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Romiplostim, a thrombopoietin-mimetic
peptibody, increases and maintains plate-
let counts in adults with immune thrombo-
cytopenia (ITP). In this first study of a
thrombopoietic agent in children, pa-
tients with ITP of > 6 months’ duration
were stratified by age 1:2:2 (12 months-
< 3 years; 3-< 12 years; 12-< 18 years).
Children received subcutaneous injec-
tions of romiplostim (n � 17) or placebo
(n � 5) weekly for 12 weeks, with dose
adjustments to maintain platelet counts

between 50 � 109/L and 250 � 109/L. A
platelet count > 50 � 109/L for 2 consecu-
tive weeks was achieved by 15/17 (88%)
patients in the romiplostim group and no
patients in the placebo group (P � .0008).
Platelet counts > 50 � 109/L were main-
tained for a median of 7 (range, 0-11)
weeks in romiplostim patients and 0 (0-0)
weeks in placebo patients (P � .0019).
The median weekly dose of romiplostim
at 12 weeks was 5 �g/kg. Fourteen re-
sponders received romiplostim for 4 addi-

tional weeks for assessment of pharmaco-
kinetics. No patients discontinued the
study. There were no treatment-related, seri-
ous adverse events. The most commonly
reported adverse events in children, as in
adults, were headache and epistaxis. In this
short-term study, romiplostim increased
platelet counts in 88% of children with ITP
and was well-tolerated and apparently safe.
The trial was registered with http://
www.clinicaltrials.gov as NCT00515203.
(Blood. 2011;118(1):28-36)

Introduction

Immune thrombocytopenia (ITP) is an autoimmune disorder of
children and adults characterized by accelerated platelet destruc-
tion as well as suboptimal platelet production.1,2 The resulting
thrombocytopenia may be asymptomatic and incidentally de-
tected or manifested by bleeding ranging in severity from
petechiae and ecchymoses to intracranial hemorrhage.1-5 In the
United States and Europe, ITP affects children at a rate of
1.9-6.4 per 100 000 children-years6-9 but is infrequently chronic in
children. At 6 months after diagnosis, between 53% and 77% of
patients ages 4 months to 16 years will have recovered from ITP,
depending on the age of the patients.10 Twelve months after
diagnosis, a further 26% will have recovered, leaving 17%-34%
with chronic ITP, only some of whom will require treatment.11

Because only 5%-10% of all pediatric ITP patients will have
severe, chronic, and/or refractory disease, experience with treating
these children is quite limited and there are no randomized clinical
trials of treatments for these patients. Therapeutic agents for
childhood ITP—corticosteroids, intravenous immunoglobulin, and
anti-D immunoglobulin12-16; azathioprine and rituximab17-19; and
splenectomy15,17,20-24—may be effective but may have limitations
with respect to long-term efficacy and/or safety.12-17,19-24

Two new thrombopoietin (TPO) receptor agonists that stimulate
platelet production, romiplostim and eltrombopag, are now ap-
proved for the treatment of adults with chronic ITP in the United
States, Europe, Australia, Japan, and elsewhere. Romiplostim is an
Fc-fusion protein (also known as a peptibody)25 that increases
platelet production by a mechanism similar to that of eTPO.26

Romiplostim has no amino acid sequence homology with endogenous
TPO (eTPO),27 which reduces the probability that antibodies to romiplos-
tim will bind to eTPO and cause thrombocytopenia, as was seen with
first-generation agents.28 Eltrombopag is a small molecule that has also
been tested in ITP. Both romiplostim and eltrombopag have been shown
to be highly efficacious, well tolerated relative to other ITP treatments,
and apparently safe in several trials.27,29-32 In a long-term, open-
label extension study in adults, the administration of romiplostim
increased platelet counts in most patients for up to almost 5 years
and had an acceptable safety profile.33,34 No studies of these
thrombopoietic agents have been performed to date in children.

This report describes the first (randomized) study conducted to
evaluate romiplostim in the treatment of children with ITP. The
primary objective of the study was to evaluate the safety and
tolerability of romiplostim in the treatment of thrombocytopenia in
pediatric patients with ITP persisting for 6 months or longer.
Evaluation of the efficacy of romiplostim and characterization of
its pharmacokinetics were secondary objectives.

Methods

Study design

This was a phase 1/2, multicenter, randomized, double-blind, placebo-
controlled study in pediatric patients who had been diagnosed with ITP at
least 6 months previously. Patients were enrolled from 10 centers in the
United States, Spain, and Australia between July 19, 2007 (first patient
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enrolled), and March 3, 2009 (last patient’s end-of-study visit). Patients
received study treatment for 12 weeks. At the end of the 12-week treatment
period, patients who had had a platelet count of 20 � 109/L or greater above
baseline for 2 consecutive weeks in the absence of rescue therapy at any
point during the treatment period (responders) were requested to enter a
4-week pharmacokinetics assessment period, during which they continued
blinded treatment. Children who completed this trial were eligible to enter
an open-label extension study to monitor the long-term safety and efficacy
of romiplostim treatment.

The study protocol was approved by the institutional review board or
independent ethics committee at the participating center before any patients
enrolled in the study at that site. Written informed consent was obtained
from the patient or from a legally acceptable representative (eg, parent)
before the patient underwent any protocol-specific screening or study
procedures. All authors had access to clinical data. The trial was registered
with http://www.clinicaltrials.gov (NCT00515203).

