumab may provide an improvement in the
QOL of patients with PNH. This conclusion is supported by the statistics review (see Statistics
review). However, because a decrease in the degree of hemolysis can impact the severity of
anemia it remains that the sponsor has not completely shown that Eculizumab can impact the.
QOL of patients with PNH independent of its antihemolytic effect and/or its effect on anemia.

The review of the EORTC QLQ-C30 and the FACIT-F tools by the SEALD team identified
concerns regarding the adequacy of these endpoints to support clairis of clinical benefit. With
regard to the FACIT-F QOL tool, the review states that validation experience documents that the
scales used by this QOL tool assess distinct components of the QOL construct. However, the
review further states that it is not clear if the tool measures all of the components of fatigue
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because fatigue is a multidimensional concept that encompasses both mental and physical
attributes. (See SEALD review completed January 29, 2007.) Also, with regard to the EORTC
QLQ-C30 QOL tool, the review states that validation experience documents that the scales
assess distinct components of the health-related quality of life construct. However, the review
further states that no evidence is available to support the validity of the instrument to measure the
individual domain or individual symptom constructs. (See SEALD review completed January
29, 2007.) ' - '

Nitric oxide measures and free hemoglobin measures favored the Eculizumab treated patients.
The exploratory analysis for platelet activity by visit showed that there is no statistically
significant change from baseline between the treatment groups. However, analyses of the effect
of Eculizumab on the incidence of thrombosis are confounded by the fact that approximately
50% of patients in the Eculizumab treatment arm were on concomitant anticoagulant therapy.

Therefore it appears that Eculizumab is effective in stabilizing hemoglobin-and decreasing the
number of packed red blood cell transfusions required in transfusion dependent PNH patients.
Secondary endpoint analyses for transfusion avoidance and LDH AUC provide additional

- support that Eculizumab is effective in the treatment of PNH. However, QOL measures using
the FACIT- F tool and EORTC QLQ-C30 tool are confounded by the fact that no assessment of
effect of transfusion on QOL was performed. Furthermore, with regard to the FACIT-F tool it is
not clear if the tool measures all of the components of fatigue because fatigue is a o
multidimensional concept that encompasses both mental and physical attributes. With regard to
the EORTC QLQ-C30 tool there is no evidence available to suppott the validity of the
instrument to measure the individual domain or individual symptom constructs. Analyses of the
effect of Eculizumab on the incidence of thrombosis are confounded b y the fact that
approximately 50% of patients in the Eculizumab treatment arm were on concomitant
anticoagulant therapy. :

In the open label SHEPHERD study, which was designed primarily to assess the safety of
Eculizumab treatment in patients with PNH, Eculizumab decreased the LDH AUC compared to
baseline and may improve quality of life as measured by the FACIT-F QOL instrument.
Eculizumab treatment resulted in significant improvements in fatigue and hemolysis without
meaningful changes in transfusion requirements in the SHEPHERD study population. The
sponsor stated that statistically significant improvements in fatigue were observed in the < 4
Ulyear pretreatment transfusion stratum. The sponsor indicated that this improvement in fatigue
was obtained in patients with minimal pretreatment transfusion requirements and without
demonstrable reductions in their transfusion requirements with Eculizumab treatment. The
sponsor indicated that the baseline fatigue score for these patients (n=21) was 27.6. The mean
change from baseline fatigue score at week 26 for these patients was 13.1 (P<0.001). In this
group of 21 patients a median of 0.0 units of red blood cells were transfused during the 26 weeks
pretreatment and a median of 0.0 units of packed red blood cells were transfused during the 26
weeks of treatment. Clinically, FACIT-F scores generally < 30 are considered to be related to
difficulty performing everyday activities. Patients with scores above 30 can generally perform
activities of daily living.® In addition, the SHEPHERD study was able to show that Eculizumab
_can decrease transfusion requirements and free hemoglobin levels. Using the EORTC QLQ-C30
QOL tool, in an exploratory analysis, the sponsor was able to show that in patients treated with
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Eculizumab there were improvements in 13/15 measures including: global health status, role,
social, cognitive, physical, emotional, fatigue, pain, dyspnea, appetite loss, insomnia,
nausea/vomiting and diarrhea symptom domains.

Conclusions regarding the effect of Eculizumab on thrombosis are confounded because of the
fact that a majority of patients (59/97) were on concomitant anticoagulant therapy in the
SHEPHERD. With regard to the FACIT-F tool it is not clear if the tool measures all of the
components of fatigue because fatigue is a multidimensional concept that encompasses both
mental and physical attributes. With regard to the EORTC QLQ-C30 QOL tool, no evidence is
available to support the validity of the instrument to measure the individual domain or individual
symptom constructs. (See SEALD review completed January 29, 2007.) '

Therefore, it appears that Eculizumab is effective in the treatment of patients with transfusion
dependent PNH by decreasing hemolysis which results in a stabilization of hemoglobin levels-
and avoidance of transfusion. It also appears that Eculizumab may improve QOL in patients
with PNH in terms of decreasing fatigue and by improving other QOL parameters. Due to the
fact that a large number of patients were on concomitant anticoagulant therapy a conclusion
regarding Eculizumab's effect on thrombosis incidence rates cannot be made.

7 INTEGRATED REVIEW OF SAFETY

7.1 Methods and Findings

In the TRIUMPH study safety was assessed by examination of treatment emergent adverse
events, clinical laboratory results, electrocardiogram data and vital sign measurements collected
during the treatment phase and the post-treatment phase. All treatment emergent adverse events
were presented by the sponsor using descriptive statistics. The Fisher exact test was used to
compare the differences in treatment emergent adverse events between the treatment groups. In
addition, laboratory data was analyzed using descriptive statistics.

In the TRIUMPH study the extent of study drug exposure in the ITT population is shown in the
table below. The duration of months (median 6.1 months for both Eculizumab and placebo
treated patients) on study drug and the number of study drug infusions (median 16.0 infusions for
both Eculizumab and placebo treated patients) was similar between the two treatment arms. '
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Table 16. Extent of Study Drug Exposure (ITT) ,
Eculizmab | Placeha

N=43 N=44

Duration (months) on study drug’ .

Mean (standard deviation) - 6.0(085) . , 52(181)

Median (17 and 3" quartiles) 6.1(6.1,6.1) 6.1(6.0,6.1)

Range 19,71 09,64
Number of stady drug infusions

Mean  (standard deviation) , . 159(1.90) 143 (3.7

Median (1" and 3 quartiles) 16.0 (160, 16.0) 16.0(16.0, 16.0)

Range 70,190 » 50,170
Total amount (mg) of eculizamab infused”

Mean  (standard deviation) 13032.3 (1680.95) not ai:plicable

Median (1% and 3™ quartiles) 13200.0 (13200.0, 13200.0) not applicable

Range . 51000,159000 not applicable

Duration = (1ast dose date — first dose date + 1)/730.
Total amount = 5 * total volume infused
Reference: Table 14132 .

b

In the SHEPHERD study the extent of drug exposure is shown in the table below. The median
number of months on treatment was 6.1 and the median number of drug infusions was 16.

Table 12, Extent of Study Drug Exposure (PP)

Ecualizumab
. N=97
Duration (months) on study drug”
Mean (standard deviation) , 6.0 (0.53)
" Median (1% and 3" quartiles) . 6.1(6.0,6.1)
" Range , 10,61
Number of study drug infusions . : :
Mean (standard deviation) S 158(1.19)
Median (1 and 3" quartiles) 16.0 (16.0, 16.0)
Range ' ' 50,170
Tetal amount (mg) of eculizumab infused
Mean (standard deviation) 126505 (1699.37)
Median (I“'and 3 quartiles) ' 13200.0 (13200.0, 13200.0)
Range 3300.0, 14100.0

*  Duration = (last dose date — first dose date + 1)/30.
Reference: Table 14.1.3.2
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7.1.1 Deaths

In the TRIUMPH study no deaths occurred.

Otherwise there were a total of 7 depth deaths in all of the Eculizumab studies combined. There
were three deaths in non-PNH studies and four deaths in PNH studies. The narratives for these
patients are as follows:

o (99-004 non-PNH Eculizumab treated patient death: this patient was a 37-year-old black
male with a history of idiopathic membranous glomerulonephropathy This patlent died

¢ E 99-001 non- PNH Eculizumab treated patient death: this patient was a 61-year-old
Hispanic female with a history of rheumatoid arthritis. She had been on ei ight months of
Eculizumab treatment in study E 99-001. The patient presented with chest pain and
developed fever or chills anda blood culture positive for Klebsiella. The patient was
given antibiotics and underwent a laparoscopic cholecystectomy to remove a common
bile duct stone. The patient had postoperative complications related to an intra-abdominal

~abscess. Four weeks after the admission the patient had a further complication with a

perforated sigmoid colon which again required antibiotic treatment. However, two weeks
after the sigmoid resection the patient developed Candida sepsis and ventricular
tachycardia and died. It was considered buying be investigator that his death was
unrelated to study medication.

