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Abstract
Immune thrombocytopenia (ITP) is a hematologic disorder characterized by a low platelet count, leading to an increased 
risk of bleeding. This review provides an overview of the historical milestones, pathophysiology, and treatment advances 
in ITP. Historical perspectives trace back to Avicenna’s description in the eleventh century to pivotal Harrington-Hol-
lingsworth experiment in 1950, laid the groundwork for understanding the immune-mediated platelet destruction 
intrinsic to ITP. Subsequent developments in investigation techniques, such as platelet-survival studies and antibody 
assays, contributed to diagnostic advancements. Treatment modalities have evolved significantly from the traditional 
approach of splenectomy to the use of corticosteroids, immunosuppressants, and novel targeted therapies. The efficacy 
and safety profiles of these treatments have been refined through clinical trials and consensus guidelines. Ongoing 
research continues to unravel the genetic and molecular underpinnings of ITP, offering insights into disease mechanisms 
and potential therapeutic targets. Emerging therapies, including immunomodulatory agents, hold promise for improv-
ing outcomes and quality of life for patients with ITP. In conclusion, this review provides a synthesis of historical insights, 
pathophysiological mechanisms, and treatment strategies in ITP. By elucidating the complex interplay between immune 
dysregulation and platelet destruction, this knowledge serves as a foundation for advancing the diagnosis, management, 
and future therapeutic innovations in ITP.

Keywords Immune thrombocytopenia · ITP · Thrombopoietin-receptor agonist · Eltrombopag · Review

1  Development of knowledge

In 1025, Avicenna (980–1037) first described a patient with chronic purpura clinically resembling immune thrombocy-
topenia in the Canon of Medicine [1]. However, it took more than nine centuries until we knew exactly what the disease 
really is. In 1735, Paul Gottlieb Werlhof (1699–1767) reported the case of a 16-year-old girl with cutaneous and mucosal 
bleeding that occurred after an infectious disease. This condition was named “Werlhof’s disease” [2]. In the nineteenth 
century, some physicians also noted cases where individuals exhibited signs of easy bruising, petechiae (small red or 
purple spots on the skin), and bleeding tendencies. However, the understanding of the cellular pathophysiology was 
limited during that period.

In 1865, Max Schultze (1825–1874) was the first person who describe platelets as “little spherules of different sizes” 
which “are 6–8 times smaller than the red cells” [3]. It’s worth noting that he examined the living, mobile, and unstained 
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blood cells. Indeed, the fact that platelets are colorless explains why most early studies, predating the discovery of 
staining technique, recognized only red and white cells. While he discovered what would later be known as plate-
lets, the function of platelets was not discovered until 1882 when Giulio Bizzozzero described that platelets play an 
important role in hemostasis [4, 5].

The discovery of staining blood cells with aniline dyes by Ehrlich in 1877 led to explosive growth in blood mor-
phology study. In 1896, Müller described small granules with a “very active molecular movement” and “unable to stain 
with osmic acid”. The significance of this new element was unknown at the time, so he termed them “haemoconia” 
or “blood dust” [6]. This term was famously used and was extensively studied over the following decades, with 
later observers identifying them as fragments of cells or free cell granules. It was not until the Romanowsky stains, 
discovered in 1891, and azure dyes began to be wildly used, that it became possible to separate the red-to-violet 
azurophilic granules of the platelet from other granular material in and out of cells [7]. In 1906, James Homer Wright 
(1869–1928)—who invented the Wright’s stain- proposed in Boston Medical and Surgical Journal, later becoming 
the New England Journal of Medicine, that megakaryocytes in the bone marrow produce platelets [8].

In the early twentieth century, ITP was first known by physicians as “Idiopathic Thrombocytopenic Purpura”. 
“Idiopathic” indicated that the cause was unknown, and the disease was diagnosed by ruling out other causes. 
“Thrombocytopenic” referred to the low platelet count, and “Purpura” was characteristic of patients who usually had 
skin discoloration caused by bleeding [9].

In 1916, Paul Kaznelson (1898–1959), then a medical student in Prague, proposed that platelets, similarly to red 
blood cells, were excessively destructed in the spleen. He encouraged his tutor to perform the first splenectomy in 
an ITP patient [10]. Remarkably, all three ITP patients recovered from bleeding [11]. Splenectomy later became the 
treatment of choice in refractory ITP for more than 30 years until the pathophysiology of ITP was discovered [9].