Patients

Boys and girls from 12 months to 18 years of age who had been diagnosed
with ITP according to American Society of Hematology guidelines15 at least
6 months before screening were eligible for the study if the average of
2 platelet counts taken within 21 days before enrollment was 30 � 109/L or
less and no single count exceeded 35 � 109/L. Previous therapy (successful
or failed) was not a requirement for study entry. Patients were excluded
if they had undergone splenectomy within 8 weeks of the screening visit, if
they were receiving any treatment for ITP except for corticosteroids, or if
they had received rituximab within 14 weeks before the screening visit,
alkylating agents within 8 weeks before the screening visit, hematopoietic
growth factors within 4 weeks before the screening visit, or intravenous
immunoglobulin or anti-D immunoglobulin within 2 weeks before the
screening visit. Also excluded were patients who had a history of a BM stem
cell disorder, venous or arterial thrombotic or thromboembolic event,
systemic lupus erythematosus, or Evans syndrome.

Treatment

Romiplostim (Amgen Inc) and placebo were provided as lyophilized, white
powders in glass vials and reconstituted as described previously.32 Patients
were stratified by age into groups of children ages 12 months to younger
than 3 years, 3 to younger than 12 years, and 12 to younger than 18 years in
a 1:2:2 ratio and randomly assigned to treatment with romiplostim or
placebo in a 3:1 ratio. Study treatment (romiplostim or placebo) was
administered by study-center personnel once weekly at a starting dose of
1 �g/kg as determined by the patient’s weight recorded at screening. Both
study-site personnel and patients were blinded to treatment assignments. To
achieve the target platelet count of 50 � 109/L to 250 � 109/L, doses of
study drug were adjusted according to the algorithm in Table 1.35 The
permitted doses ranged from 1 to 10 �g/kg.

Throughout the study, ITP medications were administered at the
discretion of the investigators with the exception of the following prohib-
ited medications: alkylating agents, cytotoxic drugs, pegylated recombinant
human megakaryocyte growth and development factor, recombinant human
thrombopoietin, rituximab, or any medication known or suspected to affect
platelet production. Recommended rescue medications were intravenous
immunoglobulin, platelet transfusions, and corticosteroids. Rescue medica-
tion was permitted in the case of bleeding or wet purpura, or if the
investigator believed that the patient was at immediate risk (eg, preopera-
tively). An increase in dose or frequency of concurrent ITP medication
above levels at study entry was also considered rescue medication.
Reduction in baseline corticosteroids was allowed when platelet counts
exceeded 50 � 109/L not as a result of rescue medication.

Assessments and outcome measures

All patients underwent a screening evaluation within 21 days before
enrollment and returned to the study center weekly through week 12.
Responders continued both treatment and additional weekly visits to the

study center during the 4-week pharmacokinetics assessment period (weeks
13 through 16).

Physical examinations were performed at screening and at the end of the
study. Vital signs, platelet counts, and adverse events were assessed before
treatment and at each weekly visit. Height and weight were measured, and
samples were taken for hematology and blood chemistry testing at
screening and every 4 weeks throughout the study. Health-related quality of
life was assessed at screening and periodically during the study with the
Kids’ ITP Tool.36 Results of health-related quality of life assessments have
been reported elsewhere in abstract form37; details will be provided in a full
manuscript (R. J. Klaassen, S. D. Mathias, L.R.B., et al, manuscript in
preparation). Blood samples to test for antibodies to romiplostim were
taken at week 1 and at the end of the study for all patients and also at week
13 for responders who entered the pharmacokinetics assessment period.
Antibody assessments were performed as previously described.38

Blood samples for pharmacokinetics assessments were collected at
week 12 for all patients and twice each week during the 4-week
pharmacokinetics assessment period for patients who responded to study
treatment. Samples were drawn before treatment injection and 2 days
thereafter. Serum romiplostim concentrations were determined with a
modification of a validated ELISA with a lower limit of quantification of
15 pg/mL.25

Safety was the primary outcome measure of the study and was assessed
on the basis of the incidence of adverse events, including antiromiplostim
antibody formation and anti-TPO antibody formation. Adverse events were
collected continuously and captured on a standard case report form. Each
investigator graded the severity of adverse events for their patients,
including bleeding, according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 3.0.39

Efficacy was a secondary outcome measure and was assessed on the
basis of the number of weeks platelet counts were � 50 � 109/L during the
treatment period, the total number of bleeding events with a grade of 2 or
greater on the hemorrhage grading instrument developed by Buchanan and
Adix for each patient during weeks 2-13,40 the percentage of patients who
achieved a platelet count of 50 � 109/L or greater for 2 consecutive weeks
during the 12-week treatment period, the percentage of patients who
achieved an increase in platelet count of 20 � 109/L or greater above
baseline for 2 consecutive weeks during the 12-week treatment period
(treatment response), and the percentage of patients who received rescue
therapy during the 12-week treatment period.

Statistical analysis

The nature of the analysis in this study was descriptive and the planned
sample size of 15 in the romiplostim group and 5 in the placebo group was

Table 1. Dose adjustment rules

Platelet count (� 109/L) Action

� 50 Dose increased by 2.0 �g/kg after 2 consecutive weeks of

platelet counts � 50. Dose could be increased every

2 weeks.

50-250 Dose remained constant.

� 250-400 Dose reduced by 1.0 �g/kg after 2 consecutive weeks of

platelet counts in this range.*

� 400 Next scheduled dose held, and the dose was reduced by

1.0 �g/kg on the next scheduled dosing day that the platelet

count was � 250 � 109/L.†

The dosing algorithm used in this study is different from that specified in the U.S.
prescribing information for romiplostim treatment of thrombocytopenia in adults with
chronic ITP.35

*If the dose was 1.0 �g/kg and a dose reduction was required, the dose was held
until the platelet count decreased to � 50 � 109/L. Once the platelet count was
� 50 � 109/L, dosing resumed at a dose of 1.0 �g/kg according to the dose
adjustment rules.

