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Purpose: Immune thrombocytopenia (ITP) is an autoimmune disorder characterized by bleeding, yet paradoxically, it can also
predispose patients to thrombotic events; therefore, investigating high-risk factors for thrombosis in ITP patients and developing
a predictive model is essential.

Patients and Methods: A total of 1112 patients were diagnosed with ITP between January 2018 and December 2023. Excluding 216
patients under the age of 18, a total of 896 adult ITP patients were included in this study (of whom 101 developed thrombosis).
Patients were randomly allocated to the training set (n=628) and validation set (n=268) in a 7:3 ratio.

Results: Atrial fibrillation, peripheral vascular disease, venous thromboembolism history, pneumonia < 1 month, cerebrovascular
events history, and D-dimer levels were identified as predictive factors for thrombosis in ITP patients. The six factors formed 57
unique combinations, providing robust predictive power for thrombosis in ITP under different clinical scenarios. In the training set, the
area under the curve (AUC) for the nomogram was 0.656 (95% CI: 0.578—0.735) to 0.931 (95% CI: 0.902—0.960) and the AUC in the
validation set was 0.539 (95% CI: 0.425-0.653) to 0.893 (95% CI: 0.828-0.957). The calibration curve demonstrated good
concordance between the model’s predicted probabilities and actual observed probabilities, and the decision curve analysis indicated
that the model had significant clinical utility.

Conclusion: This cohort study developed a simple and practical predictive model (ITP-THROMBO) for estimating thrombosis risk in
ITP patients; this model facilitates rapid identification of ITP patients at high thrombotic risk, enabling timely decision-making support
for personalized treatment planning.
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Introduction

Immune thrombocytopenia (ITP) is an autoimmune hemorrhagic disorder characterized by antiplatelet autoantibodies and
T lymphocyte-mediated platelet destruction. ITP has traditionally been regarded as a disease centered on bleeding risk. However,
recent large-scale cohort studies have revealed a significant thrombotic predisposition, exemplified by Danish nationwide data’
demonstrating an arterial thrombosis (AT) incidence of 11.37 per 1000 person-years (representing a 32% increase compared to
the general population), and a UK study” confirming a 58% elevated risk of venous thromboembolism (VTE), and cardiovascular
events (including thrombosis) constitute one of the common causes of death in ITP patients.” This paradoxical phenomenon
arises from multifactorial interactions involving disease-intrinsic mechanisms, treatment-related factors, and patient-specific
determinants. Disease-intrinsic mechanisms include hyperactivation of young platelets (characterized by elevated P-selectin
expression), endothelial injury (manifested as von Willebrand factor (vVWF) /ADAMTS13 imbalance), a hypercoagulable state
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(marked by elevated coagulation factor VIII and plasminogen activator inhibitor-1 (PAI-1)-mediated suppression of fibrinolysis),
and microparticle-related pathways (involving platelet-derived microparticles that expose phosphatidylserine and promote
thrombin generation); treatment-related factors comprise thrombopoietin receptor agonists (TPO-RAs) associated with a 1.73-
fold increased thrombosis risk,* which may be attributed to enhanced platelet activation, increased thrombin generation, and
heightened megakaryocyte activity; splenectomy conferring approximately 4-fold higher long-term VTE risk,” primarily due to
platelet count elevation, loss of splenic clearance function, and blood hyperviscosity; and glucocorticoids inducing hypercoagul-
ability via upregulation of factor VIII, vWF, and PAI-1, leading to a prothrombotic and hypofibrinolytic state; patient-specific
determinants feature a 6.11-fold surge in thrombosis risk among lupus anticoagulant (LA)-positive individuals with antipho-
spholipid antibodies (aPL),® as well as doubled thrombotic risk in patients aged >60 years with comorbid cardiovascular
diseases.” A French cohort study demonstrated that ITP treatments (including glucocorticoids, intravenous immunoglobulin
(IVIg), and TPO-RAs) were associated with elevated VTE risk. Additionally, advanced age, prior VTE, and cancer history
correlated significantly with VTE, while male sex and history of cardiovascular disease correlated with AT.®

