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Key Points

• Long-term romiplostim
treatment is effective in
children with primary
ITP; serial bone
marrow biopsy results
showed no new safety
concerns.

• Romiplostim injections
resulted in 8 AEs of
neutralizing antibodies
(romiplostim, n = 7
[transient n = 4]; TPO,
n = 1 [transient n = 1]).
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Romiplostim is a thrombopoietin (TPO) receptor agonist approved for children and adults

with immune thrombocytopenia (ITP) for ≥6 months, recommended as second-line

treatment. This phase 3b, single-arm, multicenter study investigated long-term efficacy and

safety of romiplostim in children ≥1 to <18 years old with ≥6 months’ ITP duration and

platelet counts ≤30 × 109/L. Children received weekly subcutaneous romiplostim (1 μg/kg
titrated to 10 μg/kg) to maintain platelets within 50 to 200 × 109/L. A subset underwent bone

marrow examinations. The primary end point was percentage of time with platelet

response during the first 6 months’ treatment (counts ≥50 × 109/L without rescue

medication within the preceding 4 weeks). Overall, 203 patients (median age, 10.0 years)

received ≥1 dose of romiplostim, median treatment duration was ~3 years, and median

average weekly dose was 6.9 μg/kg. Ninety-five (46.8%) discontinued (lack of efficacy, n = 43

[21.2%]). Platelet responses were achieved a median (interquartile range) of 50.0% (16.7%-

83.3%) of the time during the first 6 months, increasing to 78.2% (26.7%-90.4%) during the

overall 36-month treatment period. Eleven patients (5.4%) achieved sustained responses

(consecutive counts ≥50 × 109/L without ITP medications for ≥24 weeks). Treatment-related

adverse events (AEs) occurred in 56 patients (27.6%), with 8 (3.9%) experiencing serious

treatment-related AEs; all of these led to discontinuation, including 4 cases of neutralizing

antibodies (romiplostim, n = 3; TPO, n = 1). Bleeding occurred in 141 patients (69.5%),

decreasing over time; grade ≥3 bleeding events occurred in 20 (9.9%). At year 2, eight of 63

evaluable patients (12.7%) had grade 2 reticulin. Long-term romiplostim resulted in

sustained on-treatment platelet responses with an overall safety profile consistent with

previous studies. This trial was registered at www.clinicaltrials.gov as #NCT02279173.
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Introduction

Immune thrombocytopenia (ITP) is an autoimmune disease resulting from increased platelet destruction
and decreased platelet production.1,2 Childhood ITP with a duration of >6 months has an estimated
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incidence of 0.46 per 100 000 children per year3 and occurs more
frequently in adolescent girls.4-6 ITP can lead to severe bleeding,
with ~0.5% of children developing intracerebral hemorrhage.5,7,8

Most childrenwith newly diagnosed ITPdo not require treatment9-11;
however, for those who do, corticosteroids and immunoglobulins
(intravenous anti-D immunoglobulin and intravenous immunoglob-
ulin) are recommended. For children who require continued treat-
ment, thrombopoietin (TPO) receptor agonists (TPO-RAs) are
recommended by the American Society of Hematology guidelines
and International Consensus group.2,4 Although often effective,
splenectomy should be avoided before 5 years of age and within 1
year of disease onset, and it should typically be considered after
exhaustion of other available treatment options.4

Romiplostim (Nplate; Amgen Inc., ThousandOaks, CA) is a TPO-RA
indicated for adults with ITP and children ≥1 year of age with ITP for
≥6 months with insufficient response to corticosteroids, immuno-
globulins, or splenectomy.12 In phase 1/2 and 3 studies, romiplostim
was superior to placebo in children with ≥6 months’ duration of ITP
and resulted in decreased rescue medication use and reduced
bleeding.13,14 In long-term studies, stable platelet responses were
observed, with no new safety signals identified.15,16

Here, we report final data from a 3-year open-label trial assessing
long-term efficacy and safety of romiplostim in children with ITP
(registered with clinicaltrials.gov as #NCT02279173).