†If the platelet count increased to � 400 as a result of rescue therapy, then the
next scheduled dose of investigational product was held and the same dose of
investigational product administered on the next scheduled dosing day that the
platelet count was � 250 � 109/L.
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determined by the ability to recruit pediatric patients according to the
required age distribution within the specified time frame. On the basis of the
assumption that 80% of patients in the romiplostim group and 0% of
patients in the placebo group would achieve a platelet count of 50 � 109/L
or greater for 2 consecutive weeks during the first 12 weeks of the study, the
power of Fisher exact test would be 93% at significance level .05.

Categorical end points were summarized by the number and percentage
of patients in each category. Continuous end points were summarized by
number of patients, mean, median, standard deviation, 25th and 75th
percentiles, minimum, and maximum. To discount the possible effect of
rescue medications, patients were considered to have had no platelet
response for 4 weeks after any administration of rescue medications. The
treatment groups were compared with respect to key efficacy end points on
an ad hoc basis with the Fisher exact test or the Cochran-Mantel-Haenszel
test. Summary statistics of key efficacy end points were reported within
each age group.

The relationship between romiplostim dose and serum concentration
was evaluated and graphically displayed (Figure 5). Romiplostim dose was
plotted against romiplostim serum concentration for each patient in the
romiplostim group at the same time point predose and 2 days postdose

during the pharmacokinetics assessment period. Romiplostim serum concen-
trations below the lower limit of quantification (15 pg/mL) were set to zero.
The data were analyzed by statisticians used by the sponsor.

Results

Patient disposition

Of the 25 patients screened for this study, 3 failed screening
because platelet counts (n � 2) or liver function values (n � 1)
were outside the acceptable range. Twenty-two patients passed
screening and were enrolled. Of these, 17 were randomized to the
romiplostim group and 5 to the placebo group (Figure 1). All
22 patients received at least 1 dose of the study treatment and
completed the study. Fifteen of 17 romiplostim-treated patients but
none of the 5 placebo-treated patients met the criteria for response.
Fourteen of the 15 responders entered the pharmacokinetics
assessment study.

Figure 1. Disposition of pediatric patients with ITP of at least 6 months’ duration who were treated with placebo or romiplostim for up to 16 weeks.

30 BUSSEL et al BLOOD, 7 JULY 2011 � VOLUME 118, NUMBER 1

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/118/1/28/1339983/zh802711000028.pdf by guest on 19 M

ay 2023



Patient demographics and clinical characteristics

The romiplostim and placebo groups were generally balanced with
respect to demographic and disease characteristics at baseline
(Table 2). Exceptions were that the median body weight and
duration of ITP tended to be lower, whereas the percentages of
black and Hispanic/Latino patients and median number of previous
ITP treatments tended to be greater in the romiplostim group than
in the placebo group.

The median age of the patients was 10 (range, 1-17) years. The
median baseline platelet count was 13 (range, 2-29) � 109/L. One
patient in the romiplostim group had a history of intracranial
bleeding, which occurred more than 30 days before enrollment. All
but 1 patient (95%) had received previous ITP treatments. The
median number of different previous ITP treatments (drugs, blood
transfusions, or splenectomy) was 5 (range, 0-9). Eight (36%)
patients had previously undergone splenectomy, and the median
time since splenectomy was 5.0 years (range, 0.4-12.0 years).

Safety evaluation

At least 1 adverse event was reported during the treatment period in
16 of the 17 (94%) patients in the romiplostim group and in all
5 patients in the placebo group (Table 3).39 The most frequently
reported adverse events were headache and epistaxis (Table 4).
During the treatment period, treatment-related adverse events were
reported for 3 (18%) patients in the romiplostim group (pyrexia in
2 and headache in 1), and 1 (20%) patient in the placebo group
(headache). No treatment-related adverse events were considered
serious or led to discontinuation of the study treatment. No patient
died during the study.

Most adverse events were mild to moderate in severity. Severe
or life-threatening (CTCAE grade � 3) adverse events were
reported in 1 patient in each group (6% romiplostim, 20% placebo);
neither event was considered to be treatment related. CTCAE grade
4 thrombocytopenia (platelet count of 13 � 109/L) was reported in
1 patient in the romiplostim group. Platelet counts in this patient
increased from 14 � 109/L at baseline to 106 � 109/L at week 5,
85 � 109/L at week 6, and 48 � 109/L at week 7. The patient
missed his week 8 dose, and 1 week later, his platelet count
decreased to 13 � 109/L, and he experienced grade 1 epistaxis of
1 day’s duration. He was given intravenous immunoglobulin, and

Table 2. Patient demographic and baseline characteristics

Characteristic Romiplostim (n � 17) Placebo (n � 5) Total (n � 22)

Median age, y (range) 9 (1-17) 11 (2-14) 10 (1-17)

Females, no. of patients (%) 4 (24) 2 (40) 6 (27)

Race, no. of patients (%)

White 9 (53) 4 (80) 13 (59)

Black 5 (29) 0 (0) 5 (23)

Hispanic or Latino 3 (18) 0 (0) 3 (14)

Other 0 (0) 1 (20) 1 (5)

Median weight, kg (range) 36 (11-129) 47 (16-58) 37 (11-129)

Duration of ITP, median years since diagnosis (range) 2.4 (0.8-14.0) 4.1 (0.6-8.6) 2.4 (0.6-14.0)

Splenectomy, no. of patients (%) 6 (35) 2 (40) 8 (36)

Number of previous ITP treatments, median (range) 5 (0-9) 3 (2-8) 5 (0-9)

Previous ITP drug treatment, no. of patients (%)

No previous treatment 1 (6) 0 (0) 1 (5)

1 or 2 previous agents 1 (6) 1 (20) 2 (9)

3 or 4 previous agents 5 (29) 2 (40) 7 (32)

5 or 6 previous agents 7 (41) 1 (20) 8 (36)

� 6 previous agents 3 (18) 1 (20) 4 (18)

Median platelet count, � 109/L (range) 13 (2-27) 9 (8-29) 13 (2-29)

History of bleeding symptoms, no. of patients (%)

Epistaxis

Never 4 (24) 1 (20) 5 (23)

Current or recent* 4 (24) 1 (20) 5 (23)

Oral bleeding

Never 7 (41) 2 (40) 9 (41)

Current or recent* 5 (29) 0 (0) 5 (23)

Intracranial bleeding

Never 16 (94) 5 (100) 21 (96)

Current or recent* 0 (0) 0 (0) 0 (0)

ITP indicates immune thrombocytopenic purpura.
Data are median (range) or number (%).
*Ongoing or occurring within 30 days before enrollment. The number of patients who had bleeding more than 30 days before study entry is not shown.

