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Abstract
In tro d u c tio n : Thrombopoietin receptor agonists are commonly second-line drugs in immune
thrombocytopenia (ITP) pharmacotherapy in children and prescribed for chronic ITP refractory to first-line 
therapy.

S ta n d a rd  IT P  p h a rm a c o th e ra p y  in  ch ild ren : includes prescribing glucocorticoids or intravenous 
immunoglobulins.

T h ro m b o p o ie tin  re c e p to r  agonists: Currently Romiplostim and Eltrombopag are used in the Russian 
Federation pediatrics. Their pharmacodynamic features in comparison with other drugs used in ITP are 
presented in the paper. Increased thrombocytopoiesis is the dominant, but not the only component of 
Romiplostim and Eltrombopag mechanism of action. It is relevant to study their effect on immune tolerance 
in ITP, which may be associated with a persistent platelet response in some patients after drug 
discontinuation.

C onclusion : The issue of thrombopoietin receptor agonist efficacy and safety as well as the mode of their use 
in ITP children treatment continues to be studied. The high cost of drugs continues to be a limiting factor to 
their earlier prescription. Generic drugs -  Romiplostim and Eltrombopag partly solve the problem, promote 
their earlier prescription in ITP, but require additional study of their bioequivalence and therapeutic 
equivalence in comparison with the original drugs.
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Introduction

Immune thrombocytopenia (ITP), until 2009 called 
idiopathic thrombocytopenic purpura, is a rare disease 
characterized by isolated immune-mediated 
thrombocytopenia (platelet count less than 100x109/L) 
with or without hemorrhagic syndrome of varying 
severity. A decrease in the platelet number occurs due 
to their autoimmune destruction, as well as impaired 
proliferation of megakaryocytes and the formation of 
platelets from them (Krysanov et al. 2017; Zotova and 
Sergeev 2018; Vishnu and Aboulafia 2020). Up to 10% 
of patients with ITP suffer from major bleeding, 
including 0.1% to 0.9% of cases with life-threatening 
intracranial hemorrhages (Nolla et al. 2020). The 
incidence of ITP in the world is 1.6-3.9 per 100,000 
adults per year, in children -  from 1.9 to 6.4 per
100,000 (Payandeh et al. 2018), which makes it 
possible to classify as a rare (orphan) disease 
(Krysanov et al. 2017). At the same time, newly 
diagnosed acute ITP (up to 3 months from the moment 
of diagnosis) in 30% of cases turns into persistent 
(prolonged, lasting 3-12 months), and in 5-10% into 
chronic (lasting more than 12 months) (Zotova et al. 
2017).

The main mechanism for the ITP development is an 
intensive platelet destruction by macrophages as a 
result of specific autoantibodies to platelet membrane 
receptors (recognition is carried out by glycoproteins 
GP IIb/IIIa and GP Ib/IX) and megakaryocytes

(MKC), which subsequently disturbs 
megakaryocytopoiesis (Zotova et al. 2017; Kontievsky 
and Golenkov 2019; Singh et al. 2021). The platelet 
destruction is caused by the binding of sensitized 
platelets to the Fc receptors (FcyRIIA and FcyRIIIA) 
of phagocytes, followed by their uptake by spleen 
macrophages (less often by liver and lymph node 
macrophages), as well as platelet destruction by 
complement-mediated lysis, especially in the presence 
of anti-GPIb /IX antibodies (Rumyancev and Maschan
2015).

Disbalance of T helper cells (Th1/Th2), which 
leads to an increase in the number and activity of 
cytotoxic T cells, plays an important role in ITP 
pathogenesis. An increased number of cytotoxic CD8+ 
and CD3+ T-lymphocytes inhibits platelet activity and 
induces their apoptosis through cell-mediated reactions 
(Zotova et al. 2017; Zotova and Sergeev 2018). In 
addition, a potent decrease in the activity of regulatory 
T-cells (Tregs) leads to dysregulation of T-helper- 
mediated B-cell activation. B cells produce a lot of 
autoantibodies, resulting in opsonization, phagocytosis, 
complement activation and platelet destruction. Both 
the variant with enhanced peripheral clearance of 
platelets, and, on the contrary, the variant with a 
marked reduced platelet formation with a mild reduced 
platelet life can dominant in the thrombocytopenia 
mechanism (Rumyancev and Maschan 2015).

