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1. EXECUTIVE SUMMARY

KEY POINTS:

Unmet Medical Need

e Chronic immune (idiopathic) thrombocytopenic purpura (ITP) is a serious and
potentially life-threatening condition due to risks such as intracranial and other
serious bleeding events and the side-effects of existing therapies (George et al,
1996).

o Existing ITP treatments are often unsuccessful in long term use in a high proportion
of severely affected patients because of adverse effects (eg, corticosteroids) or an
intermittent mode of administration (eg, IVIG infusions) that makes them unsuitable
for routine, chronic use. Morbidity in chronic ITP is attributed to the side effects of
treatment (eg, life-threatening bleeding) as well as the disease itself (Portielje et al,
2001).

e For patients who have undergone splenectomy but still have low platelet counts, data
are limited and treatment options are few, with outcomes often inadequate (Vesely et
al, 2004; McMillan and Durette, 2004).

e Lack of satisfactory treatments has led to widespread off-label use of drugs not
approved for this indication. Drugs commonly used off-label in ITP patients
(eg,rituximab, cyclophosphamide, azathioprine, vinca alkaloids, danazol) have not
been the subject of large, controlled studies, and are associated with significant

toxicities.

Background

e The underlying pathogenesis of ITP is peripheral destruction of platelets due to
antibodies directed against platelet antigens (eg, GPlIb/llla and/or GPIb/1X).
Evidence suggests that impaired thrombopoiesis, in addition to platelet destruction,
contributes to thrombocytopenia in ITP (Ballem et al, 1987; Houwerzijl et al, 2004;
McMillan et al, 2004).
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Romiplostim was designed to bind to the thrombopoietin (TPO, or c-Mpl) receptor
and stimulate platelet production, a novel mode of therapy compared with existing
treatments for ITP, which focus on non-specific immunosuppression to reduce

antibody production.

Amgen’s experience with the development of thrombopoiesis-stimulating agents, and
knowledge of the risks associated with the development of TPO-specific neutralizing
antibodies, stimulated our development of a novel TPO receptor agonist that is
structurally unrelated to TPO itself. Indeed, romiplostim has no amino acid sequence
homology to endogenous TPO (eTPO), greatly reducing the probability that
antibodies to romiplostim, if produced, will bind to eTPO and cause

thrombocytopenia.

In phase 1 and 2 clinical studies, dose-dependent increases in platelet counts were
observed in healthy subjects and subjects with ITP. The results supported the use of

1.0 pg/kg as the starting dose for weekly administration of romiplostim.

Efficacy

Throughout the development of romiplostim, Amgen has worked with the FDA and
sought guidance and input into pivotal study design, endpoints and an acceptable
efficacy and safety database of subject numbers and duration of treatment for this

orphan, chronic, disease indication.

Romiplostim’s efficacy was demonstrated in 2 well-designed, placebo-controlled,
multicenter phase 3 studies developed under the FDA’s Special Protocol
Assessment process. The primary efficacy endpoint was the rigorously-defined
measure of durable platelet response, developed to capture a stable response

maintained in the absence of any other ITP medication.

One study enrolled subjects who had not undergone splenectomy (20030212;

21 placebo, 41 romiplostim) and the other enrolled splenectomized subjects
(20030105; 21 placebo, 42 romiplostim). Both study populations had inadequate
platelet responses to existing ITP treatments, and the combined median platelet

count was below 20 x 10°%L at study entry.
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¢ In the 2 pivotal studies (20030105 and 20030212) combined, the primary endpoint,
durable platelet response, was achieved by approximately half of all subjects who
received romiplostim (41 of 83 subjects; 49.4%), compared with one of 42 subjects
who received placebo (2.4%) (p < 0.0001). Results were significant for each study

individually as well.

¢ Romiplostim was statistically significantly superior to placebo for all key secondary

efficacy endpoints in the combined population as well as for each individual study.