Methods

Study design and population

This phase 3b, single-arm, open-label, multicenter study was con-
ducted in 17 countries (locations and investigators are provided in
supplemental Table 1). Enrollment began inDecember 2014, and the
last patient visit was August 2019. Study procedures and informed
consent and assent forms were approved by each site’s institutional
review board. Written informed consent and assent (if applicable)
were provided by patients and their parents or legal guardians.
Eligible patients (aged ≥1 to <18 years) had the following: ITP
diagnosed according to American Society of Hematology guide-
lines17 ≥6 months before screening, thrombocytopenia (platelet
count ≤30 × 109/L) or bleeding that was uncontrolled with con-
ventional therapy within 4 weeks of enrollment, hemoglobin con-
centrations >10.0 g/dL, serum creatinine and total serum bilirubin
levels ≤1.5 times the upper limit of the normal range, and aspartate
aminotransferase and alanine aminotransferase levels ≤3 times the
upper limit of the normal range. Exclusion criteria included known
history of a bonemarrow (BM) stemcell disorder, prior hematopoietic
stem cell transplant, active or previous malignancy (except non-
melanoma skin cancers) within ≤5 years, congenital thrombocyto-
penia, venous thromboembolism, or thrombotic events. Patients
were also excluded if they had previously received romiplostim,
pegylated recombinant human megakaryocyte growth and devel-
opment factor, or recombinant human TPO; rituximab or 6-
mercaptopurine within 8 weeks or eltrombopag within 4 weeks of
enrollment; or undergone splenectomy within 4 weeks of screening.

Treatment and assessments

The study included a 4-week screening period, ≤3-year treatment
period, and end-of-treatment (EOT) and end-of-study (EOS) visits
(supplemental Figure 1). Patients received weekly subcutaneous
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romiplostim starting at 1 μg/kg. Initially, romiplostim was adminis-
tered in the clinic by qualified health care providers. Patients pro-
vided weekly blood samples for platelet counts and underwent
dose titrations by 1 μg/kg weekly up to a maximum dose of 10 μg/kg
under the supervision of treating physicians to reach target platelet
counts of 50 to 200 × 109/L. Patients who received their first 8
doses in the clinic with a stable dose of romiplostim for ≥4 weeks
were given the option to self-administer or have treatment admin-
istered by a caregiver, and they were required to return to the site
every 4 weeks for ongoing evaluations (including platelet counts).
Patients who self-administered were required to keep diary cards to
record the dose, dosing date, and any dosing or storage error, as
well as return used vials at their next visit, for accountability. The
need for dose adjustment was evaluated every 12 weeks to
account for body weight changes. For patients with platelet counts
>200 to 399 × 109/L for 2 consecutive weeks, romiplostim was
reduced by 1 μg/kg. For counts >400 × 109/L, a dose was withheld
and then reduced by 1 μg/kg on the next scheduled treatment when
the count was <200 × 109/L. Patients with sustained platelet
responses (consecutive counts ≥50 × 109/L) who were able to
discontinue treatment with romiplostim or other ITP medications
(concomitant or rescue) were monitored for ≥6 months beginning
with the first off-treatment platelet count ≥50 × 109/L, then fol-
lowed up every 12 weeks for the duration of the 36-month treat-
ment period. If a subsequent reduction in platelet counts to <50 ×
109/L occurred, romiplostim was resumed at 1 μg/kg.

Adverse events (AEs), assessed per the Common Terminology
Criteria for Adverse Events version 3.0,18 and concomitant/rescue
medications were assessed at weekly visits and at the EOT visit.
Platelet counts were monitored every 4 weeks during the treatment
period. Complete blood counts with differentials and peripheral
blood smears were collected before the first dose, weeks 1 to 8,
every 4 to 12 weeks thereafter, and at the EOT visit. For female
patients of childbearing potential, urine or blood pregnancy test
results were recorded before the first dose of romiplostim, every 12
weeks thereafter, and at the EOT visit. Vital signs, weight, serum
chemistry, and physical examinations were done every 12 weeks
and at the EOT visit. Blood samples to detect binding and
neutralizing antibodies to romiplostim and endogenous TPO were
collected on day 1 before the first dose, weeks 12 and 52, every 24
weeks thereafter, and at the EOT visit. Binding antibodies were
assessed in a stepwise process for their ability to bind to romi-
plostim or the peptide portion of romiplostim, as well as their
potential (if any) to cross-react with endogenous TPO (details on
methodology are provided in the Supplement).19 Most patients
positive for neutralizing antibodies to romiplostim or endogenous
TPO during the study continued treatment and were asked to
return for follow-up testing every 3 months for ≥1 year or until
neutralizing antibodies were no longer detectable. Patients who
tested positive for binding, nonneutralizing antibodies with clinical
sequelae considered potentially related to an anti-romiplostim
antibody response were also asked to return for follow-up testing.