Table 3. Summary of adverse events

Event

Number (%) of patients

Romiplostim
(n � 17)

Placebo
(n � 5)

Any adverse event 16 (94) 5 (100)

Serious adverse events* 1 (6) 0

Adverse events of CTCAE grade � 3 1 (6) 1 (20)

Treatment-related adverse events 3 (18) 1 (20)

Treatment-related serious adverse events 0 0

Deaths 0 0

Bleeding events 12 (71) 2 (40)

Neutralizing antibodies to thrombopoietin

and romiplostim 0 0

CTCAE indicates Common Terminology Criteria forAdverse Events, version 3.0.39

*Serious adverse event includes any event that is fatal, life threatening (places
patient at immediate risk of death), requires inpatient hospitalization or prolongation
of existing hospitalization, results in persistent or significant disability/incapacity, a
congenital anomaly/birth defect, or other significant medical hazard. A patient can be
counted in more than one category of severity grade.
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his platelet count increased to 309 � 109/L. Despite being graded
4 (life-threatening), this adverse event was not “serious” in the
absence of hospitalization or major hemorrhage. Severe hypersen-
sitivity (allergic reaction), which resolved with medication on the
same day, was reported in 1 placebo-treated patient.

One serious adverse event was reported in a romiplostim-
treated patient. A splenectomized 16-year-old boy was hospitalized
because of influenza and later developed sepsis. Neither event was
considered treatment related, but both met criteria to be serious
(hospitalization).

Adverse events of hemorrhage, embolism or thrombosis, malig-
nancy, worsening thrombocytopenia after drug withdrawal, throm-
bocytosis, BM reticulin, and immunogenicity were of special
interest because of the mechanism of action of romiplostim.
Because of the short duration of treatment in this study
(12-16 weeks), no BM examinations were performed and therefore
reticulin deposition was not assessed. Of these events, only
hemorrhage was observed during this study. During the treatment
period, 12 (71%) romiplostim-treated patients and 2 (40%) placebo-
treated patients had bleeding adverse events. The 12 romiplostim-
treated patients had CTCAE grade 1 bleeding events, and 1 patient
also had CTCAE grade 2 events (epistaxis, contusion, petechiae).
No bleeding adverse events were serious or considered treatment
related. Most bleeding adverse events in the romiplostim-treated
patients occurred in the first 6 weeks of the treatment period, and
14 of the 17 occurred at a platelet count � 30 � 109/L. The
bleeding events in the 2 placebo-treated patients were CTCAE
grade 1. The rate of bleeding was 7.3 (95% confidence interval
4.3-11.7) events per 100 patient-weeks in the romiplostim group
and 11.9 (95% confidence interval 5.2-23.5) events per
100 patient-weeks in the placebo group.

A total of 8 of 14 (57%) patients in the romiplostim group who
entered the pharmacokinetics assessment period had at least
1 adverse event. Most adverse events reported during this period
were mild to moderate in severity and each was reported in only
1 patient; 2 (lymphadenitis and skin laceration) were severe but
neither was considered treatment related.

No trends in serum chemistry or hematology parameters were
noted other than increases in platelet counts, and no clinically
significant, treatment-related changes were observed in vital signs

or body weights. No patient had positive test results for neutraliz-
ing antibodies to either romiplostim or TPO.

Efficacy evaluation

The median number of weeks that patients maintained a platelet
count of 50 � 109/L or more was significantly greater in the
romiplostim group (7 weeks; range. 0-11 weeks) than in the
placebo group (0 weeks; range. 0-0 weeks’ P � .0019; Figure 2A).
The incidence of bleeding events of grade 2 or greater as assessed
with the Buchanan-Adix semiquantitative grading system for
hemorrhage was an efficacy end point in this study. Only 1 patient,
a 16-year-old girl in the romiplostim group, had hemorrhage of

Figure 2. Platelet responses during the treatment period in all placebo- and
romiplostim-treated patients and in patients by age cohort. (A) Median (25th
[Q1] and 75th [Q3] percentiles) number of weeks that platelet counts were 50 � 109/L
or greater during the treatment period. Platelet counts within 4 weeks of administra-
tion of rescue medication were excluded from these analyses. (B) Percent of patients
who had platelet counts of 50 � 109/L or greater for 2 consecutive weeks in the
absence of rescue medication. (C) Percent of patients who had an increase in platelet
counts of 20 � 109/L or greater above baseline for 2 consecutive weeks in the
absence of rescue medication.

Table 4. Adverse events reported in 2 or more patients during the
treatment period

Event

Romiplostim
(n � 17),

number (%)

Placebo
(n � 5),

number (%)

Headache 6 (35) 2 (40)

Epistaxis 6 (35) 1 (20)

Oropharyngeal pain 4 (24) 0 (0)

Pyrexia 4 (24) 0 (0)

Contusion 3 (18) 1 (20)

Abdominal pain upper 3 (18) 0 (0)

Rash 3 (18) 0 (0)

Cough 2 (12) 2 (40)

Vomiting 2 (12) 2 (40)

Petechiae 2 (12) 1 (20)

Upper respiratory tract infection 2 (12) 1 (20)

Nasopharyngitis 2 (12) 0 (0)

Abdominal pain 1 (6) 1 (20)

Back pain 1 (6) 1 (20)

Pain in extremity 1 (6) 1 (20)

Nasal congestion 0 (0) 2 (40)
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grade 2 or greater during the treatment period. This patient, who
had a history of petechiae, ecchymoses, epistaxis, and menorrha-
gia, had moderate (Buchanan-Adix grade 3 [CTCAE grade 1])
hemorrhage (mucosal bleeding not requiring medical treatment)
22 days after initiation of treatment with romiplostim. No bleeding
events of grade 2 or greater were noted in the placebo group during
the treatment period.

