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Abstract: Immune thrombocytopenia (ITP) in pediatric patients is a common cause of
isolated thrombocytopenia. Various pathophysiological mechanisms are implicated in
ITP pathogenesis, including the production of autoantibodies against components of
platelets (PLTs) by B-cells, the activation of the complement system, phagocytosis by
macrophages mediated by Fcy receptors, the dysregulation of T cells, and reduced bone
marrow megakaryopoiesis. ITP is commonly manifested with skin and mucosal bleeding,
and it is a diagnosis of exclusion. In some ITP cases, the disease is self-limiting, and
treatment is not required, but chronic-persistent disease can also be developed. In these
cases, anti-CD20 monoclonal antibodies, such as rituximab and thrombopoietin (TPO)
receptor agonists, can be used. TPO agonists have become standard of care today. It has
been reported in the published literature that the efficacy of TPO-RAs can be up to 80% in
the achievement of several end goals, such as PLT counts. In the current literature review,
the data regarding the impact of TPO agonists in the pathogenesis of ITP and treatment
outcomes of the patients are examined. In the era of precision medicine, targeted and
individualized therapies are crucial to achieving better outcomes for pediatric patients with
ITP, especially when chronic refractory disease is developed.

Keywords: eltrombopag; immune thrombocytopenia; pediatrics; romiplostim; thrombopoietin
receptor agonists

1. Introduction

Immune thrombocytopenia (ITP) is an acquired hematological disorder that is charac-
terized by immune-mediated destruction and the impaired production of platelets (PLT),
causing a notable reduction in PLTs count (less than 100,000/ puL). This condition is char-
acterized by hemorrhagic manifestations and, as a result, affects the patients” quality of
life (QoL) [1]. In the pediatric population, this condition is mostly self-limited, with im-
provement in PLT count after some time [2]. However, sometimes it can progress to chronic
disease, and in these cases, long-term treatment is essential. The pathophysiological mecha-
nisms for ITP in children constitute a field for further research. At the same time, recent
studies have already confirmed the role of thrombopoietin (TPO) and megakaryocyte
biology in the progression of the disease.

TPO is a key regulator for megakaryopoiesis and platelet production because its role
is to bind to its receptor (c-Mpl) in order to stimulate megakaryocyte proliferation and
platelet release from the bone marrow. Levels of TPO are not as increased as might be
expected in ITP patients due to the high rates of platelet destruction, which highlights the
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autoimmune profile of the disease [3]. Also, the antibodies that target the PLTs often inhibit
bone marrow megakaryocytes, leading to the suppression of PLT production. As a result,
there is an important imbalance between the destruction and production of PLTs, which
confirms the importance of TPO receptor agonists (TPO-RAs) usage as an option for ITP
management in children [4].

TPO-RAs, such as eltrombopag and romiplostim, are synthetic agents that stimulate
megakaryocyte activity and increase platelet production [5]. They are used in both pediatric
and adult populations, and they have confirmed their efficacy in increasing PLT counts.
In addition, they appear to have further important effects in managing ITP, such as in the
bone marrow microenvironment, by promoting megakaryocyte maturation and reducing
the immune-mediated inhibition of megakaryopoiesis [6]. Overall effects are of paramount
importance, especially in pediatric patients.

However, a challenging field for research is the impact that TPO-RAs have on the
immune regulation of children since chronic ITP is often associated with a breakdown
of immune tolerance, which results in the production of autoantibodies against platelet
antigens. Some existing studies show that TPO-RAs may help restore immune homeostasis,
but there is no further information concerning pediatric patients [7,8]. A narrative review
of the literature was performed using PubMed and Medline search engines to identify
original articles. In our search, full-text articles published in English were included, and
all the available data were examined critically. The keywords of research were “immune
thrombocytopenia” or “ITP” combined with “pediatric”, “TPO-RA”, “eltrombopag”, or
“romiplostim”.

2. Pediatric ITP: Clinical Approach
2.1. Clinical Manifestations and Epidemiology of Pediatric ITP

ITP in pediatric patients can be divided into the following categories: “newly diag-
nosed ITP” refers to cases in which thrombocytopenia is present for 3 months from the
diagnosis, “persistent ITP” is defined as thrombocytopenia lasting 3 to 12 months, and
“chronic ITP” describes thrombocytopenia lasting for more than 12 months [9,10]. The
term “severe ITP” is used for patients with clinically significant bleeding manifestations at
diagnosis that require treatment and for those with new-onset bleeding tendencies after
diagnosis [9].

In the majority of pediatric patients with ITD, children are asymptomatic or exhibit
bruising, petechiae, or epistaxis [11]. Bleeding in oral mucosal, menorrhagia in adolescents,
macroscopic hematuria, gastrointestinal (GI) bleeding, and rarely intracranial bleeding [12].
The incidence of intracranial hemorrhage is below 1% and is associated with high mortality
and morbidity [13]. Bleeding manifestations are more prevalent in adolescent patients,
while asymptomatic disease is mainly observed between 1 and 3 years old [12]. Fatigue is
also an important issue in children with ITP, contributing to lower quality of life levels [14].

Often in ITP pediatric cases, the disease is self-limited and benign, and in 75% of
patients it resolves within a 6 month period [11]. Kiithne and colleagues in their obser-
vational study included 1496 children with ITP and found that the highest incidence of
ITP is observed during spring and early summer [15]. ITP incidence in children has been
described between 1.9 and 8.8 cases per 100,000 [13,16]. Moreover, the median age of
diagnosis might be lower in males in comparison to females [13].

2.2. Diagnosis and Secondary ITP Causes

ITP is a diagnosis of exclusion, and detailed personal and family history for bleeding
and thorough clinical examination is essential [15,17]. In every case of thrombocytopenia,
pseudothrombocytopenia should be excluded through a blood smear examination [18].
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After the establishment of a thrombocytopenia diagnosis, a differential diagnosis of the
causes of ITP should be performed. In over half of ITP cases, a recent infection is reported
in the patient’s history [19]. At the same time, associations between the measles—mumps—
rubella (MMR) vaccine and ITP development have been described [20]. Rarely, COVID-19
infection and vaccination against COVID-19 can cause a syndrome similar to ITP, accompa-
nied by the development of thrombotic events in some cases, known as vaccine-induced
thrombotic thrombocytopenia [21-24]. It is important that ITP in children is differentially
diagnosed by congenital causes of thrombocytopenia, such as Wiskott-Aldrich syndrome,
congenital amegakaryocytic thrombocytopenia, and thrombocytopenia absent radia syn-
drome [25]. These syndromes are often connected with skeletal abnormalities and other
clinical manifestations [26].

In adults with ITP, hepatitis B and C virus, human immunodeficiency virus, and Heli-
cobacter pylori infections should be ruled out, while testing for these pathogens in pediatric
patients is not essential and should be performed based on epidemiological and clinical
data [27,28]. Testing for common variable immunodeficiency with measurement of quantita-
tive immunoglobulins (Ig IgG, IgA, IgM) is recommended for children with ITP [28,29]. In
some cases, ITP might be the result of underlying autoimmune disorders, such as antiphos-
pholipid syndrome or systemic lupus erythematosus (SLE) [30]. Higher titers of antinuclear
antibodies (ANAs) at the timepoint of ITP diagnosis have been associated with SLE devel-
opment [31]. In Table 1, the underlying causes of ITP in children are presented. In Evan’s
syndrome, thrombocytopenia is combined with one or more cytopenias, which commonly
include autoimmune hemolytic anemia. In Evan’s syndrome, direct antiglobulin tests are
positive [32]. Antiplatelet antibodies (glycoprotein GPIIb-Illa autoantibodies) have a high
specificity for ITP, but their sensitivity is low for the diagnosis of ITP [33]. Thus, testing for
these antibodies is not routinely recommended [17]. Furthermore, bone marrow aspirate and
biopsy are not suggested in children with ITP, unless the exhibit abnormal findings in clinical
or blood smear examinations [17]. Bone marrow examinations might also be indicated for
patients with refractory disease.

Table 1. Underlying causes of ITP in pediatric patients.

Cause Disease Examples
Infections Viral infections (EBV, influenza, VZV,
CMYV, HIV, COVID-19)

MMR and, rarely, vaccinations against
Vaccinations varicella, hepatitis A, pneumococcus,
tetanus—diphtheria—acellular pertussis

vaccines

Autoimmune disorders SLE, APS

Common variable immunodeficiency,

Primary immunodeficiency syndromes DiGeorge (22q11.2 deletion) syndrome

Drugs
Leukemia, Myelodysplastic syndrome,
Lymphoproliferative disorders and other autoimmune lymphoproliferative
malignancies syndrome, non-Hodgkin/Hodgkin

Lymphoma

EBV: Epstein-Barr virus, VZV: varicella zoster virus, CMV: cytomegalovirus, HIV: human immunodeficiency
virus, MMR: measles, mumps, and rubella, SLE: systemic lupus erythematosus, APS: antiphospholipid syndrome.
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2.3. Refractory ITP

In the majority of pediatric ITP cases, even in cases with severe thrombocytopenia, PLT
counts are normalized within 12 months of diagnosis [34]. Moreover, in most children with
ITP, spontaneous remission is common, and response rates to first (IVIG and corticosteroids)-
and second (rituximab, TPO-receptor agonists)-line treatments are high [35-37]. However,
despite this, some will have a refractory disease. In the systematic review of Ibrahim et al., 11
studies proposing different definitions for refractory pediatric ITP were identified, without
an agreement among them [38]. Inadequate treatment response and specified PLT count
thresholds were used in most of the published studies to define refractory ITP [38]. Given
the various definitions used in the different studies, it is difficult to estimate the real inci-
dence of refractory ITP. Recently, the Intercontinental ITP Study Group and the Pediatric ITP
Consortium of North America (ICON) proposed a novel definition for refractory ITP [39].
In Table 2, the definition of refractory ITP by the Intercontinental ITP Study Group and the
Pediatric ICON is presented. The authors also highlight that some patients might not belong
to either of these categories. In these patients those who need a longer duration of first-line
treatments to respond and those who relapse while on second-line therapies are included. It
is considered crucial to evaluate the incidence of refractory ITP in real-world settings using
this novel definition.

Table 2. Definition of refractory ITP by the Intercontinental ITP Study Group and the Pediatric ITP
Consortium of North America [39].

Refractory ITP

Criteria

Newly diagnosed refractory

Pediatric patients who

e  Still require treatment;

e Had no response to at least two first-line agents at standard dosing:
steroids (>1 mg/kg/dose) for 4 days or more and IVIG (0.8-1 g/kg);

e PLTs count <20 x 10°/L, 1 week post-treatment.

