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Preface

Besides anemia, thrombocytopenia is the most common hematological abnormality 
encountered in daily clinical practice by general physicians as well as hematolo-
gists. The pathophysiology of thrombocytopenia is classified into at least three cat-
egories: (1) decreased platelet production, (2) increased platelet destruction or 
consumption, and (3) abnormal platelet distribution or pooling. Among them, auto-
immune thrombocytopenia (ITP), the theme of this book, is a common disease 
caused by increased platelet destruction due to antiplatelet autoantibodies. However, 
its diagnosis is still difficult because of the lack of specific diagnostic tests. So far, 
its diagnosis is still based on differential diagnosis in daily practice. However, recent 
basic and clinical research has made a great progress in the pathophysiology and 
management of ITP as well as platelet/megakaryocyte biology.

One of the major advances in the management of ITP is that the development of 
thrombopoietin receptor (TPO-R) agonists has induced better QOL for ITP patients 
by preventing pathological bleeding. In the era of TPO-R agonists for ITP, general 
hematologists should update their knowledge regarding the following: goal of ITP 
management, who and when should be treated, efficacy and safety of TPO-R ago-
nists, etc.

Here, we propose a book, Autoimmune Thrombocytopenia, which updates recent 
advances in platelet/megakaryocyte biology from basic viewpoints as well as clini-
cal viewpoints. This book includes the history and basic aspects of platelet biology, 
epidemiology, pathophysiology, and adult and child ITP including clinical manifes-
tations, diagnosis, and treatment. Therefore, this book is for interns, residents, clini-
cians, and hematologists who are curious about recent information on ITP. Finally, 
we wish that our book would greatly contribute to the readers for their better under-
standing of pathophysiology and management of thrombocytopenia.

February, 2017� Yoji Ishida, M.D.
Yoshiaki Tomiyama, M.D.
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History of Immune Thrombocytopenia

Yoji Ishida

Abstract  The term “platelet” whose function was the adhesive characteristic was 
first used by Bizzozero in 1882. The word “purpura” is the Latin derivative of the 
Greek word “porphyra,” which is used to designate purple fish. The pathophysiol-
ogy of this disease had not been unknown until 1951. This chapter describes the 
history of immune thrombocytopenia.

1  �Platelets [1]

Extremely minute corpuscles were described in clotting blood by Addison in 1841 
[2]. Since then, discussions about the existence of a third morphological constituent 
of blood continued for approximately 40 years. The term “platelet” was first used by 
Bizzozero in 1882 [3]. He also demonstrated the adhesive characteristic of platelets. 
However, several papers were published before his discovery, including one by 
Donné in 1844 [4], in which he described elements called globulins. In 1865, 
Schultze [5] described the third morphological blood element, namely, granular 
masses, and Osler [6] noted their presence in the venules of rats in 1874. Then, 
Osler and Schäfer [7] identified the same elements in blood smears by microscopy 
and correlated these elements with the formation of granular aggregates in the pres-
ence of bacteria. In 1878, a Frenchman named Hayem [8] described that the granu-
lar aggregates consisted of the product of altered discoid elements called 
“hematoblasts” in fresh blood. He believed that hematoblasts were transformed into 
red blood cells. To this day, French hematologists call platelets by this name.

Y. Ishida, M.D., Ph.D. 
Division of Hematology and Oncology, Department of Internal Medicine, Iwate Medical 
University School of Medicine, 19-1 Uchimaru, Morioka, Iwate Prefectire 020-8505, Japan
e-mail: yoji.ishida@gmail.com
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2  �Megakaryocytes

Megakaryocytes are rare, polypoid, large cells in the bone marrow. In 1980, Howell 
[9] coined these cells megakaryocytes. James Homer Wright [10, 11] reported that 
blood platelets are derived from the cytoplasm of megakaryocytes [6, 7].

3  �Purpura [12]

According to Dedekind [13], the word purpura is the Latin derivative of the Greek 
word porphyra, which is used to designate purple fish. It was not used generally 
until the sixteenth century when the term “purpura” was used to describe a purple-
colored eruption. At the same time, Hippocrates [14] observed petechia and 
described it as a condition that resembles purpura. The reported characteristics were 
fetid breath, swelling of the gums, and large bleeding ulcers in the lower extremi-
ties, suggestive of scurvy. Until the sixteenth century, purpura was often associated 
with the manifestation of fever, which was called “petechial fever.”

A case of purpura independent of fever was reported in 1557 by Amatus Lusitanus 
[15], who described it as “morbus pulicaris adsque febre.” Eugalenus [16] clearly 
described purpura in 1658 including several distinct cases in which the purpura 
eruption was related with hemorrhage. In 1734, Hornung [17] divided purpura into 
the following three categories: simplex, febrile, and scorbutic. The next year, 
Werlhof [18] called purpura “morbus maculosus hemorrhagicus” and described a 
case of a girl who suddenly developed epistaxis and large purpura blotches on the 
neck, back, and arm during menstruation. In 1829, Schönlein [19] described several 
cases of purpura with acute arthritic manifestations. Later, Henoch [20] described 
five cases of purpura in children who experienced vomiting, abdominal pain, intes-
tinal hemorrhage, and no fever. This type of purpura is now called Schönlein and 
Henoch purpura. However, what induced purpura was not known until 1883. 
Diminution in platelets, which is induced by purpura, was recognized by Krauss 
[21] in 1883 and by Denys [22] in 1887; the existence of platelets was in doubt, and 
an actual count of platelets was not conducted until 1890.

Based on blood extravasation after intravenous injection of putrefactive matter, 
Magendi [23] concluded that purpura is the result of poisoning of the blood. Cole 
[24], in 1907, and Lee and Robertson [25], in 1916, produced “purpura hemor-
rhagica” in animals by independently injecting serum specifically against human 
platelets or antiplatelet serum.

In 1915, Frank [26] described “essentielle thrombopenia” and postulated that 
there would be marked diminution in platelet production by megakaryocytes. The 
following year, Kaznelson [27] performed splenectomy in a chronic relapsing case 
of the disease, because he assumed the spleen has an unusual thrombolytic function. 
The first case improved after splenectomy. Since then, several investigators have 
tried to inject the splenic extracts from patients into experimental animals, resulting 
in thrombocytopenia in the 1940s [28].

Y. Ishida
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In 1951, Harrington et al. [29] first reported that injection of plasma from patients 
with idiopathic thrombocytopenic purpura into healthy recipients predictably 
resulted in thrombocytopenia. The factor that induced thrombocytopenia was found 
in the globulin fraction. Then, Shulman et al. [30] demonstrated that the factor that 
induced thrombocytopenia was an immunoglobulin that specifically binds to plate-
lets and could be removed from serum by absorption of normal human platelets. 
Immunoglobulin G antibody against platelets binds to platelet-associated antigen, 
resulting in phagocytosis by macrophages in the reticuloendothelial system through 
macrophage Fc receptors.

In 2000, platelet production and megakaryocytes in the bone marrow were evalu-
ated in patients with idiopathic thrombocytopenic purpura. Chang et al. [31] and 
McMillan et  al. [32] demonstrated that antiplatelet autoantibodies from adult 
patients with idiopathic thrombocytopenic purpura independently suppress in vitro 
megakaryocytopoiesis in the bone marrow. Later, it was discovered that thrombocy-
topoiesis is also impaired as a result of either destruction of antibody-coated plate-
lets in the bone marrow by marrow macrophage or the inhibition of proplatelet 
formation.

These results strongly suggest that idiopathic thrombocytopenic purpura is an 
autoimmune disease caused by antiplatelet antibodies. Therefore, the term immune 
thrombocytopenia has been used until today.
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Megakaryopoiesis and Thrombopoiesis

Shugo Kowata and Yoji Ishida

Abstract  Platelets are formed from the cytoplasm of megakaryocytes (MKs) that 
reside in the bone marrow (BM). MKs arise from hematopoietic stem cells in the 
osteoblastic niche in BM. The primary regulator of megakaryopoiesis is thrombo-
poietin. It is generally accepted that MKs migrate into the vascular niche and pro-
duce platelets; however, the mechanism by which platelets are formed and released 
from MKs remains controversial. The most prevalent proposed mechanism regard-
ing platelet formation is the proplatelet model; in this model, MKs form long exten-
sions (proplatelets) by remodeling their cytoplasm and release cell fragments into 
sinusoid vessels. Detached cell fragments in the circulating blood are heteroge-
neous population of cells in regard to size, shape, or structure. Large fragments 
(platelet progenitors) are believed to have the ability to convert into mature plate-
lets. After leaving BM sinusoids, these platelet progenitors may convert into indi-
vidual mature platelets in the bloodstream.

1  �Megakaryopoiesis

1.1  �Megakaryocyte Development

Megakaryocytes (MKs) develop from hematopoietic stem cells (HSC), which give 
rise to progeny that progressively lose self-renewal capacity and become restricted 
to one lineage (Fig. 1). In the case of MK development, this is accomplished via 
several consecutive stages, including MK lineage commitment and progenitor pro-
liferation, differentiation, and maturation. In the classical hierarchical model of 
hematopoiesis, a major bifurcation occurs between the myeloid and lymphoid 
branches [1–3]. Restricted myeloid progenitors undergo another bifurcation into 
bipotent granulocyte-macrophage progenitors or MK-erythrocyte progenitors 
(MEPs). This hierarchical model suggests that all MKs arise from intermediate 

S. Kowata (*) • Y. Ishida 
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progenitors, including MEPs (Fig. 1). In addition, it has become increasingly clear 
that HSCs and MKs exhibit numerous similarities and that MKs arise directly from 
HSCs as well as from intermediate progenitors [4–6].

1.2  �Thrombopoietin

Nearly 1 × 1012 platelets, with a typical average life span of 7–9 days, circulate in the 
adult human bloodstream [7]. Nevertheless, the platelet number is tightly controlled 
within narrow physiological ranges [8]. The interaction between thrombopoietin 
(TPO) and its receptor, myeloproliferative leukemia virus protein (Mpl), is implicated 
in the proliferation and differentiation of normal HSCs and the bipotential MK precur-
sors [7]. Mice lacking Mpl or JAK2 expression in platelets and MKs show expansion 
of MK and thrombocytosis, suggesting that TPO/Mpl signaling in MKs is dispensable 
for platelet production [9, 10]. TPO is produced in the liver hepatocytes [11].  

HSC

CMPCLP

GM

EP

MEP

MKP

MK

Mature MK

Osteoblastic
Niche

MK differentiation

MK maturation

Vascular
Niche

BM
sinusoid

Extra BM

Platelet
progenitors

Mature
platelets

Platelet maturation

Vessel lumen

Proplatelet formation
and release

Platelet production

Megakaryopoiesis
BM

Thrombopoiesis

Fig. 1  Megakaryopoiesis and thrombopoiesis. Differentiation from hematopoietic stem cells 
(HSCs) to platelets proceeds by a number of intermediate stages. Megakaryopoiesis contains 
stages from HSC to mature MKs in the bone marrow. Thrombopoiesis contains stages in which 
mature MKs form cytoplasmic protrusion, called proplatelets, into a vascular lumen to produce 
platelet progenitors and mature platelets. Abbreviations: BM bone marrow, HSC hematopoietic 
stem cell, CMP common myeloid progenitor, MEP megakaryocyte-erythroid progenitor, MKP 
megakaryocyte progenitor, MK megakaryocyte, CLP common lymphoid progenitor, GMP 
granulocyte-macrophage progenitor, EP erythroid progenitor
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MKs and platelets regulate TPO homeostasis by Mpl receptor-mediated internaliza-
tion and degradation. Recently, a new feedback mechanism regulating TPO homeo-
stasis was proposed in which the following occur: (1) as platelets age in the circulation, 
they become desialylated (lose of surface sialic acid); (2) hepatocytes recognize desi-
alylated platelets via the Ashwell-Morell receptor (AMR); and (3) in hepatocytes, 
AMR signaling leads to JAK2-STAT5 phosphorylation, which leads to upregulation 
of TPO mRNA expression and subsequent TPO production [12].

1.3  �Regulation of Transcription Factors

It has been reported that several transcriptional factors regulate the fate of MK devel-
opment from HSCs. RUNX-1 functions as a master regulator of hematopoiesis and 
plays a role in lineage decisions in MEPs by repressing erythroid gene expression via 
epigenetic repression of the erythroid master regulator KFL-1 [13]. Moreover, mice 
lacking the transcription factors GATA-1 [14], AML-1 [15], or Fli-1 [16] show mark-
edly reduced platelet numbers, associated with deregulated proliferation and severely 
impaired cytoplasmic maturation. These transcription factors are thus required for 
MK maturation in adult hematopoiesis. In addition, GATA-1 is required to cooperate 
with p45 for normal megakaryopoiesis [17]. Furthermore, NF-E2 is a heterodimeric 
transcription factor consisting of p45 and small Maf subunits [18–20]. Mice lacking 
NF-E2 show profound thrombocytopenia and fail to produce proplatelets, the microtu-
bule-based precursors of blood platelets, from MKs [18–20]. The expression of beta1 
tubulin is exquisitely restricted to platelets and MKs, where it appears late in differ-
entiation and localizes to microtubule shafts and coils within proplatelets. Restoring 
NF-E2 activity in NF-E2-deficient MKs rescues the expression of beta1 tubulin [21]. 
These data suggest that NF-E2 determines the quantity and quality of platelets by acti-
vating genes in MKs that mediate platelet production and function [22, 23].

1.4  �MK Maturation

One characteristic cellular feature of MK development is endomitosis, a unique form 
of mitosis in which DNA is repeatedly replicated in the absence of nuclear and cyto-
plasmic division [24, 25]. Polyploidization, which is considered as incomplete mito-
sis that is aborted in anaphase, occurs via endomitosis [25]. MKs with polyploidization 
enable functional gene amplification and experience an increase in protein and lipid 
synthesis in parallel with cell enlargement [26]. MKs generate a variety of secretory 
granules, including α-granule, which acquire their molecular contents both from 
endogenous protein synthesis and by uptake and packing of plasma proteins [27]. 
Moreover, a demarcation membrane system (DMS) begins as invaginations of 
plasma membrane that develop into an extensive complex of cisternae and tubules 
distributed throughout the MK cytoplasm [28]. The DMS is thought to exist as a 
membrane reservoir for proplatelet and platelet membranes, and it has been proposed 
that the term “invagination system” may be more appropriate [29, 30] (Fig. 2c, e).

Megakaryopoiesis and Thrombopoiesis
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a b

c

e

d

Fig. 2  Megakaryocytes in bone marrow niche. (a, b) Reconstructed 3D image of BM from 
FLK-1-EGFP mice stained with anti-GP1b. Green, megakaryocytes; red, sinusoid endothelial 
cells. (c, d, e) Transmission electron microscopy of BM from wild-type mice. Abbreviations: 
DMS demarcation membrane system, IVP intravascular protrusion, MK megakaryocyte, PT 
platelet territory, S sinusoid lumen, SEC sinusoid endothelial cell
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2  �Platelet Formation

2.1  �Genesis of the Basic Concept

After commitment, differentiation, and maturation, MKs migrate from the osteo-
blastic niche to the vascular niche (Fig. 2a), where they mature and eventually form 
individual platelets in the bloodstream (Fig. 2b, d) [31]. Although knowledge has 
accumulated for over a century, the mechanism by which platelets form and are 
released from MKs remains controversial.

In 1906, Wright first suggested that platelets arise from bone marrow (BM) MKs 
on the basis of histological sections of BM; he further described the formation of 
platelets by the “pinching off” of small projections from MK protrusions or of lon-
ger segments of MK protrusions in the sinusoid vascular lumen [32]. After this 
discovery, there have been several aspects of platelet formation that have been stud-
ied (Fig. 3).

In the 1950s, the platelet territory (PT) model was developed using transmission 
electron microscopy (TEM); in this model, MK cytoplasm is divided by the DMS 
into future platelets, fracturing into platelets in the BM parenchyma [28, 33, 34]. 
This model is based on the notion that individual platelets are already delineated by 
DMS in the PT (Fig. 3b). Because MKs reside within the platelet agonist-rich extra-
cellular matrix (ECM) [35], MKs are required to release nascent platelets into the 
sinusoid vascular lumen without activation by the ECM (Fig.  3a). However, the 
transport of nascent platelets from the extravascular site through the sinusoid endo-
thelial cells to the vessel lumen has not been elucidated in the PT model [28, 33, 34]. 
In addition, there are no reports regarding existence of the marginal band composed 
of microtubule bundles, the cytoskeletal hallmark of definitive platelets [36, 37], in 
the territories of MK cytoplasm.

2.2  �Proplatelet Theory

From the 1970s, morphological studies using scanning electron microscopy (SEM) 
have predicted that platelets or segments of proplatelets are released from MKs via 
proplatelets, which have a tandem array of platelet-sized swellings with a beaded 
appearance at the distal end [38, 39]. At that time, it was thought that proplatelet 
extensions were already delineated by the DMS in the PT and that proplatelet mor-
phogenesis was accomplished in the PT (Fig. 3c).

In the 1980s, it was suggested that microtubules running parallel with the long 
axis of proplatelets (a cytoskeletal feature of proplatelets) have a role in either the 
formation or maintenance of proplatelets [40, 41]. In addition, it was proposed that 
the DMS functions as a reservoir to supply membrane elements to extend the pro-
platelet in what is known as the synonymized flow model [29]. After the discovery 
of TPO in the 1990s, studies using cultured MKs in vitro successfully demonstrated 
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Fig. 3  Schematic view of platelet formation in each model. (a) Schema of MK in vascular niche. 
(b) PT model. (c) Early proplatelet model. (d) Recent proplatelet model. (e) Immature large frag-
ment. Abbreviations: DMS demarcation membrane system, EC sinusoid endothelial cell, ECM 
extracellular matrix, MK megakaryocyte. Red line indicates microtubules
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the cytoskeletal hallmark, i.e., the marginal band-like structure at the distal end of 
proplatelets [42–44]. These findings suggest that MKs remodel their cytoplasm into 
proplatelets that transport products and organelles in the appropriate abundance into 
the vasculature and release fragments of proplatelets (Fig. 3d). Thus, this has led to 
the proplatelet theory becoming the unifying and accepted model.

2.3  �Dynamic Analysis of Platelet Formation in Native BM

There have been reports of many unclassified snapshots of proplatelet and nascent 
platelet morphogenesis in BM.  For example, intravascular thick protrusions and 
fragments were reported in early histological studies [32, 45, 46], and they were 
considered as a sequential stage of proplatelet formation without further dynamic 
evaluation [29]. However, there were technical limitations regarding performance 
of temporal and spatial analysis of the sequential stages of platelet formation in liv-
ing BM tissue.

In contrast, recent studies using multiphoton microscopy, which can visualize 
platelet formation from MKs in BM of living mice, necessitate a revision of these 
prior concepts. For instance, Junt et  al. captured images of MKs forming large 
“proplatelet-like protrusions” which routinely released heterogeneous large parti-
cles into the sinusoids [47]. They concluded that these large particles might repre-
sent multiple intertwined or single immature proplatelets. However, it remained 
unclear whether all intravascular protrusions translate into proplatelets or whether 
MKs release cytoplasmic particles without proplatelet formation.

Our group analyzed MKs forming intravascular protrusions using intravital 
imaging, TEM, and SEM [48]. In analysis of intravital imaging, MKs formed pro-
platelet processes and released proplatelet fragments that were originally defined as 
thin cytoplasmic extensions forming a tandem array of platelet-sized swellings with 
a beaded appearance at the distal end [29, 38–41]. In addition, MKs formed a “thick 
protrusion,” released the cell fragments that preserve the abundant DMS and ER, 
and randomly organized microtubules; this implies that the fragments have not yet 
accomplished the intracellular remodeling that was seen in proplatelets. These data 
suggest that MKs have an ability to release contents of nascent platelets without 
proplatelet formation (Fig. 3e). Notably, this immature type of MK fragment release 
may be regulated by platelet demand.

Recently, Nishimura et al. reported rapid platelet release from the MK cytoplasm 
which they termed “MK rupture” [49]; in intravital images, this seems to represent 
platelet release as per both the PT model (Fig.  3b) and early proplatelet model 
(Fig. 3c); however, ultrastructural verification by TEM was not reported. MK rup-
ture also seems to be associated with sinusoid vessel damage, because soon after 
this event, vascular tracer signals leaked into BM parenchyma. Interestingly, as the 
mechanism appears to be regulated by elevated levels of interleukin-1α, the authors 
proposed the importance of balance between TPO and interleukin-1α levels, which 
determines platelet production mechanism used by MKs.
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2.4  �Direct Stimulation of Proplatelet Formation

TPO stimulates MK precursors, but suppresses proplatelet formation from MKs 
in vitro [50–52]. In addition, TPO signaling in MKs is dispensable for platelet pro-
duction in  vivo [9, 10]. These findings indicate that other factors, including 
interleukin-1α, regulate platelet production from BM MKs. It has been reported that 
one of the direct regulators of platelet production via proplatelet formation is the 
thrombin/antithrombin complex included in high-density lipoprotein [53]. Notably, 
both thrombin and antithrombin are included in the coagulation cascade associated 
with platelet consumption. Recently, CCL5, a member of the interleukin-8 cytokine 
superfamily, may have a direct stimulatory effect on platelet production by MKs by 
inducing more rapid platelet production than that accomplished through steady-
state regulation via TPO [54, 55].

3  �Platelet Progenitors and Nascent Platelets

Detached cell fragments from MKs are heterogeneous population of cells in regard 
to their size, shape, or structure in the circulating blood. Large fragments are 
regarded as platelet progenitors which have the ability to convert into mature plate-
lets. Platelet progenitors are described in terms of barbell-shaped proplatelets [42, 
56, 57], preplatelets [56, 58], and giant platelets [48]. After leaving the BM sinu-
soids, these platelet progenitors may convert into individual platelets in the blood-
stream, especially in microcapillaries in the lung, which is the first capillary bed to 
be encountered [56–59].

In summary, megakaryopoiesis depends on the proliferation and differentiation 
of HSCs to be committed to the MK lineage and their maturation to large MKs. 
These processes are regulated by many different factors including cytokines, che-
mokines, and BM microenvironments. Platelets are formed from MK cytoplasm via 
their protrusions and fragments into the vessel lumen. Although these processes are 
biologically complex phenomenon, it has been becoming clear how individual 
platelets are formed and eliminated in the vessel lumen by recent researches.
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Platelet Membrane Glycoproteins

Hisashi Kato and Yoshiaki Tomiyama

Abstract  Platelets are small anucleate blood cells that are produced in the bone 
marrow from the cytoplasm of megakaryocytes. Circulating platelets are essential 
for primary hemostasis and also involved in pathological thrombosis. For the plate-
let hemostatic functions, platelet surface membrane glycoproteins are crucial to 
form platelet-subendothelial matrix and platelet-platelet interactions. At the site of 
blood vessel injury, platelets are captured by platelet GPIb-IX-V interaction with 
von Willebrand factor which bound to exposed collagen followed by direct platelet-
collagen interaction by GPIa-IIa (integrin α2β1) and GPVI.  Platelet fibrinogen 
receptor GPIIb-IIIa (integrin αIIbβ3) is the most abundant glycoprotein on platelet 
surface, and its affinity for fibrinogen is tightly regulated by inside-out signaling. 
The platelet-platelet interaction mediated by activated GPIIb-IIIa is necessary for 
platelet accumulation on the layer of adhered platelets at the injured vessel. Both 
quantitative and qualitative abnormalities in these platelet glycoproteins can be a 
cause of platelet dysfunctions and bleeding disorders. In addition, platelet glycopro-
teins are also important in the pathogenesis of idiopathic thrombocytopenic purpura 
(ITP). In the majority of patients with ITP, antiplatelet autoantibodies in plasma are 
directed against platelet glycoproteins especially GPIIb-IIIa and GPIb-IX-V.

1  �Introduction

Platelet membrane glycoproteins are key receptors for platelet-subendothelial 
matrix and platelet-platelet interaction during thrombus formation. Among several 
different receptor families in platelet glycoproteins (integrins, leucine-rich glyco-
proteins, immunoglobulin cell adhesion molecules, and selectins), three major 
platelet glycoproteins, GPI, II, and III, were identified in the 1970s by 
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electrophoretic procedure. Subsequently, advances in protein separation techniques 
and its application to the studies on inherited platelet dysfunctional disorders such 
as Glanzmann thrombasthenia and Bernard-Soulier syndrome made a great contri-
bution for understanding the role of platelet glycoproteins. Several major platelet 
membrane receptors and their ligands are summarized in Table 1, and some of these 
glycoproteins are known to be a target of autoantibody which appeared in patients 
with autoimmune thrombocytopenia (ITP). This chapter will describe the structure 
and function of glycoproteins expressed in platelet surfaces.

At the site of blood vessel injury, platelet glycoproteins mediate a series of plate-
let reactions: rolling, tethering, adhesion, and aggregation (Fig. 1). First, circulating 
platelets form indirect interaction with vessel wall through von Willebrand factor 
(VWF). Plasma VWF bound to exposed collagen forms a transient bridge between 
collagen and platelet GPIb. During platelet rolling and tethering on collagen, addi-
tional direct collagen-platelet interactions are induced via platelet-collagen recep-
tors GPIa-IIa (integrin α2β1) and GPVI for firm adhesion. Collagen-bound GPVI 
initiates intracellular signaling leading to cytoskeletal rearrangement, calcium 
mobilization, and granule release. In addition to ADP and thromboxane A2 (TXA2) 
released from activated platelets, thrombin generated by the coagulation cascade 
stimulates platelets as a secondary agonist for further activation. These secondary 
agonists act through G protein-coupled receptors and induce “inside-out signaling” 
for fibrinogen receptor GPIIb-IIIa (integrin αIIbβ3) activation which cross-links 
platelets and leads to platelet aggregation (primary hemostasis).

Table 1  Platelet membrane receptors

Ligand Functions Copies/platelet

Integrins

αIIbβ3 (GPIIb-IIIa) Fibrinogen Aggregation, adhesion ~80,000
α2β1 (GPIa-IIa) Collagen Adhesion 3000–5000
α5β1 (VLA-5) Fibronectin Adhesion 1000
α6β1 (VLA-6) Laminin Adhesion 1000
αvβ3 Vitronectin Adhesion 100
Leucine-rich glycoproteins

GPIb-IX von Willebrand factor Adhesion 25,000
GPV 12,500
Immunoglobulin cell adhesion molecules

GPVI Collagen Adhesion, activation 4000–6000
PECAM-1 (CD31) PECAM-1 Adhesion 8000
Fcg-RII (CD32) Immune complex binding ~1000
Selectins

P-selectin (CD62P) PSGL-1 Platelet-leukocyte adhesion 20,000
Miscellaneous

GPIV (CD36) Collagen, 
thrombospondin, 
oxidized LDL

20,000

CLEC-2 Podoplanin Adhesion/activation
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Following platelet aggregation, insoluble fibrin, which is generated by the coag-
ulation cascade, incorporates into platelet aggregation and stabilizes the platelet 
aggregation (secondary hemostasis).

2  �GPIIb-IIIa (Integrin αIIbβ3)

The fibrinogen receptor GPIIb-IIIa is the major platelet surface glycoprotein which 
expression is restricted to platelets and megakaryocytes [1]. Each platelet expresses 
about 80,000 copies of GPIIb-IIIa on their surface [2], and the indispensable role of 
GPIIb-IIIa for platelet aggregation and hemostasis has been established from the 
studies of Glanzmann thrombasthenia (GT). GT was first reported in 1918 from a 
series of patients with an inherited bleeding disorder, and polyacrylamide gel elec-
trophoresis revealed that GPIIb and GPIIIa are deficient in platelets of GT [3, 4]. 

Fig. 1  Primary and secondary hemostasis. At the site of vascular injury, von Willebrand factor 
mediates transient and indirect interaction of circulating platelets with exposed subendothelial colla-
gen. During platelet rolling on collagen, platelet-collagen receptors, GPVI and GPIa-IIa, form stable 
direct interaction with collagen followed by firm platelet adhesion. Platelets are activated by throm-
bin, ADP, and thromboxane A2, and activated GPIIb-IIIa (integrin αIIbβ3) by inside-out signal-
ing forms aggregation via fibrinogen binding (primary hemostasis). In secondary hemostasis, fibrin 
which is produced by coagulation cascade stabilizes the thrombus formed in primary hemostasis
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In 1986, Tamkun et al. started using the word “integrin” for cell surface transmem-
brane receptors which mediate the linkage between extracellular matrix and cyto-
skeleton [5]. Integrins are heterodimers of non-covalently associated α- and 
β-subunits. Twenty-four different integrins are formed from 18 α- and 8 β-subunits, 
and now GPIIb-IIIa is designated as “integrin αIIbβ3.”

2.1  �Integrin αIIbβ3 Structure

αIIbβ3 is a typical integrin consisting of αIIb and β3 heterodimer (Fig. 2a). αIIb is 
a 140 kDa glycoprotein [6] which is composed of a disulfide bond connected to a 
heavy chain (114 kDa, 871 amino acids) and a light chain (23 kDa, 137 amino acids) 
[7]. β3 is a 116 kDa glycoprotein [8] (762 amino acids), which is non-covalently 
linked to αIIb. In megakaryocytes, αIIb is synthesized as a single chain (pro-αIIb) 

a c

d

b

Fig. 2  The structure and inside-out activation of integrin αIIβ3. (a, b) The domain structure and 
conformational change of integrin αIIβ3. When αIIbβ3 is in a low-affinity inactive state, αIIbβ3 extra-
cellular domain is in bent conformation. However, once αIIbβ3 is activated by inside-out signaling, 
talin and kindling-3 interaction with β3 cytoplasmic tail induces conformational change of extracel-
lular domain of αIIbβ3 resulting in extended conformation. (c) Disruption of salt bridge in cytoplas-
mic domain of αIIbβ3 by talin binding. In inactive state αIIbβ3, the salt bridge formed between R995 
of αIIb and D723 of β3 is important to keep αIIbβ3 inactive. Inside-out signaling which induced 
binding of talin head domain to β3 cytoplasmic tail disrupts the salt bridge and induces conforma-
tional change of αIIbβ3. (d) The binding site of talin, kindlin-3, and Src in β3 cytoplasmic domain
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and associates with β3  in the endoplasmic reticulum. The pro-αIIb/β3 complex is 
transported to the Golgi apparatus, and the proteolytic cleavage of pro-αIIb/β3 yields 
the mature αIIbβ3. The extracellular domain of αIIb is composed of a seven-bladed 
β-propeller domain containing ligand-binding sites, thigh domain, calf-1 domain, 
and calf-2 domain. β3 is composed of βA domain containing ligand-binding sites, 
plexin/semaphorin/integrin (PSI) domain, hybrid domain, four epidermal growth fac-
tor (EGF) repeats, and membrane proximal β-tail domain (βTD) (Fig. 2b). By stable 
non-covalent association, αIIbβ3 forms an 8 × 12 nm globular head which contains 
ligand-binding site with 18 nm two rodlike flexible tails [9]. Following the studies of 
αvβ3 [10, 11], X-ray crystallography revealed the bent conformation of αIIbβ3 [12]. 
This bent conformation is achieved by the flexibility at the “genu” located between 
the thigh and calf-1 domain in αIIb and EGF1 and EGF2 in β3. In bent conformation, 
the ligand-binding face at the globular head is not exposed, and the natural ligands, 
such as fibrinogen, are not allowed to interact with αIIbβ3. Upon activation, αIIbβ3 
can rapidly change its conformation from bent to extended form which is high affinity 
for fibrinogen (Fig. 2c). Following the short single-spanning transmembrane region, 
both αIIb- and β3-subunits have short cytoplasmic tail which is important for confor-
mational change of αIIbβ3 (Fig. 2d). In the membrane proximal region, arginine (R) 
and aspartic acid (D) in the conserved αIIb-GFFKR and β3-HDRKE sequence form a 
salt bridge. This salt bridge maintains αIIbβ3 in low-affinity inactive state, and αIIbβ3 
becomes constitutively active by disruption of the salt bridge [13–16]. Even integrin 
cytoplasmic domain has no enzymatic or actin-binding activity, and the molecule 
interactions with cytoplasmic region induce signals for platelet activation [17, 18]. 
Especially two well-conserved NPXY motifs in β3 tail, NPLY (744–747) and NITY 
(756–759), are essential for talin and kindling-3 binding, respectively [19]. The last 
three amino acid residues of β3 is the important binding site for c-Src [20–23].

2.2  �αIIbβ3 Inside-Out Signaling

The affinity and conformation of αIIbβ3 are tightly regulated by inside-out signaling 
[24, 25]. Although the precise molecular mechanism of inside-out signaling remains 
unknown, the direct interaction of talin with β3 cytoplasmic tail is essential at the 
final step of inside-out αIIbβ3 activation [26–30]. Talin is a 250 kDa actin-binding 
protein which is composed of a 50 kDa head domain and a 220 kDa rod domain. The 
N-terminal head domain contains a FERM (band four-point one, ezrin, radixin, and 
moesin) domain which is further divided into F1, F2, and F3 subdomains [31]. Talin 
F3 interaction with β3 cytoplasmic first NPXY motif (744–747) [28] disrupts the 
αIIb-R995/β3-D723 slat bridge followed by the conformational change for αIIbβ3 
activation. In genetically modified mice with impaired talin/β3 interaction or talin 
deficiency, agonist-induced inside-out αIIbβ3 activation is strongly impaired result-
ing in bleeding diathesis [32–35]. Another FERM domain containing protein kind-
lin-3 is also essential for αIIbβ3 activation, and deficiency of kindlin-3 is associated 
with bleeding tendency [36, 37]. In contrast to talin, kindlin-3 F3 domain binds to 
the membrane-distal second NPXY motif (756–759) [38–40]. Although both talin 
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and kindlin-3 are required for inside-out αIIbβ3 activation, kindlin-3 alone is insuf-
ficient for αIIbβ3 activation [41, 42], and probably kindlin-3 cooperates with talin 
by increasing the avidity of αIIbβ3 [43, 44]. Although no patient with mutation in 
talin has been reported, mutation in kindling-3 is known to be a cause of leukocyte 
adhesion deficiency (LAD)-III [45]. In LAD-III, impaired integrin activation in 
platelets and leukocytes causes bleeding problem and immune defect.

A Ras family member small GTPase Rap1 [46, 47] and calcium- and diacylglycerol-
regulated guanine exchange factor-1 (CalDAG-GEFI) [48–51] are the critical mole-
cules at the upstream signaling of talin/β3 interaction. CalDAG-GEFI activates Rap1 
by facilitating the release of bound GDP, and activated GTP-bound Rap1 recruits 
talin to β3 cytoplasmic tail followed by αIIbβ3 activation [52]. Recently, CalDAG-
GEFI-deficient patients [53, 54] or a patient expressing CalDAG-GEFI with loss-of-
function mutation which causes severe bleeding problems was reported [55].

2.3  �Clinical Importance of αIIbβ3

GT is an autosomal recessive inherited bleeding disorder due to a quantitative and a 
qualitative defect in αIIbβ3 [56]. The impaired fibrinogen binding to αIIbβ3 leads to 
bleeding symptoms such as purpura, petechiae, easy bruising, mucocutaneous 
bleeding, and excessive bleeding after injury or surgical procedure [57]. In platelet 
aggregation assay, aggregation response is absent in response to ADP, thrombin, 
collagen, or arachidonic acid in platelets of patient with typical GT [58]. However, 
ristocetin-induced aggregation response is induced normally. Flow cytometric anal-
ysis of agonist-induced αIIbβ3 activation by binding of activated αIIbβ3-specific 
monoclonal antibody PAC-1 [59] and molecular genetic analysis [60, 61] of αIIb 
and β3 is the key to diagnosis. Based on the expression levels of αIIbβ3, GT is clas-
sified into three types. The most severe type I platelets express <5%, and type II 
express 5–20% αIIbβ3 of normal levels. In type III, variant type, platelets express 
>20% of αIIbβ3. However, expressed αIIbβ3 is functionally impaired and does not 
support platelet aggregation. Currently, besides platelet transfusion, there is no spe-
cific treatment for GT, and the bleeding in GT patients is managed by antifibrinol-
ytic therapy and platelet transfusion, and recombinant activated factor VII is 
performed [57, 62–64]. In future therapeutic strategy, gene therapy is expected to be 
a curative treatment for patients with GT [65–67].

3  �GPIb-IX-V

Glycoprotein GPIb-IX-V complex is exclusively expressed on platelets and mega-
karyocytes and an essential receptor for the first step of hemostasis. This essen-
tial role of GPIb-IX-V is exemplified by the rare inherited bleeding disorder 
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Bernard-Soulier syndrome (BSS) which was first reported and described by Jean 
Bernard and Jean Pierre Soulier in 1948. The acrylamide gel electrophoresis clearly 
showed the absence of GPIb band in platelets of BSS patient in the 1970s [68]. The 
clarification that additional two glycoproteins GPV and GPIX are missing in BSS 
platelets [69] and the cloning of GPIbα [70], GPIbβ [71], GPIX [72], and GPV [11, 
12] achieved further develops on the role of GPIb-IX-V.

3.1  �GPIb-IX-V Structure

GPIb-IX-V complex (Fig.  3) is the second most abundant platelet glycoprotein 
(25,000 copies per platelet [73]) next to fibrinogen receptor GPIIb-IIIa. GPIb-IX-V 
complex consists of four different type I transmembrane subunits, GPIbα (CD42b; 
135kDa, 610 amino acids), GPIbβ (CD42c; 26kDa, 181 amino acids), GPIX 
(20 kDa, 160 amino acids), and GPV (82 kDa, 560 amino acids), with a stoichiom-
etry of 2:2:2:1. Each subunit belongs to the leucine-rich repeat (LRR) protein fam-
ily which is known to be involved in protein-protein interactions. LRR is the protein 
structure motif composed of 20–30 amino acid sequences, and the tandem repeat of 
LRR motifs folds into a horseshoe shape. GPIbα is the largest subunit of the com-
plex, and the N-terminal membrane-distal 282 residues which are composed of 
seven LRRs are the binding site for VWF. VWF binding region is followed by acidic 
residue-rich sequence containing sulfated tyrosine, a heavily O-glycosylated mac-
roglycopeptide domain, and stalk region. The extracellular domain is connected to 
a single transmembrane region and cytoplasmic tail. Both GPIbβ and GPIX are rela-
tively smaller subunits which have a single LRR in the extracellular domain. In 
contrast to the high sequence similarity of extracellular domain between GPIbβ and 
GPIX, the short GPIX cytoplasmic tail consisting of five amino acids is different 
from that of GPIbβ (34 amino acids).

Fig. 3  Schematic 
representation of the 
GPIb-IX-V complex. GPIbα, 
GPIbβ, GPIX, and GPV form 
GPIb-IX-V complex at a 
stoichiometry of 2:2:2:1. The 
N-terminal of GPIbα contains 
binding sites for von 
Willebrand factor
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3.2  �GPIb-IX-V Function

The primary function of GPIb-IX-V is mediating initial platelet attachment to the 
blood vessel wall by interacting with VWF bound on exposed subendothelial colla-
gen. The synthesized VWF in endothelial cells is stored in Weibel-Palade bodies or 
secreted into plasma. VWF circulates in plasma as multimer in various sizes ranging 
from 500 kDa to over 10,000 kDa. The platelet-binding potential of VWF with GPIbα 
is dependent on the multimer size and conformation of VWF which are regulated by 
metalloproteinase ADAMTS13 [74] and fluid shear stress [75], respectively. The 
deficient ADAMTS13 activity results in circulating the unusually large VWF multi-
mers and causes thrombotic thrombocytopenic purpura (TTP) [76, 77]. Although the 
signaling pathway mediated by GPIb-IX-V for platelet activation remains unclear, 
VWF/GPIb-IX-V mediated a signaling pathway for platelet activation in which Src 
family kinase and glycolipid-enriched microdomains (GEMs) are involved [78].

3.3  �Clinical Importance of GPIb-IX-V

Bernard-Soulier syndrome (BSS) is a rare autosomal recessive disease due to the 
genetic defects in GPIBA, GPIBB, and GP9 [79, 80] and characterized by bleeding 
tendency, giant platelets, and low platelet counts (macrothrombocytopenia) [81]. 
Due to the impaired VWF-mediated initial platelet interaction with exposed colla-
gen, patients show variety of bleeding symptoms from early childhood. Although 
most mutations in BSS are associated with decreased surface expression or loss of 
function of GPIb-IX-V, platelet-type von Willebrand disease (VWD), an autosomal 
dominant disorder, results in gain-of-function phenotype [82–84]. In patients with 
platelet-type VWD, an excessive spontaneous VWF/GPIb interaction which accel-
erates the clearance of plasma VWF leads to the bleeding tendency. For the diagno-
sis of BSS, an isolated defect in ristocetin-induced platelet aggregation is the 
characteristic abnormality. Flow cytometric analysis of the surface expression levels 
of GPIb-IX-V, platelet counts, and examination of blood smear to determine large 
platelets are also important to confirm diagnosis.