Due to autoimmune nature of the disease, the 
standard ITP pharmacotherapy includes 
immunosuppressive drugs (glucocorticoids,



immunosuppressants, monoclonal antibodies) and 
immunomodulatory drugs (immunoglobulin drugs). 
However, their use does not always produce the 
desired effect. In recent years, thrombopoietin drugs 
and thrombopoietin receptor agonists have been used 
in the ITP treatment. Their pharmacodynamics, drug 
regimens and place in the ITP pharmacotherapy are 
currently being actively studied.

The aim of the research is to analyze the results of 
modern scientific studies of the efficacy and safety of 
thrombopoietin receptor agonists for the ITP treatment 
in children in comparison with standard 
pharmacotherapy.

Standard ITP pharmacotherapy 
in children
Currently, newly diagnosed pediatric ITP without 
severe hemorrhagic syndrome, due to the possibility of 
spontaneous remission during the first 2 months, are 
advised to be managed with observation tactics “watch 
and wait” (Petrov 2016; Cooper and Cines 2019; 
Neunert et al. 2019; Suntsova et al. 2020). The specific 
pharmacotherapy, first of all, is indicated for those 
patients who have a marked hemorrhagic syndrome 
and thrombocytopenia less than 20-30x109/L 
(Rumyancev and Maschan 2015; Petrov 2016; 
Suntsova et al. 2020).

The standard first-line drugs for newly diagnosed 
ITP treatment are glucocorticoids (GC) and 
intravenous immunoglobulins (IVIG) (Petrov 2016; 
Zotova et al. 2017; Suntsova et al. 2020; Yasser et al. 
2020). First-line therapy for chronic ITP (cITP) 
treatment includes IVIG or anti-Rh-D 
immunoglobulin, second-line therapy includes GCs 
(Prednisolone, Dexamethasone, Methylprednisolone), 
immunosuppressants (Mycophenolate mofetil, 
Azathioprine, Cyclosporine, Cyclophosphamide, 
Vinblastine, etc.), monoclonal antibody drug 
Rituximab (Giordano et al. 2020; Miltiadous et al. 
2020; Yasser et al. 2020; Park et al. 2022). The 
pharmacodynamic sign of the therapy effectiveness is 
the platelet response, which in turn is divided into 
persistent -  achieving a constant platelet count above 
50x109/L without bleeding and/or the need for 
emergency therapy and short-term -  a single increase 
in platelet number more than 50x109/L during end 
period of time.

Glucocorticoids (GCs) have been used quite 
effectively in ITP pharmacotherapy for many decades 
(Bredlau et al. 2011, Neunert et al. 2019, Warrier and 
Chauhan 2012). In Russia, GCs are still often chosen 
as the primary treatment for ITP patients. GCs inhibit a 
complex of cellular interactions that lead to increased 
destruction of platelets in ITP (Zotova et al. 2017). In 
the GC mechanism of action in ITP, it is known that 
they reduce the production of antiplatelet antibodies 
and the vascular wall permeability (Shabanov and

Vorobieva 2020). GCs have a wide range of effects on 
immune cells (macrophages, T and B cells), Fc 
receptors, reducing platelet destruction. Approximately 
70% of patients with GC therapy achieve a complete or 
partial platelet response in most cases during the first 
week of treatment (Petrov 2016), but often the 
response to therapy is unstable (Zotova et al. 2018).

Intravenous immunoglobulins (IVIG) are 
polyspecific IgG drugs, the mechanism of action of 
which is associated with an increase in the functional 
activity of Tregs and blockade of macrophage Fc 
receptors, which reduces the platelet opsonization by 
autoantibodies and prevents their destruction by spleen 
macrophages (Petrov 2016). Besides, IVIG can block 
neonatal Fc receptors on the endotheliocyte surface and 
accelerate antiplatelet antibody catabolism (Shabanov 
and Vorobyova 2020). IVIG has been used for about 
30 years in the ITP treatment, being currently the drugs 
of choice, especially if it is necessary to achieve a rapid 
effect (the effect develops after 24-48 hrs, which is 
faster compared to GCs).

Based on the literature data, approximately 70-80% 
of patients after using IVIG for 2-5 days have an 
increase in platelet count up to more than 50x109/L, a 
complete remission occurs in half of the cases (Singh 
et al. 2021). By the end of the first week of IVIG 
therapy, the platelet count reaches its maximum values; 
however, this is often temporary and persists only for 
3-4 weeks, after which it may decrease to the initial 
level (Petrov 2016). The use of IVIG requires a long 
(5-8 hrs) infusion. Side effects of IVIG are headache, 
fever, nausea, vomiting, rarely aseptic meningitis, 
acute renal failure, very rarely -  acute intravascular 
hemolysis (Bredlau et al. 2011; Rumyancev and 
Maschan 2015; Petrov 2016; Singh et al. 2021).

