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Spleen tyrosine kinase (SYK) and Bruton’s tyrosine kinase (BTK) inhibitors have emerged
as promising targeted therapies for adult immune thrombocytopenia (ITP). However, a
comprehensive synthesis of their benefits compared to placebo has not been previously
conducted. This study aims to analyze the efficacy and safety of SYK and BTK inhibitors
in comparison to placebo for the treatment of adult patients with ITP. A systematic
search was performed across four major databases (Medline, Europe PMC, Scopus, and
ClinicalTrials.gov) for randomized controlled trials (RCTs) evaluating SYK and/or BTK
inhibitors versus placebo in adults with ITP. We utilized random-effects models to
evaluate the risk ratio (RR) and mean difference (MD) for the occurrence of outcomes.
Five RCTs across four publications were included. Both SYK and BTK inhibitors
significantly improved overall platelet response (RR 3.95; 95%CI: 2.68 — 5.81, p<0.00001)
and durable response rates (RR 12.50; 95%CI: 3.99 — 39.18, p<0.0001) compared to
placebo. Treatment also resulted in shorter time to response and reduced need for rescue
interventions. Although total AEs and rash were more common in the intervention
group, these were predominantly grade 1-2 and did not lead to increased discontinuation
or serious AE rates. No significant differences were observed in the specific events such
as gastrointestinal symptoms, cytopenias, liver enzyme elevations, infections, or
hypertension. SYK and BTK inhibitors demonstrate superior efficacy over placebo in
improving platelet outcomes in adult ITP without compromising safety. These findings
support their role as effective treatment options, especially for patients unresponsive to
other therapies.

INTRODUCTION In recent years, tyrosine kinase inhibitors (TKIs) have
emerged as promising agents for modulating the underly-
ing immune mechanisms of ITP.4S Among them, spleen ty-
rosine kinase (SYK) inhibitors (e.g., fostamatinib) and Bru-
ton’s tyrosine kinase (BTK) inhibitors (e.g., rilzabrutinib)
have shown particular potential.#5 SYK plays a central role
in Fc receptor-mediated phagocytosis of platelets by
macrophages, while BTK is critical for B-cell receptor sig-
naling and autoantibody production.%> Inhibiting these ki-
nases may disrupt key pathways in the pathogenesis of ITP,
thereby reducing platelet destruction and restoring platelet
counts. %>

Preliminary clinical trials and observational studies have
demonstrated encouraging results with both SYK and BTK
inhibitors in adult ITP, including acceptable safety profiles

Immune thrombocytopenia (ITP) is an acquired autoim-
mune disorder in which pathogenic autoantibodies and cy-
totoxic T cells contribute to the destruction and impaired
production of platelets, leading to thrombocytopenia and
an increased risk of bleeding.! In adults, ITP often follows
a chronic or relapsing course, with many patients requiring
long-term treatment beyond first-line therapies such as
corticosteroids or intravenous immunoglobulin (IVIG).23
However, conventional second-line treatments—including
splenectomy, rituximab, and thrombopoietin receptor ago-
nists—are associated with variable efficacy, risk of relapse,
or long-term safety concerns, underscoring the need for
novel, targeted therapies.2-3
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and clinically meaningful platelet responses in patients re-
fractory to standard treatments.®’ However, the existing
evidence is limited by small sample sizes, heterogeneous
study designs, and a lack of head-to-head comparisons or
long-term follow-up data.®”7 Moreover, while individual
studies have reported varying efficacy and safety outcomes,
no comprehensive synthesis has been performed to date
that systematically compares and evaluates both classes of
TKIs.

Given the clinical relevance of these agents and the ex-
panding body of early-phase and late-phase research, a
meta-analysis is warranted to assess their overall efficacy
and safety in adult patients with ITP. Such an analysis
would enable more robust estimates of treatment response
rates (e.g., durable response, overall response), rates of
bleeding reduction, adverse events, and treatment discon-
tinuation. By consolidating available evidence, this meta-
analysis aims to support clinicians in evidence-based de-
cision-making, by analyzing the efficacy and safety of SYK
and BTK inhibitors for adult patients with ITP.

MATERIALS AND METHODS

ELIGIBILITY CRITERIA

This systematic review and meta-analysis were conducted
in accordance with the PRISMA guidelines.8 The study pro-
tocol was prospectively registered with PROSPERO
(CRD420251082446). Studies were deemed eligible for in-
clusion based on criteria structured around the PICOS
framework, detailed as follows:

1. Population (P): Adults (>18 years) diagnosed with im-
mune thrombocytopenia (ITP), either persistent or
chronic, who have documented intolerance, inade-
quate response, or any contraindication to at least
one standard ITP treatment.

2. Intervention (I): Treatment with SYK inhibitors (e.g.,
fostamatinib) or BTK inhibitors (e.g., rilzabrutinib).

3. Control (C): Placebo or best supportive care used in
clinical trials.

4. Outcome (O):

o Efficacy outcomes: durable platelet response,
overall platelet response, mean platelet count,
number of rescue treatments, and time to re-
sponse;

o Safety outcomes: total adverse events (AEs),
grade > AEs, serious AEs, treatment discontin-
uation due to AEs, liver enzyme elevation, nau-
sea, vomiting, diarrhea, abdominal pain, ane-
mia, rash, neutropenia, upper respiratory
infection, and hypertension.

5. Study Design (S): phase 3 randomized controlled tri-
als (RCTs).

Concurrently, the subsequent studies were omitted: (1)
Studies focusing exclusively on pediatric populations with
ITP; (2) Research involving participants with newly-diag-
nosed ITP that had not undergone any treatment before; (3)
Research utilizing animals or cell-based models as subjects

of inquiry; (4) Investigation lacking comparison group; (5)
Phase 1 or 2 RCTs; (6) Protocol, editorial correspondence,
case report, case series, cohort, case-control, cross-sec-
tional studies, and non-primary research; (7) Scholarly
publications that were not obtainable in their entirety or
research that had not yet completed the publication proce-
dure.

