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Abstract

Immune thrombocytopenia (ITP) is a disease of heterogenous origin characterized by low platelet counts and an increased
bleeding tendency. Three disease phases have been described: newly diagnosed (<3 months after diagnosis), persistent
(> 3-12 months after diagnosis), and chronic (> 12 months after diagnosis). The majority of children with ITP have short-
lived disease and will not need treatment. For children with newly diagnosed ITP, who have increased bleeding symptoms,
short courses of steroids are recommended. In children who do not respond to first-line treatment or who become steroid
dependent, thrombopoietin receptor agonists (TPO-RAs) are recommended because of their efficacy and safety profiles. In
this narrative review, we evaluate the available evidence on the use of the TPO-RA romiplostim to treat children with newly
diagnosed or persistent ITP and identify data from five clinical trials, five real-world studies, and a case report. While the
data are more limited for children with newly diagnosed ITP than for persistent ITP, the collective body of evidence suggests
that romiplostim is efficacious in increasing platelet counts in children with newly diagnosed or persistent ITP and may result
in long-lasting treatment-free responses in some patients. Furthermore, romiplostim was found to be well tolerated in the
identified studies. Collectively, the data suggest that earlier treatment with romiplostim may help children to avoid the side
effects associated with corticosteroid use and reduce the need for subsequent treatment.
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Introduction

Primary immune thrombocytopenia (ITP) is an autoimmune
disease characterized by a transient or persistent decrease
in platelet counts (< 100 X 10°/1) [1, 2]. ITP is a rare con-
dition affecting individuals of all ages with an estimated
yearly incidence of approximately 1.9-6.4 per 100,000 in
children [3, 4]. Pediatric ITP is more likely to be short-lived
and resolves spontaneously than adult disease [5]. However,
there is a subset of children for whom this is not the case,
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and it is clear that a high level of heterogeneity exists within
the pediatric population, in terms of clinical presentation,
treatment responses, and remission rates [5].

The most common symptom of ITP is increased bleeding
tendency, which frequently presents as bruising and pete-
chiae [6, 7]. Severe mucosal bleeding episodes can occur
in some children; these are preferably managed in hospi-
tal [8]. Severe bleeding has been reported in up to 20% of
cases (depending on the definition of severe bleeding) [9,
10], while life-threatening intracranial hemorrhage is very
rare, occurring in< 1% of cases [9, 11, 12]. ITP can have a
profound negative impact on the health-related quality of life
(HRQoL) of children [13-15].

Historically, an arbitrary distinction with no biologi-
cal basis has been made between “acute” and “chronic”
ITP, with the latter typically defined as a disease duration
of > 6 months [6]. In 2009, an international working group
proposed that ITP should instead be considered to have
three phases, defined as newly diagnosed (<3 months after
diagnosis), persistent (> 3—12 months after diagnosis), and
chronic (> 12 months after diagnosis) [1]. These definitions
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were created because of the reduced likelihood of spontane-
ous remission with increased duration of ITP (highlighting
to clinicians that irreversible treatments such as splenectomy
should be avoided for patients who could still achieve remis-
sion) [5, 6, 16]. The change in the definition has posed many
challenges in clinical practice, such as how to best treat chil-
dren within the new framework when original drug indica-
tions and clinical trial data were based on the old definition.

Various management options have been used for children
with newly diagnosed or persistent ITP. In children requir-
ing intervention, the standard first-line therapy has generally
been corticosteroids with the addition of intravenous immu-
noglobulin (IVIg) or anti-D to manage acute bleeding epi-
sodes; however, long-term corticosteroid use is associated
with a number of serious adverse events, and so its duration
of use should be limited [6, 7, 17]. A range of subsequent
therapies are in clinical use, with thrombopoietin receptor
agonists (TPO-RAs), which stimulate platelet production via
activation of the c-Mpl receptor [18], being key second-line
agents recommended by recent international and national
guidelines [6, 7, 17].

Romiplostim is a TPO-RA that is approved in Europe
for the treatment of chronic ITP in children > 1 year of age
who are refractory to other treatments (e.g., corticosteroids
and immunoglobulins) [19]. Notably, the European label
of romiplostim in adult patients has recently been updated
to remove the chronic disease restriction; romiplostim is
approved for all adults with primary ITP who are refrac-
tory to other treatments [19]. In the USA, romiplostim is
approved for children > 1 year of age with ITP for > 6 months
who have had insufficient response to corticosteroids, immu-
noglobulins, or splenectomy [20]. Numerous studies have
demonstrated the efficacy of romiplostim in increasing plate-
let counts, together with its low toxicity and high tolerability
in children with chronic ITP [21-28]. Additionally, romi-
plostim may induce sustained treatment-free responses in a
subset of children with chronic ITP [25, 27].

The labels of romiplostim in Europe and the USA were
granted based on clinical trials that were mainly performed
using the historical definition of chronic ITP (=6 months
after diagnosis). However, under the current definitions for
ITP phases [1], some of the children in the pivotal trials of
romiplostim who had ITP for > 6 months but< 1 year and
were previously classed as having chronic ITP would now be
classified as having persistent ITP. Ideally, the labels should
reflect the populations of the trials on which the approvals
were based. Furthermore, while romiplostim is approved
for treating children with chronic ITP in Europe, a growing
number of real-world studies suggest that romiplostim is
being used in clinical practice to treat newly diagnosed or
persistent ITP in children who do not respond to first-line
therapies. The aim of this narrative review is to collate and
evaluate all the available evidence from randomized clinical
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trials, real-world studies, and case reports on the use of
romiplostim for treating children with newly diagnosed or
persistent ITP.

Romiplostim for children with newly
diagnosed ITP

Guidelines

Major regional and international guidelines have been pub-
lished over the past few years that provide updated guidance
on the treatment of children with newly diagnosed ITP [6,
7, 17].In 2019, an updated International Consensus Report
was published by an expert panel of 22 members around the
world [7]. The report included a critical review of manu-
scripts up until July 2018, together with consensus-based
recommendations for adults and children. Also in 2019,
the American Society of Hematology (ASH) published an
update of their 2011 guidelines for ITP [17]. The guidelines
were developed by a multidisciplinary panel of 17 members,
who assessed evidence up until May 2017 and agreed on 21
graded consensus recommendations covering management
of ITP in adults and children. Finally, a joint working group
of European hematology societies in Germany, Austria, and
Switzerland updated their guidelines in 2018, based on all
relevant manuscripts on ITP until November 2017 [6].

At diagnosis, children and adolescents with ITP and mild
or moderate bleeding may be managed expectantly (“watch
and wait”). The International Consensus Report recom-
mended that, when treatment is required in children with
newly diagnosed ITP, first-line treatment should include
corticosteroids together with IVIg or anti-D in patients with
moderate or severe bleeding [7]. It was noted that corti-
costeroids should be used for the shortest time possible in
children and should be tapered and stopped by 3 weeks of
therapy if a response is seen, to avoid the side effects asso-
ciated with prolonged treatment. For emergency treatment
in children at any stage of ITP, combination therapy was
recommended (e.g., high doses of corticosteroids, IVIg, and
platelet transfusions); in these patients, TPO-RAs may also
be considered, as they may aid the acute response in patients
and prevent a decrease in platelet count if initial response
to therapy is lost.

In children with newly diagnosed ITP who have no or
minor bleeding, the ASH guideline panel suggests observa-
tion rather than corticosteroids [17]. The guidelines recom-
mended corticosteroids for the standard first-line treatment
of children with newly diagnosed ITP who have non-life-
threatening mucosal bleeding and/or diminished HRQoL.
Long-term corticosteroid therapy was discouraged, and a
short course of <7 days was recommended in children. The
guidelines suggested TPO-RAs as the primary second-line
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treatment of choice in children at any stage of I'TP who do
not respond to first-line treatment.

The guidelines from the joint working group of hematol-
ogy societies in Germany, Austria, and Switzerland state
that treatment is usually not recommended for newly diag-
nosed ITP in children and adolescents with no or only mild
bleeding [6]. In this scenario, a watch and wait strategy is
appropriate; low platelet counts alone are not an indication
to initiate treatment in children or adolescents with newly
diagnosed ITP, and several additional factors should be con-
sidered, including clinical bleeding tendency, side effects,
consequences for school, access to care, patient preference,
and importantly, the risk of injury during leisure activities. If
pharmacological intervention is deemed appropriate, corti-
costeroids are the recommended first line of treatment. IVIg
should be used for heavy bleeding (with additional platelet
concentrates for very heavy bleeding), as these achieve a
faster rise in platelet counts than corticosteroids alone. It
was recommended that TPO-RAs and rituximab should be
considered in cases of life-threatening bleeding if IVIg and
corticosteroids do not achieve hemostasis. TPO-RAs were
also recommended as the second-line therapy of choice,
even if the disease duration was not yet a year. While this
recommendation was not specific to children, the authors
noted that TPO-RAs were equally effective in old and young
patients and that they were better tolerated than corticoster-
oids or other ITP treatments such as IVIg and anti-D.