Pediatric patients who do not respond to at least two second-line

Persistent/chronic refractory treatments of different categories (such as rituximab and/or TPO-RA),

independently from the response to first-line treatment.

ITP: immune thrombocytopenia, IVIG: intravenous immunoglobulin, PLTs: platelets, TPO-RA: thrombopoietin-
receptor agonists.

3. Immune Dysregulation in ITP

In the pathophysiology of ITP, both increased destruction-reduced lifespan and de-
creased production of PLTs are implicated [40-43]. Various mechanisms have been pro-
posed as pathogenic in this clinical entity, including the production of antibodies against
PLT components, the apoptosis of PLTs, and the activation of T cell-mediated immunity [44].

Specifically, circulating autoantibodies against glycoprotein Ib and Ilb/Illa, secreted by
B-cells, bind to antigens on the surface of PLTs. These antibody-coated PLTs are destructed
by activated macrophages in the spleen and other reticuloendothelial tissues, such as the
liver [45,46]. The activation of Fcy receptors through the spleen tyrosine kinase results
in the phagocytosis of PLTs [47,48]. Moreover, the classical pathway activation of the
complement system leads to the destruction of the antibody-coated thrombocytes [49].
Autoantibodies have also been proposed as suppressors of PLT production by bone marrow
megakaryocytes [33,40,47]. Modifications in the glycans, and mainly loss of terminal sialic
acid, might also be implicated in ITP pathogenesis. It has been suggested that antibodies
against glycoprotein Ib lead to loss of sialic acid (desialylation), leading to their uptake by the
Ashwell-Morell receptor, the activation of the JAK2-STAT3 signaling pathway, the increased
production of TPO, and the induction of PLT production in the bone marrow [50-53].
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Macrophages present PLT antigens of the major histocompatibility complex class II
to the T cell receptors of autoreactive T cells [54]. Thus, the T cell regulatory response
is reduced, while the activity of type 1 T-helper (Th1) and 17 T-helper (Th17) types and
cytotoxic T cells is enhanced, leading to the destruction of PLTs and megakaryocytes [55-57].
Zufferey et al., in their study, showed that mature megakaryocytes can present antigens
to CD8+ T (cytotoxic) cells, mediating ITP in vivo [58]. PLT-derived extracellular vehicles
have been shown to promote the differentiation and activation of CD8+ T cells by inserting
antigens with major histocompatibility [59]. Moreover, in ITP patients, increased PLT
apoptosis has been described and might be the result of the dysregulation of Bcl-xL (an
antiapoptotic protein) and Bax expression [50,60,61].

Autoantibodies might play a crucial role in the pathogenesis of ITP, but in up to 40%
of ITP patients, antibodies against PLTs are not detectable, as shown in the metanalysis of
Vrbensky et al. [62]. In such cases, defects in other components of the immune system might
be implicated, such as in cytokines, chemokines, the complement system, and antigen-
presenting, natural killer, and T cells [63-68]. In particular, the dysfunction of T cells might
result in the desialylation of the PLTs [65]. In Figure 1, the basic process of ITP pathogenesis
and the role of targeted therapeutics are summarized.

-Fostamatinib
-Rilzabrutinib

&

Fcy Receptors

&

Platelets
P ) comiomen
\) omplemen
-‘% Activation
-Rituximab
-Obinutuzumab -Eltrombopag
Megakaryocytes @ -Romiplostim
-Avatrombopag
il
TPO Receptors

Figure 1. ITP pathogenesis and the role of novel therapeutics. TPO: thrombopoietin; ITP: immune
thrombocytopenia.

4. Treatment of ITP in Pediatrics

Treatment of pediatric ITP can be challenging since there are no clear guidelines
and therapy varies, depending on the patient’s clinical status condition. In most cases,
PLT counts in children normalize after some time. In cases where the condition is not
improved, treatment is needed. ITP treatment options are categorized into front-line
therapies (corticosteroids and IVIg) and second-line therapies (Rituximab and TPO-RA),
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which are preferred to treat chronic or refractory ITP [38]. In very severe and rare cases
only, ITP can be life-threatening. Negative effects on the ITP patient’s QoL, especially in
childhood, have been described [69].

4.1. Front-Line Treatment: Corticosteroids and IVIg

Corticosteroids are commonly used for the treatment of ITP. These, as a first-line
treatment, constitute a therapeutic option for the initial therapeutic period, since most
cases of ITP are considered self-limited. Frequently used corticosteroids are prednisone,
prednisolone, or dexamethasone [70,71]. The efficacy of corticosteroids (improvement in
PLT counts) is confirmed in 70-80% of pediatric cases [10]. This highlights that some-
times corticosteroids can also be part of combined therapy regimens in order to achieve
better therapeutic outcomes. Their aim is to suppress the immune response and reduce
autoantibody production. Corticosteroids decrease the phagocytosis of antibody-coated
platelets through macrophages in the spleen and inhibit the production of platelet-targeting
autoantibodies [72]. Prednisone, the most common corticosteroid used, requires a dose
of 1-2 mg/kg daily for 2 weeks, while dexamethasone (0.6 mg/kg/day) is given for four
consecutive days [73]. However, long-term administration is not suggested due to the side
effects that can present.

In addition to corticosteroids, IVIg can also be an option as a front-line therapy,
especially in children with more severe thrombocytopenia. IVIg reduces PLT destruction
by saturating the Fc receptors on splenic macrophages [74,75]. It is administered as a single
dose (0.8-1 g/kg) or divided into 2 days (0.4/g/kg/day), with PLT counts improving
immediately after administration [73]. IVIg acts faster and is preferred in emergency cases,
but side effects, such as headache, nausea, or even hemolysis after the infusion, have to be
considered [10].

The choice between corticosteroids and IVIg as front-line therapy depends on several
factors, like the urgency of PLT improvement, the clinical manifestation of the patient, and
the severity of the ITP. In both treatments, side effects can be observed, and both have
a risk of failure, especially when using steroids [10]. In their study, Cao and colleagues
used plasma proteomics to predict the prednisolone treatment outcomes in pediatric
ITP and found that myosin heavy chain 9 and fetuin B levels were significantly lower
in prednisolone-resistant patients [76]. Also, another option for emergency cases with
uncontrolled bleeding is to choose a combination treatment with prednisone and IVIg [77].

Regarding the response to IVIG, it has been shown that patients who are homozygous
for the FcGR2B-232I allele (encoding Fc gamma receptor) are more likely to respond
compared to those homozygous for the FCGR2B-232T [35]. In the study by Peng et al., the
presence of anti-glycoprotein Ib/IX antibodies has been associated with lower response
rates to IVIG treatment [78]. Schmidt and colleagues have developed a risk score for the
prediction of response to IVIG treatment, incorporating five variables: hemoglobin, PLT
count, the identification of anti-PLT antibodies, genetic polymorphisms Fc-receptor Ilc,
and a history of recent vaccination [79]. Moreover, the Childhood ITP Recovery Score
Calculator, incorporating only clinical variables (age, PLT count at diagnosis, sex, history
of infection, history of vaccination, disease onset, and clinical manifestations), has been
validated as a predictor of transient and persistent ITP in children [80].

Respondents to treatment are considered those who exhibit a doubling of their PLT
count and PLTs between 30 x 10° /L and 100 x 10 /L, while a complete response is attained
when PLT is over 100 x 10°/L. No response is considered when PLT counts are less than
30 x 10%/L or half of the PLT values before the treatment initiation. Resolving bleeding
symptoms is also important for the evaluation of response [81].
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4.2. The Role of Anti-CD20 Monoclonal Antibodies

In cases where ITP progresses to a chronic condition, long-term treatment is required.
In such cases, rituximab, a monoclonal CD20 antibody, which causes peripheral B-cell
depletion, is among the most common first-line treatment choices. It has been used in
patients with lymphoma as an anti-neoplastic agent for the past few decades [69]. Rituximab
achieves an initial response rate (platelet count > 50 x 10°/L) of 50-60% and a 5-year
sustained response of 25-30% [82]. Its efficacy is underlined in several studies and factors
associated with better treatment outcomes include female gender, younger age, and prior
response to corticosteroids [83,84]. It is generally considered a safe agent, even though there
are some risks that should be evaluated, especially in patients with immunodeficiency or
hypogammaglobulinemia and neutropenia [85]. Rituximab reduces anti-platelet antibody
production, and it is used for various autoimmune disorders beyond ITP [69]. Harris et al.
assessed the effectiveness and safety of rituximab in the pediatric and adult population and
concluded that 58% of patients of < 18 years old met the criteria for complete response [86].
Regarding the effects after the infusion, as seen in several studies with a significant number
of patients, it can be concluded that almost all the adverse effects were mild and only a few
could be characterized as severe [87-89]. The systematic review of Yi Liang et al., which
summarized the published data regarding rituximab use in pediatrics, concluded that the
pooled complete response rate of rituximab was 39% [90]. The response rate of rituximab
was also evaluated in more recent studies [37,91,92].

4.3. TPO-RAs in Pediatric ITP Management

TPO-RAs are also included in the second-line treatment options in pediatric ITP [93].
The main TPO agonists used in children (over 1 year old) are eltrombopag and romi-
plostim [94]. Investigations into the safety and efficacy of avatrombopag have started, but
it is not yet approved for the pediatric population. For both eltrombopag and romiplostim,
it is necessary to monitor for side effect development. At the same time, their efficacy and
safety have been described in various studies [92,95-97].

Eltrombopag is administered orally and is approved for aplastic anemia management
as well as ITP. It binds to the transmembrane region of the TPO receptor, stimulating platelet
production [98]. The dosage for Eltrombopag in children is 25 mg/day if the child’s weight
is less than 27 kg or 50 mg daily if the child’s weight is over 27 kg. Eltrombopag’s safety has
been demonstrated in various studies [95,99,100]. Mainly, monitoring for hepatotoxicity
and bone marrow toxicity is required, while other effects are mild, even though in adult
patients more severe adverse events, such as cataracts, have been described [8,101].

Romiplostim is administered as a subcutaneous injection. For this reason, its use in
pediatric patients might be difficult. It acts as a peptibody that mimics TPO and binds to the
extracellular domain of the TPO receptor [101,102]. It is administered once a week, and the
initial dose is 1 ug/kg/week [103]. Adverse events of romiplostim administration are also
mild, but rare cases of bone marrow fibrosis have been described. Its safety and efficacy
are similar to eltrombopag, as confirmed in several studies [95,99,100]. In the systematic
review of Oliveira et al., 2023, in which two randomized controlled trials were included, it
was shown that romiplostim can improve durable and overall PLT response in children
with ITP, compared to the placebo [104].

