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Summary

Background Chronic immune thrombocytopenic purpura (ITP) is characterised by accelerated platelet destruction
and decreased platelet production. Short-term administration of the thrombopoiesis-stimulating protein, romiplostim,
has been shown to increase platelet counts in most patients with chronic ITP. We assessed the long-term administration
of romiplostim in splenectomised and non-splenectomised patients with ITP.

Methods In two parallel trials, 63 splenectomised and 62 non-splenectomised patients with ITP and a mean of three
platelet counts 30x109/L or less were randomly assigned 2:1 to subcutaneous injections of romiplostim (n=42 in
splenectomised study and n=41 in non-splenectomised study) or placebo (n=21 in both studies) every week for
24 weeks. Doses of study drug were adjusted to maintain platelet counts of 50x109/L to 200x109/L. The primary
objectives were to assess the efficacy of romiplostim as measured by a durable platelet response (platelet count
=50x109/L during 6 or more of the last 8 weeks of treatment) and treatment safety. Analysis was per protocol. These
studies are registered with ClinicalTrials.gov, numbers NCT00102323 and NCT00102336.

Findings A durable platelet response was achieved by 16 of 42 splenectomised patients given romplostim versus none
of 21 given placebo (difference in proportion of patients responding 38% [95% CI 23-4-52-8], p=0-0013), and by 25
of 41 non-splenectomised patients given romplostim versus one of 21 given placebo (56% [38-7-73-7], p<0-0001).
The overall platelet response rate (either durable or transient platelet response) was noted in 88% (36/41) of
non-splenectomised and 79% (33/42) of splenectomised patients given romiplostim compared with 14% (three of 21)
of non-splenectomised and no splenectomised patients given placebo (p<0-0001). Patients given romiplostim
achieved platelet counts of 50x109/L or more on a mean of 13-8 (SE 0-9) weeks (mean 12-3 [1-2] weeks in
splenectomised group vs 15-2 [1-2] weeks in non-splenectomised group) compared with 0-8 (0-4) weeks for those
given placebo (0-2 [0-1] weeks vs 1-3 [0-8] weeks). 87% (20/23) of patients given romiplostim (12/12 splenectomised
and eight of 11 non-splenectomised patients) reduced or discontinued concurrent therapy compared with
38% (six of 16) of those given placebo (one of six splenectomised and five of ten non-splenectomised patients). Adverse
events were much the same in patients given romiplostim and placebo. No antibodies against romiplostim or
thrombopoietin were detected.

Interpretation Romiplostim was well tolerated, and increased and maintained platelet counts in splenectomised and
non-splenectomised patients with ITP. Many patients were able to reduce or discontinue other ITP medications.
Stimulation of platelet production by romiplostim may provide a new therapeutic option for patients with ITP.

Introduction

Chronic immune thrombocytopenic purpura (ITP) is an
autoimmune disorder thatis characterised predominantly
by antibody-mediated platelet destruction.”* Available
therapies—such as corticosteroids, intravenous immuno-
globulins, splenectomy, rituximab, and cyclophos-
phamide—primarily focus on reduction of this platelet
destruction.”® However, recent evidence suggests that
decreased platelet production might also have a role in
ITP.*® For example, kinetic studies have shown that
platelet production is not increased (contrary to
expectations) in over three-quarters of thrombocytopenic
patients with chronic ITP,"” and thrombopoietin
concentrations are normal or near normal in patients
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with this disease.”” Moreover, antiplatelet antibodies
inhibit in-vitro growth of megakaryocyte precursor
cells,” and bone marrow megakaryocytes in ITP can be
apoptotic.” Often, therapies aimed at reduction of platelet
destruction are either ineffective or poorly tolerated.
Therefore, treatments aimed at increasing platelet
production, alone or in combination with existing
therapies, provide an opportunity to improve outcomes
in patients with this chronic disease.