¢ Rescue medication (mostly corticosteroids and IVIG) was required by 59.5% of
subjects in the placebo group and 21.7% of subjects in the romiplostim group
(p < 0.0001) during the treatment period (combined pivotal study population). Of
16 placebo and 23 romiplostim subjects who entered the study receiving concurrent
ITP medications, 6 placebo (37.5%) and 20 romiplostim (87.0%) subjects had either

reduced by > 25% or entirely discontinued those medications at study week 25.

e The ability of romiplostim to maintain platelet counts over a longer period of time was
shown for subjects who completed the pivotal studies and continued into the
open-label extension Study 20030213. Total exposure for subjects receiving
romiplostim was up to 24 weeks in a pivotal study and up to 60 additional weeks in
Study 20030213.

e Subjects originally randomized to the placebo arms of the pivotal trials showed
improvements in all measures of efficacy when they received romiplostim on the
extension Study 20030213, relative to their performance during their phase 3 parent

study.

¢ Bleeding events were not captured as a prospectively-defined efficacy endpoint, but
were collected as adverse events. In the combined pivotal studies, bleeding events
that were = grade 2 (moderate) in severity occurred at a higher subject incidence
among placebo subjects (34%) than subjects receiving romiplostim (16%), and post-
hoc statistical comparison showed this difference to be significant (p = 0.017). The
subset of clinically significant bleeding events (= grade 3) also occurred in more

placebo subjects (12%) than romiplostim subjects (7%).
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o Across the entire ITP clinical program, an inverse relationship between bleeding
events and platelet counts was observed. All clinically significant (= grade 3)
bleeding events occurred at platelet counts < 20 x 10%L. All moderate (= grade 2)

bleeding events occurred at platelet counts < 50 x 10°%/L.

Safety

o A total of 204 subjects with ITP have received at least 1 dose of romiplostim;
128 subjects had at least 26 weeks of exposure, and 74 subjects had at least

52 weeks of exposure. Long term follow-up continues.

o Safety data from 125 subjects in the 2 pivotal phase 3 studies demonstrated that
when compared with placebo, romiplostim was relatively well tolerated. Adverse
Drug Reactions that occurred at a =2 5% higher subject incidence in the romiplostim

group than the placebo group identified in the 2 pivotal studies are shown in the table

below.
Preferred Term Romiplostim Placebo
n =84 n=41
Arthralgia 26% 20%
Dizziness 17% 0%
Insomnia 16% 7%
Myalgia 14% 2%
Pain in extremity 13% 5%
Abdominal Pain 11% 0%
Shoulder Pain 8% 0%
Dyspepsia 7% 0%
Paraesthesia 6% 0%

Headache was the most commonly reported adverse drug reaction, occurring in
35% of patients receiving romiplostim and 32% of patients receiving placebo.
Increased reticulin in the bone marrow, thrombocytosis, and recurrence of
thrombocytopenia after cessation of treatment are additional adverse drug

reactions observed in subjects receiving romiplostim.

¢ No neutralizing antibodies that cross-reacted with TPO were reported in the clinical
development program. Of the 204 patients in clinical studies receiving romiplostim,
one subject developed neutralizing antibodies to romiplostim; importantly, these did
not cross react with endogenous TPO. Approximately 4 months later, after

discontinuation of romiplostim, neutralizing antibodies were no longer detectable.
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e The incidence of thrombotic / thromboembolic events observed in clinical trials was

similar between romiplostim and placebo.

o There is a concern that TPO receptor agonists may stimulate the progression of
hematopoietic malignancies or myelodysplastic syndrome (MDS), as the TPO
receptor is predominantly expressed on the surface of cells of the hematopoietic
lineage. In a single-arm, open-label study in which 20 subjects with MDS received
romiplostim, 2 subjects had transient increases in blast cell counts that were
inconsistent with progression to AML; one subject had an event of disease

progression to AML, which is consistent with the natural course of the disease.