SEARCH STRATEGY AND STUDY SELECTION

We performed a comprehensive search for literature in sci-
entific search engines including Scopus, Medline, Clinical-
Trials.gov, and Europe PMC until June 30th, 2025. English
language articles were favored without limitations on the
publication timeframe. The search employed a combination
of MESH and non-MESH phrases, as detailed below: “(tyro-
sine kinase inhibitors OR spleen tyrosine kinase inhibitors
OR SYK inhibitors OR Bruton tyrosine kinase inhibitors OR
BTK inhibitors OR fostamatinib OR sovleplenib OR rilz-
abrutinib OR zanubrutinib OR ibrutinib OR acalabrutinib
OR orelabrutinib) AND (immune thrombocytopenia OR im-
mune thrombocytopenic purpura OR idiopathic thrombo-
cytopenic purpura OR ITP) AND (trial OR clinical trial OR
randomized trial OR randomized controlled trial)”. All
search results were imported into reference management
software (Zotero) and duplicates were subsequently re-
moved. Any primary research publications cited in the sys-
tematic reviews or meta-analyses, which were not initially
identified during the search procedure, but satisfied the
predetermined inclusion and exclusion criteria, were be in-
tegrated into the study. Two reviewers independently
screened titles and abstracts to identify potentially eligible
studies. Full-text articles of shortlisted studies were re-
trieved and reviewed for final inclusion. Disagreements be-
tween reviewers were resolved through discussion or by
consulting a third reviewer.

DATA EXTRACTION

A standardized data extraction form was used by two in-
dependent reviewers to extract the following information
from each included study: study characteristics (author(s),
publication year, study design, sample size); population
characteristics (age, gender, ITP duration, prior treat-
ments); intervention details (type of TKI, dosage, treat-
ment duration), as well as outcomes of interest.

The outcomes of interest in this study were divided as
the efficacy and safety outcomes. The definition for each ef-
ficacy outcome was explained in the following statements.
Durable platelet response rate was defined as the number of
participants achieving a platelet count >50 x 10%L during
no fewer than four out of six (at least two-thirds) predeter-
mined assessment points in last 10 or 12 weeks of follow-
up period without any rescue therapy.’ Overall platelet re-
sponse rate was defined as the number of individuals who
recorded at least one instance of a platelet count >50 x
10%L at any point throughout the treatment or follow-up
phases.? Time to response was measured as the interval be-
tween the commencement of therapy and the first observed
platelet count of >50 x 10%/L.? Mean platelet count was de-
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908 Records identified through database searching
686 Europe PMC
103 Scopus
93 Medline
26 ClinicalTrials.gov

|

| 908 Records screened ‘

v

‘ 34 Full-text articles assessed for eligibility ‘

874 Records excluded on the basis of title and abstract
and duplicates removed

A

4 Studies included in qualitative synthesis

l

4 Studies included in quantitative synthesis
(meta-analysis)

30 Full-text articles excluded, with reasons
11 Review articles
8 Not randomized controlled trials
7 No placebo as control
3 Phase 1-2 trials
1 Protocol only

Figure 1. PRISMA diagram of the detailed process of selection of studies for inclusion in the systematic review

and meta-analysis.

scribed as the average numbers of platelet in x 10%/L, mea-
sured at the last day of follow-up period. Rescue treatment
of ITP was defined as the use of medications (e.g., corti-
costeroids) that focus on rapidly increasing platelet counts
to manage severe bleeding or the risk of it.? Short corti-
costeroid bursts used for minor fluctuations or transient
platelet drops were not considered rescue therapy, unless
they met predefined criteria for treatment failure or re-
quired prolonged administration.”

Concurrently, the safety outcomes mainly encompass
the incidence of AEs. AEs were classified on the basis of
severity: 1) grade 1 or mild AEs (generally not bothersome,
and possibly not requiring intervention); 2) grade 2 or mod-
erate AEs (possibly causing some discomfort or interference
with activities, and requiring minimal intervention); and 3)
grade 3 or severe AEs (significantly interfering with a per-
son’s ability to perform basic self-care activities and requir-
ing medical interventions).!9 For the purpose of analysis,
we divided the severity of each specific type of AE into only
two categories, namely mild-to-moderate (grade 1 — 2) and
severe (grade >3).

RISK OF BIAS ASSESSMENT

To evaluate methodological rigor of the RCTs included in
this review, the Cochrane Risk of Bias 2.0 (RoB 2) instru-
ment was employed.!! This tool examines five distinct ar-
eas where bias may occur: (a) the process of random se-
quence generation and allocation; (b) inconsistencies or
deviations from the assigned interventions; (c) absence or
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loss of outcome data; (d) the method used to assess out-
comes; and (e) selective outcome reporting.!! Each domain
was categorized as presenting a “low risk,” “some con-
cerns,” or “high risk” of bias.!l Two reviewers indepen-
dently conducted the risk of bias evaluations, and any dif-
ferences in judgment were settled through consultation
with a third reviewer.

STATISTICAL ANALYSIS

For continuous variable outcomes, the mean difference
(MD) and corresponding 95% confidence intervals (CI) were
estimated using the Inverse Variance method. In contrast,
dichotomous variable outcomes were analyzed through the
Mantel-Haenszel approach to determine risk ratios (RR)
along with their 95% CIs. Given the heterogeneity in TKI
regimens and participant profiles across studies, substan-
tial variability was anticipated. To address this, random-ef-
fect models were applied. Between-study heterogeneity was
quantified using the I? statistic, with values exceeding 50%
interpreted as indicating considerable inconsistency.12 For
the purpose of pooling data in the meta-analysis, outcomes
originally reported as medians with interquartile or min-
imum-to-maximum ranges were transformed into means
and standard deviations under the assumptions of approx-
imate normality, symmetrical distribution around the me-
dian, sufficient sample size, and absence of extreme out-
liers. This transformation was performed using the
statistical methods proposed by Wan X et al.13 and Luo D et
al.14 In cases where the meta-analysis included more than
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10 studies, potential publication bias was evaluated using
funnel plot visualization. All statistical computations were
carried out using Review Manager (RevMan) version 5.4,
developed by the Cochrane Collaboration.