¢ C01-004 non--PNH treated with placebo death: this patient was a 55-year-old black
woman with a history of rheumatoid arthritis. Two months after the patient was given
placebo she developed an incarcerated right inguinal hernia and acute bowel obstruction.
She required intensive management with ventilator support and aggressive fluid
management due to postoperative sepsis. Three weeks postoperatively she developed
acute respiratory distress. The patient subsequently had a myocardial infarction and a
presumed pulmonary embolism and died.

e C04-002 PNH Eculizumab treated patient death: this patient was a 31 year-old

- Caucasian male with a history of PNH. The patient was admitted to hospital with low

back pain and pneumonia two weeks after his last dose of study medication. The patient -
had been on treatment 11 months prior to the admission. ‘A diagnosis of pulmonary
embolism was made based on CT scan; however, the patient refused full anticoagulation
due to fear of bleeding. The patient’s low back pain was diagnosed as a disc prolapse.
He had in underlying history of aplastic anemia which required cyclosporine treatment.
While in hospital he developed acute renal failure and was treated with intravenous
fluids. The patient had respiratory failure 10 days after admission and was declared
brain-dead on day 14 after admission due to cerebral herniation secondary to a cerebral
hemorrhage. During his hospitalization it was noted that the patient had LDH levels
below his pretreatment levels and the primary investigator observed no serious hemolysis
otherwise.

¢ E05-001 PNH Eculizumab treated patient death: this patient was a 71 year-old Caucasian
male with a history of PNH and myelodysplastic syndrome. During the study the patient
developed cellulitis, sepsis and acute renal failure subsequent {0 2 —————————————
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The patient was hospitalized and subsequently developed a viral infection. In addition
the patient was on prednisone and solucortef during the hospitalization. The patient was
admitted to hospital with increasing fatigue and lower extremity petechiea and
thrombocytopenia. He was diagnosed with progression of his myelodysplastic syndrome
to chronic myelomonocytic leukemia. - The patient subsequently died due to his
underlying disease. , _

¢ E05-001 PNH Eculizumab treated patient death: this patient was a 63-year-old
Caucasian female who is enrolled initially in the TRIUMPH study. Subsequently the
patient was enrolled in the extension study E 05-001. The patient had a significant past
medical history for adenocarcinoma of the stomach which was not completely resected.
The patient's treatment with Eculizumab was essentially unremarkable with stabilization
of her hemoglobin. Eight months after starting treatment in the extension study, an
ultrasound of the patient's abdomen and subsequent CT scan showed multiple lesions in
the liver. Ultrasonography showed an enlarged with lymph node in the liver hilus along
with mediastinal lymphadenopathy and intrapulmonary lesions. In addition, a
paravertebral mass was recognized. The patient underwent ultrasound guided biopsy of
the liver lesions which demonstrated metastasis of the adenocarcinoma. The patient was .

~ enrolled in the extension study for a full year and received treatment with Eculizamab
throughout. The patient died approximately 13 months after having started the extension
study due to progression of her underlying adenocarcinoma.

* Physician sponsored PNH Eculizumab treated study patient death: this patient was a 60
year old patient with a history of PNH for 10 years. The patient was ——————— ———
The patient had undergone 10 months of treatment with Eculizumab. She presented with
Jaundice, gallstones and bacteremia. The patient was treated with a biliary drain because
she was a poor surgical candidate. She progressed with one month of intermittent acute
cholecystitis and presumed sepsis while off Eculizumab treatment. The patient had
progressive decrease in her hemoglobin to a level of 2.0 g/dl and died due to a presumed
anoxic cerebrovascular event. The physician considered the patient's death unlikely to be
related to Eculizumab treatment. )

Review of the narratives for these cases as well as the case report forms indicates that it is
unlikely that Eculizumab was directly related to these patient deaths.

7.1.2 Other Serious Adverse Events

The table below shows the serious adverse events that occurred in the TRIUMPH study. In this
study 4/43 patients in the Eculizumab group compared to 9/44 patients in the placebo group had
serious adverse events. The most prevalent serious adverse event was exacerbation of PNH
which occurred and one Eculizumab treated patient and three placebo treated patients. In
addition, overall one Eculizumab treated patient reported one serious adverse event associated
with infection compared to four placebo patients who reported six infections related adverse
events. '
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Table 21. Treatment-emergent Serious Adverse Events by Severity (Safety)

Ecalizumab Placebo
N=43 B . N—44
Mad Sev Tetal Mod Sev Tatal
n - n n (%) n n n (%)
Total number of events 3 .1 4 7 9 16
Number of patients reporting SAEs 3 1 4 (9.3) 3 6 (23_ sy

System organ class (presents total number of patients reporting at least ISAE) Preferred term .-

(presents tetal number of events reported)

Blood and lymphatic system = 7
darsiors T - o 1 tey 2 S ase)
Anaemia 4] 0 0 (0.0) 0 1 1(2.3)
Haemolysis 0 0 0 (0.0) 1 o 123
Neutropema [0} 4 0 (0.0) 1) 2 2(4.5)
ﬁ:ﬂ"g’;‘(‘:‘i’lﬁﬁi‘m‘ 0 1 123) 1 2 3 (6.8)
aminstration stte conditions 0 ° soo | 1 o 1ey
Pyrexia 0 (1] 0 (0.0) 1 o 1(2.3)
Infections and infestations X Q 1(2.3) 2 2 4 @.1)
Ceilulitis o ] 0 (0.0) 0 1 1(2.3)
Central line infection o o 0 (0.0) 1 4] 123
Folliculitis g 4] 0 (0.0), 0 1 1(2.3)
Streptococcal bacteraemia 1 ] 1(23) 0 4] 0 (0.0)
Upper respiratory tract infection 0 o 0 (0.0) 1 34 1(2.3)
Uninary fract infection 3] 0 BX(X45] -1 (4] 1(2.3)
Vizal infection 0 0 0 (0.0 0 1 123
Geeme divarders | CeeTe i o 1@y o o 000
Intervertebral disc protrusion i 0 12.3) 0 o] 0 (0.0)
Renal and arinary disorders I a 1(23) 1« © 0 9 (0.0)
Renal colic 1 0 1(23) 0 0 0 (0.0)

Mod = Moderate Sev = Severe

Only the most severe of the adverse events for each patient within each system organ class/preferred term was
counted.

Mild SAEs were reported, but only moderate and severe SAEs are summarized in this table.
Reference: Table 14.3.1 4.2 -

There were three patients who developed meningococcal infection while enrolled in the
Eculizumab trials. The narratives for these cases are as follows:

¢ Meningococcal infection in a vaccinated PNH patient: the patient is a 24-year-old male
with a past medical history notable for PNH who had received approximately 12 months
of Eculizumab in the E05-001 study after receiving placebo in the C04-001 study. His
last dose of Eculizumab was three days prior to the event. The patient was well in the
morning but began feeling ill over the course of the day. On presentation the patient had
a systolic blood pressure of 90 mmHg and a temperature of 104°F. He underwent a
lumbar puncture which was normal and laboratories showed him to have a hemoglobin of
10 g/dl and an LDH of 211 IU/L. The patient was placed on vasopressors and antibiotics
and given intravenous fluids. The patient developed hemolysis as evidenced by dark
urine and a drop in his hemoglobin to a level of 6.3 g/dl. A blood culture was positive for
Neisseria meningitidis. The patient was discharged home with antibiotics four days after
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admission. The patient was reported to be doing well with no hemolysis or other PNH
complications noted. '

* Meningococcal infection in a vaccinated PNH patient: the patient is a 54 year-old female
who participated initially in the SHEPHERD study and then was enrolled in the extension
study E05-001. The patient had been on Eculizumab for a period of approximately 14
months. The patient presented with a fever, cough, mild frontal headache and vomiting.
The patient was hypotensive, tachycardic and febrile. She was given intravenous fluids -
and antibiotics intravenously at the time of her presentation. The patient's urine was
positive for dark blood. Her LDH was reported to be 1242 U/L and her hemoglobin was
67 g/dl. Blood cultures were positive for Neisseria meningitidis. The patient was »
discharged home with a five-day course of oral antibiotics. The patient's LDH at the time
of discharge and at one month follow-up was in the 2000-3000 range. :

¢ Meningococcal infection in an unvaccinated non-PNH patient: this patient is a 22 year-
old female with a history of idiopathic membranous glomerulonephritis. She was not
vaccinated against meningococcal disease. She had been on Eculizumab treatment 8
mg/kg every two weeks for a total of seven months when she developed a one-day A
history of nausea, vomiting, abdominal pain and body aches. The patient presented with -
a tachycardia and tachypnea along with a temperature of 104° F. The patient was
orthostatic and had a serum creatinine of 2.6 mg/dl (baseline 0.7 mg/dl). The patient had
a lumbar puncture which was positive for Neisseria meningitidis. The patient was noted
to have gangrene in some of her digits requiring partial amputation of several distal hand
digits. In addition the patient's course was complicated by pneumonia and a probable
pulmonary embolism. The patient was discharged to a rehabilitation facility after surgery
and prolonged antibiotic treatment. :

'The incidence of herpes simplex infection appeared increased in patients treated with
Eculizumab in PNH studies. In the TRIUMPH and SHEPHERD studies 8/140 patients
developed herpes simplex infection. These infections were mild or moderate in severity in all
patients. In 2/8 of the patients it was felt that Eculizumab was possibly related to this adverse
event. The sponsor notes that these patients had increased risk factors for developing herpes
simplex infection such as:

Previous herpes infection in four patients.