Romiplostim (formerly know as AMG531) is a novel
thrombopoiesis stimulating protein (peptibody) that
binds to and activates the human thrombopoietin
receptor despite having no sequence homology with
human thrombopoietin.”” Romiplostim produces a

Lancet 2008; 371: 395-403
See Comment page 362

Massachusetts General
Hospital, Boston, MA, USA

(D) Kuter MD); New York
Presbyterian Hospital, Division
of Pediatrics, New York, NY,
USA (J B Bussel MD);
Hematology Oncology
Associates of South Texas,

San Antonio, TX, USA

(R M Lyons MD); City of Hope,
Division of Hematology,
Duarte, CA, USA

(V Pullarkat MD); Puget Sound
Blood Center, Seattle, WA, USA
(T B Gernsheimer MD);
Northwest Medical Specialties,
Tacoma, WA, USA

(F M Senecal MD); Mount Sinai
Hospital, New York, NY

(L M Aledort MD); University of
Oklahoma Health Sciences
Center, Hematology Oncology
Section, Oklahoma City, OK,
USA (J N George MD);
Georgetown University Medical
Center, Washington, DC, USA
(C M Kessler MD); Hospital La Fe,
Valencia, Spain (M A Sanz MD);
USC Keck School of Medicine,
Division of Hematology, Los
Angeles, CA, USA

(H A Liebman MD); Heartland
Hematology Oncology
Associates, Inc., Kansas City,
MO, USA (F T Slovick MD);
University Medical Centre,
Groningen, Netherlands

() Th M de Wolf MD); Service des
Maladies du Sang, CHRU Claude
Huriet, Lille Cedex, France

(E Bourgeois MD); Regional
Consultants in Hematology and
Oncology, Baptist Cancer
Institute in Jacksonville, FL,
USA (T H Guthrie Jr MD);
Department of Haematology,
The Royal London Hospital,
Whitechapel, London, UK

(A Newland MA); DeQuattro
Community Cancer Center,
Manchester, CT, USA

() S Wasser MD); Tower Cancer
Research Foundation, Beverly
Hills, CA, USA (S | Hamburg MD);

395



Articles

Hospital 12 de Octubre,
Madrid, Spain (C Grande MD);
Service d’Hématologie Adulte,
Hopital Necker, Paris, France
(F Lefrére MD); The Cleveland
Clinic Foundation, Department
of Hematology/Oncology,
Cleveland, OH, USA

(A E Lichtin MD);
Comprehensive Bleeding
Disorders Center, Peoria, IL,
USA (M D Tarantino MD);
Newland Medical Associates,
Southfield, MI, USA

(H RTerebelo DO); Médecine
Interne—Maladies Infectieuses,
Hépital Haut-Lévéque, Pessac,
France (J-Fr Viallard MD);
Marshall University,
Huntington, WV, USA

(F ) Cuevas MD); Gundersen
Lutheran Health System, La
Crosse, W1, USA (RS Go MD);
Pennsylvania Oncology
Hematology Associates, Inc,
Philadelphia, PA, USA

(D H Henry MD); University of
Pittsburgh Department of
Medicine, Hillman Cancer
Center, Pittsburgh, PA, USA

(R L Redner MD); Baylor College
of Medicine, Houston, TX, USA
(L Rice MD); Ziekenhuis
Leyenburg, Haematology,

Den Haag, The Netherlands
(MR Schipperus, MD); and
Amgen Inc, Thousand Oaks, CA,
USA (D M Guo PhD,

J L Nichol MS)

Correspondence to:

Prof David ] Kuter, Massachusetts
General Hospital, 55 Fruit Street,
Boston, MA 02114, USA
kuter.david@MGH.harvard.
edu

396

dose-dependent increase in platelet counts in healthy
volunteers” and improves platelet counts during
short-term use in patients with chronic ITP.”* In a small,
randomised, placebo-controlled trial of weekly injections
of romiplostim for 6 weeks (1 or 3 pg/kg) versus placebo,
12 of 16 ITP patients who were given romiplostim with
baseline platelet counts of 30x109/L or less (50x109/L or
less if on stable doses of corticosteroids) had their platelet
counts at least doubled and increased to more than
50x109/L; mean peak platelet counts were 135x109/L and
241x109/L for 1 pg/kg and 3 pg/kg romiplostim, respec-
tively.” Romiplostim caused no major adverse events in
these studies."***

We aimed to assess the efficacy, safety, and optimum
dosing of romiplostim in the maintenance treatment of
splenectomised and non-splenectomised patients with
chronic ITP.

Methods

Study design and patients

We undertook two parallel prospective, multicentre, inter-
national phase III studies that were randomised, placebo-
controlled, double-blind trials, lasting for 6 months.
Study designs were identical except that one trial enrolled
patients who had undergone splenectomy 4 weeks or
more before entry, whereas the other enrolled patients
who had not had a splenectomy.