Clinical trials

No randomized clinical trial data for romiplostim in children
with newly diagnosed ITP were identified.

Real-world studies and case reports

Several real-world studies and case reports have assessed
romiplostim in children with newly diagnosed ITP [29-34]
(Table 1). The study with the largest cohort of children with
newly diagnosed ITP who received romiplostim was a ret-
rospective multicenter chart review, performed at 12 sites
in the Pediatric Immune Thrombocytopenia Consortium of
North America (ICON) [29]. The study included a total of
79 children with newly diagnosed, persistent, or chronic ITP;
of these, 51 received romiplostim with 13/51 having newly
diagnosed ITP. Overall, 44/51 (86%) of children achieved
a platelet count> 50 x 10%/1 at least once in the absence of
rescue therapy during the first 3 months with romiplostim.
Additionally, 37/51 (73%) of romiplostim-treated patients
achieved a platelet count > 20 x 10°/1 above baseline for 2
consecutive weeks without requiring new or increased con-
comitant ITP treatment; the average time to a consecutive
response in these patients was 6.4 weeks. While only com-
bined data for the three phases of ITP was presented, the

authors stated that there was no difference in duration of ITP
between responders and non-responders. Romiplostim was
also well tolerated, and the only significant adverse event
noted was the development of neutralizing antibodies in one
patient.

Two other retrospective analyses assessing romiplostim
have been conducted that included children with newly
diagnosed ITP [30, 31]. Ramaswamy et al. (2014) [30]
included a total of 33 children treated with TPO-RAs in the
USA; of these, two male patients had newly diagnosed ITP
(ITP duration 2 and 3 months, respectively) and received
treatment with romiplostim. Baseline platelet counts in the
individuals with newly diagnosed ITP were 3 x 10°/1 and
11 x 10%/1, prior to treatment. Both children showed a platelet
response > 50 x 10%/1 with romiplostim, with one achieving a
complete response and the other a partial response. No seri-
ous drug-related adverse events occurred with romiplostim
in this study. Suntsova et al. (2020) [31] included six chil-
dren (n=5 male, n=1 female; ages 3 months to 7 years)
with newly diagnosed ITP who received romiplostim.
Baseline platelet counts ranged from 1 x 10%/1 to 7 x 10%/1,
and all patients had previously received corticosteroids and
IVIg; five patients had previously received platelet con-
centrates and two had received red blood cell suspensions.
Five of six children achieved a durable response (platelet
count> 100 x 10%/1) 4-8 weeks after starting therapy, and
three children remained in lasting remission for 1-3 years
after discontinuation of romiplostim. No adverse events
associated with romiplostim use were reported.

Two prospective observational studies with romiplostim
have been conducted that included children with newly
diagnosed ITP. Grace et al. (2019) [32] included 120 chil-
dren with ITP requiring second-line treatments, of whom
31 received romiplostim, with six of these having newly
diagnosed ITP. Complete and partial responses were found
in 71% and 15% of all patients receiving romiplostim at
6 months, respectively. Suntsova et al. (2017) [33] included
20 children, of whom one had newly diagnosed ITP (female;
aged 5 years; previously treated with corticosteroids and
IVIg) and received eltrombopag followed by romiplostim.
The platelet count increased from 3 X 1071 to 16 x 10°/1, but
the patient was deemed a non-responder to either therapy.

Finally, a case report by Escudero Vilaplana et al. (2012)
[34] evaluated romiplostim treatment in three children with
ITP. One of these children (male, aged 13 years; on immuno-
suppressive therapy with tacrolimus and antiplatelet therapy
with acetylsalicylic acid; platelet count, 2 x 10°/1) had newly
diagnosed ITP and showed an initial response to corticoster-
oids but relapsed and was readmitted a month later. Romi-
plostim treatment was started 2.2 months after diagnosis and
resulted in a complete response for 14 days. The response
was maintained for 6 months, during which time the median
platelet count was 215 x 10%/1.
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Table 1 Use of romiplostim in real-world studies including patients with newly diagnosed or persistent ITP [29-34]

Reference Country Study design

Patients treated with romi- Results
plostim (newly diagnosed or

persistent ITP only)

Neunert et al. (2016) [29] USA Retrospective multicenter case
review (N=79)

Ramaswamy et al. (2014) [30] USA Retrospective observational
study (N=33)

Suntsova et al. (2020) [31] Russia  Retrospective observational
study (N=6)

Grace et al. (2019) [32] USA Prospective observational study
(N=120)

Suntsova et al. (2017) [33] Russia  Prospective observational study
(N=20)

Escudero Vilaplana et al. Spain Retrospective case report

(2012) [34] (N=3)

e Overall (incl. chronic ITP),
86% of children achieved a
platelet count > 50 x 10%/1 with
romiplostim at least once

® 73% achieved a platelet
count >20 x 10%/1 above
baseline for 2 consecutive
weeks without requiring new
or increased concomitant ITP
treatment

Newly diagnosed, n=13
Persistent, n=10

Newly diagnosed, n=2
Persistent, n=35

e Both children with newly
diagnosed ITP and 4/5 with
persistent ITP showed a platelet
response > 50 x 10%/1

o Newly diagnosed: 1/2 achieved
a CR; 1/2 achieved a PR

e Persistent: 3/5 achieved a CR;
1/5 achieved a PR

e CR was achieved in 5/6
patients 4-8 weeks after initiat-
ing therapy

e Three children remained in
remission for 1-3 years after
the discontinuation of romi-
plostim

e Overall (incl. chronic ITP)
at month 6, 71% of patients
achieved a CR and 15%
achieved a PR

e Newly diagnosed: platelet
count increased from 3 x 10°/1
to 16 10%/1 after treatment
with romiplostim and eltrom-
bopag; the patient was deemed
a non-responder to both treat-
ments

o Persistent: 2/3 were considered
responders to romiplostim

e The time for CR was 14 days,
and response was maintained
for 6 months

e Median platelet count was
215%10%/1 over the 6 months

Newly diagnosed, n=6

Newly diagnosed, n=6
Persistent, n=9

Newly diagnosed, n=1
Persistent, n=3

Newly diagnosed, n=1

CR, complete response; /TP, immune thrombocytopenia; PR, partial response

Romiplostim for children with persistent ITP
Guidelines

The recently updated major regional and international
guidelines support TPO-RAs for the treatment of children
with persistent ITP [6, 7, 17]. The International Consensus
Report suggested TPO-RAs as the preferred treatment in
children with persistent/chronic ITP in whom alleviating
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thrombocytopenia is likely to provide a clear clinical ben-
efit [7].

The updated ASH guidelines—as well those from the
joint working group of European hematology societies in
Germany, Austria, and Switzerland—also recommended
TPO-RAs as second-line therapy in all patients that require
intervention and who have not responded to first-line treat-
ment [6, 17]. These include patients whose disease dura-
tion is < 1 year, although the recommendations were not
specific for children with persistent ITP [6, 17].
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Clinical trials

Five clinical trials, including two randomized and three
long-term open-label studies, have investigated romiplostim
in children (< 18 years of age) who had ITP for > 6 months
and therefore included patients with persistent or chronic
ITP according to the new definition of the three phases of
ITP [21, 22, 25, 27, 28]. While the results from each study
were not presented separately for children with persistent
versus chronic ITP, the studies demonstrated the efficacy of
romiplostim in achieving and maintaining platelet responses
in the overall population. Additionally, long-term romi-
plostim treatment was well tolerated, with a low number of
treatment-related serious adverse events reported [21, 22,
25, 27, 28].

