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Abstract: Immune thrombocytopenia (ITP) is an autoimmune disease characterized by an isolated
decrease in the platelet count and an increased risk of bleeding. The pathogenesis is complex, affecting
multiple components of the immune system and causing both peripheral destruction of platelets and
impaired central megakaryopoiesis and platelet production in the bone marrow. Here, we intend to
contextualize the current knowledge on the pathophysiology, terminology, epidemiology, clinical
manifestations, diagnosis, and prognosis of ITP from a historical perspective and the first references
to the never-stopping garnering of knowledge about this entity. We highlight the necessity to better
understand ITP in order to be able to provide ITP patients with personalized treatment options,
improving disease prognosis and reducing the incidence or frequency of refractoriness.
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1. History of Immune Thrombocytopenia and Platelets

Before platelets were discovered, the identification of immune thrombocytopenia (ITP)
was based exclusively on the presence of purpura in an otherwise healthy individual. In
medicine, purpura is a general term for reddish-purple skin lesions produced by bleeding
in the dermis or subcutaneous tissues. It was recognized as a clinical sign as early as
the Greco-Roman period by physicians such as Hippocrates and Galen, who described
the condition as red “eminences” or spots associated with pestilential fevers [1]. In 1735,
a German physician and poet named Paul Gottlieb Werlhof provided the first detailed
description of what we know today as ITP, separating it from the rest of the purpuras and
naming it “morbus maculosus hemorrhagicus”. He described the case of a 16-year-old young
woman with cutaneous hemorrhagic symptoms, epistaxis, and gingival bleeding [2]. From
then on, it became known as “purpura” or “Werlhof’s disease”, at a time when platelets
and other components of the blood were completely unknown.

Platelets were first referred to in 1841, when the English physician, Willian Addison,
described them as “extremely minute. . .granules” in the blood. He considered these particles
as granules from ruptured leukocytes, and they were not yet seen as independent cellular
elements [3,4]. Max Schultze published the first accurate and convincing description of
platelets as part of a study mainly devoted to white blood cells in 1865. He studied the
different types of leukocytes, but also identified other corpuscles that he named “spherules”:
“Because of their pallor and very small size, which is 6-8 times smaller than the red cells, the
individual spherules can only be recognized with good strong lens” [5]. The concept of Schultze’s

Hematol. Rep. 2024, 16, 204-219. https://doi.org/10.3390 /hematolrep16020021

https://www.mdpi.com/journal /hematolrep


https://doi.org/10.3390/hematolrep16020021
https://doi.org/10.3390/hematolrep16020021
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/hematolrep
https://www.mdpi.com
https://orcid.org/0000-0003-4840-7822
https://orcid.org/0000-0001-9711-8037
https://orcid.org/0000-0001-6396-4411
https://orcid.org/0000-0001-8443-900X
https://doi.org/10.3390/hematolrep16020021
https://www.mdpi.com/journal/hematolrep
https://www.mdpi.com/article/10.3390/hematolrep16020021?type=check_update&version=1

Hematol. Rep. 2024, 16

205

corpuscles as “dust of the blood” originating from leucocytes, mainly during infectious
diseases, was supported by many other contemporary hematologists [1]. The Italian
pathologist Bizzozero introduced the term “platelets” in 1882. He called the granules
“piastrine” in Italian, “petite plaques” later “plaquettes” in French, and “Blutplittchen” in
German. In addition to making a detailed description of their morphology as discoid
corpuscles without a nucleus, he was the first to describe platelets as a third morphological
element of the blood, unrelated to erythrocytes and leukocytes, thus contradicting his peers.
He was also the first to demonstrate the role of platelets in hemostasis and their contribution
to thrombosis; however, he could not demonstrate their origin [5-7]. One year later, in
1883, Brohm identified the association between thrombocytopenia and the syndrome
described by Werlhof [8] and so did Denys, independently, years later in 1887 [9]. The first
platelet count documenting thrombocytopenia in this purpura was performed by Hayem
in 1889 [10]. Overall, it took 150 years to find an explanation for the “morbus maculosus
haemorrhagicus”. In 1890, William Henry Howell described and named megakaryocytes
(“I shall speak of them hereafter as megakaryocytes, or large nucleated giant cells...”) [11]. In
1906, J. H. Wright described platelets as fragments of the cytoplasm of megakaryocytes.
In this way, the basic elements of megakaryopoiesis were established [12,13]. From then
on, efforts would be directed mainly at discovering the cause of thrombocytopenia in
Werlhof’s disease.

2. Pathophysiology of ITP

In 1915, Ernest Frank proposed that the cause of thrombocytopenia was the suppres-
sion of megakaryocytes by a toxic substance produced in the spleen [14]. A year later (1916),
a Viennese medical student named Paul Kaznelson proposed that the cause of thrombocy-
topenia in ITP was an increased destruction of platelets in the spleen. He also reported the
first case of splenectomy with a good response: a woman with a history consistent with
chronic ITP [15]. It was no less than 30 years later, in 1946, when Dameshek and Miller
studied the bone marrow from patients with ITP and found an increase in the total number
of megakaryocytes, while most of those cells did not produce platelets. Effective platelet
production appeared to increase after splenectomy [16,17].

The debate on the mechanisms of thrombocytopenia in ITP, peripheral destruction
of platelets versus altered production, was apparently resolved in 1951. The immune-
mediated destruction of platelets was demonstrated thanks to the experiment carried out
by William J. Harrington and colleagues. Harrington observed a child with purpura born
to a mother with chronic ITP, a condition already described by Dohrn in 1873. The child’s
purpura resolved spontaneously within 3 weeks while the mother remained thrombocy-
topenic. He then suspected that there had been a transfer of a “humoral factor” from the
mother to the baby [1,18]. To confirm his suspicion, Harrington transfused himself with
blood from an ITP patient. Harrington’s platelet count, previously normal, dropped sharply
and returned to normal over the following days. The same experiment was subsequently
carried out with healthy volunteers with the same result. He concluded that the platelet
clearance in ITP was due to a “humoral factor” [19]. That same year, Evans et al. described
the association of positive Coombs hemolytic anemia with ITP, suggesting an autoimmune
mechanism and an antiplatelet antibody as the cause of thrombocytopenia [20].

2.1. Autoantibodies

In 1965, Shulman et al. observed that the humoral factor causing thrombocytopenia
was Immunoglobulin G (IgG) [21]. In 1982, Van Leeuwen et al. found that antibodies
from patients with ITP bound to normal platelets, but not to platelets from patients with
Glanzmann’s thrombasthenia; thus, he speculated that patients with ITP produced autoan-
tibodies against platelet glycoprotein (GP) IIb or GPIlla since patients with thrombasthenia
lack either of these proteins [22]. Two years later, Woods et al. demonstrated the presence
of autoantibodies against GPIIb/Illa and GPIb in ITP patients [23,24]. Subsequently, two
new methods were described for the first time to identify these autoantibodies. These
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techniques, the Monoclonal Antibody-specific Immobilization of Platelet Antigen (MAIPA)
and the immunobead assay [25,26], were capable of detecting the presence of either free an-
tibodies in serum or those bound to platelets, with a sensitivity of 49-66% and a specificity
of 78-92% [27]. It was thus confirmed that the humoral factor described by Harrington and
colleagues was an antibody directed against the glycoproteins of the platelet membrane.

Almost in parallel to the discovery of platelet autoantibodies, bone marrow damage
as a cause of thrombocytopenia returned to prominence in the 1980s, as it was shown that
antibodies against platelet antigens also bind to megakaryocytes [28-30]. Two much more
recent studies (2003 and 2004) supported the hypothesis that ITP autoantibodies suppress
the production and maturation of megakaryocytes [31,32]. Other investigations also con-
firmed the role of megakaryocytes in the pathogenesis of the disease by showing extensive
megakaryocyte abnormalities suggestive of a “non-classical apoptosis” mechanism in ITP
patients [33]. Thus, the dogma that ITP was a disorder due exclusively to the accelerated
destruction of platelets was effectively challenged.

2.2. T Lymphocytes

New evidence suggested that the pathogenesis of ITP was more complex than
anticipated; in 1991, Semple et al. demonstrated that the T-cell compartment was also
involved in the disease. Specifically, they showed that the disease could result from an
abnormal defect in T helper (Th) cells, which could direct autoreactive B cells to produce
autoantibodies [34-36]. Subsequent studies showed that regulatory T cells (Tregs) also
contributed to disease progression through a loss of tolerance [37,38]. In 2003, Olson
et al. found that cytotoxic T cells (Tc) in ITP patients deprived of platelet antibodies, could
also cause thrombocytopenia via direct lysis [39]. A 2007 study suggested that CD8+ T
cells lead to impaired platelet production by suppressing megakaryocyte apoptosis [40].
Summarizing, ITP is a disease caused by the dysfunction of the immune system at multiple
levels, that affects multiple arms and players in the platelet-megakaryocytic lineage and
its homeostasis.

2.3. Thrombopoietin

Kelemen was the first to coin the term “thrombopoietin” in 1958 to describe a humoral
substance responsible for the recovery of the platelet count after thrombocytopenia [41].
Thrombopoietin (TPO) is a protein synthesized mainly in the liver and the main regula-
tory hormone of megakaryopoiesis. However, it was not until 1994 that its purification
and cloning were achieved [42-44]. TPO acts through the TPO receptor (also known as
MPL) promoting the proliferation, differentiation, and maturation of megakaryocytes and
precursors. Subsequently, it was observed that TPO levels in patients with ITP were low
compared to those with thrombocytopenia due to aplastic anemia, suggesting inappropriate
stimulation of thrombopoiesis in ITP [45,46].