The combined use of GCs and IVIG is possible, 
especially for bleeding from the mucous membranes, 
extensive petechiae, purpura and ecchymosis, 
symptoms of internal bleeding. The use of these drugs 
leads to a more rapid increase in the platelet count due 
to synergistic interaction (Petrov 2016).

Anti-Rho(D)-immunoglobulin (Anti-D) also belongs 
to the first-line ITP pharmacotherapy. Anti-D can be 
prescribed only for RhD-positive children in acute and 
chronic ITP with a sufficient hemoglobin level who 
have not undergone splenectomy (Williams 2016). The 
mechanism of Anti-D action is associated with the 
blockade of Fc receptors of spleen macrophages, which 
disturbs platelet phagocytosis. Anti-D is injected much 
faster (within 10-15 min) compared to slow IVIG 
infusions. An increase in platelet levels occurs within 
1-2 days, reaching a peak by 7-14 days. Side effects 
are fever, nausea, and mild hemolysis. Since 2010, due 
to information about the potential risk of severe 
hemolysis, Anti-D-induced disseminated intravascular 
coagulation, it has been prescribed much less 
frequently (Long et al. 2012). Anti-D is not used for 
the treatment of ITP in Russia.

https://pubchem.ncbi.nlm.nih.gov/compound/Mycophenolate-mofetil
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Second-line drugs used for ITP include 
immunosuppressants, such as Azathioprine, 
Cyclosporine, Cyclophosphamide, Vincristine, 
Mycophenolate mofetil, etc., for which ITP is an off- 
label use. Their mechanism of action is associated with 
T- and B-cell inhibition. The choice is determined by 
the doctor experience of their use, since the most 
important principle of ITP treatment is its
individualization, and the clinical and laboratory 
response to immunosuppressants is unstable in most 
cases (Rumyancev and Maschan 2015; 
Gudbrandsdottir et al. 2020; Yasser et al. 2020).

Rituximab (anti-CD20 monoclonal antibody) is 
currently available for ITP treatment. Rituximab 
depletes CD20+ B cells and directly reduces
antiplatelet antibody production (Singh et al. 2021). It 
reduces the number of B-lymphocytes and antibodies, 
the expression of CD40 and CD80 on B-lymphocytes, 
which inhibits the activation of cytotoxic T-
lymphocytes. Rituximab is included in second-line ITP 
pharmacotherapy (Fig. 1). It contributes to the stable 
platelet response in 40-60%, and in 30-60% -  to a 
long-term remission (Rumyancev and Maschan 2015). 
The combined use of Rituximab with GC high doses 
(more often Dexamethasone) is possible to increase the 
therapy effectiveness (Zotova et al. 2017). Lack of 
response to Rituximab is associated with aberrant 
oligo-/monoclonal expansion of the T-cell mediated 
immune response (Vianelli et al. 2022). A meta­
analysis comparing Rituximab with thrombopoietin 
receptor agonists used in pediatric ITP found 
differences in favor of the latter in terms of sustained 
platelet response and need for emergency surgery, as 
well as adverse effects (Ayad et al. 2022). There are 
investigations demonstrating that Rituximab role and 
immunosuppressants as Cyclosporine, Vincristine 
place in ITP treatment is rather overestimated 
(Gonzalez-Lopez et al. 2022). Adverse effects of 
Rituximab include an increased susceptibility to mild 
infections and, rarely, progressive multifocal 
leukoencephalopathy (Singh et al. 2021).
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Minimizing the number of drugs and applying an 
individual approach to each child are the most 
important principles of ITP treatment. The goal of 
treatment is not so much to stabilize the platelet count 
and maintain it at any normative level, but to prevent 
the bleeding development and stop the developed 
bleeding. Insufficient predictable response to ITP 
pharmacotherapy, both first- and second-line, the high 
incidence of adverse effects justifies the need to search 
for new approaches and drugs for the ITP treatment in 
children (Zotova et al. 2017).

Thrombopoietin
agonists

receptor

F ig u re  1. First- and second-line drugs used for ITP treatment 
in children.