Harrington–Hollingsworth experiment
The Harrington experiment in 1950 marked a major change in understanding ITP. William J. Harrington 

(1924–1992) was a hematology fellow in St. Louis at that time when he discovered the pathophysiology of ITP by 
conducting an experiment on himself. His interest in ITP went back to the time when he was a medical student at 
Tufts Medical School taking care of a seventeen-year-old girl who later died from bleeding after splenectomy, the 
only treatment at that time [12]. Together with his colleague, James W. Hollingsworth, whose main interest was in 
the study of antibodies, they proposed that there is a “factor” in the blood that destroys platelets. This idea occurred 
after Harrington read a report that newborns from mothers with ITP had very transient thrombocytopenia. To test 
this hypothesis, he received 500 ml of blood from an ITP patient. (Of course, it was a different era when no commit-
tee approval had to be obtained and consent forms were needed.) Within a few hours, his platelets dropped and he 
experienced a major seizure. His platelet count recovered after four days. Moreover, to further test his hypothesis, 
he underwent bone marrow examination, which revealed unchanged megakaryocytes, indicating that this “throm-
bocytopenia factor”, later known to be IgG antibodies [13], affected only the circulating platelets [14].

To underscore the significance of the result, it’s important to note the prevailing theories prior to the ground-
breaking experiment. Hematologists had long speculated that the pathophysiology of ITP mainly was abnormal 
bone marrow production. In 1915, Frank put forward the hypothesis that thrombocytopenia resulted from a toxin 
depressing megakaryocyte [15]. This idea gained traction among leading hematologists. Minot studied the bone 
marrow of severe ITP patients, and his findings were published in the Archives of Internal Medicine, now known 
as JAMA Internal Medicine, in 1917. His work suggested that while megakaryocytes were abundant, they couldn’t 
“allow platelets to be cut off from them in a normal fashion” [16]. William Dameshek (1900–1969) bolstered this con-
cept through numerous papers, proposing that while megakaryocyte increased, platelet production significantly 
decreased. He also suggested that the spleen might produce either an abnormal substance or an excessive amount 
of an inhibitor of platelet production, citing evidence of increased platelet counts post-splenectomy [17, 18]. The 
experiment in the late twentieth century using platelet survival study proved, however, they weren’t entirely wrong. 
It turns out that their hypothesis regarding decreased platelet production holds some substantial truth.

The Harrington experiment significantly changed three important facts during the second half of the twentieth 
century. First, thrombocytopenia is the result of platelet destruction rather than a toxin depressing megakaryocytes, 
as previously hypothesized by Frank in 1915. Second, an antiplatelet factor with characteristics of antibodies is present 
in the plasma of the patients. Third, the disease is not always idiopathic [19]. By the late 1970s, physicians began to 
use ITP to stand for “Immune Thrombocytopenia Purpura” instead, while the cause of this immune process later 
to be clarified as “autoimmune” decades later [13].
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In 2009, an International Working Group (IWG) standardized the term “idiopathic” by using “immune” instead, to 
emphasize the immune-mediated mechanism of the disease [20].

2  Development of investigation

Though ITP has always been a disease of exclusion, some scientists attempted to establish tools for diagnosis. In 1952, 
Hirsch and Gardner developed the first platelet-survival studies by transfusing normal fresh blood to the patient [21]. 
The studies showed rapid platelet destruction. This breakthrough led to the development of platelet kinetic studies, 
which measure platelet turnover (production) by dividing platelet count by platelet survival time. The use of radioiso-
tope-labeled platelet, specifically sodium chromate  (Cr51), later became standard for platelet-survival studies due to its 
practical, reproducible, and accurate characteristic [22]. In 1987, a groundbreaking study utilizing the platelet survival 
concept proved two key findings in ITP; 1) platelet clearance by liver and spleen increased, and 2) platelet production 
decreased [23].