Today, we know that TPO levels are inversely proportional to the number of platelets
or, to be more exact, to the megakaryocytic—platelet mass, which therefore includes elements
in the marrow and in the circulation. Subjects with normal platelet counts have TPO levels
in the normal physiologic range, while patients with central thrombocytopenia have high
circulating levels. Paradoxically, TPO levels in patients with ITP are lower than expected
for the degree of thrombocytopenia. We now know that this could be explained by the
rapid splenic clearance of both platelets and TPO bound to its platelet MPL receptor, thus
causing a decrease in circulating TPO levels [47]. However, the contribution of the increased
megakaryocyte mass in the bone marrow in this apparent imbalance cannot be ruled out.

The regulatory mechanisms of TPO production have been the subject of discussion
for decades. In addition to the “autoregulation” model of TPO discussed in the previous
paragraph, an additional new model has recently been described in which the loss of sialic
acid, characteristic of aging circulating platelets, determines their clearance. Desialylated
(senescent) platelets are removed from the circulation in hepatocytes via the Ashwell-
Morell receptor (AMR). The binding of platelets to this receptor results in a signaling
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cascade where JAK2 and STATS3 participate, inducing the production of TPO messenger
RNA, thus stimulating its hepatic synthesis. In this way, the replacement of “aging” by
“young” platelets in the circulation is guaranteed; “aging” platelets themselves stimulate
TPO production, thus stimulating their production in the bone marrow. In addition to TPO,
various inflammatory factors have also been postulated as regulators of megakaryopoiesis,
such as IL-6, among others [48,49].

To delve deeper into the history of ITP, we recommend the reader to peruse the
more extensive and detailed Stasi and Newland review [1]. Table 1 summarizes the major
referenced historical advances in ITP knowledge.

Table 1. ITP historical summary.

Year Author Discovery
1735 Werlhof [2] “Morbus maculosus hemorrhagicus” (ITP) identified
1841 Addison [3] The first-time platelets were referred to (“extremely minute. . .granules”)
1865 Schultze [5] First accurate description of platelets
1882 Biezozero [0 Rolo o patelts i hemosiasis
1883 Brohm [8] Association between thrombocytopenia and the Werlhof syndrome
1889 Hayem [10] First platelet count documenting thrombocytopenia in this purpura
1890 Howell [11] Description of megakaryocytes
1906 Wright [12,13] Platelets as fragments of the cytoplasm of megakaryocytes
1915 Frank [14] A toxic substance produced by the spleen causes thrombocytopenia
1916 Kaznelson [15] ;rilfsrfz;?;inilcigﬁ; destruction in the spleen
1946 Dameshek and Miller [16] iﬁ(ce:;acs:l llsn Cﬁl; Itlc())tta;)::;rlrlﬂg:; cl):treri(eetgsakaryocytes in the bone marrow. Most of
1951 Harrington et al. [19] “Humoral factor” (Immune etiology)
1951 Evans et al. [20] Anti-platelet autoantibodies
1958 Kelemen et al. [41] The first to coin the term “thrombopoietin”
1965 Shulman et al. [21] The humoral factor causing thrombocytopenia is an immunoglobulin G
1978 McMillan et al. [28] Anti-megakaryocyte autoantibodies
1982 Van Leeuwen et al. [22] Anti-glycoprotein autoantibodies
1991 Semple et al. [34] T cell abnormalities
Bartley et al. [42]
1994 Kuter et al. [43] Purification and cloning of thrombopoietin
Lok et al. [44]
1996 Er:srlrllg?:te;fl[ﬁglf] TPO levels in ITP are low compared to central thrombocytopenia
2003 Chang et al. [31] Anti-megakaryocyte autoantibodies
2004 McMillan et al. [32] Anti-megakaryocyte autoantibodies
2004 Houwezijl et al. [33] Megakaryocytic abnormalities
2015 Grozovsky et al. [48,49] Desialylated platelets are removed from the circulation in hepatocytes via AMR

Abbreviation: AMR, Ashwell-Morell receptor; TPO, thrombopoietin.

2.4. Current Pathophysiological Model in ITP

The pathogenesis of the disease remains unknown, because it most likely involves both
genetic and acquired factors. A trigger acts on a genetic susceptibility, often unknown, such
as infections or situations that affect the immune system (neoplasms, autoimmune diseases,
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vaccines. . .). Harrington’s experiment marked the beginning of the immunological era of
ITP, focusing its etiology on antibody-mediated platelet destruction. However, we currently
know that its pathophysiology is much more complex, affecting multiple components of the
immune system that mediate both the peripheral destruction of and inadequate production
of platelets [50].

In ITP, immunoglobulin G-type autoantibodies are generally the most frequent (IgA
and IgM are less frequent). These autoantibodies are produced by autoreactive B lym-
phocytes and bind to glycoproteins of the platelet membrane, which favors the clearance
of platelets from the circulation through the reticuloendothelial system (SRE) of the liver
and spleen. The main platelet targets are GPlIb/Illa and GPIb/IX, although GPIa/Ila,
GPIV, and GPV may also be targeted [50]. The cytokine, BAFF (B cell activating factor),
is increased, which stimulates autoreactive B cells, thus boosting antiplatelet antibody
production. Various mechanisms have been suggested to be responsible for the production
of auto-antibodies in ITP, such as antigenic cross-reactivity (mimicry), somatic mutations,
or defects in the elimination of autoreactive clonal B cells [51]. The current and prevailing
model of platelet clearance in ITP postulates that the platelet target of autoantibodies
determines the pathway of clearance. The anti-GPIIb/Illa antibody-mediated destruction
of platelets occurs primarily in the spleen where the interaction between the Fc fraction
of platelet-associated antibodies and the Fc receptors of macrophages initiates phagocy-
tosis. However, anti-GPIb antibodies trigger the loss of sialic acid in platelets, and this
process diverts platelet clearance towards the liver through binding to its AMR receptors
(Fc-independent mechanism). The process by which the binding of anti-GPIb antibodies
induces platelet desialylation seems to be caused by platelet basal activation, followed by
degranulation and translocation of neuraminidase to the membrane, which removes the
sialic groups from glycoproteins [52,53]. Knowledge of this modality of clearance through
AMR provides a potential explanation for the refractoriness to splenectomy, as well as
steroid and intravenous immunoglobulin therapies in a certain percentage of patients [49].
Furthermore, platelet autoantibodies also induce platelet apoptosis and allow complement
fixation, favoring their destruction [54,55].

On many occasions (30-40% of cases), the antibodies are not detected, which also
suggests the participation of other alternative immunological mechanisms, such as cellular
immunity and an imbalance of regulatory mechanisms, with the participation of cytotoxic
and regulatory T lymphocytes [56,57].

In ITP, there is a loss of immunological tolerance to specific self-antigens. There is an
imbalance in the Th1/Th2 lymphocyte ratio, resulting in the prevailing proinflammatory
effect (Th1) with the release of cytokines that activate the immune system (IL-2, TNF-c,
TNE-f, and IFN-v) and a decrease in anti-inflammatory cytokines produced by Th2 cells
(IL-4, IL-5, IL-6, IL-10, and IL-13) [50,58]. Treg lymphocytes are a subpopulation of T
cells specialized in immune suppression and contribute to the maintenance of immune
tolerance; their dysfunction determines the pathogenesis of several autoimmune diseases.
Different studies have shown a decrease in/dysfunction of Treg lymphocytes in patients
with ITP when compared to healthy subjects. Th17 lymphocytes are a subgroup of Th
lymphocytes that modulate the proinflammatory response by producing IL-17, and play a
role opposite to that of Treg lymphocytes. Several studies have shown an increase in Th17
lymphocytes and the proinflammatory cytokine IL-17 in autoimmune diseases and in active
ITP. Decreased and defective regulatory B cells (Bregs) have also been described in ITP, with
deficient production of the anti-inflammatory cytokine IL-10 [50]. Additionally, platelet
destruction in ITP patients has been documented to also be mediated by CD8+ cytotoxic
T lymphocytes, which are activated and capable of directly lysing platelets [56]. IL-21 is
synthesized by helper T cells and is increased in ITP patients compared to healthy controls.
Higher IL-21 levels could be predictors of relapse in ITP, as it has been proposed [59].

Platelet production in patients with ITP is also decreased. On the one hand, the
strikingly low levels of TPO, compared to other central thrombocytopenias, contribute
to this central defect. Although it seems that in patients with ITP there is an increase in
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the megakaryocytic mass in the marrow, it has been proven that this does not occur in
all patients, and furthermore, it is not an increase that justifies the loss of the inversed
balance between TPO levels and the number of platelets (or platelet/megakaryocyte mass).
Moreover, megakaryocytes are also targeted by the same immune mechanisms that lead
to peripheral platelet destruction. Megakaryocytes express GPIb and GPII/Illa on their
membrane, so they are also susceptible to becoming targets for autoantibodies; as it has
been shown, autoantibodies induce morphological and physiological changes on megakary-
ocytes that lead to defective megakaryopoiesis. Likewise, autoreactive Tc lymphocytes
accumulate in the bone marrow, thus causing the destruction of megakaryocytes via direct
lysis. In fact, megakaryocytes in patients with ITP present various alterations such as a
reduction in granules, vacuolization of the cytoplasm, smoothing of the plasma membrane,
and a decrease in ploidy [50,51,56]. Figure 1 shows the different mechanisms involved in
the pathogenesis of ITP.