For the discontinuation of TPO-RAs treatment, Marcos-Pefia et al. suggested that the
general goal is to reach a PLT count of > 80-100 x 10 /L for 3 months, or after 9 months
with a response, and the shared-approval of the patient also is essential [100]. A period of
close monitoring is crucial, post treatment discontinuation, to avoid PLT dropping below
20 x 10°/L [100]. Eltrombopag and romiplostim present similar efficacy and response
rates, while some minor differences in the mechanism of action and effects have been
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recognized. The choice between them is based on the preferred route of administration
along with the comorbidities of the pediatric patient. Further and larger studies should be
performed on TPO-RAs’ long-term efficacy in children with ITP. Moreover, future research
should focus on the development of predictive models based both on clinical and laboratory
variables for a response to TPO-RAs. Multicenter collaboration is essential in this field. In
Table 3, randomized controlled trials examining the efficacy and safety of eltrombopag and
romiplostim are presented. Moreover, in Figure 2, an algorithm for the management of
pediatric ITP is presented.

Table 3. Randomized controlled trials examining the efficacy and safety of eltrombopag and romiplostim.

First Author, Year Number of
of Publication, Agent . . Outcomes Adverse Events Limitations
Participants
Reference
From weeks 1 to 6, 28
(62%) patients who
received eltrombopag
45 patients achieved the primary I;Ieia(:}jgﬁ)? ut}; 5 Cetr Conservative
Bussel, 2015, [105] Eltrombopag received endpoint of platelet infic tionsy and approach to the
eltrombopag count 50 x 10” per L in . ! initial dosing
. o : diarrhea
comparison to 32% in
the placebo group
(p =0.011).
A total of 25 (40%)
patients who received
eltrorpbopag achieved Nasopharyngitis,
. the primary outcome of L
. 63 patients rhinitis, upper Use of the
Grainger, 2015, | b ived platelet counts of at least . bleedi
[106] Eltrombopag receive 50 x 10° per L for 6 of rfesp1r§tory tract ~WHO bleeding
eltrombopag the last 8 weeks of the 1nfecct(1)?lnsl’,1 and scale
trial compared with 3% &
patient in the placebo
group (p = 0.0004).
A total of 15 of the 17
(88%) patients in the
romiplostim group
achieved the efficacy
endpoints of a platelet
count of 50 x 10° /L or
greater for two
consecutive weeks and Headache, Small sample
an increase in platelet epistaxis, size, minor
17 patients count of 20 x 10°/L or oropharyngeal differences
Bussel, 2011, [107] Romiplostim received greater above baseline pain, pyrexia, between
romiplostim for two consecutive contusion, rash, control and
weeks. A significantly cough, and romiplostim
higher number of vomiting group

patients in the
romiplostim achieved
the two endpoints in
comparison to the
placebo group
(p = 0.0008 for each
endpoint).
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Table 3. Cont.
First Author, Year Number of
of Publication, Agent . Outcomes Adverse Events Limitations
Participants
Reference
A more durable platelet Disparity
. between the
response was seen in 22 incidence of
Tarantino, 2016, . . 42 pajtlents (52. 7o) pa.ltlents in the Headache and serious adverse
Romiplostim received romiplostim group than .
[103] . . . . . o thrombocytosis  events between
romiplostim in comparison with 10% the placebo
in the placebo group P
(p = 0.002) and control
p=uaue) group

Indication for

- treatment
Wait and watch:
Shared decision-making
with the family, close IVIg
- follow-up r Second line therapies:
Newly diagnosed : Rituximab
TP L TPO-RA
Corticosteroids

Figure 2. A practical algorithm for pediatric ITP management. ITP: immune thrombocytopenia; IVIg:
intravenous immunoglobulin; TPO-RA: thrombopoietin receptor agonist.

5. Novel Therapeutics in ITP

Signaling via the Fc-gamma receptor and Syk kinase, as was mentioned above, is of
paramount importance in ITP pathogenesis [108]. Fostamatinib is an oral inhibitor of the
Syk molecule, approved for the treatment of ITP in adult patients by the Food and Drug
Administration (FDA) [109]. In the phase 3 trial of Bussel et al., 146 patients were treated
with fostamatinib and 44% of them achieved an overall response (defined as >1 platelet
count >50,000/ uL between weeks 1-12 of the treatment) [110]. The efficacy and safety of
fostamatinib were confirmed by the open-label extension of this trial [111]. Diarrhea and
hypertension are the main adverse events reported in patients who receive this agent. Use
of fostamatinib is contradicted in children and adolescents with ITP and is limited only to
adulty populations.

Bruton’s tyrosine kinase (BTK) is also expressed by PLTs, and rilzabrutinib, a BTK
inhibitor, which reduces macrophages-induced PLT destruction, has been investigated for
the management of ITP. In a phase 1-2 trial of 60 adult ITP patients, rilzabrutinib was found
to be safe and effective, with a response rate of approximately 40% [112,113]. Recently,
in the 2024 meeting of the American Society of Hematology (ASH), these results were
confirmed in a phase 3 study by Kuter et al. (NCT04562766) in adults and adolescents with
ITP [114]. The most prevalent adverse events included diarrhea, nausea, and headaches.
The efficacy and safety of this agent in children with refractory ITP should be investigated
in future studies.

Avatrombopag, an oral agent acting as a transmembrane TPO receptor agonist, has
shown similar efficacy to eltrombopag, and its use has been approved by the FDA for
adults with ITP [115]. There are emerging data that avatrombopag is a safe and effec-
tive agent for the management of chronic and persistent ITP in pediatrics [116,117]. In
Table 4, the data regarding the use of avatrombopag in pediatric patients are presented.
Recently, daratumumab, an anti-CD38 monoclonal antibody that is used for the treatment
of multiple myeloma, combined with avatrombopag, was used safely and effectively in a
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child with chronic and persistent ITP [118]. Moreover, herombopag, a second-generation
TPO agonist, which has been shown to be effective in post-allogeneic hematopoietic cell
transplantation thrombocytopenia management, is being investigated in children with
chronic and persistent ITP (NCT05685420) [119,120]. Obinutuzumab is the first person-
alized type II glycosylation-engineered CD20 monoclonal antibody, and its safety and
efficacy for pediatric ITP is under examination (NCT06094881) [117,121]. More data regard-
ing the cost-effectiveness and long-term safety of these novel agents in pediatric settings
are essential.

Table 4. Data regarding the use of avatrombopag in pediatrics.

First Author,
Year of . Number of Patients Adverse TR
Publication, Study Design Participants Characteristics Outcomes Events Limitations
Reference
At day 90 of therapy, a
8 male platelet response One case of
7 9
An, 2023 Retrospective 12 females, (=50 x .10 /L) was headache,
20 . observed in 93% of the ~ two cases of =~ Not reported
[116] study median age . . .
7 3 vears patients (p < 0.01 epistaxis and
Y compared to control petechia
group).
Of the patients, 81.8%
(9/11) and 54.6% (6/11)
experienced an overall
7 males, and complete response, Vomit, Retrospective
Cheng, 2023 Retrospective 1 4 females, respectively. The diarrhea, desi np small
[122] studies median age median PLT count was  headache, na- st
L . 1 study sample
8.3 years significantly increased  sopharyngitis
from eltrombopag to
avatrombopag
(p = 0.007).
. 2-year-old, A complete response
Turu[c1112c3,]2024 Case report 1 ANA-positive was achieved on day - Case report
ITP 74 (>100 x 10%/L).
Upper Retrospective
An overall response PP observational
18 males, was achieved in 79.4% respiratory stud
Wang, 2024 Retrospective 16 females, . e infections, ¥
34 patients and a absence of
[117] study mean age . fever, gas-
complete response in . . control group,
6.3 years o trointestinal
67.7%. small sample
symptoms

size

ANA: antinuclear antibodies; ITP: immune thrombocytopenia; PLT: platelet.

6. Conclusions

In this review, an up-to-date approach to the impact of TPO agonists in the treatment
and pathophysiology of pediatric ITP was used. In many cases, ITP in children is self-
limiting and treatment is not required, while in other cases, a persistent and chronic disease
could develop. For these cases, beyond anti-CD20 monoclonal antibodies, TPO agonists
have become the standard of care. Improvements have been described, not only in PLT
counts but also in the quality of life of these vulnerable patients. The different outcomes
observed in the different studies could be attributed to regional variations. Multicenter
studies evaluating the efficacy of these agents could be helpful in order to obtain safe
conclusions. Next-generation therapeutics, targeting Fcy receptors and second-generation
TPO agonists are under investigation for pediatric ITP management. Future studies should
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focus on the development models that will be helpful in the prediction of outcomes of
patients who are treated with TPO agonists.

Author Contributions: Conceptualization, A.T.; methodology, K.T.; writing—original draft prepa-
ration, P.E. and K.T.; writing—review and editing, E.G. and A.T,; visualization, A.T.; supervision,
A.T.; project administration, A.T. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Neunert, C.; Despotovic, J.; Haley, K.; Lambert, M.P.; Nottage, K.; Shimano, K.; Bennett, C.; Klaassen, R.; Stine, K.; Thompson, A;
et al. Thrombopoietin Receptor Agonist Use in Children: Data From the Pediatric ITP Consortium of North America ICON2
Study. Pediatr. Blood Cancer 2016, 63, 1407-1413. [CrossRef] [PubMed]

Thakur, Y.; Meshram, R.J.; Taksande, A. Diagnosis and Management of Immune Thrombocytopenia in Paediatrics: A Comprehen-
sive Review. Cureus 2024, 16, €69635. [CrossRef] [PubMed]

Terrell, D.R.; Neunert, C.E.; Cooper, N.; Heitink-Poll¢, K.M.; Kruse, C.; Imbach, P; Kiihne, T.; Ghanima, W. Immune Thrombocy-
topenia (ITP): Current Limitations in Patient Management. Medicina 2020, 56, 667. [CrossRef] [PubMed]

Audia, S.; Mahévas, M.; Nivet, M.; Ouandji, S.; Ciudad, M.; Bonnotte, B. Immune Thrombocytopenia: Recent Advances in
Pathogenesis and Treatments. Hemasphere 2021, 5, e574. [CrossRef]

Wei, P. Thrombopoietin Factors. In Hematopoietic Growth Factors in Oncology; Springer: Berlin/Heidelberg, Germany, 2010;
pp- 75-93.