When platelet counts determined within 4 weeks of administra-
tion of rescue medication were excluded from the analyses, 15 of
the 17 (88%) patients in the romiplostim group achieved the
efficacy end points of a platelet count of 50 � 109/L or greater for
2 consecutive weeks and an increase in platelet count of 20 � 109/L
or greater above baseline for 2 consecutive weeks (Figure 2B-C).
In contrast, none of the patients in the placebo group met either of
these response criteria. The percentages of patients in the romiplos-
tim group who achieved each of these 2 end points were signifi-
cantly greater than those in the placebo group (P � .0008 for each
end point). Platelet responses to treatment were similar across the
3 age groups of romiplostim-treated patients (Figure 2A-C).

A total of 2 of 17 (12%) patients in the romiplostim group and
2 of 5 (40%) in the placebo group received rescue medication
during the treatment period. Both romiplostim-treated patients
were responders; one received rescue medication on day 1 of the
study and responded thereafter, and the second responded but
subsequently missed a dose, developed epistaxis, and received
rescue medication (description in “Safety evaluation”).

Throughout the first half of the study, the median weekly
platelet count in the romiplostim group increased with time, and
from 7 weeks onward was near or � 50 � 109/L (Figure 3A). In
contrast, the median weekly platelet count in the placebo group
remained stable at approximately 10 � 109/L throughout the study
(Figure 3A). A review of platelet counts for individual patients
showed that 12 (71%) patients in the romiplostim group had
platelet counts � 100 � 109/L in the absence of rescue medication.
In contrast, only 1 (20%) patient in the placebo group achieved a
platelet count � 100 � 109/L, but this was because of rescue
medication that led to an increase in platelet count to 457 � 109/L
4 days after its administration. Only one patient in the romiplostim
group had a platelet count � 400 � 109/L.

In parallel with the platelet count, the median dose in romiplos-
tim-treated children increased slowly until week 7 and thereafter
remained stable at 5 �g/kg. In the placebo-treated children, the
median dose increased steadily throughout the treatment period
(Figure 3B).

Six (35%) romiplostim-treated patients and 2 (40%) placebo-
treated patients had undergone splenectomy before enrollment in
this study. Both nonresponders in the romiplostim-treated group
had had a previous splenectomy and were receiving 10 �g/kg of
romiplostim at week 12. Among patients receiving romiplostim,
the 6 splenectomized patients received slightly greater romiplostim
doses than the 11 nonsplenectomized patients. Platelet counts did
not differ substantially between the splenectomized and nonsplenec-
tomized groups (Figure 4A-B). The patient with a history of
intracranial hemorrhage, who had not undergone splenectomy, was
a responder to romiplostim.

Fourteen patients in the romiplostim group entered the pharma-
cokinetics assessment period. Of these, 6 had bleeding events
during this period, one of which was Buchanan-Adix grade
3 mucosal bleeding of 5 days’ duration that did not require
medical treatment.

Pharmacokinetics

Romiplostim pharmacokinetics was assessed during weeks 13-16.
Romiplostim doses ranged from 1 to 7 �g/kg for the children ages
12 months to younger than 3 years, 3-10 �g/kg for children ages
3 to younger than 12 years, and 1-10 �g/kg for children ages 12 to
younger than 18 years. The observed romiplostim serum concen-
trations ranged from 16 to 51.1 pg/mL at predose and from
17.7 to 274 pg/mL at 2 days postdose. Romiplostim concentra-
tions were below the limit of quantification in 15 of 59 predose
samples and in 39 of 71 postdose samples. The data showed no
apparent differences across the 3 age cohorts and no apparent
relationship between serum romiplostim concentrations and
dose (Figure 5A-B).

Discussion

In this short-term study, romiplostim treatment was well tolerated
and apparently safe and increased and maintained platelet counts in
88% of pediatric patients with chronic ITP, many of whom had

Figure 3. Platelet counts and romiplostim doses by study week. (A) Median
(25th [Q1] and 75th [Q3] percentiles) platelet counts by study week. In the
romiplostim group, the median weekly platelet count increased with time on study and
was near or � 50 � 109/L after 6 weeks of treatment, whereas the counts in placebo
group remained at or near 10 � 109/L. Platelet counts within 4 weeks of administra-
tion of rescue medication were excluded. (B) Median (25th [Q1] and 75th [Q3]
percentiles) weekly doses of romiplostim and placebo administered during the study.
The dose of romiplostim increased slowly though week7 and then remained stable at
approximately 5 �g/kg. The dose of placebo increased steadily throughout the
treatment period. The median romiplostim dose decreased after the start of the
pharmacokinetics assessment period because the 2 patients who did not respond to
romiplostim did not enter this phase of the trial. Both nonresponding patients had
been receiving romiplostim at 10 �g/kg at week 12.
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severe and some of whom had refractory disease. After completing
this study, 20 of the 22 patients entered the extension study,
suggesting that patients, caregivers, and physicians believed that
the benefits of treatment outweighed any inconvenience or actual
or potential side-effects. Bleeding, usually mild, was the only
adverse event of interest observed, and its occurrence was corre-
lated with platelet count. Thromboembolic events or neutralizing
antibodies to TPO or romiplostim were not reported. No serious
adverse events considered related to study drug were observed
(BM biopsies were not performed because this was a short-term
pilot study). Overall, the adverse events most commonly reported
by these pediatric patients (Table 4) were generally similar to those
reported by adults, and the safety profile of romiplostim in the
children in this study was not overtly different from that that
previously reported in adults.27,32,33