Though platelet-survival studies have diminished in importance, their contribution to knowledge remains significant. 
In 1989, a landmark study involving sequential Radio-labeled autologous platelet studies pre- and post-interventions 
(e.g., steroids, splenectomy, and immunoglobulin therapy) revealed unchanged platelet survival with prednisolone 
treatment, suggesting increased platelet turnover as the cause of rising platelet counts. Splenectomized patients had 
an increase in platelet survival with unchanged production rates. Splenectomized responder demonstrated a lower 
reticuloendothelial uptake and a decreased liver clearance. Conversely, those who failed splenectomy showed increased 
liver uptake [24], prompting consideration for predicting splenectomy outcomes by some experts.

While targeting autoantibodies might be the case in many autoimmune diseases, this method proved to be difficult in 
ITP. Serum assays are not good tools because titers may be low or antibodies absent since most antibodies are bound to 
the platelets [13], detectable in only 60 percent of ITP patients [25]. Initial attempts involved mixing patient serum with 
normal platelets, resulting in low sensitivity and specificity [26]. While some antiplatelet antibodies triggered platelet 
activation, many did not. Interestingly, this method was later utilized in diagnosing heparin-induced thrombocytopenia 
(HIT).

The assumption that antiplatelet antibodies were platelet-bound IgG led to efforts measuring only immunoglobulin 
bound to platelets, both pathological and physiological binding. The “platelet-associated IgG (PAIgG) test”, utilized 
since the 1970s [27, 28], became a controversial test due to the discovery that nearly all platelet IgG resides within 
α-granules in platelets, with less than 1 percent present on the cell surface [29]. Several investigators measure both total 
PAIgG and surface PAIgG. Although total IgG level increases in ITP patients, it proved to be more sensitive for ITP yet 
less specific, as the total PAIgG levels could also rise in other platelet-destruction disorders. This is due to the fact that 
younger platelets contain more α-granule PAIgG than mature platelets [30]. Therefore, measuring total platelet IgG in 
patients with thrombocytopenia may be analogous to measuring reticulocyte count in anemic patients.

Flow cytometry was used to detect only platelet-surface IgG with higher specificity, yet its clinical adoption remains 
limited. Consequently, the American Society of Hematology did not recommend the PAIgG test in the 1996 practice 
guidelines [31].

According to recent guidelines, diagnosis of ITP remains by excluding other causes [32].

3  Pathophysiology of ITP

There are several different pathophysiologic mechanisms, mainly centre on peripheral clearance.

3.1  Antiplatelet antibody‑mediated clearance

Our understanding of the targets of these antibodies began to form in 1982, with a study showing that the antibodies 
failed to bind platelets from Glanzmann thrombasthenia patients (who lack GPIIb/IIIa) [33]. Immunoassay studies in 
the 1990s confirmed and expanded on this, revealing that antibodies mostly target glycoprotein(GP) on platelet sur-
face called “GPIIb/IIIa”, with some targeting GPIb-IX-V, GPIV, and GPIa/IIa [34, 35]. Antibody-coated platelets bind tissue 
macrophages through Fcγ receptors, leading to their clearance primarily in the spleen and to a lesser extent in the liver. 
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The effectiveness of intravenous immunoglobulin (IVIG) treatment in 1981 provided evidence for this “Fcγ-dependent 
pathway”. By blocking macrophage Fcγ receptors, IVIG led to an elevation of platelet counts [36].

Furthermore, antiplatelet antibodies might not only bind but also activate the “classical complement pathway”, 
causing their lysis by assembling the membrane attack complex [37]. This is based on findings from the 1970s, which 
shown an increased number of platelet-associated C3, C4, and C9 on platelets in ITP [38, 39].

One unanswered question is why anti-GPIb-mediated ITP often refractory to treatments targeting Fcγ pathways. A 
study in 2015 showed that platelet clearance has another “Fcγ-independent pathway” via hepatocyte Ashwell-Morell 
receptors (AMR). Platelets lacking sialic acid, due to a neuraminidase-mediated process called “desialylation”, are removed 
by this AMR in the liver [40]. The AMR also plays a role in the thrombopoiesis feedback loop by regulating liver throm-
bopoietin production. A report in 2014 found that anti-GPIb antibodies could trigger platelet desialylation [41]. As a 
result, a neuraminidase inhibitor (e.g., oseltamivir) has emerged as a potential treatment.

