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Abstract Primary immune thrombocytopenia, or idio-

pathic thrombocytopenic purpura (ITP), is an autoimmune

disorder characterized by isolated thrombocytopenia due to

accelerated platelet destruction and impaired platelet pro-

duction. Autoantibodies against platelet surface glycopro-

teins, such as GPIIb/IIIa and GPIb/IX complexes, play

major roles in both platelet destruction and impaired

platelet production, although autoantibody-independent

mechanisms, such as T cell-mediated cytotoxicity, may

also be involved in its pathogenesis. Recent advances in the

localization of autoantigenic epitopes and the character-

ization of T cell functional abnormalities in ITP patients

have improved our understanding of the pathophysiology

of this disease. Although corticosteroids and splenectomy

remain central to the treatment of ITP, a new class of drugs,

i.e., thrombopoietin receptor agonists (TPO-RAs) and rit-

uximab, have substantially broadened the therapeutic

options for refractory ITP patients. Moreover, the success

of TPO-RAs in ITP patients shows that reduced platelet

production caused by impaired megakaryocytopoiesis

plays a greater role in ITP than previously recognized.
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Introduction

Primary immune thrombocytopenia (also known as idio-

pathic thrombocytopenic purpura; ITP) is an autoimmune

disorder characterized by isolated thrombocytopenia

without abnormalities in the erythroid and myeloid/lym-

phoid lineages [1–3]. The incidence of ITP in adults is

estimated at approximately 1.6–3.9 per 100,000 person-

years [4–7]. It is conventionally thought that thrombocy-

topenia in ITP is caused by increased destruction of

platelets opsonized by anti-platelet autoantibodies [8].

Abnormalities in megakaryocytopoiesis and impaired

platelet production have also been suggested as etiologic

factors [9, 10]. The remarkable success of thrombopoietin

receptor agonists (TPO-RAs) for ITP patients has dem-

onstrated that impaired platelet production plays a sub-

stantial role in ITP. Selective B cell depletion with

rituximab has also been shown to be effective in the

treatment of ITP. In this review, we summarize recent

advances in understanding of the pathophysiology of ITP,

including its autoantigenic epitopes, and the current man-

agement of primary ITP.

Pathophysiology of primary ITP

Total platelet mass in the body is regulated by the balance

between production and clearance of platelets. In hypo-

plastic thrombocytopenias, such as aplastic anemia or

chemotherapy-induced thrombocytopenia, platelet counts

are decreased due to reduced platelet production. In ITP,

platelet mass shrinks as a result of accelerated platelet

clearance, which is mainly due to autoantibody-mediated

destruction by macrophages in spleen, and moderately

impaired platelet production due to antibody- and/or
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cytotoxic T cell-mediated megakaryocytic damage

(Fig. 1).

Abnormalities in B cells: production of anti-platelet

autoantibodies

Historical experiments performed by Harrington and Hol-

lingsworth in 1950 and subsequent studies, which demon-

strated that the passive transfer of plasma [including

immunoglobulin (Ig) G-rich fractions] from ITP patients

induced the development of transient thrombocytopenia in

healthy recipients, confirmed the immunologic etiology of

this disease [2, 8, 11, 12]. Subsequent studies in 1970s and

80s revealed the plasma factors in question to be IgG

antibodies against platelet surface glycoproteins, mainly

GPIIb/IIIa and/or GPIb/IX [2]. Although plasma autoanti-

bodies are clinically relevant, anti-platelet autoantibodies

are more frequently detected in the platelet-associated (PA)

form than in plasma form. The levels of PA autoantibodies,

but not those of plasma autoantibodies, are correlated with

the clinical course of ITP, and we and others have further

shown that sera in ITP may contain antibodies against the

cytoplasmic domain of GPIIIa and/or cytoplasmic proteins,

such as vinculin, likely as a secondary effect of platelet

destruction. Thus, in many cases, pathophysiologically

important autoantibodies appear to be already bound to

platelets [2, 13]. PA anti-GPIIb/IIIa and anti-GPIb/IX

antibodies are detected in 43–57 % and 18–50 % in

chronic ITP (cITP) patients, respectively [13, 14].