e Inthe ITP studies, hematologic malignancies were reported in 3 subjects: B-cell
lymphoma (0 placebo, 1 [0.5%] romiplostim, in a subject with preexisting
lymphadenopathy and several lymphoid aggregates in pretreatment bone marrow)

and multiple myeloma (1 [2.2%] placebo, 1 [0.5%] romiplostim).

e In some subjects, platelet counts transiently decreased below the pretreatment
baseline levels upon discontinuation of romiplostim. Romiplostim, like other
thrombopoietic agents, causes increased platelet production; treatment does not
alter the underlying rate of platelet destruction. Therefore, it is expected that in ITP
patients platelet counts will return to baseline levels upon discontinuation of
romiplostim treatment, resulting in an increased risk for bleeding, particularly if

romiplostim is discontinued in the presence of anticoagulants or anti-platelet agents.

¢ Increased bone marrow reticulin (or the presence of reticulin on study) has been
observed in 9 of 219 subjects who have received romiplostim (120-day update
dataset used). This finding was not associated with reports of adverse clinical
sequelae, the diagnosis of chronic idiopathic myelofibrosis (CIMF), or secondary

myelofibrosis.

Overall Benefit and Risk

e Chronic ITP carries risks for life-threatening bleeding, such as intracranial and other
clinically significant bleeding. Few approved treatments are available for chronic

ITP, and they carry considerable safety risks (eg, chronic moderate-to-high dose
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corticosteroids), contributing to morbidity in patients with chronic ITP. New options

are needed to treat thrombocytopenia in this orphan indication.

¢ Romiplostim was effective in increasing and maintaining platelet counts in both
splenectomized and non-splenectomized populations. Romiplostim was statistically
significantly superior to placebo for the rigorously defined primary endpoint of
durable platelet response, as well as all secondary efficacy endpoints, in both

populations, as well as in the integrated pool.

e The increases in platelet counts in the romiplostim group were achieved while
romiplostim subjects were receiving significantly less rescue medication and were

reducing baseline concurrent ITP medications compared with placebo subjects.

o Bleeding events in the 2 pivotal studies were characterized by the known inverse
relationship between platelet count and bleeding. Clinically significant (grade 3 or 4)
bleeding events did not occur at platelet counts of 20 x 10%/L or greater, supporting

the importance of maintaining platelet count.

e The following are considered identified risks of romiplostim:
0 Re-occurrence of thrombocytopenia after cessation of treatment
0 Increases in bone marrow reticulin
o Potential risks of romiplostim are as follows":
0 Progression of existing hematopoietic malignancies or MDS
o Thrombotic / thromboembolic complications
0 Neutralizing antibodies that cross react with eTPO.

0 Progression of increased reticulin to an irreversible bone marrow fibrotic
state.

o Potential for off-label use in indications where risk-benefit ratio has not been
adequately studied.

0 Risk for medication errors due to the potency of romiplostim and the small
volume administered.

e Amgen is committed to establishing a comprehensive risk management program

including cautionary instructions in the prescribing information, pharmacovigilance

! Modified from Amgen’s current Risk Management Plan, which is being revised.
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(both routine and proactive), risk management activities, and additional clinical
studies. Amgen believes these actions are appropriate and adequate to minimize

the potential safety risks).

e The potential risks of romiplostim therapy will be managed through a Risk
minimization action plan (RiskMAP) using the following tools: prescribing information,
Medication Guide, targeted education and outreach (including physician education
initiatives, patient and patient advocacy group initiatives) and systems to measure

and demonstrate program effectiveness.

¢ In conclusion, the benefit-to-risk ratio for romiplostim as demonstrated by the clinical
data provides a strong basis for regulatory approval of the proposed indication.
Potential safety risks can be appropriately and adequately minimized in the

post-marketing setting through the proposed risk management tools.
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List of Abbreviations and Terms and Definitions

Abbreviation or Term

Definition/Explanation

ADR

Adverse drug reaction. An adverse drug reaction (ADR) is defined
in 21 CFR 201.57(c) (7) as an undesirable effect, reasonably
associated with the use of a drug, that may occur as part of the
pharmacological action of the drug or may be unpredictable in its
occurrence. Adverse events were identified as ADRs if they
occurred at = 5% higher subject incidence in the romiplostim group
than the placebo group in the phase 3 ITP safety set or in the
Amgen pharmacovigilance safety database. Additional events were
identified based on review of the study-duration adjusted adverse
events in the ITP safety set, as well as Amgen medical review of
safety experience to date, expected pharmacologic activity of
romiplostim, and case analysis and/or review of the clinical
database for additional causality.