4  �Collagen Receptors Present on Platelets

Collagen is the major subendothelial protein which is essential for platelet adhesion 
and aggregation at the site of vascular injury. Platelets express two collagen recep-
tors, GPIa-IIa (integrin α2β1) and GPVI. Although the roles of each collagen recep-
tor in platelet functions have been extensively studied, the respective roles of GPVI 
and GPIa-IIa are still not clear. However, GPVI is believed as a central platelet-
collagen receptor [85, 86], and GPIa-IIa is considered as a secondary collagen 
receptor to support platelet firm adhesion on collagen.
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4.1  �Introduction of GPVI

GPVI was first identified as a 62 kDa platelet protein recognized by autoantibody 
from the patient with idiopathic thrombocytopenic purpura (ITP) suffering from 
recurrent bleeding problem regardless of normal platelet count with corticosteroid 
treatment [87]. The patient’s platelets exhibited defective aggregation to collagen, and 
the 62 kDa protein was later identified as GPVI [88]. GPVI expression is restricted to 
platelets and megakaryocytes [89, 90] with varying GPVI expression levels [91–93].

4.2  �GPVI Structure and Signaling Pathway

GPVI was cloned in 2000 and identified as a type I transmembrane glycoprotein 
which belongs to the immunoglobulin (Ig) superfamily [89] (Fig. 4). GPVI (62 kDa, 
319 amino acids) is expressed at 4000–6000 copies per platelets as a complex with 

Fig. 4  Collagen receptor GPVI and GPIa-IIa. GPVI consists of two Ig domains followed by 
mucin-rich region in its extracellular domain. The R272 in transmembrane domain is important to 
form salt bridge with FcRγ chain. The binding of Src family kinase Fyn and Lyn phosphorylates 
the tyrosine in ITAM in cytoplasmic domain of FcRγ chain which leads to the Syk interaction and 
downstream signaling cascade. The extracellular domain of GPIIa has I-domain which is impor-
tant for ligand binding
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FcRγ subunit [94, 95]. GPVI has two Ig-like domains (D1 and D2) and a highly 
O-glycosylated mucin-rich stalk region in its extracellular domain. A 19-amino 
acid transmembrane domain is critical for linking to FcRγ subunit by salt bridge 
between GPVI Arg272 and Asp11 of FcRγ. A 51-amino acid cytoplasmic tail con-
tains a calmodulin-binding basic motif, and constitutive calmodulin binding pro-
tects GPVI from shedding in resting platelets [96]. Upon platelet activation, 
calmodulin dissociation from GPVI leads to the cleavage of GPVI by metallopro-
teinase which results in decrease of GPVI expression probably to control platelet 
reactivity. The circulating 55 kDa GPVI ectodomain fragment could be a marker 
for platelet activation state. Proline-rich domain in cytoplasmic domain provides 
binding site for Src family kinase, Fyn and Lyn, which are critical for downstream 
signaling events through FcRγ chain [23]. Following the phosphorylation of immu-
noreceptor tyrosine-based activation motif (ITAM) in FcRγ by Fyn and Lyn, the 
recruited tyrosine kinase Syk forms a signaling complex with adaptor proteins 
(SLP-67 and LAT) and phospholipase Cγ2 (PLCγ2) which leads to calcium mobi-
lization, integrin activation, and granule release for further platelet activation [78, 
97, 98].

4.3  �Clinical Importance of GPVI

GPVI deficiency is caused by congenital mutation [99–102] and acquired defect by 
immunodepletion with anti-GPVI autoantibody [87, 103–105] which is more fre-
quent compared to congenital GPVI deficiency. Platelets from GPVI-deficient 
patients are defective for collagen-induced platelet aggregation in vitro. Although 
GPVI is recognized as a central receptor for firm platelet adhesion to collagen, 
human patients with GPVI deficiency usually have only mild bleeding problems, 
and their bleeding time is almost normal. Similar to human patients, GPVI-deficient 
mice generated by genetic knockout of GP6 gene [106] or immunodepletion by 
anti-GPVI antibody JAQ1 [107] also show only minor impact on bleeding time, 
suggesting that GPVI is not essential for normal hemostasis. However, in the lethal 
thromboembolism model by intravenous injection of collagen and epinephrine, sig-
nificantly higher survival of GPVI-deficient mice [107, 108] indicates the crucial 
role of GPVI in arterial thrombosis. In fact, platelet adhesion and thrombus forma-
tion were reduced in GPVI-deficient mice after arterial injury induced by laser 
[109], FeCl3 [109, 110], wire, and vessel ligation [111]. In addition, GPVI polymor-
phisms in healthy subjects [112] are associated with stroke and cardiovascular 
events [113–117], and now the protective effect of GPVI deficiency in arterial 
thrombosis, not in normal hemostasis, suggests that GPVI may be an attractive tar-
get for antithrombotic therapies [118, 119].
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4.4  �GPIa-IIa (Integrin α2β1)

GPIa-IIa, which is now also designated as very late antigen-2 (VLA-2) [120] or 
integrin α2β1, was first recognized as a platelet-collagen receptor from the patient 
with bleeding problem in 1985 [121]. Following the cloning of GPIa [122] and 
GPIIa [123], the studies revealed the supportive role of GPIa-IIa in platelet adhesion 
on collagen.

GPIa-IIa, integrin α2β1, is a member of integrin family and consists of non-
covalently associated α2 and β1 integrin, and platelets express 3000–5000 copies 
of GPIa-IIa per platelet. The extracellular domain of α2 integrin has 220 amino 
acid insertions, called I-domain, in the N-terminal β-propeller region. The 
sequence of I-domain is homologous to the collagen binding region of other pro-
teins such as VWF and critical for α2β1 interaction with collagen types I, II, IV, 
and XI [124, 125].

4.5  �GPIa-IIa Function and Clinical Importance

In patients with decreased GPIa, platelets are not responsive to collagen stimulation 
in aggregation study [121]. The affinity of GPIa-IIa for collagen is regulated by 
inside-out signaling, and agonist stimulation increases the binding of collagen to 
GPIa-IIa [126–128]. In contrast to GPIa-IIa, another platelet-collagen receptor 
GPVI does not need to be pre-activated for collagen interaction, and GPVI-collagen 
interaction induces intracellular signals for GPIa-IIa activation [86]. The number of 
GPIa-IIa on platelets is related to platelet response to collagen in normal population 
[129]. As shown in GPIa polymorphism C807T [130], GPIa polymorphism is asso-
ciated with the expression levels of GPIa-IIa, and the linkage between GPIa-IIa 
expression levels [115] and polymorphism with thrombotic event [131, 132] is 
reported, suggesting the importance of GPIa-IIa in clinical outcomes. In experimen-
tal thrombus formation in vivo, the thrombus formed in the carotid artery by laser 
injury was significantly decreased in GPIa-IIa-deficient mice [133, 134].

5  �Conclusions

Platelets are involved in both normal hemostasis and pathological thrombosis such 
as myocardial infarction and ischemic stroke. Platelet membrane glycoproteins are 
essential as adhesion molecules for platelet functions to communicate with the 
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blood vessel wall and other cells. Starting from the analysis of patients with bleed-
ing symptoms, the technical development and the application of genetically modi-
fied mice revealed the role of membrane glycoproteins in the process of thrombus 
formation. Further elucidation of the detail of platelet functions is expected from the 
recent genomic and proteomic techniques.
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Abstract  ITP is estimated to have incidence between 2.16 and 3.9 per 100,000 
person-years. There is a 1.1 to 1.5:1 female to male predominance in the entire ITP 
patients although ITP was more frequent among males in the age groups less than 
5 years and over 75 years old. Intracranial hemorrhage (ICH) is the most devastating 
bleeding event, and its incidence is 0.37–0.6%. In contrast, recent studies suggest 
that ITP may have paradoxically an increased risk for thromboembolism. Regarding 
the treatment of ITP, the rate of splenectomy has been dramatically decreased to 
only 6% in recent years because patients are increasingly reluctant to undergo sple-
nectomy and new drugs including anti-CD20 monoclonal antibody and thrombo-
poietin receptor agonists have been developed. Besides the bleeding risk, the 
infection risk derived from immunosuppressive treatment should be emphasized 
because bleeding and infection equally contributed to the death of ITP patients.

1  �Introduction

Epidemiology is important to identify the cause of disease and health problems. The 
pathogenesis of ITP remains to be determined although a much greater understand-
ing of immunopathology of ITP has developed. The diagnosis of ITP is still made 
by excluding other causes of thrombocytopenia, and the disease burden lowers 
patients’ quality of life in spite of a basically benign clinical course. Under these 
conditions, epidemiological data of ITP would contribute to implementing proper 
clinical practices and providing effective health care for ITP patients. This chapter 
will discuss the epidemiology of ITP including the incidence, age distribution, 
symptoms, treatment, complications, and prognosis. A recent issue regarding 
thromboembolic events in ITP patients will be also discussed.
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2  �Incidence and Prevalence

The incidence of ITP has been estimated since several decades ago. The older stud-
ies were underpowered to obtain the reliable results because the number of ITP 
patients surveyed was below 1000 (range, 26–840) [1]. More recent studies sur-
veyed over 1000 patients (range, 1145–7774) from nationwide large database [2–
4]. In the United Kingdom, a total of 1145 incident ITP patients were identified 
from population-based general practice research database (GPRD), and the 
reported incidence was 3.9 (95% confidence interval [CI], 3.7–4.1) per 100,000 
person-years [2]. In France, 3771 incident ITP patients were identified from a 
nationwide database of the French National Health Insurance System, and the 
reported incidence was 2.92/100,000 person-years (95% CI, 2.83–3.01) [4]. In 
Japan, 7774 incident ITP patients were identified from the nationwide ITP registry 
database of the Ministry of Health, Labour and Welfare of Japan, and the reported 
incidence was 2.16/100.000 person-years [3]. The variation of incidence among 
these studies is likely to depend on differences in the diagnostic criteria of ITP, 
validation of excluding other causes of thrombocytopenia including secondary ITP, 
characteristics of patients registered to database, and completeness of database. No 
ethnic disparity among ITP patients is demonstrated. The current evidence indi-
cates that ITP is estimated to have an incidence between 2.16 and 3.9 per 100,000 
person-years.

The prevalence of ITP has been also investigated in several studies, and three 
large studies have been recently reported. In Maryland, USA, 1169 ITP patients 
were identified from the Medical Care Data Base of the Maryland Health Care 
Commission, and the age-adjusted prevalence of ITP was 9.5 (95% CI, 8.5–10) 
per 100,000 persons [5]. This study only included patients under 65 years old. In 
another study in the United States, 4943 patients with all age groups were identi-
fied from the integrated information system database, one of the largest US 
health-care-managed database, and the reported prevalence was 20.3 (95% CI, 
20.1–20.4) per 100,000 persons [6]. In a UK study with GPRD, 3073 patients 
aged 18 and over were identified, and the reported prevalence was 50.29 (95% 
CI, 48.51–52.06) per 100,000 persons [7]. From these studies, it is considered 
that the robust estimates of prevalence of ITP range from 20.3 to 50.29 per 
100,000 persons.

3  �Age and Gender

Epidemiologic studies in the United Kingdom, France, and Japan have shown that 
there is a 1.1 to 1.5:1 female to male predominance in the entire ITP patients [2–4]. 
However, all studies revealed that ITP was more frequent among males in the age 
groups less than 5 years and over 75 years old. In female patients, the age-specific 
distribution of ITP patients had a trimodal distribution, with the first peak observed 
below 4 years, the second among those aged 20–34 years (childbearing age), and the 
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third peak among aged over 50 years (Fig. 1). The maximum ratio of female to male 
was observed in patients aged 20–34 years. The preponderance of females at this 
childbearing age may include a bias toward an increased opportunity of measurement 
of platelet count during visits to gynecologists, especially during pregnancy, result-
ing in fortuitous discovery of thrombocytopenia leading to diagnosis of ITP.

The natural history of ITP is different between children and adult in that child-
hood ITP takes an acute, self-limited course, whereas the majority of adult ITP 
progresses to chronic disease [8]. A recent French study showed that 35.7% of 
childhood ITP became persistent or chronic, whereas 66.7% of adult ITP was per-
sistent or chronic with a mean follow-up of 17.6 ± 6.7 months (range, 6–30 months) 
[4]. The majority of childhood ITP has been associated with viral infections, sug-
gesting a seasonal variation in incidence. In children, two-thirds of the ITP patients 
experience flu-like fever during the weeks preceding ITP onset [9]. One study iden-
tified an increased incidence of childhood ITP in winter [4], whereas another study 
found an increased incidence in summer [10]. Additionally, in adult ITP, the peak 
incidence was reported to be in winter, and infant patients aged 0–1 years, who were 
most susceptible to viral infections, had a peak incidence in spring [4].

Possible association of ITP with vaccination, especially with MMR immuniza-
tion, has been debated [11–13]. MMR immunization was associated with an increased 
risk of ITP; however, a risk-benefit balance of MMR immunization should be consid-
ered because immunization-associated ITP is mild, self-limited, and rarer than natu-
ral measles or rubella infection-associated ITP [13]. Further studies are necessary to 
clarify the association of viral infection and immunization with pathogenesis of ITP.
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4  �Platelet Counts

An international group of ITP defined the platelet count to be less than 100 × 109/L 
as the threshold for diagnosis [14]. A nationwide study in Japan analyzed 7774 
patients diagnosed according to this threshold and reported that the mean platelet 
count was 22.0 × 109/L in the total ITP patients (23.7 in females and 19.3 in males), 
12.8 × 109/L in patients less than 15 years old, 27.2 × 109/L at 15–49 years old, and 
21.1  ×  109/L in patients more than 50  years old [3]. Sixty-two percent of child 
patients had a platelet count of less than 10 × 109/L. This percent was significantly 
higher than that (41.2%) in adult patients. Both an international multicenter 
(Intercontinental Cooperative ITP Study Group, ICIS) and UK studies had the simi-
lar results to a Japanese study although they included patients with platelet counts 
greater than 100 × 109/L [2, 15, 16].

5  �Bleeding Symptoms

The most common bleeding symptom of ITP is purpura [3, 16]. Purpura and epi-
staxis occur more frequently in children than in adults (Table 1). Gastrointestinal 
bleeding is much less common: 1.11 and 3.9% of entire ITP patients in France and 
Japan, respectively [3, 4]. There was no significant difference in the frequency of 
gastrointestinal bleeding between child and adult ITP [3]. However, among adult 
ITP, there was a linear increasing relation between age and gastrointestinal bleeding 
[4]. Intracranial hemorrhage (ICH) is the most devastating bleeding event, and its 
incidence is 0.37–0.6% [3, 4]. Adult patients have more frequent ICH than children, 
and the older patients, especially over 60 years old, have an exponential increase in 
ICH. The role of risk factors for adult ICH including hypertension and diabetes mel-
litus in the onset of ICH remains to be determined. In child ICH, an epidemiologic 

Table 1  Hemorrhagic symptoms of child and adult ITP

Bleeding symptoms

Number of cases (%)
p-value (child vs. 
adult)

Overall (7774 
cases)

Child (929 
cases)

Adult (6845 
cases)

Purpura 5160 (66.4) 860 (92.6) 4300 (62.8) p < 0.001
Gingival bleeding 1540 (19.8) 175 (18.8) 1365 (19.9) ns
Epistaxis 963 (12.4) 276 (29.7) 687 (10.0) p < 0.001
Hematuria 507 (6.5) 54 (5.8) 453 (6.6) ns
Melena 302 (3.9) 43 (4.6) 259 (3.8) ns
Hypermenorrhea 275 (3.5) 11 (1.2) 264 (3.9) p < 0.001
Cerebral bleeding 46 (0.6) 1 (0.1) 45 (0.7) p < 0.05
Other bleeding 268 (3.4) 54 (5.8) 214 (3.1) p < 0.001

ns not significant
Adapted from the study by Kurata et al. [3]
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study in the United States with a nationwide survey of childhood ITP with ICH 
showed that the estimated incidence of ICH was 0.19–0.78% and that platelet counts 
were less than 20 × 109/L in 90% and less than 10 × 109/L in 75% of children with 
ICH [17]. The ICIS study also reported the similar relationship between platelet 
counts and ICH in both child and adult patients [16]. However, the US study has 
revealed that severe thrombocytopenia was not sufficient for child ICH, but head 
trauma and bleeding symptoms beyond purpura, especially hematuria, were linked 
to ICH [17]. Such epidemiologic findings may be useful for selection of ITP patients 
with high risk of ICH.

6  �Thrombotic Symptoms

Until recently, thrombosis was not considered as a part of ITP manifestations. 
Recent several studies suggest that ITP may have paradoxically an increased risk 
for thromboembolism. A US study with 3131 ITP patients from a database of US 
health insurance reported that the adjusted incidence rate ratio (IRR) of any vascu-
lar, venous, and arterial thromboembolism as compared with the age- and gender-
matched reference cohort was 1.70 (95% CI, 1.41–2.05), 2.89 (95% CI, 1.33–6.29), 
and 1.58 (95% CI, 1.29–1.94), respectively [18]. A Danish population-based study 
with 391 adult patients from the Danish National Patients Registry showed that the 
IRR of venous thrombosis as compared with the reference cohort was 2.65 (95% 
CI, 1.27–5.50) [19]. Another Danish population study with 379 patients showed 
that the IRR of arterial thrombosis was 1.32 (95% CI, 0.88–1.98), indicating no 
significant difference [20]. A UK study with 1070 patients from GPRD also reported 
no significant difference in the IRR of arterial thrombosis, but significantly 
increased IRR of venous thrombosis [21]. A recent Scandinavian population-based 
cohort study with 1821 adult patients found that the occurrence of both arterial and 
venous thromboembolism increased with age and increasing comorbidity burden 
[22]. Splenectomized ITP patients had the increased risk of both arterial and venous 
thrombosis compared with non-splenectomized patients with hazard ratios of 3.2 
(95% CI, 1.2–8.6) and 4.1 (95% CI, 1.1–15.7), respectively, with an overall hazard 
ratio of thrombosis in splenectomized of 3.5 (95% CI, 1.6–7.6) [23]. For ages 
>60 years, more than two classical risk factors for thrombosis at diagnosis and ste-
roid use were independently associated with an increased risk of thrombosis. No 
independent investigations have explored the thrombotic risk associated with 
thrombopoietin receptor agonists although several clinical trials showed a certain 
rate of thrombotic events in ITP patients who received thrombopoietin receptor 
agonists [24]. This rate did not increase over time. Taken together, there seems to 
be a slight increase in venous thrombosis in chronic ITP, except for splenectomized 
and elderly patients [23, 24]. Although such thrombophilia may not be worthy to 
demand clinical intervention [23], the stratification of a high-risk group would be 
of value in the establishment of thrombosis-associated subgroup of ITP and choice 
of treatment.
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7  �Treatment

The treatment strategy differs between child and adult ITP patients. In child ITP, the 
most common prescription is intravenous immunoglobulin [3, 16]. This is likely 
because high-dose immunoglobulin therapy results in a more rapid increase in 
platelet counts than other therapies when it is administered for management of 
bleeding symptoms at the acute onset of child ITP. In adult ITP, the most common 
prescription is corticosteroid that is recommended as a first-line therapy for adult 
ITP by the international consensus report and the American Society of Hematology 
guideline [8, 25]. The eradication of Helicobacter pylori in adult patients is per-
formed more frequently in Japan than in western countries [3]. The rate of splenec-
tomy was 29% of adult patients in the clinical practice of two decades ago [26], and 
it has been dramatically decreased to only 6% in recent years [2, 27], because 
patients are increasingly reluctant to undergo splenectomy and new drugs including 
anti-CD20 monoclonal antibody and thrombopoietin receptor agonists have been 
developed [28]. The frequency of each treatment will be altered over time, and an 
epidemiologic approach to thrombopoietin receptor agonists will have a consider-
able impact on the management and the burden of this disease.

8  �Prognosis

The previous population-based cohort studies have found a significantly increased 
risk of bleeding, infection, and hematologic malignancies in patients with chronic 
ITP than in the age- and gender-matched general population [2, 26, 29]. In a Danish 
population-based study, the adjusted 5-year relative ratio (RR) was 3.2 (95% CI, 
1.2–9.0) for ICH and 4.4 (95% CI, 2.3–8.3) for other hospitalized hemorrhage [29]. 
In a recent French study, 30% of patients hospitalized for ICH and 8% for gastroin-
testinal bleeding died [27]. Besides the bleeding risk, the infection risk should be 
emphasized. In a retrospective study of 152 ITP patients with a mean follow-up 
period of 10.5 years, bleeding and infection equally contributed to the death of the 
patients [30]. This finding is in accordance with the results of the UK study with 
GPRD in which death was related to bleeding in 13% and infection in 19% of ITP 
patients whom the cause of death was specified in the registry record [2]. 
Immunosuppressive treatment for ITP is likely to be responsible for severe infec-
tion, suggesting serious consideration of risk assessment of the treatment strategies 
for ITP. The increase in hematologic malignancies among ITP patients may be due 
to misdiagnosis with ITP during the initial stage of hematologic malignancy because 
ITP is a diagnosis of exclusion. The hazard ratio of all-cause mortality was 1.5 (95% 
CI, 1.2–1.8) to 2.3 (95% CI, 1.8–3.0) for ITP patients compared with the age- and 
gender-matched general population [2, 26, 29]. However, the difference in mortality 
rates between ITP patients and the general population was much less pronounced 
when ITP patients with comorbidity were compared with general population 
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members with comorbidity, indicating that the major cause of death is more strongly 
associated with comorbidity than with ITP itself [26].

The prognosis of childhood ITP is much better than that of adult ITP.  In the 
recent ICIS study with 1345 child ITP patients, the majority of patients underwent 
remissions within 12 months, and 28% of patients have chronic ITP with platelet 
counts less than 100 × 109/L at 12 months after diagnosis [31]. Severe thrombocy-
topenia (less than 20 × 109/L) at 12 months was only 7%, and even in such patients, 
major hemorrhage was infrequent. Neither ICH- nor ITP-related death was observed. 
In a retrospective survey of 247 child ITP patients in Japan, 67 patients (27%) had 
persistent or chronic ITP, and the risk factors for transition from newly diagnosed 
ITP to persistent or chronic ITP were older age, higher initial platelet count, positive 
medical history or comorbidity, the absence of preceding infection or vaccination, 
and the absence of an increase in immunoglobulin [32]. Chronic child ITP tends to 
achieve remission over time, and the overall time required for 50% resolution in 
chronic child ITP was reported to be 5.6 years [32].
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Autoantigens in ITP

Yoshiaki Tomiyama

Abstract  Antiplatelet autoantibodies play a critical role in autoimmune thrombo-
cytopenia (ITP). Thus, characterization of autoantigens recognized by 
autoantibodies is a prerequisite for elucidating its pathophysiology. Platelet glyco-
protein (GP) IIb-IIIa and/or GPIb-IX are the two major autoantigens in ITP. This 
capture reviews recent advance in the characterization and localization of autoan-
tigens in ITP.

1  �Introduction

Autoimmune thrombocytopenia (ITP) is an acquired immune-mediated disorder 
characterized by early platelet destruction due to antiplatelet autoantibodies. Platelet 
destruction results from subsequent complement-mediated lysis and/or phagocyto-
sis by the reticuloendothelial system (RES) mainly in the spleen [1–5]. Experiments 
performed by Harrington et al. in 1951 and following experiments by Schulman 
et al. in the mid-1960s revealed the immunologic etiology of the disease on the basis 
of the development of transient thrombocytopenia in healthy recipients after the 
passive transfer of plasma, including immunoglobulin (Ig) G-rich fractions, from 
ITP patients [6, 7]. The direct antiglobulin test (DAT) is a reliable method for the 
diagnosis of autoimmune hemolytic anemia (AIHA). To develop an equivalent 
assay in ITP to DAT in AIHA, several assays to detect antiplatelet antibodies as 
platelet-associated IgG (PAIgG) on platelets have been reported in the 1970s [1]. 
However, elevated levels of PAIgG were not specific for ITP, but were often observed 
in patients with nonimmune thrombocytopenia [8, 9]. PAIgG should contain “true” 
antiplatelet IgG autoantibody bound to a platelet antigen (autoantigen) through the 
Fab terminus of the IgG molecule. In addition to the “true” antibody, PAIgG could 
contain immune complex bound to the platelet Fcγ receptor (FcγRII) and nonspe-
cific IgG bound to platelets, which resulted in the low specificity (~27%) of PAIgG 
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for the diagnosis of ITP [8] (Fig. 1). Thus, the assay to measure IgG associated with 
platelet is not sufficient for understanding the pathophysiology of ITP or for the 
diagnostic test for ITP.

To overcome the disadvantage of PAIgG measurement and reveal the pathophys-
iology of ITP, an autoantigen that binds autoantibody should be identified and then 
the autoantigen-specific antibody should be evaluated.

2  �Platelet-Associated Autoantibodies

van Leeuwen et  al. firstly showed that platelet-associated (PA) antibodies eluted 
from platelets of 42 chronic ITP patients bound to all normal platelets tested, but 32 
of these eluates (76%) did not react with platelets obtained from Glanzmann throm-
basthenia (GT) [9]. Because GT is a congenital bleeding disorder that is caused by 
a quantitative defect in platelet membrane glycoprotein (GP)IIb-IIIa [10, 11], the 
findings of van Leeuwen et al. suggested the importance of GPIIb-IIIa as a major 
autoantigen in chronic ITP. Varon and Karpatkin showed impaired binding of the 
monoclonal antibody 3B2, which is specific for GPIIb, to platelets obtained from 15 
of 16 chronic ITP patients. Their data also suggested that GPIIb-IIIa may be impor-
tant as an autoantigen in ITP, and the autoantigen may locate close to the 3B2-binding 
site because of the possible inhibition of the 3B2 binding by ITP autoantibodies 
[12]. Subsequently, direct evidence for the presence of anti-GPIIb-IIIa and/or anti-
GPIb-IX autoantibodies in ITP has been provided by several different assays includ-
ing monoclonal antibody-based antigen-specific assays such as the immunobead 
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Fig. 1  Comparison between platelet-associated IgG (PAIgG) and autoantigen-specific antibody in 
ITP. In addition to autoantibody, PAIgG could contain an immune complex bound to the platelet 
Fcγ receptor (FcγRII) and nonspecific IgG bound to platelets, which results in the low specificity 
of PAIgG for the diagnosis of ITP
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assay and monoclonal antibody immobilization of platelet antigens (MAIPA) 
(Fig. 1) [13–15]. Tomiyama et al. developed a direct immunoprecipitation assay: 
ITP platelets with autoantibodies were directly radiolabeled and solubilized without 
adding any antibody, and then platelet antigen-antibody complexes were immuno-
precipitated by protein A and analyzed by SDS-PAGE. This method allows us to 
analyze both PA autoantibodies and their target antigens (i.e., autoantigens) simul-
taneously. Employing this procedure, GPIIb-IIIa and a 56 kd protein were identified 
as autoantigens for PA autoantibodies in four and three of six ITP patients, respec-
tively, and suggested that the levels of these PA autoantibodies were related to the 
disease activity (Fig. 2) [16, 17]. Prospective studies revealed that PA autoantibod-
ies were detected in 50–60% ITP patients, and the most frequently detected antibod-
ies were anti-GPIIb-IIIa followed by anti-GPIb-IX antibodies [18, 19]. Although 
not all but 50–60% ITP possessed PA autoantibodies, the specificity of these auto-
antibodies for ITP was high (>90%), and the degree of their positivity increased 
with the severity of ITP [19]. Moreover, corticosteroids and splenectomy resulted in 
a decrease in PA autoantibody levels associated with an improvement in the platelet 
count [20]. Taken together, these data indicate that PA autoantibodies play a crucial 
role in the pathophysiology of ITP.
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3  �Serum Autoantibodies

Serum (or plasma) antibodies specific for GPIIb-IIIa and/or GPIb-IX have also 
been demonstrated in ITP by monoclonal antibody-based antigen-specific assays 
[14]. However, serum autoantibodies were less frequently detected than PA auto-
antibodies (43.2 vs. 79.7%) [14, 21]. Some serum anti-GPIIb or anti-GPIIIa anti-
bodies could be demonstrated in an immunoblot assay, suggesting that these 
antibodies might recognize linear structure rather than tertiary structure of GPIIb 
or GPIIIa [22, 23]. Moreover, some of these serum antibodies showed a different 
specificity from PA autoantibodies. Fujisawa et al. demonstrated that plasma sam-
ples from chronic ITP patients contained antibodies against a cytoplasmic region 
of GPIIIa and clearly showed the different specificities of PA and plasma autoanti-
bodies to GPIIb-IIIa [24, 25]. Similarly, Kosugi, et al. also demonstrated the dif-
ferent specificity between PA and plasma antibodies specific for GPIIb-IIIa and the 
presence of anti-αvβ3 antibodies in sera from chronic ITP but not in PA autoanti-
bodies [26, 27]. Moreover, antibodies against vinculin, an intracellular protein, 
have been detected in ITP sera and control sera. The incidence of antivinculin 
antibodies in ITP sera (67%; 55 of 82 sera) was significantly higher than that in 
control sera (40%; 32 of 80 sera), and there is a significant difference between the 
mean levels of antivinculin antibodies in ITP and control sera [28]. It is possible 
that antivinculin antibodies may secondarily be induced by platelet destruction in 
ITP. Taken together, the presence of antibodies against a cytoplasmic region of 
GPIIIa and/or vinculin in ITP sera as well as the different specificity between PA 
and serum (plasma) antibodies strongly suggest that sera in chronic ITP may con-
tain antibodies secondarily caused by platelet destruction. Accordingly, in order to 
reveal the pathophysiology of ITP, we should investigate autoantigens recognized 
by PA autoantibodies.

4  �Characterization of PA Anti-GPIIb-IIIa Autoantibodies

PA anti-GPIIb-IIIa autoantibodies are most frequently detected in ITP [18, 19]. 
GPIIb and GPIIIa forms a non-covalently associated, divalent cation-dependent 
heterodimer (αIIbβ3), which is a prototypic integrin and plays a crucial role in nor-
mal hemostasis and platelet aggregation as a physiologic receptor for fibrinogen 
and von Willebrand factor. Dissociation of the GPIIb-IIIa complex into free GPIIb 
and GPIIIa by EDTA treatment markedly impaired the reactivity of PA anti-GPIIb-
IIIa autoantibodies [26, 29]. These findings suggest that most PA autoantibodies 
recognize cation-dependent conformation(s) of either GPIIb or GPIIIa or 
conformation(s) formed by both GPIIb and GPIIIa. Bowditch et al. examined the 
reactivity of PA autoantibodies against five large recombinant GPIIIa peptides. 
However, they failed to localize the autoantigenic epitopes on GPIIIa [30]. GPIIb-
IIIa (αIIbβ3) and αvβ3 share the same β subunit, and GPIIb and αv show strong 
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similarities in primary structure (34% amino acid sequence identity). We took 
advantage of molecular similarities between these two integrins and investigated 
whether PA anti-GPIIb-IIIa autoantibodies might also react with αvβ3 expressed on 
human umbilical vein endothelial cells. We did not detect PA anti-αvβ3 autoanti-
bodies in chronic ITP, and we found that PA anti-GPIIb-IIIa autoantibodies did not 
recognize αvβ3. Because even topographic epitopes on GPIIIa, such as HPA-1a and 
HPA-4a, are expressed on both GPIIb-IIIa and αvβ3, these findings suggest that PA 
autoantibodies are highly GPIIb-IIIa-specific and recognize the tertiary structure of 
intact GPIIb-IIIa [27].

5  �Autoantigenic Epitopes on GPIIb-IIIa

PA anti-GPIIb-IIIa autoantibodies failed to react with αvβ3, suggesting an impor-
tant role of GPIIb as an autoantigen. Extracellular domain of GPIIb (αIIb) consists 
of four domains: β-propeller domain, thigh domain, calf-1 domain, and calf-2 
domain. The N-terminal globular head of αIIbβ3, which contains a ligand-binding 
site of this integrin, is formed by a seven-bladed β-propeller domain (W1–W7) from 
GPIIb and a β I-domain from GPIIIa (β3) (Fig. 3). In addition to the quantitative 
defect, a qualitative defect in GPIIb-IIIa is responsible for GT phenotype (variant 
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Fig. 3  Structure of extracellular domain of GPIIb-IIIa (integrin αIIbβ3) and β-propeller domain of 
GPIIb (αIIb). The N-terminal portion of GPIIb, known as the β-propeller domain, contains seven 
radially arranged β-sheets, termed “W” because of their topology. Each W structure has four anti-
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GT) [10, 11]. Molecular characterization of variant GT is informative in defining 
functionally important site(s) in GPIIb-IIIa, and ligand-binding sites within the 
N-terminal globular head have been identified in both GPIIb and GPIIIa [11]. By 
the characterization of a variant GT, CAM, Loftus et al. first demonstrated Asp resi-
due at 119 in GPIIIa as one of the critical residues for ligand binding [31]. Honda 
et  al. demonstrated that a 2-amino acid insertion (Arg-Thr) between amino acid 
residues 160 and 161 within the GPIIb W3 4-1 loop is responsible for a ligand-
binding defect in a variant GT, KO [32]. Both KO and CAM variants GPIIb-IIIa 
showed markedly impaired ligand binding without disturbing surface expression or 
inducing major structural change in the receptor. To localize the autoantigenic 
epitope(s), we examined the reactivity of platelet eluates (PA autoantibodies) against 
KO mutant or CAM mutant GPIIb-IIIa-expressing 293T cells. Interestingly, 11 of 
34 chronic ITP patients (32%) with PA anti-GPIIb-IIIa autoantibodies showed 
marked decrease in the reactivity with KO GPIIb-IIIa, but not with CAM GPIIb-IIIa 
[17, 33]. Thus, in one-third of ITP patients, the W3 4-1 loop and its surrounding 
regions of β-propeller domain in GPIIb may directly or indirectly participate in the 
formation of autoantigens.

Autoantigenic epitopes on GPIIb-IIIa were localized on W3 4-1 loop of 
β-propeller domain in one-third of ITP patients [33]. However, they still remained 
elusive in the other two-third of ITP patients. In order to further characterize auto-
antigenic epitopes on GPIIb-IIIa in ITP patients including the remaining two-thirds 
of ITP patients, Kiyomize et al. systematically examined the reactivity of PA anti-
GPIIb-IIIa autoantibodies obtained from 15 ITP patients with human-mouse GPIIb 
chimeras complexed with human GPIIIa [34]. Firstly, we found that PA anti-GPIIb-
IIIa autoantibodies poorly reacted with mouse GPIIb-IIIa mainly due to the differ-
ence between human and mouse GPIIb, which is consistent with the previous results 
[27, 33]. Mouse GPIIb shows higher homology with human GPIIb than human αv 
(81 vs. 34% amino acid sequence homology), which enabled us to further localize 
the epitopes. Employing αIIb-αvβ3 chimeras, McMillan et al. demonstrated that 8 
of 14 PA anti-GPIIb-IIIa autoantibodies bound to epitopes existing between L1 and 
Q459 in GPIIb, which correspond to W1–W7 in the β-propeller domain [35]. We 
narrowed down the autoantigenic epitopes and demonstrated that PA anti-GPIIb-
IIIa autoantibodies mainly recognized the N-terminal half of the β-propeller domain 
(L1-W235 corresponding to W1–W4 4-1 loop) in all 15 ITP patients examined 
(Fig. 4) [34]. Antigenic loop structures in the β-propeller domain show a significant 
difference between human and mouse amino acid sequence (Fig. 4). Our systematic 
examination with human-mouse αIIb chimeras by focusing the loop structures 
found three main recognition sites for PA anti-GPIIb-IIIa antibodies: (1) a confor-
mational epitope composed of W1:1-2 and W2:3-4 loops (Group A), (2) a region 
containing the W1:2-3 loop (Group B), and (3) a region containing the W3:4-1 loop 
(Group C) [34]. It is noteworthy that we further identified some single residues in 
these loops that were critical for the reactivity of PA autoantibodies obtained from 
three ITP patients (Pt 17, 23, and 36), suggesting that some PA autoantibodies 
behaves like monospecific antibodies (Fig. 5) [34]. In addition, we and others dem-
onstrated that many of PA anti-GPIIb-IIIa antibodies showed apparent clonality 
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because of the restricted κ/λ light chain usage [34, 36, 37], which is consistent of 
the findings that antigenic epitopes for PA anti-GPIIb-IIIa antibodies are limited 
[34, 35].

6  �Autoantigenic Epitopes on GPIb-IX

He, et al. localized autoantigens on GPIb-IX employing 16 ITP sera containing anti-
GPIb-IX and 2 PA autoantibodies in a selected experiment [38]. Reactivity of 16 ITP 
sera with glycocalicin, which contains most of the extracellular of GPIbα, and with 
two recombinant fragments (fragment 1, amino acids 1–247; fragment 2, amino acids 
240–485), was examined. Six out of sixteen ITP sera reacted with recombinant pro-
tein fragment 2. Protein fragment 2 contained four highly antigenic segments (P1–
P4), and all six sera as well as two platelet eluates (=PA autoantibodies) reacted with 
P2 peptide (LHPTQESTKEQTTFPPRWTPN, amino acids 326–346). Furthermore, 
epitope scanning with a panel of overlapping synthetic 15-mer peptides localized the 
P2 epitope to the GPIbα sequence, TKEQTTFPP (amino acids 333–341).
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7  �Summary

The cause of primary ITP remains obscure; however, it has been suggested that 
molecular mimicry may trigger an immune response against platelet antigens in 
some secondary forms of ITP [39]. Our understanding regarding autoantigens on 
GPIIb-IIIa and GPIb-IX is that autoantigenic epitopes for ITP seem limited, and 
antigenic “hot spots” of GPIIb-IIIa and GPIb-IX may exist on the N-terminal half 
of the β-propeller domain on GPIIb and amino acids 333–341 of GPIbα, respec-
tively. A recent study reported that many bacterial proteins contained the human 
integrin-type β-propeller domain [40]; this suggested that conformational mimicry 
between these bacterial proteins and the β-propeller domain in GPIIb might be 
involved in the production of PA anti-GPIIb-IIIa Abs. The restricted κ/λ light chain 
usage further suggests that PA Abs might arise from an antigen-derived clonal 
expansion rather than from polyclonal B-cell activation triggered by nonspecific 
stimuli. Further characterization of autoantigenic epitopes would offer insight into 
the specific treatments as well as the pathophysiology of ITP.
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T-Cell Abnormalities

Takashi Satoh and Masataka Kuwana

Abstract  Immune thrombocytopenia (ITP) is an autoimmune disease character-
ized by increased platelet destruction and reduced platelet production caused pri-
marily by IgG antiplatelet autoantibodies, which mainly target platelet membrane 
glycoproteins (GPs), including GPIIb/IIIa and GPIb/IX. GPIIb/IIIa-reactive CD4+ T 
cells play a central role in the pathogenic process by triggering and maintaining 
antiplatelet autoantibodies. The mechanism for ongoing antiplatelet antibody pro-
duction is explained by a “pathogenic loop” model consisting of macrophages in the 
reticuloendothelial system, GPIIb/IIIa-reactive CD4+ T cells, and B cells producing 
antiplatelet antibodies. Among T helper (Th) cell subsets, Th1 and Th17 cells as 
well as newly identified T follicular helper (Tfh) cells, which support B cell matura-
tion and differentiation within the germinal center, are actively involved in anti-
platelet antibody production. Finally, platelet-reactive CD8+ cytotoxic T cells 
directly induce lysis and apoptosis of circulating platelets as well as megakaryo-
cytes. On the other hand, CD4+ regulatory T cells (Tregs), which contribute to main-
tenance of peripheral immune tolerance, are defective in patients with ITP, through 
decreased numbers and impaired function of Tregs. In fact, mice lacking Foxp3 
Tregs spontaneously develop chronic thrombocytopenia mediated through the pro-
duction of IgG antiplatelet autoantibodies. Further studies evaluating mechanisms 
for T-cell dysregulation are useful in elucidating the pathogenesis of ITP and in 
developing novel treatment strategies.
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1  �Introduction

Immune thrombocytopenia (ITP) is an autoimmune disease in association with 
increased platelet destruction and impaired platelet production, both of which are 
mediated primarily through IgG antiplatelet autoantibodies reactive with platelet 
membrane glycoproteins (GPs), such as GPIIb/IIIa and GPIb/IX [1, 2]. There are 
accumulating lines of evidence demonstrating that cellular immunity in ITP 
patients is perturbed and shifted toward T helper 1 (Th1) and Th17 pro-inflamma-
tory responses [3]. Moreover, it has been recently found that CD4+ T follicular 
helper (Tfh) cells are also involved in regulating antiplatelet autoantibody response 
in ITP patients [4]. However, autoimmune responses observed in patients with ITP, 
especially those with primary ITP, specifically target platelet GPs. Therefore, the 
antigen-specific mechanisms should play a central role in the pathogenic process in 
conjunction with activation of nonspecific immune pathways. Actually, in ITP 
patients, it has been shown that CD4+ T cells reactive to GPIIb/IIIa are able to 
stimulate B cells to produce IgG antiplatelet autoantibodies [5]. In addition, 
platelet-reactive CD8+ cytotoxic T lymphocytes (CTLs) induce the direct destruc-
tion of platelets and megakaryocytes [6]. On the other hand, a variety of regulatory 
T cell (Treg) subsets that contribute to the maintenance of immune tolerance in the 
periphery, including CD4+ and CD8+ Tregs, are dysfunctional in patients with ITP 
[7, 8]. Taken together, it is obvious that the dysregulation of a variety of T cell 
subsets contributes to the complex pathophysiologies of ITP. This review summa-
rizes recent knowledge of aberrant effector and regulatory T cells in the pathogen-
esis of ITP.