For more than two decades, efforts have been focused

on identifying target epitopes for PA autoantibodies. We

and others reported that PA anti-GPIIb/IIIa antibodies

frequently bind to cation-dependent conformational anti-

gens, but not to another b3 integrin, avb3 [2, 13]. We also

demonstrated that in one-third ITP patients (11 out of 34

patients) positive for PA anti-GPIIb/IIIa antibodies, reac-

tivity of PA anti-GPIIb/IIIa antibodies is markedly

impaired with KO-variant GPIIb/IIIa (a loss-of-function

mutation in the b-propeller domain of GPIIb) as compared

with wild-type GPIIb/IIIa [15]. These data suggest that the

b-propeller domain of GPIIb is a hot spot for autoantigenic

determinants. To further clarify the epitopes, we recently

performed subsequent systematic analysis of the epitopes

of PA anti-GPIIb/IIIa antibodies using human–mouse chi-

mera GPIIb/IIIa constructs, as we found that most PA anti-

GPIIb/IIIa antibodies barely bind to mouse GPIIb/IIIa [16].

We detected PA anti-GPIIb/IIIa antibodies in 26 (34 %) of

76 ITP platelet eluates (PA autoantibodies eluted from

washed ITP platelets by diethyl ether). We confirmed that

autoantigenic epitopes are mainly localized on GPIIb, and

further analyzed localization of autoantigens for 15 ITP

eluates by employing various human-mouse chimera GPIIb

complexed with human GPIIIa. The autoantigenic epitopes

localized mainly on the N-terminal half of the b-propeller

Fig. 1 Schematic representation of pathophysiology of cITP.

Opsonized platelets by autoantibodies are destroyed by macrophages

in spleen and peptide fragments expressed with MHC class II

stimulate helper T cells, following activation of autoreactive B cells.

Impaired Tregs fail to suppress this vicious cycle. Autoantibodies also

suppress megakaryocytopoiesis. Autoreactive cytotoxic T cells may

play a role in the destruction of platelets and megakaryocytes.

Thrombopoietin receptor (TPO-R) agonists stimulate megakaryocyte

proliferation and maturation. Rituximab targets CD20-positive B cells
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domain of GPIIb in all 15 patients examined (from the

N-terminus to W4:4-1 loop of the b-propeller domain; L1-

W235 of GPIIb) (Fig. 2). We further identified three main

autoantigenic recognition sites within the region (a–c

regions in Fig. 3). Interestingly, at least in three ITP

patients the reactivity of autoantibodies was completely

destroyed by only one amino acid substitution (R139G for

two patients, and G44 N for one patient), suggesting that

the target epitopes were localized on very restricted region

on GPIIb in these three patients [16]. Regarding the epi-

topes of anti-GPIb/IX autoantibodies, He et al. [17]

examined their localization by employing short linear

fragments of GPIba. They showed that six of 16 anti-GPIb/

IX antibodies in ITP patients recognize a short amino acid

sequence (amino acids 333–341) in GPIba. Again, the

autoantigenic epitopes for anti-GPIb-IX antibodies seem to

be localized on the limited region.

A genetic analysis of the Fab region of immunoglobulin

(Ig) using phage display libraries constructed from

splenocytes from cITP patients demonstrated that anti-

platelet autoantibodies in cITP use highly restricted Ig

variable regions [18]. We and others have also demon-

strated that many of PA anti-GPIIb/IIIa antibodies show

restricted j/k-chain usage [16, 19]. These data suggest that

the antigenic repertoire in ITP is fairly limited and that

anti-platelet antibodies are produced in limited B cell

clones in many ITP patients. In HIV-, HCV- and Helico-

bacter pylori (H. pylori)-associated secondary ITP, cross

reactivity of platelet antibodies with these pathogens has

been reported [20–22]. By analogy to these secondary ITP,

molecular mimicry of unknown pathogens with limited

regions of platelet glycoproteins may trigger expansion of

auto-reactive B cell clones in primary ITP, and autoanti-

body production from the B cell clones may be affected by

T cell abnormalities, as described in the next section

(Fig. 1).