Numerous models have been developed for thrombosis prediction, such as the Kucher, Padua Prediction Score, and
International Medical Prevention Registry on Venous Thromboembolism (IMPROVE) for VTE, alongside the CHADS,
score (2001) for AT. However, current guidelines lack dedicated risk assessment tools for ITP, as conventional
thrombosis scores fail to incorporate ITP-specific risk factors, resulting in limited sensitivity and specificity for predicting
thrombotic events in ITP patients. Although Liang et al recently constructed a thrombotic prediction model integrating
elevated D-dimer, low platelet count, and high Padua score, its reliability is diminished by two critical limitations,
including the abnormally high thrombosis incidence 33.14% (116/350) in their cohort significantly exceeds the AT and
VTE rates reported in prior clinical studies; and the model’s suboptimal discriminative capacity (AUC < 0.7) further
compromises its clinical utility.’

This study conducted a retrospective analysis of baseline characteristics and laboratory parameters in 896 ITP
patients, analyzing high-risk factors for thrombotic events, with the aim of constructing an ITP-THROMBO prediction
model to provide an evidence-based basis for individualized thromboprophylaxis in ITP patients.

Material and Methods

Patients

This study retrospectively collected baseline clinical characteristics, medication histories, and laboratory parameters from
ITP patients hospitalized at the First Affiliated Hospital of the University of Science and Technology of China between
January 2018 and December 2023. For patients who developed thrombotic events, data from their first hospitalization for
thrombosis were extracted; for those without thrombotic events, data from their initial hospitalization during this period
were analyzed. The diagnosis of ITP complies with the criteria of the International Working Group (IWG);'® and adult
patients aged >18 years meeting these criteria were enrolled. Patients aged <18 years or with secondary thrombocyto-
penia due to non-hematologic malignancies, chemotherapy-induced myelosuppression, hypersplenism, liver cirrhosis,
aplastic anemia, myelodysplastic syndromes (MDS), multiple myeloma (MM), lymphoma, or acute leukemia were
excluded. Ultimately, 896 adult ITP patients were included in this cohort (Figure 1).

In this study, venous thrombotic events were primarily confirmed based on imaging evidence (such as ultrasound,
Computed Tomography, Magnetic Resonance Imaging, etc)., while arterial thrombotic events, such as cerebral infarction,
were diagnosed mainly based on patients’ symptoms, signs, and examinations like cranial Computed Tomography or
Magnetic Resonance Imaging. Acute coronary syndrome was comprehensively determined according to electrocardio-
gram findings and laboratory indicators. The study protocol was approved by the Ethics Committee of the First Affiliated
Hospital of University of Science and Technology of China (approval number: 2025-RE-181) and was conducted in
accordance with the Declaration of Helsinki; the written informed consent was waived due to the retrospective nature of

the review, and all the data was anonymized and maintained with confidentiality.
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Figure | Flowchart of this study.

Clinical Data Collection

Clinical data were comprehensively documented through the hospital’s electronic medical record system, encompassing
general patient characteristics (including height, weight, gender, age, and smoking history), comorbidities (such as
diabetes mellitus, hypertension, and prior VTE, etc), medication exposures [specifically glucocorticoids, recombinant
human thrombopoietin (thTPO), TPO-RAs, rituximab, IVIg—with medication histories for the thrombosis group
captured within one month before thrombotic events occurrence, and for the non-thrombosis group recorded within
one month during the initial hospitalization], and laboratory parameters (including red blood cell count (RBC), white
blood cell count (WBC), platelet count (PLT), and D-dimer (D-D), etc).