2  �Autoreactive Effector CD4+ T Cells

It is now evident that production of high-affinity IgG autoantibodies by B cells 
requires antigen-specific T cell help. CD4+ T cells that react with autoantigens tar-
geted by IgG autoantibodies have been identified in patients with various systemic 
or organ-specific autoimmune diseases. These autoantigen-specific CD4+ T cells 
almost always have an effector phenotype. We have found that GPIIb/IIIa is one of 
the major target antigens recognized by platelet-reactive CD4+ T cells in an HLA-
DR-restricted fashion [5]. In addition, GPIIb/IIIa-reactive T cells obtained from ITP 
patients are able to stimulate autologous B cells to produce IgG antibodies that bind 
normal platelet surfaces at least in vitro. In this assay system, a blockade of the 
CD40/CD154 interaction inhibits in vitro anti-GPIIb/IIIa antibody production, indi-
cating that the engagement of CD40 on B cells with CD154 expressed by activated 
CD4+ T cells is essential for T-cell helper activity [9]. In addition, CD154 expressed 
by activated platelets also stimulates B cells to produce antiplatelet autoantibodies 
in an antigen-independent fashion [10].
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Interestingly, GPIIb/IIIa-reactive CD4+ T cells respond to reduced GPIIb/IIIa or 
tryptic peptides of GPIIb/IIIa, but not to native GPIIb/IIIa, in the presence of 
antigen-presenting cells, including dendritic cells, macrophages, and B cells [5]. 
This indicates that the epitopes they recognize are “cryptic” determinants, which are 
generated at a subthreshold level by the processing of native GPIIb/IIIa under nor-
mal circumstances. Therefore, the exposure of “cryptic” peptides of GPIIb/IIIa to 
the immune system is a critical step for elucidating and maintaining the antiplatelet 
autoantibody response. In patients with chronic ITP, splenic macrophages are iden-
tified as the major antigen-presenting cells for presenting “cryptic” GPIIb/IIIa pep-
tides [11]. In addition, the presentation of the “cryptic” GPIIb/IIIa peptides by 
macrophages depends on their phagocytosis of a large quantity of opsonized plate-
lets via the Fcγ receptors, leading to an efficient concentration of the small quanti-
ties of platelet GP peptides that were previously “cryptic.” Therefore, the spleen is 
the primary site of GPIIb/IIIa-reactive CD4+ T-cell activation and the subsequent 
antiplatelet antibody production [12]. A recent histologic analysis of ITP spleens 
indicates that proliferative lymphoid nodules are the primary sites where the T/B--
cell interaction for production of antiplatelet autoantibodies occurs [13]. IgG anti-
platelet autoantibodies are produced not only by B cells but also by plasma cells; 
this has been confirmed by partial suppression of antiplatelet antibody production 
by depletion of CD20+ B cells [14]. Based on accumulating insights of roles of 
GPIIb/IIIa-reactive CD4+ T cells and B cells in the antiplatelet autoimmune 
responses, we have proposed a “pathogenic loop” model for the ongoing IgG anti-
platelet autoantibody response in ITP patients (Fig. 1) [11]. Namely, macrophages 
in the reticuloendothelial system capture opsonized platelets via Fcγ receptors and 
present antigenic platelet GP-derived “cryptic” peptides to T cells in the context of 
HLA class II molecule. Autoreactive CD4+ T cells to GPIIb/IIIa are then activated 
by recognition of the antigenic peptides and exert helper activity to stimulate B cells 
to proliferate, differentiate into plasmoblasts, and produce IgG antiplatelet autoan-
tibodies, which in turn bind to circulating platelets. Theoretically, once this patho-
genic loop is established, the production of IgG antiplatelet autoantibodies is 
endless, irrespective of the triggers that initiated this response.

The majority of current treatment regimens for ITP are aimed to interrupt this 
pathogenic loop and thereby suppress production of antiplatelet autoantibodies and 
result in platelet recovery. Specifically, corticosteroids suppress overall immune 
responses, while splenectomy removes the major site for this pathogenic loop. 
Cytotoxic immunosuppressants, such as cyclophosphamide and azathioprine, 
inhibit proliferation of both T and B cells, while cyclosporine and tacrolimus 
selectively inhibit T-cell activation and rituximab depletes CD20+ B cells. One of 
the immune regulatory mechanisms involved in the pathogenic process of ITP is an 
inhibitory Fcγ receptor FcγRIIB expressed on reticuloendothelial macrophages. 
Interestingly, platelet recovery observed in ITP patients after eradication of 
Helicobacter pylori or treatment of thrombopoietin (TPO) receptor agonists is 
mediated through a change in Fcγ receptor balance toward the inhibitory FcγRIIB 
[15, 16].
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3  �Dysregulated Treg Function

Tregs are subpopulations of CD4+ T cells specialized in immune suppression and 
include a variety of subsets, such as Tregs expressing transcription factor forkhead 
box P3 (Foxp3), T-regulatory 1 (Tr1) cells, and Th3 cells. The negative selection 
process in the thymus deletes T cells reactive with autoantigenic peptides presented 
by thymic epithelial cells in high affinity and plays a critical role in the maintenance 
of central immune tolerance. However, a subset of autoreactive T cells, including 
those reactive with autoantigenic “cryptic” peptides that are not efficiently expressed 
in the thymus, escape from the negative selection process and are delivered to 
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Fig. 1  A schematic model representing the continuous pathogenic loop of ITP, which is carried 
out by macrophages in the reticuloendothelial system, antibody-producing B cells, and a variety of 
autoreactive T-cell subsets
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periphery. These autoreactive T cells are subsequently suppressed or deleted in 
periphery through Treg-mediated mechanisms, but Treg deficiency potentially leads 
to onset of harmful autoimmune conditions [17]. In fact, a reduced frequency of 
Tregs and defective function of Tregs have been reported in patients with various 
autoimmune diseases, including type 1 diabetes, multiple sclerosis, and systemic 
lupus erythematosus [18].

Given a critical role of Tregs in preventing the autoimmune response, dysregula-
tion of Tregs could also be associated with pathophysiology of ITP.  Multiple 
research groups have examined quantity of Foxp3 Tregs in patients with ITP. The 
majority of studies demonstrated a decreased frequency of Foxp3 Tregs in periph-
eral blood CD4+ T cells in ITP patients, compared with healthy controls [8]. Some 
studies failed to represent a significant difference in Treg frequencies between ITP 
patients and healthy controls, but these inconsistent results might be explained by 
use of different phenotypes for identification of Foxp3 Tregs, i.e., CD4+CD25high, 
CD4+Foxp3+, CD4+CD25highFoxp3+, and CD4+CD25+CD127low. The lowest Foxp3 
Treg frequency is detected in patients with acute phase of the disease and/or in those 
with low platelet count, and Foxp3 Treg count is recovered in remission. Foxp3 Treg 
frequency is also decreased in the bone marrow and spleen from patients with ITP 
[19–21]. A recent histologic analysis of ITP spleens has found reduced Foxp3 Tregs 
within the germinal center and proliferative lymphoid nodule, which accommodate 
B cells proliferating upon antigenic stimulation. In addition, Treg’s immunosup-
pressive function assessed using a principle of allogeneic T-cell response is shown 
to be inferior in ITP patients than in controls [22–25]. Finally, several studies have 
evaluated serial changes in frequency and function of Foxp3 Tregs before and after 
the treatment. High-dose dexamethasone and rituximab increase the proportion of 
Foxp3 Tregs in responders [24, 26], whereas TPO receptor agonists fail to increase 
Treg frequency, but improve Treg function [22].

The reduced number and impaired function of Foxp3 Tregs in ITP patients sug-
gest that dysregulation of the peripheral immune tolerance may contribute to 
development of ITP. This hypothesis has been tested using Foxp3 Treg-deficient 
mice, which are generated by transferring Foxp3 Treg-depleted CD4+CD25− T 
cells isolated from BALB/c mice into syngeneic nude mice [27]. Three weeks 
after transfer, approximately one third of Treg-deficient mice spontaneously 
develop bruises in association with thrombocytopenia, which sustains for at least 
12 weeks. IgG antibodies capable of binding to platelets are detected in platelet 
eluates and in splenocyte culture supernatants from thrombocytopenic Foxp3 
Treg-deficient mice. The primary target of antiplatelet autoantibodies produced in 
these mice was identified as GPIb/IX [28]. These findings indicate that thrombo-
cytopenia observed in Foxp3 Treg-deficient mice is mediated through production 
of IgG antiplatelet autoantibodies, which is analogous to human ITP. In addition, 
Foxp3 Tregs can suppress effector T-cell responses through various mechanisms, 
and we have found that Foxp3 Treg’s immunosuppressive property is primarily 
mediated through engaging cytotoxic T lymphocyte antigen 4 (CTLA4), which 
suppresses T-cell activation by inhibiting a critical co-stimulatory interaction 
between CD28 and CD80/CD86. Interestingly, we have happened to find short-
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term treatment with recombinant TPO could promote the peripheral induction of 
Foxp3 Tregs and suppress specific T-cell responses to platelet GPs in Foxp3 Treg-
deficient mice [29]. This may explain why some patients treated with TPO recep-
tor antagonists maintain their platelet count after cessation of the drug [30]. In 
another ITP model mouse, in which GPIIIa knockout mice are immunized with 
wild-type platelets and their splenocytes are transferred into severe combined 
immunodeficiency mice, severe fatal thrombocytopenia occurs through produc-
tion of IgG antiplatelet antibodies and induction of platelet-reactive cytotoxic T 
cells [31]. Interestingly, in this model, Foxp3 Tregs are increased in the thymus, 
but are decreased in the spleen, in comparison with control mice, proposing an 
intriguing theory that peripheral Foxp3 Treg deficiency is caused by thymic reten-
tion [32]. Therefore, Foxp3 Treg deficiency in secondary lymphoid organs is one 
of the critical mechanisms that develop and maintain the pathogenic loop of ITP 
(Fig. 1).

4  �Tfh Cells in the Spleen

Tfh cells are a specialized CD4+ T subset that supports B-cell maturation and dif-
ferentiation within the germinal center [33]. They can be identified by a combina-
tion of markers, including high expression of chemokine C-X-C motif receptor 5 
(CXCR5), inducible co-stimulator (ICOS), programmed cell death 1 (PD-1), and 
the transcription repressor B cell lymphoma 6. In the germinal center, Tfh cells 
interact with antigen-specific B cells through various interactions, such as ICOS-
ICOS ligand, PD-1-PD ligand-1, CD40-CD154, and IL-21 receptor-IL-21  in an 
antigen-dependent and/or -independent manner, resulting in maturation into spe-
cialized memory B cells and plasma cells. Increased numbers of Tfh cells and/or 
dysregulated Tfh function contribute to the development of autoimmune phenotype 
in mouse models, and expansion of Tfh cells has been reported in peripheral blood 
from patients with various autoimmune diseases, including systemic lupus erythe-
matosus, Sjögren’s syndrome, rheumatoid arthritis, myasthenia gravis, and autoim-
mune thyroid disease [33–35]. With respect to ITP, some studies have reported an 
increased proportion of circulating Tfh cells in ITP patients compared to healthy 
controls and a positive correlation between the percentages of Tfh cells and anti-
GPIIb/IIIa or anti-GPIb/IX antibodies [36, 37]. Interestingly, an increased frequency 
of Tfh cells was also observed in the spleen of ITP patients, and the Tfh proportion 
was correlated with the expansion of the germinal center structure [4]. In addition, 
CXCR5 is a B-cell zone homing chemokine receptor and is required for T-cell 
migration into the follicles for their co-localization with B cells, in response to the 
specific ligand CXCL13, which is elevated in circulation of ITP patients [38, 39]. 
Taken together, expansion of Tfh cells in the germinal center of the spleen from ITP 
patients may promote generation and maintenance of B cells and plasma cells that 
produce high-affinity IgG antiplatelet autoantibodies, although whether this process 
is antigen-specific is still controversial.
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5  �Effector and Regulatory CD8+ T Cells

T-cell-mediated cytotoxicity is an alternative mechanism for platelet destruction in 
patients with ITP. The involvement of CD8+ CTLs in pathogenic process of ITP 
was first shown by increased expression of genes involved in cell-mediated cyto-
toxicity in circulating CD3+ T cells derived from ITP patients [6]. In this landmark 
study, the authors have successfully demonstrated that CD8+ CTLs from ITP 
patients are able to induce direct platelet apoptosis or lysis in vitro. In addition, 
CD8+ T cells in the bone marrow of ITP patients are shown to suppress thrombocy-
topoiesis by triggering apoptosis and inhibition of maturation in megakaryocytes, 
leading to a decrease in platelet production, which could be successfully corrected 
by high-dose dexamethasone [40]. In the ITP mouse model generated by induction 
of the isoimmune response to GPIIIa followed by transplantation of immune reper-
toire into severe combined immunodeficiency mice, CD8+ CTLs attack megakaryo-
cytes in the bone marrow and almost completely inhibit platelet production [31]. 
Using this mouse model, it has been shown that B-cell depletion by treatment with 
anti-CD20 monoclonal antibody results in suppression of splenic CD8+ CTL pro-
liferation together with normalization of platelet counts [41]. Recently, anti-GPIbα 
antibodies, but not anti-GPIIb/IIIa antibodies, were shown to induce Fc-independent 
platelet activation, sialidase neuraminidase-1 translocation, and desialylation, lead-
ing to platelet clearance in the liver [42]. This Fc-independent platelet clearance 
mechanism is fundamentally different from the classical Fc-Fcγ receptor-depen-
dent mechanism, which is mediated through macrophage phagocytosis in the retic-
uloendothelial system. Moreover, this analogous mechanism is mediated by CD8+ 
T cells, which induce platelet desialylation and subsequently promote platelet 
clearance in the liver [43]. Thus, IL-27 may be a promising therapeutic targeting 
CD8+ T cells in ITP patients because of its ability to inhibit CTL-mediated platelet 
destruction in vitro [44].

Several lines of recent studies indicate there is a subset of CD8+ cells with regu-
latory function called CD8+ Tregs [45, 46]. These Tregs exert their immunosuppres-
sive property against effector CD4+ cells and B cells via a cell-cell contact through 
direct lysis and/or secretion of soluble negative regulates, such as IL-10 and TGF-β. 
In vitro co-culture studies have revealed that CD8+ Tregs effectively inhibited pro-
liferation of CD4+ T cells and B cells, resulting in suppression of antiplatelet-
autoantibody production in the murine model of ITP [7]. In addition, corticosteroid 
therapy decreased effector CD4+ T cells and B cells, but expanded CD8+ Tregs.

6  �Conclusions

A recent accumulating evidence in ITP patients and ITP mouse models has shown 
that a variety of T cell subsets are involved in pathogenic process of ITP, by promot-
ing IgG antiplatelet autoantibody production and inducing CTLs with capacity to 
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target platelets and megakaryocytes. The elucidation of mechanisms underlying the 
updated “pathogenic loop” model for the pathophysiology of ITP (Fig. 1) would be 
useful in developing novel therapeutic strategies.

Acknowledgments  We dedicate this chapter to the late Tetsuya Nishimoto, who had contributed 
to elucidation of autoimmune mechanisms of ITP.
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ITP in Adults

Hirokazu Kashiwagi and Yoshiaki Tomiyama

Abstract  Most cases of adult ITP are chronic form, and the onset of the disease is 
usually insidious. Signs and symptoms vary widely in each case from no hemor-
rhagic symptom to severe life-threatening bleeding, such as intracranial hemor-
rhage. In addition to hemorrhagic symptom, treatment-related complications, such 
as infection and cardiovascular diseases, may lead to poor quality of life of ITP 
patients. Increase of thrombosis in ITP patients is also demonstrated in epidemio-
logic studies. Once diagnosed with ITP, screening and eradication of H. pylori 
should be performed in the regions of its high prevalence like Japan. After exclusion 
of H. pylori-associated ITP, treatment of ITP should be initiated to maintain safe 
platelet counts as a goal. First-line treatment is corticosteroids and second-line is 
splenectomy. For refractory ITP patients, thrombopoietin receptor agonists are 
highly recommended. Rituximab may be another option to get sustained response.

1  �Clinical Course of Adult ITP

Primary ITP is classified into two categories, acute and chronic ITP, and they differ 
in incidence, bleeding symptoms, and prognosis (Table 1). Typical ITP in adults is 
a chronic disease, and the onset of the disease is usually insidious in contrast to 
children, in which ITP is usually “acute” form preceded by a viral infection, and 
spontaneous recovery of platelet counts may occur in as many as 90% patients 
within 6 months [1]. Signs and symptoms vary widely in each case. Severe life-
threatening bleeding, such as intracranial hemorrhage (ICH), may be developed; 
however, hemorrhagic symptoms are often absent or minimal [2, 3], and 
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thrombocytopenia is accidentally identified by routine blood examination in a sub-
stantial part of cases. Spontaneous remissions are uncommon, but they do occur in 
up to 10% in adults with ITP. These usually occur early in the onset of the disease, 
which are classified as acute ITP; however, spontaneous remissions are possible 
even after observation periods of 6 months or more [4]. Now, chronicity of ITP is 
judged on 12 months from diagnosis, and all cases within 3 months from diagnosis 
are defined as “newly diagnosed” ITP, and cases between 3 and 12 months from 
diagnosis including patients not reaching spontaneous remission or not maintaining 
complete response off therapy are defined as “persistent” ITP [5]. Although results 
of some long-term follow-up studies suggest that ITP is a more benign disease than 
previously thought [3, 6, 7], a systemic review of prospective clinical studies 
reported that ICH and non-ICH severe bleeding may occur in 1.4 and 9.6% of 
patients, respectively [8]. There are also treatment-associated complications, such 
as infection and cardiovascular diseases, which may affect mortality and quality of 
life of ITP patients. Studies conducted in Holland, the United Kingdom, and 
Denmark reported that relative risks (RR) of mortality with adult ITP patients are 
ranging from 1.3 to 2.2 compared with general population [6, 9–11].

2  �Clinical Manifestations

2.1  �Hemorrhagic Manifestations

Platelets are essential for primary hemostasis, and thrombocytopenia leads to failure 
of prevention of blood leakage from small blood vessels. Purpura is the most frequent 
bleeding symptom in ITP. Purpura includes skin bleeding and mucous membrane 
bleeding, which are often referred as “dry” and “wet” purpura, respectively [12]. 

Table 1  Clinical features of acute and chronic ITP

Acute ITP Chronic ITP

Peak age of 
incidence

Children (2–5 years) Adults (20–40, 60–80 years)

Sex difference Female/male = 1:1 Young onset
 � Female/male = 3:1
Old onset
 � Female/male = 1:1

Seasonal 
predilection

Winter–Spring None

Antecedent 
infection

Common (1–3 weeks before)  
Vaccination

Unusual

Onset of bleeding Abrupt Insidious
Bleeding 
symptoms

Severe (hemorrhagic bullae in mouth is 
present in severe cases)

Absent in many cases

Prognosis Spontaneous remissions occur within 
6–12 months (an average of 4–6 weeks)

Persist more than 12 months
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Since wet purpura is usually associated with lower platelet counts and the complica-
tion rates higher in those with wet purpura compared with dry purpura [1], wet pur-
pura has been presumed as a sign of serious danger in patients [13]. However, there 
are no retrospective or prospective data to support the linkage of wet purpura and 
ICH [14].

�Skin and Visual Mucous Membranes

Spontaneous bleeding into the skin is characteristic in ITP. Skin bleeding is classi-
fied into petechiae or ecchymosis by size. Petechiae is a red (recent) or purplish  
(a few days old) discoloration in the epidermis and dermis with a diameter of 
0.5–3 mm, and ecchymosis is larger than a petechiae with red, blue, purplish, or 
yellowish green color [12]. In ITP, subcutaneous hematomas without contusions are 
rare. Gingival bleeding and epistaxis are common, and hemorrhagic bulla in the oral 
cavity may be seen in cases of severe thrombocytopenia.

�Internal Mucosae of Organs

Bleeding in the genitourinary tract is common in ITP. Menorrhagia may be the only 
symptom of ITP. Hematuria is also a common symptom, although severe bleeding 
is rare. Severe bleeding in gastrointestinal tract is possible but rare even in patients 
with persistent low platelet counts [15].

�The Central Nervous System

Although ICH is the most serious complication of ITP, it is fortunately uncommon. 
A systemic review of all prospective ITP studies that enrolled 20 or more patients 
showed that the rates of ICH were 1.4% in adults and 0.4% in children [8]. Higher 
incidence of ICH in cases of more than 60 years with low platelet counts is also 
reported [15], which may be due to frequent comorbidities or anti-hemostatic 
medications.

2.2  �Thrombosis

Although thrombosis has not been considered a part of the spectrum of ITP mani-
festations, recent epidemiologic studies have revealed unexpected increase of 
thrombosis in ITP patients [16]. Four epidemiologic studies using large-scale data-
bases from Denmark, the United Kingdom, the United States, and Sweden have 
been reported [17–21], and a meta-analysis of these observational studies showed 
that the incidence of arterial thromboembolism per 100 patient-years ranged from 
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1.0 to 2.8 among ITP patients and from 0.7 to 1.8 among populations without ITP; 
RR was 1.5 [95% confidence interval (CI): 1.3–1.8] [22]. The incidence of venous 
thromboembolism was also increased among ITP patients [ITP 0.4–0.7, without 
ITP 0.1–0.4 per 100 patient-years; RR 1.9 (1.4–2.7)] [22]. Several possible mecha-
nisms of increase of thrombosis in ITP patients have been proposed, which are 
associated with ITP itself or ITP treatments. Increase of procoagulant microparti-
cles has been reported in ITP [23], and endothelial damages caused by anti-GPIIIa 
antibodies [24] or antiphospholipid antibodies [25] may also affect the development 
of thrombosis. More importantly, many of ITP treatments, e.g., corticosteroids, 
high-dose intravenous immunoglobulin (IVIG), splenectomy, and thrombopoietin 
receptor agonists (TPO-RAs), may increase risk of thrombosis.

2.3  �Treatment-Related Manifestations

A recent Danish population-based cohort study showed increased risk of mortality 
in ITP patients compared with the general population cohort due to cardiovascular 
disease (hazard ratio 1.5, 95% CI: 1.1–1.5), infection (2.4, 1.0–5.7), and hemato-
logical cancer (5.7, 2.1–15.7) in addition to bleeding (6.2, 2.8–13.25) [9]. These 
results suggest that ITP treatment-related comorbidities significantly affect progno-
sis of patients with ITP. Long-term administration of corticosteroids increases the 
risk of cardiovascular disease, and immunosuppressive therapy, including cortico-
steroids, increases the risk of infection and malignancy [26–28]. Splenectomy also 
increases the risk of severe infection [29, 30].

2.4  �Quality of Life

Although prognosis of chronic ITP patients is fairly favorable even in the cases with 
severe thrombocytopenia, ITP itself and its treatments have significant impacts on 
daily life and physical, psychological, and social functioning. Studies using a 
health-related quality of life (HRQoL) questionnaire, which is a typical assessment 
tool of QoL, have been shown that the HRQoL of adult ITP patients was signifi-
cantly worse than that of control population [31, 32]. In one study, HRQoL was 
worse than that of patients with hypertension, arthritis, or cancer and similar to that 
of patients with diabetes mellitus [31]. Fatigue is one of the common and distressful 
symptoms for patients with a chronic disease. It has been shown that a significant 
proportion of ITP patients suffer from fatigue, and many feel that they have less 
energy when the platelet count is low [33]. Despite improvement of thrombocytope-
nia, bleeding episodes, and QoL, TPO-RAs fail to show a consistent and clinically 
significant improvement in fatigue [34, 35], suggesting that fatigue in ITP patients 
is not simply associated with disease severity, and its mechanism is likely to be 
complex [33].
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3  �Algorithm of Treatment of Adult Chronic ITP

Before starting treatment of ITP, special attention to thrombocytopenia associated 
with H. pylori infection is needed in the regions of its high prevalence. Since a high 
prevalence of H. pylori and a high platelet response rate to its eradication are well 
demonstrated in Japan [36], a recent Japanese reference guide for management of 
adult chronic ITP recommends to screening and eradication of H. pylori when ITP 
is suspected, irrespective of platelet counts (Fig. 1) [37]. However, the value of the 
screening and eradication of H. pylori is uncertain in the regions of its low preva-
lence and a low platelet response to its eradication, like the United States [36, 38].

After exclusion of H. pylori-associated ITP, treatment of ITP should be initiated 
to maintain safe platelet counts as a goal. Although the safe platelet count may 
depend on age, comorbidities, and lifestyle of each patient, several observational 
studies have suggested that bleeding risk is increased with platelets below 
20–30 × 103/μL [6, 15]. Therefore, many guidelines recommend treating patients 
with platelets below 20–30 × 103/μL and/or severe bleeding ([37, 39–42]). First-line 
treatment is corticosteroids, usually prednisolone. Seventy to eighty percent of 
patients will respond to prednisolone initially; however, sustained response would 
be achieved to a limited portion of patients, and 10-year disease-free survival is 
estimated as 13–15% [42]. Some studies demonstrated better sustained response of 
high-dose dexamethasone (HD-DEX) [43, 44]. A recent prospective randomized 
study performed in China showed that one or two courses of HD-DEX provided bet-
ter initial response and less toxicity compared with conventional prednisolone ther-
apy with the same sustained response rate [45]. Splenectomy has been recommended 
for corticosteroid-resistant patients as a second-line treatment. Splenectomy has a 

Diagnosis
of ITP

Plt £ 20 × 103/µL
or severe bleeding
tendency

Corticosteroid (1st line)

Splenectomy (2nd line)

(3rd line treatment)
TPO-RAs
Danazol
Azathioprine
VCR slow infusion
HD-Dexa
mPSL pulse
Cyclosporin
Rituximab 

ineffective

In case of emergency
IVIg, platelet transfusion,
mPSL pulse

Plt > 30 × 103/µL
without severe bleeding

20 < Plt £ 30 × 103/µL
without severe bleeding

No treatment

Watchful observation

r/o
H.pylori-
associated
ITP

Fig. 1  The 2012 reference guide for management of adult chronic ITP published from the study 
group of the Specified Disease Treatment Research Program for Intractable Diseases of the 
Ministry of Health, Labour and Welfare of Japan [37]. IVIG intravenous immunoglobulin, mPSL 
methylprednisolone, TPO-RAs thrombopoietin receptor agonists, VCR vincristine, HD-Dexa high-
dose dexamethasone
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60-year record of success for achieving durable remissions in approximately two-
thirds of patients [46]. However, splenectomy increases lifelong risk of severe infec-
tion and thrombosis [29]. In elder patients, splenectomy may often be contraindicated 
because of comorbidity, and a favorable response may be less common in elder 
patients than in young patients [47]. For refractory ITP patients in whom splenec-
tomy has failed or is avoided by patients’ and/or doctors’ decision, many drugs have 
been recommended as third-line treatments, although consistent better outcomes to 
refractory patients by randomized studies have been shown only in TPO-RAs. Two 
TPO-RAs, romiplostim and eltrombopag, are currently approved for use in adult 
ITP in Japan [48]. Randomized studies demonstrate that both drugs are highly effec-
tive in both splenectomized and non-splenectomized patients with minimal compli-
cations [49, 50]. Extended studies show sustained response and no increase of 
additional side effects in patients treated with TPO-RAs for up to 5 years [51, 52]. 
Off-label use of the anti-CD20 antibody rituximab to refractory ITP patients has 
been widely performed [53], and rituximab provides initial response rates of around 
60% and sustained response rates of 20–30% [54]. Other third-line treatments may 
be also effective in some refractory cases [42, 55] (Table 2); however, the chances of 

Table 2  Treatment options for adult ITP [42, 55]

Dose
Response 
rate (%)

Time to 
response Major toxicities

Azathioprine 1–2 mg/kg/day 40–60 3–6 months Hepatotoxicity
Neutropenia
Pancreatitis

Cyclosporine 5–6 mg/kg/day 30–60 3–4 weeks Neurotoxicity
Hypertension
Paresthesia
Gingival hyperplasia

Cyclophosphamide 0.3–1.0 g/m2 iv for 
1–3 doses or 
1–2 mg/kg orally

24–85 1–16 weeks Neutropenia
Nausea

Danazol 50–800 mg/day 10–70 3–6 months Hepatotoxicity
Acne
Virilization

Dapsone 75–100 mg 40–75 3 weeks Hemolysis (in patients 
with G6PD deficiency)
Rash
Nausea

Mycophenolate 
mofetil

250–1000 mg 11–80 4–6 weeks Headache
Diarrhea
Nausea
Anorexia

Vinca alkaloids Vincristine: 1–2 mg 
iv weekly × 3 weeks
Vinblastine: 10 mg 
iv weekly × 3 weeks

10–75 5–7 days Peripheral neuropathy
Fever
Neutropenia

Steroids, IVIG, splenectomy, TPO-RAs, and rituximab are described in other chapters
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administration of these drugs are very limited in these days because of considerable 
toxicity of these drugs and availability of TPO-RAs in addition to no approval for 
usage in ITP.

In case of a requirement of rapid platelet increase because of bleeding emer-
gency, surgical procedure, or delivery, IVIG is recommended [37, 39–42]. 
Administration of 5 days of 0.4 g/kg/day or 1–2 days of 1 g/kg/day IVIG leads to 
transient increase of platelet with peak on about 1 week after treatment in ~80% 
patients [42]. High-dose methylprednisolone may also be effective for rapid increase 
of platelet [56]. Platelet transfusion may be also effective for bleeding emergency, 
although higher dose of platelet concentrates may be required because of rapid turn-
over of infused platelets [57]. Platelet transfusion combined with IVIG may work 
better for rapid restoration of adequate platelet counts [58].
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Diagnosis in General
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Abstract  Diagnosis of ITP is carried out by mainly exclusion of thrombocytopenia 
caused by other etiology and therapeutic responses. Since thrombocytopenia may 
be associated with a variety of clinical conditions, careful exclusion is necessary. 
Blood smear examination is especially important to rule out pseudothrombocytope-
nia and some congenital thrombocytopenia. Bone marrow examination may not be 
essential to ITP diagnosis, but it should be performed in cases with abnormalities in 
CBC or blood smear other than thrombocytopenia, atypical clinical course, or 
refractory to standard treatments. Assessment of reticulated platelets and plasma 
thrombopoietin concentration may be helpful to distinguish ITP from hypoplastic 
thrombocytopenia.

1  �Principle of ITP Diagnosis

Despite recent advances in understanding of pathophysiology of ITP [1], a defini-
tive test with clinically sufficient sensitivity and specificity for diagnosis of ITP has 
not been established [2]. Thrombocytopenia may be associated with a variety of 
clinical conditions (Table 1). Since ITP is mainly diagnosed by exclusion of throm-
bocytopenia caused by these other etiologies (Fig.  1), reevaluation of diagnosis 
should be considered when atypical clinical features as ITP, such as progression of 
anemia/leukopenia or poor response to standard treatments, are emerging.

H. Kashiwagi, M.D. (*) 
Department of Hematology and Oncology, Graduate School of Medicine, Osaka University, 
2-2 Yamadaoka, Suita, Osaka 565-0871, Japan
e-mail: kashi@hp-blood.med.osaka-u.ac.jp 

Y. Tomiyama, M.D. 
Department of Blood Transfusion, Osaka University Hospital, 2-15 Yamadaoka, Suita, Osaka 
565-0871, Japan
e-mail: yoshi@hp-blood.med.osaka-u.ac.jp

mailto:kashi@hp-blood.med.osaka-u.ac.jp
mailto:yoshi@hp-blood.med.osaka-u.ac.jp


88

Table 1  Etiological classification of thrombocytopenia

Artificial thrombocytopenia

 � Platelet aggregation caused by insufficient anticoagulation
 � Platelet aggregation caused by EDTA-dependent immunoglobulin (pseudothrombocytopenia)
 � Giant platelets
Decreased platelet production

 � Congenital thrombocytopenia
 �   MYH9-related macrothrombocytopenia
 �   Wiskott-Aldrich syndrome
 �   Congenital amegakaryocytic thrombocytopenia (CAMT), etc.
 � Aplastic anemia
 � Malignancy with bone marrow infiltration or suppression (e.g., lymphoma, leukemia, solid 

tumors)
 � Myelodysplasia
 � Paroxysmal nocturnal hemoglobinuria
 � Nutrient deficiencies (e.g., vitamin B12, folate, copper)
 � Chemotherapy-related suppression
Increased platelet destruction or consumption

 � Caused by immunologic process
 �   Primary immune thrombocytopenia
 �   Secondary immune thrombocytopenia
 �     Infection associated (e.g., HIV, HCV, H. pylori, EBV)
 �     Drug induced (e.g., heparin, quinine, GPIIb/IIIa inhibitors)
 �     Rheumatologic/autoimmune disease associated (e.g., SLE, rheumatoid arthritis)
 �   Alloimmune thrombocytopenia
 �     Neonatal thrombocytopenia
 �     Post-transfusion purpura
 � Caused by non-immunologic process
 �   Thrombotic microangiopathy (TMA)
 �     Thrombotic thrombocytopenic purpura (TTP)
 �     Hemolytic uremic syndrome (HUS)
 �     HELLP syndrome
 �   Disseminated intravascular coagulation (DIC)
 �   Type 2B or platelet-type von Willebrand disease
Abnormal platelet distribution or pooling

 � Splenomegaly caused by liver disease, sarcoidosis, granulomatous infections, Gaucher 
disease, etc.
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2  �Medical History and Physical Examination

Thorough interview of medical history is the first step of ITP diagnosis. Especially, 
the following information may be helpful: history of thrombocytopenia and bleed-
ing; family history of bleeding diathesis and/or thrombocytopenia; comorbidities 
and drug exposure; infectious exposures including recent viral, bacterial, or rickett-
sial infections; vaccination; and chronic HIV or HCV infections.

In physical examination, nature of bleeding should be focused. ITP typically 
causes skin or mucous membrane bleeding, and bleeding into deep tissues or joints, 
which is often observed in coagulation abnormalities, is rare. The presence of 
lymphadenopathy or hepatosplenomegaly may be a sign of an underlying condition 
responsible for the thrombocytopenia.

Thrombocytopenia

Drug
Pregnancy
Splenomegaly

Primary ITP, probable 

Rheumatologic/autoimmune disease, lymphoproliferative disorders

Diagnose ITP based on;

Therapeutic responses

Bone marrow examination

Percentages of reticulated platelets (RP%) or immature platelet fraction (IPF%)

Plasma thrombopoietin concentration

HCV, HIV or H. pylori infection

No

No

CBC and blood smear

Secondary ITP, possible 

Infection-associated ITP, possible 

No

No

Yes

Yes

Drug-induced thrombocytopenia
Pregnancy-associated thrombocytopenia
(gestational thrombocytopenia, HELLP syndrome)
Abnormal splenic pooling 

Yes

Fragmentation of RBCs

Platelet aggregates

Giant platelets with WBC inclusion 

Pseudothrombocytopenia

MYH9-related macrothrombocytopenia

DIC, TMAYes

Yes

Yes

Abnormalities in WBCs   Myelodysplasia, leukemia, etc
Yes

Normal except anemia 
due to bleeding or 

ion deficiency 

No infection  or no platelet response to eradication of pathogens 

Family history of thrombocytopenia Congenital thrombocytopeniaYes

Abnormalities in PT, aPTT or FDP DIC, APS, Type 2B VWD, etc.
Yes

Fig. 1  Algorithm of diagnosis of ITP. ITP is diagnosed by careful exclusion of thrombocytopenia 
caused by other etiologies. DIC disseminated intravascular coagulation, TMA thrombotic microan-
giopathy, APS antiphospholipid antibody syndrome
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3  �Basic Tests for Differential Diagnosis

3.1  �Complete Blood Count (CBC) and Blood Smear 
Examination

ITP is characterized by isolated thrombocytopenia with normal red blood cells 
(RBCs) and white blood cells (WBCs) except anemia due to bleeding or iron defi-
ciency. When a patient presents isolated thrombocytopenia without bleeding symp-
toms, it is necessary to confirm whether the thrombocytopenia is real. In addition to 
insufficient anticoagulation in blood collection tubes, platelet aggregation caused 
by antiplatelet antibodies that react with platelets in blood anticoagulated with eth-
ylenediaminetetraacetic acid (EDTA), which is referred to as EDTA-dependent 
pseudothrombocytopenia, may lead to false thrombocytopenia [3]. This should be 
excluded by repeated CBC in blood anticoagulated with other than EDTA or detec-
tion of platelet aggregates in blood smear. Blood smear examination may also pro-
vide helpful information for the diagnosis in patients with thrombocytopenia. RBC 
fragmentations suggest the presence of thrombotic microangiopathy or dissemi-
nated intravascular coagulation (DIC). Although the presence of large platelets is 
not uncommon in ITP, excessive number of giant platelets with light blue-gray 
inclusions in neutrophils, which are called Döhle bodies, is highly suggestive of 
MYH9-related disorders, such as May-Hegglin anomaly [4]. Excessive numbers of 
small platelets may suggest Wiskott-Aldrich syndrome or X-linked thrombocytope-
nia [5]. Details of differential diagnosis of congenital thrombocytopenia are 
described in chapter “Differential Diagnosis: Congenital Macrothrombocytopenia.”

3.2  �Coagulation Tests

In ITP, coagulation tests including PT, aPTT, and fibrinogen-degradation product 
(FDP) are basically normal. However, aPTT may be prolonged due to lupus antico-
agulant, which is frequently detected in ITP patients [6, 7]. Abnormalities in aPTT 
with mild thrombocytopenia and mucosal bleeding may be a sign of type 2B or 
platelet-type von Willebrand disease [8]. Marked abnormalities in coagulation tests 
with thrombocytopenia suggest the presence of DIC.

3.3  �Helicobacter pylori, HIV, and HCV Tests

Persistent thrombocytopenia may be associated with chronic infection of 
Helicobacter pylori, HIV, and HCV [9, 10]. Special attention to H. pylori infection 
is needed in the regions like Japan, in which a high prevalence of H. pylori and a 
high platelet response rate to its eradication have been established [11]. Details of 
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H. pylori-associated thrombocytopenia are described in chapter “Helicobacter 
pylori (H. pylori) Eradication.” Chronic HCV infection has been reported to be 
associated with the development of thrombocytopenia. A variety of pathogenic 
mechanisms, including hypersplenism and inadequate production of thrombopoi-
etin (TPO) from hepatocytes, may contribute to HCV-associated thrombocytopenia, 
and this may be present even in the absence of splenomegaly or evident liver dys-
function. Association of chronic HIV infection with thrombocytopenia is also well 
documented, and multiple mechanisms of HIV-associated thrombocytopenia have 
been proposed, including the presence of antiplatelet glycoprotein antibodies [12].

3.4  �Bone Marrow (BM) Examination

Historically, ITP is defined as isolated thrombocytopenia of undetermined etiology 
in the presence of normal or increased megakaryocytes in BM [13]; however, the 
usefulness of BM examination as a diagnostic test for ITP has not been established 
[14, 15]. In fact, BM examination is no longer recommended as an essential test for 
ITP diagnosis in recent guidelines [2, 16]. However, BM examination should be 
considered in patients with abnormalities in CBC or blood smear other than throm-
bocytopenia, atypical clinical course, or refractory to standard treatments. In cases 
in which splenectomy is considered, BM examination should be performed to con-
firm the diagnosis. Before administration of TPO receptor agonists (TPO-RAs), BM 
examination should also be considered, since TPO-RAs may lead to progression of 
myelodysplastic syndrome (MDS) to higher-risk MDS or AML [17–19]. Cytogenetic 
analysis is also important, because MDS may represent with isolated thrombocyto-
penia [20], and this presentation with minimal morphological dysplasia, which may 
be easily misdiagnosed as ITP, has been described in patients with an isolated dele-
tion of chromosome 20 [21]. A flow cytometric analysis may be helpful in identify-
ing patients with secondary ITP associated with chronic lymphocytic leukemia 
(CLL) [22].

3.5  �Immunological Tests

Quantitative immunoglobulin levels may be useful to identify underlying immuno-
logical abnormalities, such as common variable immunodeficiency (CVID), espe-
cially in young patients [2]. Positivity of antinuclear antibody test may be also 
useful in young patients, because this is a predictor of development of chronic ITP 
in children [23]. Antiphospholipid syndrome, which is characterized by thrombotic 
complications with the presence of antiphospholipid antibodies, may be associated 
with thrombocytopenia, although severe thrombocytopenia and bleeding symptoms 
are rare [24]. On the other hand, antiphospholipid antibodies, including lupus anti-
coagulant and anticardiolipin antibodies, are detected in substantial population of 
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ITP patients, and higher risk of thromboembolism in these patients has been reported 
[6]. Antithyroid antibodies and thyroid function tests may be useful, since hyper- 
and hypothyroidism may develop mild thrombocytopenia. Moreover, response to 
ITP therapy may be improved by resolution of underlying thyroid diseases [2, 25].

4  �Specific Tests for ITP

4.1  �Antiplatelet Antibody Testing

Although the main pathogenesis of ITP is accelerated destruction of opsonized 
platelets and impaired thrombopoiesis by antiplatelet antibodies [1], usefulness of 
assays for antiplatelet antibodies in the diagnosis or management of ITP has not 
been demonstrated. Elevation of platelet-associated IgG, PAIgG, has been observed 
in patients with immune as well as nonimmune thrombocytopenia [26, 27]. In con-
trast, assays for detecting platelet glycoprotein-specific antibodies, e.g., anti-GPIIb/
IIIa and anti-GPIb/IX antibodies, may be useful in selected cases for diagnosis of 
ITP [28–30]. However, sensitivity of the assay is insufficient for routine hematology 
practice [2]; the positivity of platelet-associated antibodies that recognize GPIIb/
IIIa and GPIb/IX in patients with chronic ITP has been reported as 43–57% and 
18–50%, respectively [30–32].