As part of the Pediatric Investigation Plan review for participants
from the European Union, United Kingdom, Switzerland, and Turkey
(European cohort), BM biopsies were required at baseline (if the
patient had not had BM analyzed in the preceding 12 months) and
after 1 year (day 365 ± 4 weeks) or 2 years (day 730 ± 4 weeks) of
treatment to assess the long-term safety of romiplostim. Patients
who did not respond to treatment and withdrew were required to
ROMIPLOSTIM IN CHILDREN WITH ITP 397
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have a BM biopsy and aspirate at the EOT visit. These were also
obtained for patients who discontinued without having a cohort-
defined BM biopsy. In addition to routine BM biopsy analyses,
reticulin (silver stain) and collagen (trichrome stain) were assessed
by using the modified Bauermeister scale (0-4) by the central lab-
oratory after years 1 and 2. Bauermeister grades 0 to 3 measure
changes in reticulin, with grade 4 defined as a reticulin fiber network
with areas of collagenization (positive trichrome staining)
(supplemental Table 2).20,21 Changes were evaluated based on the
incidence of BM reticulin (either increase in severity of ≥2 grades
compared with baseline or increase to grade 3 or 4 based on
reticulin silver staining using the modified Bauermeister grading
scale after romiplostim exposure) and the incidence of BM abnor-
malities (based on cytogenetics and fluorescence in situ hybridiza-
tion). BM biopsy specimens were assessed by a central laboratory
and critically reviewed by an independent panel of pediatric hema-
topathologists, clinicians, and a biostatistician to determine whether
any observed abnormalities were consistent with an underlying
diagnosis of ITP. BM samples were not required for US participants.

End points

The primary end point was the percentage of time that patients
maintained platelet counts ≥50 × 109/L (platelet response) from
weeks 2 to 24 of treatment without rescue medication within the
preceding 4 weeks. Secondary end points included the percentage
of time patientsmaintained a platelet response fromweek2 until EOT
without rescue medication within the preceding 4 weeks; the per-
centage of time patients maintained platelet counts ≥20 × 109/L
above baseline fromweek 2 until the EOTwithout rescue medication
within thepreceding4weeks; the incidenceof rescue ITPmedication
use; the incidence of binding and neutralizing antibodies to romi-
plostim and TPO; and the incidence of treatment-emergent AEs (ie,
all AEs reported during the treatment period) and treatment-related
AEs (ie, AEs considered by the site investigator to be related to
romiplostim), including clinically significant events and changes in
laboratory values. Exploratory end points included the incidence of
sustained platelet response for ≥6 months without use of any ITP
medications (concomitant, rescue, or romiplostim), the incidence of
splenectomy during the treatment period, the incidence of romi-
plostim self-administration, and BM changes after 1 and 2 years.

Statistical analysis

The planned sample size was 200 patients. The percentage of time
that patients had a platelet response in the first 6 months of
romiplostim treatment was based on previous romiplostim data and
estimated to be 74% with a standard deviation of 30% to 36%.
Using the planned sample size, the half-width of the 95% confi-
dence interval for the percentage of time that patients had a
platelet response was estimated as 4% to 5%.

Demographic and baseline characteristics were analyzed for all
patients and were summarized by using descriptive statistics. Effi-
cacy and safety end points were analyzed for patients who received
≥1 dose of romiplostim. Summary statistics of platelet counts and
responses were determined at weeks 1 to 8 and every 4 weeks
thereafter. The percentage of time patients had a platelet response
from week 2 until EOT was summarized with 95% confidence inter-
vals. Missing platelet counts at weeks 12 and 16, and every 4 weeks
thereafter, were imputed by using the mean of the 2 closest non-
missing platelet counts within ±1 week before study discontinuation.
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Platelet countswere considered as nonresponse if theyweremissing
after imputation. The proportion of patients who underwent sple-
nectomy during the study was summarized. The exposure-adjusted
incidence rates and patient incidence rates of AEs were summa-
rized by system organ class and by preferred term according to the
Medical Dictionary for Regulatory Activities, version 22.0. Exposure-
adjusted rate was defined as total number of events divided by the
duration that patients were observed. Summary statistics were pro-
vided for cumulative and average weekly romiplostim doses.

Results

Baseline characteristics and disposition

Overall, 203 patients from 17 countries were enrolled and received
≥1 dose of romiplostim (Figure 1; supplemental Table 3). Baseline
patient and disease characteristics are summarized in Table 1.
Most patients were white and ≥6 years of age, and approximately
one-half were boys. At baseline, 54 patients (26.6%) had a disease
duration of 6 to 12 months, 54 (26.6%) had a duration of 12 to 24
months, and 95 (46.8%) had a duration of >24 months. A total of
13 patients (6.4%) had platelet counts >30 × 109/L during
screening. Overall, 108 patients (53.2%) completed the 36-month
treatment period. Among the 95 patients (46.8%) who dis-
continued, the primary reasons were lack of efficacy (n = 43
[21.2%], 24 of whom had an initial response), patient request (n =
15 [7.4%]), and AE (n = 9 [4.4%]).