Patients with ITP (according to American Society of
Hematology guidelines)* were enrolled into both studies
from 35 sites in the USA and Europe between
March 1, 2005, and Dec 31, 2006. Institutional review
boards at all centres approved the protocols and all
patients provided written informed consent. Except for
splenectomy status, eligibility criteria for both studies
were identical and included mean platelet count less than
30x109/L (with none >35x109/L) during screening; age
18 years or older; no active malignancy or history of stem
cell disorder; creatinine concentration 176-8 pmol/L or
less, bilirubin no more than 1.5 times upper limit of
normal, and haemoglobin 90 g/L or higher. Patients
older than 60 years were required to have a bone-marrow
examination consistent with the diagnosis of ITP.
Patients could receive concurrent ITP therapy with
corticosteroids, azathioprine, or danazol at a constant
dose and schedule. We used the following intervals since
the last administration of other ITP therapy: 2 weeks for
intravenous immunoglobulin or anti-D immunoglobulin,
8 weeks for alkylating agents, 14 weeks for rituximab, and
4 weeks for all other treatments.

Procedures

Romiplostim (Amgen Inc, Thousand Oaks, CA, USA)
and placebo were supplied in identical vials containing a
lyophilised powder that was reconstituted with sterile
water for subcutaneous injection. After reconstitution,
both vials contained 10 mM histidine, 4% mannitol,
2% sucrose, and 0-004% polysorbate 20. Placebo vials

did not contain the 0-5 mg/mL romiplostim protein that
was present in romiplostim vials.

Patients were randomly assigned 2:1 to receive weekly
subcutaneous injections of romiplostim or placebo for
24 weeks (stratified according to concurrent use of ITP
treatment). The random allocation sequence was
generated by Amgen Inc (Thousand Oaks, CA, USA)
with the blocked randomisation method. Clinphone was
used to randomly assign patients into the study with the
interactive voice response system.

The starting dose of study drug (romiplostim or
placebo) was 1 pg/kg. To achieve the target platelet count
of 50x109/L to 200x109/L, doses could be increased
according to the following algorithm: 2 pg/kg every week
if the count was 10x109/L or less and 2 pg/kg every
2 weeks if 11x109/L to 50x109/L. Once platelets reached
more than 50x109/L, the maintenance algorithm was
used: dose was increased by 1 pg/kg every week if
10x109/L or less; increased by 1 pg/kg after 2 weeks if
11x109/L to 50x10%/L; reduced by 1 pg/kg after
2 consecutive weeks at 201x109/L to 400x109/L; withheld
if more than 400x109/L and subsequent doses reduced by
1 pg/kg and given after count was less than 200x109/L.
The maximum allowed dose was 15 pg/kg.

During the first 12 weeks only, reductions in concurrent
ITP therapies were allowed when platelet counts were
more than 100x109/L. Increases in concurrent ITP
therapies or the use of rescue drugs were allowed at any
point in the study at the discretion of the investigator.

After 24 weeks, study treatment was discontinued and
platelet counts monitored every week. Patients completed
the study at week 36 or once platelet counts were less
than 50x109/L. All patients who completed the study
were eligible to be screened for participation in an
open-label extension study of romiplostim.

All outcome measures were prospectively defined
before the start of the studies. A weekly platelet response
was defined as a platelet count of 50x109/L or more at a
weekly study visit. Unless otherwise noted, platelet
responses that occurred within 8 weeks after rescue drugs
were used were not included in the efficacy analyses or in
the determination of any other measures for platelet
outcome. Rescue medication was defined as an increased
dose of concurrent ITP therapy, or the use of any new
drug to increase platelet counts. A durable platelet
response (primary efficacy measure) was defined as
weekly platelet responses during 6 or more weeks of the
last 8 weeks of treatment. Patients who received rescue
medication at any time during the study could not be
counted as having a durable response. A transient platelet
response was defined as four or more weekly platelet
responses without a durable platelet response from
week 2 to 25. Additional secondary endpoints were the
frequency of overall platelet response (durable plus
transient rates of platelet response), the number of weekly
platelet responses, the proportion of patients needing
rescue drugs, and the frequency of durable platelet
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response with a stable dose (dose maintained within
1 pg/kg during the last 8 weeks of treatment). We also
assessed changes in concurrent ITP therapies.