AMG 531 Development name for romiplostim (Nplate)

c-Mpl The thrombopoietin receptor (c-Mpl)

CIT Chemotherapy-induced thrombocytopenia

concurrent baseline Subjects in both arms of the pivotal studies were permitted

therapy corticosteroids, azathioprine, and/or danazol at study entry at a
constant dose (no dose adjustment for 4 weeks before screening).

eTPO Endogeneous thrombopoietin

ELISA Enzyme-linked immunosorbent assay

durable platelet response

Primary endpoint in the pivotal studies; defined as at least 6 weekly
platelet responses during the last 8 weeks of treatment, in the
absence of any rescue medication during the treatment period

end of study

In the pivotal studies, end of study was defined as the day the
platelet counts drop to < 50 x 10°%L, or week 36, after having
already completed the 24 week treatment period and the end of
treatment visit

ITP Immune (idiopathic) thrombocytopenic purpura

ITP-PAQ ITP-Patient Assessment Questionnaire, an ITP-specific instrument
to assess patient reported outcome

v Intravenous

MDS Myelodysplastic syndrome

MedDRA Medical Dictionary for Regulatory Activities

overall platelet response

The mutually exclusive categories of durable platelet response
plus transient platelet response

transient platelet response

At least 4 weekly platelet responses, without durable platelet
response, in the absence of any rescue medication during the last 8
weels

PRO

Patient reported outcome

rescue medication

Standard rescue medications were permitted in either arm of the
pivotal studies for major bleeding or wet purpura, or if the
investigator concluded that the subject was at immediate risk.
Recommended rescue medications were IVIG, platelet
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Abbreviation or Term

Definition/Explanation

transfusions, and corticosteroids.

reticulin In this document, reticulin refers to a normal component of the bone
marrow that can be detected using a reticulin (silver) stain. In
contrast, bone marrow fibrosis is detected by specific staining
techniques (trichrome among many).

RiskMAP Risk minimization action plan (as per FDA guidelines “Guidance for
Industry - Development and Use of Risk Minimization Action Plans,
March 2005,” and “Guidance for Industry - Premarketing Risk
Assessment, March 2005”).

SC Subcutaneous

SOC System organ class (as classified by MedDRA)

SPA Special Protocol Assessment by FDA

TMP The active peptide portion of AMG 531

TPO Thrombopoietin

weekly platelet response

A platelet count = 50 x 10%/L on a weekly scheduled dose day from
week 2 to week 25
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2. UNMET MEDICAL NEED
21 Key Points

e Chronic ITP is a serious and potentially life-threatening condition due to risks such as
intracranial bleeding and other clinically significant bleeding and the side-effects of

existing therapies (George et al, 1996).

e Standard ITP treatments are often unsuccessful in long-term use in a high proportion
of severely affected patients because their adverse effects (eg, corticosteroids) or
intermittent mode of administration (eg, IVIG infusions) make them unsuitable for
routine, chronic use. For patients who have undergone splenectomy but still have
low platelet counts, data are limited and treatment options are few, with outcomes
often inadequate (Vesely et al, 2004; McMillan and Durette, 2004).

o Lack of satisfactory treatments has led to widespread off-label use of drugs not
approved for this indication. Drugs commonly used off-label in ITP patients
(eg,rituximab, cyclophosphamide, azathioprine, vinca alkaloids, danazol) have not
been the subject of large, controlled studies, and are associated with significant

toxicities.