Exposure to romiplostim

The total exposure was 435.6 patient-years (2.15 years per
patient), and the median (interquartile range [IQR]) treatment
duration was 155.9 (39.1-156.0) weeks per patient. The median
(IQR) average weekly romiplostim dose was 6.9 (4.6-8.9) μg/kg
overall, 8.0 (4.9-10.0) μg/kg at week 12, 8.0 (4.9-10.0) μg/kg at
week 24, 8.5 (5.0-10.0) μg/kg at week 52, and 6.0 (3.0-10.0) μg/kg
at week 104 after starting romiplostim. The median weekly dose
increased during the first 12 weeks of treatment, remained steady
until week 84, decreased from weeks 84 to 92, and remained
stable until week 156 (Figure 2). Overall, 138 (68.0%) patients
received ≥1 dose of romiplostim, either by self-administration or
home administration by a caregiver.

Among patients who discontinued treatment, the median (IQR)
treatment duration was 31.0 (17.0-99.0) weeks, and the median
average weekly dose was 7.0 (5.3-8.3) μg/kg. For those who dis-
continued for lack of efficacy (n = 43 [21.2%]), the median dura-
tion of exposure was 20.1 (14.9-41.1) weeks. Among the 24 of 43
discontinuing patients (55.8%) who had an initial response, median
duration of exposure was 38.6 (20.6-50.6) weeks and was 15.0
(14.0-18.0) weeks for the 19 of 43 patients (44.2%) who did not
respond before discontinuation. Only 2 (4.7%) of 43 patients dis-
continued before reaching the maximum dose of romiplostim.

Platelet response

Overall, 179 patients (88.2%) had a platelet response at any time
during treatment. Responses were achieved a median (IQR) of
50.0% (16.7%-83.3%) of the time during the first 6 months of
treatment (primary end point). Responses were achieved 78.2%
(26.7%-90.4%) of the time during the overall treatment period
(Table 2). Platelet counts ≥20 × 109/L above baseline were ach-
ieved 80.1% (39.1%-92.3%) of the time during the treatment
14 FEBRUARY 2023 • VOLUME 7, NUMBER 3
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Figure 1. CONSORT flow diagram. Summary of the overall population (A) and European cohort (B).
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period. Median platelet counts increased steadily over the first 56
weeks of treatment and then stabilized, remaining ≥50 × 109/L
from week 12 until the EOT (Figure 3). For patients who adminis-
tered romiplostim at home (n = 138 of 203 [68.0%]), the median
percentage of time with a platelet response was 85.6% (70.5%-
93.2%). Among patients who initially responded but discontinued
due to lack of efficacy (n = 24 of 43 [55.8%]), platelet responses
were achieved a median of 18.0% (8.9%-31.0%) of the time during
the overall treatment period. Eleven (5.4%) of 203 patients had a
sustained platelet response (consecutive platelet counts ≥50 ×
109/L in the absence of any ITP medications for ≥24 weeks), with a
mean ± standard deviation time to onset of sustained response of
57.1 ± 36.0 weeks.

Use of rescue therapy and splenectomy

Sixty patients (29.6%) received rescue medication during the
treatment period. Use during sequential 12-week periods
decreased up to approximately week 60, remaining generally stable
at <12% thereafter (supplemental Figure 2). Rescue medications
included corticosteroids (53 of 60 [88.3%]) followed by immuno-
globulins (44 of 60 [73.3%]) and other (7 of 60 [11.7%]). Use
tended to be higher among younger patients: 46.9% (23 of 49)
in patients aged ≥1 to <6 years, 28.4% (23 of 81) in those aged
≥6 to <12 years, and 19.2% (14 of 73) in those aged ≥12 to
<18 years.

Of 193 patients who entered the study not having undergone
splenectomy, 3 patients (1.6%) aged 9 years (female), 10 years
(female), and 13 years (male) underwent splenectomy during the
14 FEBRUARY 2023 • VOLUME 7, NUMBER 3
study period (all between the EOT and EOS visits) after having
remained on treatment for 28.0, 13.1, and 33.0 weeks, respec-
tively. The 13-year-old achieved platelet counts ≥50 × 109/L
(platelet response) without rescue medication use during the 4
weeks before the count 27.3% of the time during the overall
treatment period, and achieved counts ≥20 × 109/L above base-
line without rescue medication in the 4 weeks before the count
57.6% of the time. The other 2 patients did not achieve platelet
responses or counts ≥20 × 109/L above baseline without rescue
medication in the preceding 4 weeks.