" Previous aplastic anemia in two patients. 7
History of other viral (CMV) reactivation in one patient.
A history of sickle cell disease and one patient. '

- The sponsor notes that in the general population the prevalence of herpes simplex is reported to
be approximately 68%.*

In the SHEPHERD study, 12/97 patients were reported to have serious adverse events. The most
common serious adverse event was anemia which was moderate reported in three patients. The
table below shows the serious adverse event rates for the SHEPHERD study. There was one
patient in this study who died (number 102-005) and is described in section 7.1 .1 of this review.
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Table 17. Treatment-Emergent Serious Adverse Events by Severity (Safety)

Eculizamab
Mild Maderate Severe Total
n n n n (%0)
Tatal number of events 0 13 11 24
Number of patients reporting SAEs ’ 4 8 12124
Blaad and Iymphatic system disorders ) ) 5 0 502
Agnaemia 0 3 0 33.D
Anaemia miacrocytic 0 1 O 1(1.0)
Haemolysis 0 1 3 1(1.0)
Thrombocytopenia 0 1 G 1(1.0)
Gastromtestinal disorders 0 1 0 1.0
Abdominal pam ‘ 0 1 (4] 1(1.0)
gteence;::hfl:iiont;dels and administration o 1 o 101.0)
Pyrexia 0 1 0 1(1.0)
Hepataobiliary disorders 0 0 1 1(1.0)
Cholecystitis 0 o 1 1(1.0)
Infections and infestations 0 1 O 1(1.0).
Pyelonephnitis 0 1 4] 1(1.0)
:{:S;,cla]:il::smng and procedural 0 i 1 2.1
Brain hermation 0 ] 1 1 (1.0)
Rib fracture 0 1 o 1(1.0)
. Metahalism and nutrition disorders) 0 1 4] 1(1.0)
Hypokalaemia (] 1 ] 1(1.0)
Musculaskeletal and cannective tissue
disorders 0 Q 1 11.0)
Intervertebral disc protrusion 0 0 . 1 1(1.0)
Nervaus system disarders 0 1 4 5(5.2)
Convulsion 0 0 1 1(1.0)
Epilepsy 0 0 1 1(1.0)
Haemorrhagic cerebral infarction -0 ) 1 1(1.0)
Headache 0 1 e 2.1
Psychiatric disorders 0 0 1 1(1.0)
Anxiety 0 0 1 1(1.0)
Renal and wrinary disorders 0 1 2 331
Nephrolithiasis ] 0 1 1(1.0)
Renal mmpairment 0 0 1 1(1.0)
Renal insufficiency 0 1 0 1(1.0)
Vascular disorders 0 o 1 1(1.0)
Thromboembolisnx (4] 0 1 1(1.0)
N=97

Reference: Table 143.1. 4.2

7.1.3 Dropouts and Other Significant Adverse Events

In the TRIUMPH study the following patients were discontinued from the study:

e Patient 170-001 (Eculizumab) discontinued due to difficulty with travel requirement.
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¢ Patient 028-003 (Eculizumab) was discontinued when it was discovered she was
pregnant.

There was one patient who dropped out due to adverse events in the SHEPHERD study. This
patient (number 102-005) is described in section 7.1.1 this review.

7.1.3.1 Overall profile of dropouts

The frequency of any discontinuation due to adverse event treatment was similar in the
Eculizumab and placebo treated populations in the TRIUMPH study (Eculizumab-2.3%,
placebo-0.0%) and in the uncontrolled studies in patients with PNH. The single discontinuation
due to adverse event in the TRIUMPH study was a patient treated with Eculizamab who
subsequently became pregnant. In the uncontrolled PNH studies there were no discontinuations
due to adverse events reported in 193 patients prior to database lock. However it became known
that a single patient in the extension study E05-001 withdrew from the study due to a serious
adverse event which was determined to be progression of his pre-existing myelodysplastic
syndrome to chronic myelomonocytic leukemia and which was considered to be unrelated to
study medication. The patient subsequently died due to his pre-existing condition. A second
patient discontinued from the uncontrolled study due to a newly diagnosed myelodysplastic
syndrome. The patient was withdrawn to prepare for a possible bone marrow transplantation.
The cause of the MDS was considered to be the patient's underlying PNH. Discontinuation of
Eculizumab treatment or noncompliance with Eculizumab treatment was not associated with
subsequent serious hemolysis in the TRIUMPH or SHEPHERD PNH studies. Five patients who
discontinued Eculizumab treatment after receiving Eculizumab for a range of 29-715 days prior
to withdrawal showed no evidence of serious hemolysis following discontinuation of
Eculizumab. In addition, nine patients with 12 episodes of noncompliance with the dosing
regimen of Eculizumab showed no episodes in which hemolysis was increased over pretreatment
levels. Therefore, it appears that he discontinuation due to adverse events was low in frequency
in both the controlled and uncontrolled PNH studies. )

Thus far in the SHEPHERD study there was one patient who dropped out due to death (number
102-005). This patient is described in section 7.1 .1 of this review.

7.1.3.2 Adverse events associated with dropouts

The frequency other any adverse event leading to discontinuation was generally similar in the
Eculizumab and placebo treated populations in the TRIUMPH study (Eculizumab 2.3%
compared to placebo 0.0%) and the uncontrolled PNH studies (Eculizumab 0.0%) as well as the
placebo-controlled non-PNH studies (Eculizumab 6.5% compared to placebo 6.8%) and the
uncontrolled non-PNH studies (Eculizumab 8.3%). The treatment emergent adverse events
leading to premature discontinuation by system organ class and preferred term occurring
throughout the PNH studies include: :

¢ Pregnancy 1/43 patients in the TRIUMPH study in the Eculizumab group and 1/458 1 in the
non-PNH uncontrolled study.
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e Respiratory, thoracic and mediastinal disorders in the non-PNH. placebo- controlled study
(5/526 patients in the Eculizumab group) and 2/458 patients in the non-PNH uncontrolled
studies. '

e Infections and infestations in the non-PNH placebo-controlled studies 5/526 in the
‘Eculizumab group and 1/221 in the placebo group along with 18/458 in the non-PNH
uncontrolled studies.

There was one patient who died in the SHEPHERD study (number 102-005). This patient is
described in section 7.1 .1 of this review.

7.1.3.3 Other significant adverse events

In the TRIUMPH study 43/43 patients reported at least one adverse event in the Eculizumab
treated group compared to 40/44 and the placebo group. In this study 4/43 Eculizumab treated
patients compared to 9/44 placebo group patients reported at least one serious adverse event. In
this study there was a higher percentage of mild adverse events reported in the Eculizumab group
(84.1%) compared to the placebo group (78.3%). The table below shows the overview of -
treatment emergent adverse events in this study.

Table 17. Overview of Treatment-emergent Adverse Events (Safety)

Eculizamah Placebo
N=43 N=44
n(%) - n{%)
Overall number of events 226 277
Patients repoﬁlng at least 1 event 43 (1000) - 40 (90.9)
Patients reporting only 1 event 5(11.6) 5(114)
Patients reporting 2 events T 5(116) 5(11.4)
Patients reporting 3 or more events 33(76.7) 30 (68.2)
Patients reporting at least 1 SAE 4(93) . 9Q05)-
Patients who withdrew due to an event 1(23) 0(0.0)
Number of events rated as:* '
Mild ' 190 (84.1) 217 (78.3)
Moderate ' 31(13.7) 46 (16.6)
Severe 5(22) : S 14(51)
Unrelated 166 (73.3) . 242 (874)
Possibly related 52(23.0) 30(10.8)
Probably related 7(3.1) 5(18}
Definitely related 1(0.H 000
*  Intensity and relationship to study drug are on a per-event occurrence basis rather than on a per-patient
basis.

Reference: Table 14.3.1

In the SHEPHERD study there were 599 events in 97 patients reported. Thus far 12/97 patients
in this study have reported at least one serious adverse event. The sponsor reports, in this interim
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analysis, that most of the adverse events have been mild (72.3%). The table below shows an

overview of treatment emergent adverse events as of the interim analysis time.

Table 13. Overview of Treatment-Emergent Adverse Events (Safety)

Eculizamab
N=97

_ n (%)
Overall number of events 599
Patients reporting at least 1 event 95 (97.9)

Patients reporting only 1 event 10 (10.3)

Patients reporting 2 events 20 20.6)

Patients reporsting 3 of more events : 65 (67.0)
Patients reporting at least | SAE 12(124)
Number of patients who died : 1(1.0)
Patients who withdrew due to an event 1(1.0)
Number of events rated as:* .
Mild . 433 (72.3)
Moderate 142 (23.7)
Severe ' 24 (4.0)
Unrelated } 434 (72.5)
Possibly related , 118(19.7)
Probably related . 460D
Definitely related 1{02)
*  Severity and relationship to study drug are on a per-event occuurence basis rather tham on a

per-patient basis. :

Reference: Table 1431

7.1.4 Common Adverse Events

The table below shows the frequency of treatment emergent adverse events in > 5% of the
patient population in the TRIUMPH study. In this study 100% of Eculizamab treated patients
compared to 90.9% of placebo group patients reported adverse events. In this study more
Eculizumab treated patients developed the following adverse events: headache (44.2%),
nasopharyngitis (23.3%), back pain (18.6%), nausea (16.3%), cough (11.6%), fatigue (11 .6%),
pruritus (7%), sinusitis (7%), constipation (7%), myalgia (7%), pain and extremity (7%),
respiratory tract infection (7%) and herpes simplex (7%).
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Table 18. Frequently (=5%) Reported Treatment-emergent Adverse Events
(Safety)