Predictors Screening, Nomogram Construction, and Model Validation

A total of 896 patients were enrolled and randomly allocated to training and validation cohorts in a 7:3 ratio, and stratified
by thrombotic events status into thrombosis and non-thrombosis groups. After consolidating clinically correlated variables
(including renal insufficiency incorporating dialysis status, liver disease encompassing fatty liver and diffuse Liver Lesions,
cardiovascular events comprising history of myocardial infarction, cardiac dysfunction, and coronary artery disease, and
cerebrovascular events containing history of cerebral hemorrhage and/ or infarction), forty-one variables were analyzed:
age, sex, body mass index (BMI), smoking history, hypertension, diabetes mellitus, renal insufficiency, cardiovascular
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events, liver disease, atrial fibrillation, cerebrovascular event history, peripheral vascular disease, central venous catheter <1
month, venous thromboembolism history, surgery history <6 months, fracture history <6 months, sepsis <l month,
pneumonia <1 month, Evans syndrome, antiphospholipid syndrome, systemic lupus erythematosus, sjogren’s syndrome,
hepatitis b virus/hepatitis ¢ virus (HBV/HCV), human immunodeficiency virus (HIV), RBC, WBC, PLT, hemoglobin
(HGB), neutrophil count, lymphocyte count, D-D, fibrinogen (FIB), prothrombin time (PT), activated partial thrombo-
plastin time (APTT), thrombin time (TT), alanine aminotransferase (ALT), total bilirubin (TBIL), direct bilirubin (DBIL),
indirect bilirubin (IBIL), creatinine (Cr), albumin (ALB).

For predictor screening, LASSO regression'' was applied to the training cohort and selected 16 variables; and
subsequent univariate analysis (P <0.05) refined the set to 14 variables for multivariate modeling, and ultimately
identified 6 thrombotic event predictors to construct the nomogram.

Model validations included discrimination assessment via receiver operating characteristic (ROC) curves (area under
the curve, AUC=0.5 indicating no discrimination; higher proximity to 1 reflecting superior discrimination'?); calibration
evaluation using 500 bootstrap resamples and Hosmer-Lemeshow test (P >0.05 indicating adequate calibration between
predicted and observed probabilities'®); clinical utility analysis via decision curve analysis (DCA), benchmarking the

nomogram against default strategies (“Treat All” and “Treat None”'*

) with the superior net benefit region defining clinical
usefulness; and visualization of medication-related predictors through forest plots derived from univariate analysis results.
Overall, the LASSO regression was used for feature selection, a nomogram was developed, and model performance

was assessed using metrics like the AUC and DCA.

Statistical Analysis

Categorical variables (including gender, smoking history, hypertension, diabetes mellitus, atrial fibrillation, venous
thromboembolism history, and peripheral vascular disease) were expressed as frequencies and percentages, with intergroup
comparisons performed using chi-square or Fisher’s exact tests. Continuous variables (such as Age, BMI, WBC, RBC, PLT,
HGB, and D-D) underwent normality testing via Kolmogorov—Smirnov tests; those conforming to normal distribution were
reported as mean + standard deviation and compared via independent samples #-test, while non-normally distributed
variables were presented as median (interquartile range, IQR) and analyzed using Mann—Whitney U-test. Association
strengths were quantified by Cramer’s V'> for categorical variables (V<0.1 indicating weak association,>0.3 strong
association, and intermediate values moderate association) and Cohen’s d'® for continuous variables (d <0.2: small effect
size; 0.2 to <0.5: moderate; 0.5 to <0.8: large; >0.8: very large effect size). Medication-related predictors for ITP patients
were screened via univariate logistic regression analysis. In the multivariate analysis, we employed binary logistic
regression. Variables exhibiting >20% missing data were excluded, and remaining missing values were addressed through
multiple imputation methods, specifically utilizing the Predictive Mean Matching (PMM) algorithm. As a non-parametric
approach suited for continuous variables, PMM operates by identifying observed data points with the closest predicted
means and randomly selecting one of them for imputation. This process is effective in preserving the original distributional
characteristics of the data. A two-sided P-value <0.05 was considered statistically significant throughout this study.