Safety

Treatment-emergent AEs occurred in 193 patients (95.1%) and
serious AEs in 60 patients (29.6%) (Table 3). The most common
AEs (>20% of patients) listed in order were epistaxis, headache,
nasopharyngitis, pyrexia, cough, petechiae, vomiting, and hema-
toma. Treatment-emergent AEs resulted in discontinuation in 15
patients (7.4%). Treatment-related AEs occurred in 56 patients
(27.6%) and were serious in 8 (3.9%), all of whom discontinued
(neutralizing antibodies, n = 4 [2.0%]; headache and abdominal
pain, each n = 2 [1.0%]; presyncope, n = 1 [0.5%]; all events
occurred in 1 patient each, except 1 patient who experienced
presyncope and headache). No fatal AEs occurred.

The overall population included 79 patients (38.9%) in the European
cohort who were required per protocol to have a BM aspirate
and biopsy at baseline or in the 12 months preceding study enroll-
ment and another BM biopsy again at either year 1 or 2; baseline
patient and disease characteristics of this cohort are provided in
ROMIPLOSTIM IN CHILDREN WITH ITP 399



Table 1. Summary of baseline patient demographic and disease

characteristics

Characteristic All patients (N = 203)

Sex, n (%)

Male 100 (49.3)

Female 103 (50.7)

Race, n (%)

White 164 (80.8)

Asian 12 (5.9)

Black or African American 11 (5.4)

Other 16 (7.9)

Age, median (IQR), y 10.0 (6.0-13.0)

Age group, n (%)

≥1 to <6 y 49 (24.1)

≥6 to <12 y 81 (39.9)

≥12 to <18 y 73 (36.0)

Time since ITP diagnosis, median (IQR), y* 1.8 (1.0-3.8)

Age at ITP diagnosis, median (IQR), y 6.0 (3.6-10.2)

Platelet count, median (IQR), ×109/L 14.0 (7.0-23.5)

Platelet counts >30 × 109/L during screening, n (%) 13 (6.4)

Previous splenectomy, n (%) 10 (4.9)

Time since splenectomy, median (IQR), y* 3.9 (2.6-7.3)

No. of prior ITP treatments, median (IQR) 2.0 (2.0-3.0)

Selected prior ITP treatments, n (%)

Rituximab 27 (13.3)

Eltrombopag 7 (3.4)

Mycophenolate 1 (0.5)

*Years since diagnosis are calculated from the time of the screening visit.
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supplemental Table 4. Among evaluable patients in this cohort, 22
patients had increased reticulin (year 1, 5 of 27 [18.5%]; year 2, 17
of 36 [47.2%]) (supplemental Table 5) after receiving a median
average weekly dose of 7.45 μg/kg. The 22 patients achieved a
platelet response a median (IQR) of 79.4% (67.3%-90.4%) of the
time and 72.7% experienced treatment-emergent bleeding events.
At baseline, no patients had Bauermeister scale grade 3 or 4, and
none went on to develop grade 3 or 4. Only one patient (3.7%)
increased by two Bauermeister grades (from 0 to 2; year 1), and this
patient achieved a platelet response 7% of the time. After 1 year, 4
(14.8%) of 27 patients increased one grade (1 of 27 [3.7%] from
grade 0 to 1; 3 of 27 [11.1%] from grade 1 to 2). In addition, 4
(14.8%) of 27 patients had decreasing reticulin, including 3 (11.1%)
of 27 who decreased one grade from baseline (from 1 to 0) and 1 of
27 (3.7%) who decreased two grades (from 2 to 0). After 2 years,
15 (41.7%) of 36 patients increased one grade, and none increased
two grades. Also, 3 (8.3%) of 36 patients decreased one grade from
baseline (1 of 36 [2.8%] from grade 1 to 0; 2 of 36 [5.6%] from
grade 2 to 1). Patients without increasing reticulin had platelet
responses a median of 84.0% (53.6%-92.2%) of the time. Among
patients with evaluable BM biopsy specimens, platelet responses
were achieved among 25 (92.6%) of 27 patients in year 1 and 36
(100%) of 36 in year 2. Only one patient increased by two Bauer-
meister grades (year 1; same patient as mentioned earlier); this
patient achieved a platelet response.