Sun, R.; Shan, N. Megakaryocytic Dysfunction in Immune Thrombocytopenia Is Linked to Autophagy. Cancer Cell Int. 2019, 19,
59. [CrossRef]

Guillet, S.; Crickx, E.; Azzaoui, I.; Chappert, P.; Boutin, E.; Viallard, ].F.; Riviere, E.; Gobert, D.; Galicier, L.; Malphettes, M.; et al.
Prolonged Response after TPO-RA Discontinuation in Primary ITP: Results of a Prospective Multicenter Study. Blood 2023, 141,
2867-2877. [CrossRef] [PubMed]

Ghanima, W.; Cooper, N.; Rodeghiero, F.; Godeau, B.; Bussel, ].B. Thrombopoietin Receptor Agonists: Ten Years Later. Haematolog-
ica 2019, 104, 1112-1123. [CrossRef]

Rodeghiero, F; Stasi, R.; Gernsheimer, T.; Michel, M.; Provan, D.; Arnold, D.M.; Bussel, ].B.; Cines, D.B.; Chong, B.H.; Cooper, N.;
et al. Standardization of Terminology, Definitions and Outcome Criteria in Immune Thrombocytopenic Purpura of Adults and
Children: Report from an International Working Group. Blood 2009, 113, 2386—2393. [CrossRef] [PubMed]

Grace, R.F,; Lambert, M.P. An Update on Pediatric ITP: Differentiating Primary ITP, IPD, and PID. Blood 2022, 140, 542-555.
[CrossRef]

Neunert, C.E.; Buchanan, G.R.; Imbach, P; Bolton-Maggs, P.H.B.; Bennett, C.M.; Neufeld, E.; Vesely, S K.; Adix, L.; Blanchette, V.S,;
Kiihne, T.; et al. Bleeding Manifestations and Management of Children with Persistent and Chronic Immune Thrombocytopenia:
Data from the Intercontinental Cooperative ITP Study Group (ICIS). Blood 2013, 121, 4457—4462. [CrossRef]

Kime, C.; Klima, J.; Rose, M.].; O’Brien, S.H. Patterns of Inpatient Care for Newly Diagnosed Immune Thrombocytopenia in US
Children’s Hospitals. Pediatrics 2013, 131, 880-885. [CrossRef] [PubMed]

Shaw, J.; Kilpatrick, K.; Eisen, M.; Tarantino, M. The Incidence and Clinical Burden of Immune Thrombocytopenia in Pediatric
Patients in the United States. Platelets 2020, 31, 307-314. [CrossRef] [PubMed]

Giordano, P; Lassandro, G.; di Meo, N.A.; Palladino, V.; Lovrencic, B.; Spinelli, M.; Reale, L.; Jankovic, M. A Narrative Approach
to Describe QoL in Children With Chronic ITP. Front. Pediatr. 2019, 7, 163. [CrossRef]

Kiihne, T.; Imbach, P.; Bolton-Maggs, P.H.; Berchtold, W.; Blanchette, V.; Buchanan, G.R. Intercontinental Childhood ITP Study
Group Newly Diagnosed Idiopathic Thrombocytopenic Purpura in Childhood: An Observational Study. Lancet 2001, 358,
2122-2125. [CrossRef]

Terrell, D.R.; Beebe, L.A.; Vesely, S.K.; Neas, B.R.; Segal, ].B.; George, ] N. The Incidence of Immune Thrombocytopenic Purpura in
Children and Adults: A Critical Review of Published Reports. Am. J. Hematol. 2010, 85, 174-180. [CrossRef] [PubMed]

Neunert, C.E.; Cooper, N. Evidence-Based Management of Inmune Thrombocytopenia: ASH Guideline Update. Hematology Am.
Soc. Hematol. Educ. Program. 2018, 2018, 568-575. [CrossRef] [PubMed]

Lardinois, B.; Favresse, J.; Chatelain, B.; Lippi, G.; Mullier, F. Pseudothrombocytopenia-A Review on Causes, Occurrence and
Clinical Implications. J. Clin. Med. 2021, 10, 594. [CrossRef] [PubMed]


https://doi.org/10.1002/pbc.26003
https://www.ncbi.nlm.nih.gov/pubmed/27135461
https://doi.org/10.7759/cureus.69635
https://www.ncbi.nlm.nih.gov/pubmed/39429356
https://doi.org/10.3390/medicina56120667
https://www.ncbi.nlm.nih.gov/pubmed/33266286
https://doi.org/10.1097/HS9.0000000000000574
https://doi.org/10.1186/s12935-019-0779-0
https://doi.org/10.1182/blood.2022018665
https://www.ncbi.nlm.nih.gov/pubmed/36893453
https://doi.org/10.3324/haematol.2018.212845
https://doi.org/10.1182/blood-2008-07-162503
https://www.ncbi.nlm.nih.gov/pubmed/19005182
https://doi.org/10.1182/blood.2020006480
https://doi.org/10.1182/blood-2012-12-466375
https://doi.org/10.1542/peds.2012-2021
https://www.ncbi.nlm.nih.gov/pubmed/23569091
https://doi.org/10.1080/09537104.2019.1635687
https://www.ncbi.nlm.nih.gov/pubmed/31271328
https://doi.org/10.3389/fped.2019.00163
https://doi.org/10.1016/S0140-6736(01)07219-1
https://doi.org/10.1002/ajh.21616
https://www.ncbi.nlm.nih.gov/pubmed/20131303
https://doi.org/10.1182/asheducation-2018.1.568
https://www.ncbi.nlm.nih.gov/pubmed/30504359
https://doi.org/10.3390/jcm10040594
https://www.ncbi.nlm.nih.gov/pubmed/33557431

Curr. Issues Mol. Biol. 2025, 47, 65 12 of 16

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Yenicesu, I.; Yetgin, S.; Ozyiirek, E.; Aslan, D. Virus-Associated Immune Thrombocytopenic Purpura in Childhood. Pediatr.
Hematol. Oncol. 2002, 19, 433-437. [CrossRef]

Mantadakis, E.; Farmaki, E.; Buchanan, G.R. Thrombocytopenic Purpura after Measles-Mumps-Rubella Vaccination: A Systematic
Review of the Literature and Guidance for Management. J. Pediatr. 2010, 156, 623-628. [CrossRef] [PubMed]

Greinacher, A.; Thiele, T.; Warkentin, T.E.; Weisser, K.; Kyrle, P.A.; Eichinger, S. Thrombotic Thrombocytopenia after ChAdOx1
NCov-19 Vaccination. N. Engl. ]. Med. 2021, 384, 2092-2101. [CrossRef] [PubMed]

Ceglie, G.; De Ioris, M.A.; Mercadante, S.; Olivini, N.; Del Bufalo, F.; Marchesani, S.; Cocca, F.; Monteferrario, E.; Boccieri, E.;
Pianese, J.; et al. Immune Thrombocytopenia in a Child with COVID-19: Is It the Calm after the (Cytokine) Storm? Pediatr. Blood
Cancer 2022, 69, €29326. [CrossRef] [PubMed]

Gavriilaki, E.; Sakellari, I.; Gavriilaki, M.; Anagnostopoulos, A. Thrombocytopenia in COVID-19: Pathophysiology Matters. Ann.
Hematol. 2021, 100, 2139-2140. [CrossRef]

Gavriilaki, E.; Brodsky, R.A. Severe COVID-19 Infection and Thrombotic Microangiopathy: Success Does Not Come Easily. Br. J.
Haematol. 2020, 189, e227—-€230. [CrossRef] [PubMed]

Kumar, R.; Kahr, WH.A. Congenital Thrombocytopenia: Clinical Manifestations, Laboratory Abnormalities, and Molecular
Defects of a Heterogeneous Group of Conditions. Hematol. Oncol. Clin. N. Am. 2013, 27, 465-494. [CrossRef] [PubMed]
Drachman, J.G. Inherited Thrombocytopenia: When a Low Platelet Count Does Not Mean ITP. Blood 2004, 103, 390-398. [CrossRef]
Kosmidou, A.; Gavriilaki, E.; Tragiannidis, A. The Challenge for a Correct Diagnosis of Refractory Thrombocytopenia: ITP or
MDS with Isolated Thrombocytopenia? Cancers 2024, 16, 1462. [CrossRef]

Provan, D.; Arnold, D.M.; Bussel, ].B.; Chong, B.H.; Cooper, N.; Gernsheimer, T.; Ghanima, W.; Godeau, B.; Gonzalez-Lépez,
T.J.; Grainger, J.; et al. Updated International Consensus Report on the Investigation and Management of Primary Immune
Thrombocytopenia. Blood Adv. 2019, 3, 3780-3817. [CrossRef] [PubMed]

Tinazzi, E.; Osti, N.; Beri, R.; Argentino, G.; Veneri, D.; Dima, F.; Bason, C.; Jadav, G.; Dolcino, M.; Puccetti, A.; et al. Pathogenesis
of Immune Thrombocytopenia in Common Variable Immunodeficiency. Autoimmun. Rev. 2020, 19, 102616. [CrossRef]

Demir, S.; Keskin, A.; Sag, E.; Kaya Akca, U.; Atalay, E.; Cliceoglu, M.K,; Batu Akal, E.D.; Ozen, S.; Bilginer, Y. The Challenges in
Diagnosing Pediatric Primary Antiphospholipid Syndrome. Lupus 2022, 31, 1269-1275. [CrossRef] [PubMed]

Kim, T.O,; Lucari, B.; Macmath, D.; Grimes, A.B. High Titer ANA at Pediatric ITP Presentation Associated with Progression to
Systemic Lupus Erythematosus. Blood 2023, 142, 804. [CrossRef]

Pincez, T.; Fernandes, H.; Leblanc, T.; Michel, G.; Barlogis, V.; Bertrand, Y.; Neven, B.; Chahla, W.A.; Pasquet, M.; Guitton, C.;
et al. Long Term Follow-up of Pediatric-Onset Evans Syndrome: Broad Immunopathological Manifestations and High Treatment
Burden. Haematologica 2022, 107, 457-466. [CrossRef] [PubMed]

McMillan, R.; Wang, L.; Tani, P. Prospective Evaluation of the Inmunobead Assay for the Diagnosis of Adult Chronic Immune
Thrombocytopenic Purpura (ITP). J. Thromb. Haemost. 2003, 1, 485-491. [CrossRef]

Jayabose, S.; Levendoglu-Tugal, O.; Ozkaynkak, M.E; Visintainer, P.; Sandoval, C. Long-Term Outcome of Chronic Idiopathic
Thrombocytopenic Purpura in Children. J. Pediatr. Hematol. Oncol. 2004, 26, 724-726. [CrossRef] [PubMed]