Relatively recently, thrombopoietin receptor agonists 
(TPO-RA) have begun to be used for ITP treatment in 
children. Thrombopoietin (TPO) is a protein involved 
in thrombocytopoiesis, the main regulator of new 
platelet production from megakaryocytes (MKC), and 
MKC maturation. It is a glycoprotein hormone 
synthesized by the liver, kidneys and skeletal muscles. 
The reduced TPO level is determined in the blood of 
ITP patients. Therefore, it has been suggested that 
activation of c-MPL thrombopoietin receptors may 
lead to thrombocytopoiesis normalization (Rumyancev 
and Maschan 2015). The hypothesis was confirmed: 
the use of first-generation of TPO-RA (recombinant 
human thrombopoietin and MKC growth factor) led to 
a significant increase in platelet levels, both in healthy 
volunteers and in patients. However, it was found that 
their use can activate the production of autoantibodies 
to TPO, which worsens the disease, so further research 
was terminated (Zotova et al. 2017). As TPO mimetics 
were based on native endogenous human TPO, anti­
drug antibodies cross-reacted with natural TPO, 
resulting in severe thrombocytopenia.

The second generation of TPO-RA in the form of a 
recombinant protein (AMG351 -  Romiplostim,
binding to the extracellular domain of the receptor) and 
a small molecular weight synthetic non-protein TPO 
receptor agonist (SB-497115 -  Eltrombopag, binding 
to the transmembrane part of the receptor) proved to be 
effective in the ITP treatment. At the same time, the 
risk of autoantibody formation to endogenous TPO 
during their use is minimal. In 2010, these drugs were 
registered in Russia (Zotova et al. 2017). There are 
currently five second-generation TPO receptor agonist 
drugs: the peptide Romiplostim and the low molecular 
weight Eltrombopag, Avatrombopag, Lusutrombopag 
and Getrombopag. Two of them -  Romiplostim and 
Eltrombopag -  have been prescribed for ITP treatment 
in children.

Romiplostim is a TPO-R peptide agonist approved 
more than ten years ago for the ITP treatment of adults, 
and since 2018, it has been used in the Russian 
Federation for the ITP treatment in children aged
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1 year and older who have no an adequate response to 
GCs, IVIG or splenectomy, and whose ITP lasted more 
than 6 months (Al-Samkari et al. 2020).

Romiplostim is a recombinant Fc-fusion protein 
with two domains: a peptide that binds to the TPO 
receptor and activates intracellular signaling pathways 
for thrombopoiesis regulation, and a carrier antibody 
with a crystallized fragment domain that undergoes 
endothelial recycling, thereby prolonging the drug half­
life (Vishnu and Aboulafia 2020). There are 
cytoplasmic, transmembrane and extracellular domains 
in the c-MPL receptor of thrombopoietin. Romiplostin 
binds to the extracellular domain of the receptor 
(Zotova et al. 2017). It dose-dependently increases 
platelet counts both in healthy people and ITP patients. 
JAK2/STAT5 are the main signal pathways for 
thrombopoietin receptor functioning; they induce the 
transcription of genes involved in platelet proliferation. 
Romiplostim is able to activate JAK2/STAT5, as well 
as PI3K/Akt, ERK and STAT3 signaling pathways, 
causing megakaryocytic colony-forming cells to 
differentiate into mature megakaryocytes and not 
undergo apoptosis (Fig. 2). The number of platelets in 
Romiplostim use begins to increase about the 5th day

and reaches a peak after 10 days (Al-Samkari et al. 
2020).

Romiplostim has a mean half-life of 3.5 days in the 
dose 3-15 mcg/kg. The peak concentration of
Romiplostim is observed on average 14 hrs after 
injection (Al-Samkari et al. 2020). The drug is 
produced in the form of a lyophilized powder, the 
solution of which is injected subcutaneously once a 
week in the in-patient department. The Romiplostim
efficacy in pediatric ITP has been evaluated in
randomized trials. A phase I/II study in patients with 
ITP<18 years of age, in which patients received 
Romiplostim (n=17) or placebo (n=5) weekly for 12 
weeks, showed the drug effectiveness and the
achievement of platelet levels « 50x109/L during the 
first 2 weeks of treatment. This effect was achieved in 
88% of patients treated with Romiplostim. The Phase 
III, double-blind, placebo-controlled study included 62 
children with ITP. The platelet response rate was 
significantly higher in the Romiplostim group (72%) 
compared to the placebo group (20%) (Al-Samkari et 
al. 2020; Suntsova et al. 2020).