3.2  Abnormalities in cell‑mediated immunity

Normally, antigen-presenting cells recognize and process foreign antigens and then express these antigens on Major His-
tocompatibility Complex (MHC) molecules. The MHC-antigen complex activates naïve T cells to differentiate into distinct 
effector cells or cytotoxic T cells activation, depending on which MHC class (II or I) is presenting the antigen. CD4+ T cells 
response can be T-helper1(Th1), T-helper2(Th2), Th17, T follicular helper(Tfh), or T-regulatory(Treg) cells, while CD8+ T 
cells differentiate into cytotoxic T cells. Th1 cells are involved in macrophage activation and defense against intracellular 
pathogens. Th2 cells are involved in eosinophil and mast cell activation and defense against extracellular pathogens. 
Th17 cells are involved in neutrophil recruitment and activation and defense against extracellular bacteria and fungi. 
Tfh cells are involved in antibody production and defense against extracellular pathogens. Treg cells are involved in self-
tolerance by inhibiting autoimmune response [42]. In ITP, pathophysiology might occur from three different components:

3.2.1  Abnormality in antigen‑presenting cells (APCs) activity

Dendritic cells, the most potent APCs, play a significant role in ITP. Dendritic cells from ITP patients exhibit a higher ability 
to induce CD4+ CD25-T lymphocyte proliferation while reducing the induction of Tregs [43]. Abnormally high inflam-
matory cytokines, such as IL-17 and IFN-γ, can result in an autoreactive T cell response [44]. Additionally, abnormality in 
CD8+ T cell response in ITP can impact both platelet and megakaryocyte destruction [45, 46].

3.2.2  Decrease regulatory T cell activity

Decrease regulatory T cell activity, which normally inhibits autoimmune response, was first demonstrated by Liu in 2007 
[47]. He showed that ITP patients have defective and reduced number of Treg cells. This mechanism is foundational to 
the pathophysiology of ITP, suggesting that the disease is due to a lack of peripheral T cell tolerance mechanisms [48].

3.2.3  Abnormality in B cell activity

Stimulation of T cells can result in IL-2 secretion, thus resulting in autoreactive B cell differentiation and antibody secre-
tion [49]. The abnormally high Th1 and Th17 cell responses drive autoreactive B-cell clone and produce autoantibodies 
from both B-cells and plasma cells [44]. Early studies of PAIgG reported that antibodies in ITP were polyclonal [50]. Later 
studies using flow cytometry and DNA analysis for immunoglobulin heavy- and light-chain rearrangement, however, 
showed that some ITP patients had clonal B-cell proliferation [51]. This knowledge led to the usage of anti-CD20 and 
potentially anti-CD38 therapies.

3.3  Decrease platelet production from bone marrow

Potential mechanisms were provided by later studies in 2003 suggesting that autoantibodies against platelet surface 
glycoproteins might interfere with the maturation of megakaryocytes and suppress megakaryocyte production [52–54].
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3.4  Suboptimal thrombopoietin (TPO) response

TPO was proposed and named by Kelemen in 1958 [55]. It was long speculated to regulate megakaryocytopoiesis, 
however, it was not proved until a milestone discovery in 1994 when TPO could be purified [56]. In 1996, study meas-
uring TPO levels showed a markedly elevation in megakaryocytic hypoplasia, while in ITP, the TPO levels are normal 
or decreased [57]. This fact led to the successful usage of recombinant human thrombopoietin [58].

4  Treatment of ITP

In 1977, Harrington proposed that only patients with a platelet count below 30,000 per cubic millimeter need treat-
ment, and a platelet count of 50,000 per cubic millimeter is sufficient to assure safety [59]. The first American Society 
of Hematology endorsed guideline in 1996 also stated that asymptomatic patients with a platelet count of more than 
30,000 per cubic millimeter are not indicated for treatment unless there are risk factors for bleeding [31].

It has been generally accepted since 1977 that glucocorticoid should be the first-line treatment for ITP [60]. Once 
the diagnosis is made, treatment should be initiated immediately. Standard prednisolone 1 to 1½ mg per kg per day 
was administrated in 3 to 4 divided doses for 2 to 3 weeks at that time [59]. However, later studies recommended a 
morning single-dose or 2 divided doses to mimic the body’s natural cortisol circadian rhythm and reduce the risk of 
insomnia and other side effects [61, 62]. Other glucocorticoids can also be helpful in newly diagnosed ITP patients. 
A study in 2009 compared dexamethasone 40 mg/day for 4 days with prednisolone 60 mg/day showed that dexa-
methasone had a faster response [63]. According to ASH 2019, the current recommended dose for adults is predniso-
lone 1 mg/kg (maximum 80 mg) for 2 to 3 weeks, or dexamethasone 40 mg/d for 4 days, repeated up to 3 times [64].