Heitink-Pollé, K M.].; Uiterwaal, C.S.PM.; Porcelijn, L.; Tamminga, R.Y.J.; Smiers, EJ.; van Woerden, N.L.; Wesseling, J.; Vidarsson,
G.; Laarhoven, A.G.; de Haas, M.; et al. Intravenous Immunoglobulin vs Observation in Childhood Immune Thrombocytopenia:
A Randomized Controlled Trial. Blood 2018, 132, 883-891. [CrossRef] [PubMed]

Ma, J.; Fu, L,; Chen, Z.; Gu, H.; Ma, ].; Wu, R. High-Dose Dexamethasone as a Replacement for Traditional Prednisone as the
First-Line Treatment in Children with Previously Untreated Primary Immune Thrombocytopenia: A Prospective, Randomized
Single-Center Study. Int. J. Hematol. 2020, 112, 773-779. [CrossRef] [PubMed]

Ayad, N.; Grace, R.F.; Al-Samkari, H. Thrombopoietin Receptor Agonists and Rituximab for Treatment of Pediatric Immune
Thrombocytopenia: A Systematic Review and Meta-Analysis of Prospective Clinical Trials. Pediatr. Blood Cancer 2022, 69, e29447.
[CrossRef] [PubMed]

Ibrahim, L.; Dong, S.X.; O’'Hearn, K.; Grimes, A.B.; Kaicker, S.; FritchLilla, S.; Breakey, V.R.; Grace, R.F,; Lebensburger, ].D.;
Klaassen, R.J.; et al. Pediatric Refractory Immune Thrombocytopenia: A Systematic Review. Pediatr. Blood Cancer 2023, 70, e30173.
[CrossRef] [PubMed]

Neunert, C.; Heitink-Polle, K.M.]J.; Lambert, M.P. A Proposal for New Definition (s) and Management Approach to Paediatric
Refractory ITP: Reflections from the Intercontinental ITP Study Group. Br. J. Haematol. 2023, 203, 17-22. [CrossRef]

Chang, M.; Nakagawa, P.A.; Williams, S.A.; Schwartz, M.R.; Imfeld, K.L.; Buzby, ].S.; Nugent, D.J]. Inmune Thrombocytopenic
Purpura (ITP) Plasma and Purified ITP Monoclonal Autoantibodies Inhibit Megakaryocytopoiesis in Vitro. Blood 2003, 102,
887-895. [CrossRef] [PubMed]

Lev, PR.; Grodzielski, M.; Goette, N.P.; Glembotsky, A.C.; Espasandin, Y.R.; Pierdominici, M.S.; Contrufo, G.; Montero, V.S.;
Ferrari, L.; Molinas, F.C.; et al. Impaired Proplatelet Formation in Immune Thrombocytopenia: A Novel Mechanism Contributing
to Decreased Platelet Count. Br. . Haematol. 2014, 165, 854-864. [CrossRef] [PubMed]


https://doi.org/10.1080/08880010290097233
https://doi.org/10.1016/j.jpeds.2009.10.015
https://www.ncbi.nlm.nih.gov/pubmed/20097358
https://doi.org/10.1056/NEJMoa2104840
https://www.ncbi.nlm.nih.gov/pubmed/33835769
https://doi.org/10.1002/pbc.29326
https://www.ncbi.nlm.nih.gov/pubmed/34490996
https://doi.org/10.1007/s00277-020-04183-3
https://doi.org/10.1111/bjh.16783
https://www.ncbi.nlm.nih.gov/pubmed/32369610
https://doi.org/10.1016/j.hoc.2013.02.004
https://www.ncbi.nlm.nih.gov/pubmed/23714308
https://doi.org/10.1182/blood-2003-05-1742
https://doi.org/10.3390/cancers16081462
https://doi.org/10.1182/bloodadvances.2019000812
https://www.ncbi.nlm.nih.gov/pubmed/31770441
https://doi.org/10.1016/j.autrev.2020.102616
https://doi.org/10.1177/09612033221108853
https://www.ncbi.nlm.nih.gov/pubmed/35746827
https://doi.org/10.1182/blood-2023-186958
https://doi.org/10.3324/haematol.2020.271106
https://www.ncbi.nlm.nih.gov/pubmed/33440924
https://doi.org/10.1046/j.1538-7836.2003.00091.x
https://doi.org/10.1097/00043426-200411000-00007
https://www.ncbi.nlm.nih.gov/pubmed/15543006
https://doi.org/10.1182/blood-2018-02-830844
https://www.ncbi.nlm.nih.gov/pubmed/29945954
https://doi.org/10.1007/s12185-020-02977-9
https://www.ncbi.nlm.nih.gov/pubmed/32885352
https://doi.org/10.1002/pbc.29447
https://www.ncbi.nlm.nih.gov/pubmed/34962697
https://doi.org/10.1002/pbc.30173
https://www.ncbi.nlm.nih.gov/pubmed/36579787
https://doi.org/10.1111/bjh.19072
https://doi.org/10.1182/blood-2002-05-1475
https://www.ncbi.nlm.nih.gov/pubmed/12676790
https://doi.org/10.1111/bjh.12832
https://www.ncbi.nlm.nih.gov/pubmed/24673454

Curr. Issues Mol. Biol. 2025, 47, 65 13 of 16

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Iraqi, M.; Perdomo, J.; Yan, F; Choi, P.Y.-I.; Chong, B.H. Immune Thrombocytopenia: Antiplatelet Autoantibodies Inhibit
Proplatelet Formation by Megakaryocytes and Impair Platelet Production in Vitro. Haematologica 2015, 100, 623—632. [CrossRef]
Luke, N.; Pierce, K.; Hillier, K. Cytokine Expression in Pediatric Patients with Inmune Thrombocytopenia in Different Phases of
Disease. Eur. ]. Haematol. 2024, 113, 384-385. [CrossRef]

Bussel, ].B.; Soff, G.; Balduzzi, A.; Cooper, N.; Lawrence, T.; Semple, ]. W. A Review of Romiplostim Mechanism of Action and
Clinical Applicability. Drug Des. Devel Ther. 2021, 15, 2243-2268. [CrossRef]

van Leeuwen, E.F; van der Ven, ].T.; Engelfriet, C.P.; von dem Borne, A.E. Specificity of Autoantibodies in Autoimmune
Thrombocytopenia. Blood 1982, 59, 23-26. [CrossRef]

Kuwana, M.; Okazaki, Y.; Ikeda, Y. Detection of Circulating B Cells Producing Anti-GPIb Autoantibodies in Patients with Inmune
Thrombocytopenia. PLoS ONE 2014, 9, e86943. [CrossRef] [PubMed]

Gernsheimer, T.; Stratton, J.; Ballem, PJ.; Slichter, S.J. Mechanisms of Response to Treatment in Autoimmune Thrombocytopenic
Purpura. N. Engl. |. Med. 1989, 320, 974-980. [CrossRef] [PubMed]

Norris, P.A.A.; Segel, G.B.; Burack, W.R,; Sachs, U.J.; Lissenberg-Thunnissen, S.N.; Vidarsson, G.; Bayat, B.; Cserti-Gazdewich,
C.M.; Callum, J.; Lin, Y.; et al. FcyRI and FeyRIII on Splenic Macrophages Mediate Phagocytosis of Anti-Glycoprotein IIb/IIla
Autoantibody-Opsonized Platelets in Immune Thrombocytopenia. Haematologica 2021, 106, 250-254. [CrossRef]

Najaoui, A.; Bakchoul, T,; Stoy, J.; Bein, G.; Rummel, M.].; Santoso, S.; Sachs, U.J. Autoantibody-Mediated Complement Activation
on Platelets Is a Common Finding in Patients with Immune Thrombocytopenic Purpura (ITP). Eur. ]. Haematol. 2012, 88, 167-174.
[CrossRef]

Quach, M.E,; Chen, W.; Li, R. Mechanisms of Platelet Clearance and Translation to Improve Platelet Storage. Blood 2018, 131,
1512-1521. [CrossRef] [PubMed]

Grozovsky, R.; Begonja, A.J.; Liu, K.; Visner, G.; Hartwig, ].H.; Falet, H.; Hoffmeister, K M. The Ashwell-Morell Receptor Regulates
Hepatic Thrombopoietin Production via JAK2-STAT3 Signaling. Nat. Med. 2015, 21, 47-54. [CrossRef] [PubMed]

Kaser, A.; Brandacher, G.; Steurer, W.; Kaser, S.; Offner, FA.; Zoller, H.; Theurl, I.; Widder, W.; Molnar, C.; Ludwiczek, O.;
et al. Interleukin-6 Stimulates Thrombopoiesis through Thrombopoietin: Role in Inflammatory Thrombocytosis. Blood 2001, 98,
2720-2725. [CrossRef] [PubMed]

Grozovsky, R.; Giannini, S.; Falet, H.; Hoffmeister, K.M. Regulating Billions of Blood Platelets: Glycans and Beyond. Blood 2015,
126, 1877-1884. [CrossRef] [PubMed]

Cooper, N.; Ghanima, W. Immune Thrombocytopenia. N. Engl. ]. Med. 2019, 381, 945-955. [CrossRef] [PubMed]

Hoffman, R.; Zaknoen, S.; Yang, H.H.; Bruno, E.; LoBuglio, A.F; Arrowsmith, J.B.; Prchal, ].T. An Antibody Cytotoxic to
Megakaryocyte Progenitor Cells in a Patient with Immune Thrombocytopenic Purpura. N. Engl. |. Med. 1985, 312, 1170-1174.
[CrossRef] [PubMed]

Semple, J.W.; Milev, Y.; Cosgrave, D.; Mody, M.; Hornstein, A.; Blanchette, V.; Freedman, J. Differences in Serum Cytokine Levels
in Acute and Chronic Autoimmune Thrombocytopenic Purpura: Relationship to Platelet Phenotype and Antiplatelet T-Cell
Reactivity. Blood 1996, 87, 4245-4254. [CrossRef] [PubMed]

Stasi, R.; Cooper, N.; Del Poeta, G.; Stipa, E.; Laura Evangelista, M.; Abruzzese, E.; Amadori, S. Analysis of Regulatory T-Cell
Changes in Patients with Idiopathic Thrombocytopenic Purpura Receiving B Cell-Depleting Therapy with Rituximab. Blood 2008,
112,1147-1150. [CrossRef]

Zufferey, A.; Speck, E.R.; Machlus, K.R.; Aslam, R.; Guo, L.; McVey, M.].; Kim, M.; Kapur, R.; Boilard, E.; Italiano, J.E.; et al.
Mature Murine Megakaryocytes Present Antigen-MHC Class I Molecules to T Cells and Transfer Them to Platelets. Blood Adv.
2017, 1, 1773-1785. [CrossRef] [PubMed]