4.2  �Reticulated Platelets and Plasma Thrombopoietin 
Concentration

It is sometimes difficult to distinguish ITP from hypoplastic thrombocytopenia, 
which may progress to aplastic anemia [33]. TPO, a key regulator of thrombopoie-
sis, is constantly secreted mainly from hepatocytes, and plasma TPO levels are 
regulated by the total amount of TPO receptor [34], although alternative mechanism 
of TPO regulation has been recently reported [35]. Plasma TPO levels in ITP 
patients usually stay in the rage of normal to subnormal, whereas those in patients 
with hypoplastic thrombocytopenia are highly elevated compared with normal sub-
jects [33, 36]. Reticulated platelets (RP), which is thought to be younger platelets 
that have been released recently in the circulation, can be measured by staining of 
RNA with thiazole orange using flow cytometry [37, 38]. In many cases, ITP per-
centage of RP (RP%), which reflects platelet turnover, is increased, whereas that in 
patients with aplastic anemia or chemotherapy-induced thrombocytopenia is within 
normal range [36]. Percentage of immature platelet fraction (IPF%), which can be 
easily measured by an automated hematology analyzer, may be as useful as RP% 
detected by flow cytometry [39]. Simultaneous measurement of plasma TPO levels 
and RP% has high sensitivity and specificity for discrimination of aplastic 
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thrombocytopenia from ITP [29, 36]. Details of differential diagnosis of hypoplas-
tic thrombocytopenia are described in chapter “Differential Diagnosis: Hypoplastic 
thrombocytopenia.”
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Differential Diagnosis: Secondary ITP

Takashi Satoh and Masataka Kuwana

Abstract  There is no substantial difference in immunologic pathophysiology 
between primary and secondary immune thrombocytopenia (ITP): it is character-
ized by increased platelet destruction in the reticuloendothelial system or reduced 
platelet production mediated primarily by IgG antiplatelet autoantibodies, resulting 
in thrombocytopenia. Secondary ITP can occur in the context of a variety of under-
lying diseases or conditions, including autoimmune diseases, such as systemic 
lupus erythematosus (SLE) and antiphospholipid syndrome (APS), lymphoprolif-
erative disorders, and chronic infection with certain bacterial or viral microorgan-
isms, including Helicobacter pylori (H. pylori), hepatitis C virus (HCV), and human 
immunodeficiency virus (HIV). Therefore, patients diagnosed as having ITP should 
be further evaluated for symptoms, physical signs, and laboratory tests associated 
with underlying disorders that potentially cause secondary ITP. It is imperative to 
consider risk factors in an individual patient basis. For example, elderly in H. pylori 
epidemic countries, such as East Asia and Italy, should be considered for perform-
ing H. pylori testing, homosexuals and drug abusers for performing HIV and HCV 
testing, and young women with a rash, fever, or arthralgia for performing a series of 
autoantibody tests. In clinical practice, identification of underlying diseases or con-
ditions is essential in patients diagnosed as having ITP since treatment strategies are 
often different between primary and secondary ITP.
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1  �Introduction

Based on the proposal by an international working group organized for the stan-
dardization of definitions and classifications for immune thrombocytopenia (ITP), 
ITP can be divided into two forms [1]. ITP can occur in the absence of an apparent 
predisposing etiology (primary ITP) or as a sequela of an associated condition (sec-
ondary ITP). There is no substantial difference in immunologic pathophysiology 
between primary and secondary ITP: it is characterized by increased platelet 
destruction in the reticuloendothelial system or reduced platelet production primar-
ily mediated by antiplatelet autoantibodies to platelet surface glycoproteins (GPs), 
resulting in thrombocytopenia [2]. Nevertheless, distinction of primary and second-
ary ITP is a major challenge in clinical setting, because they often require different 
treatment algorithm. Namely, in secondary ITP, the therapeutic approach should be 
aimed at the underlying disorders. A variety of diseases or conditions can cause 
secondary ITP, and those include autoimmune diseases such as systemic lupus ery-
thematosus (SLE), lymphoproliferative disorders, and chronic infection [2, 3] 
(Table 1). According to the current nomenclature for secondary ITP, the name of the 
associated disease or pathogen is followed by a designation of ITP in parenthesis, 
i.e., secondary ITP (SLE-associated ITP). This chapter summarizes the clinical 
manifestations and pathogenesis of individual diseases or conditions that cause sec-
ondary ITP and discusses how to proceed with differential diagnosis.

Table 1  Diseases and conditions that cause secondary ITP

Category Diseases and conditions

Autoimmune diseases Systemic lupus erythematosus
Anti-phospholipid syndrome
Systemic sclerosis (scleroderma)
Mixed connective tissue disease
Sjögren syndrome
Hashimoto’s thyroiditis

Lymphoproliferative 
diseases

Chronic lymphocytic leukemia
Hodgkin’s disease
Non-Hodgkin’s lymphoma
Large granulocytic leukemia

Infection-related 
conditions

Helicobacter pylori
Hepatitis C virus
Human immunodeficiency virus
Cytomegalovirus
Varicella-zoster virus
Epstein-Barr virus
Mumps-measles-rubella (MMR) vaccination

Miscellaneous Common variable immunodeficiency
Autoimmune lymphoproliferative syndrome (ALPS)
Evan’s syndrome
Posttransplantation
Drug induced (i.e., penicillin, cephalosporins, sulphonamides, 
nonsteroidal anti-inflammatory drugs, quinine, and D-penicillamine)
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2  �Autoimmune Diseases

2.1  �Systemic Lupus Erythematosus (SLE)

SLE is a systemic autoimmune disease that causes a variety of clinical manifestations 
and resultant multi-organ damage. In SLE, genetic factors and environmental trig-
gers, such as ultraviolet exposure, together contribute to induction of autoimmunity 
against various self-antigens, resulting in the production of high-affinity pathogenic 
autoantibodies, including anti-double-stranded DNA antibodies. These autoantibod-
ies typically form immune complexes, which accumulate in the kidneys, blood vessel 
walls, and many other organs, and trigger complement activation and inflammation. 
Anti-double-stranded DNA antibodies are not only a diagnostic marker but also are 
involved in disease progression and reflect disease activity [4, 5]. Thrombocytopenia 
is one of the major complications in patients with SLE, with a prevalence ranging 
from 10 to 30% [6]. The pathogenic processes of thrombocytopenia in SLE patients 
are heterogeneous and include ITP, thrombotic microangiopathy (i.e., thrombotic 
thrombocytopenic purpura and atypical hemolytic uremic syndrome), disseminated 
intravascular coagulation, and amegakaryocytic thrombocytopenia, while the most 
common mechanism is ITP, which is mediated through anti-GPIIb/IIIa and anti-
GPIb/IX antibodies, as observed in patients with primary ITP [7, 8]. On the other 
hand, we have identified new autoantibodies reactive with thrombopoietin (TPO) 
receptor in patients with SLE [9]. Anti-TPO receptor antibodies often coexist with 
anti-GPIIb/IIIa antibodies and are associated with megakaryocytic hypoplasia and 
poor treatment response to corticosteroids or intravenous immunoglobulin (IVIG) 
[7]. SLE patients with anti-TPO receptor antibody often represent an extremely high 
level of circulating TPO. A rare manifestation of amegakaryocytic thrombocytopenia 
can occur in the presence of anti-TPO receptor antibodies. In fact, anti-TPO receptor 
antibodies are capable of inhibiting megakaryogenesis in vitro [9].

2.2  �Antiphospholipid Syndrome (APS)

APS is characterized by recurrent arterial and/or venous thrombosis as well as 
adverse pregnancy outcomes in association with antiphospholipid (aPL) autoanti-
bodies. According to the revised Sapporo criteria, clinically meaningful aPL posi-
tivity is defined by moderate levels of IgG/IgA/IgM anti-cardiolipin antibodies, 
IgG/IgA/IgM anti-β2GPI antibodies, or lupus anticoagulant, which are confirmed to 
be positive in two occasions apart from >12 weeks [10]. APS is divided into primary 
and secondary APS, based on the presence or absence of an underlying autoimmune 
condition; SLE is the commonest. Thrombocytopenia has been reported in ~40% of 
patients with primary APS and usually presents mildly without apparent bleeding 
symptoms [11, 12]. Severe thrombocytopenia in primary APS patients is correlated 
more closely with the presence of antiplatelet autoantibodies to GPIIb/IIIa and 
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GPIb/IX [13, 14]. However, rare cases of APS patients who develop severe throm-
bocytopenia concomitant with repeated episodes of thrombosis have been reported. 
In these cases, thrombocytopenia is mediated by enhanced platelet consumption in 
association with accelerated coagulation pathways, and platelet count is fully recov-
ered by treatment with warfarin [15]. aPL is occasionally found in patients with 
primary ITP without any thrombotic episodes. However, the presence of aPL in 
patients with primary ITP is a risk factor for future development of APS [16].

3  �Lymphoproliferative Disorder (LPD)

Among LPDs, chronic lymphocytic leukemia (CLL) is the condition that develops 
secondary ITP most commonly. Approximately 5% of CLL patients develop clini-
cally significant ITP during the disease course. Large granular lymphocytic leuke-
mia, Hodgkin’s lymphoma, and non-Hodgkin’s lymphoma are also associated with 
secondary ITP, although ITP develops in less than 1% of all cases [17]. The identi-
fication of secondary ITP in LPDs may be difficult, given the many confounding 
events, such as the presence of diffuse bone marrow infiltration by monoclonally 
expanded lymphocytes and/or chemotherapy-induced toxicity, and platelet seques-
tration associated with splenomegaly can result in thrombocytopenia. Dysregulated 
immune system associated with LPDs may contribute to emergence of antiplatelet 
autoantibodies. The treatment of CLL-associated ITP is challenging since immuno-
suppressive treatment increases the risk of severe infection. Nevertheless, the treat-
ment regimens are primarily same as those used for treating primary ITP [18].

4  �Infection-Related Conditions

4.1  �Helicobacter pylori (H. pylori) Infection

Several lines of evidence have indicated that platelet recovery occurs in a subset of 
ITP patients infected with H. pylori, a gram-negative bacterium that establishes 
chronic infection in the gastric mucosa, after the successful eradication of H. pylori 
[19]. Potential mechanisms for the role of H. pylori infection in ITP pathogenesis 
include molecular mimicry between H. pylori components and platelet antigens and 
modulation of the host’s immune system by H. pylori infection [20]. Another 
intriguing mechanism has also been proposed; H. pylori infection could modulate 
the Fcγ receptor balance of monocytes/macrophages toward inhibitory FcγRIIB, 
thereby enhancing phagocytosis and antigen presentation [21]. This activated 
monocyte phenotype was suppressed after H. pylori was successfully eradicated. It 
has been now accepted that ITP that recovered after H. pylori eradication is catego-
rized as secondary ITP (H. pylori-associated ITP) [22]. Interestingly, platelet recov-
ery after H. pylori eradication was observed in nearly half of the patients in cohorts 
from Japan and Italy, but only in <15% of the patients in cohorts from Spain and the 
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United States [23]. This apparent ethnic difference suggests a potential role for host 
genetic factors in the development of ITP in H. pylori-infected individuals. In addi-
tion, single nucleotide polymorphisms within the genes for tumor necrosis factor-β 
and FcγRIIB were found to be useful for predicting the response to H. pylori eradi-
cation treatment [24, 25]. In the majority of ITP patients responding to H. pylori 
eradication therapy, antiplatelet autoantibody response is completely resolved with 
no relapse for more than 7 years, suggesting that the disease is cured. Therefore, in 
the H. pylori epidemic area, adult patients with ITP should be examined for H. 
pylori infection, and eradication therapy is recommended before any immunosup-
pressive therapy if the infection is present.

H. pylori infection is occasionally found in patients with other forms of second-
ary ITP, but platelet recovery was rarely observed in patients with SLE-associated 
or liver cirrhosis-associated ITP [19]. This finding clearly indicates that H. pylori 
eradication fails to improve the pathogenic process of other forms of secondary 
ITP. Thus, the efficacy of H. pylori eradication therapy is likely to be restricted to 
patients in a subgroup of H. pylori-associated ITP.

4.2  �Hepatitis C Virus (HCV) Infection

It has been reported that the prevalence of HCV infection in adult patients with ITP 
ranged from 10 to 36% [26, 27]. Infection with HCV is known to modulate host 
immune response and prone to elicit autoimmunity. The pathogenesis of HCV-
associated ITP is not understood in detail, but it may involve polyclonal activation 
of B cells and the production of antibodies cross-reactive with HCV components 
and GPIIIa [28]. A higher frequency of circulating anti-GPIIb/IIIa antibody-
producing B cells in HCV-infected patients with liver cirrhosis than in liver cirrhosis 
patients with other etiologies might be a consequence of enhanced immune activa-
tion in association with HCV infection [29]. Other causes of thrombocytopenia in 
HCV-infected patients may be related to impairment in hepatic function, such as 
hypersplenism due to portal hypertension and decreased TPO production from the 
liver [30]. Successful eradication of HCV by antiviral treatment such as type I inter-
feron has resulted in an improved platelet count in some patients with HCV-
associated ITP, supporting a direct role for HCV infection in the pathogenic process 
of ITP [31, 32]. Thus, anti-HCV treatment should be considered before introduction 
of any immunosuppressive treatment, including corticosteroids. In case of high risk 
for fatal bleeding, IVIG is reported to be efficacious.

4.3  �Human Immunodeficiency Virus (HIV) Infection

Before wide availability of highly active antiretroviral therapy (HAART), HIV-
associated ITP was observed in 5–25% of HIV-1-infected individuals [27]. HIV 
targets CD4+ T cells irrespective of their effector or regulatory subsets. Therefore, 
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acquired immune system is dysregulated in HIV-infected individuals, resulting in 
increased risk for infection and cancer and, paradoxically, in increased risk for auto-
immunity [33]. In addition, it has been shown that IgG anti-GPIIb/IIIa antibodies in 
patients with HIV-related ITP are able to cross-react with HIV-associated gp120 
[34]. These potentially cross-reactive antibodies may trigger harmful autoimmune 
responses to platelets, resulting in the continuous production of IgG antiplatelet 
autoantibodies. On the other hand, it has been found that megakaryocytes express 
CD4 and co-receptors necessary for HIV infection [35]. Therefore, HIV infection to 
megakaryocytes directly leads to ineffective platelet production and may contribute 
to thrombocytopenia [36, 37]. Since recovery of platelet counts was reported in 
association with decreased HIV copies by HAART [38], anti-HIV treatment should 
be the first-line treatment in patients with HIV-associated ITP.

4.4  �Diagnostic Evaluations in Clinical Practice

The diagnosis of primary ITP is based principally on the exclusion of the causes of 
secondary ITP. Table 2 lists the clinical and laboratory characteristics of selected 
secondary ITP that distinguish them from primary ITP. It is imperative to consider 

Table 2  Clinical and laboratory characteristics of secondary ITP

Disorder Clinical symptoms Laboratory findings

Systemic lupus 
erythematosus 
(SLE)

Systemic manifestation, including 
fever, join pain/swelling, and 
rashes

Leukopenia
Positive antinuclear antibodies 
(ANAs), anti-double-stranded DNA, 
anti-Sm, and anti-phospholipid 
autoantibodies
Hypocomplementemia

Anti-phospholipid 
syndrome (APS)

History of thrombosis and 
pregnancy loss

Positive anti-phospholipid 
autoantibodies
Lupus anticoagulant

Lymphoproliferative 
disease

History of chronic fatigue, fever, 
weight loss, pallor, and bone pain
Lymphadenopathy
Splenomegaly
Hepatomegaly may be present

Elevated white blood cell count
Anemia
Blast cells on peripheral blood 
smear

Helicobacter pylori 
(H. pylori) infection

No specific clinical sign The presence of H. pylori 
infection, preferably with the urea 
breath test or the stool antigen test

Hepatitis C virus 
(HCV) infection

Hepatomegaly
Splenomegaly
Jaundice (yellowing of eyes and 
skin)
Dark urine and white stool

Elevated transaminases
Positive anti-HCV antibody or 
HCV RNA

Human 
immunodeficiency 
virus (HIV) 
infection

Systemic signs, including fever, 
malaise, generalized 
lymphadenopathy, and generalized 
rash

HIV serologies confirm the 
diagnosis
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the risk factors for developing disorders potentially cause secondary ITP: i.e., SLE 
for young women; APS for episode of thrombosis and/or repeated fetal losses; H. 
pylori infection for elderly in the epidemic countries, such as in East Asia and Italy; 
and HIV infection for homosexuals and drug abusers. Clinical evaluations should be 
aimed at symptoms and physical findings other than bleeding manifestations, which 
are commonly found in patients with primary and secondary ITP. Constitutional 
symptoms, such as fever, joint pain, rashes, malaise, Raynaud phenomenon, weight 
loss, hepatomegaly, and lymphadenopathy, indicate the presence of underlying dis-
orders, such as SLE, LPD, and infection with HCV or HIV. It is necessary to per-
form serum tests for antinuclear antibody (ANA) and aPL as well as blood tests for 
infectious agents (HCV and HIV), according to clinical suspicion based on risk 
factors and clinical signs [39]. In case of high titer of ANA, specific antibody assays 
should be further conducted to identify anti-double-stranded DNA, anti-Sm, anti-
U1RNP, anti-SSA, and anti-SSB antibodies. Increased counts of small lymphocytes 
or lymphocytes with granular inclusions in peripheral blood smears suggest a diag-
nosis of CLL, but flow cytometry may be particularly helpful in identifying patients 
with CLL [40]. H. pylori infection can be detected by urea breath test and/or the 
stool antigen test, although stomach biopsy under endoscopy should be avoided 
because of the risk for massive mucosal bleeding after invasive procedure. Anti-H. 
pylori antibody testing is less sensitive or specific and does not prove active infec-
tion, and a false-positive result can occur after IVIG therapy. H. pylori screening is 
certainly worthwhile in East Asian countries, South and Middle American coun-
tries, and Italy, which are areas with a high background prevalence of the infection. 
In contrast, in the United States and European countries except Italy, testing for H. 
pylori infection remains controversial.

5  �Summary

There are a wide variety of diseases and conditions that cause secondary ITP, includ-
ing autoimmune diseases, LPDs, and chronic infection with bacterial or viral micro-
organisms. The clinical diagnosis of primary ITP requires the exclusion of secondary 
ITP, which is made by careful evaluations of demographics, medical history, symp-
toms, and physical signs as well as appropriate laboratory tests. Differential diagno-
sis is critical since treatment strategies for secondary ITP are often different from 
those for primary ITP.
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Differential Diagnosis: Hypoplastic 
Thrombocytopenia

Yoshiaki Tomiyama

Abstract  There is no “gold standard” test that can reliably establish the diagnosis 
of ITP. Despite recent advancement in the understanding of its pathophysiology, 
diagnosis of ITP is mainly based on differential diagnosis. Based on its pathophysi-
ology, several biomarkers such as plasma TPO level and percentage of reticulated 
platelets could be useful to differentiate ITP from hypoplastic thrombocytopenia.

1  �Introduction

Autoimmune thrombocytopenia (ITP) is an acquired immune-mediated disorder 
characterized by isolated thrombocytopenia, defined as a peripheral blood platelet 
count less than 100 × 109/L, and the absence of any obvious initiating and/or under-
lying cause of the thrombocytopenia [1, 2]. Although increased platelet destruction 
mediated by autoantibodies plays a central role in the mechanism of thrombocyto-
penia in ITP, additional mechanisms in which both impaired platelet production and 
T cell-mediated effects have been demonstrated [3]. From a clinical point of view, 
the diagnosis of ITP is based on differential diagnosis despite recent advancement 
in the understanding of its pathophysiology. Among isolated thrombocytopenic dis-
orders, the differentiation between ITP and hypoplastic disorders such as mild 
aplastic anemia (AA) and amegakaryocytic thrombocytopenia is often difficult 
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(Table 1). There is no “gold standard” test that can reliably establish the diagnosis 
[4]. This chapter has dealt with possible diagnostic markers to differentiate ITP 
from hypoplastic thrombocytopenia.

2  �Diagnostic Markers for the Differentiation Between ITP 
and Other Thrombocytopenic Disorders Due to Increased 
Platelet Destruction or Consumption

Before discussing differential diagnosis between ITP and hypoplastic thrombocyto-
penia, differentiation between ITP and other thrombocytopenic disorders due to 
increased platelet destruction or consumption should be discussed. As shown in 
Table 2, there are several diagnostic markers available to distinguish other throm-
botic disorders from ITP. Schistocytes (=RBC fragments) in peripheral blood smear 
suggest thrombotic microangiopathy such as thrombotic thrombocytopenic purpura 
(TTP) and hemolytic uremic syndrome (HUS) [5]. Thus, as compared with differ-
ential diagnosis with hypoplastic thrombocytopenia, the differentiation between 
ITP and other thrombocytopenic disorders due to increased platelet destruction or 
consumption is not so difficult in daily practice.

Table 1  Etiological classification of thrombocytopenia

Decreased platelet production (hypoplastic thrombocytopenia)
 � Aplastic anemia (AA)
 � Amegakaryocytic thrombocytopenia
 � Acute leukemia
 � Chemotherapy-induced thrombocytopenia (CIT)
 � Myelodysplastic syndrome (MDS)
 � Malignancy with bone marrow infiltration or suppression 
  (e.g., lymphoma, leukemia, solid tumors)
Increased platelet destruction or consumption
 � Autoimmune thrombocytopenia (ITP)
 � Secondary ITP
 �   Systemic lupus erythematosus (SLE)
 �   Drug-induced immune thrombocytopenia
 �   Infection associated (e.g., HIV, HCV, H. pylori, EBV)
 � Thrombotic microangiopathy
 �   Thrombotic thrombocytopenic purpura (TTP)
 �   Hemolytic uremic syndrome (HUS)
 � Disseminated intravascular coagulation (DIC)
 � Antiphospholipid syndrome (APS)
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3  �Diagnostic Markers for the Differentiation Between ITP 
and Hypoplastic Thrombocytopenia

3.1  �Bone Marrow Examination

The need for bone marrow examination is still a matter of debate. The current 
American Society of Hematology (ASH) ITP guideline 2011 does not recommend 
a bone marrow examination in patients presenting with typical ITP, although the 
previous ASH guideline 1996 and international working group (IWG) consensus 
report recommended bone marrow examination for patients older than 60 years of 
age, for those with systemic symptoms or abnormal signs, or for some cases in 
which splenectomy is considered [4, 6, 7]. AA showing pancytopenia is easy for its 
diagnosis. However, mild AA with thrombocytopenia is often difficult for its diag-
nosis even by bone marrow examination (bone marrow aspiration and bone marrow 
biopsy). For considering the limitation of this procedure and to avoid this invasive 
procedure as initial screening, we need diagnostic markers for the differential diag-
nosis between ITP and hypoplastic thrombocytopenia.

3.2  �Platelet-Associated IgG (PAIgG)

Several assays to detect antiplatelet antibodies as platelet-associated IgG (PAIgG) 
on platelets have been reported in the 1970s [1]. However, elevated levels of PAIgG 
were not specific for ITP but were often observed in patients with nonimmune 
thrombocytopenia including AA [8, 9]. IWG classified PAIgG as a test of uncertain 
benefit for the diagnosis of ITP [4]. More detailed nature of PAIgG is described in 
the chapter “Autoantigens in ITP.”

Table 2  Diagnostic markers for thrombocytopenia due to increased platelet destruction or 
consumption

Secondary ITP
 � Systemic lupus erythematosus (SLE): antinuclear antibodies (ANA) 
  (anti-double-stranded DNA [dsDNA] and anti-Sm)
 � Drug-induced immune thrombocytopenia: history of medication
 � Infection associated: tests for HIV, HCV, H. pylori, EBV, etc.
Thrombotic microangiopathy: microangiopathic hemolytic anemia (MAHA), 
  schistocytes (RBC fragments)
 � TTP: ADAMTS13 activity, inhibitor for ADAMTS13
 � HUS: detection of Shiga toxin-producing Escherichia coli (STEC)
DIC: screening tests of coagulation (prothrombin time [PT], activated partial 
  thromboplastin time [aPTT], fibrinogen, and D-dimer)
APS: antiphospholipid antibodies (anticardiolipin antibody, 
  anti-β2-glycoprotein I antibody, lupus anticoagulant)
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3.3  �Platelet-Associated Antiplatelet Autoantibodies

Platelet-associated (PA) anti-GPIIb/IIIa and/or anti-GPIb-IX autoantibodies were 
detected in 50–60% ITP patients but not in patients with aplastic anemia [10, 11] 
(refer to the chapter “Autoantigens in ITP”). IWG classified PA antiplatelet autoan-
tibodies (=glycoprotein-specific antibody) as a test of potential utility in the man-
agement of an ITP patient [4]. Regarding detection of PA autoantibodies, it has been 
shown that its specificity for the diagnosis of ITP is very high (80–90%) in prospec-
tive studies. However, the drawback in this assay is its relatively low sensitivity 
(50–60%) as well as being time-consuming, laboratory-based assay such as the 
immunobead assay and monoclonal antibody immobilization of platelet antigens 
(MAIPA) [11, 12]. Thus, from a clinical view point, it is difficult to perform this 
specific assay as a screening test for the diagnosis of ITP.

3.4  �Plasma Thrombopoietin (TPO) Level and Percentage 
of Reticulated Platelets (RP%)

IWG consensus report classified plasma TPO level and RP% as tests of unproven 
or uncertain benefit for the diagnosis of ITP in 2010 [4]. In contrast, Japanese 
Working Group for ITP suggested that these markers may be useful for the diagno-
sis prospectively as well as retrospectively [13, 14]. To date, there are a substantial 
number of papers showing the usefulness of these markers as differential diagnosis 
of ITP.

�Plasma TPO Level

In 1994, three groups independently cloned TPO, as the ligand for orphan cytokine 
receptor, c-Mpl [15–17]. TPO is a single 95 kDa glycoprotein consisting of 332-
amino acid protein that is the primary regulator of normal platelet production. TPO 
is synthesized primarily in the liver and is secreted into circulation. Although it has 
long been thought that hepatic transcription and translation of the TPO gene appear 
constant, recent study reveals that TPO production is stimulated, at least in part, by 
desialylated, senescent platelets clearance via hepatocyte Ashwell-Morrell receptor. 
Hepatocyte Ashwell-Morrell receptor regulates TPO production via JAK2-STAT3 
signaling [18, 19]. Secreted TPO is removed from circulation by binding of the 
TPO receptor (c-Mpl) on platelets and bone marrow megakaryocytes. Thus, plasma 
TPO levels usually increase in response to the decreased in platelet/megakaryocyte 
mass. Actually, plasma TPO levels are markedly increased in patients with congeni-
tal amegakaryocytic thrombocytopenia, aplastic anemia, or chemotherapy-induced 
thrombocytopenia (CIT). In sharp contrast, in patients with ITP (or thrombocyto-
penia due to increased platelet destruction or consumption), plasma TPO levels are 
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within normal range or slightly increased [20–23]. Thus, plasma TPO levels may 
have diagnostic utility in discriminating between patients with ITP and hypoplastic 
thrombocytopenia [13, 14, 24].

�RP%

Reticulated platelets (RPs) are reported to be younger platelets (i.e., immature plate-
lets) that have been released recently into the circulation and are probably analogous 
to reticulocytes reflecting erythropoiesis. RPs can be distinguished from mature 
platelets by their RNA contents using flow cytometry with an RNA-binding fluoro-
chrome, such as thiazole orange, and RP% and absolute number of RPs are reflect-
ing platelet production and hence platelet turnover [25–27]. In patients with ITP, 
RP% was markedly increased compared with healthy controls, whereas RP% in 
patients with AA or CIT was within normal range [13, 25, 26]. Thus, RP% could 
also be a good marker to differentiate ITP from hypoplastic thrombocytopenia. 
However, the method for the measurement of RP% is a time-consuming, laboratory-
based assay and has not been standardized yet, because RP% is measured by flow 
cytometry. To measure RP% in daily practice, percentage of immature platelet frac-
tion (IPF%) could alternatively be measured by automated hematology analyzer 
such as Sysmex® XN-1000. As compared to XE-2100 (Sysmex Corp., Kobe, Japan), 
XN-1000 is a newer generation that uses oxazine to detect RNA and PLT-F channel 
to more accurately detect platelets (Fig. 1). We have compared RP%, IPF% mea-
sured by XE-2100, and IPF% measure by XN-1000 (newer generation) in parallel 

IPF

XE-2100 (RET channel)
XN-1000 (PLT-F channel)

(New)

SFL (reflect RNA content)

F
S

C

RBC Reticulocytes

IPF

Platelets

RBC

PlateletsPlat

IPF

Fig. 1  Comparison between IPF% measured by automated hematology analyzer Sysmex® 
XE-2100 and XN-1000. In XE-2100, IPF% was measured in RET channel by which reticulocytes 
and IPF were not well dissociated. IPF immature platelet fraction
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to differentiate patients with ITP from aplastic anemia or CIT who were already 
well diagnosed. The sensitivity and specificity for the diagnosis of ITP were 83.0 
and 75.0% for IPF% (XE), 85.1 and 89.3% for IPF% (XN), and 93.6 and 89.3% for 
RP%, respectively. Moreover, examination of patients with paroxysmal nocturnal 
hemoglobinuria (PNH) revealed that hemolysis and/or red blood cell fragments 
interfered with IPF% (XE) values, but not with RP% or IFP% (XN) values [28]. 
Thus, IPF% measured by XN-1000 appears comparable to RP% measured by flow 
cytometry and may have diagnostic utility in discriminating between patients with 
ITP and hypoplastic thrombocytopenia in daily practice.

4  �Summary

Taken together, we have proposed that combination of plasma TPO levels and RP% 
would more precisely discriminate between thrombocytopenia with increased plate-
let clearance such as ITP and hypoplastic thrombocytopenia (Fig. 2) [13, 14].

Acknowledgment  This work was supported by Grant-in-Aid for Scientific Research from the 
Ministry of Education, Culture, Sports, Science and Technology in Japan and the Ministry of 
Health, Labour and Welfare in Japan.

References

	1.	McMillan R. Chronic idiopathic thrombocytopenic purpura. N Engl J Med. 1981;304:1135–47.
	2.	Cines DB, Blanchette VS.  Immune thrombocytopenic purpura. N Engl J  Med. 2002;346: 

995–1008.

Increased RP% (or IPF%)

In
cr

ea
se

d 
pl

as
m

a 
(s

er
um

) 
T

P
O

 le
ve

ls

ITP

AA
and
CIT

Normal
controls

Fig. 2  Discrimination 
between ITP and hypoplastic 
thrombocytopenia by the 
combination of plasma TPO 
levels and RP% (or IPF%). 
Dotted line: upper limits of 
normal values

Y. Tomiyama



113

	 3.	Kashiwagi H, Tomiyama Y. Pathophysiology and management of primary immune thrombo-
cytopenia. Int J Hematol. 2013;98:24–33.

	 4.	Provan D, Stasi R, Newland AC, Blanchette VS, Bolton-Maggs P, Bussel JB, et al. International 
consensus report on the investigation and management of primary immune thrombocytopenia. 
Blood. 2010;115:168–86.

	 5.	George JN, Nester CM. Syndrome of thrombotic microangiopathy. N Engl J Med. 2014;371: 
1847–8.

	 6.	George JN, Woolf SH, Raskob GE, Wasser JS, Aledort LM, Ballem PJ, et al. Idiopathic throm-
bocytopenic purpura: a practice guideline developed by explicit methods for the American 
Society of Hematology. Blood. 1996;88:3–40.

	 7.	Neunert C, Lim W, Crowther M, Cohen A, Solberg Jr L, Crowther MA, American Society of 
Hematology. The American Society of Hematology 2011 evidence-based practice guideline 
for immune thrombocytopenia. Blood. 2011;117:4190–207.

	 8.	Kelton JG, Powers PJ, Carter CJ. A prospective study of the usefulness of the measurement of 
platelet-associated IgG for the diagnosis of idiopathic thrombocytopenic purpura. Blood. 
1982;60:1050–3.

	 9.	Mueller-Eckhardt C, Kayser W, Mersch-Baumert K, Mueller-Eckhardt G, Breidenbach M, 
Kugel HG, et al. The clinical significance of platelet-associated IgG: a study on 298 patients 
with various disorders. Br J Haematol. 1980;46:123–31.

	10.	Brighton TA, Evans S, Castaldi PA, Chesterman CN, Chong BH. Prospective evaluation of 
the clinical usefulness of an antigen specific assay (MAIPA) in idiopathic thrombocytopenic 
purpura and other immune thrombocytopenias. Blood. 1996;88:194–201.

	11.	McMillan R, Wang L, Tani P.  Prospective evaluation of the immunobead assay for the 
diagnosis of adult chronic immune thrombocytopenic purpura (ITP). J  Thromb Haemost. 
2003;1:485–91.

	12.	Kiefel V, Santoso S, Kaufmann E, Mueller-Eckhardt C. Autoantibodies against platelet gly-
coprotein Ib/IX: a frequent finding in autoimmune thrombocytopenic purpura. Br J Haematol. 
1991;79:256–62.

	13.	Kurata Y, Hayashi S, Kiyoi T, Kosugi S, Kashiwagi H, Honda S, et al. Diagnostic value of 
tests for reticulated platelets, plasma glycocalicin, and thrombopoietin levels for discrimi-
nating between hyperdestructive and hypoplastic thrombocytopenia. Am J  Clin Pathol. 
2001;115:656–64.

	14.	Kuwana M, Kurata Y, Fujimura K, Fujisawa K, Wada H, Nagasawa T, et al. Preliminary labo-
ratory based diagnostic criteria for immune thrombocytopenic purpura: evaluation by multi-
center prospective study. J Thromb Haemost. 2006;4:1936–43.

	15.	Bartley TD, Bogenberger J, Hunt P, Li YS, Lu HS, Martin F, et al. Identification and cloning of 
a megakaryocyte growth and development factor that is a ligand for the cytokine receptor Mpl. 
Cell. 1994;77:1117–24.

	16.	Lok S, Kaushansky K, Holly RD, Kuijper JL, Lofton-Day CE, Oort PJ, et al. Cloning and 
expression of murine thrombopoietin cDNA and stimulation of platelet production in vivo. 
Nature. 1994;369:565–8.

	17.	de Sauvage FJ, Hass PE, Spencer SD, Malloy BE, Gurney AL, Spencer SA, et al. Stimulation 
of megakaryocytopoiesis and thrombopoiesis by the c-Mpl ligand. Nature. 1994;369:533–8.

	18.	Grozovsky R, Begonja AJ, Liu K, Visner G, Hartwig JH, Falet H, et al. The Ashwell-Morell 
receptor regulates hepatic thrombopoietin production via JAK2-STAT3 signaling. Nat Med. 
2015;21:47–54.

	19.	Grozovsky R, Giannini S, Falet H, Hoffmeister KM. Regulating billions of blood platelets: 
glycans and beyond. Blood. 2015;126:1877–84.

	20.	Kosugi S, Kurata Y, Tomiyama Y, Tahara T, Kato T, Tadokoro S, et al. Circulating thrombopoietin 
level in chronic immune thrombocytopenic purpura. Br J Haematol. 1996;93:704–6.

	21.	Emmons RV, Reid DM, Cohen RL, Meng G, Young NS, Dunbar CE, et al. Human thrombopoi-
etin levels are high when thrombocytopenia is due to megakaryocyte deficiency and low when 
due to increased platelet destruction. Blood. 1996;87:4068–71.

Differential Diagnosis: Hypoplastic Thrombocytopenia



114

	22.	Nagata Y, Shozaki Y, Nagahisa H, Nagasawa T, Abe T, Todokoro K. Serum thrombopoietin 
level is not regulated by transcription but by the total counts of both megakaryocytes and 
platelets during thrombocytopenia and thrombocytosis. Thromb Hemost. 1997;77:808–14.

	23.	Schrezenmeier H, Griesshammer M, Hornkohl A, Nichol JL, Hecht T, Heimpel H, et  al. 
Thrombopoietin serum levels in patients with aplastic anaemia: correlation with platelet count 
and persistent elevation in remission. Br J Haematol. 1998;100:571–6.

	24.	Makar RS, Zhukov OS, Sahud MA, Kuter DJ. Thrombopoietin levels in patients with disorders 
of platelet production: diagnostic potential and utility in predicting response to TPO receptor 
agonists. Am J Hematol. 2013;88:1041–4.

	25.	Kienast J, Schmitz G. Flow cytometric analysis of thiazole orange uptake by platelets: a diag-
nostic aid in the evaluation of thrombocytopenic disorders. Blood. 1990;75:116–21.

	26.	Richards EM, Baglin TP. Quantitation of reticulated platelets: methodology and clinical appli-
cation. Br J Haematol. 1995;91:445–51.

	27.	Barsam SJ, Psaila B, Forestier M, Page LK, Sloane PA, Geyer JT, et al. Platelet production and 
platelet destruction: assessing mechanisms of treatment effect in immune thrombocytopenia. 
Blood. 2011;117:5723–32.

	28.	Sakuragi M, Hayashi S, Maruyama M, Kabutomori O, Kiyokawa T, Nagamine K, et  al. 
Clinical significance of IPF% or RP% measurement in distinguishing primary immune throm-
bocytopenia from aplastic thrombocytopenic disorders. Int J Hematol. 2015;101:369–75.

Y. Tomiyama



115© Springer Nature Singapore Pte Ltd. 2017 
Y. Ishida, Y. Tomiyama (eds.), Autoimmune Thrombocytopenia, 
DOI 10.1007/978-981-10-4142-6_11

Differential Diagnosis: Congenital 
Macrothrombocytopenia

Shinji Kunishima

Abstract  Differential diagnosis of congenital thrombocytopenia is important in the 
diagnosis of autoimmune thrombocytopenia. Congenital macrothrombocytopenia is 
a heterogeneous group of rare disorders, characterized by abnormally giant platelets 
and thrombocytopenia since birth. The most common are MYH9 disorders and het-
erozygous Bernard-Soulier syndrome. In many of congenital macrothrombocytope-
nias, defects are associated with platelet cytoskeleton or adhesion molecules and 
their receptors. Thus, molecular diagnosis targeting subcellular localization or sur-
face expression of defective gene product is available, and thus a definite diagnosis 
is possible in approximately 60% of cases.

1  �Introduction

While congenital thrombocytopenia has been considered extremely rare, it appears 
that it may not be as rare as previously thought, affecting at least 2.7 in 100,000 [1]. 
Recent progress in next-generation sequencing (NGS) technologies have enabled 
identification of 11 causative genes for congenital thrombocytopenia since 2011, 
and more than 30 genes are presently known [1–5]. This not only improved our 
understanding of the molecular mechanisms of thrombocytopenia but also allowed 
the development of specific diagnostic tests [6, 7]. A definite diagnosis can now be 
achieved in more than half of patients. A series of studies have also shown that there 
are many patients in which immune thrombocytopenia (ITP) is diagnosed and 
unnecessarily treated as such. This is mainly because that diagnosis of ITP is basi-
cally made by exclusion of other causes of thrombocytopenia. Thus, it is necessary 
to remind ourselves that the differential diagnosis of congenital thrombocytopenia 
is necessary in patients with ITP, especially, who do not respond to ITP treatment.
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2  �Congenital Thrombocytopenia

The causes of congenital thrombocytopenia vary and can be categorized according 
to the mode of inheritance and causative genes [2–4]. However, clinically, it is sim-
pler and easier to understand when the condition is categorized according to platelet 
size, into cases of congenital thrombocytopenia with small platelets (congenital 
microthrombocytopenia), cases of congenital thrombocytopenia with normal-sized 
platelets, and congenital thrombocytopenia with giant platelets (congenital macro-
thrombocytopenia) (Table 1). Mean platelet volume (MPV), which is an indicator of 
platelet size, can be calculated using automated blood cell counters. However, since 
the results can be rendered inaccurate by the presence of giant platelets, MPV 

Table 1  Congenital thrombocytopenias classified according to platelet size

Platelet 
size Disease OMIM Inheritance Gene Features

Small Wiskott-Aldrich 
syndrome

301000 X WAS Immunodeficiency

X-linked 
thrombocytopenia

313900 X WAS No 
immunodeficiency

FYB thrombocytopenia na AR FYB Activated platelets

Normal ANKRD26 
thrombocytopenia

188000 AD ANKRD26 Predisposition to 
hematological 
malignancy

Platelet disorder, 
familial, with associated 
myeloid malignancy

601399 AD RUNX1 Predisposition to 
myelodysplastic 
syndrome and 
leukemia

Congenital 
amegakaryocytic 
thrombocytopenia

604498 AR MPL Reduced 
megakaryocytes
Development of 
bone marrow 
failure

Thrombocytopenia with 
absent radii

274000 AR RBM8A Radial aplasia
Platelet count 
increases with 
growth

Congenital 
thrombocytopenia with 
radioulnar synostosis

605432 AD HOXA11 Radioulnar 
synostosis

616738 AD MECOM

CYCS thrombocytopenia 612004 AD CYCS Platelet apoptosis

ETV6 thrombocytopenia na AD ETV6 Predisposition to 
hematological 
malignancy

SLFN14 
thrombocytopenia

616913 AD SLFN14

S. Kunishima



117

Platelet 
size Disease OMIM Inheritance Gene Features

Large MYH9 disorders AD MYH9 Granulocyte 
inclusion bodies
Alport 
manifestations

 � May-Hegglin 
anomaly

155100

 � Sebastian syndrome 605249

 � Fechtner syndrome 153640

 � Epstein syndrome 153650

Bernard-Soulier 
syndrome, homozygous

231200 AR GP1BA
GP1BB
GP9

Absent ristocetin-
induced platelet 
agglutination

Bernard-Soulier 
syndrome, heterozygous

231200 AD GP1BA
GP1BB
GP9 (?)

DiGeorge syndrome/
velocardiofacial 
syndrome

188400/ 
192430

AD 22q11del 
(GP1BB)

Contiguous gene 
syndrome

GPIIb/IIIa 
macrothrombocytopenia

187800 AD ITGA2B
ITGB3

Activated GPIIb/
IIIa receptor

ACTN1 
macrothrombocytopenia

615193 AD ACTN1 Platelet 
anisocytosis

Type 2B von Willebrand 
disease

613554 AD VWF Increased 
ristocetin-induced 
platelet 
agglutination

Platelet-type von 
Willebrand disease

177820 AD GP1BA Increased 
ristocetin-induced 
platelet 
agglutination

Gray platelet syndrome 139090 AR NBEAL2 Isolated gray 
platelets
Development of 
myelofibrosis

GFI1B 
macrothrombocytopenia

187900 AD GFI1B Abnormal 
erythropoiesis

TUBB1 
macrothrombocytopenia

613112 AD TUBB1 Abnormal 
megakaryocyte/
platelet 
microtubule 
assembly

Paris-Trousseau/
Jacobsen syndrome

188025/ 
147791

AD 11q23del 
(FLI1)

Giant platelet 
α-granules

X-linked 
macrothrombocytopenia

300367/ 
314040

X GATA1 Abnormal 
erythropoiesis

Table 1  (continued)

(continued)

Differential Diagnosis: Congenital Macrothrombocytopenia



118

values alone must not be used to evaluate platelet size. For this reason, observation 
of platelet morphology on peripheral blood smears and platelet size determination 
are particularly important. Large platelets are frequently observed in ITP; however, 
the majorities are normal in size [8, 9]. In cases of congenital macrothrombocytope-
nia, on the other hand, the majority of platelets are large. If congenital thrombocy-
topenia is suspected, then a detailed medical history and family history should be 
taken, along with information about drugs currently being administered. If the 
platelet count was normal in the past examinations, the condition is likely to have 
been acquired. If a history of antecedent infection is not obvious and/or a normal 
platelet count is not found in the past examinations, it is necessary to consider the 
differential diagnosis of congenital thrombocytopenia.