We analysed blood samples for thrombopoietin and
antibodies against romiplostim.” Adverse events were
rated on a scale of 1=mild, 2=moderate, 3=severe,
4=life threatening, and 5=fatal.

Statistical analysis

The sample size of 60 participants with a 2:1randomisation
ratio (40 in the romiplostim group and 20 in the placebo
group) was chosen to provide adequate power to show
that the efficacy of romiplostim, measured by the durable
platelet response, was significantly better than placebo.
The probability of achieving a durable platelet response
with romiplostim and placebo was estimated at 50%
and 10%, respectively. This sample size had about
87% power to detect the difference in the incidence of
durable platelet response between romiplostim and
placebo with a two-sided Fisher's exact test at a
significance level of 0-05. Analysis was per protocol.

We summarised demographics, baseline characteristics,
and haematological and other laboratory values with
descriptive statistics. The incidences of durable and
overall platelet responses, proportion of patients needing
rescue drugs, and incidence of achieving stable dose
were compared between the romiplostim and placebo
groups by use of the Cochran-Mantel-Haenszel test
stratified by baseline concurrent ITP therapy (yes/no).*
Exact 95% CIs for the incidence were provided for each
treatment group and normal approximated 95% Cls were
given for the difference between treatment groups.” The
common odds ratio was estimated together with the
95% CI. The number of weeks with platelet response for
both treatment groups was summarised and compared
by use of the analysis of variance model with treatment
and baseline ITP therapy as predictors in the model.**”
To mitigate violation of the model assumptions, we used
the Cochran-Mantel-Haenszel test with rank and stratified
by baseline concurrent ITP therapy as a secondary
analysis to ensure robustness.

These studies are registered with ClinicalTrials.gov,
numbers NCT00102323 and NCT00102336

Role of the funding source

This study was funded by Amgen Inc, Thousand Oaks,
CA, USA. In collaboration with the investigators, Amgen
designed the study, did statistical analyses, and interpreted
the data, which Amgen holds. Amgen collected the data
and representatives (JLN and DMG) participated in the
writing of this report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

Figure 1 shows the trial profile. All patients received at
least one dose of investigational product. One
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Figure 1: Trial profile for splenectomised (A) and non-splenectomised patients (B)

non-splenectomised patient randomly assigned to
placebo received three doses of romiplostim in error and
was included in the safety analysis as a patient given
romiplostim and in the efficacy analysis as a patient given
placebo.

Table 1 shows baseline characteristics and patient
demographics. All characteristics were comparable in the
placebo and romiplostim treatment groups in both
studies, but splenectomised patients had a longer
duration of ITP, more previous ITP treatments, slightly
lower baseline platelet counts, and higher baseline
thrombopoietin concentrations than did non-splenec-
tomised patients. The median time since splenectomy
was 6-6 (range 0-2-43) years. The most common
previous treatments in all patients were cortico-
steroids (118/125 [94%)] patients; 62/63 splenectomised
and 56/62 non-splenectomised patients) and intravenous
immunoglobulins (100/125 [80%)] of patients; 59/63 splen-
ectomised and 41/62 non-splenectomised patients).
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Splenectomised patients Non-splenectomised patients All patients from both studies
Placebo (n=21) Romiplostim Placebo (n=21) ~ Romiplostim All placebo All romiplostim  Total (n=125)
(n=42) (n=41) (n=42) (n=83)
Age (years) 56 (26-72) 51(27-88) 46 (23-88) 52 (21-80) 52 (23-88) 52 (21-88) 52 (21- 88)
Women 11(52%) 27 (64%) 16 (76%) 27 (66%) 27 (64%) 54 (65%) 81(65%)
Race
White 19 (91%) 34 (81%) 18 (86%) 31 (76%) 37(88%) 65 (78%) 102 (82%)
Black or African American 2 (10%) 3 (7%) 1(5%) 3 (7%) 3 (7%) 6 (7%) 9 (7%)
Hispanic or Latino 0 3(7%) 2 (10%) 3 (7%) 2 (5%) 6 (7%) 8 (6%)
Other* 0 2 (5%) 0 4(10%) 0 6 (7%) 6 (5%)
Weight (kg) 89 (57-169) 77 (45-138) 71(52-123) 78 (44-134) 81(52-169)  78(44-138) 79 (44-169)
Duration of ITP (years since 850(11-314)  775(0-6-44-8)  1.60(01-162) 2:20(01-316) NA NA NA
diagnosis)
=3 previous treatments 20(95%) 39 (93%) 5(24%) 15 (37%) 26 (60%) 54 (65%) 79 (63%)
Platelet count (10°/L)t 15 (2-28) 14(3-29) 19 (5-31) 19 (2-29) 18(2-31) 16 (2-29) 16 (2-31)
Thrombopoietin 124 (31-744) 113 (31-586) 81(31-1848)  94(31-1228) 108 (31-1848) 102 (31-1228) 103 (31-1848)
concentration (pg/mL)
Receiving concurrent ITP 6 (29%) 12 (29%) 10 (48%) 11 (27%) 16 (38%) 23 (28%) 39 (31%)
therapy
Data are median (minimum-maximum) or number (%). ITP=immune thrombocytopenic purpura. NA=not applicable. *Includes Asian and native Hawaiian or other Pacific
Islander. tBaseline platelet count=mean of platelet counts at days -8, -2, and predose on day 1. #{Normal thrombopoietin concentrations range from 32 to 246 pg/mL.
Table 1: Patient demographics and baseline characteristics