Marcoux, G.; Laroche, A.; Hasse, S.; Bellio, M.; Mbarik, M.; Tamagne, M.; Allaeys, 1.; Zufferey, A.; Lévesque, T.; Rebetz, J.; et al.
Platelet EVs Contain an Active Proteasome Involved in Protein Processing for Antigen Presentation via MHC-I Molecules. Blood
2021, 138, 2607-2620. [CrossRef] [PubMed]

Mason, K.D.; Carpinelli, M.R,; Fletcher, ].I; Collinge, J.E.; Hilton, A.A ; Ellis, S.; Kelly, PN.; Ekert, P.G.; Metcalf, D.; Roberts, AW.;
et al. Programmed Anuclear Cell Death Delimits Platelet Life Span. Cell 2007, 128, 1173-1186. [CrossRef]

Qiao, J.; Liu, Y;; Li, D.; Wu, Y,; Li, X,; Yao, Y.; Niu, M,; Fu, C,; Li, H.; Ma, P; et al. Imbalanced Expression of Bcl-XL and Bax in
Platelets Treated with Plasma from Immune Thrombocytopenia. Immunol. Res. 2016, 64, 604—609. [CrossRef]

Vrbensky, J.R.; Moore, ].E.; Arnold, D.M.; Smith, J.W.; Kelton, ].G.; Nazy, I. The Sensitivity and Specificity of Platelet Autoantibody
Testing in Immune Thrombocytopenia: A Systematic Review and Meta-Analysis of a Diagnostic Test. J. Thromb. Haemost. 2019,
17,787-794. [CrossRef] [PubMed]

Mahamad, S.; Modi, D.; Al-Samkari, H.; Cuker, A.; Despotovic, ].M.; Italiano, J.E.; Lambert, M.P,; Lee, E.-].; Rondina, M.T,;
Sholzberg, M.; et al. Proceedings of the Inmune Thrombocytopenia Summit: New Concepts in Mechanisms, Diagnosis, and
Management. Res. Pract. Thromb. Haemost. 2023, 7, 100097. [CrossRef]

Semple, ].W.; Bruce, S.; Freedman, J. Suppressed Natural Killer Cell Activity in Patients with Chronic Autoimmune Thrombocy-
topenic Purpura. Am. |. Hematol. 1991, 37, 258-262. [CrossRef]


https://doi.org/10.3324/haematol.2014.115634
https://doi.org/10.1111/ejh.14262
https://doi.org/10.2147/DDDT.S299591
https://doi.org/10.1182/blood.V59.1.23.23
https://doi.org/10.1371/journal.pone.0086943
https://www.ncbi.nlm.nih.gov/pubmed/24466297
https://doi.org/10.1056/NEJM198904133201505
https://www.ncbi.nlm.nih.gov/pubmed/2927480
https://doi.org/10.3324/haematol.2020.248385
https://doi.org/10.1111/j.1600-0609.2011.01718.x
https://doi.org/10.1182/blood-2017-08-743229
https://www.ncbi.nlm.nih.gov/pubmed/29475962
https://doi.org/10.1038/nm.3770
https://www.ncbi.nlm.nih.gov/pubmed/25485912
https://doi.org/10.1182/blood.V98.9.2720
https://www.ncbi.nlm.nih.gov/pubmed/11675343
https://doi.org/10.1182/blood-2015-01-569129
https://www.ncbi.nlm.nih.gov/pubmed/26330242
https://doi.org/10.1056/NEJMcp1810479
https://www.ncbi.nlm.nih.gov/pubmed/31483965
https://doi.org/10.1056/NEJM198505023121807
https://www.ncbi.nlm.nih.gov/pubmed/4039036
https://doi.org/10.1182/blood.V87.10.4245.bloodjournal87104245
https://www.ncbi.nlm.nih.gov/pubmed/8639783
https://doi.org/10.1182/blood-2007-12-129262
https://doi.org/10.1182/bloodadvances.2017007021
https://www.ncbi.nlm.nih.gov/pubmed/29296823
https://doi.org/10.1182/blood.2020009957
https://www.ncbi.nlm.nih.gov/pubmed/34293122
https://doi.org/10.1016/j.cell.2007.01.037
https://doi.org/10.1007/s12026-015-8760-z
https://doi.org/10.1111/jth.14419
https://www.ncbi.nlm.nih.gov/pubmed/30801909
https://doi.org/10.1016/j.rpth.2023.100097
https://doi.org/10.1002/ajh.2830370409

Curr. Issues Mol. Biol. 2025, 47, 65 14 of 16

65.

66.

67.

68.

69.

70.

71.
72.
73.

74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Chapman, L.M.; Aggrey, A.A ; Field, D.J.; Srivastava, K.; Ture, S.; Yui, K.; Topham, D.J.; Baldwin, W.M.; Morrell, C.N. Platelets
Present Antigen in the Context of MHC Class I. J. Immunol. 2012, 189, 916-923. [CrossRef] [PubMed]

Clancy, R. Cellular Immunity to Autologous Platelets and Serum-Blocking Factors in Idiopathic Thrombocytopenic Purpura.
Lancet 1972, 1, 6-9. [CrossRef]

El-Rashedi, EH.; El-Hawy, M.A.; Helwa, M.A.; Abd-Allah, S.S. Study of CD4+, CD8+, and Natural Killer Cells (CD16+, CD56+)
in Children with Immune Thrombocytopenic Purpura. Hematol. Oncol. Stem Cell Ther. 2017, 10, 8-14. [CrossRef] [PubMed]
Ebbo, M.; Audonnet, S.; Grados, A.; Benarous, L.; Mahevas, M.; Godeau, B.; Viallard, ].F,; Piperoglou, C.; Cognet, C.; Farnarier, C.;
et al. NK Cell Compartment in the Peripheral Blood and Spleen in Adult Patients with Primary Immune Thrombocytopenia. Clin.
Immunol. 2017, 177, 18-28. [CrossRef] [PubMed]

Kochhar, M.; Neunert, C. Inmune Thrombocytopenia: A Review of Upfront Treatment Strategies. Blood Rev. 2021, 49, 100822.
[CrossRef] [PubMed]

Carcao, M.; Zipursky, A.; Butchart, S.; Leaker, M.; Blanchette, V. Short-course Oral Prednisone Therapy in Children Presenting
with Acute Immune Thrombocytopenic Purpura (ITP). Acta Paediatr. 1998, 87, 71-74. [CrossRef] [PubMed]

Mithoowani, S.; Arnold, D.M. First-Line Therapy for Immune Thrombocytopenia. Hamostaseologie 2019, 39, 259-265. [CrossRef]
Cines, D.B.; McKenzie, S.E.; Siegel, D.L. Mechanisms of Action of Therapeutics in Idiopathic Thrombocytopenic Purpura. J.
Pediatr. Hematol. Oncol. 2003, 25, S52-556. [CrossRef]

Russo, G.; Parodi, E.; Farruggia, P.; Notarangelo, L.D.; Perrotta, S.; Casale, M.; Cesaro, S.; Del Borrello, G.; Del Vecchio, G.C.; Giona,
F; et al. Recommendations for the Management of Acute Inmune Thrombocytopenia in Children. A Consensus Conference from
the Italian Association of Pediatric Hematology and Oncology. Blood Transfus. 2024, 22, 253-265. [CrossRef] [PubMed]

Lazarus, A.-H. Mechanism of Action of IVIG in ITP. Vox Sang. 2002, 83 (Suppl. S1), 53-55. [CrossRef] [PubMed]

Li, J.; van der Wal, D.E.; Zhu, G.; Xu, M.; Yougbare, .; Ma, L.; Vadasz, B.; Carrim, N.; Grozovsky, R.; Ruan, M.; et al. Desialylation
Is a Mechanism of Fc-Independent Platelet Clearance and a Therapeutic Target in Immune Thrombocytopenia. Nat. Commun.
2015, 6, 7737. [CrossRef] [PubMed]

Cao, Q.; Zhu, H.; Xu, W.; Zhang, R.; Wang, Y.; Tian, Z.; Yuan, Y. Predicting the Efficacy of Glucocorticoids in Pediatric Primary
Immune Thrombocytopenia Using Plasma Proteomics. Front. Immunol. 2023, 14, 1301227. [CrossRef] [PubMed]

Parodi, E.; Giordano, P; Rivetti, E.; Giraudo, M.T.; Ansaldi, G.; Davitto, M.; Mondino, A.; Farruggia, P.; Amendola, G,
Matarese, S.M.R.; et al. Efficacy of Combined Intravenous Immunoglobulins and Steroids in Children with Primary Immune
Thrombocytopenia and Persistent Bleeding Symptoms. Blood Transfus. 2014, 12, 340-345. [CrossRef] [PubMed]

Peng, J.; Ma, S.-H.; Liu, J.; Hou, Y.; Liu, X.-M.; Niu, T.; Xu, R.-R.; Guo, C.-S.; Wang, X.-M.; Cheng, Y.-F,; et al. Association of
Autoantibody Specificity and Response to Intravenous Immunoglobulin G Therapy in Immune Thrombocytopenia: A Multicenter
Cohort Study. J. Thromb. Haemost. 2014, 12, 497-504. [CrossRef] [PubMed]

Schmidt, D.E.; Heitink-Pollé, K.M.].; Mertens, B.; Porcelijn, L.; Kapur, R.; van der Schoot, C.E.; Vidarsson, G.; van der Bom, J.G;
Bruin, M.C.A.; de Haas, M. Biological Stratification of Clinical Disease Courses in Childhood Immune Thrombocytopenia. J.
Thromb. Haemost. 2021, 19, 1071-1081. [CrossRef]

Schmidt, D.E.; Wendtland Edslev, P.; Heitink-Pollé, K.M.].; Mertens, B.; Bruin, M.C.A.; Kapur, R.; Vidarsson, G.; van der Schoot,
C.E.; Porcelijn, L.; van der Bom, J.G.; et al. A Clinical Prediction Score for Transient versus Persistent Childhood Immune
Thrombocytopenia. J. Thromb. Haemost. 2021, 19, 121-130. [CrossRef] [PubMed]

Gotesman, M.; Shear, M.; Raheel, S.; Procassini, M.; Panosyan, E.H. Pediatric Inmune Thrombocytopenia. Adv. Pediatr. 2024, 71,
229-240. [CrossRef] [PubMed]

Patel, V.L.; Mahévas, M.; Lee, S.Y,; Stasi, R.; Cunningham-Rundles, S.; Godeau, B.; Kanter, J.; Neufeld, E.; Taube, T.; Ramenghi, U;
et al. Outcomes 5 Years after Response to Rituximab Therapy in Children and Adults with Immune Thrombocytopenia. Blood
2012, 119, 5989-5995. [CrossRef] [PubMed]