RESULTS

STUDY SELECTION AND CHARACTERISTICS

An extensive database exploration across four platforms,
guided by predefined search terms, initially retrieved 908
records. After eliminating duplicates, preliminary screen-
ing based on titles and abstracts led to the removal of
874 entries. The remaining 34 articles underwent full-text
evaluation. Following the application of exclusion parame-
ters, 30 studies were dismissed: 11 were categorized as re-
views, 8 lacked randomization, 7 did not use a placebo com-
parator, 3 were early-phase trials (phases 1 or 2), and 1
was identified as a protocol-only publication. As a result,
five RCTs derived from four publications!>-18 were deemed
eligible and subsequently included in the meta-analysis.
Four out of five included RCTs employing double-blind de-
sign, while the remaining RCT used open-label design. The
type of TKI administered among the participants of in-
cluded RCTs was relatively varied: fostamatinib 100 - 150
mg twice daily in three RCTs, sovleplenib 300 mg once daily
in one RCT, and rilzabrutinib 400 mg twice daily in one
RCT. All of these interventions were given for a total of 24
weeks. The sample sizes in the TKI group ranged from 22
to 133 patients, while in the placebo group it varied from
12 to 69 patients. Prior ITP treatments most commonly
prescribed to the participants were corticosteroids, intra-
venous immunoglobulin (IVIG), thrombopoietin receptor
agonist (TPO-RA), and immunosuppressants. Table 1 pre-
sents a detailed summary of the features of each study in-
corporated in this analysis.

QUALITY OF STUDY ASSESSMENT

The risk of bias in the included RCTs was assessed using the
RoB 2.0 framework. Based on the evaluation across five do-
mains, all trials were determined to exhibit a “low risk” of
bias (Table 2).

EFFICACY OUTCOMES
DURABLE PLATELET RESPONSE

A total of 5 RCTs from 4 publications (n = 574) provided
data on the durable platelet response outcome. This out-
come was achieved in 118 of 382 patients (30.9%) receiving
SYK and/or BTK inhibitors compared with only 1 of 192
patients (0.5%) in the placebo group. The pooled analysis
of these RCTs indicated that adult ITP patients who were
treated with SYK and/or BTK inhibitors exhibited higher
likelihood of achieving durable platelet response compared
to those who only received placebo (RR 12.50; 95%CI: 3.99
- 39.18, p<0.0001, 12 = 0%, random-effect model) (Figure
2A) (Table 3). The subgroup analysis demonstrated that
BTK inhibitors were associated with a higher RR of achiev-

ing a durable platelet response (RR 32.91; 95%CI: 2.04 -
529.81, p=0.01, random-effect model) compared to SYK in-
hibitors (RR 10.30; 95%CI: 2.91 — 36.54, p=0.0003, 12 = 2%,
random-effect model) (Table 3).

OVERALL PLATELET RESPONSE

There were 5 RCTs from 4 publications (n = 574) which re-
ported the overall platelet response among all of the ITP
patients. This response was observed in 195 of 382 patients
(51%) treated with inhibitors versus 23 of 192 (11.9%) in the
placebo group. Meta-analysis from these studies showed
that treatment utilizing SYK and/or BTK inhibitors was as-
sociated with higher risk of obtaining overall platelet re-
sponse compared to placebo for adult ITP patients (RR 3.95;
95%CI: 2.68 — 5.81, p<0.00001, 12 = 0%, random-effect
model) (Figure 2B) (Table 3). The subgroup analysis re-
vealed a higher RR for obtaining overall platelet response
among BTK inhibitors (RR 4.58; 95%CI: 2.07 - 10.12,
p=0.0002, random-effect model) than SYK inhibitors (RR
3.77; 95%CI: 2.42 — 5.87, p<0.00001, 12 = 0%, random-effect
model) (Table 3).

MEAN PLATELET COUNT

Data from 4 publications (n = 574) were used to pool the
mean platelet count outcome. Meta-analysis from these
studies showed higher mean platelet count among adult
ITP patients who were given SYK and/or BTK inhibitors
than those who only received placebo (Mean Difference
48.35 x 109/L; 95%CI: 37.71 — 58.98, p<0.00001, 12 = 47%,
random-effect model) (Figure 2C) (Table 3). There was a
higher MD among BTK inhibitors (MD 52.65; 95%CI: 40.04
- 65.26, p<0.00001, random-effect model) in comparison to
SYK inhibitors (MD 45.05; 95%CI: 25.98 — 64.13, p<0.00001,
12 = 64%, random-effect model) (Table 3).

RESCUE TREATMENTS

There were 4 publications which reported the need for res-
cue treatments among the adult ITP patients. Meta-analy-
sis from these studies revealed that ITP therapy employing
SYK and/or BTK inhibitors was associated with lower rate
of rescue treatments administration compared to placebo
(RR 0.59; 95%CI: 0.47 — 0.73, p<0.00001, 12 = 0%, random-
effect model) (Figure 2D) (Table 3). The subgroup analysis
revealed a slightly lower RR for the need of rescue treat-
ments among BTK inhibitors (RR 0.57; 95%CI: 0.42 — 0.78,
p=0.0005, random-effect model) compared to SYK in-
hibitors (RR 0.61; 95%CI: 0.44 — 0.83, p=0.002, 1% = 0%, ran-
dom-effect model) (Table 3).