Bleeding events. Bleeding events occurred in 141 patients
(69.5%) (male, n = 72 [72.0%]; female, n = 69 [67.0%]). The most
common bleeding-related AEs (occurring in >10% of patients)
were epistaxis (n = 80 [39.4%]), petechiae (n = 48 [23.6%]),
hematoma (n = 42 [20.7%]), contusion (n = 40 [19.7%]), and
gingival bleeding (n = 21 [10.3%]). Grade ≥2 bleeding events
occurred in 62 patients (30.5%), and grade ≥3 events occurred in
20 patients (9.9%) (supplemental Figure 3). Of 20 patients with
y week
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Table 2. Summary of platelet responses to romiplostim treatment

Response All patients (N = 203)

Patients who had a platelet response* at any time, n (%) 179 (88.2)

Percentage of time with a platelet response,* median

(IQR)

In the first 6 mo 50.0 (16.7-83.3)

Overall treatment period 78.2 (26.7-90.4)

Percentage of time with platelet counts ≥20 × 109/L above
baseline, median (IQR)

80.1 (39.1-92.3)

Patients who achieved a sustained platelet response, n (%)† 11 (5.4)

Time to onset of sustained response, mean ± SD, wk 57.1 ± 36.0

SD, standard deviation.
*Platelet response is defined as a platelet count ≥50 × 109/L without rescue medication

use for ITP in the preceding 4 weeks.
†Sustained platelet response was defined as consecutive platelet counts ≥50 × 109/L in

the absence of any ITP medications for ≥24 weeks.
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grade ≥3 bleeding events, 16 (80.0%) experienced events within
the first 6 months of treatment and 3 (15.0%) between 6 and 12
months. The overall number of bleeding events, as well as the
grade 2 and 3 bleeding events, per period decreased during the
first 24 months of treatment.

Binding and neutralizing antibodies. Binding antibodies to
romiplostim and TPO were detected in 17 patients (8.4%) and 7
patients (3.4%), respectively. No baseline neutralizing antibodies
were detected. Two patients (1.0%) had preexisting non-
neutralizing binding antibodies to romiplostim and 2 (1.0%) to TPO.
One patient with preexisting romiplostim antibodies achieved a
platelet response at 5% of visits, whereas the other patient ach-
ieved a response at 93% of visits. Both patients with preexisting
TPO antibodies had platelet responses at >90% of visits. Fifteen
patients (7.7%) developed binding antibodies to romiplostim
(transient, n = 7), and 5 developed binding antibodies to TPO
(transient, n = 4) (supplemental Table 6).
BL

Stu
3 5 7 12 20 28 36 44 52 60

0

20

40

60

80

100

120

140

160

180

200

220

240

Pl
at

ele
ts,

 �
10

9 /L

n= 20
3

19
3

18
8

18
5

18
4

18
5

18
5

18
4

19
5

17
4

16
1

15
8

15
2

14
9

14
6

14
6

14
4

14
0

13
9

14
0

13
6

13
7

Figure 3. Median (IQR) platelet count increased over time.Only platelet counts for wh

14 FEBRUARY 2023 • VOLUME 7, NUMBER 3
Neutralizing antibodies to romiplostim developed in 7 patients
(3.4%; four transient), and transient neutralizing antibodies to TPO
developed in 1 patient (supplemental Table 6). In one patient
(patient 1 in Figure 4), neutralizing antibodies to romiplostim were
first observed 12 weeks after starting treatment; platelet counts
decreased, and rescue medication was initiated. The patient dis-
continued treatment after week 20. In the other 6 patients,
romiplostim-neutralizing antibodies were first detected ≥1 year after
starting treatment; no reduced therapeutic effect was evident. Six of
7 patients with romiplostim-neutralizing antibodies discontinued
treatment (patients 1-6 in Figure 4). Transient TPO-neutralizing
antibodies were reported in a 6-year-old boy who did not have
romiplostim-neutralizing antibodies (patient 8 in Figure 4). Five
samples were taken for antibody measurements (weeks 12, 52, 76,
100, and EOT). The TPO-neutralizing antibodies were first detected
100 weeks after starting treatment. The platelet count was 176 ×
109/L at the time of detection, and the patient continued treatment
for ~4 months, maintaining platelet counts ≥50 × 109/L for all but
one assessment (94% of visits; week 113; platelet count, 37 × 109/
L). The romiplostim dose at detection was 3.0 μg/kg.

Discussion

In this open-label trial in childrenwith ITP, up to 3 years of romiplostim
treatment was associated with maintenance of increased platelet
counts in responders. Platelet responses were achieved about one-
half of the time during the first 6 months of treatment, increasing to
three-quarters of the time during the overall treatment period.