F ig u re  2. Targets for action of drugs used for immune thrombocytopenia (partially according to Kim)

Romiplostim is given at a dose of 1 to 10 mcg/kg 
subcutaneously once a week. The initial dose is 1 
mcg/kg, it is increased weekly by 1 mcg/kg until the 
platelet count is > 50x109/L. Discontinuation of 
Romiplostim due to failure is recommended if the 
platelet count does not rise sufficiently after 4 weeks of 
treatment at the maximum dose (10 mcg/kg). However, it 
must be taken into account that the addition of GCs, in 
particular Prednisolone, in patients who have not 
previously the platelet response from treatment, can often 
lead to the positive dynamics (Al-Samkari et al. 2020).

The possibility of earlier use of Romiplostim 
(within the first 6 months of diagnosis) in children with 
ITP has been studied recently (Grainger et al. 2021). 
The result of the clinical study was that 93% of 
patients had a positive platelet response, 32% were in 
remission (Suntsova et al. 2020; Zotova et al. 2017; 
Yudina et al. 2019; Reiser et al. 2022).

The main adverse effects of Romiplostim are 
headache, dizziness, fatigue, epistaxis (nosebleed), 
diarrhea, inflammation of the upper respiratory tract, 
bone pain, joint pain, and muscle spasms (Vishnu and
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Aboulafia 2016). A rare but potential adverse effect in 
long-term use of Romiplostim is an increase in bone 
marrow reticulin followed by fibrosis (myelofibrosis) 
(Al-Samkari et al. 2020). The lack of information on 
long-term safety data for Romiplostim in children 
limits its use in pediatrics (Vishnu and Aboulafia
2016).

Eltrombopag is the second currently available 
TPO receptor agonist. It is a small molecule that binds 
to the transmembrane domain of the thrombopoietin 
receptor. The drug interaction with the thrombopoietin 
receptor causes conformational changes in the structure 
of the latter. Through activation of the JAK2/STAT5 
signaling pathways, Eltrombopag increases the platelet 
count by accelerating the proliferation of their 
precursors -  megakaryocytes (Dogan et al. 2022). Both 
Eltrombopag and Romiplostim have been shown to 
have an immunomodulatory effect. It is assumed that 
the immunomodulatory effect of aTPO-R is mediated 
by transforming growth factor beta (TGF-P) -  a 
cytokine involved in the development of Treg and 
found in large numbers in megakaryocytes and 
platelets. Eltrombopag may also interfere with MKC 
antigen processing and presentation (Ghanima et al. 
2019).

Eltrombopag has been approved for pediatric 
practice in children >1 year of age with chronic ITP 
refractory to other treatments since August 2015. The 
starting dosage of Eltrombopag is 50 mg per day. If a 
positive clinical and laboratory response is not 
observed within two weeks after the start of treatment, 
the dose should be increased to 75 mg per day 
(Ghanima et al. 2019; Giordano et al. 2020).

The characteristic of Eltrombopag is the ability to 
chelate extracellular and intracellular calcium, as well 
as remove iron from cells. The iron-chelating effect 
contributes to the stimulation of stem cells in vivo. At 
the same time, an unexpected complication can be 
observed as a result of iron chelation -  inhibition of 
cytokine secretion by T cells (Kuter 2022). In some 
cases, Eltrombopag as iron chelator can provoke iron 
deficiency anemia in children with ITP (Cooper and 
Cines 2019; Al-Samkari et al. 2020).

The relative advantage of Eltrombopag over 
Romiplostim is oral route of administration (Table 1). 
However, Eltrombopag absorption is sharply reduced 
by divalent calcium or magnesium cations, as well as 
dietary fats, which should be avoided in relation to the 
drug intake. For proper absorption of Eltrombopag, it 
should be taken at least 2 hrs before or 4 hrs after 
taking any medications or products containing 
polyvalent cations (antacids, calcium-rich foods, 
mineral supplements) (Singh et al. 2021).

Adverse effects of Eltrombopag include 
hepatotoxicity, which requires regular liver enzyme 
monitoring and the risk of cataracts (were identified in 
preclinical trials, but have almost no confirmation in 
clinical practice) (Ghanima et al. 2019). However, if 
patients have absorption problems or marked elevated

liver enzymes, Romiplostim should be preferred over 
Eltrombopag (Ghanima et al. 2019).