Glucocorticoids should not be used long-term due to various side effects such as hyperglycemia, infection, glau-
coma, osteoporosis, etc.[65] Guideline suggests that treatment should be switched to TPO-RA in patients who are 
corticosteroid-dependent or unresponsive to corticosteroids. TPO-RA is preferred over rituximab, and splenectomy 
should be delayed for 1 year after diagnosis due to potential spontaneous remission [32].

5  Treatment response evaluation

Treatment response evaluation varies among experts, with different criteria proposed for assessing patient outcomes. 
Ultimately, the choice of evaluation method depends on the preference of the treating physician.

According to the criteria of Reis [66] in 1976, responses were defined as follows (Table 1).

Table 1  Treatment response criteria from Reis criteria

Excellent Platelet count increased to ≥ 100 ×  109/L for at least 3 months without further therapy (prednisone, ≤ 10 mg daily)
Good Platelet count increased to ≥ 30 ×  109/L for at least 3 months without further therapy (prednisone, ≤ 20 mg daily)
Fair Platelet count either increased to ≥ 30 ×  109/L, but for less than 3 months, or requiring > 20 mg of prednisone daily (or both)
Poor No substantial increase in platelet count

Table 2  Treatment response 
criteria from the 2009 IWG 
definitions

“Complete response” (CR) Any platelet count of at least 100 ×  109/L
“Response” (R) Any platelet count between 30 and 100 ×  109/L and at least doubling of 

the baseline count
“No response” (NR) Any platelet count lower than 30 ×  109/L or less than doubling of the 

baseline count
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In 2009, an IWG of recognized expert clinicians convened a 2-day structured meeting (the Vicenza Consensus 
Conference) to define standard terminology and definitions. Responses were defined as follows (Table 2) [20, 67].

International experts updated the guidelines in 2019. This current guideline provides more detailed information and 
timeframe for different treatments with a consistent goal to maintain platelet target > 20–30 ×  109/L [64].

In 2019, the American Society of Hematology defined response as follows (Table 3) [32].

6  Development of treatment

The timeline of treatment development can be seen in Fig. 1.

6.1  Splenectomy

Although splenectomy was the first treatment discovered, a publication in 1966 concluded that it is reserved for chronic 
ITP cases or emergency (e.g. intracranial) bleeding only [19]. Splenectomy improves platelet counts primarily by pro-
longing platelet survival from 0.6 days to 4.7 days [24, 68]. The complete remission rate varies between studies, ranging 
between 70 to 80 percent in the pre-corticosteroid era [9, 69–75]. This number is lower to around two-thirds after that 
[76]. The rate of relapse is around 33 percent [77]. After the surgery, it is not unusual for the platelet count to increase 
with in the first 24 hour [9]. Patients who failed to respond after splenectomy should be evaluated for accessory spleen. 
Accessory spleen is found in about 20 percent of autopsy cases [78, 79].

6.2  Glucocorticoids

Splenectomy was the treatment of choice for more than 30 years [9]. However, in 1950, the landscape shifted when gluco-
corticoids, specifically at that time ACTH and cortisone, were first revealed to be effective treatments [80]. Severe bleeding 
showed improvement within one or two days, while platelet increment was observed within 1 week. The improvement 
in bleeding was primarily attributed to the rise in platelet count by increased platelet production [24]. Other factors such 
as improvement of vascular resistance [81] without stimulation of platelet production [82] is not entirely convincing by 
the evidence. Glucocorticoids later became the first-line of treatment in ITP since the late 1950s [83].

6.3  Immunosuppressants

Since 1960, immunosuppressive drugs have been used in severe chronic ITP patients who failed corticosteroids. Cytotoxic 
agents (e.g. azathioprine), which have been found to be useful in the treatment of autoimmune disease, are thought to 
help ITP patients as well [19]. Azathioprine is used in a dosage of 1.2–2.4 mg/kg (50–250 mg/day) for at least 3 months 
[84].