romiplostim. During the first 12 weeks, 95% (20/21) of

A Splenectomised

15— splenectomised and 90% (19/21) of non-splenectomised
] patients given placebo had three or more dose increases.

1] 3 placebo
B Romiplostim

By contrast, 45% (19/42) of splenectomised and 24% (ten
of 41) of non-splenectomised patients assigned to
romiplostim had three or more dose increases during the
same period. Patients who achieved a durable platelet
response had a lower median dose of romiplostim during
the last 8 weeks than did those who did not achieve this
response (3 [range 0-0-7-0] pg/kg vs 5-3 [0-5-15-0]
pg/kg in splenectomised patients; 1 [0-3-7-0] pg/kg vs
3 [1-0-15-0] pg/kg in non-splenectomised patients).

A target platelet count of 50x10°/L or more (platelet
response) was achieved by 25% of both splenectomised
and non-splenectomised patients given romiplostim after
1 week and by 50% within 2-3 weeks. Between weeks 18
and 25 (during when the durable response was assessed),
median weekly platelet counts for patients given romi-
plostim ranged from 56x109/L to 85x109/L for splenecto-
mised patients and from 63x109/L to 96x109/L for
non-splenectomised patients (figure 3). In the pla-
cebo groups, median weekly platelet counts during
these weeks ranged from 13x109/L to 21x109/L for splenec-
tomised patients and from 29x109/L to 38x109/L for non-
splenectomised patients (figure 3). During weeks 7-25, the
number of patients given romiplostim achieving a plate-
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Figure 2: Mean dose of romiplostim or placebo per week at every study visit for splenectomised (A) and
non-splenectomised (B) patients

Error bars show SEM. Throughout the 24-week study period, the median dose of romiplostim needed to maintain
target platelet counts of 50x10°/L to 200x10°/L was roughly 3 pg/kg in splenectomised patients and 2 pg/kg in
non-splenectomised patients.

Treatment dose was adjusted to achieve and maintain a
target platelet count of 50x109/L to 200x109/L. There was
a substantial difference in the dosing patterns between
patients given placebo and those given romiplostim in
both studies (figure 2). In those given placebo, the mean
dose increased throughout the first 12 weeks to more
than 10 pg/kg compared with 3—4 pg/kg for those given

let response every week ranged from 19/39 (49%) to
29/41 (73%) for splenectomised patients and from
23/38 (61%) to 32/39 (82%) for non-splenectomised
patients. Within 2 weeks of discontinuation of romiplostim,
37 of 51 (73%) patients who responded at the end of the
study had platelet counts less than 50x109/L. Only seven of
the 83 patients given romiplostim (two splenectomised
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Median platelet count (x10%/L)
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Number available

for measurement
Placebo 21 21 21 21 21 21 21 20 18 19
Romiplostim 41 41 41 41 41 41 40 41 41 40

19
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T
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12 13 21 22 23

Study week
9 18 18 18 18 18 18 18 18 18 18 17 16 17
37 40 38 40 38 39 39 38 39 38 36 38 39 39

Figure 3: Median platelet count at every weekly study visit for splenectomised (A) and non-splenectomised (B) patients
Data includes all patients, even those who received rescue drugs. Error bars indicate the range from the first to third quartiles. Dashed line indicates platelet

count of 50x10°/L.

and five non-splenectomised patients) maintained a
platelet count of 50x109/L or more 12 weeks after discon-
tinuation of the drug.