Currently one of the main disadvantages of TPO-R 
agonists is their high cost (Avxentyeva et al. 2013). 
Pharmacoeconomic studies in Russia have shown that 
the total cost of therapy for one adult patient with cITP 
for one year with Romiplostim is 3,895,692 rubles 
compared with the cost of Eltrombopag therapy -  
1,788,537 rubles (Krysanov et al. 2017). In the latest 
study, which took into account not only cost- 
effectiveness, but also budget impact analyses, it was 
found that the costs required to achieve a platelet 
response with Romiplostim therapy were lower -
2,400,000 rubles in comparison with Eltrombopag 
therapy -  2,900,000 rubles (Zhuravleva et al. 2022). 
The pharmacoeconomic study of TPO-RA in pediatric 
patients is very relevant.

T ab le  1 . Comparative characteristics of thrombopoietin 
receptor agonists (adapted from Ganima et al. 2019)

Thrombopoietin 
receptor 
agonists

Romiplostim Eltrombopag

INN

Brand names

Romiplostim

Enplate (Amgen 
Europe B.V., 
Netherlands)
Romy (Intas 
Pharmaceuticals Ltd, 
India)

Eltrombopag

Revolade (Novartis, 
Switzerland)
Promakta (Novartis, 
USA)
Eltrombopag -29F (29 
February Ltd, Russia)

Nature and Peptide agonist, Non-peptide small-
binding site in binding to molecule agonist,
TPO-R extracellular TPO-R binding to

domain transmemtrane TPO-R 
domain

Endogenous Can displace TPO No displacement of
TPO influence from its receptor TPO, may be additive

Signal pathways JAK2/STAT5 JAK2/STAT5
participating in PI3K/Akt ERK
thrombopoiesis ERK
regulation by 
drugs

STAT3

Effect on MKC Mature MKC (CD41+ Earlier MKC (including
CD61+) CD41-) and late MKC

Other effects - Chelation of Iron and
(off-target) Calcium
Drug form, Lyophilized powder Coated tablets
doses available for making solution 25 mg, 50 mg
in Russia, for injection, 250 oral
route of mcg once per day
administration, subcutaneous
use frequency once per week

Limit price Nplate Revolade
according to the 1 vial (250 mcg) - tablets 25 mg (1 box, 28
unified 34,891 rub. tab) -  53,279 rub.
information 4 vial -  139,564 rub. tablets 50 mg (1 box, 28
system in the 
field of 
procurement in 
Russia 
at the end of 
2022

tab) -  95,457 rub.
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The bioequivalent generics of TPO-RA may 
increase their availability for patients with ITP 
(Solodovnikov et al. 2020). The wider use of TPO-RA 
will provide more data about their mechanism of 
action, efficacy and safety.

At present, the Russian generic Eltrombopag -  
Eltrombopag-29F (February 29 Ltd) is registered. 
Although its selling price, presented in the state 
register of medicines, is 37% lower than the price of 
the original drug (Revolade, Novartis), it cannot be 
considered that this completely solves the issue of 
Eltrombopag high cost.

The efficacy and safety of generic Romiplostim 
manufactured in India (Romy, Intas Pharmaceuticals 
Ltd) was evaluated in children with persistent and 
chronic ITP from 2019 to 2020. Patients received 
Romiplostim for 20 weeks at a dose of 5 mcg/kg/week. 
The study showed that generic Romiplostim is 
effective and well tolerated in children with ITP as the 
original drug. It has been shown that a sustained 
platelet response after dose reduction and Romiplostim 
discontinuation was observed in 22 of 40 children 
(Mareddy et al. 2022).

Approximately one-third of patients discontinue 
TPO-RA because of a lack of platelet response (Cuker 
et al. 2022). However, if one TPO-RA does not work, 
replacing it with another TPO-RA may be effective 
(Scaramucci et al. 2014; Ghanima et al. 2019).

The experience with TPO-RA use demonstrates 
relatively good tolerability of both Romiplostim and 
Eltrombopag (Donyush et al. 2015). Their adverse 
event profile is rated as acceptable (Rumyancev and 
Maschan 2015). Both drugs have been studied in 
randomized, placebo-controlled clinical trials and are 
evidence level A drugs. Compared to some other drugs 
used in ITP, thrombopoietin receptor agonists do not 
have an immunosuppressive effect. At the same time, 
these drugs often do not eliminate the fatigue symptom 
of ITP, which makes it impossible to claim about the 
desired health-related life quality in ITP patients (Rovo 
et al. 2022).