¢ An unmet medical need exists in both the pre- and post-splenectomy settings for a
well-tolerated and effective chronic treatment for thrombocytopenia in patients with
ITP.

Romiplostim has been developed to treat thrombocytopenia in patients with ITP, a
serious disease with significant risks such as intracranial bleeding. The medical need for
new therapies to treat ITP is apparent in the small number of drugs approved for this
indication and the unsatisfactory risk-benefit profile of these existing agents. This
assertion is reinforced by the assignment of Fast Track Status to the romiplostim

program in ITP.

2.2 Chronic ITP

Chronic ITP is a serious and life-threatening condition that affects more adult women
than men (approximately 2:1). The incidence of ITP in the United States (US) is

estimated as 58 to 66 new cases per million population per year, or approximately
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16,000 new cases per year (McMillan, 1997). In Europe, the incidence of ITP in adults is
estimated as 20,863 new cases per year (Frederickson and Schmidt, 1999;

Franco-Garcia et al, 1998).

Recently, studies have reported that patients with persistent severe thrombocytopenia
that does not respond to therapy within the first 2 years after diagnosis have
considerable morbidity due to the effects of ITP and ITP treatments (Portielje et al, 2001
and Cohen et al, 2000). In patients diagnosed with thrombocytopenia associated with
ITP, age may be associated with a risk of higher morbidity and mortality, including the

risk of severe bleeding over time (Andres et al 2003; Cortelazzo et al, 1991).

Cohen et al, 2000, assessed the age-adjusted bleeding risk of ITP involving persistent
low platelet counts (< 30 x 10%/L), and on the long-term prognosis in such cases, from a
pooled analysis of an ITP clinical series based on a systematic literature search. The
authors reviewed 17 case series including 1817 patients with ITP. There were 49 cases
of fatal hemorrhage over 1258 to 3023 estimated patient-years at risk. The rate before
age adjustment was estimated at between 0.0162 and 0.0389 cases per patient-year. A
trend towards increased risk was observed when the patients were divided by age into

3 groups (younger than 40 years, 40 to 60 years, and > 60 years) with the 5 year
mortality rates ranging from 2.2% for those < 40 years to 47.8% for those > 60 years.
The study also projected the risk for fatal bleeds at 0.4% for patients < 40, 1.2% for 40 —
60, and 13% for > 60 years of age. The risk for non-fatal, major bleeding events was
estimated at 3% for patients < 40 and 71% for patients > 60 years of age. Accordingly, a
30 year old woman with platelet counts < 30 x 10%/L was projected to have a 16.3%
chance of a fatal bleed and a 73% chance of having a non-fatal, major bleeding event if
thrombocytopenia persisted for 20 years. The main conclusion from this study was that
“ITP with persistent low platelet counts carries a grave prognosis” and “therefore an
active therapeutic approach in the clinical management of affected patients should be

considered.”

Together these studies suggest an increased risk for morbidity and mortality in patients
who have had a long duration of platelet counts < 30 x 10%L, which is exacerbated in
patients who are of advanced age (> 60 years of age). These data support the current
treatment goal of maintaining platelet counts at > 30 x 10%L in all patients diagnosed
with ITP.
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23 Pre-splenectomy

Most current treatments for ITP have limited chronic efficacy, and are associated with
considerable side effects, and/or are difficult to administer. Thus, a significant unmet

medical need exists for patients with chronic ITP.

Large differences in response rates are reported in the literature for ITP (Table 1).
Historically, there has been no general agreement on a standard definition of response
in ITP, and definitions of response in the literature vary widely (Ruggeri, 2008).
According to ITP treatment guidelines, initial treatment for adults with ITP usually begins
with corticosteroids. The morbidities associated with corticosteroid treatment may have
a substantial impact on the health and day-to-day functioning of patients. Thus,
corticosteroids are not well tolerated over time due to their side effects, and the course

of treatment is often determined by tolerance to these effects.