Overall, the response of pediatric patients to romiplostim was
similar to that of adults observed in 2 phase 3 studies of
romiplostim in patients with ITP.32 In both children and adults,
platelet counts in the placebo group remained near baseline levels
throughout the study, whereas stable doses of romiplostim main-
tained platelet counts for most patients within the target ranges. In
children, romiplostim led to similar platelet responses in all 3 age
cohorts at similar doses of medication per kilogram body weight.
Although the platelet count after onset of treatment increased more
slowly in children than in adults (week 7 in this study compared
with week 4 in the studies in adults32), this difference is likely
because of the more gradual dose adjustment algorithm used in this

pediatric study (Table 1). Adjusting the romiplostim dose on a
weekly basis when platelet counts are � 50 � 109/L may help
children achieve and maintain platelet counts � 50 � 109/L more
quickly and consistently than the dosing schedule used in this
study. However, given the occasionally delayed effects of treat-
ment, the dosing algorithm used in this study prevented
thrombocytosis.

Serum concentrations of romiplostim varied among children,
and there was no apparent correlation between romiplostim dose
and serum concentration. These findings were similar to those
observed in adult patients with ITP (Amgen, Inc, data on file,
2010).41 The romiplostim half-life in adults with ITP ranges from
1 to 34 days (median, 3.5 days); the sparseness of the data in this
study precluded calculation of romiplostim half-life in children.35

The lack of overt relationship between romiplostim dose and serum
concentration is because of the combination of the pharmacody-
namic response to romiplostim (increased platelet counts) and the
receptor-mediated clearance of romiplostim by platelets, which is
similar to that observed for TPO.42,43 Although drug serum
concentrations traditionally guide dosing, the complex interplay
between the romiplostim dose, serum concentration, and platelet
count results in a nonlinear relationship between the romiplostim
serum concentration and platelet count. Furthermore, the short
half-life of platelets means that perturbations in platelet homeosta-
sis (because of infections or use of rescue medications, etc) can
increase the variability of platelet counts. Therefore, in children as
in adults it appears that romiplostim dose titration needs to be

Figure 5. Scatter plots showing individual trough serum romiplostim concentra-
tion versus romiplostim dose in romiplostim-treated patients. (A) Serum
romiplostim concentration versus dose before administration of romiplostim at weeks
13, 14, 15, and 16 during the pharmacokinetics assessment period and (B) 2 days
after dosing at each week during the pharmacokinetics assessment period. The data
showed no correlation of dose with concentration.

Figure 4. Platelet counts and romiplostim doses by study week in romiplostim-
treated splenectomized and nonsplenectomized patients. (A) Median (25th [Q1]
and 75th [Q3] percentiles) platelet counts by study week. Median platelet counts in
splenectomized and nonsplenectomized patients increased with time on study,
although counts varied from week to week and at several time points were lower in
splenectomized patients. (B) Median (25th [Q1] and 75th [Q3] percentiles) weekly
doses of romiplostim administered during the study. The dose of romiplostim
increased through week 7 in splenectomized patients and through week 9 in
nonsplenectomized patients. The median dose in splenectomized patients was
consistently slightly greater than that in nonsplenectomized patients.
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determined by the patient’s platelet counts during treatment to
maintain platelets within the target range.

This study had limitations beyond the small sample size.
Although both patients and study site personnel were blinded to
treatment assignments, the substantial increases in platelet counts
may have led patients receiving romiplostim (and their physicians)
to suspect that they had been assigned to the active treatment arm.
The romiplostim and placebo groups were generally similar with
respect to demographic and clinical characteristics, but, as might be
expected from the small sample size, some minor differences
occurred with respect to weight, duration of disease, race, and
number of previous treatments. Although race, duration of disease,
and previous use of other ITP therapies have not been shown to
affect the response to romiplostim treatment in adults, lower weight
was significantly associated with an increased response rate in one
study in adults.32 A separate issue is that administration of rescue
medications could have confounded assessment of bleeding events,
although platelet responses that occurred within 4 weeks of
administration of rescue medications were excluded from the
analysis. Finally, the inclusion in the pharmacokinetics period of
only those patients who responded to treatment partly limits the
conclusions that can be drawn from safety data collected during
this 4-week period.

In summary, this is the first study of a TPO receptor agonist in
children with ITP. It was performed as a randomized, double-blind
trial in a group of patients with relatively severe disease. Although
it is fortunate that few children with ITP are as severely affected as
many of the patients treated here, the demonstration of substantial
efficacy and safety in this study is encouraging for those children
most in need of treatment. Certainly all of these results need to be
confirmed in a larger, longer study that would better explore safety
issues such as thromboembolism and reticulin fibrosis. The long-
term safety of romiplostim in children will continue to be
monitored in an ongoing extension study and in a planned,
longer-term study. Other specific issues that could be explored
include a slightly more aggressive dosing algorithm for children
maintaining very low platelet counts despite receiving an initial
dose of 1 �g/kg and some estimation of how long treatment should
be continued. Overall, the outcome of this study is very encourag-

ing, given the high response rate in romiplostim-treated patients, no
response at all in placebo patients, and the absence of important
adverse events.

Acknowledgments

This study was supported by research funding from Amgen Inc.
Mary Royer, a medical writer supported by Amgen Inc, and James
O’Kelly, an employee of Amgen Inc, provided writing and editorial
support to the authors during preparation of this manuscript, as did
Chris Yurchuck at Cornell.