TIME TO FIRST PLATELET RESPONSE

Three publications!>-17 reported the time to first platelet
response. However, due to insufficient data for calculation,
we did not perform meta-analysis on this particular out-
come. The study by Hu Y et al.1® reported a shorter median
time to response among ITP patients who were given sovle-
plenib 300 mg once daily than those who were given only
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Table 1. Baseline characteristics of the included studies
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Study Design Intervention Follow- Study Sample Age Male ITP Prior Prior ITP therapy
up arms size (years) (%) duration splenectomy (4 most prevalent)
(weeks) (years) (%)
Bulsssel Jet Double- Fostamatinib 100 - 150 24 TKI 51 564+ 41% 108 £ 39% CS: 90%, IVIG: 65%, TPO-RA:
al.~ 2018 blind RCT mg, twice daily (PO) 15.1 11.6 53%, rituximab: 51%
(FIT1) Placebo 25 555+ 32% 10+ 40% CS: 100%, IVIG: 68%, TPO-RA:
12.9 11.3 60%, rituximab: 44%
Bulsssel Jet Double- Fostamatinib 100 - 150 24 TKI 50 50.2+ 38% 11.6 28% CS: 96%, IS: 44%, TPO-RA: 40%,
al.”” 2018 blind RCT mg, twice daily (PO) 135 111 IVIG: 38%
(FIT2) Placebo 24 49.7 + 46% 119+ 38% CS: 92%, IVIG: 42%, TPO-RA:
14.8 7.2 42%,1S: 42%
HuYetal Double- Sovleplenib 300 mg, once 24 TKI 126 43.6+ 31% 8.6+6.7 4% CS: 96%, TCM: 59%, TPO-RA:
2024 blind RCT daily (PO) 104 52%, IVIG: 50%
Placebo 62 422+ 40% 9.8+8.6 5% CS: 97%, TCM: 60%, TPO-RA:
10.9 52%, IVIG: 47%
Ku1t7er DJet Open- Rilzabrutinib 400 mg, 24 TKI 133 471+ 41% 9.7+9.9 28% CS: 95%, TPO-RA: 66%, IVIG:
al.”” 2025 label RCT twice daily (PO) 11.9 54%,1S: 50%
Placebo 69 46.4 + 29% 78175 28% CS: 96%, TPO-RA: 74%, 1S: 61%,
12.6 IVIG: 58%
Kul\évana M et Double- Fostamatinib 100 - 150 24 TKI 22 58.7 18% 145+ 23% CS: 95%, TPO-RA: 50%, IVIG:
al.” 2023 blind RCT mg, twice daily (PO) 14.6 104 36%,1S: 14%
Placebo 12 59.9+ 33% 148 £ 17% CS: 100%, TPO-RA: 58%, IVIG:
13.7 11.3 33%, rituximab: 33%

CS = corticosteroids; IS = immunosuppressants; IVIG = intravenous immunoglobulin; ITP = immune thrombocytopenia; PO = per os (oral administration); RCT = randomized controlled trials; TCM = traditional chinese medicine; TKI = tyrosine kinase inhibitors; TPO-RA =

thrombopoietin receptor agonist
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Table 2. Risk of bias assessment using RoB v2 tool from Cochrane Collaborations

placebo [8 days (8 — 12) vs. 30 days (24 — 46)]. Kuter DJ
et al.17 also reported similar findings, where median time
to platelet response was 36 days in all patients with rilz-
abrutinib 400 mg twice daily, but it was never achieved
with placebo (p<0.0001). Finally, a study by Bussel ] et al.1>
only reported this outcome in the fostamatinib group: the
median duration required to achieve a platelet count of
>50,000/uL was 15 days among overall responders and 15.5
days among those with stable responses.!5 At time of re-
sponse, all individuals—except one who had reduced their
dosage to 150 mg once daily—were still receiving the 100
mg twice-daily regimen. !>

SAFETY OUTCOMES
TOTAL AES

Four publications (n = 574) reported the total AEs outcome.
Pooled analysis from these studies showed higher total AEs
among adult ITP patients who received SYK and/or BTK in-
hibitors than those who received placebo (RR 1.14; 95%CI:
1.06 — 1.24, p=0.0006, 12 = 0%, random-effect model) (Fig-
ure 3A) (Table 3). The subgroup analysis demonstrated that
a significant difference in total AEs was observed only
among patients receiving SYK inhibitors (RR 1.16; 95%CI:
1.06 - 1.26, p=0.001, 12 = 0%, random-effect model),
whereas the results for BTK inhibitors were not significant
(RR 1.11; 95%CI: 0.95 - 1.29, p=0.20, random-effect model)
(Table 3).

GRADE >3 AES

Pooled analysis from four publications (n = 574) showed
no significant difference in the grade >3 AEs incidence be-
tween adult ITP patients who were given SYK and/or BTK
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inhibitors and those who were given placebo (RR 0.77;
95%ClI: 0.52 — 1.14, p=0.19, 12 = 12%, random-effect model)
(Figure 3B) (Table 3). The subgroup analysis revealed al-
most similar RR between BTK inhibitors (RR 0.78; 95%CI:
0.37 - 1.64, p=0.51, random-effect model) and SYK in-
hibitors (RR 0.77; 95%CI: 0.42 — 1.41, p=0.39, 12 = 41%, ran-
dom-effect model) (Table 3).

SERIOUS AES

An integrated meta-analysis of four studies (n = 574)
demonstrated that the occurrence of serious AEs did not
differ significantly between adults with ITP treated with
SYK and/or BTK inhibitors and those receiving placebo (OR
0.87; 95%CI: 0.57 - 1.31, p=0.50, 12 = 0%, random-effect
model) (Figure 3C) (Table 3). The subgroup analysis re-
vealed a lower RR for serious AEs among BTK inhibitors
(OR 0.78; 95%CI: 0.33 — 1.81, p=0.56, random-effect model)
compared to SYK inhibitors (OR 0.90; 95%CI: 0.56 — 1.44,
p=0.65, 12 = 0%, random-effect model), but both findings
still did not reach statistical significance (Table 3).