The durable response rate—at least 6 weeks with
platelet counts of 50x10%9/L or more during the last
8 weeks of treatment—in patients given romiplostim
was significantly greater than in those given placebo in
both studies (difference in proportion of splenectomised
patients responding 38% [95% CI 23-4-52-8], p=0-0013;
difference in proportion of non-splenectomised patients
responding 56% [38-7-73-7], p<0-0001; table 2). More-
over, 13 (31%) splenectomised and 21 (51%) non-splenec-
tomised patients given romiplostim achieved a durable
platelet response with a stable dose of the study drug
(plus or minus 1 pg/kg during the last 8 weeks). Across
both studies these patients needed a wide range of doses
(1-7 pg/kg) to maintain this response.

Although not achieving a durable platelet response,
40% (17/42) of splenectomised patients and 27% (11/41)
of non-splenectomised patients given romiplostim had
a transient platelet response (24 weekly platelet
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responses from week 2 to 25). Therefore, the overall
platelet response rate (either durable or transient plate-
let response) was 88% (36/41) in non-splenectomised
and 79% (33/42) in splenectomised patients given
romiplostim compared with 14% (three of 21) of
non-splenectomised and no splenectomised patients
given placebo (p<0-0001 figure 4). Both non-
splenectomised and splenectomised patients given

whether rescue drugs were
received

during the study could not be counted as having a durable response.

Splenectomised Non-splenectomised  Total

Placebo  Romiplostim  Placebo Romiplostim  Placebo ~ Romiplostim

(n=21)  (n=42) (n=21)  (n=41) (n=42)  (n=83)
Incidence rate as definedin 0 16 (38%) 1(5%) 25(61%) 1(2%)  41(49%)
the protocol*
Incidence rate disregarding 1 (5%) 19 (45%) 3(14%) 27 (66%) 4(10%) 46 (55%)

Data are number (%). *Protocol specifically stated that any patient who received any rescue medication at any time

Table 2: Incidence of durable platelet response
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Figure 4: Patients with overall platelet response

Overall platelet response defined as durable platelet response or four or more weekly platelet responses at any time
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Figure 6: Patients receiving rescue therapies

romiplostim had a platelet count of 50x109/L or higher
on more of the 24 total study visits than did those given
placebo (figure 5).

Across both studies, 23 (12 splenectomised, 11 non-
splenectomised) patients with romiplostim and 16 (six

400

splenectomised and ten non-splenectomised) with
placebo received concurrent ITP therapy with cortico-
steroids, azathioprine, and/or danazol. During the first
12 weeks of the study (as allowed by the protocol)
12 of 23 (52%) patients given romiplostim (eight of
12 splenectomised and four of 11 non-splenectomised
patients) and three of 16 (19%) given placebo (none of six
splenectomised and three of ten non-splenectomised
patients) discontinued all of their concurrent ITP drugs.
An additional eight of 23 (35%) given romiplostim (four
of 12 splenectomised and four of 11 non-splenectomised
patients) and three of 16 (19%) given placebo (one of six
splenectomised and two of ten non-splenectomised
patients) reduced at least one of their concurrent ITP
drugs by more than 25%. Moreover, more patients in the
placebo group than in the romiplostim group received
rescue drugs to increase platelet counts to prevent or
treat bleeding (p<0-0001, figure 6).

A multivariate analysis showed that baseline weight
less than 70 kg (p=0-0106) and no splenectomy
(p=0-0306) were the only clinical or laboratory variables
significantly associated with increased rates of durable
response. Lower weight was also significantly associated
with a greater number of weeks with a platelet response
(p=0-008) and lower use of rescue drugs (p=0-0285). We
recorded no relation between the achievement of a
durable response and either baseline thrombopoietin
concentrations or previous or concurrent use of other
ITP therapies.

Analysis of the individual studies indicated no
difference in safety profile between splenectomised and
non-splenectomised ITP  patients assigned to
romiplostim, and therefore we pooled safety data for all
patients in placebo and romiplostim groups. Adverse
events were reported in 39 of 41 (95%) patients receiving
placebo and in all 83 (100%) patients receiving
romiplostim. Almost all adverse events were rated as
mild to moderate. Table 3 shows the adverse events with
an incidence of 10% or more. Significant bleeding events
(those rated as severe, life threatening, or fatal) were
reported in five of 41 (12%) patients in the placebo group
and in six of 84 (7%) patients in the romiplostim group,
invariably at platelet counts less than 20x109/L.