Marangon, M.; Vianelli, N.; Palandri, F.; Mazzucconi, M.G.; Santoro, C.; Barcellini, W.; Fattizzo, B.; Volpetti, S.; Lucchini, E.;
Polverelli, N.; et al. Rituximab in Immune Thrombocytopenia: Gender, Age, and Response as Predictors of Long-term Response.
Eur. . Haematol. 2017, 98, 371-377. [CrossRef]

Grace, R.F; Bennett, C.M.; Ritchey, A.K; Jeng, M.; Thornburg, C.D.; Lambert, M.P,; Neier, M.; Recht, M.; Kumar, M.; Blanchette,
V.; et al. Response to Steroids Predicts Response to Rituximab in Pediatric Chronic Immune Thrombocytopenia. Pediatr. Blood
Cancer 2012, 58, 221-225. [CrossRef] [PubMed]

Rao, VK,; Price, S.; Perkins, K.; Aldridge, P.; Tretler, ].; Davis, J.; Dale, ] K.; Gill, F.; Hartman, K.R.; Stork, L.C.; et al. Use of
Rituximab for Refractory Cytopenias Associated with Autoimmune Lymphoproliferative Syndrome (ALPS). Pediatr. Blood Cancer
2009, 52, 847-852. [CrossRef]

Harris, E.M.; Hillier, K.; Al-Samkari, H.; Berbert, L.; Grace, R.F. Response to Rituximab in Children and Adults with Immune
Thrombocytopenia (ITP). Res. Pract. Thromb. Haemost. 2021, 5, €12587. [CrossRef] [PubMed]

Bennett, C.M. Prospective Phase 1/2 Study of Rituximab in Childhood and Adolescent Chronic Immune Thrombocytopenic
Purpura. Blood 2006, 107, 2639-2642. [CrossRef] [PubMed]


https://doi.org/10.4049/jimmunol.1200580
https://www.ncbi.nlm.nih.gov/pubmed/22706078
https://doi.org/10.1016/S0140-6736(72)90003-7
https://doi.org/10.1016/j.hemonc.2017.01.001
https://www.ncbi.nlm.nih.gov/pubmed/28183683
https://doi.org/10.1016/j.clim.2015.11.005
https://www.ncbi.nlm.nih.gov/pubmed/26598010
https://doi.org/10.1016/j.blre.2021.100822
https://www.ncbi.nlm.nih.gov/pubmed/33736875
https://doi.org/10.1111/j.1651-2227.1998.tb01239.x
https://www.ncbi.nlm.nih.gov/pubmed/9736224
https://doi.org/10.1055/s-0039-1684031
https://doi.org/10.1097/00043426-200312001-00012
https://doi.org/10.2450/BloodTransfus.501
https://www.ncbi.nlm.nih.gov/pubmed/37677093
https://doi.org/10.1111/j.1423-0410.2002.tb05268.x
https://www.ncbi.nlm.nih.gov/pubmed/12617104
https://doi.org/10.1038/ncomms8737
https://www.ncbi.nlm.nih.gov/pubmed/26185093
https://doi.org/10.3389/fimmu.2023.1301227
https://www.ncbi.nlm.nih.gov/pubmed/38162645
https://doi.org/10.2450/2014.0185-13
https://www.ncbi.nlm.nih.gov/pubmed/24887226
https://doi.org/10.1111/jth.12524
https://www.ncbi.nlm.nih.gov/pubmed/24517219
https://doi.org/10.1111/jth.15232
https://doi.org/10.1111/jth.15125
https://www.ncbi.nlm.nih.gov/pubmed/33058474
https://doi.org/10.1016/j.yapd.2024.02.007
https://www.ncbi.nlm.nih.gov/pubmed/38944486
https://doi.org/10.1182/blood-2011-11-393975
https://www.ncbi.nlm.nih.gov/pubmed/22566601
https://doi.org/10.1111/ejh.12839
https://doi.org/10.1002/pbc.23130
https://www.ncbi.nlm.nih.gov/pubmed/21674758
https://doi.org/10.1002/pbc.21965
https://doi.org/10.1002/rth2.12587
https://www.ncbi.nlm.nih.gov/pubmed/34466770
https://doi.org/10.1182/blood-2005-08-3518
https://www.ncbi.nlm.nih.gov/pubmed/16352811

Curr. Issues Mol. Biol. 2025, 47, 65 150f 16

88.

89.

90.

91.

92.

93.

94.

95.

96.
97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Parodi, E.; Rivetti, E.; Amendola, G.; Bisogno, G.; Calabrese, R.; Farruggia, P.; Giordano, P.; Rosaria Matarese, S.M.; Nardji,
M.; Nobili, B.; et al. Long-term Follow-up Analysis after Rituximab Therapy in Children with Refractory Symptomatic ITP:
Identification of Factors Predictive of a Sustained Response. Br. |. Haematol. 2009, 144, 552-558. [CrossRef] [PubMed]

Rao, A.; Kelly, M.; Musselman, M.; Ramadas, J.; Wilson, D.; Grossman, W.; Shenoy, S. Safety, Efficacy, and Immune Reconstitution
after Rituximab Therapy in Pediatric Patients with Chronic or Refractory Hematologic Autoimmune Cytopenias. Pediatr. Blood
Cancer 2008, 50, 822-825. [CrossRef]

Liang, Y.; Zhang, L.; Gao, J.; Hu, D.; Ai, Y. Rituximab for Children with Immune Thrombocytopenia: A Systematic Review. PLoS
ONE 2012, 7, €36698. [CrossRef] [PubMed]

Matsubara, K.; Takahashi, Y.; Hayakawa, A.; Tanaka, F.; Nakadate, H.; Sakai, M.; Maeda, N.; Oka, T.; Ishii, E.; Bessho, F; et al.
Long-Term Follow-up of Children with Refractory Immune Thrombocytopenia Treated with Rituximab. Int. J. Hematol. 2014, 99,
429-436. [CrossRef] [PubMed]

Cuker, A.; Neunert, C.E. How I Treat Refractory Immune Thrombocytopenia. Blood 2016, 128, 1547-1554. [CrossRef] [PubMed]

Neunert, C.; Terrell, D.R.; Arnold, D.M.; Buchanan, G.; Cines, D.B.; Cooper, N.; Cuker, A.; Despotovic, ].M.; George, ].N.; Grace,
R.F; et al. American Society of Hematology 2019 Guidelines for Inmune Thrombocytopenia. Blood Adv. 2019, 3, 3829-3866.
[CrossRef] [PubMed]

Atkinson, K. Thrombopoietin Receptor Agonists: Eltrombopag and Romiplostim for the Treatment of Chronic Immune Thrombo-
cytopenia Purpura. Clin. J. Oncol. Nurs. 2019, 23. [CrossRef]

Garzon, A.M.; Mitchell, W.B. Use of Thrombopoietin Receptor Agonists in Childhood Immune Thrombocytopenia. Front. Pediatr.
2015, 3, 70. [CrossRef] [PubMed]

Basciano, P.A.; Bussel, J.B. Thrombopoietin-Receptor Agonists. Curr. Opin. Hematol. 2012, 19, 392-398. [CrossRef] [PubMed]

Li, H.; Yang, H.; Liu, W.-J. Efficacy of Romiplostim in the Treatment of ITP in Children: A Meta-Analysis. Eur. Rev. Med. Pharmacol.
Sci. 2018, 22, 6162-6169. [CrossRef] [PubMed]

Ikeda, Y.; Miyakawa, Y. Development of Thrombopoietin Receptor Agonists for Clinical Use. |. Thromb. Haemost. 2009, 7, 239-244.
[CrossRef]

Lassandro, G.; Palmieri, V.V,; Barone, A.; Farruggia, P.; Giona, F; Licciardello, M.; Marinoni, M.; Marzollo, A.; Notarangelo, L.D.;
Palumbo, G.; et al. Fatigue Perception in a Cohort of Children with Chronic Immune Thrombocytopenia and Their Caregivers
Using the PedsQL MFS: Real-life Multicenter Experience of the Italian Association of Pediatric Hematology and Oncology
(AIEOP). Pediatr. Blood Cancer 2021, 68, €28840. [CrossRef]

Marcos-Pefia, S.; Ferndndez-Pernia, B.; Provan, D.; Gonzalez-Lépez, T.J. Tapering and Sustained Remission of Thrombopoietin
Receptor Agonists (TPO-RAs): Is It Time for Paediatric ITP? Adv. Ther. 2024, 41, 3771-3777. [CrossRef]

Gebetsberger, J.; Streif, W.; Dame, C. Update on the Use of Thrombopoietin-Receptor Agonists in Pediatrics. Hamostaseologie 2024,
44,316-325. [CrossRef] [PubMed]

Al-Samkari, H.; Grace, R.F,; Kuter, D.J. The Role of Romiplostim for Pediatric Patients with Immune Thrombocytopenia. Ther.
Adv. Hematol. 2020, 11, 2040620720912992. [CrossRef] [PubMed]

Tarantino, M.D.; Bussel, ].B.; Blanchette, V.S.; Despotovic, J.; Bennett, C.; Raj, A.; Williams, B.; Beam, D.; Morales, J.; Rose, M.J.;
et al. Romiplostim in Children with Immune Thrombocytopenia: A Phase 3, Randomised, Double-Blind, Placebo-Controlled
Study. Lancet 2016, 388, 45-54. [CrossRef]

de Oliveira, FL.; Sequeira, F.S.; Garanito, M.P. Safety and Efficacy of Romiplostim in Children and Adolescents with Immune
Thrombocytopenia: A Systematic Review. Hematol. Transfus. Cell Ther. 2023, 45, 83-89. [CrossRef] [PubMed]

Bussel, ].B.; de Miguel, P.G.; Despotovic, ].M.; Grainger, ].D.; Sevilla, J.; Blanchette, V.S.; Krishnamurti, L.; Connor, P,; David, M.;
Boayue, K.B.; et al. Eltrombopag for the Treatment of Children with Persistent and Chronic Immune Thrombocytopenia (PETIT):
A Randomised, Multicentre, Placebo-Controlled Study. Lancet Haematol. 2015, 2, e315-e325. [CrossRef] [PubMed]

Grainger, ].D.; Locatelli, F.; Chotsampancharoen, T.; Donyush, E.; Pongtanakul, B.; Komvilaisak, P.; Sosothikul, D.; Drelichman,
G.; Sirachainan, N.; Holzhauer, S.; et al. Eltrombopag for Children with Chronic Immune Thrombocytopenia (PETIT2): A
Randomised, Multicentre, Placebo-Controlled Trial. Lancet 2015, 386, 1649-1658. [CrossRef]