3  �Congenital Macrothrombocytopenia

The platelet cytoskeleton plays a pivotal role in maintaining and remodeling platelet 
morphology [10, 11]. It is organized based on actin filaments that are present in a 
mesh-like lattice throughout the cytoplasm, along with membrane cytoskeleton that 
lines the platelet membranes. The transmembrane receptors on the platelet mem-
branes not only bind to the cytoskeletal proteins through their intracellular domains 
but also mediate signal transduction [12–15]. Microtubules contribute to the platelet 
production through proplatelet formation and regulate maturation and maintaining 
normal discoid shape of platelets [10, 11].

Platelet 
size Disease OMIM Inheritance Gene Features

FLNA 
macrothrombocytopenia

300049 X FLNA Periventricular 
heterotopia

Sitosterolemia 210250 AR ABCG5
ABCG8

Stomatocytosis
Xanthoma
Atherosclerosis

PRKACG 
macrothrombocytopenia

616176 AR PRKACG Filamin A 
degradation

CDC42 
macrothrombocytopenia

616737 AD CDC42 Lymphedema, 
developmental 
delay

DIAPH1 
macrothrombocytopenia

na AD DIAPH1 Deafness

TRPM7 
macrothrombocytopenia

na AD TRPM7 Atrial fibrillation

SRC thrombocytopenia na AD SRC Myelofibrosis, 
tooth fractures, 
osteoporosis

AD autosomal dominant, AR autosomal recessive, X X-linked, na not available

Table 1  (continued)
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Congenital macrothrombocytopenia is a heterogeneous group of rare disorders, 
characterized by abnormally giant platelets and thrombocytopenia since birth [16]. 
The bleeding tendency varies from very mild in some to severe and life threatening 
in others. Recently, a significant progress has been made in the identification of new 
causative genes and the establishment of diagnostic tests for this group [6, 7]. In 
many of congenital macrothrombocytopenias, defects are associated with platelet 
cytoskeleton or adhesion receptors and their ligands. Thus, molecular diagnosis tar-
geting subcellular localization or surface expression of defective gene product is 
available. On the other hand, the diagnosis of congenital thrombocytopenia with 
normal-sized platelets is more challenging. In many cases, the diagnosis is based 
solely on genetic analysis with conventional Sanger sequencing of potential candi-
date genes or recent high-throughput sequencing [17, 18]. This is because in this 
form of congenital thrombocytopenia, genetic defects are mostly in the transcrip-
tion factors and thrombopoietin signaling regulating megakaryocyte commitment 
and growth, and therefore decreased megakaryocytes are the immediate cause for 
thrombocytopenia.

4  �MYH9 Disorders

MYH9 disorders, the prototype of which is May-Hegglin anomaly (MHA), are auto-
somal dominant platelet disorders characterized by a triad of giant platelets, throm-
bocytopenia, and leukocyte inclusion bodies [19, 20]. In addition to MHA, Sebastian, 
Fechtner, and Epstein syndromes belong to MYH9 disorders. These disorders are 
caused by mutations in MYH9, the gene encoding for the non-muscle myosin heavy 
chain-IIA (NMMHC-IIA). From the first description a century ago, the hallmark of 
the disease is the presence of characteristic Döhle body-like leukocyte cytoplasmic 
inclusion bodies on conventionally stained peripheral blood smears [21, 22]. They 
are often faint or even unrecognized. Inclusion bodies are present in granulocytes 
but not in lymphocytes [23]. Detection of inclusion bodies is a prerequisite for a 
correct diagnosis, and failure in the detection often leads to misdiagnosis such as 
ITP.  Inclusion bodies are present as a ribonucleoprotein complex consisting of 
MYH9 mRNA, clusters of ribosomes, and abnormally accumulated NMMHC-IIA 
protein [24]. MYH9 mRNA but not NMMHC-IIA is responsible for the morpho-
logical appearance/stainability of inclusion bodies on conventionally stained blood 
smears [25]. The rapid degradation of MYH9 mRNA accounts for the time-dependent 
decrease in the stainability of inclusion bodies.

Immunofluorescence analysis of neutrophil NMMHC-IIA localization has revo-
lutionized the diagnosis of MYH9 disorders, and this analysis has become a gold 
standard for diagnosis of the disease [26–28]. The abnormal localization pattern can 
be classified according to the number, size, and shape of NMMHC-IIA aggregates, 
into types I, II, and III [26]. Type I comprises one or two large, intensely stained 
cytoplasmic NMMHC-IIA aggregates. Type II comprises up to 20 small cytoplas-
mic spots. Type III appears as speckled staining. The pattern of localization 
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correlates with the site of MYH9 mutation. p.E1841K and frameshift and nonsense 
mutations in exon 40 are associated with type I localization. Missense mutations 
such as p.R1165C and p.D1424N are associated with type II localization. Normal 
NMMHC-IIA localization can exclude the diagnosis of MYH9 disorders [29]. 
Although MYH9 disorders were thought to be very rare, the advent of the immuno-
fluorescence analysis has enabled the detection of even minute abnormal NMMHC-
IIA aggregates and more precise diagnosis and classification; thus, MYH9 disorders 
are now known to be the most prevalent congenital thrombocytopenia. Patients with 
MYH9 disorders often develop non-hematological complications such as 
glomerulonephritis, sensorineural hearing loss, and cataracts. Because the onset and 
disease severity of non-hematological complications are related to the site of the 
MYH9 mutation, a genetic diagnosis is mandatory [27, 30].

5  �Bernard-Soulier Syndrome

Bernard-Soulier syndrome (BSS) is an autosomal recessive bleeding disorder char-
acterized by giant platelets, thrombocytopenia, prolonged bleeding time, and absent 
ristocetin-induced platelet agglutination [31, 32]. This syndrome is caused by the 
deficiency of platelet glycoprotein (GP)Ib-IX-V complex, the platelet receptor for 
von Willebrand factor (VWF), due to compound heterozygous or homozygous 
mutations in the genes for GPIbα(GP1BA), GPIbβ(GP1BB), or GPIX(GP9). As a 
result of the absence of GPIb-IX-V complexes on the platelet membrane, platelets 
are unable to adhere to the vascular subendothelium. Thus, patients manifest a 
severe bleeding tendency from early childhood, primarily from mucocutaneous tis-
sues; purpura, epistaxis, menorrhagia, and gingival bleeding are common, but hem-
arthroses and deep visceral hematomas are rare. The cytoplasmic domain of GPIbα, 
on the other hand, associates with actin via filamin A, and the defective linkage 
between GPIb-IX-V and cytoskeleton is the primary proposed mechanisms for the 
large platelet size in BSS [33, 34]. In addition, recent studies indicate that proplate-
let formation is defective in megakaryocytes, suggesting defective interactions 
between GPIb-IX-V and filamin A-actin adversely affect both platelet morphogen-
esis and megakaryocytopoiesis [35].

Although BSS is a very rare disorder with an estimated prevalence of less than 
1 in one million, the calculated frequency of BSS heterozygotes is 1 in 500, indicat-
ing that a sizable number of heterozygous carriers are present in the normal popula-
tion [36, 37]. It is worth to note that although heterozygous BSS carriers are 
generally asymptomatic with mild or moderate thrombocytopenia, they have large 
platelets. Individuals with a heterozygous mutation have been often identified as 
having undifferentiated thrombocytopenia. In Italy, the Bolzano variant (GP1BA  
p. A172V) was found to be responsible for the autosomal dominant macrothrombo-
cytopenia previously known as a Mediterranean macrothrombocytopenia [38, 39]. 
Likewise, GP1BB p. Y113C is prevalent in autosomal dominant macrothrombocy-
topenia in Japan [40, 41]. In addition, patients with DiGeorge/velocardiofacial syn-
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drome due to a heterozygous chromosome 22q11.2 microdeletion, which includes 
the GP1BB gene, have macrothrombocytopenia [42, 43].

The classical diagnostic features are a prolonged bleeding time, moderate to 
severe thrombocytopenia, and giant platelets. Especially, giant platelets and the 
absence of ristocetin-induced platelet agglutination are the laboratory hallmarks of 
BSS. Flow cytometric determination of platelet GPIb/IX expression is a convenient 
method for a definite diagnosis. This also allows an evaluation of platelet size, and 
double labeling of GPIb/IX and GPIIb/IIIa permits determination of comparative 
expression levels. In a typical case of BSS, the fluorescence intensities of normal 
mouse IgG and anti-GPIIb/IIIa antibody are increased, which is reflected by giant 
platelets with a large surface area. In contrast, GPIbα, GPIbβ, and GPIX are all 
decreased. However, the abnormalities of the GPIb-IX-V complex are heteroge-
neous; residual amounts of the complex and/or some of the subunits are often pres-
ent. Evaluating GPIbα, GPIbβ, and GPIX expression highlights selective deficiencies 
and candidate genes for investigation. Accordingly, the most deficient subunit in the 
platelets is often found to indicate the genetic basis: patients with residual GPIbβ 
and GPIX are often associated with a GP1BA mutation, and those with residual 
GPIbα and GPIbβ are often associated with a GP9 mutation [16, 36]. Patients with 
no substantial expression of each subunit usually have a GP1BB mutation, because 
GPIbβ is the critical subunit linking GPIbα and GPIX [37, 44].

6  �ACTN1 Macrothrombocytopenia

ACTN1 macrothrombocytopenia is recently identified by whole exome sequencing 
(WES) in families with dominant form of congenital macrothrombocytopenia in 
which no relevant mutations in the previously reported genes had been identified 
[45]. Following MYH9 disorders and heterozygous and homozygous Bernard-Soulier 
syndrome, ACTN1 macrothrombocytopenia represents the third most prevalent form 
of congenital macrothrombocytopenia. It is characterized by mild macrothrombocy-
topenia, with mild or no bleeding tendency without non-hematologic complications 
[45, 46]. ACTN1 gene codes α-actinin-1, of which dimers stabilize the actin filaments 
and contribute to actin cytoskeletal organization by cross-linking actin filaments 
[47]. Initially, ACTN1 mutations were identified within the functional actin-binding 
and calmodulin-like domains. They cause a disorganized actin-based cytoskeleton in 
megakaryocytes, resulting in the production of abnormally large proplatelet tips, 
which were reduced in number [45]. Recently, a p.L395Q mutation within the spacer 
rod domain, which is composed of spectrin-like repeats, has been found, suggesting 
that mutations not only affect actin-binding properties but also affect structural orga-
nization of actinin can cause ACTN1 macrothrombocytopenia [48].

Although α-actinin-1 binds to β-integrins and can mediate their signaling, there 
are no apparent abnormalities in platelet adhesion, aggregation, or clot retraction in 
ACTN1 macrothrombocytopenia [45, 46, 49]. Furthermore, there is no apparent 
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abnormal α-actinin-1 localization in resting as well as surface-activated platelets. 
Accordingly, a molecular genetic analysis was only available for the diagnosis. 
However, a recent investigation suggested the immunofluorescence analysis to 
detect NMMHC-IIA in the granulomere zone in surface-activated platelets as a 
potential diagnostic test for ACTN1 macrothrombocytopenia [50].

7  �GPIIb/IIIa Macrothrombocytopenia

It is well known that congenital deficiency of GPIIb/IIIa (integrin αIIbβ3), platelet 
receptor for fibrinogen, due to homozygous mutations in the genes for GPIIb 
(ITGA2B) or GPIIIa (ITGB3) results in bleeding disorder Glanzmann thrombasthe-
nia [51]. It is also known that homozygous patients and heterozygous carriers have 
normal platelet count and morphology. However, this is not always the case. 
Recently, heterozygous, activating mutations in the juxtamembrane region of GPIIb 
and GPIIIa are found to cause congenital macrothrombocytopenia [52]. Membrane-
proximal region of GPIIb/IIIa, especially a salt bridge between GPIIb R995 and 
GPIIIa D723, maintains the inactive conformation of the receptor [53]. Disruption 
of the electrostatic interaction produces constitutive, agonist-independent outside-in 
signaling of GPIIb/IIIa and phosphorylation of signaling proteins such as FAK and 
leads to perturbation of cytoskeletal reorganization and results in abnormal pro-
platelet formation [54, 55]. Focal adhesion kinase is known to inhibit Rho and may 
promote precocious proplatelet formation, which is common among MYH9 disor-
ders [56, 57].

In GPIIb/IIIa macrothrombocytopenia, GPIIb/IIIa expression is decreased due 
to accelerated internalization of activated GPIIb/IIIa [58, 59]. While GPIIb/IIIa is 
constitutively activated, allowing binding of fibrinogen and the ligand-mimetic anti-
body PAC-1 to resting platelets, no expression of p-selectin is noted, and the platelets 
themselves are not activated [54, 55]. Thus, flow cytometry is useful for screening 
GPIIb/IIIa macrothrombocytopenia by detecting decreased GPIIb/IIIa, binding of 
PAC-1 and fibrinogen, and no expression of p-selectin. Actually, concomitant flow 
cytometry for GPIb/IX and GPIIb/IIIa can differentiate homozygous and heterozy-
gous Bernard-Soulier syndrome and GPIIb/IIIa macrothrombocytopenia.

8  �Type 2B on Willebrand Disease

Von Willebrand disease (VWD) is the most common congenital bleeding disor-
der of primary hemostasis caused by qualitative or quantitative defects of von 
Willebrand factor (VWF) [60]. It is classified into three main types: type 1, quan-
titatively reduced VWF; type 2, qualitatively abnormal VWF; and type 3, absent 
VWF. Type 2 VWD is categorized into four subtypes: 2A, 2B, 2M, and 2N. Type 
2B VWD is a rare autosomal dominant form (5–8% of all VWD) characterized by 
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the increased affinity of mutant VWF to platelet GPIb due to mutations in the A1 
domain of VWF that contains the GPIb-binding site. Enhanced VWF-GPIb inter-
actions lead to spontaneous platelet aggregation in vivo and in vitro and result in 
thrombocytopenia and lack of high molecular weight multimers of VWF.  Giant 
platelets and spontaneous platelet aggregates are often detected on peripheral blood 
smears [61]. Thrombocytopenia deteriorates during stressors, such as infection, 
surgery, and pregnancy, and thus patients are often misdiagnosed with ITP. This 
platelet phenotype was previously described as Montreal platelet syndrome, in 
which spontaneous platelet is noted, but is now known to be type 2B VWD due to 
p.V1316M mutation [62].

Platelet aggregates on peripheral blood smears, which are comprised of several 
to dozens of platelets, are suggestive of type 2B VWD and platelet-type (pseudo) 
VWD (PT VWD) [61, 63]. While type 2B VWD and PT VWD are characterized by 
increased ristocetin sensitivity, they can be differentiated by mixing studies of 
ristocetin-induced platelet agglutination using patient platelets in normal control 
plasma and normal control platelets in patient plasma. When an unexpected low 
platelet count and platelet aggregates on a smear are obtained in individuals without 
bleeding tendency, EDTA-induced pseudothrombocytopenia should be considered 
[64]. EDTA-induced pseudothrombocytopenia is a common phenomenon caused 
by in vitro platelet clumping in the presence of EDTA anticoagulant, with a preva-
lence of as much as 0.1–0.2%. Accurate platelet counts can be usually obtained 
without anticoagulant or collecting in other anticoagulants such as sodium citrate or 
heparin.

9  �Gray Platelet Syndrome

Gray platelet syndrome (GPS) is an autosomal recessive bleeding disorder that is 
characterized by macrothrombocytopenia and lack of platelet α-granules [65]. Due 
to the absence of α-granules and their constituents, platelets appear gray or colorless 
on May-Grünwald-Giemsa or Wright’s stained blood smears. Since α-granules con-
tain fibrinogen and VWF as well as other adhesive molecules and coagulation fac-
tors, the condition is closely associated with bleeding tendency. Furthermore, 
α-granule contents such as platelet-derived growth factor and transforming growth 
factor-β are synthesized but not properly stored within the granules and released 
from megakaryocytes into the bone marrow space; myelofibrosis is present in most 
cases. Although biochemical studies have failed to reveal any genetic alterations, 
using WES and RNA sequencing, Albers et al., Gunay-Aygun et al., and Kahr et al. 
simultaneously and independently identified homozygous or compound heterozy-
gous mutations in NBEAL2 [66–68]. NBEAL2 contains the Beige and Chediak-
Higashi (BEACH) domain, which is critical in vesicle trafficking and also present 
in LYST, a gene responsible for Chediak-Higashi syndrome.

Platelet α-granule deficiencies are also found in ARC syndrome (arthrogryposis-
renal dysfunction-cholestasis syndrome) due to homozygous mutation in VPS33B 
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and VIPAS39, which belong to the Sec1/Munc18 protein family that regulates 
vesicle formation [69]. Partial deficiency but not complete loss of α-granules can 
occur in other congenital macrothrombocytopenias due to mutations in GATA1 and 
GFI1B [70, 71]. GATA-1 is an X-linked megakaryocyte and erythroid-specific tran-
scription factor required for normal growth and differentiation of both lineages [72]. 
Defective GATA-1 function due to GATA1 missense mutations causes reduced tran-
scription of its target genes, suggesting that NBEAL2 may also be dysregulated. 
Dyserythropoiesis due to diminished or unbalanced synthesis of globin chains is 
observed in GATA1 macrothrombocytopenia [73].

10  �GFI1B Macrothrombocytopenia

Growth factor independence 1b (GFI1B) is a transcriptional repressor containing 
six zinc finger domains and regulates erythropoiesis and megakaryocytopoiesis 
[74]. In a family with autosomal dominant macrothrombocytopenia with platelet 
α-granule deficiencies, genome-wide linkage analysis and candidate gene sequenc-
ing led to the identification of a nonsense mutation in GFI1B zinc finger 5, which is 
critical for DNA binding [75]. Functional analyses suggested a dominant negative 
effect. Subsequently, two other null GFI1B mutations that also disrupt zinc finger 5 
were identified in patients with autosomal dominant macrothrombocytopenia, a 
decrease in α-granules, and red blood cell anisopoikilocytosis [70, 76]. GfI1b 
mutants dominantly affect the terminal maturation of megakaryocytes and subse-
quent release of platelets with persistent CD34 expression and decreased CD42b 
expression.

Although a reduction in platelet α-granules is also observed in GATA1 macro-
thrombocytopenia, detecting CD34, which is usually confined to immature hemato-
poietic progenitors, on platelets by flow cytometry and/or immunofluorescence 
analysis can differentiate GFI1B macrothrombocytopenia [70, 76].

11  �TUBB1 Macrothrombocytopenia

Platelets are released from megakaryocytes through proplatelet formation, which is 
driven by elongation of microtubules. After being released in the circulation, plate-
lets mature and even divide, where microtubules play a central role [11, 77]. Normal 
discoid platelet morphology is maintained by marginal band of microtubules. 
Microtubules are assembled from α- and β-tubulin heterodimers. Among the 
β-tubulin isoforms, β1-tubulin is the megakaryocyte/platelet specific and the pre-
dominant isoform [78]. TUBB1 mutations interfere with proper microtubule assem-
bly and result in proplatelet-independent platelet release [79, 80]. Platelets from 
patients with TUBB1 macrothrombocytopenia as well as from canine and feline 
TUBB1 macrothrombocytopenia are large and spherical [81, 82].
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12  �Paris-Trousseau/Jacobsen Syndrome

Paris-Trousseau thrombocytopenia, a variant of Jacobsen syndrome, is a congenital 
disorder caused by partial deletions of 11q23 accompanied by developmental 
abnormalities [83, 84]. The platelet defects include giant platelets with large 
α-granules, which is due to haploinsufficiency in the transcription factor FLI1, 
located in the deleted region. FLI1 is a member of the ETS family and cooperates 
with RUNX1 during megakaryopoiesis [85]. Transient monoallelic expression of 
FLI1 is critical for megakaryocyte development; thus, when the deleted or mutated 
allele is expressed, megakaryocyte development is restricted [86]. Identification of 
heterozygous point mutations in the ETS DNA-binding domain of FLI1 supports 
the notion that haploinsufficiency of FLI1 is responsible for thrombocytopenia in 
this syndrome [87]. However, the recent identification of a homozygous FLI1 muta-
tion that interferes the autoinhibitory domain regulating DNA binding in two 
patients with unaffected heterozygous parents has provided evidence that hypofunc-
tional mutations can present with autosomal recessive inheritance [88]. Detecting 
nonmuscle myosin heavy chain IIB protein remaining in the platelets is an effective 
diagnosis of the condition [89].

13  �Diagnostic Workflow of Congenital 
Macrothrombocytopenia

We propose a diagnostic flowchart for congenital macrothrombocytopenia, with a 
definite diagnosis possible in more than 60% of all cases in which congenital macro-
thrombocytopenia is suspected (Fig. 1). First of all, particularly important is careful 
morphological examination of peripheral blood smears to examine platelet size and 
color and the presence of platelet aggregates. Platelet size determination on a periph-
eral blood smear is useful in the differential diagnosis of congenital macrothrombo-
cytopenia. For example, in MYH9 disorder and homozygous BSS, many of platelets 
are giant, larger than 4 μm in diameter. Platelet aggregates are often present in type 
2B VWD/PT VWD. Platelets are gray or colorless in GPS and ARC syndrome, and a 
partial deficiency is found in GATA1 and GFI1B macrothrombocytopenias. In the 
latter two, abnormal red blood cell morphology is observed, and they can be differen-
tiated by the analysis of platelet CD34 expression. The presence of bleeding tendency 
is a useful information. If a bleeding tendency is more serious than the thrombocyto-
penia, ristocetin-induced platelet agglutination can differentiate BSS and type 2B 
VWD/PT VWD. Absent agglutination suggests BSS. In contrast, agglutination at low 
concentration suggests type 2B VWD/PT VWD. They can be differentiated by mix-
ing studies of ristocetin-induced platelet agglutination. Then the analysis is proceeded 
as follows: when the presence of granulocyte inclusion bodies is evident, immuno-
fluorescence analysis of neutrophil NMMHC-IIA followed by MYH9 gene sequenc-
ing corresponding to the localization pattern is performed. When the presence of 
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granulocyte inclusion bodies is uncertain, then flow cytometry to evaluate the expres-
sion levels of GPIb-IX-V and GPIIb/IIIa is simultaneously performed. The optional 
analyses include NMMHC-IIA localization of surface-activated spreading platelets 
for ACTN1 macrothrombocytopenia, platelet β1-tubulin localization for TUBB1 mac-
rothrombocytopenia, and NBEAL2 sequencing for gray platelet syndrome.

Despite considerable improvements in the diagnostic armamentarium for ITP, 
the diagnosis is still one of exclusion and can be challenging. Hematologists and 
pediatricians should be aware of diagnostic relevance of a careful examination of 
peripheral blood smears to evaluate platelet morphology.
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Helicobacter pylori (H. pylori) Eradication
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Abstract  In 1998, Gasbarrini et al. reported that eradication therapy for Helicobacter 
pylori (H. pylori) increased platelet counts in most H. pylori-positive immune 
thrombocytopenia (ITP) patients. A large number of retrospective and prospective 
studies have since been performed in order to evaluate the efficacy of eradication 
therapy. A positive relationship was reported between ITP and H. pylori infection, 
and the eradication of H. pylori resulted in a significant increase in platelet counts in 
more than 50% of eradication-successful ITP cases. These results suggest that  
H. pylori infection is involved in the mechanisms underlying thrombocytopenia.

1  �Introduction

Immune thrombocytopenia (ITP) is an autoimmune disease mediated by antiplate-
let autoantibodies that bind to circulating platelets and megakaryocytes, resulting in 
platelet destruction by the reticuloendothelial system as well as suppressed platelet 
production [1, 2]. T-cell-mediated destruction also participates in reducing the num-
bers of platelets and megakaryocytes [3].

Corticosteroids, intravenous immunoglobulin, and splenectomy have been 
employed in order to suppress platelet destruction mechanisms. In 1998, Gasbarrini 
et al. reported that the eradication of Helicobacter pylori in ITP patients increased 
platelet counts [4]. The eradication of H. pylori in ITP patients has since been 
attracting attention because the eradication treatment is basically a single course 
therapy that is cost effective and tolerable. Previous studies that reported the effi-
cacy of H. pylori eradication therapy in ITP patients are reviewed herein, and the 
mechanisms of ITP related to H. pylori infection are discussed.
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2  �H. pylori Infection and Diseases

H. pylori is a gram-negative bacillus that colonizes the mucous layer of the human 
stomach. The persistent presence of H. pylori in the gastric mucosa induces gastroin-
testinal disorders including atrophic gastritis, peptic ulcers, and gastric cancer [5].  
H. pylori has also been shown to activate the host immune system with cytokine signal-
ing and the stimulation of various immune cells including macrophages and lympho-
cytes. The continuous stimulation of the immune system may induce mucosa-associated 
lymphoid tissue (MALT) lymphoma and various autoimmune disorders such as chronic 
thyroiditis, Sjögren disease, systemic sclerosis, rheumatoid arthritis, and ITP [6–8].

Various mechanisms have been proposed in order to explain extra-gastrointestinal 
disorders related to H. pylori infection. However, since these mechanisms have not 
been elucidated in detail, it is important to analyze the underlying pathophysiolo-
gies in order to improve their management.

3  �Eradication Regimens for H. pylori Therapy

Triple therapy with a proton pump inhibitor (PPI), clarithromycin, and either amox-
icillin or metronidazole for 1 or 2 weeks has been used as the standard eradication 
regimen for H. pylori therapy in the most countries worldwide [9]. However,  
H. pylori infection is becoming more difficult to treat because of the increasing 
failure of therapy. New first-line strategies including non-bismuth quadruple ther-
apy (PPI + amoxicillin + metronidazole + clarithromycin) and bismuth quadruple 
therapy (PPI  +  bismuth  +  metronidazole  +  tetracycline) are now being recom-
mended as the Toronto Consensus [10]. Another new regimen using a novel 
potassium-competitive acid blocker (PCAB) in combination with antibiotics has 
been tested in Japan [11] and may represent an effective option.

4  �Effects of Eradication Treatments on Platelet Counts in H. 
pylori-Positive ITP Patients

In 1998, Gasbarrini et al. reported increases in platelet counts after eradication ther-
apy in most H. pylori-positive ITP patients [4]. Many studies have since been pub-
lished on the effects of eradication therapy on platelet responses in H. pylori-positive 
ITP cases. In Italy and Japan, platelet counts were found to increase after H. pylori 
eradication in most (50–80%) H. pylori-positive ITP patients [12–23]. However, the 
effectiveness of eradication was very limited in Spain, France, and the United States 
[24–27]. Studies performed in Serbia, Turkey, and Iran also reported relatively low 
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response rates [28–30]. The reasons for this discrepancy have not yet been estab-
lished, but may be attributed to the high proportion of patients with severe and 
persistent ITP in these countries, differences in immunological backgrounds 
between populations, or differences in antigenicity [25, 26].

In Japan, a nationwide retrospective study was performed in order to assess the 
prevalence of H. pylori infection, the effects of the eradication of H. pylori on plate-
let counts, and the characteristic clinical features of chronic ITP with H. pylori 
infection [21]. A total of 435 ITP patients were enrolled in this study and H. pylori 
infection was detected in 300 patients. H. pylori-positive patients were significantly 
older, and hyperplastic megakaryocytes in bone marrow were also more frequently 
detected than in patients without H. pylori infection. A total of 207 H. pylori-positive 
ITP patients received H. pylori eradication therapy, and platelet counts increased in 
63% of eradication-successful patients. Among most responders, the platelet count 
response started 1 month after eradication therapy, and increases in platelet counts 
continued without the ITP treatment for more than 12 months. Although most early 
studies excluded patients with severe thrombocytopenia, this study also reported the 
efficacy of eradicating H. pylori in severe patients with refractory ITP, even after 
splenectomy. In this study, increases in platelet counts were maintained without 
additional treatments for more than 12 months. Long-term follow-up studies con-
firmed that the platelet response after eradication therapy lasted 7 years or longer 
with very few cases of relapse [31, 32].

The first systematic review with a meta-analysis by Francini et al. reviewed 788 
ITP patients including 494 H. pylori-positive patients [33]. Platelet counts were 
significantly higher in H. pylori-infected patients after successful H. pylori eradica-
tion than in the following groups: untreated H. pylori-infected patients, H. pylori-
infected patients who failed eradication, and H. pylori-uninfected patients. Stasi 
et  al. performed another systematic review involving 1555 patients and reported 
similar findings [34]. Therefore, H. pylori eradication is strongly related to platelet 
recovery in ITP patients. In another systematic review, Arnold et al. evaluated the 
efficacy of eradication therapy in ITP patients by comparing platelet responses in 
patients with or without H. pylori infection [35]. A total of 205 H. pylori-positive 
and 77 H. pylori-negative patients received eradication therapy. The odds of platelet 
counts increasing with eradication therapy were 14.5-fold higher in H. pylori-
positive patients than in H. pylori-negative patients. This finding indicated a clear 
relationship between increased platelet counts and the successful eradication of  
H. pylori and also strongly suggested that H. pylori infection plays a direct role in 
the pathogenesis of ITP.

Although H. pylori eradication therapy is still only one of the treatment options 
available for patients with refractory ITP or those with ITP and less severe throm-
bocytopenia in the United States and European countries (other than Italy) [36–39], 
in a reference guide for managing adult ITP in Japan, H. pylori eradication is rec-
ommended as an initial strategy for managing ITP in adult patients [40].
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5  �H. pylori Infection in the Pathogenesis of ITP

In ITP, a pathogenic loop has generally been suggested to be established, and 
platelets and megakaryocytes are continuously impaired by macrophages and lym-
phocytes [2, 41]. The establishment of this loop may be initiated through the cap-
ture of opsonized platelets by the Fcγ receptors of macrophages in the 
reticuloendothelial system. Macrophages present antigenic peptides derived from 
platelet-specific glycoproteins including GPIb-IX-V and GPIIb/IIIa, and CD4+  
T cells are activated by these autoantigens. These autoreactive T cells activate B 
cells to produce antiplatelet autoantibodies, which then bind to and destroy plate-
lets and megakaryocytes.

As described, clinical observations suggest the involvement of H. pylori infec-
tion in the pathogenesis of ITP, and a large number of hypotheses have been pro-
posed to explain the mechanisms responsible.

5.1  �Fcγ Receptor Balance of Monocytes/Macrophages

The expression level of FcγRIIB, which exerts inhibitory functions on macrophages 
and monocytes, was previously reported to be low in the circulating monocytes of 
H. pylori-infected patients, but not in those from uninfected patients [23, 42]. An 
enhanced phagocytic capacity was also noted in monocytes. When the eradication 
of H. pylori was successful, this activated phenotype of monocytes was suppressed 
shortly after eradication therapy and platelet counts increased [23]. Alterations in 
the Fcγ receptor balance of monocytes by H. pylori infection may be strongly asso-
ciated with the pathophysiology of ITP.

5.2  �Platelet Activation by an Anti-H. pylori Antibody and von 
Willebrand Factor

A previous study reported that a direct association between some H. pylori strains 
and von Willebrand factor (VWF) induced platelet aggregation in the presence of 
the anti-H. pylori antibody IgG [43]. The VWF-H. pylori-IgG complex may interact 
with platelets through the VWF receptor (GPIb-IX-V) and Fcγ receptor IIA 
(FcγRIIA). These interactions may activate platelets and induce thrombocytopenia 
through the consumption of platelets. Moreover, macrophages or monocytes may 
capture H. pylori platelet aggregates, present platelet-specific antigens, and induce 
antiplatelet antibody production.
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5.3  �The CagA (Cytotoxin-Associated Gene A) Protein

In H. pylori, the cag pathogenicity island (cag-PAI) encodes the CagA protein 
(CagA). After translocating into host cells, the CagA protein is phosphorylated, binds 
to SHP-2  in host cells, and induces cellular responses and immune reactions [5]. 
Molecular mimicry is one of the important mechanisms needed to induce autoim-
mune disorders.

Previous studies reported that platelet-associated IgG from H. pylori-positive 
ITP patients interacted with the CagA protein [17], and anti-Cag A antibodies cross-
reacted with a peptide specifically expressed by platelets [44]. In H. pylori infec-
tion, molecular mimicry between the CagA protein and platelet antigens may be one 
of the candidates for pathological immune reactions.

A Japanese group found that most Japanese H. pylori strains are positive for CagA 
[45], while an Italian group showed that the prevalence of the H. pylori CagA gene 
was significantly higher in patients with ITP than in a control group [22]. In contrast, 
the proportion of CagA-positive strains was lower in Western countries [46, 47].

Differences in clinical responses to eradication therapy may occur among ITP 
patients because of differences in the CagA status of the bacterium.

5.4  �Lewis Antibody

Lewis antibody titers were previously reported to be high in some H. pylori-infected 
patients, and Lewis antigens, which are also expressed by some H. pylori strains, 
may be targets for molecular mimicry [48].

These Lewis antibodies have been hypothesized to nonspecifically bind to plate-
lets and induce thrombocytopenia [38, 49].

5.5  �Evolution of Antiplatelet Antibodies after H. pylori 
Infection

Platelet activation and/or molecular mimicry have been suggested to initiate the 
development of ITP following alterations in the Fcγ receptor balance by H. pylori 
infection [17, 23, 43, 48]. After its initiation, continuous platelet destruction and the 
presentation of platelet-specific antigens may activate the immune system and pro-
duce antiplatelet autoantibodies not related to H. pylori antigens. This mechanism 
may lead to the development of refractory ITP, resulting in the eradication of  
H. pylori [50].
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6  �Definition of “Secondary ITP (H. pylori Associated)”

In 2009, an international working group standardized terminologies and definitions 
for ITP [51]. The acronym ITP was proposed to stand for immune thrombocytope-
nia, and ITP was classified into “primary” and “secondary” ITP. The term “pri-
mary” indicates the absence of any obvious cause. The term “secondary” indicates 
that there is an underlying disease or drug exposure, and “secondary ITP” may 
broadly include all forms of immune thrombocytopenia, except for primary 
ITP. The panel proposed the diagnosis of improvements in thrombocytopenia after 
the successful eradication of H. pylori as “secondary ITP (H. pylori associated).” 
There are some refractory ITP patients who do not respond to eradication therapy. 
These refractory cases may be regarded as primary ITP and a coincidental H. pylori 
infection [41].

7  �Conclusion

Although the efficacy of H. pylori eradication for the treatment of ITP appears to 
correlate with geographical locations, eradication therapy is very effective in Japan 
and Italy. In these countries, H. pylori infection has to be tested at the diagnosis of 
ITP and eradication considered as the initial treatment.

A better understanding of the mechanisms by which H. pylori causes ITP may 
provide important information for elucidating the pathophysiology of “primary” 
ITP.
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Steroids

Toshiro Takafuta and Kingo Fujimura

Abstract  Since the 1950s, corticosteroids, particularly prednisolone, have been 
key drugs in the initial treatment of immune thrombocytopenia (ITP). However, 
issues are associated with the long-term efficacy of prednisolone and its side effects 
in patients treated for a long period of time. Since the 1990s, HD-DEX has attracted 
attention because of its faster response, shorter treatment period, higher efficacy 
rate, and tolerability. A number of trials have recently been performed in order to 
improve the initial treatment of ITP.

1  �Introduction

Immune thrombocytopenia (ITP) is mediated by autoantibodies against platelet-
specific antigens including the GPIIb/IIIa and GPIb-IX-V complexes. Platelets coated 
with autoantibodies are captured and cleared by tissue macrophages through Fcγ 
receptors in the reticuloendothelial system, which includes the spleen and liver. 
Macrophages also function as antigen-presenting cells that interact with T cells, which, 
in turn, activate antibody-producing B cells. Antiplatelet autoantibody production is 
maintained by this pathogenic loop [1, 2]. Cytotoxic T cells directly affect platelets 
and megakaryocytes and contribute to the diverse pathobiology of ITP [3, 4].

Since the 1950s, corticosteroids have been used as a key drug to treat ITP and are 
still the mainstay of treatment for ITP [5]. Treatments using corticosteroids prevent 
the destruction of autoantibody-coated platelets in the reticuloendothelial system. 
Corticosteroids have also been reported to impair autoantibody production because 
they decrease platelet-associated IgG levels [1]. Corticosteroids may also increase 
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the production of platelets from megakaryocytes by impairing the ability of macro-
phages and cytotoxic T cells to destroy platelets within bone marrow [2]. Additionally, 
they may also have a direct effect on blood vessels and reduce bleeding independent 
of increases in the platelet count [6, 7]. However, the adverse effects of corticoste-
roids have become apparent and create significant complications. The deleterious 
effects of corticosteroids often exceed their benefits.

In this chapter, we review the use of each corticosteroid in the treatment of ITP 
and reconsider strategies for the management of ITP patients.

2  �Prednisolone (Prednisone)

Prednisolone and prednisone are both artificially synthesized corticosteroids that 
are used in the treatment of various diseases including inflammatory disorders, 
autoimmune diseases, and lymphoid malignancies. Prednisone is activated to pred-
nisolone in the liver. Only prednisolone is approved in Japan.

George et al. reviewed the clinical course of adult ITP in 12 case series of 1761 
adults between 1928 and 1989. Since the 1950s, most adults have been promptly 
treated with glucocorticoids, and approximately 25% of all patients treated with 
glucocorticoids may achieve a complete response [5].

Based on these findings, George et al. proposed glucocorticoid therapy in the ini-
tial management of a newly diagnosed ITP patient [5]. Although they indicated that 
patients with asymptomatic mild or moderate thrombocytopenia may be followed 
with no treatment, oral prednisone (1 mg/kg/day) was recommended as conventional 
initial therapy for newly diagnosed patients with more severe thrombocytopenia. 
Similar initial therapy has since been recommended by other reviews [1, 2].

In 1996, George et  al. published practical guidelines for ITP developed by 
explicit methods for the American Society of Hematology [8]. Other guidelines 
were subsequently published by various medical societies [8–11]. These guidelines 
also recommend the use of oral corticosteroids in the initial treatment.

In 2012, a panel for Blood Coagulation Abnormalities in Japan belonging to the 
Ministry of Health, Labour and Welfare of Japan published a reference guide for the 
management of adult ITP [12]. Although the reference guide also recommends the 
use of oral prednisolone as the first-line treatment, similar to the other guidelines, it 
provides considerations prior to the initiation of treatment. Patient backgrounds, 
including hypertension, diabetes, active infections, osteoporosis, hyperglycemia, 
immune suppressive states, and peptic ulcers, need to be considered. The aggravation 
of these complications and occurrence of unexpected adverse events also need to be 
taken into account. The recommended dosage of prednisolone is 0.5–1.0 mg/kg/day 
for 2–4 weeks. In patients with various complications and older patients, the reference 
guide recommends a starting dose of 0.5 mg/kg/day prednisolone. Even if platelet 
counts do not increase, the daily dose is slowly tapered to the maintenance dose (less 
than 10 mg/body/day). If the bleeding tendency deteriorates during the tapering or 
cessation of prednisolone, increasing the dose administered, the reinitiation of pred-
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nisolone, or the initiation of other treatments including intravenous immunoglobulin 
(IVIG) needs to be considered. The efficacy of oral corticosteroids is noted as follows: 
the platelet count starts to increase 3–4 days after starting the treatment, and, in rare 
cases, a response is not observed for 1 week or longer. Response rates range between 
50 and more than 75%, depending on the intensity and duration of therapy. The inci-
dence of continuous remission ranges is between 10 and 20% [13, 14]. If initial treat-
ment using corticosteroids is ineffective, a bone marrow examination needs to be 
planned in consideration of other disorders such as myelodysplastic syndrome.