Two patients in the placebo group died during the
study; one from cerebral haemorrhage and one from
pulmonary embolism. Another patient in the placebo
group died from atypical pneumonia (after an intracranial
haemorrhage because of trauma) 5 weeks after study
completion. One patient assigned to romiplostim died
from intracranial haemorrhage (after starting aspirin to
treat thrombosis and then discontinuing romiplostim)
1 day after study completion.

There were two serious adverse events that were assessed
as treatment-related. One splenectomised, non-responding
patient assigned to romiplostim, who had increased
baseline bone marrow reticulin, developed additional
reticulin after 7 weeks of treatment but returned to baseline
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Placebo (n=41) Romiplostim (n=84)

Headache 13 (32%) 29 (35%)

Fatigue 12 (29%) 28 (33%)

Epistaxis 10 (24%) 27 (32%)

Arthralgia 8 (20%) 22 (26%)

Contusion 10 (24%) 21 (25%)

Petechiae 9 (22%) 14 (17%)

Diarrhoea 6 (15%) 14 (17%)

Upper respiratory tract infection 5 (12%) 14 (17%)

Dizziness 0 14 (17%)

Insomnia 3(7%) 13 (16%)

Myalgia 1(2%) 12 (14%)

Back pain 4 (10%) 11 (13%)

Nausea 4 (10%) 11 (13%)

Pain in extremity 2 (5%) 11 (13%)

Cough 7 (17%) 10 (12%)

Anxiety 5(12%) 9 (11%)

Gingival bleeding 5 (12%) 9 (11%)

Abdominal pain 0 9 (11%)

Nasopharyngitis 7 (17%) 7 (8%)

Ecchymosis 6 (15%) 6 (7%)
*Because no statistically significant difference between splenectomised and non-
splenectomised patients was recorded, the results for this analysis were pooled.
Table 3: Adverse events occurring in at least 10% of patients in either
treatment group*

when the next biopsy sample was taken 14 weeks after
termination of romiplostim. An 82-year-old patient
receiving romiplostim who had extensive peripheral
vascular disease and atrial fibrillation and who had a radial
artery thromboembolectomy 8 months previously had a
right popliteal artery thrombosis at a platelet count of
11x109/L. He was successfully treated with embolectomy
and anticoagulation and continued the study.

Thrombosis occurred in one patient assigned to placebo
and two assigned to romiplostim. As described above, one
patient taking placebo died of pulmonary embolism and
one patient taking romiplostim developed a popliteal artery
thrombosis. A patient taking romiplostim with cerebro-
vascular disease, congestive heart failure, diabetes, and
hypertension had a cerebrovascular accident at week 21 at
a platelet count of 107x109/L; this adverse event was
assessed as unrelated to administration of romiplostim.

No patient tested positive for antibodies against
romiplostim or thrombopoietin. Apart from platelet
counts, we recorded no clinically significant treatment-
related changes in vital signs, or in haematological or
serum chemistry values.

Discussion

In these two randomised, controlled trials, romiplostim
was a well-tolerated and effective treatment for patients
with ITP. Platelet increases were seen within 1-2 weeks
and were sustained throughout 24 weeks of treatment in
both splenectomised and non-splenectomised patients.
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The target platelet count was achieved within 2-3 weeks
by over half of patients given romiplostim, with more than
four-fifths achieving an overall platelet response and about
half achieving a durable response (two-fifths while taking
a stable dose of romiplostim). Our placebo-controlled
study has shown the efficacy of romiplostim for ITP
patients who did not respond to splenectomy.”

The rigorous primary outcome measure, a durable
platelet response, was chosen to assess the efficacy of
romiplostim in maintaining a stable and adequate platelet
count during the last 8 weeks of the study, once dosing
had been optimised and concurrent I'TP drugs had been
reduced or withdrawn. The overall platelet response was
less strictly defined, requiring either a durable response or
at least four of the weekly platelet counts greater than
50x10°/L at any time during the 24-week study period. The
greater than 80% overall response rate for romiplostim
was as high as that reported for corticosteroids and
intravenous immunoglobulins, and higher than that
reported for other treatments such as anti-D, azathioprine,
danazol, and splenectomy.*** This finding is especially
striking because the patients in these two studies were a
very refractory group, including 63 who did not respond to
splenectomy and several other treatments, and was also
shown by the three deaths in the placebo group. The high
rate of efficacy in this study, greater than that previously
reported for romiplostim,*? was almost certainly a result
of the ability to make individualised dosing adjustments
to achieve the target platelet range.