Abnormalities in T cells

Recently, several lines of evidences have linked T cell

abnormalities to the pathogenesis of ITP. Kuwana et al.

[23] demonstrated the presence of auto-reactive T cell

clones against cryptic GPIIb/IIIa epitopes in cITP patients.

Other studies have shown that cITP patients exhibit an

imbalanced Th1/Th2 ratio [24], increase of Th17 cells and

IL17 levels [25], increase of oligoclonal T cells [26], and

the presence of cytotoxic T cells against autologous

platelets [27].

The functions of regulatory T cells (Treg) in ITP have

been extensively examined, as emergence of anti-platelet

Fig. 2 Binding of platelet-associated (PA) anti-GPIIb/IIIa antibodies

in ITP patients to human-mouse chimera GPIIb/IIIa. Relative

bindings of PA antibodies to 293T cells that expressed human GPIIb

replaced the N-terminal half of the b-propeller domain with mouse

[m(W4:4-1)H, blue] and 293T cells expressing mouse GPIIb replaced

the N-terminal half of the b-propeller domain with human [H(W4:4-

1)m, red] are shown

Fig. 3 Demonstration of three

major recognition sites (A, B

and C) of PA anti-GPIIb/IIIa

autoantibodies in ITP patients.

Shown is a crystal structure of

the resting form of GPIIb/IIIa

with two different angles made

by PyMOL Version 1.4

software (DeLano Scientific

LLC). The N-terminal half and

the whole region of the b-

propeller domain of GPIIb are

indicated in yellow and by the

dotted circle, respectively. Each

loop essential for PA antibody

bindings is distinctly colored
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autoantibodies and anti-platelet cytotoxic T cells is an

expected consequence of the loss of immunological toler-

ance to self-antigens. Tregs are T cells marked by

CD4?CD25?Foxp3?, which account for 5–10 % of the

peripheral CD4? T cell population and play essential roles

in self-tolerance by suppression of cell- and antibody-

mediated immune responses [28]. Several reports demon-

strated reduction in Treg numbers and/or impairment of

Treg function in ITP patients [29, 30]. Very recently,

Nishimoto et al. [31] demonstrated that approximately

40 % of Treg-deficient mice became thrombocytopenic,

which lasted for up to 5 weeks. The thrombocytopenic

mice displayed IgG anti-platelet antibodies, which pre-

dominantly react to GPIb/IX, and transfer of purified Tregs

into the mice prevented thrombocytopenia [31, 32]. Stasi

et al. [33] demonstrated that a reduced number and a

defective suppressive capacity of Tregs in ITP patients

were restored in responders of rituximab, suggesting

abnormalities in Tregs in ITP patients may be regulated by

interaction between T and B cells.

Mechanism of accelerated platelet clearance

Opsonized platelets by anti-platelet IgG antibodies are

destructed mainly by macrophages in spleen via low-

affinity Fc receptors, FccRIIA and FccRIIIA [34]. FccRIIA

and FccRIIIA have immunoreceptor tyrosine-based acti-

vation motif (ITAM) in the cytoplasmic regions, and

phosphorylation of ITAM domain induced by Fc binding,

followed by Syk phosphorylation, activates phagocytosis

[35]. Several reports have also suggested the involvement

of another inhibitory FccR, FccRIIB, in the control of

phagocytosis. FccRIIB contains an immunoreceptor tyro-

sine-based inhibitory motif (ITIM) and inhibits phagocy-

tosis and pro-inflammatory cytokine release by monocytes/

macrophages and dendritic cells. Samuelsson et al. [36]