A recent study analyzed an integrated database from
these five clinical trials, with the results presented sepa-
rately for children with persistent versus chronic ITP [35,
36] (Table 2). In total, 282 patients received any romi-
plostim and 24 any placebo, with each group including 20
patients who initially received placebo and then switched
to romiplostim. At baseline in the romiplostim group,
69/282 (25%) had persistent ITP, and 213/282 (76%) had
chronic ITP. Overall, 89% of children in the romiplostim
group had a platelet response (> 50 x 10%/1), and the results
were similar in those with persistent versus chronic ITP
(platelet responses of 88% and 90%, respectively). Further-
more, 19/282 (7%) patients (persistent ITP, 10%; chronic
ITP, 6%) had a treatment-free response defined as a main-
tenance of platelet counts > 50 x 10%/1 for > 6 months while
withholding all ITP therapies. Additionally, the study
found that romiplostim was well tolerated and no immuno-
genicity or bone marrow issues were identified. Treatment-
related serious adverse events occurred in 2.5% of patients
receiving romiplostim (7/282). The frequency of serious
adverse events (regardless of causality to treatment) was

Table 2 Efficacy and safety

numerically slightly lower in the persistent versus chronic
ITP group (17% vs 27%, respectively). The most frequently
reported serious adverse events in the overall romiplostim
group (epistaxis [5.7%], decreased platelet count [2.5%],
and thrombocytopenia [2.5%]) were not unexpected for
children with ITP regardless of treatment [36]. Overall,
this large, integrated analysis of five clinical trials supports
the established safety profile of romiplostim in children.

Real-world studies and case reports

A number of real-world studies have included children with
persistent ITP in addition to those with chronic disease (see
Table 1). The retrospective multicenter case review by Neu-
nert et al. (2016) [29] included 10 children with persistent
ITP out of the total of 51 patients who received romiplostim.
As mentioned in the newly diagnosed ITP section, the com-
bined results for all children were reported as 86% achieving
a platelet count > 50 x 10%/1 with romiplostim at least once,
with no difference in the duration of ITP between respond-
ers and non-responders. The retrospective study by Ramas-
wamy et al. (2014) [30] included five children with persistent
ITP (n=4 female, n= 1 male; baseline platelet count range,
2-10x 109/1) who received romiplostim; of these, four had
a platelet response > 50 x 10%/1, with three achieving a com-
plete response and one a partial response. Similarly, Sunt-
sova et al. (2017) [33] included three children with persistent
ITP (platelet count range, 6-12 x 10%1 before treatment) who
received romiplostim; two of these were considered respond-
ers to romiplostim. Finally, Grace et al. (2019) [32] included
nine patients with persistent ITP; the results were presented
for the overall romiplostim-treated population (n=31), and
as mentioned previously, 86% of patients achieved a com-
plete or partial response at 6 months.

of romiplostim in children
with persistent or chronic ITP:
integrated analysis of five

Chronic ITP
Any romiplostim

Persistent ITP

Any romiplostim

clinical trials [35, 36] (n=69) (n=213)
Efficacy
Platelet response (>50 X 10°/1), % 88 90
Median time to platelet response, weeks 5 6
Median proportion of time/month with platelet response, % 81 74
Treatment-free response, % 10 6
Median duration of treatment-free response, months 12 11
Safety
Median duration of treatment, weeks 65 66
Serious adverse events, % 17 27

ITP, immune thrombocytopenia
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Reflection on the role of romiplostim
for children with newly diagnosed
or persistent ITP and future perspectives

Randomized clinical trial data for romiplostim are lack-
ing particularly for children with newly diagnosed ITP,
and there a number of important research topics to be
considered (Table 3). These include efficacy and safety of
TPO-RAs in this patient population, as well as the opti-
mal timing of treatment with respect to TPO-RAs versus
other approaches. While limited pharmacoeconomic data
are available (see Cost-effectiveness section), further stud-
ies are required to understand the cost—benefit of early
TPO-RA use versus other approaches. Additionally, other
important questions include whether there is distinct sub-
group of children who will benefit from early TPO-RA
use, if there are markers to identify this subgroup, and if
there is a clinical advantage to the early use of TPO-RAs
versus corticosteroids and “watch and wait.”

Despite the lack of randomized clinical trial data and
remaining questions, the collective body of evidence,
which includes real-world studies and case reports, sup-
ports the early use of romiplostim in children who have
received prior corticosteroid or IVIg treatment. Over-
all, the available efficacy data indicate that a high pro-
portion of children with newly diagnosed and persistent
ITP achieve platelet responses, with responses appearing
similar to those reported for chronic ITP [29, 35, 36]. Fur-
thermore, the available safety and tolerability data from
studies that included children with newly diagnosed or
persistent ITP identified no major concerns, thus support-
ing the well-characterized safety profile in children with
chronic ITP. However, while the available efficacy and
safety evidence support the use of romiplostim earlier in
the course of ITP, it is important to note that its use for the

treatment of children with newly diagnosed or persistent
ITP is currently off-label in Europe (as is its first-line use
in these populations) and so may not be reimbursed.

Importantly, there is some evidence that patients with
newly diagnosed or persistent ITP develop treatment-free
durable platelet responses or lasting remission after treat-
ment with romiplostim [31, 35, 36]. While spontaneous
remission is common in children at this stage of disease, it
has been speculated that the various biological actions of
romiplostim may positively affect remission rates [18, 37]. It
has been postulated that romiplostim could restore immune
tolerance by increasing exposure to platelet antigens, thereby
reducing platelet antibodies [37, 38]. Additionally, some
information suggests that increased presence of platelets
following romiplostim and other TPO-RA treatments may
lead to an increase in the serum levels of TGF-p, which
could improve regulatory T cell function and immune toler-
ance [18, 39]. The molecular mechanisms by which romi-
plostim mediates its effects on the immune system are not
fully understood, but its Fc fragment might play a role. Fc
fragments of other immunogenic drugs have been reported
to confer tolerogenic effects, although it should be noted
that the importance of the Fc fragment of romiplostim has
not yet been fully investigated [18]. Overall, further studies
are required to investigate the extent to which romiplostim
can lead to long-term treatment-free responses in children
with newly diagnosed or persistent ITP and the mechanisms
behind this effect.

First-line treatment of children with newly
diagnosed or persistent ITP

Several first-line management options have been used for
children with newly diagnosed or persistent ITP. Observa-
tion (“watch and wait”) is recommended in children with
newly diagnosed ITP with mild-to-moderate bleeding if it

Table 3 Key remaining questions on the role of romiplostim for children with newly diagnosed or persistent ITP

Area/topic Key questions

Biological/clinical questions

o [s there a subgroup of children who benefit most from the early use of TPO-RAs?

o [s the early use of TPO-RAs associated with a changed incidence of chronic ITP or altered course of ITP?

Questions to be answered in inter-
ventional trials

o What is the efficacy of TPO-RAs in children with newly diagnosed ITP?
o In children with newly diagnosed ITP, should a first attempt with corticosteroids be undertaken before

using TPO-RAs in those who do not respond or who respond inadequately?

e Can corticosteroids be omitted if TPO-RAs are used in children with newly diagnosed ITP? Could this
strategy lead to a reduction in the overuse of corticosteroids? Conversely, could it lead to an overuse of

TPO-RAs?

e What are the relative benefits of TPO-RAs versus “watch and wait”?

e How should children who do not respond to TPO-RAs be managed?

e What is the safety profile associated with the early use of TPO-RAs in children?

Pharmacoeconomic questions

o [s there a pharmacoeconomic benefit or otherwise to the early use of TPO-RAs in children?

ITP, immune thrombocytopenia; TPO-RAs, thrombopoietin receptor agonists
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has a minimal impact on HRQoL [7, 17]; however, obser-
vation is less validated in children with persistent ITP, as it
is based on the expectation of spontaneous future improve-
ment [7]. When treatment is required for children with newly
diagnosed ITP, corticosteroids have been used as the stand-
ard first-line therapy due to their effectiveness in increas-
ing platelet counts in the short term [6, 7, 17]. However,
long-term corticosteroids have been associated with a range
of serious adverse effects including hypertension, hyper-
glycemia, gastritis, and mood changes [40]. Furthermore,
corticosteroids can cause a range of less serious side effects
that could negatively affect HRQoL [41], which may be a
particular concern in children. As a result, corticosteroids
should be used for as short a time as possible in children,
with the ASH guidelines recommending against courses
longer than 7 days [17], the International Consensus Report
recommending stopping by 3 weeks including taper [7], and
the joint working group of European hematology societies in
Germany, Austria, and Switzerland guidelines recommend-
ing no longer than 2 weeks [6]. Other first-line treatments
for children with severe bleeding include IVIg and anti-D,
which have the benefit of rapidly increasing platelet counts
but frequently demonstrate only transient responses [40].
Furthermore, these treatments are associated with serious,
albeit transient, side effects, including infusion reactions,
headaches, aseptic meningitis, and hemolysis [40].