3  �Methylprednisolone

An immediate intervention in the platelet count may be required for some patients 
needing surgical procedures or active central nervous system, gastrointestinal tract, 
urological, or gynecological bleeding. Many reviews and guidelines note that emer-
gent treatment needs to include IVIG, high-dose intravenous methylprednisolone 
(mPSL) (1.0 g/body/day for 2–3 days), and platelet transfusions [2, 9–12]. If the 
bleeding tendency appears to be critical, platelet transfusions in conjunction with 
IVIG and mPSL need to be considered.

Previous studies reported the efficacy of intravenous mPSL as the first-line treat-
ment [15–17]. von dem Borne et al. investigated the effects of high-dose intrave-
nous mPSL in the treatment of patients with their first attack of ITP and compared 
them with those of IVIG and oral prednisolone [15]. Their findings demonstrated 
that high-dose mPSL (HD mPSL) was as effective as IVIG. However, the effects of 
HD mPSL were transient in all our patients, similar to IVIG, and maintenance treat-
ment using a low oral dose of prednisolone was necessary.

In 2002, Godeau et al. performed a randomized multicenter trial that compared 
IVIG and HD mPSL with or without oral prednisone. Their findings indicated that 
IVIG and oral prednisone were more effective than HD mPSL and oral prednisone in 
adults with severe ITP; however, the latter treatment was effective and tolerated well.

According to these findings, intravenous mPSL is as effective as IVIG in terms 
of response frequency with no reported side effects. The response to intravenous 
mPSL was found to be faster than that to oral corticosteroids, whereas the response 
to mPSL was transient and low-dose oral corticosteroids were required to maintain 
the platelet count [15].

4  �Dexamethasone

Although prednisolone or mPSL is effective for ITP patients, improvements are often 
transitory. Patients who require long-term oral prednisolone therapy develop various 
side effects. Since pulsed high-dose dexamethasone (HD-DEX) is tolerated well and 
effective in patients with plasma cell neoplasms, Anderson reported efficacy with a 

Steroids



148

similar HD-DEX regimen (six cycles of HD-DEX: 40  mg/day for 4  days every 
28 days) in ten refractory ITP patients [18]. All patients had increased platelet counts, 
and long-term effects were observed for at least 6 months after the last cycle of treat-
ments. No serious side effects were detected. Although the response rate in the study 
by Anderson was 100%, a similar protocol using HD-DEX was not as effective for 
ITP patients in other small cohort studies [19–26]. Therefore, based on the findings 
of these small cohort studies, the efficacy of HD-DEX remains controversial.

In 2003, Cheng et al. reported the effectiveness of HD-DEX as an initial treat-
ment for 125 ITP patients [27]. The initial regimen was a single course of oral DEX 
(40 mg/body/day for 4 consecutive days). The findings obtained were impressive 
because the initial response rate was 85%, the relapse rate was 50%, and the sus-
tained response rate was 42%. Moreover, a second therapy course using HD-DEX 
was effective in all relapsed patients. In 2007, Mazzucconi et al. reported the find-
ings of two different prospective pilot studies: a monocenter study and multicenter 
study, using HD-DEX in newly diagnosed, untreated ITP patients [28]. In their 
multicenter study, 95 patients with severe ITP were treated using HD-DEX (oral or 
intravenous DEX 40  mg/body/day for 4 consecutive days, every 14  days, for 
4 cycles). The response rate was 85.6% and relapse-free survival at 15 months was 
81%. These findings [27, 28] suggested that it is possible to shorten the duration and 
reduce the adverse effects of corticosteroid treatment by using HD-DEX. Wei et al. 
very recently performed a prospective multicenter randomized trial to compare the 
efficacy and safety of HD-DEX and conventional prednisone for newly diagnosed 
ITP patients [29]. In this study, 192 patients were randomized to HD-DEX (oral 
40 mg/body/day for 4 days, one or two courses) or prednisone (1.0 mg/kg/day for 
4 weeks and then tapered). One or two courses of HD-DEX resulted in better out-
comes both in overall initial response rates (82.1% vs 67.4%) and complete response 
rates (50.5% vs 26.8%) than those with prednisone. Moreover, the time to a response 
with HD-DEX was shorter than that with prednisone.

According to the findings of these recent large cohort studies [27–29], one to 
four courses of HD-DEX worked more effectively and rapidly than other corticoste-
roid treatments. A large number of reviews and guidelines have described, but not 
recommended HD-DEX because supporting evidence has been limited.

5  �Combination Therapy with DEX and Rituximab

Rituximab is also recommended for use in the treatment of refractory ITP as a sec-
ond- [9–11] or third-line treatment [12].

Zaja et al. reported the findings of a randomized, open-label trial using HD-DEX 
with rituximab to treat ITP [30]. A total of 101 newly diagnosed ITP patients were 
randomized to receive HD-DEX (40  mg/body/day) for 4  days with or without 
375 mg/m2 rituximab weekly for 4 weeks. The sustained response rate was higher in 
patients treated with DEX plus rituximab than in those treated with DEX alone (63% 
vs 36%). However, a higher rate of adverse events was observed in the rituximab 
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arm. Following this study, other trials using HD-DEX plus a regular dose of ritux-
imab (375 mg/m2) [31, 32] or low dose of rituximab (100 mg/m2) [33, 34] were 
performed. Their findings demonstrated that the overall response of the experimen-
tal group was similar to that of HD-DEX alone; however, the sustained response was 
more pronounced in the experimental group. These findings indicate that rituximab 
more strongly reduced the number of autoantibody-producing B cells than HD-DEX 
alone and contributed to a longer sustained response. Choi et al. recently described 
a novel triple therapy for ITP using HD-DEX, low-dose rituximab, and cyclosporine 
[35]. This trial was a single-arm phase IIb study, and 20 patients including refractory 
cases were prospectively enrolled to receive HD-DEX (40 mg/body/day for 4 days, 
oral cyclosporine 2.5–3 mg/kg/day from days 1 to 28, and intravenous low-dose 
rituximab 100 mg on days 7, 14, 21, and 28). The response rate at 6 months was 
60%, and the relapse-free survival rate was 92% at 12 months. By adding cyclospo-
rine to HD-DEX and rituximab, T cells may also be targeted and implicated in sus-
taining the pathogenic loop. Although adverse events induced by the addition of 
rituximab to HD-DEX are still problematic, these combination therapies may have 
the advantage of reducing the treatment period.

6  �Conclusions

Novel treatments including thrombopoietin receptor agonists and rituximab have 
recently been approved for the treatment of ITP. However, all current guidelines rec-
ommend the use of corticosteroids as the first-line treatment. In consideration of 
selecting the type of corticosteroid to be used, various protocols have been attempted 
and published. HD-DEX has yet to be approved by a systematic review using a meta-
analysis and needs to be approved by guidelines in the next revised edition.
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High-Dose Immunoglobulin
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Abstract  Approximately 70% of the ITP patients responded to high dose of intra-
venous immunoglobulin. The 2011 ASH guidelines recommend an initial dose of 
1 g/kg as a one-time dose. This dosage may be repeated if necessary. The EU rec-
ommendations described that adult ITP patients at high risk of bleeding or prior to 
surgery to correct the platelet count should be indicated for the administration of 
intravenous immunoglobulin. Adverse events with intravenous immunoglobulin are 
common, but generally acceptable. High doses of immunoglobulin are thought to be 
involved in the Fc receptor blockade of macrophages in the reticuloendothelial sys-
tem. Several other mechanisms were elucidated.

1  �Introduction

In 1981, Imbach et  al. [1] reported that treatment with high-dose intravenous 
immunoglobulin (IVIG) (0.4 g (kg day)) for 5 days improved platelet counts in 13 
children with idiopathic thrombocytopenic purpura (ITP). All 13 children had ini-
tial platelet counts less than 3 × 109/L. This clinical study demonstrated an increase 
in platelet counts in 12 of the 13 children within 5 days, but a transient increase 
over the following 10 days. Subsequently, more than 100 clinical studies have con-
firmed the safety and efficacy of IVIG for the treatment of ITP in children and 
adults [2–7].
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2  �Indication and Dose of IVIG

Spontaneous and permanent remission was observed in more than 70% of chil-
dren with ITP within 1 year of onset [8, 9]. First-line treatment for children newly 
diagnosed with ITP is IVIG at a total dose of 0.8–1.0 g/kg given on 1 day or over 
2 consecutive days (grade IB) [10]. The use of IVIG in children with ITP will be 
discussed in detail in another chapter.

Spontaneous remission is much less common in adults with ITP. The 2011 ASH 
guidelines recommend longer courses of corticosteroids over either shorter courses of 
corticosteroids or IVIG in adults newly diagnosed with ITP. In addition, the guidelines 
recognize that the majority of clinicians use a platelet count of less than 30 × 109/L as 
a threshold for treatment [12]. The decision to use IVIG should be based on the 
patient’s severity of bleeding, bleeding risk, activity level, likely side effects of treat-
ment, and patient preference [11]. Take it for example, the indication should be based 
on the patients with life-threatning bleeding or before surgery or delivery. Cohen et al. 
[12] described bleeding risk according to age, in which patients older than 60 years of 
age with a platelet count less than 3 × 109/L had an estimated 5 year fatal bleeding risk 
of 48% compared with a risk of 2.2% for those younger than 40 years.

When IVIG is chosen, the response is transient and platelet counts usually return 
to pretreatment levels within 3–4 weeks [13]. The EU recommendations indicate the 
current IVIG core SPC (core summaries of product characteristics) indication and 
dosing as follows [14, 15]: for primary immune thrombocytopenia (ITP), in patients 
at high risk of bleeding or prior to surgery to correct the platelet count, there are two 
alternative treatment schedules, (1) 0.8–1 g/kg given on day 1 (this dose may be 
repeated once within 3 days), or (2) 0.4 g/kg given daily for 2–5 days. The treatment 
can be repeated if relapse occurs.

Though the 2011 ASH guidelines recommend an initial dose of 1 g/kg, this rec-
ommendation is based on the results of a small, randomized trial [16]. This dosage 
may be repeated if necessary (grade 2B). IVIG has been proven to have a rapid onset 
of action (grade 2B) and should be considered along with corticosteroids (grade 2B) 
with the aim of rapidly increasing the platelet count.

3  �Efficacy

Since the report of Imbach et al. [1], investigators have recognized the effectiveness 
of IVIG for patients with ITP. In a review of 28 published reports of IVIG in 282 
adults, 64% of patients had a peak platelet count >100,000/μL, and 83% had a peak 
platelet count >50,000/μL after the initial infusion [17]. IVIG is more likely to 
cause a platelet increase within 24 h at a dose of 1 g/kg (1–2 infusions over 2 days) 
compared with the previous regimen (0.4 g/(kg day) over 5 days) [18]. A random-
ized trial to compare the efficacy of 1 g/(kg day) IVIG for 2 days with the conven-
tional dose (0.4 g/(kg day)) for 5 days was performed. This study indicated that the 
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2-day regimen required shorter hospitalization and corrected thrombocytopenia 
slightly faster than the 5-day course [18]. Godeau et al. [16] reported the results of 
a randomized IVIG trial comparing 0.5 and 1 g/kg. In their study, on day 4, the 
proportion of responses, defined by a platelet count >80 × 109/L and at least twice 
the initial platelet count, was significantly higher in the group receiving 1 g/kg 
(P = 0.05). They concluded that initial treatment with 1 g/kg of IVIG was more 
effective than 0.5  g/kg in adults with autoimmune thrombocytopenic purpura. 
The 2011 ASH guidelines recommend that the dose should initially be 1 g/kg as a 
one-time dose and that this dosage may be repeated if necessary (grade 2B) [11].

Peng et al. [19] reported that the presence of anti-GPIb-IX autoantibodies was a 
predictor for poor response to IVIG treatment in adults with ITP. Patients with ITP 
that had anti-GPIb-IX autoantibody present had only a 36.4% response rate com-
pared with an 80.0% response rate for those who were negative for anti-GPIb-IX 
autoantibodies (relative risk 2.2; 95% confidence interval 1.6–3.1).

Papagianni et al. [20] reported IVIG responsiveness and outcome might be cor-
related with FcγRIIa and FcγRIIIa polymorphic variants. The high-affinity FcγRIIIa 
variant 158 V for the Fc portion of the immunoglobulin was implicated in the patho-
genesis of ITP, whereas FcγRIIa (131R) and FcγRIIIa (158V) variants, which have 
low affinity for the Fc portion of immunoglobulin, did not seem to impact the thera-
peutic efficacy of IVIG.

4  �Adverse Events

Adverse events with IVIG are common, but generally acceptable, and include head-
ache, backache, nausea, increase in blood pressure, and fever [21, 22]. In 2007, 
Bussel et al. [23] evaluated the safety and tolerability of IVIG for patients with ITP 
when IVIG was infused at rates ranging from 0.08 mL/(kg min) (the standard maxi-
mum licensed rate) to 0.14 mL/(kg min). The incidence of infusion-related adverse 
events was similar for all infusion rates. Headache was the most commonly reported 
infusion-related adverse event (17%). Urticaria (5.5%), hypertension (5.5%), and 
other symptoms less than 5% were observed. The majority were mild in severity. No 
other drug-related, treatment-emergent events were serious.

5  �Mechanism

The potential immunomodulatory mechanisms of IgG have been described [24, 25]. 
High doses of immunoglobulin are thought to be involved in the Fc receptor blockade 
of macrophages in the reticuloendothelial system [26–28], neutralization of autoanti-
bodies (anti-idiotypes), binding to variable regions of T and B cells (V-connected 
network) [29], downregulation of T-cell and B-cell function, and upregulation of 
Treg-cell function [30, 31].
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Splenectomy

Shugo Kowata and Yoji Ishida

Abstract  In immune thrombocytopenic purpura (ITP) patients, an interaction 
between T cells and B cells induces antiplatelet autoantibody production, and macro-
phages digest the antibody-platelet complex in the spleen. However, splenectomy 
removes the microenvironment important for the interaction among B cells, T cells, 
macrophages, and opsonized platelets. Moreover, splenectomy leads to a high fre-
quency of durable responses in adult patients with ITP. Perioperative complications 
of splenectomy include bleeding, infection, and thrombosis. Additionally, long-term 
complications include overwhelming sepsis by encapsulated bacteria, vascular/
thrombotic events, and cancer. Recent guidelines and expert consensus reports list 
splenectomy as a second-line therapy for patients who have failed corticosteroid ther-
apy. More recently, there has been a tendency to avoid and defer splenectomy in favor 
of new treatment options, resulting in a decrease in the use of splenectomy for ITP.

1  �Immune Thrombocytopenic Purpura (ITP) and the Spleen

The spleen is a key lymphoid organ for generating B-lymphocyte-mediated humoral 
immunity. In ITP patients, there is an increase in the number of CD20+ B cells in 
the red pulp of the spleen [1]. Furthermore, there is an interaction between T-cell- 
and B-cell-induced antiplatelet autoantibody production, resulting in accelerated 
platelet destruction and impaired platelet production [2], primarily in the spleen. 
Splenic macrophages are mainly considered as scavengers for senescent erythro-
cytes and help control infections by eliminating pathogens and inducing adaptive 
immunity [3]. In ITP patients, splenic macrophages that digest opsonized platelets 
via the Fcγ receptor are an indispensable ally to the maintenance of antiplatelet 
autoantibody production [4].
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2  �Splenectomy

Splenectomy as treatment for ITP was initially performed in 1916 after the success-
ful treatment of hemolytic anemia with splenectomy in some patients [5]. 
Splenectomy was subsequently the primary therapy until corticosteroids were intro-
duced in the 1950s. Splenectomy removes the microenvironment important for the 
interaction among B cells, T cells, macrophages, and opsonized platelets, resulting 
in a decreased titer of antiplatelet antibody and a decrease in the removal of the 
macrophages. Previously, the spleen was removed by open surgery via a midline 
abdominal incision [6]. The current laparoscopic splenectomy technique is associ-
ated with significantly reduced procedure-related morbidity and a shorter hospital 
stay than the open method [7]. More recently, there has been an increasing trend to 
avoid and defer splenectomy, resulting in a decrease in the rate of splenectomy for 
ITP from 50–60% to 10–25% [8, 9].

2.1  �Indication

Recent guidelines and expert consensus reports list splenectomy as a second-line 
therapy for ITP patients who have failed corticosteroid therapy [6]. However, there has 
not been a clinical trial to compare splenectomy with other treatments, including no 
treatment. In addition, splenectomy is irreversible, and there are no preoperative 
characteristics that can predict response to splenectomy [10]. Thus, it remains unclear 
which patients should be favorably indicated for splenectomy compared to other 
second-line therapies, including rituximab, cyclophosphamide, azathioprine, and the 
newer thrombopoietic agents romiplostim and eltrombopag. Moreover, there is no evi-
dence regarding the optimal timing of splenectomy, because some adult patients may 
improve spontaneously or over time as a result of treatment [11]. Thus, an international 
consensus report suggests deferring splenectomy until the chronic phase (>12 months) 
[12]. In addition, American Society of Hematology (ASH) guidelines suggest treat-
ment with thrombopoietin receptor agonists (TPO-RAs) for patients who have both 
contraindication to splenectomy and who have failed at least one other therapy before 
splenectomy [13]. Under these situations, many patients and physicians now prefer to 
delay or avoid splenectomy when patients relapse after frontline therapy, although the 
curative potential of splenectomy is superior to that of other available treatments.

2.2  �Response and Relapse

It has been thought that the curative potential of splenectomy is superior to that of 
other available second-line treatments. For instance, Kojouri et al. reported a com-
plete response in 1731 (66%) of 2623 adult patients with follow-up for 1–153 months 
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in a large systematic review [10]. Moreover, Vianelli et al. reported that 180 of 206 
(77%) achieved complete response, 26 (11%) achieved response, and 68 (33%) 
responsive patients relapsed. Eventually, 138 (59%) patients maintained response 
without any long-term treatment in a retrospective analysis of 233 patients with fol-
low-up over 10 years [14]—most relapses occur during the first year [15]. Furthermore, 
Mikhael et al. showed that the short-term non-response rate was 8.2% and long-term 
relapse rate was 43.6 per 1000 patient years, resulting in an approximate 5 year fail-
ure rate of 28% in a large systematic review. Thus, splenectomy results in higher 
initial relapse rates, particularly in the first 2 years after surgery, although the relapse 
rate may decline over time [16].

3  �Risk and Complication of Splenectomy

Splenectomy is an invasive treatment associated with short-term complications 
related to general anesthesia and surgery and long-term complications related to 
loss of splenic functions. Perioperative complications include bleeding, infection, 
and thrombosis. Patients with a platelet count of ≤20 × 109/L had a much longer 
hospital stay, received more blood transfusions, and suffered more complications 
than those with platelet counts of >20  ×  109/L [17]. Long-term complications 
include sepsis by encapsulated bacteria, vascular/thrombotic events, and cancer.

In a systematic review, Kojouri et al. revealed that mortality in ITP patients was 
1.0% (48 of 4955 patients) with laparotomy and 0.2% (3 of 1301 patients) with 
laparoscopy and that the complication rate was 12.9% (318 of 2465) with laparot-
omy and 9.6% (88 of 921 patients) with laparoscopy [10]. A historical population 
cohort study in splenectomized patients who have undergone splenectomy for vari-
ous indications showed a higher relative risk (RR) for death within 90 days post-
splenectomy (RR 2.3); however, the RR decreased to 0.5 by day 365 and decreased 
further to 0.4 at > 365 days postsplenectomy [18]. These data indicate that splenec-
tomized patients may have a reduced long-term risk of death in spite of several 
short-term complications.

3.1  �Infection

It has been evident that asplenic patients are at increased risk of life-threatening 
infections. In addition, most therapies for ITP are immunosuppressive, which may 
also increase the risk of infection.

In a retrospective analysis of ITP patients, the cumulative incidence of sepsis 
was 10.1% in non-splenectomized patients and 11.1% in splenectomized patients, 
with a median follow-up of 56 months. The cumulative incidence of early sepsis 
after splenectomy (<90  days) was 2.6%, and that of late sepsis (>90  days) was 
8.8%, suggesting that the infection rate remained elevated, even with longer-term 
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follow-up. Predictors of sepsis in ITP patients include age > 60 years, presence of 
comorbidities, male sex, race, and splenectomy [9]. A historical population cohort 
study conducting splenectomized ITP patients compared to non-splenectomized 
ITP patients showed a higher RR for hospital contact-initiated infection within 
90 days after splenectomy (RR 2.6); however, this decreased to 1.0–1.4 at >90 days 
postsplenectomy [19].

Pneumococcal infections remain the most important cause of severe sepsis and 
septic shock following splenectomy [20]. Recent guidelines recommend providing 
pneumococcal, meningococcal, and Haemophilus influenzae vaccination before 
splenectomy and periodically every 5 years or according to titers [13]. Splenectomized 
patients should be educated about the risk of postsplenectomy infection and have a 
home supply of antibiotics for use in case of febrile illness [12].

3.2  �Thrombosis

Splenectomy induces deep venous thrombosis as a perioperative complication. A 
retrospective study showed that patients splenectomized for various indications had 
an increased risk of deep venous thrombosis and pulmonary embolism (rate 
ratios = 2.2) compared with that in the general population [21]. The cumulative 
incidence of abdominal venous thromboembolism in ITP patients after splenectomy 
was 1.6% compared with 1% in non-splenectomized ITP patients. However, the 
increased risk was observed during the early phase (<90 days) after splenectomy, 
suggesting that it was associated with the surgical procedure [9].

ITP patients have a greater risk of deep venous thrombosis. The cumulative inci-
dence of deep venous thrombosis and pulmonary embolism in ITP patients after 
splenectomy was 4.3% compared with 1.7% in non-splenectomized ITP patients. In 
addition, there was increased risk of deep venous thrombosis and pulmonary embo-
lism both early and late (≥90 days) after splenectomy [9]. Therefore, an interna-
tional consensus report recommends that ITP patients should receive appropriate 
postoperative thromboprophylaxis after splenectomy [12].

3.3  �Atherosclerosis

Loss of splenic function may also induce systemic atherosclerosis as a long-term 
complication. A small series of patients with hereditary spherocytosis who under-
went splenectomy had a higher RR for stroke and heart attack (RR 5.9) [22]. In 
addition, the largest retrospective study also showed that patients splenectomized 
for various indications had an increased risk of death due to pulmonary embolism, 
coronary artery disease, and ischemic stroke (rate ratios = 1.4–4.5) at more than 
10 years after splenectomy [21]. Although it has been difficult to accurately quan-
tify the risk of atherosclerosis and thrombosis in splenectomized ITP patients, these 
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data strongly indicate that loss of splenic function following splenectomy may 
induce systemic atherosclerosis and subsequently lead to ischemic heart disease and 
stroke as long-term complications.

3.4  �Cancer

In some epidemiological studies [23, 24], splenectomy for various indications has 
been associated with an excess risk of developing cancer. The largest retrospective 
study showed that splenectomized patients, who had no malignancy prior to splenec-
tomy, had an increased risk of certain solid tumors (rate ratios = 1.3–1.9) and hema-
tologic malignancies, including acute myeloid leukemia (rate ratios = 1.8–6.0). They 
also had an increased risk of death due to any cancer (rate ratios = 1.3–4.7). Many of 
the observed risks were increased more than 10 years after splenectomy [21].

Accordingly, although it has been difficult to accurately quantify the risk of can-
cer in splenectomized ITP patients, loss of splenic function by splenectomy may 
induce cancer as a long-term complication.
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Rituximab

Yuji Yamada and Yoshitaka Miyakawa

Abstract  Rituximab has recently been shown to be effective for chronic ITP. Though 
it is still in off-label use, current guidelines recommend rituximab as second- or 
third-line therapy. At the same time, its toxicity must be taken into account, and all 
the appropriate precautions should be performed before its use.

1  �The Use of Rituximab for ITP

Rituximab is a monoclonal antibody against one of the B-cell surface proteins, 
CD20. This medication leads to apoptosis of B cells and can reduce the production 
of antibodies. Therefore, rituximab is estimated to be effective for B cell-related 
autoimmune diseases [1], including ITP. Rituximab has been approved for the treat-
ment of non-Hodgkin lymphoma and ANCA-associated vasculitis in Japan. In addi-
tion to these indications, it is also approved for the treatment of chronic lymphoid 
leukemia and rheumatoid arthritis in the United States (USA) and Europe. But it is 
not currently approved for the treatment of ITP. Based on the recent clinical studies, 
it is expected that rituximab will be approved in the near future, and in fact, ritux-
imab is widely in off-label use for ITP in the United States and Europe.

2  �Evidence Behind the Use of Rituximab

The efficacy of rituximab for ITP has been demonstrated in several clinical trials 
and systematic reviews.

For example, a phase II trial including 60 patients with chronic ITP, who had not 
received splenectomy, showed a good 1-year response (platelet count above 50,000/
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mL) in 40% of the patients (95% CI, 28–52%) [2]. Moreover, a systematic review 
of observational studies showed that pooled estimate of overall platelet count 
response was 62.5% (95% CI, 52.6–72.5%) in 313 patients from 19 eligible reports 
[3]. However, it is also suggested that the rate of long-term responses in more than 
1 year is lower at between 18 and 35% [4].

To compare the efficacy of rituximab with the standard of care, a randomized 
placebo-controlled trial (the RITP trial) was conducted for corticosteroid unrespon-
sive patients. Although this trial showed no significant difference in the rate of long-
term treatment failure which was the primary endpoint, a longer duration of response 
and numerically higher response rates with rituximab were suggested [5]. Additionally, 
a meta-analysis of randomized trials was conducted by Chugh et al. [6]. This study 
included untreated patients as well as those who were previously treated with corti-
costeroids and compared rituximab with placebo. Both groups received the standard 
of care. This study showed a better sustained complete response (platelet count above 
100,000/mL in median duration of 5 months) rate in rituximab group (47%) than 
placebo group (33%). A partial response (platelet count above 30,000–50,000/mL) 
was also superior in rituximab group (58%) compared to placebo group (47%) [6].

Since, the rituximab effects can be delayed, rituximab is frequently administered in 
combination with other treatments. The combination of rituximab and high-dose dexa-
methasone has also been shown to be effective in randomized trials. For example, a ran-
domized open-label phase III trial conducted in Denmark showed that for the patients 
with newly diagnosed ITP, addition of rituximab to dexamethasone yields a higher sus-
tained response rate than dexamethasone alone at 6 months (58 vs. 37%, respectively) [7].

As for Japanese population, an open-label phase III clinical trial was recently 
conducted by Miyakawa et al. for 26 patients with chronic ITP, who had relapsed 
and were refractory to conventional therapy. The percentage of patients who had 
achieved the platelet count ≥50 × 109/L at week 24 was 30.8% (95% CI, 14.3–
51.8%), [8] (Fig. 1). Though there are no available data on long-term outcomes of 
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adults in Japan, those of children have already been reported. A retrospective study 
showed a 5-year relapse-free rate of 14% (95% CI, 0–27%) [9].

Based on the results in these trials, rituximab is now considered as one of the 
standard treatment choices for ITP in the guidelines, and medication approval is 
being processed in Japan.

3  �Statements in the National Guidelines

The statement on the use of rituximab for ITP is slightly different between guide-
lines as below (Table 1).

In an international consensus report published in 2010, rituximab is listed as 
one of the second-line treatment options [10]. This report shows no preference for 
a particular therapy in the second-line options. The American Society of 
Hematology (ASH) evidence-based practice guideline published in 2011 has simi-
lar statements, which suggests rituximab be considered for patients at risk of bleed-
ing who have failed one line of therapy such as corticosteroids, IVIG, or 
splenectomy (grade 2C) [11].

On the other hand, guidelines for ITP issued by the British Committee for 
Standards in Haematology (BCSH), General Haematology Task Force in 2003, con-
sider rituximab as one of the third-line treatments, and splenectomy is the second-
line treatment. The Japanese reference guide for the treatment of ITP published in 
2012 also states rituximab is the third-line treatment since rituximab is not approved 
in Japan [12].

The difference between guidelines is mainly on whether rituximab can be used 
before the consideration of splenectomy. In fact, there has been no randomized trial 
to compare the efficacy of splenectomy versus rituximab as a second-line therapy, 

Table 1  Comparison of guidelines for ITP

International 
consensus report ASH BCSH Japan

First 
line

Corticosteroids IVIG Corticosteroids 
IVIG

Corticosteroids IVIG Corticosteroids

Second 
line

Splenectomy Splenectomy Splenectomy Splenectomy

TPO-R agonists TPO-R 
agonists

High-dose steroids

Rituximab Rituximab IVIG

Immunosuppressants Danazol

Danazol Immunosuppressants

Third 
line

TPO-R agonists IFN-α TPO-R agonists

Rituximab Immunosuppressants

MMF Rituximab
Plasmapheresis

Rituximab



168

and therefore choosing an appropriate option is challenging. The response rates 
with splenectomy are generally reported to be higher and more durable than with 
rituximab, while many clinicians and patients prefer to avoid splenectomy since a 
late spontaneous remission can occur, and splenectomy is relatively invasive. We 
need to balance the risks and benefits of these options on a case-by-case basis.

4  �How to Use Rituximab

Most of the studies explained above administered rituximab doses of 375 mg/m2 IV 
weekly for 4 weeks. This is considered as the “standard” dose, though at the current 
time the best regimen of rituximab for ITP patients is yet unknown. Lower doses 
(100 mg IV weekly for 4 weeks) may also be effective, although associated with a 
longer time to response [13]. Due to the potential toxicity and expense of this medi-
cation, further studies are required to determine the optimal dose.

5  �Rituximab Toxicities

Adverse effects of rituximab include infusion reaction, immunosuppressive effects 
including hepatitis B reactivation and infection [14], and progressive multifocal leu-
koencephalopathy (PML) [15]. Khellaf and colleagues evaluated safety outcomes in 
248 patients. Overall, 87 adverse events were reported in 44 patients (19%). Thirty-
eight patients showed minor intolerance to rituximab infusions (15%); infusions 
had to be stopped for only three patients. Seven showed infection (3%), with an 
incidence of 2.3 infections/100 patient-years. Three patients died of infection 
12–14 months after rituximab infusions, but the role of rituximab was questionable 
[14]. Arnold and colleagues also evaluated safety outcomes in 306 patients, of 
whom 10 (3.3%) had severe or life-threatening complications after rituximab treat-
ment. Nine patients (2.9%) were reported to die, though the association between 
rituximab administration and the outcome is unclear [3]. PML was not shown in 
these studies but reported in another case series [15].

In order to prevent the adverse events as much as possible, precautions should be 
taken prior to rituximab therapy. Infusion reaction can be preventable with use of 
antipyretic and anti-allergic agents. Patients should be screened for hepatitis B 
infection prior to the initiation of rituximab. If patients have occult or active hepati-
tis B, rituximab should be either avoided or used with prophylactic antiviral treat-
ment. Additionally, immunizations should be updated at least 2 weeks prior to the 
use of rituximab since rituximab has also been reported to interfere with response to 
immunizations [16].
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Thrombopoietin Receptor Agonists

Yoshiaki Tomiyama

Abstract  Thrombopoietin receptor agonists (TPO-RAs) should be considered for 
the treatment of “refractory” autoimmune thrombocytopenia (ITP). In contrast to 
other medications, TPO-RAs increase platelets via stimulating the production of 
megakaryocytes/platelets in the bone marrow. This chapter has dealt with the mech-
anism, efficacy, and safety of TPO-RAs.

1  �Introduction

Thrombopoietin (TPO) has been cloned as the ligand for orphan cytokine receptor, 
c-Mpl, by independent three groups in 1994 [1–3]. TPO is a single 95 kDa glycopro-
tein consisting of 332-amino acid protein that is the primary regulator of megakaryo-
cyte and platelet development. TPO is synthesized primarily in the liver and is 
secreted into circulation. Although it has long been thought that hepatic transcription 
and translation of the TPO gene appear constant, recent study reveals that TPO 
mRNA and its production can be stimulated, at least in part, by desialylated, senes-
cent platelet clearance via hepatocyte Ashwell-Morrell receptor. Hepatocyte 
Ashwell-Morrell receptor regulates TPO production via Janus kinase 2 (JAK2)-
signal transducer and activator of transcription 3 (STAT3) signaling [4, 5]. Secreted 
TPO is removed from circulation by binding of the TPO receptor (c-Mpl) on plate-
lets and bone marrow megakaryocytes. Thus, plasma TPO levels usually increase in 
response to the decreased in platelet/megakaryocyte mass. Actually, plasma TPO 
levels are markedly increased in patients with hypoplastic thrombocytopenia such as 
aplastic anemia (AA) or chemotherapy-induced thrombocytopenia (CIT). In sharp 
contrast, in patients with ITP, plasma TPO levels are within normal range or slightly 
increased [6–9] (refer to chapters “T-Cell Abnormalities,” “ITP in Adults,” “Diagnosis 
in General,” “Differential Diagnosis: Secondary ITP,” “Differential Diagnosis: 
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Hypoplastic Thrombocytopenia,” and “Differential Diagnosis: Congenital 
Macrothrombocytopenia”). From a view point of plasma TPO levels, ITP appears to 
be a suitable disease for clinical application of TPO.

2  �TPO and Recombinant TPOs

N-terminus of TPO has a receptor-binding domain showing considerable homology 
to erythropoietin, while C-terminus of TPO is highly glycosylated and contributes 
protein stability. The TPO receptor, c-Mpl, contains two cytokine receptor homol-
ogy modules (CRM1 and CRM2), and CRM1 is the distal CRM. TPO exclusively 
binds to CRM1 (the distal CRM) of c-Mpl in the ratio 1:2 and then activates several 
transduction pathways such as JAK2 and STAT5 to increase the production of 
mature megakaryocyte and platelets [10]. Although TPO could stimulate prolifera-
tion of stem cells and early progenitor cells of all lineage, its major effect is to stimu-
late proliferation of early and late stages of megakaryocyte maturation. Recombinant 
human TPO (rhTPO) and pegylated recombinant human megakaryocyte growth and 
development factor (PEG-rHuMGDF) were developed soon after its cloning for 
clinical studies in thrombocytopenic disorders. PEG-rHuMGDF is a truncated form 
of TPO that contains the first 163 amino acids of endogenous TPO. However, PEG-
rHuMGDF paradoxically induced persistent thrombocytopenia in 13 of 325 healthy 
volunteers. The thrombocytopenia was caused by the antibody to PEG-rHuMGDF 
that cross-reacted with endogenous TPO and neutralized its biological activity [11]. 
Although rhTPO did not show such adverse effects, the development of rhTPO as 
well as PEG-rHuMGDF was regrettably stopped in 1998.

3  �TPO Receptor Agonists (TPO-RAs or TPO Mimetics)

To prevent the development of neutralizing antibodies induced by recombinant TPOs, 
several TPO-RAs that stimulate c-Mpl without inducing neutralizing antibodies have 
been developed for the treatment of thrombocytopenic disorders. Among them two TPO-
RAs are now available in daily clinical practice: romiplostim and eltrombopag. These 
drugs are obtained by screening of peptide or small nonpeptide libraries for the ability to 
stimulate the growth or reporter genes such as STAT in TPO-dependent cell lines.

3.1  �Structure of TPO-RAs (Fig. 1)

�Romiplostim (Nplate®, Romiplate® in Japan, AMG531; Amgen)

Romiplostim is subcutaneously administered once a week for clinical use. Romiplostim 
is a peptide-based drug with a molecular weight of 59,000  Da and designated as  
a “peptibody” that is a fusion protein of IgG1 Fc fragments and TPO mimetic  
peptides. Active sites of romiplostim are two identical TPO mimetic peptides 
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(Ile-Glu-Gly-Pro-Thr-Leu-Arg-Gln-Trp-Leu-Ala-Ala-Arg-Ala) linked via 8-glycine 
bridge as a linker [12, 13]. IgG1 Fc fragments covalently bound with the peptide-con-
taining domain are dimerized via disulfide bonds. The Fc fragments extend the half-
life of romiplostim in the circulation, since peptides tend to have poor stability and 
pharmacokinetic properties. Romiplostim is bound to TPO receptor, and the binding 
was inhibited by rhTPO, suggesting that romiplostim binds to CRM1 of c-Mpl (Fig. 1).

Romiplostim was active in mice, rats, rabbits, and monkeys and induced dose-
dependent increase in platelets in all species, although nonhuman primates were 
less responsive compared with other tested species. The first human study was 
conducted in healthy volunteers based on the data obtained from rhesus monkeys. 
A single intravenous dose of 10 μg/kg was initially investigated in human volun-
teers, which was anticipated to be a no-effect dose. However, this dose was found 
to increase platelet count almost sixfold. This distinct effect between humans and 
rhesus monkeys was probably due to a much higher affinity of romiplostim for 
human c-Mpl than the monkey c-Mpl. A clinically effective dose that increases 
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platelet count twofold was identified as 1 μg/kg. Intravenous (IV) administration 
of 1 μg/kg gave a peak of 12,900 pg/mL, while subcutaneous (SC) administration 
gave undetectable levels of romiplostim concentrations probably due to slow 
adsorption (less than 18  pg/mL). IV and SC routes produced almost identical 
effects in healthy volunteers and peaked at days 14–15, and in its current formula-
tion, romiplostim is administered as SC injection every week [10, 13].

�Eltrombopag (Promacta® in the United States or Revolade® in EU 
and Japan, SB497115; Novartis)

Eltrombopag is an orally administered, low molecular weight (546 Da), nonpeptide 
TPO-RA. In human studies in healthy male volunteers, single oral dose of eltrom-
bopag did not increase platelet count. However, daily oral administration for 10 days 
increased platelet counts dose dependently. For subjects at the 75  mg dose, the 
increase in platelet count started on day 6 and peaked at days 14–16.

Eltrombopag has unique characteristics regarding in vivo activity between spe-
cies. Eltrombopag showed activity in human and chimpanzee TPO receptors, but not 
cynomolgus monkey, mouse, or rat TPO receptors. This species difference is due 
mostly to a single amino acid difference in transmembrane domain of c-Mpl. Human 
and chimpanzee TPO receptors have a histidine at residue 499, whereas other spe-
cies have a leucine 499. Exchanging of leucine 499 for histidine 499 made the cyno-
molgus monkey TPO receptor responsive to eltrombopag. These data suggest that 
the binding site of eltrombopag is not CRM1 but transmembrane domain of human 
TPO receptor. Thus, the binding sites of eltrombopag and rhTPO seem quite differ-
ent (Fig. 1) [2].

3.2  �Medical Indication and Efficacy of TPO-RAs in ITP 
Management

For use in adult patients with chronic ITP, both TPO-RAs have been approved in 
many countries. In the United States, each TPO-RA is only available for patients 
with “refractory” chronic ITP who have had an insufficient response to corticoste-
roids, immunoglobulins, or splenectomy and who have an increased risk of bleeding. 
In EU, indication of TPO-RAs is much more limited, and each drug is only available 
for splenectomized patients who are refractory to other treatments or may be avail-
able for nonsplenectomized patients where surgery is contraindicated [14, 15].

For children with chronic ITP who have had an insufficient response to cortico-
steroids, immunoglobulins, or splenectomy, eltrombopag has been approved by the 
US Food and Drug Administration (FDA) in June, 2015, and by the European 
Commission (EC) in April, 2016 [16, 17]. Efficacy and safety for the treatment of 
symptomatic children ITP with romiplostim has also been demonstrated [18], and 
approval for child ITP is now underway.
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Therapeutic goal of ITP is not to normalize the platelet count, but to elevate 
platelet count to a safe range (mostly above 50 × 103/μL) to minimize the risk of 
bleeding with minimal side effects of drugs such as corticosteroids and TPO-RAs 
[15]. In this context, patients with ITP were eligible if platelet counts were less than 
30 × 103/μL, and they had failed at least one prior treatment in most clinical studies 
employing either of TPO-RA. Platelet count >50 × 103/μL by TPO-RA was consid-
ered as platelet response in most studies. These clinical studies have indicated that 
each drug is very effective in the treatment of chronic ITP as described below.

�Romiplostim

Long-term (24 weeks) administration of romiplostim in 63 splenectomized and 62 
nonsplenectomized patients with ITP was assessed in two parallel trials both of 
which are in a double-blind randomized controlled trial conducted in multiple cen-
ters internationally [19]. All patients were randomized 2:1 (romiplostim:placebo) to 
receive a starting dose of 1 μg/kg. Doses of drug were adjusted to maintain platelet 
count of 50–200 × 103/μL. The primary endpoints were to get a durable platelet 
response (platelet count ≥50 × 103/μL during 6 or more of the last 8 weeks of treat-
ment) and treatment safety. A durable platelet response was achieved by 16 of 42 
(38%) splenectomized patients with romiplostim, while that was achieved by 25 of 
41 (61%) nonsplenectomized patients with romiplostim. The overall platelet 
response including the durable or transient platelet response was 79% (33/42) of 
splenectomized and 88% (36/41) of nonsplenectomized patients. In the placebo 
groups, 0/21 splenectomized patients and 3/21 nonsplenectomized patients 
responded. Mean doses of romiplostim for splenectomized patients were 4–5 μg/kg, 
while those for nonsplenectomized patients were approximately 3 μg/kg. Twelve of 
23 (52%) splenectomized or nonsplenectomized patients with romiplostim discon-
tinued all of their concurrent ITP drugs.