Results

ITP Patients Characteristics

A total of 896 ITP patients were enrolled, comprising 470 primary ITP and 426 secondary ITP cases, including 101
patients experiencing thrombotic events. Among the 101 ITP patients who experienced thrombotic events, their initial
visits at the time of thrombosis occurred across 20 different clinical departments (Supplemental Table 1); notably, 34 of

these patients were found to have thrombocytopenia during their visit for thrombotic symptoms and were subsequently
diagnosed with ITP through consultation with hematologists or retrospective analysis by our research team. In the
training set, there were 340 patients with primary ITP and 288 with secondary ITP. According to the disease course, the
cohort included 446 newly diagnosed patients, 35 with persistent ITP, and 147 with chronic ITP. In the validation set,
there were 130 patients with primary ITP and 138 with secondary ITP. The validation set comprised 187 newly diagnosed
patients, 17 with persistent ITP, and 64 with chronic ITP.
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Baseline characteristic comparisons between thrombosis and non-thrombosis groups revealed higher proportions of
the thrombosis group for male sex, advanced age, smoking history, hypertension, diabetes mellitus, renal insufficiency
(including dialysis), atrial fibrillation, venous thromboembolism history, myocardial infarction history, cardiac dysfunc-
tion, coronary artery disease, cerebral hemorrhage, cerebral infarction history, peripheral vascular disease, central venous
catheter < 1 month, surgery history < 6 months, sepsis < 1 month, and pneumonia < 1 month, whereas Sjogren’s
syndrome prevalence was lower compared to the non-thrombosis group (Supplemental Table 2). Laboratory parameter
comparisons demonstrated more elevated WBC, PLT, D-D, FIB, PT, APTT, ALT, TBIL, DBIL, IBIL, and Cr, alongside
more reduced ALB levels in the thrombosis group (Supplemental Table 3). Significant differences were also observed in

systemic lupus erythematosus (SLE) activity markers, anticardiolipin antibody profiles, and antinuclear antibody profiles
between groups (Supplemental Table 3). Continuous variables with <20% missing data exhibited no statistically

significant differences after multiple imputation compared to original data (P>0.05) (Supplemental Table 4).

Clinical Characteristics Between Training and Validation Sets

All 896 patients were randomly allocated to training (n=628) and validation sets (n=268) in a 7:3 ratio, with 71 and 30
thrombotic cases identified in each set respectively. In the training set, we observed 34 venous thrombotic events, 24
arterial thrombotic events, and 13 combined arterial-venous thrombotic events. The validation set contained 18 venous,
10 arterial, and 2 combined events. Baseline characteristics in the thrombosis subgroup of the training set demonstrated
significantly higher proportions of male sex, advanced age, smoking history, hypertension, diabetes mellitus, renal
insufficiency, atrial fibrillation, venous thromboembolism history, cardiovascular events, cerebrovascular events, periph-
eral vascular disease, central venous catheter < 1 month, surgery history < 6 months, and sepsis or pneumonia < 1 month
compared to the non-thrombosis subgroup (Table 1); laboratory parameter comparisons revealed elevated PLT, D-D, FIB,
PT, APTT, TBIL, DBIL, and Cr, alongside reduced ALB in the thrombosis subgroup (Table 2). Except for diabetes
(Cramer’s V=0.114), central venous catheter < 1 month (Cramer’s V=0.072), dialysis (Cramer’s V=0.069), and FIB
(Cohen’s d=0.12) (Supplemental Table 5), no statistically significant differences (P >0.05) were observed between the

training and validation sets for all other variables, confirming comparability between the two cohorts.

Selection of Patient-Specific Predictors

After exclusion of variables with >20% missing values, 41 variables were ultimately selected for preliminary screening.
Initial variable selection was performed using LASSO regression in the training set, which identified 16 non-zero
coefficient variables at the optimal A value: age, diabetes mellitus, renal insufficiency, atrial fibrillation, cardiovascular
events, peripheral vascular disease, cerebrovascular event history, central venous catheter < 1 month, venous throm-
boembolism history, surgery history < 6 months, pneumonia < 1 month, antiphospholipid syndrome, D-D, PT, ALT, and
Cr (Supplemental Figure 1). Integrating results from LASSO and univariable analyses of the training set, 14 candidate

variables were retained for multivariable analysis, with exclusion of antiphospholipid syndrome and ALT due to non-
significance in univariable testing. Following multivariable regression, six independent predictors were ultimately
confirmed: atrial fibrillation, peripheral vascular disease, venous thromboembolism history, pneumonia <l month,
cerebrovascular event history, and D-D) (Table 3).