Overall, first-line treatment for patients with diagnosed
or persistent ITP should be personalized and prevent
severe bleeding episodes (by maintaining target platelet
levels > 20-30 x 10°/1) while having minimal toxicity and
improving HRQoL [7]. Current clinical management strat-
egies of ITP are associated with a substantial healthcare bur-
den and an effect on the HRQoL of children [13, 42], and
there is an overreliance on corticosteroids in clinical practice
[7]. It is possible that TPO-RAs such as romiplostim may
help children avoid side effects associated with long-term
corticosteroid use and treatment with IVIg and anti-D dur-
ing acute bleeding episodes. Furthermore, the earlier use of
TPO-RAs may represent a more efficient use of healthcare
resources than the current standard practice [42], although
no specific studies have examined this in children.

An aim of first-line therapy for patients with newly diag-
nosed or persistent ITP should be the prevention of long-
term chronic disease where possible; however, this is not
achieved in most patients using corticosteroids or IVIg. The
high relapse rate of patients on corticosteroids suggests that
these do not shorten the disease course, and evidence from
a randomized clinical trial indicates that the use of IVIg
in children with newly diagnosed ITP might not decrease
the rate of developing chronic disease [43, 44]. The extent
to which TPO-RAs lead to long-term treatment-free dura-
ble platelet responses or lasting remission in children with
newly diagnosed or persistent ITP thus warrants further

investigation. However, before clinicians consider the use of
TPO-RAs in the first-line setting, further studies are required
to directly compare the efficacy and safety of TPO-RAs ver-
sus the current first-line standard of care in children with
newly diagnosed ITP.

Second-line treatment of children with newly
diagnosed or persistent ITP

As previously mentioned, the collective body of evidence
supports the use of romiplostim for second-line treatment in
children with newly diagnosed or persistent ITP. Other than
romiplostim, the only other TPO-RA currently approved for
use in children in Europe is eltrombopag, which is indicated
for the treatment of patients > 1 year of age for ITP last-
ing > 6 months from diagnosis and who are refractory to
other treatments [45]. Eltrombopag is an oral drug taken
daily, compared with romiplostim which is administered by
weekly subcutaneous injection [19, 45]. While oral dosing
may be more convenient for patients, eltrombopag absorp-
tion has been shown to be severely impacted by some dietary
components [46, 47]. As a result, it should be taken >2 h
before, or 4 h after, calcium-containing food products [45].
Overall, patients can have varying responses to different
TPO-RAs; further studies including comparative clinical
trials between romiplostim and eltrombopag are warranted
to help guide second-line treatment decisions.

The most recent TPO-RA in clinical use, avatrombopag,
is approved in Europe for the treatment of primary chronic
ITP in adult patients who are refractory to other treatments
(e.g., corticosteroids and immunoglobulins) [48]. It is also
approved in the USA for the treatment of adult patients with
chronic ITP who have had an insufficient response to a previ-
ous treatment [49].

Other subsequent management options for children with
ITP include rituximab, which is currently not approved for
the treatment of I'TP and splenectomy. The ASH guidelines
suggest the use of TPO-RAs rather than rituximab for sec-
ond-line therapy in children [17], while the International
Consensus Report recommends consideration of rituximab
in children with persistent/chronic ITP only in those that
first fail on TPO-RAs [7]. Additionally, TPO-RAs avoid the
immunosuppression risks associated with rituximab [40].
Finally, splenectomy is now very rarely indicated in children
with ITP and should only be considered in those that fail all
available therapies, given the ongoing lifelong risks follow-
ing the procedure [7, 17].

Clinical decision-making for the selection of second-
line treatments has been investigated by the ICON1 study,
which included 120 children with ITP; of these, 16% and
31% had newly diagnosed and persistent ITP, respectively
[50]. Clinicians indicated expected efficacy as a reason
for choosing romiplostim versus other second-line agents,
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including eltrombopag, while parental or patient preference
was also important for choosing romiplostim. The perceived
side-effect profiles were another key reason for choosing
romiplostim and eltrombopag rather than rituximab and
oral immunosuppressants. A further analysis of the ICON1
study cohort evaluated the effect of the second-line agents
on fatigue [15]. Overall, fatigue significantly improved in
children and adolescents while taking the second-line treat-
ments. When individual treatments were analyzed separately,
rituximab significantly reduced fatigue, while there was a
trend for a reduction with romiplostim and eltrombopag.

Recent data suggest that the TPO-RAs are increasingly
being used for the second-line treatment of ITP in children.
A retrospective review of second-line treatments for per-
sistent or chronic ITP from the UK pediatric ITP registry
evaluated the changing pattern of treatment between 2006
and 2019 [51]. Out of the 1915 children on the registry dur-
ing this period, 212 were eligible for second-line therapy,
and 23% of these received treatment. The use of TPO-RAs
increased from 23% (2006-2011) to 48% (2015-2019) and
was the most frequently used second-line therapy during
the latter time period compared with rituximab (24%) and
splenectomy (9.5%).

Collectively, the available data on clinical decision-mak-
ing and changing treatment patterns support the efficacy and
safety results from clinical studies, as well as guideline rec-
ommendations that TPO-RAs may be a preferred choice for
children with newly diagnosed or persistent ITP that fail on
corticosteroid therapy. The selection of a particular TPO-
RA for an individual child should be made together with
the patient/parent, based on preference (i.e., for an oral or
once-weekly injected product), totality of evidence, cost, and
adverse events.

Cost-effectiveness considerations

To our knowledge, no health economic analyses have been
conducted to determine the cost-effectiveness of romiplostim
for treating children and adolescents with newly diagnosed
or persistent ITP. In adult patients with chronic ITP, romi-
plostim has been shown to be cost-effective [52—-54]. For
example, from an Irish healthcare perspective, romiplostim
was estimated to provide cost savings of €22,673 and gains
of 1.17 quality-adjusted life years compared with standard
of care in adults with chronic ITP [54]. Savings were driven
by higher response rates associated with romiplostim, which
led to a reduction in bleeding events and less use of rescue
therapies [54]. Another adult study in chronic ITP also sug-
gested that romiplostim had lower costs per response than
“watch and rescue” [55]. However, in pediatric chronic
ITP, a cost—consequence analysis suggested that the cost
per patient could be higher for romiplostim than for watch
and rescue [56]. It should be noted that there are a number
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of limitations with cost-effective analyses; not least the
generalizability of the results and that the setting in which
romiplostim is administered to patients via subcutaneous
injection may vary depending on the country. Overall, fur-
ther analyses are warranted, particularly in the context of
evaluating the cost/benefits associated with avoiding long
courses of corticosteroids and assessing the potential long-
term benefits of early treatment with TPO-RAs.

Potential impact of COVID-19 on the treatment
landscape of children with ITP

The treatment of ITP should be considered together with the
risks of COVID-19. Several societies have issued guidance
for COVID-19 and patients with ITP [57-61]; however, spe-
cific guidance for children is limited. The available guidance
suggests caution when using immunosuppressive agents,
such as corticosteroids and rituximab, because of the poten-
tial risk of infection. This may be more applicable in at-risk
adults, as COVID-19 is usually a mild self-limiting illness in
children, even in those who are immunocompromised [62].
While immunosuppression may increase the risk for severe
COVID-19 illness in children [63], clinical data demonstrat-
ing this are lacking [64]. Nevertheless, the National Institute
for Health and Care Excellence (NICE) guidance states that
alternatives to immunosuppressive agents with a lower risk
for COVID-19 should be considered for children [62]. Addi-
tionally, children taking corticosteroids may have an atypical
presentation of COVID-19 [62], which has the potential to
result in a delayed diagnosis. Overall, the perceived risks
associated with immunosuppression may increase the usage
of alternative treatments for children with ITP; however, fur-
ther studies are required to investigate whether short-term
and long-term corticosteroid use increase the risks associ-
ated with COVID-19 in children.

Another area for future research is whether COVID-19
has an impact on ITP in children and if treatment needs
to be modified in these patients accordingly. There is evi-
dence to suggest that COVID-19 may affect platelet counts
and increase the risk of thrombotic complications in adults
[65—67], but there are currently no available data in children.

Conclusions

In Europe, romiplostim is currently indicated for the treat-
ment of children with chronic ITP who are refractory to other
treatments. However, the available evidence presented in this
narrative review suggests that romiplostim is also efficacious
and well tolerated in children with ITP <1 year from diag-
nosis. Randomized clinical studies originally investigating
romiplostim included children with persistent ITP (follow-
ing the updated definition of the three phases of ITP), and
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therefore, the evidence is particularly robust in these patients
versus those with newly diagnosed ITP. As a result of data
from these randomized clinical studies, romiplostim (as well
as other TPO-RAs5) is generally recommended in guidelines
for children with ITP who fail on first-line therapy, including
in those with ITP <1 year from diagnosis. Earlier treatment
with TPO-RAs may help children to avoid the side effects
associated with prolonged corticosteroid use. While narra-
tive reviews are inherently susceptible to biases, the results
presented herein provide the foundation for future system-
atic reviews and meta-analyses into the efficacy and safety of
early TPO-RA use in children. Further studies are warranted
to investigate the optimal sequence and timing of management
options for children with newly diagnosed and persistent ITP.