showed that FccRIIB on splenic macrophages is required

for the protective effects of intravenous immunoglobulin

against platelet consumption in a murine ITP model. Sift-

ing of the monocyte FccR balance toward the inhibitory

FccRIIB has been also demonstrated in ITP patients

responded to H. pylori eradication [37] or high-dose

dexamethasone treatment [38]. In addition to Fc-mediated

phagocytosis, platelet autoantibodies may fix complements,

enhancing opsonization or facilitating direct platelet lysis

[39–41]. Moreover, Nardi et al. [20] showed that anti-

GPIIIa antibodies found in an HIV-associated ITP patient

caused platelet destruction via induction of reactive oxygen

species (ROS), and that these mechanisms may also con-

tribute to primary ITP. Some patients with ITP lack

detectable anti-platelet autoantibodies, and platelet clear-

ance in these cases may result from CD8? T cell-mediated

cytotoxicity [27, 42].

Impaired platelet production

Impairment of platelet production in ITP patients has been

demonstrated directly or indirectly by morphological

studies of megakaryocytes, megakaryocytic colony for-

mation and platelet kinetic studies.

Abnormalities in morphology of megakaryocytes

Morphological abnormalities in megakaryocytes of cITP

patients, e.g. increase of immature megakaryocytes, dis-

appearance of platelet production, and degenerative change

of nucleus and cytoplasm, have been observed by optical

microscopic analysis since the 1940s [2]. Ultrastructural

analysis of megakaryocytes of 11 ITP patients showed

extensive apoptotic and para-apoptotic changes, such as

dilation of endoplasmic reticulum, swollen mitochondria,

dilation of the demarcation membrane system, nuclear

fragmentation and chromatin condensation, in about 80 %

of ITP megakaryocytes [43]. These (para-)apoptotic

changes can be induced in megakaryocytes obtained by

suspension culture of CD34? cells with ITP plasma [43].

Suppression of megakaryocytopoiesis

Since the expression levels of GPIb/IX and GPIIb/IIIa

increases during the maturation process of megakaryocytes

[44], it is very plausible that anti-platelet autoantibodies

against GPIb/IX and/or GPIIb/IIIa attack megakaryocytes

as well as platelets. Two in vitro studies using megak-

aryocyte culture systems from cord blood-derived CD34?

cells showed that autoantibodies against anti-GPIb/IX and

GPIIb/IIIa in ITP patients reduce megakaryocyte produc-

tion and maturation [45, 46]. Antibodies bound to mega-

karyocytes may induce apoptosis via ROS production and/

or activation of the PI3 K/Akt pathway, in addition to

antibody-dependent cellular toxicity and complement-

dependent cytotoxicity [47]. In contrast, Yang et al. [48]

demonstrated that most ITP plasma boosts megakaryocyte

quantity but impairs megakaryocyte maturation, resulting

in significantly less polyploidy cells and platelet release,

and that cell apoptosis is inhibited in these immature

megakaryocytes. Megakaryocytes in ITP patients may also

be attacked by cytotoxic T cells in bone marrow [49].

Platelet kinetic studies and serum (plasma) thrombopoietin

concentration

Intensive studies of platelet kinetics using 111indium-

labeled autologous platelet transfusion were performed in

1980s, and showed that platelet production remains normal

or is decreased in two-thirds of cITP patients compared

with normal subjects [9, 50], suggesting that accelerated
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platelet clearance may not be the sole etiologic factor

underlying thrombocytopenia in ITP. We assessed platelet

turnover and production using reticulated platelets, which

are RNA-rich young platelets stained with thiazole orange,

by flow cytometry (FCM) [51]. Percentage (RP %) and

absolute number (RP number) of reticulated platelets rep-

resent turnover and production of platelets, respectively. In

cITP patients, RP % was markedly increased compared with

healthy control (healthy control 7.7 ± 2.7 %, cITP

23.8 ± 11.6, P \ 0.001), whereas RP number was

decreased (control 17.0 ± 6.6 9 103/ll, cITP 8.3 ± 4.6,

P \ 0.05). These data confirm that both rapid platelet turn-

over and impaired platelet production occur in ITP patients.