Selection of Medication Predictive Factors

Among 770 ITP patients receiving corticosteroid-based treatment, 53 developed thrombosis; of these, 110 patients treated
with corticosteroid-monotherapy had 19 thrombotic events. A total of 391 patients received thrombopoietic agent-based
treatment (rhTPO/TPO-RAs), with thrombosis occurring in 14 cases; specifically, among 35 patients receiving thrombo-
poietic agents-monotherapy (including switches between thTPO and TPO-RAs), 5 developed thrombosis (including 13
on thTPO monotherapy with 1 thrombosis and 10 on TPO-RA monotherapy with 4 thrombosis). Rituximab-based
treatment was administered to 34 patients, with only 1 thrombosis occurring. Among 401 patients receiving other
immunosuppressant-based therapies (including hydroxychloroquine, cyclosporine, mycophenolate mofetil, cyclopho-
sphamide, etc), 27 developed thrombosis. All patients were randomly allocated to training and validation sets in a 7:3
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Table | Baseline Characteristics of Participants in Training and Validation Set

Characteristic Training Set (n = 628) Validation Set (n = 268) P
TE(nh=171) No TE (n = 557) Z/X2 P TE (n = 30) No TE (n = 238) Z/X2 P
Sex, male/female, n 25/46 127/430 5.287 0.021 15/15 57/181 9.202 0.002 0.400
Age (y) median (IQR) 69.00 (58.00, 76.00) 50.00 (36.00, 61.00) 7.651 <0.001 68.00 (49.50, 79.50) 48.00 (32.00, 57.00) 4.297 <0.001 0.057
BMI (kg/m?) median (IQR) 2231 (19.98, 25.11) 22.58 (20.13, 25.19) —0.572 0.568 22.23 (20.48, 25.25) 22.05 (20.09, 24.71) 0.521 0.602 0.397
Smoking History, n (%) 12 (17) 20 (4) <0.001 4 (13) 94 0.045 0.878
Comorbidities, n (%)
Hypertension 33 (46) 130 (23) 17.545 <0.001 16 (53) 42 (18) 20.007 <0.001 0.170
Diabetes Mellitus 25 (35) 78 (14) 20.657 <0.001 6 (20) 15 (6) 0.019 <0.001
Renal Insufficiency 23 (32) 27 (5) 65.211 <0.001 2(7) 14 (6) 0.696 0.296
Dialysis 8 (1) 2 (0) <0.001 0 (0) 0 (0) 0.038
Liver Disease 8 (1) 67 (12) 0.035 0.852 7 (23) 27 (11) 0.079 0.755
Fatty Liver 7 (10) 62 (11) 0.104 0.747 7 (23) 25 (11) 0.066 0.680
Diffuse Liver Lesions 1 (1) 5(1) 0.515 0 (0) 2() 1.000 1.000
Atrial Fibrillation 19 (27) 10 (2) <0.001 3 (10) 7 (3) 0.088 0.552
Venous Thromboembolism History 7 (10) 5() <0.001 0 (0) 2(l) 1.000 0.251
Cardiovascular Events® 32 (45) 32 (6) 106.404 <0.001 8 (27) 14 (6) 0.001 0.356
Cardiac Dysfunction 26 (37) 24 (4) 89.717 <0.001 7 (23) 6 (3) <0.001 0.095
Coronary Artery Disease 14 (20) 10 (2) <0.001 5(17) 94 0.012 0.340
Myocardial Infarction History 2 (3) 0 (0) 0.013 1 (3) 0 (0) 0.112 1.000
Cerebrovascular Event History® 31 (44) 49 (9) 68.862 <0.001 8 (27) 16 (7) 0.002 0.105
Cerebral hemorrhage 4 (6) 6 (1) 0.019 0 (0) 3(1) 1.000 0.765
Cerebral infarction 31 (44) 43 (8) 78.260 <0.001 8 (27) 14 (6) 0.001 0.113
Peripheral Vascular Disease 26 (37) 12 (2) <0.001 13 (43) 5(Q) <0.001 0.706
Central Venous Catheter <| month 13 (18) 25 (4) <0.001 1 (3) 6 (3) 0.569 0.031
Surgery History <6 months 10 (14) 30 (5) 0.009 5(17) 12 (5) 0.029 0.988
Fracture History <6 months 2 (3) 4 (1) 0.140 1 (3) 2 (1) 0.301 0.732
Sepsis <Imonth 4 (6) 3() 0.004 2(7) 5() 0.178 0.137
Pneumonia <I month 55 (77) 165 (30) 63.329 <0.001 18 (60) 68 (29) 12.076 <0.001 0.395
Autoimmune disorder (n, %)
Evans Syndrome 4 (6) 29 (5) 0.781 0 (0) 10 (4) 0.609 0.329
Antiphospholipid Syndrome 8 (I1) 29 (5) 0.056 2 (7) 17 (7) 1.000 0.498
Systemic Lupus Erythematosus 13 (18) 132 (24) 1.030 0310 7 (23) 60 (25) 0.050 0.823 0.538
Sjogren’s Syndrome 6 (8) 84 (15) 2.255 0.133 1 (3) 34 (14) 0.146 0.615
HBV/HCV 0 (0) 20 (4) 0.151 0 (0) 6 (3) 1.000 0.440
HIvV 1 (1) 2 (0) 0.303 1 (3) 0 (0) 0.112 1.000