Acknowledgements Medical writing support, including development
of a draft outline and subsequent drafts in consultation with the authors,
collating author comments, copyediting, fact checking, and referencing,
was provided by Josh Lilly and Ryan Woodrow at Aspire Scientific
Limited (Bollington, UK).

Author contribution All named authors meet the International Com-
mittee of Medical Journal Editors (ICMJE) criteria for authorship of
this article, take responsibility for the integrity of the work as a whole,
and have given their approval for this version to be published.

Funding Funding for medical writing support for this article was pro-
vided by Amgen (Thousand Oaks, CA).

Data availability Not applicable.

Code availability Not applicable.

Declarations

Ethics approval Not applicable.
Consent to participate Not applicable.

Consent for publication Not applicable.

Conflict of interest J.D. Grainger has participated in advisory boards
for Alexion, Amgen, Biotest, Dova, and Novartis.

T. Kiihne has received research funds from Amgen and Novartis and
has participated in advisory boards for Amgen, Novartis, UCB, and
SOBL

J. Hippenmeyer is an employee of Amgen and owns shares in Amgen.
N. Cooper has received fees for speaking at educational meetings and
for consultancy work from Amgen, Glaxo-SmithKline, and Novartis,
and has received research funding in part by Imperial College BRC,
the National Organization for Rare Disorders, and the UK ITP Support
Association.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated

otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Rodeghiero F, Stasi R, Gernsheimer T, Michel M, Provan D,
Arnold DM, Bussel JB, Cines DB, Chong BH, Cooper N,
Godeau B, Lechner K, Mazzucconi MG, McMillan R, Sanz
MA, Imbach P, Blanchette V, Kiihne T, Ruggeri M, George
JN (2009) Standardization of terminology, definitions and
outcome criteria in immune thrombocytopenic purpura of
adults and children: report from an international working
group. Blood 113(11):2386-2393. https://doi.org/10.1182/
blood-2008-07-162503

2. Zufferey A, Kapur R, Semple JW (2017) Pathogenesis and thera-
peutic mechanisms in immune thrombocytopenia (ITP). J Clin
Med 6(2):16. https://doi.org/10.3390/jcm6020016

3. Terrell DR, Beebe LA, Vesely SK, Neas BR, Segal JB, George
JN (2010) The incidence of immune thrombocytopenic purpura
in children and adults: a critical review of published reports. Am
J Hematol 85(3):174—180. https://doi.org/10.1002/ajh.21616

4. Yong M, Schoonen WM, Li L, Kanas G, Coalson J, Mowat F,
Fryzek J, Kaye JA (2010) Epidemiology of paediatric immune
thrombocytopenia in the General Practice Research Database. Br
J Haematol 149(6):855-864. https://doi.org/10.1111/.1365-2141.
2010.08176.x

5. Despotovic JM, Grimes AB (2018) Grimes AB (2018) Pediat-
ric ITP: is it different from adult ITP? Hematology 1:405-411.
https://doi.org/10.1182/asheducation-2018.1.405

6. Matzdorff A, Meyer O, Ostermann H, Kiefel V, Eberl W, Kuhne T,
Pabinger I, Rummel M (2018) Immune thrombocytopenia - cur-
rent diagnostics and therapy: recommendations of a Joint Working
Group of DGHO, OGHO, SGH, GPOH, and DGTI. Oncol Res
Treat 41(Suppl 5):1-30. https://doi.org/10.1159/000492187

7. Provan D, Arnold DM, Bussel JB, Chong BH, Cooper N, Gern-
sheimer T, Ghanima W, Godeau B, Gonzalez-Lopez TJ, Grainger
J, Hou M, Kruse C, McDonald V, Michel M, Newland AC, Pavord
S, Rodeghiero F, Scully M, Tomiyama Y, Wong RS, Zaja F, Kuter
DJ (2019) Updated international consensus report on the investi-
gation and management of primary immune thrombocytopenia.
Blood Adv 3(22):3780-3817. https://doi.org/10.1182/bloodadvan
ces.2019000812

8. Tarantino MD, Danese M, Klaassen RJ, Duryea J, Eisen M, Bus-
sel J (2016) Hospitalizations in pediatric patients with immune
thrombocytopenia in the United States. Platelets 27(5):472-478.
https://doi.org/10.3109/09537104.2016.1143923

9. Neunert C, Noroozi N, Norman G, Buchanan GR, Goy J, Nazi I,
Kelton JG, Arnold DM (2015) Severe bleeding events in adults
and children with primary immune thrombocytopenia: a system-
atic review. ] Thromb Haemost 13(3):457-464. https://doi.org/10.
1111/jth.12813

10. Rosthgj S, Rajantie J, Treutiger I, Zeller B, Tedgard U, Henter
J-1, on behalf of the NOPHO ITP Working Group (2012) Dura-
tion and morbidity of chronic immune thrombocytopenic purpura
in children: five-year follow-up of a Nordic cohort. Acta Paedi-
atr 101(7):761-766. https://doi.org/10.1111/j.1651-2227.2012.
02671.x

11. Neunert CE, Buchanan GR, Blanchette V, Barnard D, Young
NL, Curtis C, Klaassen RJ (2009) Relationships among bleed-
ing severity, health-related quality of life, and platelet count in

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1182/blood-2008-07-162503
https://doi.org/10.1182/blood-2008-07-162503
https://doi.org/10.3390/jcm6020016
https://doi.org/10.1002/ajh.21616
https://doi.org/10.1111/j.1365-2141.2010.08176.x
https://doi.org/10.1111/j.1365-2141.2010.08176.x
https://doi.org/10.1182/asheducation-2018.1.405
https://doi.org/10.1159/000492187
https://doi.org/10.1182/bloodadvances.2019000812
https://doi.org/10.1182/bloodadvances.2019000812
https://doi.org/10.3109/09537104.2016.1143923
https://doi.org/10.1111/jth.12813
https://doi.org/10.1111/jth.12813
https://doi.org/10.1111/j.1651-2227.2012.02671.x
https://doi.org/10.1111/j.1651-2227.2012.02671.x

2152

Annals of Hematology (2021) 100:2143-2154

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

children with immune thrombocytopenic purpura. Pediatr Blood
Cancer 53(4):652—-654. https://doi.org/10.1002/pbc.21978
Kiihne T, Berchtold W, Michaels LA, Wu R, Donato H, Espina
B, Tamary H, Rodeghiero F, Chitlur M, Rischewski J, Imbach P
(2011) Newly diagnosed immune thrombocytopenia in children
and adults: a comparative prospective observational registry of the
Intercontinental Cooperative Immune Thrombocytopenia Study
Group. Haematologica 96(12):1831-1837. https://doi.org/10.
3324/haematol.2011.050799

Heitink-Pollé KM, Haverman L, Annink KV, Schep SJ, de Haas
M, Bruin MC (2014) Health-related quality of life in children
with newly diagnosed immune thrombocytopenia. Haematologica
99(9):1525-1531. https://doi.org/10.3324/haematol.2014.106963
Trotter P, Hill QA (2018) Immune thrombocytopenia: improving
quality of life and patient outcomes. Patient Relat Outcome Meas
9:369-384. https://doi.org/10.2147/prom.S140932

Grace RF, Klaassen RJ, Shimano KA, Lambert MP, Grimes A,
Bussel JB, Breakey VR, Pastore YD, Black V, Overholt K, Bhat R,
Forbes PW, Neunert C (2020) Fatigue in children and adolescents
with immune thrombocytopenia. Br J Haematol 191(1):98-106.
https://doi.org/10.1111/bjh.16751

Kuter DJ, Newland A, Chong BH, Rodeghiero F, Romero MT,
Pabinger I, Chen Y, Wang K, Mehta B, Eisen M (2019) Romi-
plostim in adult patients with newly diagnosed or persistent
immune thrombocytopenia (ITP) for up to 1 year and in those
with chronic ITP for more than 1 year: a subgroup analysis of inte-
grated data from completed romiplostim studies. Br J Haematol
185(3):503-513. https://doi.org/10.1111/bjh.15803