Vinca alkaloids usage started during the 1970s when several physicians started using vincristine in ITP patients [66, 
85–88]. Vincristine was given by weekly intravenous injections (2 mg for adults and 1 mg for children). Overall response 
rate was 73 percent, 34.6 percent achieved complete response, and 38.4 percent achieved partial response. The platelet 

Table 3  Treatment 
response criteria from the 
2019 American Society of 
Hematology guideline

Early response Platelet count ≥ 30 ×  109/L AND at least doubling baseline at 1 week
Initial response Platelet count ≥ 30 ×  109/L AND at least doubling baseline at 1 month
Durable response Platelet count ≥ 30 ×  109/L AND at least doubling of the baseline 

count at 6 months

Fig. 1  Timeline showed the development of treatment in ITP
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increase was within one or two days [89]. Vinblastine also show as effective as vincristine response with dosage of 10 mg 
weekly [90].

Cyclophosphamide usage has been reported since 1971 [91]. The dosage is between 50–200 mg/day [92]. Response 
seen in 2 to 4 weeks [93].

6.4  Combination chemotherapy

Combination chemotherapy was reported to be beneficial in refractory immune thrombocytopenia patients. Patients 
received from 3 to 8 cycles of chemotherapy consisting of cyclophosphamide and prednisolone combined with either 
vincristine, vincristine and procarbazine, or etoposide. Six in ten patients achieved complete response [94].

6.5  Danazol

Danazol, a steroid with weak androgenic activity, was reported in 1983 to be effective in patients who did not respond 
to splenectomy [95]. The mechanism is believed to be associated with a decrease in the number of monocyte binding 
sites for IgG without interfering with the level of platelet-associated IgG [96].

6.6  Intravenous immunoglobulin (IVIG)

First reported in adult in 1982 [97] after a report in children 1 year before [36]. Dosage between 1 to 1.5 g per kg was 
used with a striking result of platelet increase of more than 100,000 per cubic millimeter within five to seven days [97]. 
The mechanism is to interfere with phagocyte Fc-receptor-mediated immune clearance [97, 98] and acceleration of 
antiplatelet antibody elimination [99]. Single high-dose immunoglobulin followed by platelet transfusion would increase 
platelet counts faster than without platelet transfusion [100]. A regimen of 1 g per kg per day for two days will increase 
the platelet count in most patients within 3 days [76, 101]. IVIG is safe to use in pregnancy [102]. Later study in 2016 also 
supported the efficacy and safety in pregnancy [103].

6.7  Cyclosporine

In the 1980s, concern about long-term side effects of vincristine prompted physicians to seek alternative treatments. 
Cyclosporine usage was first reported in refractory ITP patient in 1985. The dosage used is 10 mg/kg/day divided into 2 
daily doses [104]. Cyclosporine plasma level ranged between 200 to 250 ng/ml.

6.8  Colchicine

Colchicine was used for refractory ITP patients in 1984. The dosage used is 1.2 mg/day for at least 2 weeks, with response 
rate of 29 percent [105].

6.9  Dapsone

Dapsone was used for refractory ITP patients in 1991 [106]. The dosage used is 75 mg/day for 2 to 48 months, with signifi-
cant increase in platelet count. The overall response rate ranged between 40 to 50 percent [107, 108]. The mechanism is 
believed to increase red blood cell destruction, hence interfering with platelet sequestration by the reticuloendothelial 
system [106].

6.10  Rituximab

Started using around the 2000s. Rituximab, a chimeric monoclonal antibody directed against the CD20 antigen, dose 
of 375 mg/meter square once weekly for 4 weeks, showed an overall response rate of 52 percent in chronic ITP patients 
[109]. Meta-analysis also shows a similar over all response rate at 57 percent [110]. Although rituximab was reported as 
an alternative treatment for ITP in pregnancy, [111, 112] it should be reserved for very severe cases due to immunosup-
pression and subsequent infection [64].
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6.11  Thrombopoietin‑receptor agonist (TPO‑RA)

Not long before TPO-RAs became widely studied, two recombinant TPOs—recombinant human TPO (rhTPO) and 
pegylated recombinant human megakaryocyte growth and development factor (PEG-rHuMGDF)—were in 
use. Recombinant TPO was first used in cancer patients undergoing chemotherapy in 1995 prior to its study in ITP 
patients in 2001 [113]. The first-generation usage was a daily injection drug [114, 115]. Unfortunately, data in 2001 
revealed the development of antibodies that could cross-react with endogenous TPO after PEG-rHuMMGDF use [116]. 
Consequently, the development of both PEG-rHuMGDF and rhTPO was eventually stopped, paving the way for the 
second-generation TPOs-romiplostim and eltrombopag—which bind and activate the TPO receptors.