A clinical study with nonsplenectomized ITP patients suggested that as com-
pared with standard of care, romiplostim treatment may induce greater improve-
ment in quality of life [20].

�Eltrombopag

In contrast to SC administration of romiplostim, eltrombopag is orally administrated 
and is absorbed with a peak concentration occurring 2–6 h after oral administration. 
Eltrombopag pharmacokinetics is altered when the drug is administered with poly-
valent cations such as iron, calcium, magnesium, etc. Eltrombopag should be taken 
at least 4 h before or after any products such as antacids, dairy products or other 
calcium-containing food products, or mineral supplements containing polyvalent 
cations. In vitro studies indicate that eltrombopag is metabolized in the liver, and 
systemic exposure to eltrombopag is increased in patients with mild or moderate to 
severe hepatic impairment (41 and 80–93% increases in AUC∞, respectively). Thus, 
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administration of eltrombopag to patients with moderate to severe hepatic impair-
ment should be undertaken with caution and should be closely monitored [21].

Six-week administration and 6-month administration (RAISE study) of eltrom-
bopag were assessed in phase III clinical studies in a double-blind randomized con-
trolled trial conducted in multiple centers internationally [22, 23]. The doses for 
these studies were 50 mg or matching placebo once daily, and patients with platelet 
count <50 × 103/μL on day 22 or after may have had their dose increased to 75 mg. 
In addition, in RAISE dose decreases to 25 mg once daily were required for patients 
with platelet count >200 × 103/μL. For patients with platelet count of >400 × 103/
μL, study treatment was interrupted and resumed at the next lowest dose when 
platelet count fell to <150 × 103/μL. The primary endpoints were the odds of achiev-
ing platelet count 50–400 × 103/μL during the 6-month treatment periods. Seventy-
nine percent (106/135) of patients in the eltrombopag group responded at least once, 
compared with 28% (17/62) of patients in the placebo group. The odds of respond-
ing over the 6-month treatment period were greater (odds ratio = 8.2, 99% CI 3.59–
18.73; p  <  0.0001) for eltrombopag group. Fifty-nine percent (37/63) in the 
eltrombopag group reduced or discontinued baseline treatments compared with 
32% (10/31) of patients in the placebo group. Thus, eltrombopag is effective for 
management of chronic ITP, and starting dose is 50 mg once daily for most patients 
and could be increased to 75 mg once daily.

Unique Pharmacokinetics of Eltrombopag in East Asian Peoples

Patient ethnicity may affect the pharmacokinetics of eltrombopag. AUC exposure to 
eltrombopag was approximately twofold greater among Japanese healthy volun-
teers than among non-Asian (predominantly Caucasian) volunteers and 87% greater 
among ITP patients of East Asian descent compared to non-East Asian ITP patients. 
From these data, it has been recommended that for patients of East Asian ancestry 
(such as Japanese, Korean, Chinese, Taiwanese, etc.), initiate dose of eltrombopag 
should be reduced to 25 mg once daily. It is noteworthy that a Japanese clinical trial 
evaluated the efficacy and safety of eltrombopag at a starting dose of 12.5 mg and a 
maximum dose of 50  mg in the treatment of Japanese patients with previously 
treated chronic ITP [24]. During the first 3 weeks of treatment with 12.5 mg eltrom-
bopag, 22% (5/23) of Japanese patients responded. Since disease state is in chronic 
nature and 12.5 mg tablet is only available in Japan so far, it is possible that 25 mg 
every-other-day administration as a starting dose may be suitable for some chronic 
ITP patients of East Asian ancestry to prevent overshooting of platelet count.

3.3  �Clinical Safety

For romiplostim and eltrombopag long-term extension studies have been being per-
formed, respectively [25, 26]. Both TPO-RAs were generally safe and well tolerated in 
log-term extension studies. In romiplostim studies, headache was the most commonly 
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reported adverse event, followed by nasopharyngitis, fatigue, contusion, upper 
respiratory tract infection, diarrhea, and epistaxis. In eltrombopag studies, headache 
was also the most common, followed by nasopharyngitis, upper respiratory tract 
infection, and fatigue. These common events were mostly mild. Eltrombopag may 
cause hepatotoxicity, and ALT, aspartate aminotransferase (AST), and bilirubin 
should be monitored during treatment [26].

In terms of the development of neutralizing antibodies against endogenous TPO, 
no patient developed such antibodies. Although two patients treated with romiplos-
tim developed antibodies that neutralized romiplostim, but resolved after drug with-
drawal, the antibodies did not cross-react with TPO or affect platelet count [13].

Since long-term treatment with TPO-RAs would be expected in chronic ITP, one 
should pay special attention to possible severe complications listed in Table 1.

�Thrombotic Complications

It has been suggested that ITP itself may be not only a hemorrhagic disease but also 
a prothrombotic disease. Population-based studies showed evidence that the risk for 
venous thrombosis is higher (around two time) in chronic ITP compared with con-
trols. For arterial thrombosis there is a trend for increased risk in patients with 
chronic ITP, but bot statistically significant [27]. Arterial thrombotic and venous 
thromboembolic events have been reported for patients with both romiplostim 
groups and eltrombopag groups, but also in placebo groups. There is no relationship 
between platelet counts and thrombotic events during the treatment of TPO-RAs. 
Most of the patients with thromboembolic events were old age and had pre-existing 
risks for thrombosis (e.g., Factor V Leiden, antiphospholipid syndrome, diabetes 
mellitus, smoking, etc.) [25, 26]. Although it is still uncertain that TPO-RAs may 
apparently induce arterial thrombotic/venous thromboembolic events, special atten-
tion should be paid for patients having pre-existing risks for thrombosis when start-
ing TPO-RAs.

�Induction of Reticulin Formation in Bone Marrow

Interleukin 11, GM-CSF, and TPO agents may increase bone marrow reticulin, pos-
sibly through local release of transforming growth factor-β from the increased num-
ber of bone marrow megakaryocytes. Prolonged administration of large doses of 
romiplostim to mice produced bone marrow fibrosis that was reversible within 
4 weeks by stopping romiplostim [28]. The presence of or increase in bone marrow 
reticulin was reported in some patients with long-term treatment with romiplostim, 

Table 1  Possible adverse 
effects of TRO receptor 
agonists

1. Thrombotic complications
2. Induction of reticulin formation in bone marrow
3. Increase in blast cell count
4. Rebound thrombocytopenia upon stopping treatment
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and most of them had reticulin levels of mild to moderate [29, 30]. Because of this 
possible adverse effect, all patients treated with TPO-RAs continue to be monitored 
for clinical signs of any progressive bone marrow abnormalities.

�Increase in Blast Cell Count

TPO-RAs may stimulate the growth of hematopoietic malignancies or increased 
progression of myelodysplastic syndrome (MDS). In a recent randomized, double-
blind, placebo-controlled study for International Prognostic Scoring System (IPSS) 
low/int-1 MDS with thrombocytopenia, 750 μg/body of romiplostim was adminis-
tered. Although platelet count increased in romiplostim group, romiplostim group 
showed a tendency to increase risk to transform to acute myelogenous leukemia 
(AML). AML rates through 58 weeks were romiplostim 6.0% and placebo 4.9% 
(HR 1.20, 95% CI, 0.38–3.84). Study drug was discontinued because of an initial 
concern of AML risk based on interim data (interim HR, 2.51) [31]. In this context, 
differential diagnosis between ITP and MDS with thrombocytopenia is very 
important.

3.4  �Recent Topics: Remission Induced by TPO-RAs

TPO-RAs can effectively increase in platelet number in chronic ITP, but long-term 
treatment may be required to maintain the platelet response. However, recent data 
suggest that a certain number of chronic ITP patients (3–32%) may achieve sus-
tained remission (platelet counts >50 × 103/μL or 100 × 103/μL) after discontinuing 
each of TPO-RAs [32–34]. In a prospective study Newland et al. examined remis-
sion rate (platelet counts >50 × 103/μL for 24 consecutive weeks with no ITP treat-
ments) after discontinuing romiplostim for ITP patients with a duration of ≤6 months 
who were treated with romiplostim for ≤12 months. Remission was observed in 24 
patients (32%) [34]. The cases of remission seen in this study may also have 
included spontaneous remission as a natural course of newly diagnosed adult ITP, 
since in a retrospective study spontaneous remissions occurred in 8 of 87 untreated 
cases (9%) after observation periods of 6 months or more [35].

There are at least two potential mechanisms of remission. Firstly, TPO-RA-
induced platelet increase may restore immune tolerance by increased exposure to 
platelet autoantigens [34]. Secondarily, it has been suggested that TPO-RA 
(romiplostim) stimulation may improve regulatory T-cell (CD4+, CD25hi) function 
in patients with ITP [36]. In addition, in a mouse model of ITP in which regulatory 
T cells were deficient, recombinant TPO administration induced sustained remis-
sion of ITP and promotion of peripheral induction of Foxp3+, CD4+, and CD25hi 
regulatory T cells in conjunction with elevated circulating TGF-β levels [37]. 
Further studies are necessary to determine the real remission rate induced by 
TPO-RAs as well as its mechanisms of remission.
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4  �Summary

Long-term extension studies indicated that each TPO-RA was effective, generally 
safe, and well tolerated in patients with previously treated chronic ITP. However, 
one should still pay attention to specific adverse events of TPO-RAs such as throm-
botic events and reticulin (or collagen) formation of bone marrow. On the other 
hand, TPO-RAs may possess additional effects to induce sustained remission even 
after discontinuation of TPO-RAs in a certain number of ITP patients.

Acknowledgment  This work was supported by Grant-in-Aid for Scientific Research from the 
Ministry of Education, Culture, Sports, Science and Technology in Japan and the Ministry of 
Health, Labour and Welfare in Japan.

References

	 1.	Bartley TD, Bogenberger J, Hunt P, Li YS, Lu HS, Martin F, et al. Identification and cloning of 
a megakaryocyte growth and development factor that is a ligand for the cytokine receptor Mpl. 
Cell. 1994;77:1117–24.

	 2.	Lok S, Kaushansky K, Holly RD, Kuijper JL, Lofton-Day CE, Oort PJ, et al. Cloning and 
expression of murine thrombopoietin cDNA and stimulation of platelet production in vivo. 
Nature. 1994;369:565–8.

	 3.	de Sauvage FJ, Hass PE, Spencer SD, Malloy BE, Gurney AL, Spencer SA, et al. Stimulation 
of megakaryocytopoiesis and thrombopoiesis by the c-Mpl ligand. Nature. 1994;369:533–8.

	 4.	Grozovsky R, Begonja AJ, Liu K, Visner G, Hartwig JH, Falet H, et al. The Ashwell-Morell 
receptor regulates hepatic thrombopoietin production via JAK2-STAT3 signaling. Nat Med. 
2015;21:47–54.

	 5.	Grozovsky R, Giannini S, Falet H, Hoffmeister KM. Regulating billions of blood platelets: 
glycans and beyond. Blood. 2015;126:1877–84.

	 6.	Kosugi S, Kurata Y, Tomiyama Y, Tahara T, Kato T, Tadokoro S, et al. Circulating thrombopoi-
etin level in chronic immune thrombocytopenic purpura. Br J Haematol. 1996;93:704–6.

	 7.	Emmons RV, Reid DM, Cohen RL, Meng G, Young NS, Dunbar CE, et al. Human thrombopoi-
etin levels are high when thrombocytopenia is due to megakaryocyte deficiency and low when 
due to increased platelet destruction. Blood. 1996;87:4068–71.

	 8.	Nagata Y, Shozaki Y, Nagahisa H, Nagasawa T, Abe T, Todokoro K. Serum thrombopoietin 
level is not regulated by transcription but by the total counts of both megakaryocytes and 
platelets during thrombocytopenia and thrombocytosis. Thromb Hemost. 1997;77:808–14.

	 9.	Schrezenmeier H, Griesshammer M, Hornkohl A, Nichol JL, Hecht T, Heimpel H, et  al. 
Thrombopoietin serum levels in patients with aplastic anaemia: correlation with platelet count 
and persistent elevation in remission. Br J Haematol. 1998;100:571–6.

	10.	Kuter DJ. New thrombopoietic growth factors. Blood. 2007;109:4607–16.
	11.	Li J, Yang C, Xia Y, Bertino A, Glaspy J, Roberts M, et al. Thrombocytopenia caused by the 

development of antibodies to thrombopoietin. Blood. 2001;98:3241–8.
	12.	Kuter DJ. Thrombopoietin and thrombopoietin mimetics in the treatment of thrombocytope-

nia. Annu Rev Med. 2009;60:193–206.
	13.	Molineux G. The development of romiplostim for patients with immune thrombocytopenia. 

Ann N Y Acad Sci. 2011;1222:55–63.
	14.	Provan D, Stasi R, Newland AC, Blanchette VS, Bolton-Maggs P, Bussel JB, et al. International 

consensus report on the investigation and management of primary immune thrombocytopenia. 
Blood. 2010;115:168–86.

Thrombopoietin Receptor Agonists



180

	15.	Neunert C, Lim W, Crowther M, Cohen A, Solberg Jr L, Crowther MA, American Society of 
Hematology. The American Society of Hematology 2011 evidence-based practice guideline 
for immune thrombocytopenia. Blood. 2011;117:4190–207.

	16.	Bussel JB, de Miguel PG, Despotovic JM, Grainger JD, Sevilla J, Blanchette VS, et  al. 
Eltrombopag for the treatment of children with persistent and chronic immune thrombocy-
topenia (PETIT): a randomised, multicentre, placebo-controlled study. Lancet Haematol. 
2015;2:e315–25.

	17.	Grainger JD, Locatelli F, Chotsampancharoen T, Donyush E, Pongtanakul B, Komvilaisak 
P, et al. Eltrombopag for children with chronic immune thrombocytopenia (PETIT2): a ran-
domised, multicentre, placebo-controlled trial. Lancet. 2015;386:1649–58.

	18.	Tarantino MD, Bussel JB, Blanchette VS, Despotovic J, Bennett C, Raj A, et al. Romiplostim 
in children with immune thrombocytopenia: a phase 3, randomised, double-blind, placebo-
controlled study. Lancet. 2016;388:45–54.

	19.	Kuter DJ, Bussel JB, Lyons RM, Pullarkat V, Gernsheimer TB, Senecal FM, et al. Efficacy 
of romiplostim in patients with chronic immune thrombocytopenic purpura: a double-blind 
randomised controlled trial. Lancet. 2008;371:395–403.

	20.	Kuter DJ, Rummel M, Boccia R, Macik BG, Pabinger I, Selleslag D, et al. Romiplostim or 
standard of care in patients with immune thrombocytopenia. N Engl J Med. 2010;363:1889–99.

	21.	Nieto M, Calvo G, Hudson I, Feldschreiber P, Brown D, Lee CC, et al. The European Medicines 
Agency review of eltrombopag (Revolade) for the treatment of adult chronic immune (idio-
pathic) thrombocytopenic purpura: summary of the scientific assessment of the Committee for 
Medicinal Products for Human Use. Haematologica. 2011;96:e33–40.

	22.	Bussel JB, Provan D, Shamsi T, Cheng G, Psaila B, Kovaleva L, et al. Effect of eltrombopag on 
platelet counts and bleeding during treatment of chronic idiopathic thrombocytopenic purpura: 
a randomised, double-blind, placebo-controlled trial. Lancet. 2009;373:641–8.

	23.	Cheng G, Saleh MN, Marcher C, Vasey S, Mayer B, Aivado M, et al. Eltrombopag for manage-
ment of chronic immune thrombocytopenia (RAISE): a 6-month, randomised, phase 3 study. 
Lancet. 2011;377:393–402.

	24.	Tomiyama Y, Miyakawa Y, Okamoto S, Katsutani S, Kimura A, Okoshi Y, et al. A lower start-
ing dose of eltrombopag is efficacious in Japanese patients with previously treated chronic 
immune thrombocytopenia. J Thromb Haemost. 2012;10:799–806.

	25.	Kuter DJ, Bussel JB, Newland A, Baker RI, Lyons RM, Wasser J, et al. Long-term treatment 
with romiplostim in patients with chronic immune thrombocytopenia: safety and efficacy. Br 
J Haematol. 2013;161:411–23.

	26.	Saleh MN, Bussel JB, Cheng G, Meyer O, Bailey CK, Arning M, et al. Safety and efficacy 
of eltrombopag for treatment of chronic immune thrombocytopenia: results of the long-term, 
open-label EXTEND study. Blood. 2013;121:537–45.

	27.	Rodeghiero F. Is ITP a thrombophilic disorder? Am J Hematol. 2016;91:39–45.
	28.	Kuter DJ, Mufti GJ, Bain BJ, Hasserjian RP, Davis W, Rutstein M. Evaluation of bone marrow 

reticulin formation in chronic immune thrombocytopenia patients treated with romiplostim. 
Blood. 2009;114:3748–56.

	29.	Bussel JB, Kuter DJ, Pullarkat V, Lyons RM, Guo M, Nichol JL, et al. Safety and efficacy of 
long-term treatment with romiplostim in thrombocytopenic patients with chronic ITP. Blood. 
2009;113:2161–71.

	30.	Brynes RK, Orazi A, Theodore D, Burgess P, Bailey CK, Thein MM, et  al. Evaluation of 
bone marrow reticulin in patients with chronic immune thrombocytopenia treated with eltrom-
bopag: data from the EXTEND study. Am J Hematol. 2015;90:598–601.

	31.	Giagounidis A, Mufti GJ, Fenaux P, Sekeres MA, Szer J, Platzbecker U, et al. Results of a ran-
domized, double-blind study of romiplostim versus placebo in patients with low/intermediate-
1-risk myelodysplastic syndrome and thrombocytopenia. Cancer. 2014;120:1838–46.

	32.	Ghadaki B, Nazi I, Kelton JG, Arnold DM. Sustained remissions of immune thrombocytopenia 
associated with the use of thrombopoietin receptor agonists. Transfusion. 2013;53:2807–12.

Y. Tomiyama



181

	33.	González-López TJ, Pascual C, Álvarez-Román MT, Fernández-Fuertes F, Sánchez-González 
B, Caparrós I, et al. Successful discontinuation of eltrombopag after complete remission in 
patients with primary immune thrombocytopenia. Am J Hematol. 2015;90:E40–3.

	34.	Newland A, Godeau B, Priego V, Viallard JF, López Fernández MF, Orejudos A, et  al. 
Remission and platelet responses with romiplostim in primary immune thrombocytopenia: 
final results from a phase 2 study. Br J Haematol. 2016;172:262–73.

	35.	Stasi R, Stipa E, Masi M, Cecconi M, Scimò MT, Oliva F, et al. Long-term observation of 208 
adults with chronic idiopathic thrombocytopenic purpura. Am J Med. 1995;98:436–42.

	36.	Bao W, Bussel JB, Heck S, He W, Karpoff M, Boulad N, et al. Improved regulatory T-cell 
activity in patients with chronic immune thrombocytopenia treated with thrombopoietic 
agents. Blood. 2010;116:4639–45.

	37.	Nishimoto T, Numajiri M, Nakazaki H, Okazaki Y, Kuwana M. Induction of immune toler-
ance to platelet antigen by short-term thrombopoietin treatment in a mouse model of immune 
thrombocytopenia. Int J Hematol. 2014;100:341–4.

Thrombopoietin Receptor Agonists



183© Springer Nature Singapore Pte Ltd. 2017 
Y. Ishida, Y. Tomiyama (eds.), Autoimmune Thrombocytopenia, 
DOI 10.1007/978-981-10-4142-6_18

Others (Syk Inhibitor and Other Medications)

Yoji Ishida

Abstract  There are several management options for chronic refractory ITP patients. 
As the chance of inducing a durable remission is low, the objective of the next treat-
ment is the achievement of adequate stable platelet levels while minimizing adverse 
events. This chapter includes anti-D immunoglobulin, cyclophosphamide, vincris-
tine and vinblastine, danazol, Syk inhibitor, and other drugs (azathioprine, cyclospo-
rine, mycophenolate mofetil, interferon, and ascorbic acid). While in the near future, 
several new agents might be used clinically for treating refractory ITP.

1  �Anti-D Immunoglobulin

Intravenous (IV) Rho(D) immune globulin (anti-D), instead of high-dose immuno-
globulin, is used in children and adult patients with idiopathic thrombocytopenic 
purpura (ITP) [1–3]. Increase in platelet count begins at 2–3 days after the IV anti-D 
administration, and response rates of 27–63% are usually achieved. The increase in 
platelets lasts for several weeks and patients respond well to re-treatment. Generally, 
children respond better than adults do. In addition, nonsplenectomized patients 
respond better than splenectomized patients do [1–5]. The most common side effect 
associated with the treatment is slight to moderate anemia, which results from mild 
hemolysis with decreased haptoglobin, increased lactate dehydrogenase, and 
increase in indirect bilirubin levels [6]. The mechanism by which the platelet count 
increases is not clearly understood. However, it is believed that anti-D-coated red 
blood cells block Fc receptors on macrophages. Other mechanisms that have been 
reported include reduction in antigen-specific B-cell priming and modulations of 
Fcγ receptors and inflammatory cytokine levels [7, 8].
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The anti-D products of Cangene (WinRho SDF) and CSL Behring (Rhophylac) 
were approved by the FDA in 1995. However, WinRho SDF was voluntarily with-
drawn from the European market in August, 2009, because of safety concerns [9].

In the United States of America, corticosteroids, IV immunoglobulin, and anti-D 
are all considered appropriate frontline treatments for ITP in both adults and chil-
dren. In 2010, a specific warning was issued by the US Food and Drug Administration, 
which highlighted the risks of intravascular hemolysis and acute renal failure and 
disseminated intravascular coagulation after anti-D administration to patients with 
ITP [10]. However, Despotovic and Neunert [11] revealed that the estimated inci-
dence of an acute hemolytic reaction in such patients was 0.03%. The authors also 
concluded that there was sufficient evidence to support the use of anti-D as a frontline 
treatment for ITP in adults and children (grade 2B recommendation). Until the full 
nature of these adverse effects is assessed, this agent should be used with caution.

2  �Cyclophosphamide

Since 1960 [12], a variety of nonsteroidal immunosuppressant agents have been 
used to treat ITP that is refractory to splenectomy and glucocorticoid treatment. 
Finch et al. [13] described that the expected success rate of nonsteroidal immuno-
suppressant therapy in chronic refractory ITP is 15–35% in adults and probably 
higher in children. Laros and Penner [14] were the first to use cyclophosphamide for 
the treatment of refractory ITP. In that study, 7 out of the 11 treated patients showed 
excellent responses to the cyclophosphamide therapy and remained in complete 
hematologic remission for 10–40 months after therapy discontinuation. Verlin et al. 
[15] also reported that 15 out of 22 splenectomized patients with refractory ITP 
responded well to cyclophosphamide treatment, whereas 7 out of 8 unsplenecto-
mized patients with refractory ITP responded well to the treatment.

Reiner et al. [16] reported that out of 20 patients treated with pulse cyclophospha-
mide therapy, 13 (65%) achieved complete response, 4 (20%) achieved partial 
response, and 3 (15%) failed to respond. In the aforementioned clinical studies, 
cyclophosphamide was administered either at a dosage of 50–200 mg/day or inter-
mittently over a 4-h period every 2–3 weeks [15–17]. Furthermore, platelet count 
usually increased 2–4 weeks after the treatment and reached a maximum increase in 
4–6 weeks. This indicates that continuous treatment would be necessary to maintain 
an effective response to the treatment. The major adverse events recorded were leu-
kopenia, infection, alopecia, hemorrhagic cystitis, and secondary malignancy. 
Although no randomized large-scale clinical trial has been performed, the use of 
cyclophosphamide for the treatment of refractory ITP patients is worth considering.

3  �Vincristine and Vinblastine

Vincristine and vinblastine [18–21] are vinca alkaloids that were introduced for the 
treatment of ITP. They may be as effective as cyclophosphamide is; however, they 
act more rapidly than cyclophosphamide does. Vincristine is usually administered at 
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a dose of 0.025 mg/kg to a maximum dose of 2 mg in adults [21]. On the other hand, 
vinblastine is usually administered at a dose of 0.125 mg/kg [21]. Platelet count 
usually increases in 1 week after treatment initiation with the vinca alkaloids. Ahn 
et al. [22] and Manoharan [23] introduced the administration of the vinca alkaloids 
by slow infusion. The authors reported that 11 out of 34 treated patients achieved 
complete remission at 7–10-day intervals with vincristine or vinblastine. However, 
Simon et  al. [24] reported of prolonged complete remission in only 2 out of 12 
patients with refractory ITP who were treated with vincristine or vinblastine. The 
major adverse event from treatment with vinca alkaloids is peripheral neuropathy; 
however, it is reversible after treatment is discontinued. The mechanism of action of 
vincristine and vinblastine has been postulated to be via the inhibition of microtubule-
dependent events that are required for monocyte-macrophage function [25].

The administration method of vinca alkaloids was modified from a slow infusion 
of the drugs to a vinca alkaloid-loaded platelet infusion in some studies [26–28]. In 
one of the studies, after 11 patients with refractory ITP were administered the treat-
ment, six achieved complete remissions, three had partial remissions, and two expe-
rienced treatment failure [26]. The platelets were initially incubated with vinca 
alkaloids in  vitro, after which they were infused into the patients. The “vinca 
alkaloid-loaded platelets” were opsonized with an antiplatelet antibody and phago-
cytosed by macrophages in the spleen, which resulted in the destruction of the 
macrophages.

4  �Danazol

Danazol is an attenuated androgen that has been reported to be useful for treating 
ITP that is refractory to corticosteroid therapy and/or splenectomy. For instance, 
Ahn et al. [29] reported that out of 22 patients who were treated with danazol, 15 
benefited from the treatment, and 11 achieved sustained normalization of their 
platelet counts. Furthermore, Buelli et al. [30] have reported on 14 patients with ITP 
that was refractory to steroid treatment and/or splenectomy. The patients were 
treated with danazol for 2 months. After treatment, the authors observed excellent 
responses (platelet count >100  ×  109/l) in five patients, good responses (platelet 
count >50 × 109/l) in two patients, and poor responses (no increase in platelet count) 
in seven patients. The authors concluded that danazol was well tolerated in most of 
the patients and is therefore better suited for long-term treatment than steroids are. 
Maloisel et al. [31] have reported on the efficacy and safety of danazol in the treat-
ment of patients with refractory ITP. The study showed that 38 patients experienced 
partial or complete response to therapy (67%), among whom 27 (46%) remained in 
remission for a median (± SD) of 119 (± 45) months. In addition, severe adverse 
events were reported in nine patients (16%). The general adverse events observed 
were acne, hirsutism, dyslipidemia, amenorrhea, and liver function abnormalities. 
The postulated mechanism of action of danazol is induction of a reduction in Fc 
receptor expression on monocytes or macrophages [32].
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5  �Syk Inhibitors

Syk (spleen tyrosine kinase) is a non-receptor tyrosine kinase that plays an impor-
tant role in biological functions. For instance, it plays a critical role in intracellular 
signal transduction of B-cell receptors on B lymphocytes and Fc receptors on mac-
rophages. Taniguchi et al. [33] were the first to identify and succeed in cloning Syk, 
which is highly expressed in the cells of the hematopoietic system.

It is generally accepted that the ligand-binding receptor chain contains one or 
more immunoreceptor tyrosine-based activation motifs (ITAMs). Receptor ligation 
leads to phosphorylation of ITAMs, which primarily occurs in the membrane Src 
tyrosine kinase [34]. In ITP, platelets that are bound by antiplatelet antibody bind to 
Fc receptors on macrophages. This is followed by phosphorylation of the tyrosine 
units of ITAMs by Src tyrosine kinase. The phosphorylated ITAMs then phosphory-
late Syk, which results in the autophosphorylation of Syk. The phosphorylated Syk 
activates PI3 kinase and phospholipase C, which then induce actin polymerization 
and result in phagocytosis by macrophages. Syk is therefore a critical molecule in 
phagocytosis.

Fostamatinib disodium (R788) is the oral prodrug of R406, a relatively selective 
small molecule inhibitor of Syk. It was reported that treatment with R788 effec-
tively prevented antiplatelet antibody-induced thrombocytopenia in mice [35]. 
Furthermore, a phase II study revealed that treatment with R788 (75–175 mg, twice 
daily) induced a sustained improvement in platelet count in 50% of 16 patients with 
refractory ITP [35]. Neutropenia was the common adverse event reported in the 
phase II study [36]. The most common adverse event that has been observed from 
R788 treatment in clinical studies is gastrointestinal toxicity, including diarrhea (in 
up to 45% of the patients) and nausea.

6  �Other Drugs

In the past, many patients with refractory ITP required treatment with third-line 
agents; however, the use of such drugs was limited by modest response rates. 
Therefore, evidence to support their use in refractory ITP is generally limited to 
uncontrolled case series [37–39]. Some of the third-line agents are azathioprine [40–
42], cyclosporine [43–45], mycophenolate mofetil [46], interferon [47–49], and 
ascorbic acid [50–52].

In the near future, the following drugs might be used clinically [53] for treating 
refractory ITP: tocilizumab (IDEC-151) [54]; ruplizumab, an anti-CD40 ligand 
(hu5c8) [55]; GMA161, a humanized anti-human FcγRIII antibody [56]; rozrolimu-
pab, a human anti-RhD monoclonal antibody [57]; SM101, a soluble FcγRIIB [58]; 
avatrombopag (E5501), a small molecule thrombopoietin receptor agonist [59]; 
23A11, a murine anti-VPAC1 monoclonal immunoglobulin G1 antibody [60]; ami-
fostine, a cytoprotective agent that improves thrombopoiesis [61]; and oseltamivir 
phosphate, a sialidase inhibitor [62].
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Transfusion

Takaaki Hato

Abstract  The efficacy of platelet transfusion in the management of ITP remains 
obscure. In patients with hematologic disorders undergoing myelosuppressive che-
motherapy or hematopoietic stem cell transplantation, platelets are widely transfused 
prophylactically, and a platelet transfusion threshold of 10,000/μL has been recom-
mended to be safe and effective. In ITP, however, prophylactic platelet transfusion is 
not recommended because the rise in platelet counts following platelet transfusion is 
not seen because of rapid destruction of transfused platelets. In ITP patients with 
severe active bleeding, anecdotal evidence suggests successful treatment of platelet 
transfusion alone or in combination with intravenous immunoglobulin. Platelet 
transfusion may be also considered before splenectomy in ITP patients. Recent stud-
ies suggest that laparoscopic splenectomy can be a safe and feasible procedure in 
ITP patients with platelet count less than 10 × 103/μL without platelet transfusion.

1  �Introduction

Platelets are primary mediators of hemostasis at the vascular injury sites and play a 
crucial role on hemostatic plug formation. The history of platelet transfusion dem-
onstrates that platelet transfusion has contributed to a reduction in fetal hemorrhage 
in thrombocytopenic patients with acute leukemia [1]. In spite of obvious beneficial 
effect of platelet transfusion on hemostatic management, the role of platelet transfu-
sion on management of ITP patients remains largely undefined and underexplored. 
Evidence regarding platelet transfusion have been mainly provided from studies 
with thrombocytopenic patients with hematological malignancies. This chapter will 
discuss evidence regarding the clinical indications for platelet transfusion in throm-
bocytopenic patients with hematological malignancies and ITP.
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2  �Platelet Counts Required for Hemostasis

It is well known that thrombocytopenia is a hemorrhagic risk factor. However, it is 
not entirely clear how low platelet numbers causes the inability of hemostasis. 
Platelets are required to maintain vascular integrity which are regulated by interac-
tion of substances released from platelets with intercellular endothelial junctions 
[2]. A previous study showed that approximately 7100/μL/day of platelets is required 
for maintaining vascular integrity [3]. If this amount of platelets is supplied from 
bone marrow or platelet transfusion, it would be theoretically assumed that vascular 
integrity is maintained to prevent thrombocytopenic patients from spontaneous 
bleeding. Recently, an animal experiment, in which tail bleeding time was measured 
in mice with different degree of thrombocytopenia, showed that mice with platelet 
counts from 2.5 to 20% of control mice (equivalent with 5000–40,000/μL in humans) 
arrested bleeding although the mean bleeding times were significantly prolonged 
compared with the control [4]. In sharp contrast, mice with platelet counts less than 
2.5% of control were not able to arrest bleeding. A human study, in which radiola-
beled autologous red cells were infused into patients with aplastic anemia, revealed 
that fecal blood loss was markedly elevated in all patients with platelet counts of less 
than 5000/μL [5]. A recent PLADO study reflecting modern medical health care 
showed the significantly increased bleeding at platelet counts less than 5000/μL [6]. 
These findings suggest that platelet counts required to maintain hemostasis in 
humans is greater than 5000/μL.

3  �Triggers for Platelet Transfusion

Platelets are widely transfused prophylactically in patients with hematological dis-
orders undergoing myelosuppressive chemotherapy or hematopoietic stem cell 
transplantation. In such patients, it was the standard practice to transfuse platelets at 
platelet counts below 20,000/μL until the early 1990s. In the late 1990s, four ran-
domized controlled trials were conducted to investigate the different platelet count 
thresholds to be transfused prophylactically to reduce the bleeding risk [7–10].  
All studies demonstrated no difference in major bleeding between patient groups 
with 10,000/μL and 20,000–30,000/μL threshold, suggesting that a platelet transfu-
sion threshold of 10,000/μL is safe and effective. However, the protocols of these 
trials allowed patients with fever, fresh bleeding episode, or invasive procedures to 
be transfused irrespective of platelet counts because of patient safety. In the largest 
study with 255 patients, 22.6% of platelet transfusion in the 10,000/μL arm were 
given above the threshold of 10,000/μL, and the protocol violations were 5.4% in 
the 10,000/μL arm, implying that a total of 28% of the patients with the 10,000/μL 
arm received platelet transfusion above the 10,000/μL [9]. Moreover, a critical 
question has been raised as to whether these trials have sufficient statistical power 
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to demonstrate equivalence in terms of the safety of the 10,000/μL transfusion trig-
ger [11]. A recent Cochrane review evaluated these trials regarding platelet transfu-
sion threshold as low quality of evidence [12]. However, without further evidence, 
Cochrane review concluded that it is reasonable to continue with current practice of 
administrating prophylactic platelet transfusions using the 10,000/μL threshold in 
the absence of other risk factors for bleeding such as fever and invasive 
procedures.

4  �Risk Factors for Bleeding

The bleeding risk in thrombocytopenic patients cannot be determined by platelet 
count alone. Many factors influence the bleeding risk (Table 1) [13–18]. A recent 
animal study demonstrated that the combination of inflammation with thrombocy-
topenia rapidly induces bleeding manifestations whereas thrombocytopenia alone 
did not [19]. This finding may explain why fever and infection are risk factors for 
bleeding in thrombocytopenic patients. This may be also the case in ITP. However, 
further studies are required to determine the effect of infection on bleeding risk in 
ITP patients because infection often induces a cytokine-mediated increase in plate-
let count in ITP patients.

Hematocrit may affect the risk for bleeding in thrombocytopenic patients. There 
is evidence that the higher hematocrit reduces the bleeding risk in thrombocytope-
nic patients [20, 21]. Red cells displace platelets toward the endothelial surface 
where they can more effectively respond to vascular injury [22, 23]. This effect of 
red blood cells on platelets may be responsible for reduction of bleeding risk. 
Although ITP patients usually have a normal range of hematocrit, red blood cell 
transfusion may promote effective hemostasis in ITP patients with low hematocrit 
due to massive bleeding.

Table 1  Bleeding risks identified in 
patients with hematological malignancies

Bleeding risk Reference

Fever (38.5 °C<) [13]
Infection [13]
Anticoagulant drugs [14]
Amphotericin use [10, 15]
Hypoalbuminemia [16]
Uremia [16]
Recent bleeding episodes [16]
Recent bone marrow 
transplantation

[16]

Acute GVHD [10, 15, 17]
Veno-occlusive disease [10, 15, 17]
Poor risk disease [18]
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5  �Prophylactic Versus Therapeutic Platelet Transfusion

As mentioned above, many bleeding risk factors other than thrombocytopenia have 
been identified, and no relationship between platelet counts and bleeding risk was 
demonstrated in a large retrospective study [11, 16]. These findings raised a ques-
tion as to whether a platelet count threshold-defined prophylactic platelet transfu-
sion is appropriate as a standard clinical practice. Recently, two large randomized 
controlled studies were conducted to compare the benefit of prophylactic platelet 
transfusion using a trigger of 10,000/μL with therapeutic platelet transfusion (plate-
lets were transfused only when significant bleeding occurred) in patients with inten-
sive chemotherapy for acute myeloid leukemia and hematopoietic stem cell 
transplantation [24, 25]. Both studies showed that patients with therapeutic platelet 
transfusion had a higher risk for bleeding than patients with prophylactic platelet 
transfusion. These studies suggest that platelet count-defined prophylactic platelet 
transfusion is justified as an effective supportive care for patients with hematologic 
malignancies. Patients who received prophylactic platelet transfusion at 10,000/μL 
threshold can maintain vascular integrity necessary to prevent spontaneous bleeding 
because the minimum platelet count requirement for vascular integrity is assumed 
to be around 5000/μL, as described above (see Sect. 2. in this chapter). This may 
explain the efficacy of platelet count-based prophylactic platelet transfusion strat-
egy. However, in ITP patients, the rise in platelet counts following platelet transfu-
sion is not seen because of rapid destruction of transfused platelets. Prophylactic 
platelet transfusion should not be applied to ITP patients and therapeutic platelet 
transfusion can be used for selected patients (see below).

6  �Dose of Platelet Transfusion

The appropriate number of platelets in prophylactic platelet transfusion has been 
assessed in two randomized controlled trials. The PRADO trial compared three dif-
ferent doses (low: 1.1 × 1011/m2, medium: 2.2 × 1011/m2, high: 4.4 × 1011/m2) of 
platelets with the risk of WHO grade 2 bleeding [6]. This study demonstrated that 
there was no significant difference in the incidence of major bleeding among three-
dose groups, while the number of platelet transfusions given was significantly 
higher in the low-dose group. This finding suggests that higher doses do not result 
in higher preventive effect on bleeding; however, it reduces the number of platelet 
transfusion, which has the advantage of longer intervals between transfusions and 
of reduced chance of transfusion-associated adverse effects. Another trial, STOP 
study, evaluated two different doses (low: 1.5–2.9 × 1011 platelets/product, high: 
3.0–6.0  ×  1011) of platelet transfusion in patients with chemotherapy-induced 
thrombocytopenia [26]. Even though the numbers of patients with grade 2 or higher 
bleeding was comparable in the two groups, the trial was stopped early when 5% of 
the patients with low dose had grade 4 bleeding. In ITP, there is no study comparing 
different platelet doses.
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7  �Platelet Transfusion During Treatment for ITP

The efficacy of platelet transfusion in the management of ITP remains obscure. 
Transfused platelets have a shortened survival in ITP, and it is thus questionable 
whether transfused platelets effectively contribute to hemostatic plug formation at 
the bleeding site [27, 28]. On the other hand, successful treatment of platelet trans-
fusion alone or in combination with intravenous immunoglobulin (IVIG) has been 
reported [29–32]. Salama et al. [30] reported that ten patients with refractory ITP 
and bleeding or a high bleeding risk received platelet transfusion, resulting in an 
increase in the platelet count to 84–157 × 103/μL and the cessation of bleeding in all 
patients without any serious adverse effects. Spahr and Rodgers [31] reported that 
40 patients were treated with prolonged infusions of IVIG (1 g/kg by continuous 
infusion over 24 h) and concurrent platelets (1 apheresis unit every 8 h), resulting in 
an increase in the platelet count >50,000/μL in 62.7% of patients and clinical 
improvement in bleeding. These studies suggest that platelet transfusion may have 
clinical benefit for ITP patients with severe active bleeding or surgical procedures. 
However, there is no randomized controlled study of platelet transfusion in ITP. In a 
nationwide survey in the United States, 25.8% of inpatients with ITP received plate-
let transfusion [33]. Although the efficacy of platelet transfusion in these patients 
was not reported, this survey demonstrated no adverse thrombotic event associated 
with platelet transfusion in ITP. Platelet transfusion can be thus used as therapeutic 
transfusion in ITP patients with life-threatening bleeding or emergent surgical pro-
cedures. However, prophylactic platelet transfusion to ITP patients with severe 
thrombocytopenia but no major active bleeding should not be recommended.

Platelet transfusion may be considered before splenectomy in ITP patients refrac-
tory to steroids and IVIG. In ITP patients with platelet counts <10–20 × 103/μL who 
underwent laparoscopic splenectomy, retrospective analysis of operative outcomes 
including blood loss and operative time between patients with and without platelet 
transfusion showed no significant difference between the two groups [34, 35]. The 
main cause of the increase in intraoperative blood loss was unexpected bleeding 
from splenic capsular tears during manipulation or from venous branches near the 
hilum [34]. In addition, platelet count may increase rapidly to a safe level. Based on 
these findings, laparoscopic splenectomy can be a safe and feasible procedure in 
ITP patients with platelet count less than 10 × 103/μL without platelet transfusion.
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Therapy in Pregnancy

Yuji Yamada and Yoshitaka Miyakawa

Abstract  Glucocorticoids and intravenous immunoglobulins are widely accepted and 
recommended in guidelines for the treatment in pregnancy. On the other hand, the safety 
profile of the other options during pregnancy is not well known. Since ITP affects not 
only pregnant women but also neonates, the effective communication among hematolo-
gists, obstetricians, and pediatricians should be established for efficient management.