Notes: * In the training set, the TE group included 2 patients with concurrent myocardial infarction history, cardiac dysfunction, and coronary artery disease, and 6 patients with both cardiac dysfunction and coronary artery disease. The
No TE group had 2 patients with coexisting cardiac dysfunction and coronary artery disease. In the validation set, the TE group included | patient with myocardial infarction history, cardiac dysfunction, and coronary artery disease, and 3
patients with both cardiac dysfunction and coronary artery disease. The No TE group had | patient with coexisting cardiac dysfunction and coronary artery disease. ° In the training set, the TE group included 4 patients with a history of

both cerebral hemorrhage and cerebral infarction. In the validation set, the No TE group had | patient with a coexisting history of cerebral hemorrhageand cerebral infarction.
Abbreviations: BMI, body mass index; TE, thromboembolism; IQR, interquartile range; HBV, hepatitis b virus; HCV, hepatitis c virus; HIV, human immunodeficiency virus.
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Table 2 Laboratory Parameters of Participants in Training and Validation Set

Training Set (n=628) Validation Set (n=268) P
TE(nh=171) No TE (n = 557) Z/X2 P No TE (n = 30) No TE (n = 238) Z/X2 P
RBC (10%/L) median (IQR) 3.60 (2.85, 4.17) 3.73 (3.12, 4.20) —1.083 0.279 3.98 (3.21, 4.70) 3.77 (3.15, 4.21) 1.364 0.173 0.153
WBC (10%/L) median (IQR) 7.11 (5.62, 10.36) 6.52 (4.43, 9.78) 0.966 0.334 8.13 (5.16, 13.37) 6.13 (4.09, 9.06) 2232 0.026 0.280
PLT (10%/L) median (IQR) 30.00 (15.00, 56.00) 20.00 (6.50, 45.00) 2.948 0.003 37.50 (12.00, 69.00) 16.00 (6.00, 43.25) 2.832 0.005 0.306
HGB (g/L) median(IQR) 103.00 (87.00, 126.00) | 110.00 (92.00, 124.00) | —0.556 0.578 111.50 (101.00, 136.50) | 108.50 (93.00, 124.00) 1.437 0.151 0.298
Neutrophil count (10%/L) median (IQR) 5.35 (3.81, 8.40) 5.00 (3.09, 7.99) 1.030 0.303 6.04 (3.69, 10.06) 4.37 (2.79, 7.65) 1.951 0.051 0.153
Lymphocyte count (10°/L) median (IQR) 0.89 (0.50, 1.44) 1.00 (0.61, 1.46) —1.6l1 0.107 0.96 (0.65, 1.52) 1.04 (0.70, 1.44) —0.249 0.804 | 0.317
D-D (ug/mL) median (IQR) 3.75 (1.27, 8.48) 0.44 (0.26, 0.97) 9.290 0.000 2.08 (0.81, 12.46) 0.40 (0.26, 0.90) 5.998 <0.001 | 0.371
FIB (g/L) median (IQR) 3.19 (247, 4.47) 2.89 (2.37, 3.58) 2.403 0.016 3.53 (2.66, 3.98) 2.75(2.22, 3.27) 3.136 0.002 | 0.024
PT (s) median (IQR) 13.10 (12.20, 14.50) 12.50 (11.60, 13.40) 3.741 <0.001 13.10 (11.90, 14.45) 12.60 (11.58, 13.40) 1.818 0.069 0.983