The potential adverse effects, such as uncontrolled 
stem cell proliferation and the risk of myelofibrosis in 
use of TPO-RA, have not been proven. However, mild 
non-progressive reticulin fibrosis is rarely possible. A 
serious adverse effect of TPO-RA, mainly in adult 
patients, is a higher risk of thrombosis (Ghanima et al. 
2019; Tjepkema et al. 2022). The incidence of 
thromboembolic complications was assessed in a meta­
analysis of eleven studies, during which no statistically 
significant difference was found in thrombosis risk for 
patients receiving aTPO-R treatment compared with 
ITP patients not receiving such drugs (Tjepkema et al. 
2022). In children, the risk of thrombotic complications 
is low. Venous thrombosis of the brain sinuses is an 
extremely rare, but possible adverse effect of TPO-RA 
use in ITP patients. Two of such cases have been 
reported with Eltrombopag (Teekaput et. al. 2022). 
New challenges have appeared with the coronavirus 
infection in patients with chronic ITP while taking

TPO-RA (Pantic et al. 2022; Suvajdzic-Vukovic et al. 
2022).

A key and unresolved issue in the TPO-RA use is 
the time when drugs can be discontinued in ITP 
patients, particularly in children. A dose reduction is 
recommended in those patients who achieve a stable 
platelet count of more than 50-100 x 109/L within 3-6 
months (especially when using low doses of TPO-RA). 
Discontinuation of TPO-RA should be carried out 
gradually, increasing the interval between doses until 
the platelet count remains > 30x109/L. Primary results 
about ability of one-third of patients receiving TPO- 
RA to maintain a safe platelet count during the gradual 
drug withdrawal were surprising (Cuker et al. 2022). 
Remission without treatment needs to be studied and 
may be related to the restoration of immune tolerance. 
Activity restoration of not only megakaryocytes, but 
also of stem cells is not excluded, as shown with 
Eltrombopag for the severe aplastic anemia treatment, 
restoration of hemoglobin levels and leukocyte counts 
(Provan and Semple 2022).

The platelet reaction after the TPO-RA 
discontinuation in children is being studied. A 
multicenter retrospective study was conducted in 
children with chronic ITP with dose reduction and 
TPO-RA discontinuation in patients who achieved a 
sustained complete response. The study included ten 
patients (Eltrombopag n=6,  Romiplostim n=4).  
Treatment was discontinued after a mean dose 
reduction time of 7.6 months. Two patients relapsed 
(median follow-up 24 of months). Overall, it has been 
concluded that slow dose reduction and TPO-RA 
withdrawal can be safely performed in pediatric 
patients with chronic ITP after achievement of 
sustained complete response (Solsona et al. 2022).

There is evidence of  Romiplostim and Eltrombopag 
influence on health of babies born from cITP women to 
whom TPO-RA was prescribed during pregnancy 
(Payandeh et al. 2018; Michel et al. 2020). 
Eltrombopag use in the first trimester, with increasing 
the dose with pregnancy period, allowed for a natural 
birth without platelet transfusion. No newborns 
(6 cases) showed malformation, although the use of 
Eltrombopag was carried out before pregnancy and 
throughout pregnancy or from the first trimester. No 
cases showed maternal liver enzymes or abnormal 
platelet counts, including neonatal thrombocytosis 
(Shibata et al. 2022). More such studies and a 
prospective international registry are needed to monitor 
whether TPO-RA in wider use may lead to maternal or 
neonatal complications (Michel et al. 2020).

Other small molecule thrombopoietin receptor 
agonists (Avatrombopag, Lusutrombopag and 
Getrombopag) are used with limitations in adults or are 
in clinical trials.

Avatrombopag, an oral thrombopoietin receptor 
agonist, has been approved for use in the USA since 
2018 in adult cITP patients with chronic liver disease 
comorbidity. This drug helps to increase the platelet 
count, which subsequently eliminates the need for
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platelet transfusion and reduces the bleeding risk. 
Clinical trials are under way in the USA to evaluate 
Avatrombopag efficacy and safety in children with ITP 
(Kuter 2022). Unlike Eltrombopag, absorption of 
Avatrombopag is not reduced by dietary fats or 
divalent cations, and there is no need to follow dietary 
recommendations. Another advantage compared to 
Eltrombopag is the absence of necessity to monitor 
liver function tests, dose adjustment in patients with 
liver failure, and the cataract risk. Adverse effects of 
Avatrombopag include fever, abdominal pain, 
headache, nausea, swelling of the upper and lower 
extremities (Cheloff and Al-Samkari 2019).