Fc-independent clearance ‘ ’ Fc-dependent clearance ‘

‘(? AMR{;%

| Aged PLTs (desialylated) |

HSC

Bone marrow

@~

MK-blast

’ Autoantibody production

‘@

PLT and MK destruction
by cytotoxic T cells

Autoantibodies
MK impair PLT
production

Figure 1. Pathophysiology of ITP. Dysfunction of regulatory T cells (Treg) leads to a disruption in the
regulation of T helper cell (T}, )-mediated B cell activation. B cells, in turn, produce autoantibodies
in abundance that lead to opsonization, phagocytosis (by macrophages -M®-, and mediated by the
spleen tyrosine kinase -Syk-) and complement activation, desialylation, and finally destruction of
platelets. Autoantibodies further hinder megakaryocyte maturation, and autoreactive cytotoxic T cells
(Tc) destroy megakaryocytes and platelets. HSC, hematopoietic stem cell; MK-blast, megakaryoblast;
MK, megakaryocyte; PLT, platelet; AMR, Ashwell-Morell receptor. The figure was generated using
Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 un-
ported license (https://creativecommons.org/licenses/by/3.0/). Image adapted from: Singh, A_; et al.
J. Clin. Med. 2021, 10 (4): 789. [60].

3. Terminology

In 2008, a systematic review of the literature showed a lack of consensus regarding the
terminology used for this disease. The authors of the review concluded that the terminology
was confusing, and the heterogeneity in definitions was unacceptable in order to be able to
make decisions, compare different studies, and share data; there was an urgent need for
the standardization of the relevant terminology [61].
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The International Working Group (IWG), after the meeting held in Vicenza in 2007,
proposed a new standardized terminology, which was documented in 2009. The expert
panel decided to avoid the term “idiopathic”, preferring the term “immune”, to emphasize
the mechanism of the disease and chose “primary” to indicate the absence of an identifiable
underlying cause. The term “purpura” was considered inappropriate, since hemorrhagic
symptoms are absent or minimal in a large proportion of cases. The acronym ITP was
retained due to its widespread use and its usefulness for literature searches. In this way,
“ITP” came to mean immune thrombocytopenia, instead of idiopathic thrombocytopenic
purpura, as it was classically known. In addition, a platelet count of less than 100 x 10°/L
was established as the clinical threshold for diagnosis. It was considered that a predefined
uniform limit is more convenient for practical use and for comparing studies. The threshold
of 150 x 10°/L platelets, previously used by the majority, was not appropriate since a non-
negligible percentage of the healthy population and pregnant women have platelet numbers
of between 100 and 150 x 10° /L without constituting any pathology. Therefore, primary
ITP was defined as isolated thrombocytopenia < 100 x 10°/L in the absence of other causes
that may justify it. The term “secondary immune thrombocytopenia” or “secondary ITP”
has been proposed to include all forms of immune thrombocytopenia except primary ITP.
In these cases, the acronym “ITP” should be followed by the name of the associated disease.
“Severe ITP” refers to ITP that presents at diagnosis with bleeding symptoms that require
treatment, or when new bleeding symptoms require additional therapeutic intervention
with a different platelet-enhancing agent or an increased dose. “Refractory ITP” refers
to ITP that does not respond or relapses after splenectomy and is severe (associated with
bleeding or risk of bleeding that requires therapy) [62]. Since splenectomy is becoming a
rare procedure today, this definition is outdated. In fact, refractoriness is now commonly
applied to ITP patients that do not respond to multiple lines of treatment, independently
of splenectomy.

The phases of the disease were also defined. Traditionally, ITP was differentiated
into “acute” and “chronic” if the evolution of the disease was less than or more than
6 months. According to the new terminology, ITP is called newly diagnosed, persistent,
and chronic according to the time of evolution of less than 3 months, between 3 and
12 months, and more than 12 months, respectively. Regarding the response criteria, they
were defined as follows: Complete response (CR), platelet count > 100 x 10° /L and absence
of bleeding; Response (R), platelet count > 30 x 10°/L and <100 x 10°/L, an increase of
more than twice the baseline number and absence of bleeding; Non-response (NR), platelet
count < 30 x 10?/L or an increase of less than twice the baseline value or bleeding. The
expert panel decided to avoid the frequently used term “partial response” or “minimal
response”, as it was confusing, as there was heterogeneity in the criteria used [62]. As
we see, all these definitions are governed by the time of evolution of the disease, clinical
criteria, or therapeutic response, but we still lack a pathophysiological classification that
allows personalized treatment.

4. Epidemiology

ITP is a rare disease with an annual incidence that varies from 1.1 to 12.5/100,000 in-
habitants/year [63], being similar between children and adults. The distribution is trimodal
with three peaks: one in children between 1 and 5 years old, another in young adults (clear
female predominance at this peak), and another in adults > 60 years old. Overall, the
incidence is slightly higher in women [64,65]. According to a nationwide population-based
study in France, the natural history of pediatric ITP is different from that of adults since
only 35.7% of children with primary ITP will progress to persistent or chronic disease, while
adult primary ITP will become persistent or chronic in 66.7% of the cases [65]. Of note
is that this study included patients aged 13-17 years old as pediatric patients. Therefore,
given that chronification is more common in adults, the prevalence is higher in them, being
4.6 per 100,000 inhabitants of pediatric age and 9.5-23.6 per 100,000 inhabitants of adult
age [66,67].
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5. Clinical Manifestations

ITP is a disorder of primary hemostasis, and therefore the predominant symptoms
are skin and mucosal bleeding. In the Spanish TIMES registry, 484 patients were included,
both children (12.4%) and adults (87.6%), with primary (n = 433) and secondary (n = 51)
ITP. Clinical manifestations at diagnosis were observed in 72% of patients with primary
ITP and 67% of patients with secondary ITP, mainly cutaneous (61 and 63%, respectively)
and oral cavity bleedings (29% and 24%), and epistaxis (17% and 24%). Potentially severe
bleedings were rare (gastrointestinal bleedings 4% and 14%; intracranial bleedings 1% and
2%). Other bleeding symptoms included muscle hematoma (6% and 0%), metrorrhagia (5%
and 4%), and hematuria (2% and 6%) [68].

A retrospective analysis carried out in 2010 showed the first evidence suggesting a
prothrombotic state in ITP, since it observed an increase in venous thrombosis compared to
controls without ITP, without significant differences in terms of arterial thrombosis [69].
Subsequent studies have confirmed this observation, thus demonstrating that patients with
primary ITP have a higher risk, not only of venous, but also arterial thrombosis compared to
the general population and regardless of the platelet count [70-75]. The risk factors for the
development of thrombosis in ITP can be divided into three groups: related to the patient
(classic risk factors such as immobility, surgery, cancer, tobacco. . .), related to the treatment
(splenectomy, intravenous immunoglobulins [IVIG], corticosteroids, and TPO receptor
agonists [TPO-RA]), and related to ITP. Among the factors intrinsic to the disease itself,
several have been postulated: increase in the fraction of immature and hyperactive platelets,
increase in proinflammatory cytokines, presence of circulating megakaryocytes. .. [76].
A study has observed that, compared to healthy subjects, patients with ITP present an
increase in microparticles, an increase in resistance to protein C, and clot formation that is
more resistant to fibrinolysis due to elevated plasma levels of PAI-1 [77]. These series of
compensatory mechanisms constitute a procoagulant profile that would be responsible for
less frequent and severe hemorrhagic symptoms in patients with ITP when compared to
patients with thrombocytopenia of central origin and the same platelet count.

Patients with ITP also have an increased risk of infections that have classically been
linked to immunosuppressive treatments or splenectomy. We now know that platelets play
an important role in immunity and inflammation. In this sense, a study showed that the
reduction in the number of platelets in ITP, regardless of treatment with corticosteroids,
could increase the risk of infections [78].

Fatigue is a common symptom (22-39% of patients) with a great impact on the quality
of life, although it is rarely perceived as a manifestation of ITP by hematologists [79]. The
cause is not completely known, but it is probably multifactorial, with the presence of
proinflammatory cytokines playing an important role, and anemia and iron deficiency,
among others, possibly contributing. Both fatigue and other aspects of the quality of life
should be considered when indicating therapy targeted at ITP as they could improve with
treatment [80].

6. Diagnosis

Nowadays, the diagnosis of ITP continues to be one of exclusion, with no targeted,
sensitive, and specific tests yet available [81,82]. There is no general agreement on the set of
tests to be performed in the diagnostic process, and practice varies greatly. The evaluations
to be performed in suspected ITP, according to our opinion and our clinical practice, are
shown in Table 2.

The mandatory evaluations should be performed in all patients. It is essential to
investigate a family history of thrombocytopenia and take a rigorous personal history
(comorbidities, bleeding history, chronic medication, recent vaccinations, recent intake of
drugs or herbal products, duration of thrombocytopenia. ..). The physical examination
focuses on the search for hemorrhagic signs, hepatosplenomegaly, and lymphadenopathy.
The peripheral blood smear is mandatory and should be the first step in the study of all
thrombocytopenias in order to rule out pseudothrombocytopenia or abnormalities that
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indicate other associated pathologies. Platelets in patients with ITP are usually large and
well granulated, accompanied by a high mean platelet volume and immature fraction.
Despite its importance, the peripheral blood examination is the main reason for deviations
in clinical practice in our country, as it has been reported that 22.8% of adult patients with
primary ITP lack such simple cytological test [83]. Although some authors recommend the
determination of blood group and Rh, it is not essential in our area, because it lacks diag-
nostic and therapeutic utility, since anti-D immunoglobulin is not part of the therapeutic
options in Europe.