TREATMENT DISCONTINUATION DUE TO AES

A pooled analysis of four publications involving 574 partic-
ipants indicated that the rate of AEs resulting in treatment
discontinuation did not significantly differ between adult
ITP patients receiving SYK and/or BTK inhibitors and those
given placebo (OR 1.88; 95%CI: 0.75 - 4.73, p=0.18, 12 = 0%,
random-effect model) (Figure 3D) (Table 3). There was a
higher RR for treatment discontinuation due to AEs among
BTK inhibitors (OR 8.88; 95%CI: 0.52 - 151.62, p=0.13, ran-
dom-effect model) compared to SYK inhibitors (OR 1.57;
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Table 3. Summary of meta-analysis results for each outcome of interest

Outcome Patients analyzed Outcome (95% Cl) p-value 12 (%)
TK inhibitors Placebo
Efficacy Outcomes
Durable response rate
Overall 382 192 RR:12.50(3.99 - 39.18) <0.0001 0
BTK inhibitors 133 69 RR:32.91(2.04 - 529.81) 0.01 -
SYK inhibitors 249 123 RR:10.30(2.91 - 36.54) 0.0003 2
Overall response rate
Overall 382 192 RR:3.95(2.68 - 5.81) <0.00001 0
BTK inhibitors 133 69 RR:4.58 (2.07 - 10.12) 0.0002 -
SYK inhibitors 249 123 RR:3.77(2.42 - 5.87) <0.00001 0
Mean platelet count
Overall 382 192 MD: 48.35(37.71,58.98) <0.00001 47
BTK inhibitors 133 69 MD: 52.65 (40.04, 65.26) <0.00001 -
SYK inhibitors 249 123 MD: 45.05 (25.98, 64.13) <0.00001 64
Rescue treatments
Overall 382 192 RR:0.59(0.47 - 0.73) <0.00001 0
BTK inhibitors 133 69 RR:0.57(0.42 -0.78) 0.0005 -
SYK inhibitors 249 123 RR:0.61(0.44 - 0.83) 0.002 0
Safety Outcomes
Total AEs
Overall 383 191 RR:1.14(1.06 - 1.24) 0.0006 0
BTK inhibitors 133 69 RR:1.11(0.95-1.29) 0.20 -
SYK inhibitors 250 122 RR:1.16 (1.06 - 1.26) 0.001 0
Grade 23 AEs
Overall 383 191 RR:0.77(0.52 - 1.14) 0.19 12
BTK inhibitors 133 69 RR:0.78 (0.37 - 1.64) 0.51 -
SYK inhibitors 250 122 RR:0.77(0.42 - 1.41) 0.39 41
Serious AEs
Overall 383 191 RR:0.87(0.57 - 1.31) 0.50 0
BTK inhibitors 133 69 RR:0.78(0.33-1.81) 0.56 -
SYK inhibitors 250 122 RR:0.90(0.56 - 1.44) 0.65 0
AEs lead to treatment withdrawal
Overall 383 191 RR:1.88(0.75-4.73) 0.18 0
BTK inhibitors 133 69 RR:8.88(0.52 - 151.62) 0.13 -
SYK inhibitors 250 122 RR:1.57(0.59 - 4.16) 0.36 0
Liver enzyme elevation
Overall 383 191 RR:2.17(0.84 - 5.56) 0.11 8
Grade1-2 383 191 RR:3.15(0.80 - 12.51) 0.41 31
Grade 23 383 191 RR:1.04(0.17 - 6.20) 0.96 0
Nausea
Overall 383 191 RR:1.45(0.84 - 2.51) 0.18 23
Grade1-2 383 191 RR:1.71(0.90 - 3.24) 0.10 10
Grade 23 383 191 RR:0.35(0.05 -2.21) 0.27 0
Vomiting
Overall 281 143 RR: 1.38(0.40 - 4.78) 0.60 0
Grade 1-2 281 143 RR:4.24(0.79 - 22.76) 0.09 0
Grade 23 281 143 RR:0.32(0.04 - 2.60) 0.29 0
Diarrhea
Overall 257 129 RR: 1.95(0.78 - 4.90) 0.15 57
Grade 1-2 257 129 RR:2.15(0.66 - 6.96) 0.20 79
Grade 23 257 129 RR:1.56 (0.17 - 14.50) 0.70 0
Abdominal pain
Overall 257 129 RR:1.73(0.62 - 4.78) 0.29 0
Grade1-2 257 129 RR:2.36(0.75-7.41) 0.14 0
Grade 23 257 129 RR:0.52(0.05 - 4.87) 0.56 0
Anemia
Overall 259 131 RR:0.92(0.32-2.62) 0.87 48
Grade1-2 259 131 RR:1.20(0.26 - 5.55) 0.81 69
Grade 23 259 131 RR:0.48(0.13 - 1.80) 0.27 0
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Outcome Patients analyzed Outcome (95% Cl) p-value 12 (%)
TK inhibitors Placebo
Rash
Overall 383 191 RR:2.39(1.01-5.70) 0.05 0
Grade1-2 383 191 RR:3.37(1.26 - 8.98) 0.02 0
Grade 23 383 191 RR:0.73(0.12-4.59) 0.74 0
Neutropenia
Overall 383 191 RR:2.84(0.91-8.87) 0.07 0
Grade 1-2 383 191 RR:4.24(1.00 - 18.01) 0.05 0
Grade 23 383 191 RR:1.49(0.24 - 9.39) 0.67 0
Upper respiratory tract infection
Overall 383 191 RR:1.42(0.83-2.41) 0.19 31
Grade 1-2 383 191 RR:1.39(0.59 - 3.26) 0.45 53
Grade 23 383 191 RR:0.90(0.15-5.47) 0.91 0
Hypertension
Overall 250 122 RR:1.38(0.82 -2.32) 0.23 0
Grade 1-2 250 122 RR: 1.44(0.83 - 2.50) 0.19 0
Grade 23 250 122 RR:1.13(0.12 - 10.51) 0.92 42

95%ClI: 0.59 — 4.16, p=0.36, 12 = 0%, random-effect model).
However, the difference was not significant (Table 3).

LIVER ENZYME ELEVATION

There was no significant difference in the overall liver en-
zyme elevation incidence between SYK and/or BTK in-
hibitors and placebo (RR 2.17; 95%CI: 0.84 — 5.56, p=0.11,
12 = 8%, random-effect model) (Table 3). The same lack of
significant difference was found when divided according to
the severity of AEs, as grade 1 - 2 (RR 3.15; 95%CI: 0.80
- 12.51, p=0.41, 12 = 31%, random-effect model) and grade
>3 liver enzyme elevation (RR 1.04; 95%CI: 0.17 - 6.20,
p=0.96, 12 = 0%, random-effect model) (Table 3).