Thrombopoietin-stimulating protein, AMG 531, known as romiplostim, was reported to be effective in relapsed 
or refractory ITP in 2007 [58]. Thrombopoietin-receptor agonists increased platelet counts by boosting platelet pro-
duction in a dose-dependent manner. The overall response rate is 88 percent. Mean time to respond is 13.8 weeks 
[117]. Eltrombopag, an oral thrombopoietin-receptor agonist, also showed similar responses with response rate 
between 70 to 81 percent [118].

6.12  Mycophenolate mofetil

In the 2000s, physicians started using mycophenolate mofetil as an immunosuppressant in SLE patients and solid 
organ transplant patients. Hematologists started using mycophenolate mofetil in refractory ITP with efficacy between 
38 to 83 percent [119–123]. Dosage use is 1.5 to 2 g/day orally for at least 12 weeks. A study in 2021 showed that 
the addition of mycophenolate mofetil to glucocorticoid for first-line treatment resulted in a greater response [124].

7  Current novel ITP treatment

During the last decade, newer novel treatments for ITP targeting different pathways in the pathophysiology have 
been developed, mainly focusing on chronic ITP patients.

7.1  Increase platelet production

Avatrombopag (formerly AKR-501), an oral TPO-receptor agonist, has been studied since 2009 [125]. In 2014, phase 
II studies using avatrombopag revealed very good results in ITP patients without serious adverse effects [126, 127]. 
Phase III RCT showed that avatrombopag was effective in ITP patients with chronic liver disease who were scheduled 
to undergo procedures [128], leading to FDA approval in 2018 [129]. Unlike other TPO-receptor agonists, avatrom-
bopag does not require a 4-h food restriction window and is not associated with hepatotoxicity [130]. However, 
further studies are needed to compare its efficacy with eltrombopag [131].

7.2  Decrease platelet destruction

Fostamatinib (formerly R406), the first spleen tyrosine kinase (Syk) inhibitor, has been studied since 2009 [132]. The 
mechanism involves inhibiting Syk activation in splenic macrophages [133, 134]. Fostamatinib, given orally at 100 mg 
twice daily for 24 weeks, showed an overall response rate of 43 percent in chronic ITP patients compared with 14 
percent in the placebo group [135].

Rilzabrutinib (formerly PRN 1008), an oral BTK inhibitor, has been studied since 2020 [136]. The mechanisms 
involve decreasing macrophage (Fcγ receptor)-mediated platelet destruction and reducing the production of autoan-
tibodies [137]. Rilzabrutinib, dosed at 400 mg twice daily, showed a 40 percent response rate in refractory ITP patients 
without major adverse events [138].
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7.3  Interfere with autoantibodies

Efgartigimod, a human IgG1 Fc fragment engineered for increased affinity to FcRn, has been studied since 2019 
[139]. The mechanisms involve blocking FcRn, preventing IgG1 recycling, and causing targeted IgG degradation. 
Results from the phase II study showed that efgartigimod, dosed at 5 mg/kg intravenous weekly four times, has an 
overall response rate of 43 percent in primary ITP patients.

Daratumumab, an anti-CD38 antibody targeting plasma cells, was studied recently for its potential to treat auto-
immune diseases. It was believed that B-cell depletion by anti-CD20 was insufficient since antibody can be secreted 
by long-lived plasma cells. A Phase II study conducted in 2021 reported promising data with responses in 2 out of 3 
patients receiving eight weekly injection doses [140]. Additionally, two case reports on refractory ITP supported its 
potential as a novel treatment by providing lasting clinical stabilization [141, 142].

8  Ongoing research and advancements

The field of ITP research continues to evolve. Scientists are exploring the genetic and molecular factors contributing to 
the development of the disease. Novel therapeutic approaches, including targeted therapies, are being investigated 
to improve treatment outcomes and minimize side effects. This comprehensive review consolidates findings from 
various studies conducted between 2014 and 2023, shedding light on different aspects of ITP.