Table 2. Recommendations for the study of patients with suspected ITP.

Mandatory

Patient history, family history, physical examination, CBC and reticulocytes, peripheral blood smear, basic coagulation test, liver
function, folic acid and vitamin B12, immunoglobulin levels, serology (HIV, HBV, HCV)

Recommended

Anti-phospholipid antibodies, anti-thyroid antibodies and thyroid function, antinuclear antibodies, serum proteinogram

Tests of potential utility

Anti-glycoprotein antibodies, reticulated /immature platelet fraction, H. pylori, bone marrow examination (in selected patients),
Viral PCR for EBV, CMYV, and parvovirus, blood group and Rh, direct antiglobulin test, pregnancy test

Tests of unproven or uncertain benefit

TPO levels, bleeding time, serum complement

Abbreviation: CBC, Complete blood count; CMV, cytomegalovirus; EBV, Epstein—Barr virus; HBV, hepatitis B
virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; PCR, polymerase chain reaction; TPO, throm-
bopoietin.

The prevalence of antiphospholipid antibodies (APLAs) in patients with primary
ITP is higher compared to the general population and is estimated to be between 25
and 75% depending on the series [84]. They do not appear to affect the response to
treatment and international guidelines do not recommend their routine determination in
the absence of symptoms of antiphospholipid syndrome (e.g., thrombosis or history of
fetal loss) [85]. Our recommendation is to perform a determination routinely at diagnosis
since it emphasizes the autoimmune nature of thrombocytopenia and helps to profile the
patient’s thrombotic risk.

Antinuclear antibodies (ANA) are present in 13-65% of adults with ITP and could
be a predictor of chronicity [86] in addition to being useful to exclude systemic lupus
erythematosus.

Regardless of age, routine bone marrow testing is not necessary for the diagnosis
of ITP, as long as the clinical history, physical examination, complete blood count, and
peripheral blood smear do not show abnormalities different from those observed in isolated
thrombocytopenia. Bone marrow examination is appropriate in cases of relapse after
remission, non-response to initial treatment, prior to splenectomy, or when other alterations
are observed in the blood count or peripheral blood smear. If performed, it should include
aspiration, biopsy and flow cytometry, and cytogenetic and molecular biology studies [85].

Helicobacter pylori (H. pylori) bacterium colonizes the stomach and gastrointestinal tract,
infecting nearly 50% of the worldwide population. It is endemic in most countries of the
world, with a reported prevalence of approximately 90% in Asia and the Mediterranean
basin, and approximately 60% in Western Europe and North America. H. pylori infection is
more prevalent in adults than children because of increased exposure with age [87]. Since a
first study published in 1998 [88], different works have revealed a pathophysiological link
between ITP and H. pylori infection. Interestingly, in many countries with a high prevalence
of infection, bacterial eradication reverses thrombocytopenia in approximately 50% of ITP
cases [89]. In Spain, the only study carried out in this sense shows a platelet response rate
of 13% after the eradication of H. pylori, which is very low compared to the rest of the
published series [90]. International guidelines recommend that detection of H. pylori with a
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breath or stool antigen test should be considered in adults with typical ITP, in those with
digestive symptoms, and in those who come from high-prevalence areas [85].

A systematic review and meta-analysis of platelet auto-antibody tests (anti-GPIIb/Illa
or anti-GPIb) in the diagnosis of ITP showed that the sensitivity and specificity of direct
tests were 53% and 93%, respectively. For indirect tests, sensitivity and specificity were 18%
and 96%, respectively. Therefore, the determination of platelet autoantibodies in patients
with ITP has high specificity, but low sensitivity. A positive test could be useful to confirm
ITP, but a negative test does not rule it out [91]. Currently, international guidelines do not
recommend the determination of platelet auto-antibodies [85].

Differential Diagnosis

The differential diagnosis of ITP must be made along with the rest of the causes of
thrombocytopenia, both secondary immune and non-immune (Table 3).

Table 3. Differential diagnosis of thrombocytopenia.

Bone marrow diseases, including myelodysplastic syndromes, leukemias, other neoplasms, metastatic disease, aplastic anemia,
myelofibrosis, and Gaucher disease

Liver disease (including cirrhosis or portal hypertension)

Hereditary thrombocytopenia

Secondary immune thrombocytopenia, due to infections (HIV, HCV, HBV, H. pylori), autoimmune disorders/immunodeficiency
(CVID, systemic lupus erythematosus, hyperthyroidism or APS), malignancy (for example, lymphoproliferative disorders)

Splenomegaly (Hypersplenism)

Drugs including heparin, alemtuzumab, PD-1 inhibitors, abciximab, valproate, alcohol abuse, quinine use, exposure to
environmental toxins or chemotherapy, herbal products

Other microangiopathic disorders (DIC, TTP, HUS), Evans syndrome

Recent transfusions (post-transfusion purpura) and vaccinations

Others: vitamin B12 or folate deficiency, pregnancy, giant hemangiomas

Adapted from: Provan, D.; et al. Blood Adv. 2019, 3 (22), 3780-3817 [85]. Abbreviation: APS, antiphospholipid
syndrome; DIC, disseminated intravascular coagulation; CVID, common variable immunodeficiency; TTP, throm-
botic thrombocytopenic purpura; HUS, hemolytic uremic syndrome; HBV, hepatitis B virus; HCV, hepatitis C
virus; HIV, human immunodeficiency virus.

The differentiation between primary and secondary ITP is clinically relevant since
the treatment of the underlying cause is essential in the latter. Experts have estimated,
based on their clinical experience, that 20% of ITPs are secondary [92] and their frequency
increases with age. Specifically, in a nationwide French study, 18% of ITPs diagnosed
in adults were secondary. The main cause was hematological malignancy, followed by
systemic autoimmune diseases, chronic viral infection, and primary immunodeficiency. In
children, ITP was secondary in 2.4%, and the main causes were, in descending order, as
follows: primary immunodeficiency, systemic autoimmune diseases, and hematological
malignancies [65]. We must also highlight the importance of including drug-induced
immune thrombocytopenia in the differential diagnosis, which can be triggered by a wide
variety of medications, usually has an acute course and usually remits with withdrawal of
the drug.

Given the absence of sophisticated and targeted tests, the differential diagnosis of
ITP is often a challenge. A response to first-line therapy supports the diagnosis of ITP,
while no response does not exclude ITP but increases the likelihood of other causes of
thrombocytopenia. A real-life retrospective analysis showed a diagnostic error in 15% of
adult patients diagnosed with primary ITP, as they ultimately turned out to have another
cause of thrombocytopenia, either secondary immune or non-immune. The most com-
mon alternative diagnoses were myelodysplastic syndromes, familial thrombocytopenias,
splenomegaly/hypersplenism, liver disease, and pseudothrombocytopenia [93]. In a series
of 181 women with hereditary thrombocytopenias, 31% of them were initially labeled as
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ITP, having received, in many cases, unnecessary treatments such as immunosuppressants
and splenectomy [94].

7. Prognosis

The natural history of ITP is different in pediatric and adult populations, since adults
are more likely to develop chronic ITP. In general, up to almost 60% of adults end up
developing chronic disease [64,95], while only 11% of children continue to manifest ITP a
year after diagnosis [96]. In the pediatric population, a systematic review and meta-analysis
identified the following predictors of chronicity: female sex, age > 11 years, absence of
infection or vaccination prior to diagnosis, insidious onset, platelet count > 20 x 10° /L at
the baseline, absence of mucosal bleeding, and the presence of antinuclear antibodies [97].
In adults, in the CARMEN registry, only the presence of ANAs at a titer > 1/160 was
associated with chronicity in the multivariate analysis [95]. However, in adults, this finding
is still under debate since there are studies that did not find this association [64].

The overall mortality of patients with ITP is slightly higher than that of the general
population (1.3-2.2 times higher according to different studies). In a Danish study pub-
lished in 2014, with 20 years of follow-up, the overall mortality was higher than that of
the general population, HR 1.5 [95% CI: 1.2-1.8], mainly due to an increase in mortality
related to cardiovascular diseases, infections, hemorrhages, and hematological malignan-
cies. However, there was no increase in mortality related to solid tumors [98]. We lack
more up-to-date studies that reflect the lower use of corticosteroids or the impact of TPO-
RA; therefore, we do not know exactly the mortality of patients with ITP in the current
TPO-RA era.

Diabetes, kidney failure, vascular disease (arterial or venous thrombosis), and thyroid
disease appear to have a higher incidence among patients with ITP. Likewise, there is
also a higher incidence of hematological neoplasms such as lymphomas and leukemias,
although the rates of these neoplasms may be overestimated due to errors in the diagnosis
of ITP [71,99].

The prognosis of ITP worsens if it is secondary. One study that included patients
with primary and secondary ITP found that those who were reclassified as secondary
ITP within a median follow-up of 9.4 years had a mortality six times higher than the
general population; however, the mortality of patients with primary ITP was only 1.3 times
higher [100].

8. Areas for Future Work and Direction

ITP is an organ-specific autoimmune disease characterized by an isolated decrease in
platelet counts and an increased risk of bleeding. The pathogenesis is complex, affecting
multiple components of the immune system and causing both peripheral destruction of
platelets and inadequate production in the bone marrow. There are not many publications
that provide a historical view of ITP, contextualizing and updating, at the same time, on
the pathophysiology, clinical aspects, and diagnosis of the disease.