Bussel, ].B.; Buchanan, G.R.; Nugent, D.J.; Gnarra, D.J.; Bomgaars, L.R.; Blanchette, V.S.; Wang, Y.-M.; Nie, K.; Jun, S. A Random-
ized, Double-Blind Study of Romiplostim to Determine Its Safety and Efficacy in Children with Immune Thrombocytopenia.
Blood 2011, 118, 28-36. [CrossRef] [PubMed]

Jacobs, J.W.; Booth, G.S.; Raza, S.; Clark, L.M.; Fasano, R.M.; Gavriilaki, E.; Abels, E.A.; Binns, T.C.; Duque, M. A.; McQuilten,
Z.K,; et al. Current State and Potential Applications of Neonatal Fc Receptor (FcRn) Inhibitors in Hematologic Conditions. Am. J.
Hematol. 2024, 99, 2351-2366. [CrossRef] [PubMed]

Al-Samkari, H.; Neufeld, E.J. Novel Therapeutics and Future Directions for Refractory Immune Thrombocytopenia. Br. .
Haematol. 2023, 203, 65-78. [CrossRef] [PubMed]


https://doi.org/10.1111/j.1365-2141.2008.07487.x
https://www.ncbi.nlm.nih.gov/pubmed/19036077
https://doi.org/10.1002/pbc.21264
https://doi.org/10.1371/journal.pone.0036698
https://www.ncbi.nlm.nih.gov/pubmed/22666325
https://doi.org/10.1007/s12185-014-1541-y
https://www.ncbi.nlm.nih.gov/pubmed/24609717
https://doi.org/10.1182/blood-2016-03-603365
https://www.ncbi.nlm.nih.gov/pubmed/27053529
https://doi.org/10.1182/bloodadvances.2019000966
https://www.ncbi.nlm.nih.gov/pubmed/31794604
https://doi.org/10.1188/19.CJON.212-216
https://doi.org/10.3389/fped.2015.00070
https://www.ncbi.nlm.nih.gov/pubmed/26322297
https://doi.org/10.1097/MOH.0b013e328356e909
https://www.ncbi.nlm.nih.gov/pubmed/22872157
https://doi.org/10.26355/eurrev_201809_15958
https://www.ncbi.nlm.nih.gov/pubmed/30280805
https://doi.org/10.1111/j.1538-7836.2009.03440.x
https://doi.org/10.1002/pbc.28840
https://doi.org/10.1007/s12325-024-02951-5
https://doi.org/10.1055/a-2247-4209
https://www.ncbi.nlm.nih.gov/pubmed/38925157
https://doi.org/10.1177/2040620720912992
https://www.ncbi.nlm.nih.gov/pubmed/32523658
https://doi.org/10.1016/S0140-6736(16)00279-8
https://doi.org/10.1016/j.htct.2022.09.1275
https://www.ncbi.nlm.nih.gov/pubmed/36273985
https://doi.org/10.1016/S2352-3026(15)00114-3
https://www.ncbi.nlm.nih.gov/pubmed/26688484
https://doi.org/10.1016/S0140-6736(15)61107-2
https://doi.org/10.1182/blood-2010-10-313908
https://www.ncbi.nlm.nih.gov/pubmed/21502541
https://doi.org/10.1002/ajh.27487
https://www.ncbi.nlm.nih.gov/pubmed/39324647
https://doi.org/10.1111/bjh.19078
https://www.ncbi.nlm.nih.gov/pubmed/37735554

Curr. Issues Mol. Biol. 2025, 47, 65 16 of 16

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Bussel, ].B.; Arnold, D.M.; Boxer, M.A.; Cooper, N.; Mayer, ].; Zayed, H.; Tong, S.; Duliege, A.-M. Long-Term Fostamatinib
Treatment of Adults with Immune Thrombocytopenia during the Phase 3 Clinical Trial Program. Am. J. Hematol. 2019, 94, 546-553.
[CrossRef] [PubMed]

Duliege, A.-M.; Arnold, D.M.; Boccia, R.; Boxer, M.; Cooper, N.; Hill, Q.A; Liles, D.K,; Sholzberg, M.; Zayed, H.; Tong, S.; et al.
Two-Year Safety and Efficacy Outcomes with Fostamatinib in Adult Patients with Immune Thrombocytopenia (ITP): Open-Label
Extension to Phase 3 Trial Program. Blood 2018, 132, 736. [CrossRef]

Kuter, D.J.; Efraim, M.; Mayer, J.; Trnény, M.; McDonald, V.; Bird, R.; Regenbogen, T.; Garg, M.; Kaplan, Z.; Tzvetkov, N.; et al.
Rilzabrutinib, an Oral BTK Inhibitor, in Immune Thrombocytopenia. N. Engl. ]. Med. 2022, 386, 1421-1431. [CrossRef]

Kuter, D.J.; Bussel, ].B.; Ghanima, W.; Cooper, N.; Gernsheimer, T.; Lambert, M.P,; Liebman, H.A; Tarantino, M.D.; Lee, M.; Guo,
H.; et al. Rilzabrutinib versus Placebo in Adults and Adolescents with Persistent or Chronic Immune Thrombocytopenia: LUNA
3 Phase III Study. Ther. Adv. Hematol. 2023, 14, 20406207231205430. [CrossRef]

Kuter, D.J.; Ghanima, W.; Cooper, N.; Liebman, H.A.; Zhang, L.; Hu, Y.; Miyakawa, Y.; Morales Galindo, L.E.; Basquiera, A.L.; Tan,
C.W.,; et al. Efficacy and Safety of Oral Bruton Tyrosine Kinase Inhibitor (BTKi) Rilzabrutinib in Adults with Previously Treated
Immune Thrombocytopenia (ITP): A Phase 3, Placebo-Controlled, Parallel-Group, Multicenter Study (LUNA 3). Blood 2024, 144,
5. [CrossRef]

Jurczak, W.; Chojnowski, K.; Mayer, J.; Krawczyk, K.; Jamieson, B.D.; Tian, W.; Allen, L.F. Phase 3 Randomised Study of
Avatrombopag, a Novel Thrombopoietin Receptor Agonist for the Treatment of Chronic Immune Thrombocytopenia. Br. .
Haematol. 2018, 183, 479-490. [CrossRef]

An, Q. Liu, L.; Wang, D. PB2623: Avatrombopag for the Treatment of Children with Persistent and Chronic Immune Thrombocy-
topenia. Hemasphere 2023, 7, €96683e8. [CrossRef]

Wang, Z.; Zhang, A.; Xu, Z.; Wang, N.; Zhang, J.; Meng, ].; Dong, S.; Ma, ].; Hu, Y,; Ouyang, J.; et al. Efficacy and Safety of Ava-
trombopag in Chinese Children with Persistent and Chronic Primary Immune Thrombocytopenia: A Multicentre Observational
Retrospective Study in China. Br. |. Haematol. 2024, 204, 1958-1965. [CrossRef] [PubMed]

Hu, Y.; Wang, Z.; Ma, ].; Wang, N.; Meng, J.; Dong, S.; Chen, Z.; Cheng, X.; Wu, R. The Early and Rapid Response to Daratumumab
in Children with Chronic Refractory Inmune Thrombocytopenia from a Referral Single Centre of China. Br. |. Haematol. 2024,
205, 300-305. [CrossRef] [PubMed]

Zheng, X.; Zhang, H.; Guo, W.; Cao, Y,; Liu, X.; Zhai, W.; Zhang, X.; Wang, E.; Wei, |.; Yang, D.; et al. Herombopag Promotes
Platelet Engraftment and Decreases Platelet Transfusion after Allogeneic Hematopoietic Stem Cell Transplantation. Eur. ].
Haematol. 2023, 110, 527-533. [CrossRef]

Extension Study of Herombopag for Pediatric Patients with Chronic Inmune Thrombocytopenia. Available online: https:
/ /clinicaltrials.gov/study /NCT05685420?cond=NCT05685420&rank=1 (accessed on 12 December 2024).

A Prospective, One-Arm and Open Clinical Study of Obinutuzumab in the Treatment of Pediatric Primary Immune Thrombocy-
topenia (ITP). Available online: https://clinicaltrials.gov/study/NCT06094881?cond=NCT06094881&rank=1 (accessed on 12
December 2024).

Cheng, X.; Wang, Z.; Dong, S.; Ma, J.; Meng, J.; Wang, X.; Wu, R. Outcomes of Switching to Avatrombopag Following Treatment
Failure with Eltrombopag in Paediatric Immune Thrombocytopenia: A Real-World Study in China. Br. J. Haematol. 2023, 202,
636—644. [CrossRef] [PubMed]

Turudic, D.; Zupan, D.; Perkovic, D.T.; Zima, D.; Bakoti¢, B.S.; Milosevic, D.; Bilic, E. Successful Avatrombopag Salvage Treatment
in a Pediatric Patient with ANA-Positive Refractory Thrombocytopenia. Pediatr. Blood Cancer 2024, 71, €31243. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/ajh.25444
https://www.ncbi.nlm.nih.gov/pubmed/30784097
https://doi.org/10.1182/blood-2018-99-110482
https://doi.org/10.1056/NEJMoa2110297
https://doi.org/10.1177/20406207231205431
https://doi.org/10.1182/blood-2024-199718
https://doi.org/10.1111/bjh.15573
https://doi.org/10.1097/01.HS9.0000977180.96683.e8
https://doi.org/10.1111/bjh.19342
https://www.ncbi.nlm.nih.gov/pubmed/38362793
https://doi.org/10.1111/bjh.19553
https://www.ncbi.nlm.nih.gov/pubmed/38831655
https://doi.org/10.1111/ejh.13925
https://clinicaltrials.gov/study/NCT05685420?cond=NCT05685420&rank=1
https://clinicaltrials.gov/study/NCT05685420?cond=NCT05685420&rank=1
https://clinicaltrials.gov/study/NCT06094881?cond=NCT06094881&rank=1
https://doi.org/10.1111/bjh.18864
https://www.ncbi.nlm.nih.gov/pubmed/37188335
https://doi.org/10.1002/pbc.31243

	Introduction 
	Pediatric ITP: Clinical Approach 
	Clinical Manifestations and Epidemiology of Pediatric ITP 
	Diagnosis and Secondary ITP Causes 
	Refractory ITP 

	Immune Dysregulation in ITP 
	Treatment of ITP in Pediatrics 
	Front-Line Treatment: Corticosteroids and IVIg 
	The Role of Anti-CD20 Monoclonal Antibodies 
	TPO-RAs in Pediatric ITP Management 

	Novel Therapeutics in ITP 
	Conclusions 
	References