NAUSEA

The overall occurrence of nausea did not differ significantly
between those treated with SYK and/or BTK inhibitors and
those receiving placebo (RR 1.45; 95%CI: 0.84 - 2.51,
p=0.18, I2 = 23%, random-effect model) (Table 3). Stratifica-
tion of nausea events by severity revealed no notable differ-
ences between groups in either grade 1-2 (RR 1.71; 95%CI:
0.90 - 3.24, p=0.10, 12 = 10%, random-effect model) or
grade >3 occurrences (RR 0.35; 95%CI: 0.05 - 2.21, p=0.27,
12 = 0%, random-effect model) (Table 3).

VOMITING

Pooled findings from three studies involving 424 adults
with ITP indicated that the overall occurrence of vomiting
did not differ significantly between those treated with SYK
and/or BTK inhibitors and those receiving placebo (RR 1.38;
95%CI: 0.40 — 4.78, p=0.60, 12 = 0%, random-effect model)
(Table 3). As observed for nausea, stratification of vomiting
events by severity revealed no notable differences between
groups in either grade 1-2 (RR 4.24; 95%CI: 0.79 - 22.76,
p=0.09, 12 = 0%, random-effect model) or grade >3 occur-
rences (RR 0.32; 95%CI: 0.04 — 2.60, p=0.29, 12 = 0%, ran-
dom-effect model) (Table 3).
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DIARRHEA

Combined results from three publications including 386
adult ITP patients showed no significant disparity in the
overall incidence of diarrhea between individuals adminis-
tered SYK and/or BTK inhibitors and those given a placebo
(RR 1.95; 95%CI: 0.78 — 4.90, p=0.15, 12 = 57%, random-ef-
fect model) (Table 3). When diarrhea cases were categorized
by severity, no meaningful differences were identified be-
tween the SYK and/or BTK inhibitors and placebo groups
for either grade 1-2 (RR 2.15; 95%CI: 0.66 — 6.96, p=0.20, 12
= 79%, random-effect model) or grade >3 events (RR 1.56;
95%CI: 0.17 — 14.50, p=0.70, 12 = 0%, random-effect model)
(Table 3).

ABDOMINAL PAIN

Combined results from three publications (386 patients) did
not show significant difference in the overall incidence of
abdominal pain between individuals receiving SYK and/or
BTK inhibitors and those given a placebo (RR 1.73; 95%CI:
0.62 — 4.78, p=0.29, 12 = 0%, random-effect model) (Table
3).

Likewise, no meaningful differences were identified be-
tween the SYK and/or BTK inhibitors and placebo groups
for either grade 1-2 (RR 2.36; 95%CI: 0.75 — 7.41, p=0.14,
12 = 0%, random-effect model) or grade >3 events (RR 0.52;
95%CI: 0.05 — 4.87, p=0.56, 12 = 0%, random-effect model)
(Table 3).

ANEMIA

Meta-analysis from 3 publications (n = 390) showed no sig-
nificant difference in the overall anemia incidence between
SYK and/or BTK inhibitors and placebo (RR 0.92; 95%CI:
0.32 - 2.62, p=0.87, 12 = 48%, random-effect model), regard-
less of the its severity as grade 1 — 2 (RR 1.20; 95%CI: 0.26
- 5.55, p=0.81, 12 = 69%, random-effect model) oor grade >3
anemia (RR 0.48; 95%CI: 0.13 - 1.80, p=0.27, 12 = 0%, ran-
dom-effect model) (Table 3).
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Figure 2. Forest plot that shows the comparison between spleen tyrosine kinase (SYK) or Bruton’s tyrosine
kinase (BTK) inhibitors and placebo among adult immune thrombocytopenia (ITP) patients in relation to
durable platelet response (A), overall platelet response (B), mean platelet count (C), and the need for rescue

treatments (D) outcomes.

RASH

Meta-analysis from 4 publications (n = 574 patients)
showed higher overall incidence of rash in adult ITP pa-
tients who received SYK and/or BTK inhibitors when com-
pared to those who received placebo (RR 2.39; 95%CI: 1.01
- 5.70, p=0.05, 12 = 0%, random-effect model) (Table 3).

When divided according to the severity of rash, the dif-
ference was only significant for grade 1 - 2 (RR 3.37; 95%CI:
1.26 — 8.98, p=0.02, I = 0%, random-effect model), but not
for grade >3 rash (RR 0.73; 95%CI: 0.12 — 4.59, p=0.74, 1% =
0%, random-effect model) (Table 3).

NEUTROPENIA

Pooled findings from four studies (574 patients) indicated
that the overall occurrence of neutropenia did not differ

Clinical Hematology International

significantly between those treated with SYK and/or BTK
inhibitors and those receiving placebo (RR 2.84; 95%CI:
0.91 - 8.87, p=0.07, 12 = 0%, random-effect model) (Table 3).

Stratification of neutropenia events by severity revealed
higher incidence of grade 1 — 2 neutropenia among SYK
and/or BTK inhibitors group in comparison to placebo
group (RR 4.24; 95%CI: 1.00 — 18.01, p=0.05, I2 = 0%, ran-
dom-effect model). However, no significant difference was
observed for grade >3 neutropenia (RR 1.49; 95%CI: 0.24 —
9.39, p=0.67, 12 = 0%, random-effect model) (Table 3).

UPPER RESPIRATORY INFECTION

Combined results from four publications including 574
adult ITP patients showed no significant disparity in the
overall incidence of upper respiratory infection between
individuals administered SYK and/or BTK inhibitors and
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Figure 3. Forest plot that shows the comparison between spleen tyrosine kinase (SYK) or Bruton’s tyrosine
kinase (BTK) inhibitors and placebo among adult immune thrombocytopenia (ITP) patients in relation to total
adverse events (AEs) (A), grade >3 AEs (B), serious AEs (C), and treatment discontinuation due to AEs (D)

outcomes.

those given a placebo (RR 1.42; 95%CI: 0.83 — 2.41, p=0.19,
12 = 31%, random-effect model) (Table 3).