Neunert C, Terrell DR, Arnold DM, Buchanan G, Cines DB,
Cooper N, Cuker A, Despotovic JM, George JN, Grace RF, Kiihne
T, Kuter DJ, Lim W, McCrae KR, Pruitt B, Shimanek H, Vesely
SK (2019) American Society of Hematology 2019 guidelines for
immune thrombocytopenia. Blood Adv 3(23):3829-3866. https://
doi.org/10.1182/bloodadvances.2019000966

Schifferli A, Nimmerjahn F, Kiihne T (2019) Immunomodulation
in primary immune thrombocytopenia: a possible role of the Fc
fragment of romiplostim? Front Immunol 10:1196. https://doi.org/
10.3389/fimmu.2019.01196

European Medicines Agency (2021) Romiplostim summary of
product characteristics. https://ec.europa.eu/health/documents/
community-register/2021/20210122150420/anx_150420_en.pdf.
Accessed 01 February 2021

US Food and Drug Administration (2019) Nplate (romiplostim)
prescribing information. https://www.accessdata.fda.gov/drugs
atfda_docs/label/2019/125268s1641bl.pdf. Accessed 01 Febru-
ary 2021

Bussel JB, Buchanan GR, Nugent DJ, Gnarra DJ, Bomgaars LR,
Blanchette VS, Wang YM, Nie K, Jun S (2011) A randomized,
double-blind study of romiplostim to determine its safety and
efficacy in children with immune thrombocytopenia. Blood
118(1):28-36. https://doi.org/10.1182/blood-2010-10-313908
Bussel JB, Hsieh L, Buchanan GR, Stine K, Kalpatthi R,
Gnarra DJ, Ho RH, Nie K, Eisen M (2015) Long-term use of
the thrombopoietin-mimetic romiplostim in children with severe
chronic immune thrombocytopenia (ITP). Pediatr Blood Cancer
62(2):208-213. https://doi.org/10.1002/pbc.25136

Ducassou S, Gourdonneau A, Fernandes H, Leverger G, Pasquet
M, Fouyssac F, Bayart S, Bertrand Y, Michel G, Jeziorski E,
Thomas C, Abouchallah W, Viard F, Guitton C, Cheikh N, Pel-
lier I, Carausu L, Droz C, Leblanc T, Aladjidi N, for the Centre
de Référence National des Cytopénies Auto-immunes de I’Enfant
(2020) Second-line treatment trends and long-term outcomes of
392 children with chronic immune thrombocytopenic purpura:
the French experience over the past 25 years. Br J] Haematol
189(5):931-942. https://doi.org/10.1111/bjh.16448

@ Springer

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Elalfy MS, Abdelmaksoud AA, Eltonbary KY (2011) Romi-
plostim in children with chronic refractory ITP: randomized pla-
cebo controlled study. Ann Hematol 90(11):1341-1344. https://
doi.org/10.1007/s00277-011-1172-9

Grainger J, Bussel JB, Tarantino MD, Cooper N, Beam D, Des-
potovic JM, Maschan AA, Wang K, Eisen MJ, Bowers C (2019)
Updated results from the single-arm, open-label, long-term effi-
cacy and safety study of subcutaneous (SC) romiplostim in chil-
dren with immune thrombocytopenia (ITP). Blood 134(Suppl
1):1095. https://doi.org/10.1182/blood-2019-131241

Mathias SD, Li X, Eisen M, Carpenter N, Crosby RD, Blan-
chette VS (2016) A phase 3, randomized, double-blind, pla-
cebo-controlled study to determine the effect of romiplostim on
health-related quality of life in children with primary immune
thrombocytopenia and associated burden in their parents. Pedi-
atr Blood Cancer 63(7):1232-1237. https://doi.org/10.1002/pbc.
25984

Tarantino MD, Bussel JB, Blanchette VS, Beam D, Roy J, Des-
potovic J, Raj A, Carpenter N, Mehta B, Eisen M (2019) Long-
term treatment with romiplostim and treatment-free platelet
responses in children with chronic immune thrombocytopenia.
Haematologica 104(11):2283-2291. https://doi.org/10.3324/
haematol.2018.202283

Tarantino MD, Bussel JB, Blanchette VS, Despotovic J, Bennett
C, Raj A, Williams B, Beam D, Morales J, Rose MJ, Carpen-
ter N, Nie K, Eisen M (2016) Romiplostim in children with
immune thrombocytopenia: a phase 3, randomised, double-
blind, placebo-controlled study. Lancet 388(10039):45-54.
https://doi.org/10.1016/S0140-6736(16)00279-8

Neunert C, Despotovic J, Haley K, Lambert MP, Nottage K, Shi-
mano K, Bennett C, Klaassen R, Stine K, Thompson A, Pastore
Y, Brown T, Forbes PW, Grace RF, Pediatric ITP Consortium
of North America (ICON) (2016) Thrombopoietin receptor
agonist use in children: data from the Pediatric ITP Consor-
tium of North America ICON2 Study. Pediatr Blood Cancer
63(8):1407-1413. https://doi.org/10.1002/pbc.26003
Ramaswamy K, Hsieh L, Leven E, Thompson MV, Nugent D,
Bussel JIB (2014) Thrombopoietic agents for the treatment of
persistent and chronic immune thrombocytopenia in children.
J Pediatr 165(3):600-605.e604. https://doi.org/10.1016/j.jpeds.
2014.03.060

Suntsova EV, Chikvina II, Sadovskaya MN, Kotskaya NN,
Hachatryan LA, Baydildina DD, Kalinina II, Petrova UN,
Pshonkin AV, Lutfullin I'Y, Lemazina EN, Osipova IV, Galeeva
AV, Naumova OS, Fisyn IV, Bikova GV, Kazaryan GR,
Maschan AA, Novichkova GA (2020) Use of romiplostim for
newly diagnosed immune thrombocytopenia in children [in Rus-
sian]. Pediatr Hematol/Oncol Immunopathol 19(1):18-26
Grace RF, Shimano KA, Bhat R, Neunert C, Bussel JIB, Klaas-
sen RJ, Lambert MP, Rothman JA, Breakey VR, Hege K, Ben-
nett CM, Rose MJ, Haley KM, Buchanan GR, Geddis A, Lor-
enzana A, Jeng M, Pastore YD, Crary SE, Neier M, Neufeld EJ,
Neu N, Forbes PW, Despotovic JM (2019) Second-line treat-
ments in children with immune thrombocytopenia: effect on
platelet count and patient-centered outcomes. Am J Hematol
94(7):741-750. https://doi.org/10.1002/ajh.25479

Suntsova EV, Demina IM, Ignatova AA, Ershov NM, Tru-
bina NM, Dobrynina J, Serkova IV, Supik ZS, Orekhova EV,
Hachatryan LA, Kotskaya NN, Pshonkin AV, Maschan AA,
Novichkova GA, Panteleev MA (2017) Bleeding tendency and
platelet function during treatment with romiplostim in children
with severe immune thrombocytopenic purpura. Int J Hematol
105(6):841-848. https://doi.org/10.1007/s12185-017-2207-3
Escudero Vilaplana V, Aragones JH, Fernandez-Llamazares
CM, Bieler CB, Rodriguez SM, Saez MS (2012) Use of romi-
plostim for primary immune thrombocytopenia in children.


https://doi.org/10.1002/pbc.21978
https://doi.org/10.3324/haematol.2011.050799
https://doi.org/10.3324/haematol.2011.050799
https://doi.org/10.3324/haematol.2014.106963
https://doi.org/10.2147/prom.S140932
https://doi.org/10.1111/bjh.16751
https://doi.org/10.1111/bjh.15803
https://doi.org/10.1182/bloodadvances.2019000966
https://doi.org/10.1182/bloodadvances.2019000966
https://doi.org/10.3389/fimmu.2019.01196
https://doi.org/10.3389/fimmu.2019.01196
https://ec.europa.eu/health/documents/community-register/2021/20210122150420/anx_150420_en.pdf
https://ec.europa.eu/health/documents/community-register/2021/20210122150420/anx_150420_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125268s164lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125268s164lbl.pdf
https://doi.org/10.1182/blood-2010-10-313908
https://doi.org/10.1002/pbc.25136
https://doi.org/10.1111/bjh.16448
https://doi.org/10.1007/s00277-011-1172-9
https://doi.org/10.1007/s00277-011-1172-9
https://doi.org/10.1182/blood-2019-131241
https://doi.org/10.1002/pbc.25984
https://doi.org/10.1002/pbc.25984
https://doi.org/10.3324/haematol.2018.202283
https://doi.org/10.3324/haematol.2018.202283
https://doi.org/10.1016/S0140-6736(16)00279-8
https://doi.org/10.1002/pbc.26003
https://doi.org/10.1016/j.jpeds.2014.03.060
https://doi.org/10.1016/j.jpeds.2014.03.060
https://doi.org/10.1002/ajh.25479
https://doi.org/10.1007/s12185-017-2207-3