The substantial platelet response rates described here are similar
to those in other long-term romiplostim studies. Here, the median
percentage of time patients had a platelet response (platelet count
≥50 × 109/L) was 50% during months 1 to 6 and 78% during the
overall treatment period; this level was achieved ≥1 time in 88% of
children. Among 21 pediatric patients from a phase 1/2 extension
study who received romiplostim (median combined treatment
duration, 167 weeks; total treatment duration, 63 patient-years),
dy week
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Table 3. Summary of AEs

AE Overall (N = 203) Grade ≥3

Patients reporting treatment-emergent AEs, n (%) 193 (95.1) 66 (32.5)

Most common AEs (occurring in >20% of

patients), n (%)

Epistaxis 80 (39.4) 9 (4.4)

Headache 78 (38.4) 6 (3.0)

Nasopharyngitis 75 (36.9) 1 (0.5)

Pyrexia 65 (32.0) 0

Cough 52 (25.6) 0

Petechiae 48 (23.6) 1 (0.5)

Vomiting 47 (23.2) 1 (0.5)

Hematoma 42 (20.7) 1 (0.5)

Serious adverse events,* n (%) 60 (29.6) 43 (21.2)

Epistaxis 12 (5.9) 8 (3.9)

Platelet count decreased 10 (4.9) 9 (4.4)

Neutralizing antibody positive 4 (2.0) 2 (1.0)

Thrombocytopenia 4 (2.0) 4 (2.0)

Immune thrombocytopenic purpura 3 (1.5) 3 (1.5)

Abdominal pain 2 (1.0) 1 (0.5)

Anemia 2 (1.0) 2 (1.0)

Headache 2 (1.0) 2 (1.0)

Influenza 2 (1.0) 1 (0.5)

Petechiae 2 (1.0) 1 (0.5)

Presyncope 2 (1.0) 1 (0.5)

Treatment-emergent AEs leading to

discontinuation, n (%)

15 (7.4) 6 (3.0)

Neutralizing antibodies† 6 (3.0) 1 (0.5)

Systemic lupus erythematosus 3 (1.5) 2 (1.0)

Headache 2 (1.0) 2 (1.0)

Abdominal pain 1 (0.5) 1 (0.5)

B-cell lymphoma 1 (0.5) 1 (0.5)

Dizziness 1 (0.5) 0

Interstitial lung disease 1 (0.5) 0

Mixed connective tissue disease 1 (0.5) 0

Vomiting 1 (0.5) 1 (0.5)

Treatment-related AEs, n (%) 56 (27.6) 8 (3.9)

Leading to discontinuation 8 (3.9) 3 (1.5)

Treatment-related serious AEs, n (%)‡ 8 (3.9) 5 (2.5)

Neutralizing antibody positive 4 (2.0) 2 (1.0)

Abdominal pain 2 (1.0) 1 (0.5)

Headache 2 (1.0) 2 (1.0)

Presyncope 1 (0.5) 0

*Only includes AEs that occurred in ≥1% of patients.
†Includes neutralizing antibodies and neutralizing antibody positive.
‡All led to treatment discontinuation.
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the median percentage of time with a response was 84%.15 In an
extension study with 65 patients from a phase 1/2 and a phase 3
study, 94% of patients who received romiplostim for a median of
2.7 years achieved ≥1 platelet response and 72% achieved a
response ≥75% of the time. Fifteen patients (23%) achieved a
402 GRAINGER et al
sustained platelet response in the absence of any ITP medications
for ≥24 weeks with only one subsequent relapse. Among patients
with a treatment-free response, platelet counts were >100 × 109/L
at a median of 46 (25-109) weeks.16

In our study, rescue medication use decreased during the first
several weeks, remaining stable thereafter. Rescue medication use
was low throughout the treatment period in the phase 1/2 extension
study15 and, similar to our study, was highest during the first months
of the combined extension study.16 The incidence of bleeding AEs in
our study was similar to that of the long-term studies in which 77%
and 88% of patients experienced bleeding-related AEs.15,16 In the
current study, because the median weekly dose of romiplostim
increased during the first 12 weeks of treatment before remaining
relatively stable, it would be expected that the use of rescuemedicine
and bleeding-related AEs would decrease over this initial treatment
period while the dose of romiplostim was being optimized.