Two methods are available for measuring RNA-rich plate-

lets: the RP % method using FCM and the IPF % method

(immature platelet fraction) performed using the Sysmex

XE-2100 (or XE-5000) autoanalyzer. We have compared

these two methods in parallel for their utility in differential

diagnosis between ITP and AA. The sensitivity (82 %) and

specificity (93 %) of the RP % method for the diagnosis of

ITP were much better than those of the IPF % method

(sensitivity 67 %, specificity 63 %). Although IPF % is

measured automatically and easy to use, we should take its

moderate sensitivity and specificity into account [52].

TPO is the major physiologic regulator of platelet pro-

duction, and it is continuously synthesized and secreted

predominantly in the liver, with no translational or post-

translational regulation [53, 54]. Serum (plasma) TPO level

is regulated by consumption of TPO by its binding to the

TPO receptor (c-Mpl) on platelets or megakaryocytes.

When platelet mass increases, the relative amount of TPO

to megakaryocytes decreases, leading to suppression of

platelet production. Conversely, when platelet mass is

reduced, the relative amount of TPO to megakaryocytes

rises. These mechanisms, referred to collectively as ‘‘the

sponge theory’’, contribute to homeostasis of platelet

number. In fact, TPO levels of patients with aplastic ane-

mia or chemotherapy-induced thrombocytopenia are

markedly elevated. In contrast, TPO levels are not ele-

vated, or only slightly elevated, in patients with ITP [51,

55]. Taken together with the moderately impaired platelet

production in ITP, relatively low levels of TPO indicate

that ITP may represent a good candidate for treatment with

TPO-RAs.

Current management of ITP

Differences in the rates of platelet count increase following

H. pylori eradication in ITP have been reported for dif-

ferent regions. In Japan, H. pylori screening and eradica-

tion appear to be warranted, given the high background

prevalence of H. pylori infection and the high platelet

response rate to eradication, whereas in the United States

and Europe its value is uncertain [56]. Such inter-ethnic

differences should be considered when developing treat-

ment guidelines for chronic ITP. In this context, a reference

guide for management of adult cITP was published in 2012

by the study group of the Specific Disease Treatment

Research Program for Intractable Diseases of the Ministry

Fig. 4 The 2012 reference guide for management of adult cITP

published from the study group of the Specific Disease Treatment

Research Program for Intractable Diseases of the Ministry of Health

Labour and Welfare of Japan. IVIg intravenous immunoglobulin,

mPSL methylprednisolone, VCR vincristine, HD-Dexa high-dose

dexamethasone
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of Health, Labour, and Welfare in Japan (Fig. 4). The

reference guide corresponds in large part with a recently

published international consensus report [3], except eradi-

cation of H. pylori. When H. pylori is negative or platelet

response to the eradication is not obtained, these guidelines

recommend starting treatment if platelet counts fall below

20–30 9 103/lL, and/or severe bleeding is observed. First

line treatment is corticosteroids, usually prednisolone,

although complete remission, which is defined as more

than 100 9 103/ll without medication, would be achieved

in only *20 % of patients. Splenectomy is recommended

for corticosteroid-resistant patients as a second-line treat-

ment. Splenectomy has a 60-year record of success for

achieving durable remissions in approximately two-thirds

of patients [57]. For refractory ITP patients in whom cor-

ticosteroids and splenectomy fail, many drugs have been

tried as third-line treatments, including TPO-RAs and rit-

uximab, although only TPO-RAs are approved for the

treatment of ITP in Japan.

TPO-RAs

Recombinant human TPO (rhTPO) and pegylated recom-

binant human megakaryocyte growth and development

factor (PEG-rHuMGDF) were developed for clinical

studies in thrombocytopenic disorders [53]. PEG-rHu-

MGDF is a truncated form of TPO that contains the first

163 amino acids of endogenous TPO. However, PEG-

rHuMGDF paradoxically induced persistent thrombocyto-

penia in 13 of 325 healthy volunteers. This thrombocyto-

penia was caused by an antibody to PEG-rHuMGDF that

cross-reacted with endogenous TPO and neutralized its

biological activity [58]. Although rhTPO did not show such

adverse effects, the development of both rhTPO and PEG-

rHuMGDF was stopped in 1998. Subsequently, efforts to

produce safer TPO-related products continued, and we are

now able to use two TPO-RAs for refractory ITP patients

in the clinical setting [59, 60].