Annals of Hematology (2021) 100:2143-2154

2153

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Pediatr Hematol Oncol 29(2):197-205. https://doi.org/10.3109/
08880018.2011.629401

Tarantino MD, Despotovic JM, Roy J, Grainger J, Cooper N,
Beam D, Raj A, Maschan AA, Kim J, Eisen MJ (2018) Safety
and efficacy of romiplostim in over 200 children with immune
thrombocytopenia (ITP): results of an integrated database of
5 clinical trials. Blood 132(Suppl 1):2428. https://doi.org/10.
1182/blood-2018-99-109763

Tarantino MD, Despotovic J, Roy J, Grainger J, Cooper N, Beam
D, Raj A, Maschan A, Kim J, Eisen M (2020) Romiplostim
treatment for children with immune thrombocytopenia: results
of an integrated database of five clinical trials. Pediatr Blood
Cancer 67(11):e28630. https://doi.org/10.1002/pbc.28630
Ghanima W, Cooper N, Rodeghiero F, Godeau B, Bussel JB
(2019) Thrombopoietin receptor agonists: ten years later. Hae-
matologica 104(6):1112-1123. https://doi.org/10.3324/haematol.
2018.212845

Ghadaki B, Nazi I, Kelton JG, Arnold DM (2013) Sustained
remissions of immune thrombocytopenia associated with the use
of thrombopoietin receptor agonists. Transfusion 53(11):2807-
2812. https://doi.org/10.1111/trf. 12139

Bao W, Bussel JB, Heck S, He W, Karpoff M, Boulad N, Yazdan-
bakhsh K (2010) Improved regulatory T-cell activity in patients
with chronic immune thrombocytopenia treated with thrombopoi-
etic agents. Blood 116(22):4639-4645. https://doi.org/10.1182/
blood-2010-04-281717

Neunert CE (2017) Management of newly diagnosed immune
thrombocytopenia: can we change outcomes? Blood Adv
1(24):2295-2301. https://doi.org/10.1182/bloodadvances.20170
09860

Guidry JA, George JN, Vesely SK, Kennison SM, Terrell DR
(2009) Corticosteroid side-effects and risk for bleeding in immune
thrombocytopenic purpura: patient and hematologist perspectives.
Eur J Haematol 83(3):175-182. https://doi.org/10.1111/j.1600-
0609.2009.01265.x

Deuson R, Danese M, Mathias SD, Schoonen M, Fryzek J (2012)
The burden of immune thrombocytopenia in adults: evaluation
of the thrombopoietin receptor agonist romiplostim. ] Med Econ
15(5):956-976. https://doi.org/10.3111/13696998.2012.688902
Matzdorft A, Neufeld EJ, Roganovic J (2013) To treat or not
to treat—from guidelines to individualized patient management.
Semin Hematol 50(Suppl 1):S12-S17. https://doi.org/10.1053/j.
seminhematol.2013.03.004

Heitink-Pollé KMJ, Uiterwaal CSPM, Porcelijn L, Tamminga
RYJ, Smiers FJ, van Woerden NL, Wesseling J, Vidarsson G,
Laarhoven AG, de Haas M, Bruin MCA, for the TIKI Investigators
(2018) Intravenous immunoglobulin vs observation in childhood
immune thrombocytopenia: a randomized controlled trial. Blood
132(9):883-891. https://doi.org/10.1182/blood-2018-02-830844
European Medicines Agency (2015) Revolade summary of prod-
uct characteristics. https://www.ema.europa.eu/en/documents/
product-information/revolade-epar-product-information_en.pdf.
Accessed 01 February 2021

Williams DD, Peng B, Bailey CK, Wire MB, Deng Y, Park JW,
Collins DA, Kapsi SG, Jenkins JM (2009) Effects of food and
antacids on the pharmacokinetics of eltrombopag in healthy adult
subjects: two single-dose, open-label, randomized-sequence,
crossover studies. Clin Ther 31(4):764-776. https://doi.org/10.
1016/j.clinthera.2009.04.010

Wire MB, Bruce J, Gauvin J, Pendry CJ, McGuire S, Qian Y,
Brainsky A (2012) A randomized, open-label, 5-period, bal-
anced crossover study to evaluate the relative bioavailability of
eltrombopag powder for oral suspension (PfOS) and tablet for-
mulations and the effect of a high-calcium meal on eltrombopag

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

pharmacokinetics when administered with or 2 hours before or
after PfOS. Clin Ther 34(3):699-709. https://doi.org/10.1016/].
clinthera.2012.01.011

European Medicines Agency (2021) Doptelet summary of prod-
uct characteristics. https://www.ema.europa.eu/en/documents/
product-information/doptelet-epar-product-information_en.pdf.
Accessed 02 February 2021

US Food and Drug Administration (2019) Doptelet (avatrom-
bopag) prescribing information. https://www.accessdata.fda.
gov/drugsatfda_docs/label/2019/210238s0011bl.pdf. Accessed
01 February 2021

Grace RF, Despotovic JM, Bennett CM, Bussel JB, Neier M,
Neunert C, Crary SE, Pastore YD, Klaassen RJ, Rothman JA,
Hege K, Breakey VR, Rose MJ, Shimano KA, Buchanan GR,
Geddis A, Haley KM, Lorenzana A, Thompson A, Jeng M,
Neufeld EJ, Brown T, Forbes PW, Lambert MP (2018) Phy-
sician decision making in selection of second-line treatments
in immune thrombocytopenia in children. Am J Hematol
93(7):882-888. https://doi.org/10.1002/ajh.25110

Chaudhury B, Seymour N, Grainger J (2020) Analysis of sec-
ond line treatments for children with persistent or chronic pri-
mary immune thrombocytopenia (ITP) in the UK [Abstract
BSH2020-OR-038]. Br J Haematol 189(Suppl 1):40. https://
doi.org/10.1111/bjh.16638

Brezina T, Klimes J, Dolezal T, Maskova H, Campioni M,
Kutikova L (2014) Cost effectiveness of romiplostim for the
treatment of immune thrombocytopenia (ITP) patients in the
Czech Republic. Value Health 17(7):A533. https://doi.org/10.
1016/j.jval.2014.08.1696

Augusto M, Gouveia M, Borges M, Campioni M (2014)
Cost-effectiveness of romiplostim for the treatment of
chronic immune thrombocytopenia in Portugal. Value Health
17(7):A532. https://doi.org/10.1016/j.jval.2014.08.1693

Lee D, Thornton P, Hirst A, Kutikova L, Deuson R, Brereton
N (2013) Cost effectiveness of romiplostim for the treatment
of chronic immune thrombocytopenia in Ireland. Appl Health
Econ Health Policy 11(5):457-469. https://doi.org/10.1007/
$40258-013-0044-y

Fust K, Parthan A, Li X, Sharma A, Zhang X, Campioni M, Lin
J, Wang X, Zur R, Cetin K, Eisen M, Chandler D (2018) Cost
per response analysis of strategies for chronic immune throm-
bocytopenia. Am J Manag Care 24(8 Spec No.):SP294-SP302
Tremblay G, Dolph M, Bhor M, Said Q, Roy A, Elliott B, Briggs
A (2018) Cost-consequence model comparing eltrombopag and
romiplostim in pediatric patients with chronic immune throm-
bocytopenia. Clinicoecon Outcomes Res 10:715-721. https://
doi.org/10.2147/ceor.S177338

American Society of Hematology (2020) COVID-19 and ITP:
frequently asked questions. https://www.hematology.org/covid-
19/covid-19-and-itp. Accessed 01 February 2021

Sociedad Espafiola de Hematologia y Hemoterapia (2020)
Recomendaciones para el manejo de enfermos con trombope-
nia inmune en la situacién actual de pandemia por Covid-19.
https://www.sehh.es/covid-19/recomendaciones/123805-recom
endaciones-para-el-manejo-de-enfermos-con-trombopenia-
inmune-en-la-situacion-actual-de-pandemia-por-covid-19.
Accessed 01 February 2021

Reference Center for Auto-Immune Cytopenias in Adults
(CeReCAI) (2020) [Covid-19 epidemic: CeReCAI recom-
mendations for patients adults with immunological thrombo-
cytopenic purpura (ITP) and/or autoimmune hemolytic anemia
(AHAI) and doctors taking care of them]. https://marih.fr/wp-
content/uploads/2020/03/Reco-CERECAI-COVID-19-Avril-
2020.pdf. Accessed 01 February 2021