Lusutrombopag, an oral aTPO-R (not registered in 
the Russian Federation), has been used in Japan since 
2015 for the treatment of cITP patients with chronic 
liver disease who are scheduled to undergo invasive 
medical or dental procedures. It is believed that 
Lusutrombopag use will reduce the need for platelet 
transfusion and urgent hemostatic therapy in patients 
with cITP during surgical interventions. 
Lusutrombopag is taken once per day for 8-14 days 
before the expected date of surgical treatment at 3 
mg/day. The drug absorbtion, as well as for 
Avatrombopag, does not depend on food intake 
(Alhouri et al. 2020).

Structurally modified Eltrombopag to improve 
efficacy and reduce adverse effects, under the name of 
Getrombopag, is being investigated in clinical trials 
only in adult ITP patients in China (Mei et al. 2022).

Since the main mechanism of TPO-RA action is the 
effect on megakaryocyto- and thrombopoiesis, their 
immunomodulatory effect with the weakening of 
platelet destruction is assumed, but not completely 
known, there are competitive directions for the new 
drug search for ITP treatment. They are under 
development or in various stages of clinical trials. 
Fostamatinib, a splenic tyrosine kinase (syk) inhibitor 
reducing antibody-dependent platelet phagocytosis, 
was approved in the USA in 2018 for the treatment of 
chronic ITP in adults. Several Fc receptor blockers are 
included in trials in adults with persistent and chronic 
ITP. Two of them (Rozanolixizumab and ARGX-117 
Efgartigimod) have completed phase II clinical trials 
(Ghanima et al. 2019). In addition, Rilzabrutinib, a 
Bruton’s tyrosine kinase inhibitor (BTKI), which 
inhibits Fc signaling, reduces platelet phagocytosis and 
autoantibody production, is promising (Provan et al. 
2022); and Sutimlimab Anti-C1s, which reduces 
complement-dependent cytotoxicity, thereby reducing 
platelet destruction (Audia and Bonnotte 2021).

Conclusion
The thrombopoietin receptor agonists Romiplostim and 
Eltrombopag, which have become available for

pediatric practice, deserve attention due to their 
efficacy and relative safety in ITP. Severe ITP 
requiring constant pharmacotherapy in combination 
with resistance or a partial, short-term platelet response 
with the first-line therapy (repeated courses of GCs and 
IVIG) are the reasons for initiating a therapy with 
TPO-RA. Nowadays TPO-RA are used not only in 
chronic ITP relapses; there is a trend towards their 
earlier use. Limited courses of TPO-RA may be given 
to children with severe newly diagnosed ITP, children 
with refractory ITP, persistent ITP, to avoid recurrent 
major bleeding and improve the effectiveness of first- 
line therapy. Earlier use of Romiplostim or 
Eltrombopag is believed to prevent the adverse effects 
associated with GC use and reduce the need for other 
subsequent treatments. All studies using Romiplostim 
or Eltrombopag in ITP have demonstrated a platelet 
response between 50-80%, depending on the criteria 
used. Unfortunately, despite the declared efficacy of 
TPO-RA therapy, some patients do not achieve or lose 
platelet response and have to consider another effective 
therapy. At the same time, the absence of cross­
resistance between Romiplostim and Eltrombopag 
makes it possible, in case of therapeutic inefficiency of 
one of these two drugs, to use the other, which is 
associated with some differences in their 
pharmacodynamics (the site of binding to the 
thrombopoietin receptor, the effect on endogenous 
TPO, MKC, signaling pathways). The choice between 
the two TPO-RA currently available in children, 
Eltrombopag and Romiplostim, is often determined by 
the need for dietary restrictions and daily use of 
Eltrombopag versus parenteral administration and 
more frequent visits to the doctor with Romiplostim, as 
well as differences in drug costs.

The duration of drug use among children with ITP 
and platelet response after TPO-RA discontinuation 
remain unresolved issues. Not only the main effect -  
stimulation of megakaryocytosis and 
thrombocytopoiesis, but also the immunomodulatory 
effect of TPO-RA allows, with the gradual withdrawal 
of drugs, maintaining a stable platelet response in some 
patients. The safety of TPO-RA in patients with a 
heterogeneous orphan disease, which is ITP, requires 
further study.

One of the key factors limiting the use of TPO-RA 
is their high cost. Currently, due to the expired patents 
for the original drugs of TPO-RA, it is possible to 
reproduce them. New generics appear, including 
Russian generic Eltrombopag. Pharmacoeconomic 
studies are needed to determine the cost-benefit ratio of 
early use of TPO-RA versus other approaches in the 
treatment of ITP, especially in pediatric practice.
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