Eltrombopag

Eltrombopag is an orally available small non-peptide

molecule with a molecular weight of 546 Da. It was

identified by screening of large libraries of small non-

peptide molecules for the ability to stimulate STATs in

TPO-dependent cell lines [61]. Eltrombopag binds to the

transmembrane region of the TPO receptor, and activates

JAK/STAT and RAS/RAF/MAPK pathways [59].

A double-blind, placebo-control study in adults with ITP

patients with platelet counts of lower than 30,000/lL

(RAISE study) showed *80 % patients in the eltrombopag

group responded to treatment at least once during the

study, compared with 28 % patients in the placebo group

[62]. Importantly, similar responses were obtained irre-

spective of splenectomy status and 59 % of patients in the

eltrombopag group could reduce concomitant treatment

(mostly corticosteroids). Three (2 %) out of 135 patients

receiving eltrombopag had thromboembolic events [2

pulmonary embolism (PE) and 1 deep-vein thrombosis

(DVT)]. Nine (7 %) and five (4 %) eltrombopag-treated

patients showed mild increases in alanine aminotransferase

and total bilirubin, respectively. A recently published long-

term study (median 100 weeks) of eltrombopag (EXTEND

study) showed maintenance of high efficiency (254/299,

85 %) of eltrombopag in long-term use [63]. Twenty-one

thromboembolic events [nine deep-vein thrombosis (DVT),

five central nervous system ischemic events, four myo-

cardial infarction, and three pulmonary embolisms (PE)]

were reported in sixteen (16 %) patients and two patients

were diagnosed with lymphoma.

Patient ethnicity may affect the pharmacokinetics of

eltrombopag. AUC exposure to eltrombopag was approxi-

mately twofold greater among Japanese healthy volunteers

than among non-Asian (predominantly Caucasian) volun-

teers, and 87 % greater among ITP patients of East Asian

descent compared to non-East Asian ITP patients [64, 65].

Multiple factors, including body weight differences and

genetic differences in metabolizing enzymes such as

UGT1A1, UGT1A3, CYP1A2, and CYP2C8 and trans-

porters, may contribute to the differences between Japanese

and Caucasian patients [64]. From these data, it has been

recommended that for patients of East Asian ancestry (such

as Japanese, Korean, Chinese, and Taiwanese) the initial

dose of eltrombopag should be reduced to 25 mg once

daily. Notably, a recent 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 [66].

During the first 3 weeks treated with 12.5 mg eltrombopag,

22 % (5/23) of Japanese patients responded. Since the

disease state is chronic in nature and only 12.5 mg tablets

are available in Japan to date, 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.

Romiplostim

Romiplostim is a rationally designed ‘‘peptibody’’ com-

posed of an Fc fragment with two identical peptide

sequences linked via polyglycine covalently bound at res-

idue 228 of the heavy chain [59]. Its half-life is substan-

tially lengthened by the Fc fragments, and it is

administered subcutaneously once a week. Romiplostim

competitively binds to the TPO receptor with intrinsic

TPO, but the receptor-binding peptide component shows
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no sequence homology with human TPO and there have

been no reports of the production of clinically significant

antibodies against romiplostim.