Ecalizumah Placeho Tatal

N=43 N=44 N=87

Patients  Patients Patients ’
Preferred Term n (%) Events n(%)  Events B (%) Events
Tatal 43 (100.0) 226 - 40 (90.9). 277 83 (954 503
Headache 19 (442) 27 12(27.3) 33 31(35.6) 60
Nasopharyngitis 10(233) 11 8 (18.2) 11 18 (20.7) 22
Upper respiratory tract 6 (14.0) 6 10022.7) 14 16 (18.4) 20
infection .
Back pain : 8(856) 9 409.1) 7 12 ¢13.8) 16
Nausea 7(16:3) 8 5(11.9 7 12(13.8) 15
Cough ‘ 5(11.6) 6 4(9.1) 5 9(10.3) 11
IDiarrthoea 4 (9.3) 6 51149 5 9 (10.3) 11
Arthralgia 300 4 5(11.4) 6 8(9.2) 10
Abdominal pain 247 2 5(11.9) 6 . 7(8.0) 8
Dizziness . 247 2 51114 a 7@.0 11
Pharyngolaryngeal pain 370.0) 3 4(9.1) 4 7(@.0) 7
Vomiting 247 2. 514 6 7(8.0) 8
Fatigne 5(1.6) 13 123) 1 6(69 14
Prugitus 3{7.0) 3 3638 3 6 (6.9 6
Sinusitis 3.0 4 3(6.8) 3 6(6.9). 7
Viral infection 1(23) 1. 5114 5 6¢6.9) 6
Constrpation 3.0y 3. 2.3 2 5(.7) 5
Urinary tract infection 12.3) 1 49.1) ] 50671 6
Contusion 123 1 3(6.8) T3 4{4.6) 6
Ear pain _ 12.3) 1 3(6.8) 4 4 (4.6) b}
Insommnia 1{(2.3) 1 3(6.8) 3 4 (4.6 4
Myalga 3(7.0) 3 12.3) 1 4 (4.6) 4
Neutropenia 0(0.0) 0 4(9.1) 4 4 (4.6) 4
Pain in extremity 3(7.0) 5 1(2.3) 1 ! 4.6 6
Paroxysmal nocturnal 1(2.3) 1 3(6.8) 5 4 (4.6) 6
haemoglicbinuna . "
Rash 12:3) 1 3(6.8) 3 4 (4.6) 4
Respiratory tract infection 3 (7.0) 4 12.3) 3 4 (4.6) 7
Dyspnoea 00.0) 0 3(6.8) -3 - 334 3
Herpes simplex 3(7.0) 3 0 (0.0) 0 3(34) 3
Menorrhagia 00.0) 0 3(6.8) 3 364 3

Reference: Table 14.3.1.1

In the SHEPHERD study interim analysis the sponsor reports that the treatment emergent
adverse events with highest reported frequency thus far are headache (49.5%) and
nasopharyngitis (22.7%). ‘
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Table 14. Frequently (>5%) Reported Treatment-Emer gent Adverse Events
(Safety)

Eculizumab
N=97
) . ) Patients

Preferred term - i - n(%) Events
TFatal , : 95 (97.9) 599
Headache . - 48 (49.5) 74
Nasopharyagitis , 22227 27
Nausea 7 15(15.5) 23
Upper respiratory tract infection i3(134) 15
Pyrexia ' 12 (12.4) 15
Arthralgia ' _ 11(11.3) 14
Abdomnal pain 10 (10.3) ) 12
Dizziness _ L 10 (10.3) 12
Canstipation ' T 8(82) 9
Diasshea 882 9
Back pain 7{32) 10
Epistaxis - 7(12) 10
Myalgia T2 8
Uninary fract infection 7(1.2) 8
Vomiting 7(72) 23
Influenza-like illness 6(6.2) -8
Fatigue ~5(3.2) 9

- Herpes simplex 532 . 6
Rash 5(5.2) 6

Reference: Table 14.3.1.1

7.1.4.1 Eliciting adverse events data in the development program

Patients underwent physical examination, had laboratories drawn according to the schedule of
events and had routine follow-up visits according to the schedule of events listed in section 6 of
this review.

7.1.42  Appropriateness of adverse event categorization and preferred terms

The sponsor's categorization of adverse event is appropriate and based on MedRA preferred
terms.

" 7143 Incidence of common adverse events

Adverse events characterized by sponsors as to their relatedness to study drug are shown in the
table in section 7.1.3.3 of this review. Only one adverse event in each of the TRIUMPH and
SHEPHERD studies was considered by the investigator to be definitely related to Eculizumab.
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7.1.4.4 Common adverse event tables

.See section 7.1.4 common adverse event tables for the TRIUMPH and SHEPHERD studies.

7.1.4.5 Identifying common and drug-related adverse events

See section 7.1.4. Only one adverse event in each of the TRIUMPH and SHEPHERD studies
- was considered by the investigator to be definitely related to Eculizumab.

7.1.4.6 Additional analyses and explorations

Not applicable.

7.1.5 Less Common Adverse Events

The sponsor did not provide an analysis of less common adverse events. Narrative descriptions
for the patients who died and who experienced meningococcal infections both in PNH and non- -
PNH studies are provided in the safety section (7) of this review. ‘

Analyses of the infections for the TRIUMPH study are provided in the table below. This table
shows. that overall 26/43 Eculizumab treated patients compared to 28/44 placebo group patients
reported at least one infection. In the Eculizumab treated patients 0/43 compared to 2/44 placebo
treated patients developed severe infections. As is expected, 8/43 Eculizumab treated patients
compared to 1/44 placebo group patients had infections possibly related to study drug.

Table 22. Summary of Treatment-emergent Infections (Safety) v
Eculizamah Placeho

N=43 N=44
n (%) n (%)
Patients reporting at least 1 infection - 26 (60.5) - 28 (63.6)
Patients reporting at least } sertous infection ° 0(0.0) 409.1)
Number of infections reported - Overall 26 (60.5) ) 28 (63.6)
1 ' 18 (41.9) 13 (295)
2 ' 5(11.6) . 7(159)
3 or more ' ' 3(7.0) 8 (182)
Infection severity” - Overall : 37 : 57
Mild : 32 (86.5) 44 (772)
Moderate 5(13.5) 11 (19.3)
Severe _‘ 00.0) ’ 2(3.5)
Infection relation to study drug - Overall 37 57
Unrelated 29 (78.4) 56 (98.2)
Possible 8$(21.6) 1(1.8)

*  Only the most severe of the adverse events for each patient within each system organ class/preferred term
was counted.

Reference: Table 14.3.1.1.3
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Analyses of the infection rates so far reported in the SHEPHERD study are shown in the table
below. This table shows that 71/97 patients so far have reported at least one infection, 2/97
patients reported severe infections and 0/97 patients were considered to have their infections
definitely related to Eculizumab treatment.

Table 19. Summary of Treatment-Emergent Infections (Safety)

Eculizumah -
N=97
_ n (%)
Patients reporting at least 1 infection 71{73.2)
Patients reporting at least 1 serious infection 33.D
Number of patients reparting infections
Ovesall 71(73.2)
1 34(35.1)
2 20(20.6)
3 or more ' 17(17.5)
Number of infections per severity '
Overall 140(100.0)
Mild 103 (73.6)
Moderate 35@5.0)
Severe C2(14)
Infection relation te study drug
Overall \ 140 (100.0)
Unrelated 130 (92.9)
Possible 101D
Probable 0(0.0)
Definitely T0(.0)

" “Reference: Table 143.1.1.3

7.1.6 Laboratory Findingé
Laboratory findings in the TRIUMPH study showed the following:

¢ ALT- Median baseline values were 33.0 U/L for the Eculizumab treated patients
compared to 34.0 U/L for the placebo group. At all subsequent visits median values for
Eculizumab treated patients decreased below baseline levels (- 4.5U/L at visit 17) while
placebo treated patients had an increase in ALT (3.0 U/L at visit 15).

* AST- In the Eculizumab treated patients median AST values were 121U/L compared to
129 U/L for the placebo group patients. Median values for Eculizumab treated patients
decreased to levels within the normal range while placebo group patients showed an
increase in AST.
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e Haptoglobin- Some Eculizumab treated patients had a return to normal compared to no
- placebo group patients had a return to normal in their haptoglobin levels.
¢ Creatinine kinase- Creatinine kinase levels were elevated at baseline in both placebo and
Eculizumab treated patients. The sponsor stated that this was attributed to the fact that
creatinine kinase measurements using spectrophotometric methods and could have been
falsely elevated when performed on hemolyzed samples. Baseline creatinine kinase level
for the Eculizumab treated patients was at 113.0 U/L compared to 127.0 U/L for the
placebo group which was within the normal range. At visit 18 again creatinine kinase
level decreased in the Eculizumab treated patients ( 63 .0 U/L) compared to (21.0 U/L)
at visit 15 in the placebo group.
¢ Bicarbonate- The sponsor reported that the influence of Eculizumab on bicarbonate levels
was difficult to ascertain primarily due to the difference and handling of specimens at the
various study sites worldwide. The sponsor reported that median bicarbonate values
were no greater than 1.5 mmolL/L different between treatment groups at all scheduled
laboratory evaluation visits after baseline. Most patients had below-normal values at
baseline and tended to remain below normal or increased to within normal range at
subsequent visits after baseline.

7.1.6.1 Overview of laboratory testing in the development program

Laboratory testmg was undertaken as per the schedule of events described in section 6 of this
review.