When upper respiratory infection cases were categorized
by severity, no meaningful differences were identified be-
tween the SYK and/or BTK inhibitors and placebo groups
for either grade 1-2 (RR 1.39; 95%CI: 0.59 - 3.26, p=0.45, 12
= 53%, random-effect model) or grade >3 events (RR 0.90;
95%CI: 0.15 — 5.47, p=0.91, 12 = 0%, random-effect model)
(Table 3).

HYPERTENSION

Analysis of three publications including 372 patients
showed no significant difference in the overall incidence of
hypertension between individuals administered SYK and/or
BTK inhibitors and those given a placebo (RR 1.38; 95%CI:

Clinical Hematology International

0.82 - 2.32, p=0.23, 12 = 0%, random-effect model). The
same lack of meaningful differences was identified when
comparing hypertension in either grade 1-2 (RR 1.44;
95%CI: 0.83 — 2.50, p=0.19, 12 = 0%, random-effect model)
or grade >3 events (RR 1.13; 95%CI: 0.12 - 10.51, p=0.92, I2
= 42%, random-effect model) (Table 3).

PUBLICATION BIAS

A funnel plot approach is commonly employed to assess
potential publication bias. However, in this analysis, such
evaluation was not conducted due to the limited number
of eligible studies (fewer than ten), as reliable detection
of publication bias generally requires a larger quantity of
studies.19:20
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DISCUSSION

The results of this systematic review and meta-analysis
support the therapeutic potential of TKIs, including both
SYK and BTK inhibitors, in managing adult ITP, particularly
among individuals who have not responded adequately to
or cannot tolerate standard first-line therapies. This is ev-
idenced by favorable outcomes such as increased rates of
sustained and overall platelet responses, reduced time to
achieve a platelet response, decreased reliance on rescue
medications, and elevated mean platelet counts in patients
receiving SYK and/or BTK inhibitors compared to those on
placebo. The substantial relative risks observed for both
overall (RR 3.95) and durable platelet responses (RR 12.5)
indicate that treatment with SYK and/or BTK inhibitors
confers a marked improvement in hematologic outcomes
compared with placebo. In absolute terms, overall platelet
response was achieved in 51% patients treated with SYK
and/or BTK inhibitors versus 11.9% in the placebo group,
while a durable response was observed in 30.9% patients
compared with only 0.5% in the placebo arm. These ab-
solute differences suggest a substantial therapeutic gain
from a hematologic standpoint. Nevertheless, the clinical
meaningfulness of these findings should be interpreted
cautiously, as platelet count response represents a surro-
gate endpoint. Whether these improvements translate into
tangible clinical benefits—such as reduced bleeding
episodes, sustained remission off treatment, or improved
quality of life—remains to be fully established. Although
increased durable responses may plausibly reduce bleeding
risk and promote longer remission, most available trials
had limited follow-up durations, restricting conclusions
about long-term efficacy and remission durability. There-
fore, while the current evidence supports a notable efficacy
advantage for SYK and BTK inhibitors in achieving platelet
responses, further long-term and real-world data are re-
quired to confirm whether these hematologic benefits con-
sistently translate into meaningful clinical outcomes.

In addition to their clinical efficacy, these agents were
generally well tolerated. While the overall incidence of AEs
and skin rashes was higher in the treatment group, these
were predominantly mild to moderate in severity (grade
1-2) and rarely necessitated intensive management. No
meaningful differences were found between groups in the
frequency of grade >3 AEs, serious AEs, treatment discon-
tinuations due to AEs, or specific safety concerns including
elevated liver enzymes, gastrointestinal symptoms (nausea,
vomiting, diarrhea, abdominal pain), hematologic abnor-
malities (anemia, neutropenia), upper respiratory infec-
tions, or hypertension. However, it remains important to
recognize the established post-marketing safety profile of
fostamatinib. Evidence from real-world clinical experience
has highlighted hypertension, diarrhea, and hepatotoxicity
as the most frequently observed AEs linked to its use. In ad-
dition, the limited follow-up duration of the RCTs included
in this analysis (approximately 24 weeks) constrains the
ability to fully evaluate its long-term safety and to identify
uncommon adverse events that may arise with extended
treatment.

The observed improvement in platelet response among
patients with ITP treated with SYK and BTK inhibitors can
be attributed to their targeted interference with key im-
mune signaling pathways involved in the pathogenesis of
the disease.%7 ITP is primarily driven by immune-mediated
platelet destruction and impaired platelet production, both
of which are regulated by dysregulated B-cell and Fc recep-
tor activity.! SYK and BTK inhibitors address these mecha-
nisms directly and effectively.

SYK plays a central role in Fcy receptor signaling, a path-
way responsible for mediating the destruction of antibody-
coated platelets by splenic macrophages.2! By inhibiting
SYK, these agents disrupt the intracellular signaling cas-
cade that leads to phagocytosis of platelets, thereby re-
ducing platelet clearance and allowing circulating platelet
counts to recover.2! Fostamatinib, a first-in-class SYK in-
hibitor, has demonstrated this mechanism both in preclin-
ical models and clinical settings, leading to sustained in-
creases in platelet levels in a proportion of patients with
chronic ITP.21.22 Fostamatinib has already received regu-
latory approval for the treatment of adult ITP and is sup-
ported by accumulating real-world evidence confirming its
efficacy and safety in clinical practice.

On is essential for B-cell receptor signaling and the ac-
tivation of downstream pathways that promote B-cell sur-
vival, proliferation, and autoantibody production.2324 In-
hibiting BTK can suppress aberrant B-cell activity and
reduce the production of pathogenic autoantibodies that
target platelet surface glycoproteins.2324 By mitigating the
autoimmune component of ITP, BTK inhibitors—such as
rilzabrutinib—may not only decrease platelet destruction
but also modify the underlying disease process.2324 Unlike
fostamatinib, rilzabrutinib and sovleplenib remain investi-
gational agents currently under clinical development, with
efficacy and safety data still limited to controlled trial set-
tings.

In addition to these mechanistic advantages, both SYK
and BTK inhibitors offer benefits as orally administered
agents, which may contribute to better patient adherence
and long-term treatment feasibility compared to parenteral
therapies.” The rapid onset of response observed in several
trials also suggests that these agents can stabilize platelet
counts effectively, potentially reducing the risk of bleeding
in acutely symptomatic patients.”