German Society for Hematology and Medical Oncology (2020)
Coronavirus infection (COVID-19) in patients with blood and

@ Springer


https://doi.org/10.3109/08880018.2011.629401
https://doi.org/10.3109/08880018.2011.629401
https://doi.org/10.1182/blood-2018-99-109763
https://doi.org/10.1182/blood-2018-99-109763
https://doi.org/10.1002/pbc.28630
https://doi.org/10.3324/haematol.2018.212845
https://doi.org/10.3324/haematol.2018.212845
https://doi.org/10.1111/trf.12139
https://doi.org/10.1182/blood-2010-04-281717
https://doi.org/10.1182/blood-2010-04-281717
https://doi.org/10.1182/bloodadvances.2017009860
https://doi.org/10.1182/bloodadvances.2017009860
https://doi.org/10.1111/j.1600-0609.2009.01265.x
https://doi.org/10.1111/j.1600-0609.2009.01265.x
https://doi.org/10.3111/13696998.2012.688902
https://doi.org/10.1053/j.seminhematol.2013.03.004
https://doi.org/10.1053/j.seminhematol.2013.03.004
https://doi.org/10.1182/blood-2018-02-830844
https://www.ema.europa.eu/en/documents/product-information/revolade-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/revolade-epar-product-information_en.pdf
https://doi.org/10.1016/j.clinthera.2009.04.010
https://doi.org/10.1016/j.clinthera.2009.04.010
https://doi.org/10.1016/j.clinthera.2012.01.011
https://doi.org/10.1016/j.clinthera.2012.01.011
https://www.ema.europa.eu/en/documents/product-information/doptelet-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/doptelet-epar-product-information_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/210238s001lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/210238s001lbl.pdf
https://doi.org/10.1002/ajh.25110
https://doi.org/10.1111/bjh.16638
https://doi.org/10.1111/bjh.16638
https://doi.org/10.1016/j.jval.2014.08.1696
https://doi.org/10.1016/j.jval.2014.08.1696
https://doi.org/10.1016/j.jval.2014.08.1693
https://doi.org/10.1007/s40258-013-0044-y
https://doi.org/10.1007/s40258-013-0044-y
https://doi.org/10.2147/ceor.S177338
https://doi.org/10.2147/ceor.S177338
https://www.hematology.org/covid-19/covid-19-and-itp
https://www.hematology.org/covid-19/covid-19-and-itp
https://www.sehh.es/covid-19/recomendaciones/123805-recomendaciones-para-el-manejo-de-enfermos-con-trombopenia-inmune-en-la-situacion-actual-de-pandemia-por-covid-19
https://www.sehh.es/covid-19/recomendaciones/123805-recomendaciones-para-el-manejo-de-enfermos-con-trombopenia-inmune-en-la-situacion-actual-de-pandemia-por-covid-19
https://www.sehh.es/covid-19/recomendaciones/123805-recomendaciones-para-el-manejo-de-enfermos-con-trombopenia-inmune-en-la-situacion-actual-de-pandemia-por-covid-19
https://marih.fr/wp-content/uploads/2020/03/Reco-CERECAI-COVID-19-Avril-2020.pdf
https://marih.fr/wp-content/uploads/2020/03/Reco-CERECAI-COVID-19-Avril-2020.pdf
https://marih.fr/wp-content/uploads/2020/03/Reco-CERECAI-COVID-19-Avril-2020.pdf

2154

Annals of Hematology (2021) 100:2143-2154

61.

62.

63.

64.

65.

cancer [in German]. https://www.onkopedia.com/de/onkopedia/
guidelines/coronavirus-infektion-covid-19-bei-patienten-mit-
blut-und-krebserkrankungen/@ @ guideline/html/index.html?
chapter=6.2.28#IDOELQAG. Accessed 01 February 2021
British Society for Haematology (2020) Information for adult
patients with immune thrombocytopenia in the setting of
COVID-19 pandemic. https://b-s-h.org.uk/media/18202/infor
mation-for-patients-with-itp-regarding-coronavirus-corvid19-
23-3-20.pdf. Accessed 01 February 2021

National Institute for Health and Care Excellence (2020)
COVID-19 rapid guideline: children and young people who are
immunocompromised [NICE guideline NG174]. www.nice.org.
uk/guidance/ng174. Accessed 01 February 2021

Centers for Disease Control and Prevention (2020) Information for
pediatric healthcare providers. https://www.cdc.gov/coronavirus/
2019-ncov/hep/pediatric-hep.html. Accessed 01 February 2021
Vishnevetsky A, Levy M (2020) Rethinking high-risk groups in
COVID-19. Mult Scler Relat Disord 42:102139. https://doi.org/
10.1016/j.msard.2020.102139

Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gom-
mers DAMPJ, Kant KM, Kaptein FHIJ, van Paassen J, Stals MAM,

@ Springer

66.

67.

Huisman MV, Endeman H (2020) Incidence of thrombotic com-
plications in critically ill ICU patients with COVID-19. Thromb
Res 191:145-147. https://doi.org/10.1016/j.thromres.2020.04.013
Lévesque V, Millaire E, Corsilli D, Rioux-Massé B, Carrier F-M
(2020) Severe immune thrombocytopenic purpura in critical
COVID-19. Int J Hematol 112(5):746-750. https://doi.org/10.
1007/s12185-020-02931-9

Lodigiani C, Iapichino G, Carenzo L, Cecconi M, Ferrazzi P,
Sebastian T, Kucher N, Studt JD, Sacco C, Alexia B, Sandri MT,
Barco S, Humanitas C-TF (2020) Venous and arterial thrombo-
embolic complications in COVID-19 patients admitted to an aca-
demic hospital in Milan, Italy. Thromb Res 191:9-14. https://doi.
org/10.1016/j.thromres.2020.04.024

Publisher’s note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.


https://www.onkopedia.com/de/onkopedia/guidelines/coronavirus-infektion-covid-19-bei-patienten-mit-blut-und-krebserkrankungen/@@guideline/html/index.html?chapter=6.2.28#ID0ELQAG
https://www.onkopedia.com/de/onkopedia/guidelines/coronavirus-infektion-covid-19-bei-patienten-mit-blut-und-krebserkrankungen/@@guideline/html/index.html?chapter=6.2.28#ID0ELQAG
https://www.onkopedia.com/de/onkopedia/guidelines/coronavirus-infektion-covid-19-bei-patienten-mit-blut-und-krebserkrankungen/@@guideline/html/index.html?chapter=6.2.28#ID0ELQAG
https://www.onkopedia.com/de/onkopedia/guidelines/coronavirus-infektion-covid-19-bei-patienten-mit-blut-und-krebserkrankungen/@@guideline/html/index.html?chapter=6.2.28#ID0ELQAG
https://b-s-h.org.uk/media/18202/information-for-patients-with-itp-regarding-coronavirus-corvid19-23-3-20.pdf
https://b-s-h.org.uk/media/18202/information-for-patients-with-itp-regarding-coronavirus-corvid19-23-3-20.pdf
https://b-s-h.org.uk/media/18202/information-for-patients-with-itp-regarding-coronavirus-corvid19-23-3-20.pdf
http://www.nice.org.uk/guidance/ng174
http://www.nice.org.uk/guidance/ng174
https://www.cdc.gov/coronavirus/2019-ncov/hcp/pediatric-hcp.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/pediatric-hcp.html
https://doi.org/10.1016/j.msard.2020.102139
https://doi.org/10.1016/j.msard.2020.102139
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1007/s12185-020-02931-9
https://doi.org/10.1007/s12185-020-02931-9
https://doi.org/10.1016/j.thromres.2020.04.024
https://doi.org/10.1016/j.thromres.2020.04.024

	Romiplostim in children with newly diagnosed or persistent primary immune thrombocytopenia
	Abstract
	Introduction
	Romiplostim for children with newly diagnosed ITP
	Guidelines
	Clinical trials
	Real-world studies and case reports

	Romiplostim for children with persistent ITP
	Guidelines
	Clinical trials
	Real-world studies and case reports

	Reflection on the role of romiplostim for children with newly diagnosed or persistent ITP and future perspectives
	First-line treatment of children with newly diagnosed or persistent ITP
	Second-line treatment of children with newly diagnosed or persistent ITP
	Cost-effectiveness considerations
	Potential impact of COVID-19 on the treatment landscape of children with ITP

	Conclusions
	Acknowledgements 
	References