7.1.6.2 Selection of studies and analyses for drug-control comparisons of laboratory values

See section 7.1.6.

7.1.6.3 Additional analyses and explorations

In the TRIUMPH study flow cytometry was performed in order to determine the change from
baseline in percentages type II and III clone sizes. The table below shows the change from
baseline in percentages of type II and III red cell clones. At baseline there were no statistically
significant differences between groups in type II or III red blood cells. At visit 18 the
percentages of type II and type III PNH cells increased significantly. These data support the
conclusion that protection of the PNH red blood cell from complement mediated hemolysis
preserves the PNH red cell mass. '
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Table 25. Flow Cytometry Data: Change From Baseline in Percentages of

Type Il and T1 Cells (ITT)
' Ecalizumal Placebo
Parameter - N3 N=d4 . PValue*
Type I cells (%) -
Baselme Summary (Visst 1) N 43 44 0912029901
Mean (standard error’ 1.7 (143) 8.7(1.81)
Median - 36 40
Range : 00,415 (0.9, 540)
Change from Baseline at Visit 18 n -4 42 0.000264267
Mean (standard etvor) 7 43(1.62) 02(2.14)
Median 14 06
Range (-28.1,33.1) (-208,796)
Type 1T cellz (%4)
Baselme Summary (Visit 1) n 43 .M - 0352551026
Mean (standard error) 31.6(248) - 362290
Median 289 329
Range (10.7, 79.0) (6.8, 26.0)
Change from Baseline at Visit [§ n 41 42 0.000000006
Mean {standard esror) 259322 -12(229)
Median - 275 . = I
Range (-25.1, 690y {-544.3L0)

P values were caleulated using Wilcoxon™s rank sum test.
Referenca: Table 14.3.1.§

7.1.6.4 Special assessments

Not applicable.

7.17 Vital Signs

7.1.7.1  Overview of vital signs testing in the development program

The TRIUMPH study was the only placebo-controlled study in the development of Eculizumab
for patients with PNH. There did not appear to be any trend or pattern with regard to blood
pressure, heart rate, body temperature or body weight in terms of individual visit by visit
fluctuations or intrapatient variations. There did not appear to be differences between the two
treatment groups in terms of vital signs overall.
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7.1.8 Electrocardiograms (ECGs)

Investigators in the TRIUMPH study were to conduct an ECG for patients and record the
findings as normal; abnormal or not clinically significant or abnormal clinically significant.
Statistical comparisons between treatment groups. were not performed however, the number of
patients having normal or abnormal ECG interpretations were similar at each of the evaluation
time points. Only one Eculizumab treated patient (110-007, atrioventricular sequential

pacemaker rhythm) and two placebo treated patients (110-003, signs of ischemia; 110-005, left

ventricular hypertrophy) had abnormal clinically significant ECG findings. None of these
resulted in any serious or non-serious treatment emergent adverse event. The sponsor reports
that although there were outliers, most patients median findings appear to be within normal
limits for PR interval, QRS duration, QT interval and ventricular heart rate. ‘

7.1.8.1 Selection of studies and analyses for overall drug-control comparisons

The TRIUMPH study was the only placebo-controlled study in PNH patien-ts‘

7.1.9 Immunogenicity

In the TRIUMPH study immunogenicity was evaluated by determining the presence of IgG or
IgM human antihuman antibody (HAHA) against Eculizumab. Only two patients demonstrated
weak and transient responses to Eculizumab. These patients (number 110-001 and 110-003) had
IgG reactions noted at visit 18. Patient 110-003 was in the placebo group and had a titer of 1:20
and 1:100 which were transient. Patient 110-001 had an IgG antibody titer of 1:20 on study day
182 and at that time the LDH was noted to be 265 U/L. Despite this low titer antibody to
Eculizumab, the patient did not display a rebound in hemolysis over the course of the study as
the LDH remained generally in the 200-300 U/L range and which remained below the baseline
LDH (2728 U/L) for this patient .

In the SHEPHERD study there were two patients who developed antibodies to Eculizumab
(number 101-001 and 180-003). Patient 101-001 had a low titer (1:20) IgG antibody identified at
study day 365 and at that time the LDH was noted to be 276 U/L. On study day 491 the LDH
was 470 U/L, which was the last reported LDH for this patient. Although the LDH for this
patient increased to 470 U/L this was still within the range displayed by the patient during the
treatment with Eculizumab (200-500 U/L) and the value remained below the baseline LDH
(2703 U/L) for this patient. Patient 180-003 had two positive IgM titers reported on study day 36

(1:20) and study day 189 (1:100) respectively. The baseline LDH for this patient was 3054 U/L. -

On day 36 the LDH was reported to be 291 U/L and on day 189 the LDH was reported to be 297
U/L. After Day 189, the rest of this patient's LDH levels were in the 200-300 U/L range.

In the controlled non-PNH studies the incidences.of 24-hour postinfusion adverse events were
similar between patients treated with Eculizumab and patients treated with placebo (Eculizumab
.49.2% compared to placebo 50.7%). The sponsor states that the same relationship is true for 43
hours post-infusion adverse events (Eculizumab 54.9% compared to placebo 56.6%).
Immunogenicity was examined in all non-PNH clinical studies. The incidence of anti-
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Eculizumab immune responses was 26/677 (3.8%) in Eculizumab treated patients compared to
11/206 (5.3%) placebo treated patients. :

- Therefore, it does not appear that patients who develop HAHA neutralizing antibodies to
Eculizumab develop brisk rebound hemolysis. The database for patients exposed to Eculizumab
is small and more patients would need to be exposed to determme the incidence of hemolysis
after development of a neutralizing antibody.

7.1.10 Human Carcinogenicity

No formal human carcinogenicity testing was performed for Eculizumab. However, Eculizumab
is highly species specific and therefore a surrogate mouse anti-murine C5 monoclonal antibody
was used in toxicology studies. The sponsor reports that there were no treatment related effects
or adverse event's in reproductive studies in mice with the surrogate antibody. In addition no
treatment related adverse effects were seen-in the long-term toxicity studies. In addition no
general toxicity or proliferative activity is suggestive of carcinogenic risk were evident in these
animal toxicity studies. ‘

7.1.11 Special Safety Studies

In the TRIUMPH study meningococcal vaccine titer samples were collected. All patients had
detectable levels of quantitative serum IgG after vaccination.

7.1.12 Withdrawal Phenomena and/or Abuse Potential

It is not expected that Eculizumab will be abused due to the fact that the sponsor states in the
proposed labeling that Eculizumab should be administered by a qualified health professional.
See section 7.1.15 for discussion of withdrawal phenomena.

7.1.13 Human Reproduction and Pregnancy Data

No studies of Eculizumab on human reproduction or pregnancy have been performed. However
one patient did become pregnant while on treatment with Eculizumab in the TRIUMPH study as
described previously. This patient subsequently had a normal pregnancy and delivery.

7.1.14 Assessment of Effect on Growth

All patients enrolled in PNH studies were age > 18 years (range 18-85 years). No assessment on
growth has been performed.

7.1.15 Overdose Experience
There is no overdose potential for treatment with Eculizumab as the sponsor states in the

proposed labeling that the drug should be administered by a qualified health professional. There
were no cases of overdose reported during the clinical studies for Eculizumab. There is no
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known deleterious effect of overdose of Eculizumab. PNH patients who had been withdrawn
from Eculizumab due to adverse events have shown a return over a period of approximately 1
month to baseline hemolysis levels. No. rebound effect has been described in the studies were
patients have had a progressive increase in their PNH red blood cell clone and where
subsequently discontinued from study while still requiring treatment with Eculizumab. The table
below shows the data from patient 028-003 from the TRIUMPH study. This patient was
discontinued secondary to pregnancy after having received three months of Eculizumab
treatment. The table demonstrates that during the time of treatment the patient’s type III red
blood cell clone increased from 49.8% to 72.1%. After having discontinued the study drug the
patient’s type III red blood cell clone percentage decreased back towards baseline. The patient's
hemoglobin also decreased back towards her baseline of 7.9 g/dl. This table supports the fact
that there does not appear to be a precipitous hemolytic rebound effect after having discontinued
Eculizumab therapy. '

Hematacrit Type III
Study  Redbloodcells  Hemoglobin (volume cells
Date Day a0'*/L) (g/dL)* fraction) (%)
28 Feb 2005 1 -
14 Mar 2005 15
28 Mar 2005 29 R SR S,
26 Apr 2005 58
23 May 2003 85
Follow-up laboratory values after study drug discontinuation:
08 Jun 2003 101
14 Jun 2005 107
15 Jun 20035 108
30 Jun 2005 123 -
26 Jul 2005 149

a

Y Her hemoglobin set point was s

Study day 1 is the date of first dose of study drug
¢ Received ! unit of PRBCs
Reference: Listing 16.2.5.1.0, Listing 16.2.7.1.2, and Listing 162742

7.1.16 Postmarketing Experience

Eculizumab is a new molecular entity and has not been marketed anywhere in the world at
present. '

7.2 ‘Adequacy of Patient Exposure and Safety Assessments

The TRIUMPH study was adequately designed to permit an evaluation for both efficacy and
safety in the described population. In addition, the SHEPHERD study provides additional
information for the safety database. The remainder of the uncontrolled clinical studies in PNH
 patients treated with Eculizumab support the safety profile of Eculizumab.
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7.2.1 Description of Primary Clinical Data Sources (Populations Exposed and Extent of
~ Exposure) Used to Evaluate Safety

The sponsor provided narratives for patient deaths and infections for the patient's treated with
Eculizumab or placebo both in the PNH and non-PNH settings.