Taken together, the dual capacity of SYK and BTK in-
hibitors to suppress immune-mediated platelet clearance
and diminish autoantibody production underlies their clin-
ical efficacy in improving platelet response in ITP.” While
these results support the integration of SYK and BTK in-
hibitors into the treatment paradigm for adult ITP—partic-
ularly in patients with inadequate responses or intolerance
to conventional therapies, such as corticosteroids, TPO-
RAs, and rituximab— direct head-to-head comparisons
with established treatments are currently unavailable, lim-
iting definitive conclusions about their optimal sequencing
or relative effectiveness.” Nevertheless, they may be con-
sidered as potential second- or third-line therapies, espe-
cially for patients who are refractory to or unable to toler-
ate existing immunosuppressive or thrombopoietic agents.
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Further studies exploring their role in combination regi-
mens or as part of a stepwise treatment strategy could pro-
vide deeper insights into optimizing outcomes for patients
with ITP.

Emerging next-generation BTK inhibitors such as ore-
labrutinib and zanubrutinib are attracting interest as tar-
geted options for adult ITP because of their high BTK se-
lectivity, favourable pharmacokinetics, and mechanistic
potential to suppress pathogenic B-cell activity and FcyR-
mediated macrophage platelet clearance. Early clinical evi-
dence is encouraging: a phase II study of orelabrutinib re-
ported promising efficacy and an acceptable safety profile
in persistent or chronic primary ITP, supporting ongoing
phase III evaluation.25 Similarly, zanubrutinib has shown
activity in single-arm/phase II series and is being tested in
randomized studies, including trials that combine zanubru-
tinib with eltrombopag.2® From a practical treatment-plan-
ning perspective, these BTK inhibitors could be considered
as part of combination or sequencing strategies to broaden
response mechanisms in refractory ITP. The rationale for
combination is straightforward: pairing a BTK inhibitor
(which reduces autoantibody generation and phagocytic
platelet destruction) with a thrombopoietin-receptor ag-
onist (which increases platelet production) may produce
complementary and more durable hematologic control —
early randomized data of zanubrutinib plus eltrombopag
versus eltrombopag alone reported higher overall response
rates at 12 months.2’ Sequencing strategies are also plausi-
ble in routine practice: BTK inhibitors may be trialed after
failure of first-line corticosteroids and either instead of, or
following, TPO-RA or rituximab depending on individual
patient comorbidity, prior response patterns, and treat-
ment goals. Contemporary reviews therefore propose in-
tegrating BTK inhibitors into the second-/later-line algo-
rithm for refractory disease while tailoring selection by
patient preference, thrombotic/bleeding risks, and prior ex-
posures.”

This study represents the first systematic review and
meta-analysis to thoroughly evaluate and quantify the effi-
cacy and safety of both SYK and BTK inhibitors in compari-
son to placebo for treating adult ITP. Unlike the earlier work
by Ali MA et al.®, which was limited to a narrative system-
atic review without statistical aggregation of outcomes, our
analysis provides a quantitative synthesis that allows for a
clearer interpretation of treatment effects. Moreover, while
the previous review® included only four RCTs from three
studies—one of which was a phase 1b trial—our current
analysis incorporates five RCTs across four peer-reviewed
publications, all of which were conducted at the phase 3
level. This strengthens the reliability of the findings and
enhances their relevance to clinical decision-making. Ac-
cordingly, our study contributes more robust evidence that
may help refine therapeutic strategies for adult ITP.

Despite offering valuable insights into the potential role
of SYK and BTK inhibitors in the management of adult
ITP, this meta-analysis is subject to several limitations that
should be acknowledged. First, it included a relatively small
number of RCTs, which restricts the statistical power of
pooled estimates and limits the ability to conduct more

granular subgroup analyses. This also precluded a robust
assessment of publication bias, as such evaluations typi-
cally require at least 10 studies to yield meaningful conclu-
sions. Second, most included trials reported outcomes over
a relatively short follow-up period (24 weeks). As a result,
the long-term efficacy, safety, and potential for sustained
remission or relapse with SYK and BTK inhibitors remain
uncertain. Third, all included studies compared SYK or BTK
inhibitors to placebo; direct comparisons between differ-
ent TKIs or between TKIs and established therapies (e.g.,
corticosteroids, TPO receptor agonists) were not available.
This limits the ability to determine the relative positioning
of these agents within the current treatment algorithm.
Fourth, several outcomes in this meta-analysis showed no-
table degrees of heterogeneity, which may reflect differ-
ences in population characteristics, prior treatments, and
dosing regimens. Such variability can influence the pooled
estimates and limit the precision of the effect size. Al-
though random-effect models were used to account for be-
tween-study variability, residual heterogeneity cannot be
fully excluded and should be considered when interpreting
the results. Fifth, although common AEs were consistently
reported, the low incidence of rare or long-term toxicities,
such as cardiovascular events or opportunistic infections,
could not be thoroughly assessed. Larger sample sizes and
extended observation periods are needed to capture these
less frequent but clinically relevant events. Finally, most of
the included trials were sponsored by pharmaceutical com-
panies, which may introduce potential bias in trial design,
data reporting, or interpretation of outcomes, despite ad-
herence to rigorous methodological standards.

The findings of this systematic review and meta-analysis
highlight the therapeutic potential of SYK and BTK in-
hibitors in the management of adult ITP. Compared to
placebo, these agents were associated with significantly im-
proved platelet response outcomes, including higher over-
all and durable response rates, more rapid achievement of
platelet count thresholds, and decreased reliance on res-
cue interventions. Importantly, these clinical benefits were
achieved without a corresponding increase in serious or
high-grade AEs, suggesting a favorable risk—benefit profile.
While these results support the integration of SYK and BTK
inhibitors into the treatment paradigm for adult ITP—par-
ticularly in patients with inadequate responses or intoler-
ance to conventional therapies—further high-quality, long-
term RCTs are warranted to confirm these findings, assess
sustained efficacy, and determine their comparative effec-
tiveness against existing standard-of-care options.
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