1  �Background

ITP occurs in approximately 1 in 1000 to 1 in 10,000 pregnant women [1, 2], but pro-
spective clinical trials have not been conducted for this population because of its low 
prevalence and ethical issues. It is relatively difficult to pursue evidence-based medicine, 
but several international and local guidelines are available and suggest the appropriate 
management and goal of treatment. The management in pregnancy is generally similar to 
that of nonpregnant patients. Last but certainly not least, the management in pregnancy 
requires collaboration of the obstetrician, the hematologist, and the neonatologist.

2  �Indications for Treatment

Pregnant patients with no bleeding and platelet counts above 30,000/μl do not 
require any treatment until 36 weeks gestation if delivery is not imminent [3]. In 
other words, patients with clinically relevant bleeding need to be treated. In the 
absence of bleeding, treatment is also indicated for patients with a platelet count 
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below 30,000/μl [3] (which can be 20,000/μl according to the BSCH guideline 
and the international consensus report [2, 4]). Furthermore, if a patient has other 
risk factors of bleeding, such as the use of anticoagulants, treatment may be 
indicated even at a higher platelet count, but the target platelet count should be 
individualized [3].

3  �Treatment Options for Pregnant Patients (Table 1)

There are only two treatment options, which have been considered as relatively safe for 
pregnant women, either glucocorticoids or intravenous immune globulin (IVIG) [2, 3]. 
These two options are widely accepted and recommended for pregnant women in guide-
lines. There are no comparative studies between these two options and decision must be 
made by clinical factors, patient’s preference, medication cost, and risks of each therapy.

As far as the choice of corticosteroids is concerned, prednisone or prednisolone is 
preferred to dexamethasone, which crosses the placenta more readily [3]. While the 
ASH guideline recommends a starting dose of prednisone 1 mg/kg daily, there is no 
evidence that a higher starting dose is better than a lower dose [3]. Therefore, other 

Table 1  Comparison of guideline recommendations

International 
consensus report ASH BSCH Japan

First-
line

Prednisone/
prednisolone 
(10–20 mg/day)
IVIG (dose not 
specified)
IV anti-D

Prednisone/
prednisolone 
(1 mg/kg/day)
IVIG (1 g/kg 
for 2 days)

Prednisone/
prednisolone 
(1 mg/kg/day)
IVIG (0.4 g/kg/day 
for 5 days or 1 g/
kg/day for 2 days)

Prednisolone (10–
20 mg/day) * 0.5–1 mg/
kg/day can be also 
considered for severe 
cases.
IVIG (0.4 g/kg/day for 
3–5 days)

Second-
line

High-dose IV 
methyl-
prednisolone 
(1000 mg) ± IVIG 
or azathioprine
Splenectomy 
(second trimester)

Corticosteroids 
and IVIG
Splenectomy 
(second 
trimester)

High-dose IV 
methylprednisolone 
(1000 mg) ± IVIG
Azathioprine
Splenectomy 
(second trimester)

Splenectomy should be 
avoided

Third-
line

Cyclosporine, 
dapsone, 
TPO-R 
agonists, 
rituximab (not 
recommended 
but use in 
pregnancy 
described)

The recommendations are generally similar but statements on splenectomy and azathioprine are 
different between guidelines
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experts recommend a starting dose of 0.25–0.5 mg/kg daily. In fact, the Japanese 
consensus report recommends 10–20 mg/day as a starting dose [5] since a Japanese 
nationwide study revealed that prednisolone dose of 15 mg/day or more might be 
associated with premature delivery, preeclampsia, or congenital abnormalities [6]. 
The international consensus report also recommends this lower starting dose [2].

The conventional dose of IVIG is 0.4 g/kg/day for 5 days, which is recommended 
in Japanese consensus report [5]. Alternatively, 1 g/kg/day for 2 days can be consid-
ered according to ASH and BSCH guidelines [3, 4]. The duration of response to 
IVIG is usually 2–3 weeks [2], and therefore after an initial response, repeat infu-
sions might be required to prevent bleeding symptoms and keep an adequate platelet 
count if the patient should be managed only with IVIG.

Besides these two options, laparoscopic splenectomy during the second trimester 
is suggested as one of the second-line treatments for refractory cases [2–4]. This is 
because splenectomy during the first trimester may increase the risk of fetal death and 
premature labor, and the surgery during the third trimester is technically challenging 
due to uterine enlargement [3]. In Japanese consensus report, consideration of sple-
nectomy prior to pregnancy is recommended for severe cases or patients who suffer 
from treatment side effects [5] rather than the operation during the second trimester.

The use of azathioprine is also suggested for refractory cases in two of the guide-
lines [2, 4], based on the safety data in SLE and inflammatory bowel disease [7, 8], 
though response is usually slow. Otherwise, the safety of rituximab or TPO-R ago-
nists is yet unknown, and most immunosuppressants should not be used because of 
possible teratogenicity.

4  �Management of Delivery

The mode of delivery should be determined based on obstetric indications since 
there is no evidence indicating that cesarian section can reduce the risk of neonatal 
cerebral hemorrhage. The current guidelines suggest the target platelet count be 
50,000/μl or more for normal delivery and 75,000–80,000/μl for cesarean section 
with regional anesthesia [2, 3, 5]. However, there are no data to support a minimum 
required platelet count, and therefore each case must be individually considered, 
with the risk of the procedure balanced against benefits [2]. If an adequate platelet 
count has not been achieved and delivery is emergent, platelet transfusion in con-
junction with IVIG can be considered [3]. If not emergent, adjustment of corticoste-
roids dose and planned IVIG generally works to achieve the goal.

5  �Neonatal Management

The prevalence of platelet counts below 50,000/μl and 20,000/μl in neonates has 
been reported to occur in approximately 10 and 5 percent, respectively, in pregnan-
cies with ITP [1]. It is essential for the hematologist and the obstetrician to have good 
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communication with the pediatrician even before the delivery. After the delivery, 
infant platelet counts can keep decreasing for several days. Therefore, monitoring 
platelet counts on a daily basis is important for infants born to mothers with ITP [1].
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Clinical Manifestations of ITP in Children

Yukihiro Takahashi

Abstract  Most cases of idiopathic thrombocytopenic immune thrombocytopenia pur-
pura (ITP) in children occur before 5 years old, show spontaneous remission under 
careful observation, and resolve with the use of first-line treatments such as steroids or 
high-dose immunoglobulin. ITP often develops after viral or bacterial infection, or 
after vaccination. Severe bleeding symptoms and severe thrombocytopenia 
(<20 × 109/L) are rare but often become refractory. Second-line treatments such as 
rituximab and thrombopoietin receptor agonists have recently been used for ITP in 
children, in place of splenectomy. An objective ITP-bleeding assessment score seems 
necessary for management guidelines and selection of objective treatment in the future.

1  �Introduction

Platelets, also known as thrombocytes, play an important role in primary hemosta-
sis. Decreased platelet levels, or thrombocytopenia, causes bleeding tendencies. 
Acquired thrombocytopenia induced by abnormality of the platelet immune system 
[1, 2] is referred to as immune thrombocytopenic purpura (ITP). The abbreviation 
“ITP” was originally an acronym for “idiopathic thrombocytopenic purpura” [3], 
but the terms “immune thrombocytopenic purpura” [4] or “immune thrombocytope-
nia” [5, 6] are now used. ITP can be classified as primary or secondary. Primary ITP 
occurs in the absence of any inciting cause, whereas secondary ITP is caused by an 
underlying disease or drug exposure [4].

ITP in children is a relatively well-known disease and develops viral or bacterial 
infection, or after vaccination. Most pediatric cases of ITP show recovery within 
6–12 months, differing from ITP in adults, which is typically more prolonged and 
refractory [7, 8].
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Many treatments for ITP in adults have recently been developed and have been 
applied to ITP in children [9–16]. In this chapter, recent advances in the treatment 
of pediatric ITP are reviewed.

2  �Immune Abnormalities in ITP

ITP involves accelerated platelet consumption and reduced platelet production due to 
antiplatelet autoantibodies [17]. In 1951, Harrington and coworkers revealed the 
existence of a serum antiplatelet factor in ITP patients. They infused plasma from 
ITP patients into healthy volunteers, resulting in transient thrombocytopenia [1]. The 
target antigens of antiplatelet autoantibodies are now known to be against a variety 
of platelet membrane glycoproteins (GPs), including GPIIb/IIIa and GPIb/IX, or 
thrombopoietin (TPO) receptor [8, 18, 19], causing the destruction of circulating 
platelets and suppressing megakaryocyte differentiation and platelet production.

3  �Definition of Thrombocytopenia

Thrombocytopenia is technically defined as a platelet count below 150 × 109/L [20], 
but ITP now uses a platelet count less than 100 × 109/L [4], because of uncertainty 
over both the boundary platelet count between normal populations and ITP patients, 
and the clinical significance of platelet counts.

4  �Incidence of ITP in Children

The annual incidence of pediatric ITP is estimated to be about 2.2–5.3 cases per 
10,000 children [21]. However, this incidence was thought to represent an underes-
timation, because cases of mild or unrecognized thrombocytopenia might have been 
missed.

5  �Classification of ITP Phase

ITP has been classified into acute and chronic phases, based on recovery before or 
from 6 months after the onset of thrombocytopenia. However, the expert interna-
tional working group (IWG) of the European Hematology Association Scientific 
Working Group on Thrombocytopenia and the Intercontinental Childhood ITP Study 
(ICIS) group recently proposed the standardization of terminology, definitions, and 
outcome criteria for ITP in adults and children [4]. ITP phases are now classified into 
three categories of newly diagnosed ITP, persistent ITP, and chronic ITP (Table 1). 
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However, in Japan, ITP in children has adopted the original two-phase classification 
to avoid confusion with annual transition. Pediatric ITP often occurs around 2 weeks 
after a viral infection, and most children with ITP recover within 6 weeks. ITP is 
acute in 70–80% of children and chronic in 20–30%. Recent Japanese data from 
2009 to 2011 showed acute-, chronic-, and unclassified-phase ITP children in 64.2, 
29.9, and 5.9%, respectively. However, ITP in adults increases with age and is often 
chronic.

6  �Onset of ITP Children

ITP can develop at all ages in children. In newborns, thrombocytopenia developing 
from antiplatelet antibodies transferred through the placenta from a mother with 
ITP to the fetus is called passive ITP [22]. ITP in children mainly occurs after viral 
or bacterial infection or vaccination [23, 24].

7  �Clinical and Laboratory Characteristics

Bleeding symptoms are mainly bruising and mucocutaneous bleedings such as pete-
chiae (diameter of 0.5–3 mm, no blanching under pressure, not palpable) or ecchy-
mosis (flat, rounded, or irregular red, blue, purplish, or yellow-green patch larger 
than petechiae), oral or nasal bleeding, hematuria, or hypermenorrhea. Rarely, organ 
bleeding such as gastrointestinal or intracranial bleeding occurs [25]. Patients are 
often noticed incidentally during laboratory examinations performed for unrelated 
diseases. ITP in children is more frequent in males, whereas adult ITP more involves 
females. Severe bleeding is rare and is found in children with a platelet count less 
than 20 × 109/L [4, 26, 27]. Predictors of bleeding due to ITP in children include 
female sex, older age at presentation (age ≥11 years), absence of preceding infec-
tion or vaccination, insidious onset, higher platelet count at presentation, presence 
of antinuclear antibodies, and treatment with a combination of methylprednisolone 
and intravenous immunoglobulin. Furthermore, children with mucosal bleeding at 
diagnosis or treatment with intravenous immunoglobulin alone develop chronic ITP 
less often [7].

Table 1  Classification of ITP in adults and children as recommended by IWG (EHASWGT/ICIS) 
in 2009 [4]

Newly diagnosed 
ITP

Resolution within 3 months of diagnosis

Persistent ITP Resolution 3–12 months from diagnosis; includes patients not reaching 
spontaneous remission or not maintaining complete response off therapy

Chronic ITP Lasting more than 12 months
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8  �Bleeding Assessment Tools (BATs) for ITP in Children

The bleeding risk and severity of ITP have usually been evaluated based on periph-
eral platelet counts and bleeding symptoms. However, objective evaluation of the 
degree or severity of bleeding symptoms is not easy. Various BATs have been pro-
posed for ITP in children and adults [25, 28–32]. More recently, a new standard in 
bleeding assessment for ITP in children and adults (ITP-BAT bleeding scale, ver-
sion 1.0) has been reported from the IWG.

The ITP-BAT bleeding scale is made up of three major bleeding domains of the 
skin (S), visible mucosae (M), and organs (O), with a gradation of severity (SMOG 
index). The gradation of severity for each domain is further classified on the site of 
bleeding with gradings ranging from 0 to 3 or 4 according to the spread of the hem-
orrhagic area, need for medical intervention and red blood cell transfusion, and 
reductions in levels of blood hemoglobin. For example, a SMOG index of S2 M2 
O3 could represent findings of subcutaneous hematoma (S2), epistaxis (M2), and 
menorrhagia (O3). Considering the lifelong potential functional impairment caused 
by intracranial bleeding, the IWG recommends that all cases of intracranial bleed-
ing be reported, irrespective of grade, such as S grade 2 M grade 2 O grade 3 (intra-
cranial grade 2; post trauma, requiring hospitalization). However, the value of 
summing up the worst grades for all manifestations in each domain is currently 
uncertain, and interpretation remains ambiguous [25].

9  �Diagnosis of ITP in Children

Information about the family and medical history before onset are important. The char-
acteristics of bleeding symptoms and physical and laboratory examinations are crucial 
for differential diagnosis. The Japanese Society of Pediatric Hematology/Oncology 
proposed diagnostic criteria for pediatric ITP (Table 2) [33]. However, no gold stan-
dards exist for ITP diagnosis, and exclusion of other thrombocytopenic disorders 
remains central to the diagnosis. Bone marrow examination is usually unnecessary in 
children and adolescents with typical features of ITP, but when abnormal physical 
symptoms (such as abnormal rash, recurrent fever, or joint pain), lymphadenopathy, 
splenomegaly, abnormal cell counts, abnormal morphology of red or white blood cells, 
and poor response to medical treatments such as immunoglobulin and corticosteroids 
are present, bone marrow evaluation may be needed to rule out other disorders. In 
recent years, measurement of plasma levels of TPO, TPO receptor protein, and imma-
ture platelets (reticulo-platelets), which may indicate platelet production in the bone 
marrow, has been developed as complementary inspection methods [8].
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Table 2  Diagnostic criteria for ITP children according to the Committee on Platelets of the 
Society of Japanese Pediatric Hematology/Oncology

1. Bleeding symptoms present
Bleeding symptoms as mainly purpura (petechia or ecchymosis) and also oral bleeding, 
epistaxis, melena, hematuria, hypermenorrhagia
Joint bleeding does not usually occur. Although patient would be unaware of a bleeding 
symptom, patient is admitted to clinic after identification of thrombocytopenia

2. Laboratory findings
a. Peripheral blood examinations
 � • � Decreased platelets: <100 × 109/L. It should be noted that attention to false 

thrombocytopenia is required when performing automatic blood cell counting
 � • � Numbers and morphological features of both red and white blood cells are normal. 

However, as for bleeding tendency or iron-deficiency anemia, a mild increase or decrease 
of white blood cells may also be observed.

b. Bone marrow
 � •  Numbers of megakaryocytes are normal or increased:
 �     Many megakaryocytes lack platelet production
 � • � Numbers or morphological features of both red blood cells and granulocyte lineages are 

normal:
 �     Granulocyte/erythroid (G/E) ratio overall; production of both lineages is present
 �     Bone marrow examination is not routinely conducted for diagnosis of ITP
 �  �   Bone marrow examination is considered at the presence of abnormal numbers and 

morphological feature of red and/or white blood cells, at disputable diagnosis of ITP, 
with the considerable use of corticosteroids or absence of desirable response to 
administration of large amounts of gamma globulin

3. Exclusion of various diseases that can cause thrombocytopeniaa

4. ITP diagnosis can be made if the characteristic features of points 1–3 are presentb

5. Criteria of ITP phase
a. �Acute phase: Recovery from thrombocytopenia within 6 months from estimated onset or 

diagnosis
b. �Chronic phase: Thrombocytopenia prolonged for 6 months or more from estimated onset or 

diagnosis preceding virus infection often indicates acute-phase ITP
aMajor diseases resulting in thrombocytopenia in childhood
bMeasurement of specific antiplatelet antibody is useful for ITP diagnosis, but no laboratory sys-
tem is available in Japan
Primary decrease of platelet production: Drug- or radiation-associated thrombocytopenia, aplastic 
anemia, leukemia, myelodysmorphic syndrome, bone metastasis of cancer, etc.
Primary increase in platelet destruction: Systemic lupus erythematosus, and related diseases, 
antiphospholipid antibody syndrome, disseminated intravascular syndrome, hemolytic uremic 
syndrome (HUS), thrombotic thrombocytic purpura (TTP), hemophagocytic syndrome, HIV 
infection, Kasabach-Merritte syndrome, etc.
Both decreased platelet production and platelet destruction, such as severe infectious disease, etc.
Congenital thrombopenia: Bernard-Soulier syndrome, Wiskott-Aldrich syndrome, X-linked 
thrombocytopenia, May-Hegglin syndrome, Epstein syndrome, gray platelet syndrome, von 
Willebrand disease (type “B” and platelet type), amegakaryocytic thrombocytopenia, etc.
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10  �Differential Diagnoses

A diagnosis of ITP is reached by excluding underlying disorders with thrombocyto-
penia caused by platelet destruction and/or production and congenital thrombocyto-
penia. Diagnosis of congenital thrombocytopenia is not easy and is usually achieved 
based on platelet size and morphology in peripheral blood specimens, clinical mani-
festations of hemorrhagic and nonhemorrhagic symptoms, and results of platelet-
function tests such as platelet aggregation tests using three different inducers adenine 
diphosphate (ADP), collagen and ristocetin, platelet-membrane glycoprotein analy-
sis, flow-cytometric analysis with specific-labeled antiplatelet antibodies, electron 
microscopic analysis, or genetic analysis. A recent distinction algorithm using plate-
let size for congenital thrombocytopenia is shown in Table 3 [34, 35].

Table 3  Classification of congenital thrombocytopenia by platelet size

Platelet size
Mode of 
inheritance Gene Remarks

Small (MPV: <5 fLa)
 � Wiskott-Aldrich syndromea X, AR WAS, 

WIPF1
Immunodeficiency, eczema, 
thrombocytopenia

 � X-linked thrombocytopenia X WAS Thrombocytopenia (mild 
eczema, susceptibility to 
infection)

Normal (MPV: 7.2–11.7 fL, 3–4 μm in diameterb)
 � Congenital amegakaryocytic 

thrombocytopenia
XR MPL Reduced megakaryocytes, 

transition to bone marrow 
failure

 � Congenital thrombocytopenia 
with radioulnar synostosis

XD HOXA11 Radioulnar fusion, transition to 
bone marrow failure

 � Thrombocytopenia with 
absent radii syndrome

XR RBM8A Radial defect, normalization of 
platelet count with age

 � Familial platelet disorder with 
propensity to myeloid 
malignancy

XD RUNX1 
(AML1)

Transition to AML/MDS

 � Autosomal-dominant 
thrombocytopenia, 
thrombocytopenia 2

XD ANKRD26 Reduction of GP1a and α 
granules, transition to acute 
leukemia

Cytochrome C mutation XD CYCS 
(G41S 
mutation)

Apoptosis of megakaryocytes

Large (more than twice normal platelets, ≥8 μm in diameter)
 � MYH9 disorders AD MYH-9

 �   May-Hegglin syndrome Clear white blood cell 
inclusions

 �   Sebastian syndrome Somewhat ambiguous white 
blood cell inclusion bodies

 �   Fechtner syndrome Combined with 
glomerulonephritis and 
deafnessc
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Platelet size
Mode of 
inheritance Gene Remarks

 �   Epstein syndrome Combined with 
glomerulonephritis and 
deafness, leukocyte inclusion 
bodies difficult to recognize

 � Bernard-Soulier syndrome AR GP1BA, 
GP1BB, 
GP9

Lack of ristocetin-induced 
platelet aggregation

 � DiGeorge/velocardiofacial 
syndrome

AD 22q 11.2 
del (GP1BB)

Contiguous gene syndrome

 � α-Actinin abnormality AD ACTN1

 � GPIIb/IIIa mutation AD ITGA2B, 
ITGA3

Constitutively activated GPIIb/
IIIa receptor

 � Type 2B von Willebrand 
disease

AD VWF Increased ristocetin-induced 
platelet aggregation

 � Gray platelet syndrome AR NBEAL2 Low staining (gray) platelets
 � Paris-Trousseau/Jacobsen 

syndrome
AD 11q23 del 

(FLT1)
Contiguous gene syndrome 
large alpha granules, mental 
retardation/neurological 
symptoms, cardiac malformation

 � X-linked 
macrothrombocytopenia

X GATA1 Combined erythrocyte 
hematopoiesis

 � β1-Tubulin abnormality AD TUBB1 Microtubule dysplasia
 � Periventricular heterotopia X FLNA Cortical dysplasia mental 

retardation/neurological 
symptoms

MPV mean platelet volume, X X-linked inheritance, AR autosomal recessive inheritance, AD 
autosomal-dominant inheritance, WAS Wiskott-Aldrich syndrome, WIPF1 WAS/WASL interact-
ing protein family member 1, MPL myeloproliferative leukemia virus, HOXA11 homeobox protein 
Hox-A11, RBM8A RNA-binding motif protein 8A, RUNX-1 Runt-related transcription factor 1, 
VWF von Willebrand factor, ANKRD26 ankyrin repeat domain-containing protein 26, NBEAL2 
neurobeachin-like 2, FLNA filamin A
aBaharin MF et  al. A rare case of Wiskott-Aldrich syndrome with normal platelet size: a case 
report. J Med Case Rep 2016;10:188
bDemirin H et al. Normal range of mean platelet volume in healthy subjects: insight from a large 
epidemiologic study. Thromb Res 2011;128:358–60
cKunishima S et al. Advances in the understanding of MYH9 disorders. Curr Opin Hematol 
2010;17:405–10

Table 3  (continued)

11  �Long-Term Outcomes of ITP in Children

Long-term outcomes of ITP in children have reported that many children who achieve 
spontaneous remission and serious bleeding are rare [26, 36, 37]. Among those 
reports, an ICIS group reported on 1,345 subjects from a prospective study focusing 
on natural history, bleeding manifestations, and management [26]. Remission 
occurred in 37% of patients between 28 days and 6 months, in 16% between 6 and 
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12 months, and in 24% between 12 and 24 months. No cases of intracranial hemor-
rhage were reported, and the most common site of bleeding was the skin, followed by 
epistaxis. That study concluded that ITP is a benign condition for most affected chil-
dren and that major hemorrhage, even with severe thrombocytopenia, is rare. 
However, intracranial bleeding in ITP in children has been reported, albeit rarely [10, 
23, 27]. Intracranial bleeding obviously increases the risk of mortality and morbidity. 
In the case of severe thrombocytopenia, careful follow-up is always necessary.

12  �Treatments for ITP in Children

Most cases of ITP in children represent acute-type ITP in which remission can be 
achieved by watchful waiting or administration of immunoglobulin or steroid [5, 
26, 30, 31, 33, 38]. However, the therapeutic strategy for chronic-type ITP in chil-
dren is not yet well established, and alternative second-line treatments are needed. 
Current second-line therapies include splenectomy and administration of rituximab 
[9–11] or TPO receptor agonist [12–16], eradiation therapy of Helicobacter pylori 
in children with chronic immune thrombocytopenia induced by this bacterium [39, 
40], and other immunosuppressive or immunomodulatory therapies [41, 42].
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Management and Treatment of Primary 
Immune Thrombocytopenia in Children

Masue Imaizumi

Abstract  Primary immune thrombocytopenic purpura (ITP), the most common 
isolated thrombocytopenia of childhood, is involved in immunological mechanisms. 
ITP has shown heterogeneous pathophysiology, clinical features, and response to 
treatment. Most children with primary ITP recover within 6–12 months, but some 
patients who develop refractory or chronic ITP require especially careful medical 
management. To date, most conventional treatments consist of immunosuppressive 
or immune-modulating drugs. The International Consensus Report on the manage-
ment of primary ITP has stated the goal for ITP management as achieving a safe 
level of platelet counts to avoid severe bleeding and minimizing therapy-related 
adverse effects. More recently, a new class of drugs, rituximab and thrombopoietin 
receptor (TPO-R) agonists, have been developed for the use in treating patients with 
ITP including children. The increasing clinical usage of these agents might improve 
therapeutic approaches and managements for children with ITP.

1  �Introduction

Primary immune thrombocytopenic purpura (ITP), the most common isolated 
thrombocytopenia in children, is characterized by increased platelet destruction in 
the spleen and by impaired platelet production in the bone marrow [1, 2]. Today, 
ITP is regarded not as a single disease but collectively as various thrombocytopenic 
diseases that are commonly involved by immunological mechanisms [1, 3], although 
its diagnosis yet needs exclusion of any definite disease.

Since the publication of the International Consensus Report [3] and revised 
American Society of Hematology guidelines [4], the attitude in which pediatrician 
manage ITP has begun to change. Patients are treated based on symptoms and signs 
rather than a mere platelet count. The goal of this management is to maintain a safe 
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platelet count to a level that will minimize or stop bleeding and to lessen the therapy-
related adverse effects of importance for children [5]. More recently, in addition to 
conventional drugs for ITP, the clinical application of newly developed agents, such 
as rituximab and thrombopoietin receptor (TPO-R) agonists, has demonstrated the 
efficacy and safety of these agents for children with refractory or chronic ITP.

This review provides a brief summary of treatment for childhood ITP in the first 
half and, in the second half, emphasizes the clinical studies of rituximab and TPO-R 
agonists for primary ITP in children.

2  �Management of Children with ITP

In 2009, new terminology for ITP was adopted based on the duration: “newly diag-
nosed” from diagnosis until 3  months, “persistent” from 3 to 12  months, and 
“chronic ITP” lasting for longer than12 months [6].

The International Consensus Report [3] has stated on the management of patients 
with primary ITP. Bleeding of children with newly diagnosed ITP most commonly 
shows mucocutaneous symptom (petechiae, ecchymosis, or epistaxis), but only 3% of 
cases have significant bleeding such as severe epistaxis or gastrointestinal bleeding. In 
particular, the incidence of intracranial hemorrhage (ICH) is rare (0.1–0.5%), but its 
prediction is difficult in a practical sense [7]. Severe bleeding is more likely with 
platelet counts of less than 10 × 109/L, whereas major bleeding is rarely seen with 
platelet counts of more than 30 × 109/L. Most cases of children with newly diagnosed 
ITP without severe bleeding can be managed using a “watch-and-wait” policy under 
close observation and with consent of parents. Children with ITP showing significant 
bleeding must consider hospital admission and treatment if accompanied by marked 
thrombocytopenia (lower than 20 × 109/L). The management of children with persis-
tent ITP is fundamentally the same as that for those with newly diagnosed ITP.

The goal of treatment for children with persistent/refractory or chronic ITP is to 
maintain platelet counts at higher than safety levels and to minimize the therapy-
related side effects, especially those associated with long-term administration of 
corticosteroids. The main first-line treatments include corticosteroids and intrave-
nous immunoglobulin (IVIG) as described below.

In Japan, the guideline previously proposed by the Japanese Society of Pediatric 
Hematology/Oncology had been used widely for management of childhood ITP [8]. 
Recently, however, the new consensus of terminology and standardization as well as 
clinical application of new drugs has engendered an increased need for a revised 
guideline for children with ITP in Japan.

3  �Conventional Treatments [4, 8]

Conventional treatments for ITP include immunosuppressive therapies that primar-
ily aim to reduce platelet destruction (e.g., corticosteroids, azathioprine, cyclospo-
rine, cyclophosphamide, mycophenolate mofetil, rituximab, and vinca alkaloids), 
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immune-modulating agents that prevent macrophage destruction of antibody-coated 
platelets (e.g., intravenous immunoglobulin and intravenous anti-D), and surgical 
therapy that prevents platelet sequestration (i.e., splenectomy). However, patients 
with ITP do not always respond to conventional “immunosuppressive” treatments.

3.1  �First-Line Treatments

Corticosteroids and intravenous immunoglobulin (IVIG) are two major conven-
tional drugs used in the first-line therapy for children with ITP in Japan. Children 
with newly diagnosed ITP presenting with bleeding symptom and <20 × 109/L of 
platelet counts are treated with prednisolone or prednisone (1–2 mg/kg), which may 
be effective to induce a response in children within 2–7 days until response. Because 
of side effects associated with prolonged administration of corticosteroids, they 
should be used for a maximum of 2 weeks. In a standard way, IVIG is administered 
at doses of 0.4 g/kg/day (2–5 days) or 0.8–1 g/kg (single day). A rapid increase of 
platelet is induced in more than 80% of patients usually with a shorter durable 
response than corticosteroids. With these first-line treatments, approximately 
70–80% of children with newly diagnosed ITP are likely to have a complete 
response within 6–12 months after diagnosis.

However, patients who are severe/refractory or chronic ITP with insufficient 
response to first-line treatments need careful medical care, in addition to second-
line treatments if necessary. Conventional second-line treatments include immuno-
suppressive agents such as cyclosporine, azathioprine, or mycophenolate. Although 
splenectomy is another reliable second-line therapy with 70–80% of efficacy at ini-
tial response, its application to children has become less frequent because of post-
operative risk of infection and, more recently, because of the introduction of new 
agents such as rituximab and TPO-R agonists in clinical areas.

3.2  �Choice of the First-Line Therapy and Chronicity of ITP

When physicians start to treat children with newly diagnosed ITP, the choice of 
corticosteroids or IVIG might be made dependent on clinical expertise, patient pref-
erence, or urgent need to increase platelet counts (generally more rapid response to 
IVIG than to corticosteroids), rather than on the predictive property for preventing 
chronic ITP development.

Although the individual course of a child with ITP is difficult to predict, 
Heitink-Polle et  al. assessed therapeutic predictors of chronic ITP using a 
meta-analysis that revealed significantly fewer chronic ITP patients treated with 
IVIG (odd ratio: 0.71) than those with other treatments [9]. Moreover, a signifi-
cantly higher risk for chronic ITP was found for patients treated with a combina-
tion therapy of IVIG and standard-dose methylprednisolone (SDMP) than with 
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other treatments (odd ratio: 2.67). Although this meta-analysis might be useful in 
clinical practice, these data must be verified with more precise evaluation using 
with multivariate, not univariate, analysis or prospective clinical trials.

4  �Rituximab

Rituximab is a chimeric monoclonal antibody that targets CD20 antigen on the 
B-cell surface. Rituximab was used at first for treatment of B-cell lymphoma. 
Then, its target diseases were expanded to autoimmune diseases. Previous reports 
of rituximab used for children with ITP are shown in Table 1 [10–16], in which 
only few data are available with regard to the long-term efficacy of rituximab for 
childhood ITP.  Recently, a retrospective study in Japan reported the long-term 
effects of rituximab for 22 children with refractory ITP, for whom the initial CR 
rate was as high as 41% (9/22), decreased gradually to a 14% (3/22) relapse-free 
CR rate at 5 years after the first rituximab therapy [16]. Results of this study also 
suggest that repeated rituximab administration is a promising therapy because 
patients who had received multiple courses of rituximab after relapse responded 
each time without adverse effects. They achieved remission during long-term 
observation.

As shown in Fig. 1, the downward tendency of relapse-free survival (RFS) after 
initial response is one of major concerns to therapeutic effectiveness of rituximab 
[15, 16]. From a long-term follow-up conducted for more than 5 years, Patel et al. 
showed that 52% (34/66) of initial responders subsequently relapsed. Actually, 28 
relapsed within 1 year and 6 relapsed during 1–2 years, but none relapsed after 
2 years, suggesting that observation for at least 2 years is necessary to assess the 
long-term efficacy of rituximab for children with chronic ITP [17].

A recent meta-analysis including 324 pediatric patients showed that a pooled CR 
(platelet count >100 × 109/L) rate and an overall response (platelet count >30 × 109/L) 
rate were 39 and 68%, respectively [18]. Rituximab therapy might be promising for 
refractory ITP patients, and, therefore, it might offer relief from bleeding symptoms 
and allow for avoidance of splenectomy. However, infection is a major concern, and 
there have been reports in children of pneumonia, varicella, and reactivation of hep-
atitis C [4, 18–20].

The relationship of clinical variables with response of rituximab and relapse-free 
factors has been studied [15, 17, 21]. Patel et al. [17] reported that patients showing 
a higher degree of response continued to remain in remission for a long-term period 
compared to those with a lesser degree of response (relapse rate within 1 year; 7% 
(2/28) in CR vs. 40% (4/10) in PR). Nor were significant predictors of splenectomy, 
gender, or age for response of rituximab and relapse-free factors. Although the effi-
cacy of rituximab was not high, Matsubara et al. indicated that the initial responders 
to rituximab achieved remission at significantly higher rate, even after relapse than 
nonresponders did. Consequently, in clinical practice, the initial response is a useful 
indicator of the subsequent remission rate.
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Moreover, the rituximab treatment regimen is not necessarily consistent among 
ITP patients. A recent systematic review pointed that there is no “standard” dose for 
rituximab treatment in children [18].

4.1  �Development of TPO-R Agents

For refractory or chronic children with ITP whose risk of severe bleeding would 
grow even with the second-line treatments, a strong desire has persisted for thera-
peutic agents with distinct action mechanisms. The discovery and development of a 
human recombinant TPO (rh-TPO, the first generation of TPO) proved that the acti-
vation of TPO receptor can increase thrombopoiesis of megakaryocytes, facilitating 
TPO-based therapies as treatment for ITP [22–24].

However, the initial clinical trials demonstrated that healthy volunteers who 
received rh-TPO became severely thrombocytopenic because of cross-reactivity 
between autoantibodies to rh-TPO and endogenous TPO.  This result led to the 
development of new agents that stimulate TPO receptor but led to little immuno-
genic adverse effect. The newly developed TPO-R agonists (the second generation 
of TPO) belong to either TPO non-peptide mimetics (eltrombopag) or TPO peptide 
mimetics (romiplostim) that increase platelet production by promoting the matura-
tion of BM megakaryocytes through activation of TPO receptor signaling.

The properties of eltrombopag (daily p.o. medicine) and romiplostim (weekly SC 
injection) are presented in Table 2. The approved administration of eltrombopag is 
50 mg/day initial dose and 75 mg/day maximum in Europe and the United States, 
but for the East Asian patients, the applied dosage was reduced to 12.5 mg/day initial 
and 50 mg/day maximum because of ethnic difference of drug responsiveness [25].

In the prospective and randomized studies for adult with chronic ITP, 109 of 135 
patients (79%) showed significant increases of platelet counts, decreases of concur-
rent drugs, and lower demand of rescue therapies [26]. Therapeutic effects were not 
significantly influenced by prior treatments, previous splenectomy, or pretreatment 
platelet counts (Fig. 2).
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Table 2  Comparative study of hemorrhagic manifestations between pediatric and adult patients 
with ITP

Eltrombopag Romiplostim

Compound • � A low-molecular compound 
activating TPO receptor

• � An Fc peptide fusion peptibody 
binding to TPO receptor

Indication • � Adult ITP to which pretreatment is 
ineffective

• � Adult ITP to which pretreatment 
is ineffective

Dose and 
effects

•  Initial dose: 50 mg/daya

•  Maximum dose: 75 mg/day
•  Oral administration (daily)
• � PLT > 50 × 103/μL (6 week): 

60–81%
• � Thrombocytopenia after 

discontinuation
•  Reduction of combined drugs

•  Initial dose: 1 mg/kg/week
•  Maximum dose: 10 mg/kg/week
•  SC administration (weekly)
• � PLT > 50 × 103/μL (6 week): 

63–88%
• � Thrombocytopenia after 

discontinuation
•  Reduction of combined drugs

Affecting 
factors

• � No conclusion on children or 
long-term administration

• � Little effects of platelet counts, 
pretreatments, concurrent drug, or 
splenectomy

• � No conclusion on children or 
long-term administration

•  Little effects of splenectomy

Adverse 
effects

• � Headache, nasopharyngitis, liver 
dysfunction

•  Myelofibrosis
•  Thrombosis

•  Headache
•  Myelofibrosis
•  Thrombosis

Antibody • � No induction of TPO-inhibiting 
antibody

• � Possible neutralizing antibody, 
but no cross reactivity to TPO

Patients aged 1–5 years: 1.2 mg/kg/day (0.8 mg/kg/day for East Asian patients)
aPatients weighing less than 27 kg: 37.5 mg/day (25 mg/day for East Asian patients, 12.5 mg/day 
for Japanese patients)

For romiplostim, the initial dose is 5 μg/kg/week SC and adjusted up to 10 μg/
kg/week at maximum with no marked racial difference of drug responsiveness. 
Similarly to eltrombopag, the efficacy of romiplostim was approximately 80% for 
adult with chronic ITP. In a randomized and double-blinded clinical trial for 125 
patients [27], the percentage of patients who attained reduction or discontinuation 
of concurrent drugs was 87% for the romiplostim cohort and 38% for the placebo 
cohort. Moreover, a randomized clinical trial for patients who were refractory ITP 
without splenectomy, the subsequent execution rate of splenectomy was 9% for the 
romiplostim cohort and 36% for the standard therapy cohort, suggesting the possi-
ble avoidance of splenectomy by incorporating TPO-R agonists to treatment for 
refractory ITP [28].

The most common adverse effects of TPO-R agonists were headache, although 
nasopharyngitis and liver dysfunction were also observed for eltrombopag [26, 27, 
29–31]. Thrombosis was reported to have a low rate of incidence, but its causal rela-
tion remains unclear [28, 31]. As long-term adverse effects, major concerns are the 
development of myelofibrosis, depletion of hematopoietic stem cells, and induction 
of other bone marrow abnormalities including malignant diseases. Further investi-
gation of those areas of concern is expected to lead to better understanding.
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Fig. 2  Prospective randomized clinical trials for children with chronic ITP: (a) the result of study 
with eltrombopag [37]; (b) the results of study with romiplostim [38]

M. Imaizumi



225

4.2  �Clinical Studies of TPO-R Agonists for Children

Recently, many reports have described the efficacy and safety of TPO-R agonists 
for children with chronic ITP who had been treated unsuccessfully with the first-
line treatments (Table  3) [32–38]. Patients included children (1–17  years old) 
with chronic/refractory ITP who received romiplostim or eltrombopag at doses 
adjusted to less than the maximum dose to maintain platelet counts at least 
>50 × 109/L. In 2011, the first randomized clinical trials with romiplostim were 
reported: short-term observation (12 weeks) for 18 and 22 patients for whom the 
respective pretreatment duration was 2.4 and 2.5 years [32, 33]. These studies 
showed that the efficacy to maintain >50 × 109/L of platelet counts without rescue 
medication was 83.5–88% for patients with romiplostim, as compared to 0% for 
those with placebo. Nevertheless, the small number of patients and the short-term 
duration of treatment of these studies might limit the generalization of their con-
clusions. More recently, a larger study of 62 children (romiplostim, 42; placebo, 
20) during 24 weeks of treatment duration revealed that the efficacy of romiplos-
tim was 52% for the romiplostim group as compared to 10% for the placebo 
group [38]. Another randomized double-blinded and subsequent open-labeled 
study with eltrombopag has demonstrated its efficacy as 40% for the eltrombopag 
group, compared to 3% for those of placebo [37]. The efficacy of eltrombopag 
increased further to 80% (70/87 patients) of efficacy during the following 
24  weeks of the open-labeled period. These two recent studies confirmed that 
both romiplostim and eltrombopag TPO-R agonists are effective for chronic/
refractory ITP in children. For these periods, no drug resistance or autoantibody 
against intrinsic TPO was detected.

Few therapy-associated severe adverse effects leading to forced discontinua-
tion or lethalness have been observed, including headache, epistaxis, local  
pain, cough and vomiting commonly for both drugs, and liver dysfunction  
for eltrombopag. Although TPO-R agonists are effective and safe for short- 
term treatment, a retrospective study of children receiving TPO-R agonists  
for up to 53  months showed that one of 24 patients developed myelofibrosis  
in grade 2 [35]. The guideline of the American Society of Hematology  
continues to advise a cautious attitude related to TPO-R agonists for children 
with ITP [3].

4.3  �Long-Term Safety and Discontinuation of TPO-R Agonists

It has been shown that some adult patients remain CR without treatment after dis-
continuation [39]. Approximately, 30% of adult patients who received these drugs 
might be able to maintain a safe or normal platelet count after stopping them [5]. 
Therefore, it remains to clarify whether TPO-R agonists could shorten the period 
until recovery or facilitate spontaneous cure in a subset of patients with refractory 
or chronic ITP.
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5  �Conclusion

In these years, with advances in understanding of pathophysiology of ITP and 
development of new therapeutic agents for ITP, there have been dynamic changes in 
the management and therapeutic approaches for children with ITP. However, from 
the viewpoint of children in the process of hematological and immunological devel-
opment, further investigation needs to clarify their therapeutic role and long-term 
safety of those new agents for children with primary ITP.
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