In 2014, a pivotal investigation in a canine antibody-mediated immune thrombocytopenia (ITP) model elucidated 
platelets as a source of serum interleukin-8, echoing congruence with analogous studies in humans. This observation 
implicates platelet IL-8 as a putative modulator in the intricate interplay between platelets and neutrophils [143]. 
Concurrently, novel microaggregation and platelet reactivity assays were employed in ITP patients with severely 
diminished platelet counts, revealing a discernible correlation between platelet functionality and the clinical hetero-
geneity observed in these patients. In this study, ITP patients were classified into mild or severe bleeding phenotypes 
based on the overall Buchanan bleeding score. Then, the mild bleeding phenotype, with scores ranging from grade 
0–3, was compared to the severe bleeding phenotype, with scores ranging from grade 4–5. Patients with severe ITP 
showed significant decreases in platelet microaggregation and platelet reactivity [144].

Addressing the absence of specific markers for differential diagnosis in 2016, a comprehensive study identified 161 
differentially expressed proteins, encompassing oncoproteins, tumor suppressors, and anti-nuclear autoantibodies 
within a subset of ITP patients. This intricate protein landscape suggests potential associations between ITP, malig-
nancies, and autoimmune disorders. Furthermore, a plausible pathogenic link to ITP involving RUNX1 expression 
was proposed [145]. In 2017, an investigation utilizing mass spectrometry-based antibody-mediated identification 
of autoantigen (MS-AMIDA), a new proteomic approach, helped identify novel autoantigens associated with ITP, 
expanding insights into the disease’s immunological profile [146].

A 2019 review underscored the therapeutic potential of low levels of CD4+ CD25+ Foxp3+ regulatory T cells in ITP, 
proposing low-dose Histone Deacetylase Inhibitors (HDACi’s), notably chidamide, as a viable therapeutic avenue. 
Administration of chidamide in animal and human models demonstrated noteworthy improvements in regulatory 
T cell counts and positive clinical outcomes. The proposed mechanism involves the attenuation of macrophage 
phagocytosis of antibody-coated platelets, akin to the action of splenic tyrosine kinase inhibitors. This study also 
highlighted the pivotal role of CTLA4 in ITP pathogenesis, with diminished expression noted in ITP patients relative 
to controls. Following treatment with low-dose chidamide, enhanced CTLA4 expression on T cells was observed, 
correlated with increased histone acetylation. This implies a plausible relationship between CTLA4 impairment in ITP 
and histone acetylation. HDACi’s emerge as a promising therapeutic paradigm, influencing macrophage phagocyto-
sis and reinstating Treg and CTLA4 expression in animal models. Nonetheless, the specific triggers of ITP in human 
pathology remain elusive, necessitating further investigation [147, 148].

In 2019, a case report underscored a 2-year-old girl presenting symptomatic ITP associated with DADA2 [149]. 
In 2022, the identification of long noncoding RNAs IFNG-AS1 and Gas5 as novel prognostic genetic markers for 
childhood ITP, exhibiting overexpression in chronic and persistent cases, offered valuable prognostic insights [150]. 
Finally, in 2023, the development of a fragment crystallizable modified anti-haptoglobin for ITP in animal models 
demonstrated non-inferiority at lower doses than IVIG, proposing a potentially efficacious alternative treatment 
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strategy [151]. These cumulative findings enrich our comprehensive understanding of ITP, delineating avenues for 
future research and therapeutic innovation.

9  Conclusion

The history of ITP treatment has been marked by significant advances in understanding its pathophysiology and develop-
ing effective therapies. From the early identification of antiplatelet antibodies and the spleen’s role in platelet clearance 
to the introduction of therapies targeting specific pathways, such as Fcγ receptors and B cell clonality, the field has made 
remarkable progress. Recent insights into alternative mechanisms of platelet clearance via the Ashwell-Morell receptor 
and the emergence of neuraminidase inhibitors like oseltamivir highlight the evolving nature of ITP treatment strate-
gies. Furthermore, innovative therapies targeting plasma cells, such as daratumumab, offer promising new avenues for 
managing refractory cases. We hope this article provides general medical practitioners, students, and others interested 
in ITP with valuable insights into how the field has evolved and where it is heading. Additionally, we hope this article will 
inspire further research and advancements in the future.
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