Authorship

Contribution: J.B.B. performed the research, interpreted the data,
and wrote the paper; G.R.B. designed the trial, performed the
research, interpreted the data, and edited the paper; D.J.N. per-
formed the research, interpreted the data, and edited the paper;
D.J.G. performed the research, interpreted the data, and edited the
paper; L.R.B. designed the trial, performed the research, inter-
preted the data, and edited the paper; V.S.B. designed the trial,
interpreted the data, and edited the paper; Y-M.W. collected,
analyzed, and interpreted the data, and edited the paper; K.N.
collected, analyzed, and interpreted the data, and edited the paper;
S.J. analyzed and interpreted the data, and edited the paper; and all
authors reviewed and approved the final version of the manuscript
for submission.

Conflict-of-interest disclosure: J.B.B. has received research
support from Amgen Inc, Eisai Inc, Shionogi, Sysmex, Ligand,
Immunomedics, GlaxoSmithKline, Cangene, and Genzyme; has
served on an advisory board for Amgen Inc, Ligand, GlaxoSmithK-
line, Shionogi, and Eisai Inc; and holds equity in Amgen Inc and
GlaxoSmithKline. G.R.B. has received research support from
Amgen Inc. Y-M.W., K.N., and S.J. are employees of and hold
stock options in Amgen Inc.

Correspondence: James B. Bussel, Weill Medical College of
Cornell University, P609, 525 E 68th St, New York, NY; e-mail:
jbussel@med.cornell.edu.

References

1. Nugent D, McMillan R, Nichol JL, Slichter SJ. Patho-
genesis of chronic immune thrombocytopenia: in-
creased platelet destruction and/or decreased plate-
let production. Br J Haematol. 2009;146(6):585-596.

2. Cooper N, Bussel J. The pathogenesis of immune
thrombocytopaenic purpura. Br J Haematol.
2006;133(4):364-374.

3. Cines DB, Bussel JB. How I treat idiopathic
thrombocytopenic purpura (ITP). Blood. 2005;
106(7):2244-2251.

4. Aledort LM, Hayward CP, Chen MG, Nichol JL,
Bussel J. Prospective screening of 205 patients
with ITP, including diagnosis, serologic markers,
and the relationship between platelet counts, en-
dogenous thrombopoietin, and circulating anti-
thrombopoietin antibodies. Am J Hematol. 2004;
76(3):205-213.

5. Psaila B, Petrovic A, Page LK, Menell J,
Schonholz M, Bussel JB. Intracranial hemorrhage
(ICH) in children with immune thrombocytopenia
(ITP): study of 40 cases. Blood. 2009;114(23):
4777-4783.

6. Terrell DR, Beebe LA, Vesely SK, Neas BR,
Segal JB, George JN. The incidence of immune
thrombocytopenic purpura in children and adults:

a critical review of published reports. Am J Hema-
tol. 2010;85(3):174-180.

7. Yong M, Schoonen WM, Li L, et al. Epidemiology
of paediatric immune thrombocytopenia in the
General Practice Research Database. Br J
Haematol. 2010;149(6):855-864.

8. Glanz J, France E, Xu S, Hayes T, Hambidge S. A
population-based, multisite cohort study of the
predictors of chronic idiopathic thrombocytopenic
purpura in children. Pediatrics. 2008;121(3):
e506-512.

9. Fogarty PF, Segal JB. The epidemiology of im-
mune thrombocytopenic purpura. Curr Opin He-
matol. 2007;14(5):515-519.

10. Kühne T, Buchanan GR, Zimmerman S, et al. A
prospective comparative study of 2540 infants
and children with newly diagnosed idiopathic
thrombocytopenic purpura (ITP) from the Inter-
continental Childhood ITP Study Group. J Pedi-
atr. 2003;143(5):605-608.

11. Imbach P, Kuhne T, Muller D, et al. Childhood
ITP: 12 months follow-up data from the prospec-
tive registry I of the Intercontinental Childhood
ITP Study Group (ICIS). Pediatr Blood Cancer.
2006;46(3):351-356.

12. Nugent DJ. Immune thrombocytopenic purpura of

childhood. Hematol Am Soc Hematol Educ Pro-
gram. 2006:97-103.

13. Tarantino M. Recent advances in the treatment of
childhood immune thrombocytopenic purpura.
Semin Hematol. 2006;43(3 Suppl 5):S11-S17;
discussion S18-S19.

14. Provan D, Stasi R, Newland AC, et al. Interna-
tional consensus report on the investigation and
management of primary immune thrombocytope-
nia. Blood. 2010;115(2):168-186.

15. George JN, Woolf SH, Raskob GE, et al. Idio-
pathic thrombocytopenic purpura: a practice
guideline developed by explicit methods for the
American Society of Hematology. Blood. 1996;
88(1):3-40.

16. Gaines AR. Disseminated intravascular coagula-
tion associated with acute hemoglobinemia or
hemoglobinuria following Rh(0)(D) immune
globulin intravenous administration for immune
thrombocytopenic purpura. Blood. 2005;106(5):
1532-1537.

17. Bennett CM, Rogers ZR, Kinnamon DD, et al.
Prospective phase 1/2 study of rituximab in child-
hood and adolescent chronic immune thrombocy-
topenic purpura. Blood. 2006;107(7):2639-2642.

18. Mueller BU, Bennett CM, Feldman HA, et al. One

ROMIPLOSTIM TREATMENT OF CHILDREN WITH ITP 35BLOOD, 7 JULY 2011 � VOLUME 118, NUMBER 1

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/118/1/28/1339983/zh802711000028.pdf by guest on 19 M

ay 2023



year follow-up of children and adolescents with
chronic immune thrombocytopenic purpura (ITP)
treated with rituximab. Pediatr Blood Cancer.
2009;52(2):259-262.