Similar to previous reports in children, romiplostim was well toler-
ated, and the majority of AEs were not treatment related. In the
phase 1/2 extension in 21 patients, 7 (32%) experienced serious
AEs, and none resulted in discontinuation.15

Binding or neutralizing antibodies may affect treatment outcomes,22

and their development to romiplostim or TPO led to treatment
discontinuation in a small number of patients. Patients who tested
positive for antibodies, but were reported as having a platelet
response to romiplostim, remained in the study at the investigator’s
discretion. Differences in development of neutralizing antibodies may
be due to differences in study design, population size, or patient
characteristics (eg, ethnicity); similar methods of detection were used
among the studies (respective study reports13-16). Antibodies were
assessed more frequently in the current study than in previous long-
term pediatric reports, as we believed that additional time points
would provide a more complete assessment of antidrug antibody
development. Importantly, neutralizing antibodies seemed to affect
platelet counts in only 1 patient, and almost one-half of the detected
antibodies were transient. In the phase 1/2 extension (n = 21), no
neutralizing antibodies to romiplostim or TPO were reported.15 In the
combined phase 1/2 and phase 3 extension study (n = 65), 1 patient
developed neutralizing anti-romiplostim antibodies detected at the
EOS visit, and no patients developed neutralizing antibodies to
TPO.16 Themedian treatment doses of the phase 1/2 extension study
(5.4 μg/kg) and phase 1/2 and phase 3 extension study (4.8 μg/
kg)15,16 were lower than what is reported here (6.9 μg/kg); it is not
clear if there is an effect of dose on antibody development.

In the current study, pretreatment and posttreatment BM biopsy
specimens were assessed in the European cohort. The median
average weekly dose of romiplostim for the patients with increasing
reticulin was only slightly higher (7.5 μg/kg) than in the overall study
population (6.9 μg/kg). In the European cohort, patients with and
without increasing reticulin experienced similar percentages of time
with platelet responses and a similar incidence of treatment-related
bleeding events, suggesting that increasing reticulin (no patient
reached grade 3) did not affect platelet responses or bleeding. Our
BM findings confirm the results of the only previous study to assess
BM biopsy specimens in pediatric patients with ITP treated with
TPOs.23 The failure to identify any trichrome (grade 4) in the BM
samples, the lack of grade 3 fibrosis, and identification of some
patients with reduced reticulin suggest that clinically important
fibrosis occurs rarely, if at all, after prolonged treatment with
14 FEBRUARY 2023 • VOLUME 7, NUMBER 3
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Figure 4. Platelet counts over the course of treatment for those who developed neutralizing antibodies. Horizontal dashed line indicates threshold for platelet

response (50 × 109/L). Arrows indicate visits at which the patient tested positive for neutralizing antibodies. For patients who had transient neutralizing antibodies (ie, patients 1, 2,

5, and 6), the gray boxes denote indicative periods for which the patients were positive for neutralizing antibodies, and vertical dashed lines indicate visits when the patient no

longer tested positive. *Patient 5 had multiple positive-to-negative and negative-to-positive visits; only the duration of the first positive-to-negative result is shown.
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romiplostim in children with ITP, consistent with previous studies in
adults.24-27

A limitation of our study is the open-label, single-arm design.
However, our study was strengthened by a large sample size drawn
from several geographic regions, comparisons of baseline vs on-
treatment results, and the >2-year duration of treatment in most
14 FEBRUARY 2023 • VOLUME 7, NUMBER 3
patients. Previous studies were smaller and less geographically
diverse.13,16 Although this is the largest study of pediatric patients
treated with a TPO-RA who underwent BM evaluation, examina-
tions were not performed in all participants and were only con-
ducted at years 1 and 2. Despite detection of antibodies (including
neutralizing antibodies) to romiplostim and TPO, it was encour-
aging that an effect on platelet response occurred in only 1 patient.
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In conclusion, the findings reported here suggest that long-term
romiplostim use in children with ITP is efficacious and has a
good overall safety profile, confirming previous studies showing
that romiplostim is an effective treatment for children with ITP for
≥6 months. The median romiplostim dose required to achieve a
platelet response in this study was 6.9 μg/kg. Further research is
required to determine if some pediatric patients may benefit from
an initial higher starting dose and how to determine who those
patients are. We had expected that most patients would achieve a
response within the first 6 months of treatment. However, the
continued improvements in platelet responses and bleeding events
seen after 6 months on treatment suggest that certain patients
benefit from longer treatment (if administered at the discretion of
the treating health care professional). Future clinical trials could
explore the use of romiplostim in patients with ITP for <6 months,
an analysis of romiplostim responders and nonresponders
including investigation of any correlation between BM findings and
platelet responses, why anti-romiplostim and anti-TPO antibodies
do not have more clinical effect, and how romiplostim might be
used in children with other thrombocytopenic conditions.
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