IVIG and anti-D immunoglobulin (WinRho®) are approved for use in ITP (Gamunex
[immune globulin intravenous (human)] prescribing information 2005; WinRho® [Rho (D)
immune globulin (human)] prescribing information 2006; WinRho SDF summary of
product characteristics 2006). Both are administered as intravenous (1V) infusions: IVIG
(as a divided dose over 4 to 6 hours) is infused over 2 to 5 days, and anti-D is infused
over 2 to 5 minutes. Both are short-acting and are generally used intermittently to
“rapidly raise platelet counts to prevent bleeding or allow a patient with ITP to undergo
surgery” (Gamunex® [immune globulin intravenous (human)] prescribing information,
2005) or “in clinical situations requiring an increase in platelet count to prevent excessive
hemorrhage” (WinRho® [Rho (D) immune globulin (human)] prescribing information,
2006; WinRho SDF summary of product characteristics 2006). Anti-D immunoglobulin
has been used to attempt to postpone splenectomy in recently-diagnosed patients
(Cines and Bussel, 2005). In the largest series to date, 25% to 30% of previously
treated patients showed responses off therapy lasting longer than 1 year (Cooper et al,
2002).

24 Post-splenectomy

Splenectomy is generally the next step for adults who fail to respond to corticosteroids,
IVIG, or anti-D immunoglobulinor who prove intolerant to therapy (Cines and Blanchette,
2002). Splenectomy is not an option for all patients, either because they are ineligible or

from personal choice. These patients continue with medical therapy. Splenectomy is
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increasingly viewed as a last resort by patients and some physicians, particularly in the
United States and in some European countries. In recent studies, the rate of
splenectomy has been reported as approximately 20% to 25%, whereas for older
cohorts described in the literature the splenectomy rate was 50% to 60% or higher
(Rodeghiero and Ruggeri, 2007). Post-splenectomy, patients are left with a lifelong risk
of bacterial sepsis that is not totally prevented by vaccinations (Cines and Bussel, 2005).
Some data suggest that patients who have had a splenectomy may be at increased risk

for developing pulmonary hypertension (Hoeper et al, 1999).

Approximately 30% to 40% of adults who undergo splenectomy either fail to respond or
relapse at a later date (Cines and Blanchette, 2002). For these patients, corticosteroids
and IVIG are the only approved therapy (Deltasone® [prednisone] prescribing

information 1995; Decadron® [dexamethasone] prescribing information 2004; Gamunex

[immune globulin intravenous (human)] prescribing information, 2005).

With the option of splenectomy now behind them, these patients are often faced with
prolonged exposure to corticosteroids, and the consequent increased risk of side effects.
The following drugs have frequent off-label use in this setting: rituximab (discussed
below), cyclophosphamide, azathioprine, vinca alkaloids, and danazol. However,
responses to these treatments require life-long administration, and may be associated

with significant risks.

Few publications are available on long-term outcomes after splenectomy failure in
adults. The largest prospective study is the report by McMillan and Durette (2004) of
105 adults with chronic ITP who required additional therapy after failing splenectomy.
The mean follow-up after splenectomy for this group was 142.9 months (median of 110
months). During the time following relapse all subjects required multiple third line
treatments, commonly including corticosteroids, danazol, azathioprine,

cyclophosphamide, high-dose cyclophosphamide, and combination chemotherapy.

While 75 (71.4%) patients attained at least a partial stable remission following additional
therapy (platelets at least 30 x 10%L for more than 2 months), these occurred slowly
(mean of 68.1 months to remission; median 46 months). For 51 (48.6%) patients,
remission persisted after therapy was discontinued, whereas 24 (22.9%) patients
required continued treatment. For the 24 patients on continued ITP therapy, remission

lasted for a mean of 50.7 months (median 48 months; range 2 to 167 months).
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However, a subgroup of patients received no benefit from additional therapy. Thirty
(28.6%) patients were unresponsive to all treatments they received. In this group,

1 patient developed uncontrolled bleeding after splenectomy and died despite high-dose
corticosteroid 