Two other important findings in patients given
romiplostim were a lower rate of use of rescue drugs and
the ability to discontinue or reduce the use of concurrent
ITP drugs such as corticosteroids. More patients might
have further reduced or discontinued their corticosteroid
doses but the protocol did not allow such reductions after
the first 12 weeks of the study.

Despite high overall response rates, not all patients
achieved a durable response. This finding might show
limitations in the study protocol or variations in the
biological severity of ITP within the patient population. In
some patients, a lack of durable response could have been
because of the reduction of concurrent ITP therapies,
leading to decreases in platelet counts and an increased
likelihood of use of rescue drugs; according to the study
guidelines, use of any rescue drugs, irrespective of effect,
required that the patient be excluded from the primary
endpoint analysis and that all platelet counts for the next
8 weeks be excluded from the analysis of other endpoints
of platelet response. In other patients, the fairly narrow
target platelet count range (50x109/L to 200x10%/L) was
exceeded, leading to frequent dose changes and subsequent
cycling of the platelet count. Some patients with chronic
ITP might have an innate cycling of their platelet count*
that could affect their response to treatment. Furthermore,
individual variations in the relative effect of antiplatelet
antibodies on platelet destruction and production might
explain differences in durable response rates. Finally,
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although all patients fulfilled the American Society of
Hematology criteria for ITP,* a few might have had an
inherited defect in platelet production that mimicked ITP.

In patients achieving durable platelet responses at a
stable dose, a seven-fold range of romiplostim doses was
needed to maintain the target platelet count range. This
wide difference in dose is presumably related to poorly
understood individual variations in disease severity or
pharmacodynamics, which could be affected by patient
weight.

Although limited by the fairly few patients, multivariate
analyses identified weight less than 70 kg and the
absence of splenectomy to be associated with a high
durable response rate. The effect of weight remains
unexplained, but it could be related to pharmacokinetic
differences. The effect of splenectomy on romiplostim
response is not surprising. Splenectomised patients had
more severe ITP as shown by a higher number of
previous therapies, higher rates of use of concurrent
ITP therapy at baseline, and a tendency to need higher
romiplostim doses for an initial response. They also
seemed to have more variability in response to
romiplostim than did non-splenectomised patients.
Nonetheless, an overall platelet response was seen in
nearly four-fifths of splenectomised patients and many
had counts exceeding 200x109/L, suggesting that most
splenectomised patients could also be effectively
managed with romiplostim.

Romiplostim was well tolerated, and most adverse
events were mild and related to the underlying
thrombocytopaenia. The clinical significance of the
apparent increase in dizziness, insomnia, myalgia,
extremity pain, and abdominal pain in patients given
romiplostim cannot be fully assessed because of the fairly
small study population. Larger, continuing studies are
being done to assess this question further.* However, no
patient discontinued romiplostim because of these
complaints.

Two uncommon, severe adverse effects were reported
with romiplostim: bone marrow reticulin formation and
thromboembolism. One non-responding patient
developed increasing bone marrow reticulin that
improved with discontinuation of the drug without any
evidence of a clonal myeloproliferative disorder. No
placebo-treated patients developed increased reticulin.
Similar reversible increases in bone marrow reticulin
have been noted in animals and human beings exposed
to romiplostim®* and they are thought to be caused by
increased bone-marrow transforming growth factor f
released from megakaryocytes and platelets.”*

Two arterial thromboembolic events were reported in
elderly patients with previous histories of vascular
disease who were given romiplostim and who had
platelet counts above their baseline but below the
normal range. Whether these events were due to
administration of romiplostim or to the increased
platelet count is unknown. It should be noted that

romiplostim does mnot directly increase platelet
activation.”” However, measurements in arterial
vascular shunts in baboons have clearly shown a linear
increase in platelet deposition with an increase in
platelet counts after treatment with recombinant
thrombopoietin.” Thromboembolic events also occurred
in one patient who received placebo.
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