Since Werlhof’s original description, we have learned a lot about the pathophysiology
and management of ITP; however, important questions and challenges in regard to ITP
remain to be resolved. Although more and more progress is being made in its pathogen-
esis, it is still not completely understood and is probably different in each patient. Basic
pathophysiological aspects are still unknown, such as the functional capacity of platelets
or cellular differentiation mechanisms. The diagnosis continues to be one of exclusion,
without having sufficiently sensitive and specific tests as of today. This results in a risk of
diagnostic errors and unnecessary treatments. There are also no laboratory tests that allow
us to distinguish the predominant pathogenic pathway involved in each patient’s disease,
which translates into a homogeneous treatment for all cases. We also lack biomarkers that
allow us to recognize which patients will respond to a certain treatment, thus improving
the efficiency of the therapeutic strategies and avoiding or reducing unnecessary treat-
ments. Furthermore, ITP should be carefully studied within the different age groups, which
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should be defined by their particular pathophysiological manifestations. In particular,
adolescents and young adults (AYAS; although there is no international consensus, the
lower limit might reach 12 years while the upper limit might reach 40 years) have been
misleadingly considered either as children or as adults, which could have an impact on
the results described in previous reports, regarding prevalence and prognosis [65,96,97].
Clearly, ITP manifests with age-dependent features that, once acknowledged, will condition
the personalized treatment of patients [101].

Thus, ITP continues to present new challenges for health professionals, aimed at
improving the quality of life of patients. The future challenge should be the search for direct
diagnostic methods, specific biomarkers that predict response, and the personalization
of treatment. Basic research and clinical studies must go hand in hand to improve the
management of patients with ITP.

Author Contributions: D.M.-C. conducted the literature search and wrote the manuscript; AB., AC.
and L.S. critically reviewed the manuscript; L.G. critically reviewed and edited the manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding. L.G. was partially supported by a PDSA
Grant (Platelet Disorder Support Association; pdsa.org) and an I + D Excelencia 2020 project grant
(PID2020-117265GB-100, Ministerio de Ciencia e Innovacién Spain).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: Author L.G. is co-founder and CSO of Platelet Biotechnologies S.L. (PlaBiTe).
The remaining authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References

1.  Stasi, R;; Newland, A.C. ITP: A historical perspective. Br. |. Haematol. 2011, 153, 437-450. [CrossRef] [PubMed]

2. Werlhof, P.G. Disquisitio Medica et Philologica de Variolis et Anthracibus; Sumtibus hHaeredum Nicolai Foersteri et filii: Hannover,
Germany, 1735.

3. Addison, W. On the colourless corpuscles, and on the molecules and cytoblasts in the blood. Lond. Med. Gaz. 1842, 30, 144-148.

4. Kaushansky, K. Historical review: Megakaryopoiesis and thrombopoiesis. Blood 2008, 111, 981-986. [CrossRef] [PubMed]

5. Brewer, D.B. Max Schultze (1865), G. Bizzozero (1882) and the discovery of the platelet. Br. |. Haematol. 2006, 133, 251-258.
[CrossRef] [PubMed]

6.  Bizzozero, ]. Ueber einen neuen Formbestandtheil des Blutes und dessen Rolle bei der Thrombose und der Blutgerinnung. Arch.
Pathol. Anat. Physiol. Klin. Med. 1882, 90, 261-332. [CrossRef]

7. Ribatti, D.; Crivellato, E. Giulio Bizzozero and the discovery of platelets. Leuk. Res. 2007, 31, 1339-1341. [CrossRef] [PubMed]

8.  Brohm, E; Krauss, E. Ueber Purpura: Innaugural—Dissertation zur Erlangung der Doctorwiirde in der Medizin, Chirurgie und
Geburtshiilfe; Verlag Nicht Ermittelbar: Tiibingen, Germany, 1863.

9.  Denys, H. Etudes sur la coagulation du sang dans un cas de purpura avec diminution considerable des plaquettes. La Cell. 1887,
3, 445-462.

10. Hayem, G. Du Sang et de Ses Alterations Anatomiques; Masson: Paris, France, 1889.

11. Howell, W.H. Observations upon the occurrence, structure, and function of the giant cells of the marrow. J. Morphol. 1890, 4,
117-130. [CrossRef]

12. Wright, ].H. The origin and nature of the blood plates. Boston Med. Surg. J. 1906, 23, 643-645. [CrossRef]

13.  Wright, ].H. The histogenesis of the blood platelets. |. Morphol. 1910, 21, 263-278. [CrossRef]

14. Frank, E. Die essentielle thrombopenie (Konstitutionelle Purpura-Pseudohemophilie), I: Klinische Bild. Berl. Klin. Wochenschr.
1915, 52, 454-458.

15. Kaznelson, P. Verschwinden der hdmorrhagischen Diathese bei einem Falle von “essentieller Thrombopenie” (Frank) nach
Milzexstirpation: Splenogene thrombolytische Purpura. Wien. Klin. Wochenschr. 1916, 29, 1451-1454.

16. Dameshek, W.M.E.B. The megakaryocytes in idiopathic thrombocytopenic purpura, a form of hypersplenism. 1946. Blood 2016,
127, 3. [CrossRef]

17. Liebman, H.A. Immune thrombocytopenia (ITP): An historical perspective. Hematol. Am. Soc. Hematol. Educ. Program. 2008, 2008,

205. [CrossRef] [PubMed]


https://doi.org/10.1111/j.1365-2141.2010.08562.x
https://www.ncbi.nlm.nih.gov/pubmed/21466538
https://doi.org/10.1182/blood-2007-05-088500
https://www.ncbi.nlm.nih.gov/pubmed/18223171
https://doi.org/10.1111/j.1365-2141.2006.06036.x
https://www.ncbi.nlm.nih.gov/pubmed/16643426
https://doi.org/10.1007/BF01931360
https://doi.org/10.1016/j.leukres.2007.02.008
https://www.ncbi.nlm.nih.gov/pubmed/17383722
https://doi.org/10.1002/jmor.1050040106
https://doi.org/10.1056/NEJM190606071542301
https://doi.org/10.1002/jmor.1050210204
https://doi.org/10.1182/blood-2015-11-682948
https://doi.org/10.1182/asheducation-2008.1.205
https://www.ncbi.nlm.nih.gov/pubmed/19074083

Hematol. Rep. 2024, 16 216

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Imbach, P.; Kuhne, T.; Signer, E. Historical aspects and present knowledge of idiopathic thrombocytopenic purpura. Br. ].
Haematol. 2002, 119, 894-900. [CrossRef] [PubMed]

Harrington, W.J.; Minnich, V.; Hollingsworth, ].W.; Moore, C.V. Demonstration of a thrombocytopenic factor in the blood of
patients with thrombocytopenic purpura. J. Lab. Clin. Med. 1951, 38, 1-10. [PubMed]

Evans, R.S.; Takahashi, K.; Duane, R.T; Payne, R.; Liu, C. Primary thrombocytopenic purpura and acquired hemolytic anemia:
Evidence for a common etiology. AMA Arch. Intern. Med. 1951, 87, 48-65. [CrossRef] [PubMed]

Shulman, N.R.; Marder, V.J.; Weinrach, R.S. Similarities between known antiplatelet antibodies and the factor responsible for
thrombocytopenia in idiopathic purpura. Physiologic, serologic and isotopic studies. Ann. N. Y. Acad. Sci. 1965, 124, 499-542.
[CrossRef] [PubMed]

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]

Woods, VL, Jr.; Kurata, Y.; Montgomery, R.R.; Tani, P.; Mason, D.; Oh, E.H.; McMillan, R. Autoantibodies against platelet
glycoprotein Ib in patients with chronic immune thrombocytopenic purpura. Blood 1984, 64, 156-160. [CrossRef]

Woods, V.L,, Jr.; Oh, E.H.; Mason, D.; McMillan, R. Autoantibodies against the platelet glycoprotein IIb/Illa complex in patients
with chronic ITP. Blood 1984, 63, 368-375. [CrossRef] [PubMed]

Kiefel, V.; Santoso, S.; Weisheit, M.; Mueller-Eckhardt, C. Monoclonal antibody-specific immobilization of platelet antigens
(MAIPA): A new tool for the identification of platelet-reactive antibodies. Blood 1987, 70, 1722-1726. [CrossRef] [PubMed]
McMillan, R.; Tani, P.; Millard, F.; Berchtold, P.; Renshaw, L.; Woods, V.L., Jr. Platelet-associated and plasma anti-glycoprotein
autoantibodies in chronic ITP. Blood 1987, 70, 1040-1045. [CrossRef] [PubMed]

Warner, M.N.; Moore, J.C.; Warkentin, T.E.; Santos, A.V.; Kelton, ].G. A prospective study of protein-specific assays used to
investigate idiopathic thrombocytopenic purpura. Br. |. Haematol. 1999, 104, 442-447. [CrossRef] [PubMed]

McMillan, R.; Luiken, G.A.; Levy, R.; Yelenosky, R.; Longmire, R.L. Antibody against megakaryocytes in idiopathic thrombocy-
topenic purpura. JAMA 1978, 239, 2460-2462. [CrossRef] [PubMed]

Rabellino, E.M.; Levene, R.B.; Leung, L.L.; Nachman, R.L. Human megakaryocytes. II. Expression of platelet proteins in early
marrow megakaryocytes. J. Exp. Med. 1981, 154, 88-100. [CrossRef] [PubMed]

Vinci, G.; Tabilio, A.; Deschamps, J.E.; Van Haeke, D.; Henri, A.; Guichard, J.; Tetteroo, P.; Lansdorp, PM.; Hercend, T.; Vainchenker,
W.; et al. Immunological study of in vitro maturation of human megakaryocytes. Br. |. Haematol. 1984, 56, 589-605. [CrossRef]
[PubMed]