19. Quiquandon I, Fenaux P, Caulier MT, Pagniez D,
Huart JJ, Bauters F. Re-evaluation of the role of
azathioprine in the treatment of adult chronic idio-
pathic thrombocytopenic purpura: a report on
53 cases. Br J Haematol. 1990;74(2):223-228.

20. Deodhar HA, Marshall RJ, Barnes JN. Increased
risk of sepsis after splenectomy. BMJ. 1993;
307(6916):1408-1409.

21. Crary SE, Buchanan GR. Vascular complications
after splenectomy for hematologic disorders.
Blood. 2009;114(14):2861-2868.

22. Bonderman D, Jakowitsch J, Adlbrecht C, et al.
Medical conditions increasing the risk of chronic
thromboembolic pulmonary hypertension.
Thromb Haemost. 2005;93(3):512-516.

23. Jaïs X, Ioos V, Jardim C, et al. Splenectomy and
chronic thromboembolic pulmonary hypertension.
Thorax. 2005;60(12):1031-1034.

24. Ahn YS, Horstman LL, Jy W, Jimenez JJ,
Bowen B. Vascular dementia in patients with im-
mune thrombocytopenic purpura. Thromb Res.
2002(6):107:337-344.

25. Wang B, Nichol JL, Sullivan JT. Pharmacodynam-
ics and pharmacokinetics of AMG 531, a novel
thrombopoietin receptor ligand. Clin Pharmacol
Ther. 2004;76(6):628-638.

26. Broudy VC, Lin NL. AMG531 stimulates mega-
karyopoiesis in vitro by binding to Mpl. Cytokine.
2004;25(2):52-60.

27. Bussel JB, Kuter DJ, George JN, et al. AMG 531,
a thrombopoiesis-stimulating protein, for chronic
ITP. N Engl J Med. 2006;355(16):1672-1681.

28. Li J, Yang C, Xia Y, et al. Thrombocytopenia
caused by the development of antibodies to
thrombopoietin. Blood. 2001;98(12):3241-3248.

29. Bussel JB, Cheng G, Saleh MN, et al. Eltrom-
bopag for the treatment of chronic idiopathic
thrombocytopenic purpura. N Engl J Med. 2007;
357(22):2237-2247.

30. Bussel JB. Update on eltrombopag for ITP. On-
cology (Williston Park). 2009;23(13):1177-1178.

31. Dmytrijuk A, Robie-Suh K, Rieves D, Pazdur R.
Eltrombopag for the treatment of chronic immune
(idiopathic) thrombocytopenic purpura. Oncology
(Williston Park). 2009;23(13):1171-1177.

32. Kuter DJ, Bussel JB, Lyons RM, et al. Efficacy of
romiplostim in patients with chronic immune
thrombocytopenic purpura: a double-blind ran-
domised controlled trial. Lancet. 2008;371(9610):
395-403.

33. Bussel JB, Kuter DJ, Pullarkat V, Lyons RM,
Guo M, Nichol JL. Safety and efficacy of long-
term treatment with romiplostim in thrombocyto-
penic patients with chronic ITP. Blood. 2009;
113(10):2161-2171.

34. Bussel JB, Kuter DJ, Newland A, et al. Long-term
efficacy and safety of romiplostim for the treat-
ment of patients with chronic immune thrombocy-
topenia (itp): 5-year update from an open-label
extension study [abstract]. Blood. 2009;114. Ab-
stract 681.

35. Amgen. Highlights of prescribing information.
Nplate® (romiplostim). http://pi.amgen.com/
united_states/nplate/nplate_pi_hcp_english.pdf.
Accessed September 8, 2010.

36. Klaassen RJ, Blanchette VS, Barnard D, et al.
Validity, reliability, and responsiveness of a new
measure of health-related quality of life in children

with immune thrombocytopenic purpura: the Kids’
ITP Tools. J Pediatr. 2007;150(5):510-515, 515
e511.

37. Blanchette V, Buchanan G, Bomgaars L, et al.
Effect of romiplostim on parental burden and
health-related quality of life (HRQOL) in children
with chronic immune thrombocytopenia (ITP)
[Poster 153]. Pediatr Blood Cancer. 2010;54:808.

38. Jawa V, Hokom M, Hu Z, et al. Assessment of
immunogenicity of romiplostim in clinical studies
with ITP subjects. Ann Hematol. 2010;89(Suppl
1):S75-S85.

39. National Cancer Institute. Common Terminology
Criteria for Adverse Events v3.0 (CTCAE).
http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/docs/ctcaev3.pdf.
Accessed September 8, 2010.

40. Buchanan GR, Adix L. Grading of hemorrhage in
children with idiopathic thrombocytopenic pur-
pura. J Pediatr. 2002;141(5):683-688.

41. U.S. Food and Drug Administration. Romiplostim.
Background Information for the Oncologic Drug
Advisory Committee (ODAC) Meeting. http://
www.fda.gov/ohrms/dockets/ac/08/briefing/2008-
4345b1-02-AMGEN.pdf. Accessed September 8,
2010.

42. Li J, Xia Y, Kuter DJ. Interaction of thrombopoietin
with the platelet c-mpl receptor in plasma: bind-
ing, internalization, stability and pharmacokinet-
ics. Br J Haematol. 1999;106(2):345-356.

43. Wang YM, Krzyzanski W, Doshi S, Xiao JJ,
PerezRuixo JJ, Chow AT. Pharmacodynamics-
mediated drug disposition (PDMDD) and precur-
sor pool lifespan model for single dose of romi-
plostim in healthy subjects. AAPS J. 2010;12(4):
729-740.

36 BUSSEL et al BLOOD, 7 JULY 2011 � VOLUME 118, NUMBER 1

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/118/1/28/1339983/zh802711000028.pdf by guest on 19 M

ay 2023