7.2.1.1 Study type and design/patient enumeration

The studies used in the analysis for safety are described in section 4.1.

7.2.1.2 Demographics

In the multiple dose double-blind placebo-controlled non-PNH studies, 65.2% of Eculizumab
treated patients were women, 80.4% Caucasian and 80.2% were 18-<65 years of age. The
median weight was 81.2 kg. In the placebo treated group 661% of patients-were women, 81%
Caucasian, 75.6% were 18-<65 years of age. The median weight was 77.1 kg. :

The demographic patterns of patients enrolled in multiple dose uncontrolled non-PNH studies
were generally similar to those from the double-blind placebo-controlled non-PNH studies. This
was expected because all uncontrolled non-PNH studies were extension studies to the double-
blind placebo-controlied studies. In the multiple dose uncontrolled non-PNH studies 67.5% of
patients were women, 81.0% were Caucasian, 77.7% of or 18-<65 years of age and the median
weight was 82.8 kg.

In the PNH population there were some differences and baseline demographic parameters for
Eculizumab and placebo treated patients in the TRIUMPH study and the SHEPHERD study.
Most of the differences in demographics are likely due to either small sample sizes or differences
in enrollment criteria between the studies. The table below shows the summary of study
demographics between the TRIUMPH and SHEPHERD studies. Fewer patients in the
TRIUMPH study had a history of aplastic anemia (14% compared to 28.9% in the SHEPHERD
study). The small differences in demographic parameters in the SHEPHERD study compared to
the TRIUMPH study reflect the broader inclusion criteria for the SHEPHERD study. The
SHEPHERD study had more patients with a history of thrombosis, fewer patients with a baseline
platelet count of > 100,000/ml, fewer patients with a baseline hemoglobin > 8.0 g/dl, more
patients with baseline PNH type III red blood cells > 50%, fewer patients with > 4 red blood cell
units transfused per year. ' '

Appears This Way
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Sponsor Table 2.7.4.1.3.2.2-1 Summary of Phase 3 PNH Study Demographics

TRIUMPH SHEPHERD

Parameter Placebo - Eculizumab {Eculizumab

: N = 44 N =43 N =97
Mean Age (SD) 38.4(13.4)  M2.1(15.5) M1.1(14.9)
|Gender - Female (%) D9 (65.9) D3(53.5) 19 (50.5)
History of AA or MDS (%) 1227.3) Basn  p9(29.9)
.Concomitant Anticoagulants (%) [0 (45.5) 24 (55.8) 59 (60.8)
[Concomitant Steroids (%) 16 (36.4) 14 (32.6) 46 (47.4)
Xsﬁ;ﬁg PRBC in previous 12 17.0 18.0 301
Mean Hgb 7.7 (0.75) 7.8(0.79) [N/A
Pre-treatment LDH levels 2,234.5 2,032.0 2,051.0
Free Hemoglobin at baseline 46.2 40.5 34.9

7.2.1.3 Extent of exposure (dose/duration)

The total patient exposure to Eculizumab by dose regimen is shown in the table below.

pears This Way
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Table 2.7.4.1.2.2-1: Total Patient Exposure te Eculizumab by Duration of Diosing
and Dosage Regimen’

BDuration of Dosing Dosage Regimens
(weeks) AT [ B | ¢ | D | F | X | To
<4 i | o |17 B [ 0| s |
>1t0<12 B | 2 [ 24|45 [ 4] o0 | ss
=12 t0 < 26 36 | 12 | 46 | 5 | 53 ] o | 2w
=26t0<39 8 2 12 18 83 0 123
> 39 to< 52 4 | 0o | 4 |14 |16 ] ¢ | =
~5lesT8 | B | 1L | 1@ | % | ® | o |36
=T8to < 104 0 0 0 1 1 0 )
= 104 to £ 156 0 0 T I T 1
- 156 0 0 0 o | 10 | 0 | 10

“A =8 mg/kg Q2 wks; or 600 mg Q2 wks
B =8 mgkg Q4 wks, or 600 mg Q4 wks
3C=3mg,‘ngwkfdr5wks, then Q4 wks; or 600 mg Q wk for 5 wks, then Q4 whs
B D =& mg'kg Q wk for 5 wks, then Q2 wks; or 600 mg  wk for 5 wks, then Q2 wke
SE = 600 mg Q wk for 4 wks, then 900 mg on wk 3, then 900 mg Q2 wks.

X =0.1mg/kg to 8.0 mgikg )

Source: Tahle 2.74.7.5

The table below shows the patient exposure to Eculizumab in terms of the number of weeks of
exposure in PNH and non-PNH patients who had multiple doses of drug. There have been 57
patients exposed to the proposed Eculizumab dosing regimen for PNH patients described in this
review for a period up to 26 weeks. Ninety-nine PNH patients exposed to the proposed regimen
have had an exposure from 26 to 52 weeks. Thirty-nine PNH patients have been exposed to the
proposed regimen for more than 52 weeks. The table below shows the total patient exposure to
Eculizumab by duration of dosing and dosage regimen. '
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Table 2.7.4.1.2.2-2: Qverview of Patient Expusure to Emhznmab Multlple
Doses' ‘
Exposure  Non-FNH Pts Exposed FNH Pts Total Summary
(weeks) (Regimenz A B, C or D) Exposed . EXP"M' - Exposure
(Regimen ) -~ (Unique Pts)
Gio<26 204 57 35 R3]
> 36 50% 52 2 o9 : 181
_ : ' . 510
=9 » 290 39 329

Source: Table 2.74.7-5

7.2.2 Description of Secondary‘Clinical Data Sources Used to Evaluate Safety

The safety database was evaluated for all PNH studies listed in section 4.1 of this review.

7.2.2.1 Other studies

As noted in the safety section of this review other studies that have been evaluated for safety
include the non-PNH studies as listed previously in section 4.1 of this review.

7.2.2.2 Postmarketing experience

Not applicable as Eculizumab has not been marketed in the United States or any other country
previously. -

7223 Literature

Study CO2-001 and C 04-001 have been published:

e (CO0O2-001 — Hillmen, P et al.: Effect of Eculizumab on hemolysis and transfusion
requirements in patients with paroxysmal nocturnal hemoglobinuria. NEJM. 2004; 350:
552-558.

e C04-001 - Hillmen, P et al.: The compliment inhibitor Eculizumab in paroxysmal
nocturnal heng'lobinuria. NEJM. 2006; 355: 1233-1243.

723 Adequacy of Overall Clinical Experience

The TRIUMPH study was carried out in a randomized controlled fashion for a period of 26
weeks allowing adequate analysis of the clinical experience. In addition the SHEPHERD study
was carried out with a treatment phase of 52 weeks allowing additional analysis of the
Eculizumab safety profile. Additional analysis of the Eculizumab safety profile was undertaken

80



Clinical Review
Andrew Dmytrijuk, MD
BLA 125166/0

Soliris (Eculizumab)

by examining the other uncontrolled PNH studles and the other non-PNH studies which are listed
in section 4.1 of this review.

7.2.4 Adequacy of Special Animal and/or In Vitro Testing

Not applicable.

7.2.5 Adequacy of Routine Clinical Testing

The TRIUMPH study analyzed the appropriate endpoints and safety data. In addltlon the
SHEPHERD and other studies allowed for additional analysis of the safety profile of

. Eculizumab.

7.2.6 Adequacy of Metabolic, Clearance, and Interaction Workup
No formal analysis of drug interaction was undertaken in the TRIUMPH study However,

patients in the TRIUMPH study were treated with a number of concomitant medications as listed
in the table below. :

Appears This wa
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Table 8. Summary of Concomitant Medications Taken by at Least 5%
of Patients in Either Treatment Group (ITT)

Eculizamah Placebo
N=43 N=44
Anatomical therapeutic chemical classification level 2 term n (%) n (%)
Vaccines ' . 43 (100) 44 (100)
Antianendc preparations - 31(72.1) 36 (81.8)
Analgesics ' : » 30(69.8) 29 (65.9)
Antithrombotic agents 24 (55.8) 20(45.5)
Antibactenals for systemic use 23 (53.5) ' 26 (59.1)
Corticosteroids for systemic use 13 ¢30.2) 15 (34.1)
Antacids, drugs for treatment of peptic ulcers and flatulence 12 27.9) 11 (25.0)
Antihistamines for s'ysfe:nic use 2209 15(34.1)
Vitamins ‘ i : 19209 8 (18.2)
Psvcholeptics : 8¢18.6) 9 (20.3)
All other therapeutic products 6{14.0)_ 7059
Blood substitutes and perfusion sohitions : 6(14.0) 4(9.1)
Psychoanaleptics 6(14.0) 4(9.1)
Laxatives : 6(14.0 6 (13.6)
Mineral supplements ' 6(14.0) 8 (18.2)
Antiinflanmnatory and antirheumatic products ) - 6(14.0) 10 (22.7)
Beta blocking agents ' 5(11.6) 2(4.5)
Aantidiarrheal, mntestinal antiinflammatory/antinfective agents 4(93) 4(9.1)
Antispasmodics and anticholinergic agents and propulsives 4(93) 4(9.1)
Sex hormones and modulators of the genital system 4(9.3) . 8 (18.2)
Agents acting on the renin-angiotensin system 4(9.3) 7 1(2.3)
Cough and cold preparations 4 (9.3) v 9 (20.5)
Antibiotics and chemotherapy for dermatological use 3(7.0) 1(2.3)
Antivirals for systemic use “ 3¢7.0) 123
Corticosteroids, demmatological preparations ) 3@.0) 123)
Nasal i:reparations ‘ 3(7.0) 2(4.5)
Diuretics 3(7.0) 3(6.8)
Qphthalmologicals : , 3(7.0) 3(6.8)
Calcium channel blockers : 247 3 (6.8)
Antiasthmatics 1(2.3) 3(6.8)
Drugs for treatment of bone diseases 1(2.3) 3(6.8)
Anesthetics : . 0 0.0 5(11.4)