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]

McMillan, R.; Wang, L.; Tomer, A.; Nichol, J.; Pistillo, ]J. Suppression of in vitro megakaryocyte production by antiplatelet
autoantibodies from adult patients with chronic ITP. Blood 2004, 103, 1364-1369. [CrossRef]

Houwerzijl, E.J.; Blom, N.R.; van der Want, J.J.; Esselink, M.T.; Koornstra, ].J.; Smit, ].W.; Louwes, H.; Vellenga, E.; de Wolf,
J.T. Ultrastructural study shows morphologic features of apoptosis and para-apoptosis in megakaryocytes from patients with
idiopathic thrombocytopenic purpura. Blood 2004, 103, 500-506. [CrossRef]

Semple, ].W.; Bruce, S.; Freedman, ]. Suppressed natural killer cell activity in patients with chronic autoimmune thrombocytopenic
purpura. Am. J. Hematol. 1991, 37, 258-262. [CrossRef] [PubMed]

Semple, ].W.; Freedman, J. Natural killer cell numbers and activity in patients with chronic autoimmune thrombocytopenic
purpura. Blood 1994, 83, 870-871. [CrossRef] [PubMed]

Semple, ].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]

Yu, J.; Heck, S.; Patel, V.; Levan, |.; Yu, Y.; Bussel, ].B.; Yazdanbakhsh, K. Defective circulating CD25 regulatory T cells in patients
with chronic immune thrombocytopenic purpura. Blood 2008, 112, 1325-1328. [CrossRef]

Olsson, B.; Andersson, P.O.; Jernas, M.; Jacobsson, S.; Carlsson, B.; Carlsson, L.M.; Wadenvik, H. T-cell-mediated cytotoxicity
toward platelets in chronic idiopathic thrombocytopenic purpura. Nat. Med. 2003, 9, 1123-1124. [CrossRef] [PubMed]

Li, S.; Wang, L.; Zhao, C.; Li, L.; Peng, J.; Hou, M. CD8+ T cells suppress autologous megakaryocyte apoptosis in idiopathic
thrombocytopenic purpura. Br. J. Haematol. 2007, 139, 605-611. [CrossRef] [PubMed]

Kelemen, E.; Cserhati, I.; Tanos, B. Demonstration and some properties of human thrombopoietin in thrombocythaemic sera. Acta
Haematol. 1958, 20, 350-355. [CrossRef] [PubMed]

Bartley, T.D.; Bogenberger, J.; Hunt, P,; Li, Y.S.; Lu, H.S.; Martin, F.; Chang, M.S.; Samal, B.; Nichol, J.L.; Swift, S.; et al. Identification
and cloning of a megakaryocyte growth and development factor that is a ligand for the cytokine receptor Mpl. Cell 1994, 77,
1117-1124. [CrossRef]

Kuter, D.J.; Beeler, D.L.; Rosenberg, R.D. The purification of megapoietin: A physiological regulator of megakaryocyte growth
and platelet production. Proc. Natl. Acad. Sci. USA 1994, 91, 11104-11108. [CrossRef]


https://doi.org/10.1046/j.1365-2141.2002.03755.x
https://www.ncbi.nlm.nih.gov/pubmed/12472565
https://www.ncbi.nlm.nih.gov/pubmed/14850832
https://doi.org/10.1001/archinte.1951.03810010058005
https://www.ncbi.nlm.nih.gov/pubmed/14782741
https://doi.org/10.1111/j.1749-6632.1965.tb18984.x
https://www.ncbi.nlm.nih.gov/pubmed/5214832
https://doi.org/10.1182/blood.V59.1.23.23
https://doi.org/10.1182/blood.V64.1.156.156
https://doi.org/10.1182/blood.V63.2.368.368
https://www.ncbi.nlm.nih.gov/pubmed/6229297
https://doi.org/10.1182/blood.V70.6.1722.1722
https://www.ncbi.nlm.nih.gov/pubmed/2445398
https://doi.org/10.1182/blood.V70.4.1040.1040
https://www.ncbi.nlm.nih.gov/pubmed/3651598
https://doi.org/10.1046/j.1365-2141.1999.01218.x
https://www.ncbi.nlm.nih.gov/pubmed/10086776
https://doi.org/10.1001/jama.1978.03280500056020
https://www.ncbi.nlm.nih.gov/pubmed/565830
https://doi.org/10.1084/jem.154.1.88
https://www.ncbi.nlm.nih.gov/pubmed/6788894
https://doi.org/10.1111/j.1365-2141.1984.tb02184.x
https://www.ncbi.nlm.nih.gov/pubmed/6231944
https://doi.org/10.1182/blood-2002-05-1475
https://www.ncbi.nlm.nih.gov/pubmed/12676790
https://doi.org/10.1182/blood-2003-08-2672
https://doi.org/10.1182/blood-2003-01-0275
https://doi.org/10.1002/ajh.2830370409
https://www.ncbi.nlm.nih.gov/pubmed/1858783
https://doi.org/10.1182/blood.V83.3.870.870
https://www.ncbi.nlm.nih.gov/pubmed/8298145
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/blood-2008-01-135335
https://doi.org/10.1038/nm921
https://www.ncbi.nlm.nih.gov/pubmed/12937414
https://doi.org/10.1111/j.1365-2141.2007.06737.x
https://www.ncbi.nlm.nih.gov/pubmed/17979946
https://doi.org/10.1159/000205503
https://www.ncbi.nlm.nih.gov/pubmed/13616931
https://doi.org/10.1016/0092-8674(94)90450-2
https://doi.org/10.1073/pnas.91.23.11104

Hematol. Rep. 2024, 16 217

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Lok, S.; Kaushansky, K.; Holly, R.D.; Kuijper, J.L.; Lofton-Day, C.E.; Oort, PJ.; Grant, FJ.; Heipel, M.D.; Burkhead, S.K.; Kramer,
J.M,; et al. Cloning and expression of murine thrombopoietin cDNA and stimulation of platelet production in vivo. Nature 1994,
369, 565-568. [CrossRef] [PubMed]

Emmons, R.V; Reid, D.M.; Cohen, R.L.; Meng, G.; Young, N.S.; Dunbar, C.E.; Shulman, N.R. Human thrombopoietin levels are
high when thrombocytopenia is due to megakaryocyte deficiency and low when due to increased platelet destruction. Blood 1996,
87,4068-4071. [CrossRef] [PubMed]

Kosugi, S.; Kurata, Y.; Tomiyama, Y.; Tahara, T.; Kato, T.; Tadokoro, S.; Shiraga, M.; Honda, S.; Kanakura, Y.; Matsuzawa, Y.
Circulating thrombopoietin level in chronic immune thrombocytopenic purpura. Br. |. Haematol. 1996, 93, 704-706. [CrossRef]
[PubMed]

Kuter, D.J.; Gernsheimer, T.B. Thrombopoietin and platelet production in chronic immune thrombocytopenia. Hematol. Oncol.
Clin. N. Am. 2009, 23, 1193-1211. [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]

Grozovsky, R.; Giannini, S.; Falet, H.; Hoffmeister, K.M. Regulating billions of blood platelets: Glycans and beyond. Blood 2015,
126, 1877-1884. [CrossRef] [PubMed]

Consolini, R.; Legitimo, A.; Caparello, M.C. The Centenary of Immune Thrombocytopenia—Part 1: Revising Nomenclature and
Pathogenesis. Front. Pediatr. 2016, 4, 102. [CrossRef]

Audia, S.; Mahevas, M.; Samson, M.; Godeau, B.; Bonnotte, B. Pathogenesis of immune thrombocytopenia. Aufoimmun. Rev. 2017,
16, 620-632. [CrossRef]

Li, J.; Callum, J.L.; Lin, Y;; Zhou, Y.; Zhu, G.; Ni, H. Severe platelet desialylation in a patient with glycoprotein Ib/IX antibody-
mediated immune thrombocytopenia and fatal pulmonary hemorrhage. Haematologica 2014, 99, e61-e63. [CrossRef]

Li, J.; van der Wal, D.E.; Zhu, G.; Xu, M.; Yougbare, I.; 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]

Najaoui, A.; Bakchoul, T; Stoy, J.; Bein, G.; Rummel, M.].; Santoso, S.; Sachs, U.]. Autoantibody-mediated complement activation
on platelets is a common finding in patients with immune thrombocytopenic purpura (ITP). Eur. ]. Haematol. 2012, 88, 167-174.
[CrossRef] [PubMed]

Provan, D.; Semple, ].W. Recent advances in the mechanisms and treatment of immune thrombocytopenia. EBioMedicine 2022, 76,
103820. [CrossRef] [PubMed]

Zufferey, A.; Kapur, R.; Semple, ].W. Pathogenesis and Therapeutic Mechanisms in Immune Thrombocytopenia (ITP). . Clin. Med.
2017, 6, 16. [CrossRef]

Swinkels, M.; Rijkers, M.; Voorberg, J.; Vidarsson, G.; Leebeek, EW.G.; Jansen, A.].G. Emerging Concepts in Immune Thrombocy-
topenia. Front. Immunol. 2018, 9, 880. [CrossRef] [PubMed]

Zhao, Z.; Yang, L.; Yang, G.; Zhuang, Y.; Qian, X.; Zhou, X,; Xiao, D.; Shen, Y. Contributions of T lymphocyte abnormalities to
therapeutic outcomes in newly diagnosed patients with immune thrombocytopenia. PLoS ONE 2015, 10, e0126601. [CrossRef]
[PubMed]