A short-term (24 weeks), double-blind randomized

controlled trial in adult cITP patients demonstrated 88 %

(36/41) and 79 % (33/42) overall platelet response rates in

non-splenectomised and splenectomised patients given

romiplostim, respectively [67]. A 52-week study in 234

non-splenectomised adult cITP patients, in which randomly

assigned romiplostim or standard of care (SOC), showed a

higher rate of a platelet response and lower incidence of

treatment failure in the romiplostim group [68]. It has been

reported that cITP patients experience poor quality-of-life

(QOL) [69], and this study showed that the romiplostim

group had significantly greater improvement of QOL

compared with the SOC group at 52 weeks [68]. Throm-

boembolic events were reported in 4 % (6/154) in the

romiplostim group and 3 % (2/75) in the SOC group, with

no statistically significant differences, and no hematologic

malignancy was reported in either group. An open-label

extension study of romiplostim for up to 3.5 years in 44

Japanese patients also demonstrated very high response

rate (96 %) [70]. The median dose of romiplostim was

similar compared with the studies of other ethnic origins

(3.8 lg/kg in the Japanese study, 4.0 lg/kg in the other).

The only thromboembolic event was transient ischemic

attack in a patient who had a history of paroxysmal atrial

fibrillation [70].

Rituximab

Rituximab is a chimeric monoclonal antibody that specifi-

cally depletes B cells from the blood, lymph nodes, and bone

marrow by targeting CD20, which is expressed on the sur-

face of premature and mature B cells [71]. Rituximab has

been widely used for the treatment of B cell malignancies,

such as indolent and aggressive non-Hodgkin lymphoma,

and chronic lymphocytic leukemia, and its effectiveness

have been well-established [72, 73]. In addition, rituximab

has been used off-label for autoimmune diseases, especially

for ITP patients in Europe and the United States [74]. Recent

reviews have suggested that the usual rituximab treatment

(375 mg/m2 weekly 9 4) is effective in around 40–60 %

cITP patients, and that the response in more than 50 % of

responders lasts at least 1 year, although the 5-year response

rate was as low as 20 % in adults [75, 76]. Some reports have

shown that smaller doses of rituximab (100 mg weekly 9 4)

have almost the same effects as the usual dose [77, 78]. One

report showed that retreatment with standard dose rituximab

was successful in *75 % of patients who had responded to

their initial course of rituximab [79]. Evidence-based ASH

2011 guidelines suggest that rituximab may be considered

for patients at risk of bleeding who have failed one line of

therapy such as corticosteroids, intravenous immunoglobu-

lin or splenectomy [80]. Overall, the safety profile of the

rituximab therapy is good. However, the possible occurrence

of life-threatening infectious complications, such as hepa-

titis B virus reactivation and progressive multifocal leuko-

encephalopathy, should be noted, especially in countries,

such as Japan, with high incidence of HBV carriage.

The mechanism of action of rituximab in ITP may not be

as straightforward as it first appears [74]. In most studies

published to date, there were two patterns of response; the

majority of responders responded to rituximab within

4 weeks, whereas, the rest responded more slowly, several

weeks or even months after rituximab treatment. The

response in early responders to rituximab is too rapid to be

explained by the depletion of autoantibodies. Instead, it has

been proposed that opsonized B cells with rituximab block

macrophage Fc-receptor function, reducing platelets

destruction in the spleen [81, 82]. Very recently, Audia et al.

[83] reported that rituximab-induced total B cell depletion

may not be correlated with its therapeutic effects. In this

context, Stasi et al. [26, 33] demonstrated that the thera-

peutic efficacy of rituximab may be due to normalization of

the abnormal autoreactive T cell responses and Treg func-

tion in ITP patients. A combination of these mechanisms

likely plays a role in the efficacy of rituximab in ITP.

Conclusion

It is now clear that ITP is caused by both increased platelet

clearance and decreased platelet production. However, the

underlying abnormalities involved in the development of

ITP appear to be complex and mostly remain to be deter-

mined. Recent progress of ITP treatment enables us to use

three distinct approaches to increase platelet mass: (1) by

suppression of platelet clearance, e.g. splenectomy, (2) by

suppression or modification of abnormal immune respon-

ses, e.g. corticosteroids or rituximab, and (3) by stimulation

of platelet production, e.g. TPO-RAs. Further clinical

studies are needed to establish the best strategies using

these approaches for the treatment of ITP patients, together

with the development of new treatments aimed at curing

ITP through elucidation of its pathophysiology.
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