Reference: Table 14.1.3.1

7.2.7 Adequacy of Evaluation for Potential Adverse Events for Any New Drug and
Particularly for Drugs in the Class Represented by the New Drug;
Recommendations for Further Study

The sponsor’s evaluation of the potential adverse events is adequate given the number of studies
undertaken in the PNH and non-PNH settings. The sponsor should continue to monitor
postmarketing experience as is required in 21 CFR § 314.50 (d) (5) (vi) (b). The sponsor also
proposes a risk minimization program for infections and also includes a black box waming in the
proposed labeling indicating the potential for Neisseria meningitidis infection and the need. for
prior vaccination for Neisseria meningitidis.
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7.2.8 Assessment of Quality and Completeness of Data

The sponsor has presented a complete safety profile and complete data for the TRIUMPH study.
For the SHEPHERD study the sponsor has presented an adequate analysis of the 26 week interim
data. The SHEPHERD study is ongoing. In addition the sponsor has an ongoing extensior study
as is listed in section 4.1 in this review. _ :

7.2.9- Additional Submissions, Including Safety Update

Amendment 4 of this BLA submission contained updated safety information. The sponsor
should continue to menitor ongoing studies and, after approval, postmarketing adverse events as
is required in 21 CFR § 314.50 (d) (5) (vi) (b).

7.3 Summary of Selected Drug-Related Adverse Events, Important Limitations of
Data, and Conclusions ' : _ -

Headache was the most common adverse event observed in the TRIUMPH and SHEPHERD
studies. This adverse event was described in more detail in section 7.1.4.

Infection with Neisseria meningitidis is concerning because this infection can be fatal if not
treated quickly and with appropriate antibiotics. There have been three Eculizumab treated
patients with Neisseria meningitidis infection (two vaccinated PNH patients and one
unvaccinated non-PNH patient). The sponsor proposes a risk minimization program for this
infection. Also, the proposed labeling contains information in a black box warning regarding the
potential for Neisseria meningitidis infection and the need for vaccination. This adverse event
was described in this review in section 7.1.2. '

7.4 General Methodology

7.4.1 Pooling Data Across Studies to Estimate and Compare Incidence

The table below shows the incidence of adverse events across all PNH studies. The adverse
events reported in the TRIUMPH and SHEPHERD studies were discussed throughout section 7
of this review. Overall, in 193 patients in the uncontrolled study database, which does not
include the one patient in the physician sponsored IND submittéd after the BLA submission, the
sponsor reports that 99.0% (191/193) of patients experienced at least one adverse event and that
30.6% (59/193) of patients had at least one serious adverse event. Overall, most adverse events
associated with Eculizumab treatment were mild to moderate in severity. Serious adverse events
by preferred term in more than 2% of the patients in the 193 patient uncontrolled database, which
does not include the one patient in the physician sponsored IND submitted after the BLA
submission, were: pyrexia 3.6% (7/193), viral infection 3.1% (6/193), anemia 2.1% (4/193) and
headache 2.1% (4/193). Adverse events by preferred term reported in more than 10% of the
patients in the 193 patient uncontrolled study database, which does not include the one patient in
the physician sponsored IND submitted after the BLA submission, were: headache 52.8%
(102/93), nasopharyngitis 39.9% (77/193), upper respiratory tract infection 28.5% (55/193),
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nausea 22.8% (44/193), pyrexia 18.1% (35/193), arthralgia 18.1% (35/193), back pain 17.6%
(34/193), diarrhea 17.1% (33/193), vomiting 15.5% (30/193), dizziness 15.0% (29/193), cough
14.5% (28/193), pharyngolaryngeal pain 13.0% (25/193), pain in extremity 12.9% (25/193),
influenza-like illness 12.4% (24/193), abdominal pain 11.9% (23/193), insomnia 11.9%
(23/193), viral infection 11.4% (22/193), constipation 10.9% (21/193), urinary tract infection
10.9% (21/193), contusion 10.9% (21/193) and myalgia 10.3% (20/193).

Table 5.3.5.3.2.3.2-1 Cverall Summary of Tzeatment Emergent Advarse Events in Multiple-Dose, Doubla-Blind
Placebo-Controlled and Gnconcrelled PME Clirical Studies

211

C04-001 £04~-00R2/ Uncontrolled
i £04-002 Cg4-002 Z05-001 {11 Studies {2]
Zculizumab  Placebo Eculizumab Eculizumab Eculizimab Eculizumab
Description (N = 43) M = 44) H =57 (K = 140} o= 71 o = 193)
Patients At Least One ITEAE 43 {100.04) 49 { 90.5%) 35 { 97.53%) 135 { 98.6%) 71 (105.0%) 1Sl { 99.03)
At Least One SAE 4 1 5.3%) S5 (23.5%) 1% { 19.6%) 23 { 1§.4%) 17 ¢ 23.9%8) 59 { 30.5%)
Hithdrawal due to TEAEs Li 2.3% 0 00% 6 ( G.0% 1 0760 1 ( 1.4%} 1 { O.5%)
Humbar of Patients Died 0 { 0.0% 9 { 0.0%) 1 { 1.0%) 10 0.7%} 1 ¢ 1.4%) 2{ 1.0%)
Total number of TEAEs 22% 277 285 ' 1is1 308 2837
Fuarber of patiercts 1 TE&R 5 { 11.%%; 5 (11.4%; [ ] 3 { 3.é%) 4 ( 5.%%) 9 ( 4.0%)
reporting .
2 TE2Es S 41l.8%) 5 ({1i.4% 11 [12.3%) 1§ ( i1.4%) 3 { 4.23) 11 { 35.7%}
3+ TEAEs 33 { 76.73} 30 { £3.2% 34 [ 36.6%) 11T ( 93.%%) €4 { 90.1%) 180 { 93.3%)
TERE Intensivy Mild 130 { 84.13) 217 { 73.3%) 698 ( 72.3%) £38 ( 74.6%) 8§45 { 80.0%) 1939 ([ §7.2%
Moderate 31 L 13.7%) 46 { 16.8% 232 { 24.90%) 263 ( 22.1%) 125 ¢ 15.5%) 476 ¢ 16.5%}
Savere 5 2.2%) 14 5.1% 35 { 3.6%) 40 ( 3.4%) 38 [ 4.3%) 163 { 3.8y
COverall 226 (100.0%) 277 (109.0%) 985 {100.0%) 1191 {i00.0% 308 {100.0%8) 2857 (100.0%
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In the PNH studies, two patients developed Neisseria meningitidis infection.

Currently there is no information available regarding the one patient from the physician
sponsored IND which was opened after the BLA submission.

74.2 Explo_rations for Predictive Factors

Eculizumab blocks the C-5 mediated terminal complement cascade which is important in the
prevention of infection with encapsulated organisms. Patients who are exposed to Eculizumab -
are at an increased risk for infections with encapsulated organisms. Neisseria meningitidis poses
the greatest risk due to infection with this organism can rapidly progress and cause death if not-
recognized and treated early.

The sponsor reported that 88.1% (170/193) of patients in the 193 patient uncontrolled database,
which does not include the one patient in the physician sponsored IND submitted after the BLA -
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submission, had infection related'adverse events. However the rate of other encapsulated
organism infection was low. In this database 3/193 (1.6%) had infection reported as beta
hemolytic streptococcus infection, hemophilus infection or streptococcal sepsis. The database
for Eculizumab in PNH patients is small and the sponsor should continue to evaluate for
infections with encapsulated organisms as part of a postmarketmg commitment as described in
section 1.2.2 of this review.

7.4.3 Causality Determination

Eculizumab blocks the C-5 mediated terminal complement cascade which is important in the
prevention of infection with encapsulated organisms. There were three cases of Neisseria
meningitidis infection in the PNH studies. As Eculizumab is designed to interrupt normal
immune function by blocking the C-5 mediated terminal complement cascade in patients the
cause for these Neisseria meningitidis infections can be directly linked to Eculizumab. In the
PNH studies the sponsor incorporated an early alert program in order to minimize the risk of
infection with Neisseria meningitidis. In addition the sponsor proposes a black box warning to
highlight the increased risk of Neisseria meningitides infection with Eculizumab.

8 ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimen and Administration

. The dosing of Eculizumab in PNH patients has been evaluated in the TRIUMPH study,
SHEPHERD study and other uncontrolled PNH studies. The dosing regimen proposed is
Ecuhzumab a 600 mg IV infusion every 7 +/- 2 days for the first four weeks then 900 mg for the
5% dose 7 +/- two days later than 900 mg every 14 +/- 2 days thereafter. This dosing regimen
was found to have the necessary concentration to completely block the terminal complement
cascade. The intravenous infusion should be given over "= minutes.