Sahip, B.; Pamuk, G.E.; Uyanik, M.S.; Pamuk, O.N. Higher interleukin 21 level is predictive of relapse in immune thrombocytope-
nia. Is it associated with activation of the complement system? Br. . Haematol. 2016, 173, 321-323. [CrossRef] [PubMed]

Singh, A.; Uzun, G.; Bakchoul, T. Primary Immune Thrombocytopenia: Novel Insights into Pathophysiology and Disease
Management. J. Clin. Med. 2021, 10, 789. [CrossRef] [PubMed]

Ruggeri, M.; Fortuna, S.; Rodeghiero, F. Heterogeneity of terminology and clinical definitions in adult idiopathic thrombocytopenic
purpura: A critical appraisal from a systematic review of the literature. Haematologica 2008, 93, 98-103. [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]

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. |. Hematol. 2010, 85, 174-180. [CrossRef]

Grimaldi-Bensouda, L.; Nordon, C.; Michel, M.; Viallard, ].F.; Adoue, D.; Magy-Bertrand, N.; Durand, ].M.; Quittet, P; Fain,
O.; Bonnotte, B.; et al. Immune thrombocytopenia in adults: A prospective cohort study of clinical features and predictors of
outcome. Haematologica 2016, 101, 1039-1045. [CrossRef] [PubMed]

Moulis, G.; Palmaro, A.; Montastruc, ]J.L.; Godeau, B.; Lapeyre-Mestre, M.; Sailler, L. Epidemiology of incident immune
thrombocytopenia: A nationwide population-based study in France. Blood 2014, 124, 3308-3315. [CrossRef] [PubMed]
Abrahamson, PE; Hall, S.A.; Feudjo-Tepie, M.; Mitrani-Gold, F.S.; Logie, J. The incidence of idiopathic thrombocytopenic purpura
among adults: A population-based study and literature review. Eur. |. Haematol. 2009, 83, 83-89. [CrossRef] [PubMed]
Hedman, A.; Henter, J.I.; Hedlund, L; Elinder, G. Prevalence and treatment of chronic idiopathic thrombocytopenic purpura of
childhood in Sweden. Acta Paediatr. 1997, 86, 226-227. [CrossRef]

Palau, J.; Sancho, E.; Herrera, M.; Sanchez, S.; Mingot, M.E.; Upegui, R.I.; Rodriguez Salazar, M.].; de la Cruz, F,; Fernandez, M.C,;
Gonzalez Lopez, T.].; et al. Characteristics and management of primary and other immune thrombocytopenias: Spanish registry
study. Hematology 2017, 22, 484-492. [CrossRef]


https://doi.org/10.1038/369565a0
https://www.ncbi.nlm.nih.gov/pubmed/8202158
https://doi.org/10.1182/blood.V87.10.4068.bloodjournal87104068
https://www.ncbi.nlm.nih.gov/pubmed/8639762
https://doi.org/10.1046/j.1365-2141.1996.d01-1702.x
https://www.ncbi.nlm.nih.gov/pubmed/8652398
https://doi.org/10.1016/j.hoc.2009.09.001
https://www.ncbi.nlm.nih.gov/pubmed/19932428
https://doi.org/10.1038/nm.3770
https://doi.org/10.1182/blood-2015-01-569129
https://www.ncbi.nlm.nih.gov/pubmed/26330242
https://doi.org/10.3389/fped.2016.00102
https://doi.org/10.1016/j.autrev.2017.04.012
https://doi.org/10.3324/haematol.2013.102897
https://doi.org/10.1038/ncomms8737
https://doi.org/10.1111/j.1600-0609.2011.01718.x
https://www.ncbi.nlm.nih.gov/pubmed/21985182
https://doi.org/10.1016/j.ebiom.2022.103820
https://www.ncbi.nlm.nih.gov/pubmed/35074629
https://doi.org/10.3390/jcm6020016
https://doi.org/10.3389/fimmu.2018.00880
https://www.ncbi.nlm.nih.gov/pubmed/29760702
https://doi.org/10.1371/journal.pone.0126601
https://www.ncbi.nlm.nih.gov/pubmed/25978334
https://doi.org/10.1111/bjh.13593
https://www.ncbi.nlm.nih.gov/pubmed/26194611
https://doi.org/10.3390/jcm10040789
https://www.ncbi.nlm.nih.gov/pubmed/33669423
https://doi.org/10.3324/haematol.11582
https://doi.org/10.1182/blood-2008-07-162503
https://doi.org/10.1002/ajh.21616
https://doi.org/10.3324/haematol.2016.146373
https://www.ncbi.nlm.nih.gov/pubmed/27229715
https://doi.org/10.1182/blood-2014-05-578336
https://www.ncbi.nlm.nih.gov/pubmed/25305203
https://doi.org/10.1111/j.1600-0609.2009.01247.x
https://www.ncbi.nlm.nih.gov/pubmed/19245532
https://doi.org/10.1111/j.1651-2227.1997.tb08876.x
https://doi.org/10.1080/10245332.2017.1311442

Hematol. Rep. 2024, 16 218

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Sarpatwari, A.; Bennett, D.; Logie, ] W.; Shukla, A.; Beach, K.J.; Newland, A.C.; Sanderson, S.; Provan, D. Thromboembolic events
among adult patients with primary immune thrombocytopenia in the United Kingdom General Practice Research Database.
Huaematologica 2010, 95, 1167-1175. [CrossRef]

Chandan, J.S.; Thomas, T.; Lee, S.; Marshall, T.; Willis, B.; Nirantharakumar, K.; Gill, P. The association between idiopathic
thrombocytopenic purpura and cardiovascular disease: A retrospective cohort study. J. Thromb. Haemost. 2018, 16, 474—-480.
[CrossRef] [PubMed]

Enger, C.; Bennett, D.; Forssen, U.; Fogarty, PE; McAfee, A.T. Comorbidities in patients with persistent or chronic immune
thrombocytopenia. Int. J. Hematol. 2010, 92, 289-295. [CrossRef]

Norgaard, M.; Severinsen, M.T.; Lund Maegbaek, M.; Jensen, A.O.; Cha, S.; Sorensen, H.T. Risk of arterial thrombosis in patients
with primary chronic immune thrombocytopenia: A Danish population-based cohort study. Br. . Haematol. 2012, 159, 109-111.
[CrossRef]

Severinsen, M.T.; Engebjerg, M.C.; Farkas, D.K.; Jensen, A.O.; Norgaard, M.; Zhao, S.; Sorensen, H.T. Risk of venous thromboem-
bolism in patients with primary chronic immune thrombocytopenia: A Danish population-based cohort study. Br. J. Haematol.
2011, 152, 360-362. [CrossRef]

Yusuf, H.R.; Hooper, W.C.; Beckman, M.G.; Zhang, Q.C.; Tsai, J.; Ortel, T.L. Risk of venous thromboembolism among hospitaliza-
tions of adults with selected autoimmune diseases. J. Thromb. Thrombolysis 2014, 38, 306-313. [CrossRef] [PubMed]

Zoller, B.; Li, X.; Sundquist, J.; Sundquist, K. Risk of pulmonary embolism in patients with autoimmune disorders: A nationwide
follow-up study from Sweden. Lancet 2012, 379, 244-249. [CrossRef] [PubMed]

Swan, D.; Newland, A.; Rodeghiero, F.; Thachil, J. Thrombosis in immune thrombocytopenia—Current status and future
perspectives. Br. |. Haematol. 2021, 194, 822-834. [CrossRef] [PubMed]

Alvarez-Roman, M.T.; Fernandez-Bello, I.; Jimenez-Yuste, V.; Martin-Salces, M.; Arias-Salgado, E.G.; Rivas Pollmar, M.L; Justo
Sanz, R.; Butta, N.V. Procoagulant profile in patients with immune thrombocytopenia. Br. |. Haematol. 2016, 175, 925-934.
[CrossRef] [PubMed]

Qu, M;; Liu, Q.; Zhao, H.G.; Peng, J.; Ni, H.; Hou, M,; Jansen, A.].G. Low platelet count as risk factor for infections in patients
with primary immune thrombocytopenia: A retrospective evaluation. Ann. Hematol. 2018, 97, 1701-1706. [CrossRef] [PubMed]
Newton, ].L.; Reese, ].A.; Watson, S.I.; Vesely, S.K.; Bolton-Maggs, P.H.; George, ] N.; Terrell, D.R. Fatigue in adult patients with
primary immune thrombocytopenia. Eur. J. Haematol. 2011, 86, 420-429. [CrossRef] [PubMed]

Hill, Q.A.; Newland, A.C. Fatigue in immune thrombocytopenia. Br. . Haematol. 2015, 170, 141-149. [CrossRef] [PubMed]
Lozano, M.L.; Sanz, M.A.; Vicente, V.; Grupo Espafiol de PTI (GEPTI). Guidelines of the Spanish ITP Group for the diagnosis,
treatment and follow-up of patients with immune thrombopenia. Med. Clin. 2021, 157, 191-198. [CrossRef]

Mingot-Castellano, M.E.; Canaro Hirnyk, M.; Sanchez-Gonzalez, B.; Alvarez-Roman, M.T.; Barez-Garcia, A.; Bernardo-Gutierrez,
A.; Bernat-Pablo, S.; Bolanos-Calderon, E.; Butta-Coll, N.; Caballero-Navarro, G.; et al. Recommendations for the Clinical
Approach to Immune Thrombocytopenia: Spanish ITP Working Group (GEPTI). J. Clin. Med. 2023, 12, 6422. [CrossRef]
Lozano, M.L,; Revilla, N.; Gonzalez-Lopez, T.J.; Novelli, S.; Gonzalez-Porras, J.R.; Sanchez-Gonzalez, B.; Bermejo, N.; Perez,
S.; Lucas, EJ.; Alvarez, M.T,; et al. Real-life management of primary immune thrombocytopenia (ITP) in adult patients and
adherence to practice guidelines. Ann. Hematol. 2016, 95, 1089-1098. [CrossRef]

Uthman, I.; Godeau, B.; Taher, A.; Khamashta, M. The hematologic manifestations of the antiphospholipid syndrome. Blood Rev.
2008, 22, 187-194. [CrossRef] [PubMed]

Provan, D.; Arnold, D.M.; Bussel, ].B.; Chong, B.H.; Cooper, N.; Gernsheimer, T.; Ghanima, W.; Godeau, B.; Gonzalez-Lopez,
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]

Moulis, G.; Comont, T.; Germain, J.; Sommet, A.; Lapeyre-Mestre, M.; Beyne-Rauzy, O.; Adoue, D.; CARMEN Investigators
Group. Significance of antinuclear antibodies in primary immune thrombocytopenia: Results of the CARMEN registry. Blood Adv.
2020, 4, 1974-1977. [CrossRef] [PubMed]

Vishnu, P.; Duncan, J.; Connell, N.; Cooper, N.; Lim, W.; Rodeghiero, F.; Tomiyama, Y.; Grace, R.E,; Bakchoul, T.; Arnold, D.M,;
et al. International survey on Helicobacter pylori testing in patients with immune thrombocytopenia: Communication of the
platelet immunology scientific and standardization committee. J. Thromb. Haemost. 2021, 19, 287-296. [CrossRef]

Gasbarrini, A.; Franceschi, F; Tartaglione, R.; Landolfi, R.; Pola, P.; Gasbarrini, G. Regression of autoimmune thrombocytopenia
after eradication of Helicobacter pylori. Lancet 1998, 352, 878. [CrossRef] [PubMed]

Stasi, R.; Sarpatwari, A.; Segal, ].B.; Osborn, J.; Evangelista, M.L.; Cooper, N.; Provan, D.; Newland, A.; Amadori, S.; Bussel, ].B.
Effects of eradication of Helicobacter pylori infection in patients with immune thrombocytopenic purpura: A systematic review.
Blood 2009, 113, 1231-1240. [CrossRef]

Jarque, I.; Andreu, R.; Llopis, I.; De la Rubia, J.; Gomis, F.; Senent, L.; Jimenez, C.; Martin, G.; Martinez, J.A.; Sanz, G.E; et al.
Absence of platelet response after eradication of Helicobacter pylori infection in patients with chronic idiopathic thrombocytopenic
purpura. Br. J. Haematol. 2001, 115, 1002-1003. [CrossRef] [PubMed]

Vrbensky, ] R.; Moore, J.E.; Arnold, D.M.; Smith, ].W.; Kelton, J.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]


https://doi.org/10.3324/haematol.2009.018390
https://doi.org/10.1111/jth.13940
https://www.ncbi.nlm.nih.gov/pubmed/29297977
https://doi.org/10.1007/s12185-010-0636-3
https://doi.org/10.1111/j.1365-2141.2012.09231.x
https://doi.org/10.1111/j.1365-2141.2010.08418.x
https://doi.org/10.1007/s11239-014-1050-0
https://www.ncbi.nlm.nih.gov/pubmed/24464552
https://doi.org/10.1016/S0140-6736(11)61306-8
https://www.ncbi.nlm.nih.gov/pubmed/22119579
https://doi.org/10.1111/bjh.17390
https://www.ncbi.nlm.nih.gov/pubmed/33822358
https://doi.org/10.1111/bjh.14412
https://www.ncbi.nlm.nih.gov/pubmed/27766635
https://doi.org/10.1007/s00277-018-3367-9
https://www.ncbi.nlm.nih.gov/pubmed/29777278
https://doi.org/10.1111/j.1600-0609.2011.01587.x
https://www.ncbi.nlm.nih.gov/pubmed/21323737
https://doi.org/10.1111/bjh.13385
https://www.ncbi.nlm.nih.gov/pubmed/25823426
https://doi.org/10.1016/j.medcli.2021.03.017
https://doi.org/10.3390/jcm12206422
https://doi.org/10.1007/s00277-016-2665-3
https://doi.org/10.1016/j.blre.2008.03.005
https://www.ncbi.nlm.nih.gov/pubmed/18417261
https://doi.org/10.1182/bloodadvances.2019000812
https://doi.org/10.1182/bloodadvances.2020001664
https://www.ncbi.nlm.nih.gov/pubmed/32384539
https://doi.org/10.1111/jth.15136
https://doi.org/10.1016/S0140-6736(05)60004-9
https://www.ncbi.nlm.nih.gov/pubmed/9742983
https://doi.org/10.1182/blood-2008-07-167155
https://doi.org/10.1046/j.1365-2141.2001.03194.x
https://www.ncbi.nlm.nih.gov/pubmed/11843840
https://doi.org/10.1111/jth.14419

Hematol. Rep. 2024, 16 219

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Cines, D.B.; Bussel, ].B.; Liebman, H.A.; Luning Prak, E.T. The ITP syndrome: Pathogenic and clinical diversity. Blood 2009, 113,
6511-6521. [CrossRef]

Arnold, D.M.; Nazy, I; Clare, R ; Jaffer, A.M.; Aubie, B.; Li, N.; Kelton, ].G. Misdiagnosis of primary immune thrombocytopenia
and frequency of bleeding: Lessons from the McMaster ITP Registry. Blood Adv. 2017, 1, 2414-2420. [CrossRef]

Noris, P; Schlegel, N.; Klersy, C.; Heller, P.G.; Civaschi, E.; Pujol-Moix, N.; Fabris, F; Favier, R.; Gresele, P.; Latger-Cannard, V.;
et al. Analysis of 339 pregnancies in 181 women with 13 different forms of inherited thrombocytopenia. Haematologica 2014, 99,
1387-1394. [CrossRef] [PubMed]

Moulis, G.; Germain, J.; Comont, T.; Brun, N.; Dingremont, C.; Castel, B.; Arista, S.; Sailler, L.; Lapeyre-Mestre, M.; Beyne-Rauzy,
O.; et al. Newly diagnosed immune thrombocytopenia adults: Clinical epidemiology, exposure to treatments, and evolution.
Results of the CARMEN multicenter prospective cohort. Am. . Hematol. 2017, 92, 493-500. [CrossRef] [PubMed]

Heitink-Polle, K.M.].; Uiterwaal, C.; Porcelijn, L.; Tamminga, R.Y.J.; Smiers, FJ.; 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]

Heitink-Polle, K.M.; Nijsten, J.; Boonacker, C.W.; de Haas, M.; Bruin, M.C. Clinical and laboratory predictors of chronic immune
thrombocytopenia in children: A systematic review and meta-analysis. Blood 2014, 124, 3295-3307. [CrossRef] [PubMed]
Frederiksen, H.; Maegbaek, M.L.; Norgaard, M. Twenty-year mortality of adult patients with primary immune thrombocytopenia:
A Danish population-based cohort study. Br. . Haematol. 2014, 166, 260-267. [CrossRef] [PubMed]

Wu, S.R;; Kuo, H.C.; Huang, W.C,; Huang, Y.F; Chiou, Y.H.; Chang, Y.H.; Nong, B.R. Incidence, clinical characteristics, and
associated diseases in patients with immune thrombocytopenia: A nationwide population-based study in Taiwan. Thromb. Res.
2018, 164, 90-95. [CrossRef] [PubMed]

Portielje, ].E.; Westendorp, R.G.; Kluin-Nelemans, H.C.; Brand, A. Morbidity and mortality in adults with idiopathic thrombocy-
topenic purpura. Blood 2001, 97, 2549-2554. [CrossRef]

Schifferli, A.; Moulis, G.; Godeau, B.; Leblanc, T.; Aladjidi, N.; Michel, M.; Leverger, G.; Elalfy, M.; Grainger, J.; Chitlur, M.; et al.
Adolescents and young adults with newly diagnosed primary immune thrombocytopenia. Haematologica 2023, 108, 2783-2793.
[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/10.1182/blood-2009-01-129155
https://doi.org/10.1182/bloodadvances.2017010942
https://doi.org/10.3324/haematol.2014.105924
https://www.ncbi.nlm.nih.gov/pubmed/24763399
https://doi.org/10.1002/ajh.24702
https://www.ncbi.nlm.nih.gov/pubmed/28240787
https://doi.org/10.1182/blood-2018-02-830844
https://www.ncbi.nlm.nih.gov/pubmed/29945954
https://doi.org/10.1182/blood-2014-04-570127
https://www.ncbi.nlm.nih.gov/pubmed/25305206
https://doi.org/10.1111/bjh.12869
https://www.ncbi.nlm.nih.gov/pubmed/24690142
https://doi.org/10.1016/j.thromres.2018.02.146
https://www.ncbi.nlm.nih.gov/pubmed/29522912
https://doi.org/10.1182/blood.V97.9.2549
https://doi.org/10.3324/haematol.2022.282524

	History of Immune Thrombocytopenia and Platelets 
	Pathophysiology of ITP 
	Autoantibodies 
	T Lymphocytes 
	Thrombopoietin 
	Current Pathophysiological Model in ITP 

	Terminology 
	Epidemiology 
	Clinical Manifestations 
	Diagnosis 
	Prognosis 
	Areas for Future Work and Direction 
	References