8.2 Drug—Drﬁg Interactions

No drug-drug interaction analysis was undertaken. Patients treated with Eculizumab in the PNH
studies were also treated with various concomitant medications.

8.3 Special Populétions

The sponsor proposes that Eculizumab be indicated for the treatment of PNH = e ———

extenswn studles in patlents w1th PNH as are llsted in sectlon 4 1 of thlS review.’ The use of
Eculizumab in patients with PNH whose age is < 18 years has not been studied.

Patients treated with Eculizumab in the TRIUMPH study showed improvement in AST, ALT
and creatinine kinase compared to baseline levels. Separate analysis of a possible negative effect
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of Eculizumab on levels of liver transaminases or creatinine in patients with hepatic or renal
insufficiency would likely be difficult due to the improvement that was observed in-these
parameters in patients who generally have background elevation in liver transaminases and
creatinine due to the underlying hemolysis in PNH.

8.4 Pediatrics

Eculizumab for the treatment of patients with PNH was not studied in patients whose age was <
18 years. Cases of PNH and the pediatric setting have been described. However, Eculizumab
was granted Orphan Drug Designation (ODD # 03-1732) on August 20, 2003 for the treatment of
PNH. The sponsor requests an exemption from the requirement to assess this product in

pediatric PNH subpopulations pursuant to 21 CFR § 601.27 (d) given the rarity of PNH in
general and the fact that only case reports have been listed for pediatric patients. The sponsor
should be granted the exemption. ' '

8.5 Advisory Committee Meeting

Not applicable.

8.6 Literature Review

As noted in section 7.2.2.3 there have been 2 published studies of Eculizumab for the treatment
of patients with PNH. ' N

8.7 Postmarketing Risk Management Plan
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8.8 Other Relevant Materials

» SEALD Consult: The results of the SEALD consult are discussed in section 6.1.4 of this
review. These recommendations are reflected in the wording in section 9.4 of this
review and section 10.3 of this review which shows the proposed draft label.

¢ CMC Review: The results of the CMC review are discussed in 1. 2.2and 3.1 of this
review. ‘

¢ DMETS Consult: The result of this consult was that the sponsor could use the name
trade name Soliris for marketing of the drug Eculizumab.

¢ Maternal Health Team Consult: The results of this consult are shown in the wording of
the draft labeling in section 10.3 of this review.

¢ Statistics and Clinical Pharmacology reviews were also done.

9 OVERALL ASSESSMENT |

9.1 Conclusions

The sponsor has demonstrated in an adequate and well controlled study (TRIUMPH) that
Eculizumab is effective in the treatment of patlents with transfusion dependent PNH by
decreasing hemolysis e S ——————————————
sesmmmmems It also appears that Eculizumab may improve QOL in patients with PNH in terms of
decreasing fatigue and by improving other QOL parameters. Due to the fact that a large number
of patients were on concomitant anticoagulant therapy a conclusion regarding Eculizumab's

effect on thrombosis incidence rates cannot be made. .

There were 7 deaths in all of the Eculizumab studies combined. - No deaths occurred in the
TRIUMPH study. There were three deaths in non-PNH studies and four deaths in PNH studies
other than the TRIUMPH study. : :

In the TRIUMPH study 4/43 patients in the Eculizumab group compared to 9/44 patients in the
placebo group had serious adverse events. The most prevalent serious adverse event was
exacerbation of PNH which occurred and one Eculizumab treated patient and three placebo
treated patients.

In addition, overall one Eculizumab treated patient reported one serious adverse event associated
with infection compared to four placebo patients who reported six infection-related serious
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adverse events. Overall, there were three patients who developed meningococcal infection while
enrolled in the Eculizumab trials (two PNH patients and one non-PNH patient). In the PNH
trials there were two patients who discontinued treatment prematurely. Neither of these
discontinuations appeared to be related to Eculizumab treatment (one patient with pregnancy,
one patient with myelodysplastic syndrome).

Overall, in 193 patients in the uncontrolled study database, which does not include the one
patient in the physician sponsored IND submitted after the BLA submission, the sponsor reports -
that 99.0% (191/193) of patients experienced at least one adverse event and that 30.6% (59/193)
of patients had at least one serious adverse event. Overall, most adverse events associated with
Eculizumab treatment were mild to moderate in severity. Serious adverse events by preferred
term in more than 2% of the patients in the 193 patient uncontrolled database, which does not
include the one patient in the physician sponsored IND submitted after the BLA submission,
were: pyrexia 3.6% (7/193), viral infection 3.1% (6/193), anemia 2.1% (4/193) and headache .
2.1% (4/193). Adverse events by preferted term reported in more than 25% of the patients in the
193 patient uncontrolled study database, which does not include the one patient in the physician
sponsored IND submitted after the BLA submission, were: headache 52.8% (102/93),
nasopharyngitis 39.9% (77/193), upper respiratory tract infection 28.5% (55/193).

In the PNH studies three patients developed human antihuman antibodies (HAHA) after -
treatment with Eculizumab. Two patients had IgG titers of 1:20 and one patient had IgM titers of
1:20 and 1:100. None of these patients developed a rebound in hemolysis despite the presence of
these neutralizing antibodies.

Therefore, Eculizumab appears to be generally safe for the treatment of patients with PNH.
However, because of the mechanism of action of Eculizumab on the immune system, patients
with PNH who are treated with Eculizumab are at increased risk for infections with encapsulated
organisms. The sponsor proposes an early alert program and a registry program in order to
minimize the risk of infections in patients with PNH were treated with Eculizumab. In addition
patients who are to be treated with Eculizumab must be vaccinated with Neisseria meningitidis
vaccine at least two weeks prior to treatment with Eculizumab as was described in the protocols
in the PNH studies.

9.2 Recommendation on Regulatory Action

The indication sought by the sponsor for the treatment of PNH ————————
R AT SHOULd be approved. The
Eculizumab dosing regimen is:

¢ 600 mg of Eculizumab administered every week for the first four weeks, 900 mg of

Eculizumab administered in week five and 900 mg dose of Eculizumab every 14 +/- 2
days thereafter. The drug is administered as 2 = minute intravenous (IV) infusion.
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9.3 Recommendation on Postmarketing Actions

93.1

The sponsor should continue to monitor adverse events as required by 21 CFR §314.50
(d) (5) (vi) (b).

See section 1.2.2 of this review for a list of the recommended postmarketing
commitments.

Risk Management Activity

The sponsor should institute their risk minimization program for meningococcal infection.

9.3.2 Required Phase 4 Commitments

See section 9.3.

933

Other Phase 4 Requests

See section 9.3.

9.4 Labeling Review

A draft label was submitted by the sponsor in this BLA submission. Below is attached a label
containing changes to the sponsor's proposed label which incorporates wording that is based on
this review of the BLA submission.

The sponsor should include the proposed black box warning which contains wording

reflecting the potential for Neisseria meningiditis infection, the need for Nezsserza

meningiditis vaccination and enrollment in the sponsor’s registry program.

The INDICATIONS AND USAGE section of the label should contain the wording that

Eculizumab is indicated for treatment of patients with PNH esmms——
R

The ADMINISTRATION section of the label should contain the wording that patients

should be monitored for at least one hour following the completion of infusion of

Eculizumab.

The LABORATORY MONITORING section of the label should contain wording that

adequately describes the Eculizumab discontinuation protocol. This wording should

include wording that states that the physician should monitor for potential hfe-threatemng

hemolysis: :

> 25% decrease in type III PNH red blood cells.

A decrease in hemoglobin to 5 g/dl or > 4 g/dl decrease in one week.
Angina. '

Change in mental status.

50% increase in serum creatinine.
Thrombosis.

0O O O O O O
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o Follow-up visits at 1, 2, 4, and eight weeks after the discontinuation of
Eculizumab.

e The IMMUNOGENICITY section of the label should state that mfrequent low titer
antibody responses have been detected with Eculizumab.

e The IMMUNIZATION section should contain wording that PNH patients must receive
N. meningiditis vaccinations according to current immunization guidelines at least two .
weeks prior to receiving Eculizumab.

e The ADVERSE REACTIONS section of the label should include data from the
TRIUMPH study and adverse reactions for all PNH patients exposed to Eculizumab.

e The CLINICAL STUDY section of the label should not include thrombosis or quality-of-
life measures for the following reasons:

o Thrombosis was an exploratory endpoint and approximately 50% of the patients

" in the controlled TRIUMPH study were concomitantly treated with anticoagulants
thereby confounding the effect of Eculizumab on the rate of thrombosis.
Similarly, a majority of patients (59/97) were on concomitant anticoagulant
therapy in the SHEPHERD study.

9.5 Comments to Applicant

The indication sought by the sponsor may be approved provided the recommended changes are
made in the proposed labeling and postmarketing commitments as presented in section 1.2.2 of
this review are undertaken. The sponsor should continue to report on the safety and efficacy of
Eculizumab in the PNH population as required by 21 CFR § 314.50 (d) (5) (vi) (b).
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10 APPENDICES

10.1 Review of Individual Study Reports

The studies used for this review are listed in section 6.0 of this review.

10.2 Line-by-Line Labeling Review

The proposed draft labeling based on this review is shown below.
10.3 Proposed Product Label

The proposed draft labeling is shown below.
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