APTT (s) median (IQR) 34.70 (30.10, 38.70) 32.80 (28.35, 37.40) 2.025 0.043 33.50 (28.10, 40.28) 32.55 (28.78, 36.73) 0.511 0.609 0.760
TT (s) median (IQR) 16.80 (15.60, 18.60) 17.30 (16.10, 18.30) —1.145 0.252 17.10 (15.78, 18.23) 17.20 (16.20, 18.30) —0.339 0.735 0.856
ALT (IU/L) median (IQR) 20.00 (14.00, 48.00) 19.00 (13.00, 32.00) 1.518 0.129 33.50 (21.25, 45.25) 20.00 (13.00, 35.48) 2618 0.009 0.197
TBIL (umol/L) median (IQR) 13.40 (8.90, 19.30) 9.90 (7.30, 13.50) 3.993 <0.001 14.80 (10.10, 33.98) 9.90 (7.25, 14.53) 3.925 <0.001 | 0.439
DBIL (umol/L) median (IQR) 4.40 (3.40, 7.80) 3.00 (2.00, 4.40) 5.754 <0.001 6.30 (3.20, 11.80) 2.90 (1.78, 4.40) 4.824 <0.001 | 0.662
IBIL (umol/L) median (IQR) 7.30 (4.40, 11.00) 6.60 (4.60, 9.40) 1.562 0.118 9.95 (6.83, 18.28) 6.90 (4.10, 10.43) 2.895 0.004 | 0.291
Cr (umol/L) median (IQR) 71.00 (52.00, 124.00) 52.00 (44.00, 66.00) 4.831 <0.001 67.00 (44.50, 78.33) 53.20 (44.00, 66.00) 1.852 0.064 | 0.966
ALB (g/L) median (IQR) 33.40 (30.00, 37.50) 38.30 (32.80, 41.85) —4.441 | <0.001 35.85 (31.53, 39.13) 38.30 (34.08, 41.73) —2.360 0.018 | 0419

Abbreviations: TE, thromboembolism; RBC, red blood cells; WBC, white blood cells; PLT, platelet; HGB, hemoglobin; D-D, d-dimer; FIB, fibrinogen; PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin

time; ALT, alanine aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; Cr, creatinine; ALB, albumin; IQR, interquartile range.
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Table 3 Multivariate Logistic Regression Analysis

Variables Multivariate Analysis
OR 95% CI P

Renal Insufficiency 2.388 0.632~ 9.026 0.200
Atrial Fibrillation 4.925 1.508~ 16.089 | 0.008
Peripheral Vascular Disease 14418 | 5.069~41.011 | <0.001
Venous Thromboembolism History | 19.713 | 3.736~ 104.026 | <0.001
Pneumonia< | month 3.119 1.338~ 7.268 0.008
D-D 1.171 1.074~ 1.278 | <0.001
Cerebrovascular Event History 2927 1.254~ 6.836 0.013
Central Venous Catheter <Imonth | 2.886 0.885~9.418 0.079
Diabetes Mellitus 1.946 0.854~ 4.435 0.113
Cardiovascular Events 1.474 0.557~ 3.898 0.435
Surgery History < 6 months 2.180 0.658~ 7.218 0.202
PT 1.100 0.998~ 1.212 0.055
Age 1.019 0.995~ 1.045 0.127
Cr 1.001 0.997~ 1.006 0.526

Abbreviations: D-D, d-dimer; PT, prothrombin time; Cr, creatinine.

ratio, and no statistically significant differences in thrombosis incidence were observed among treatment groups within
the training set (P> 0.05 for all comparisons) (Supplemental Figure 2).

Construction of Predictive Models

Based on the six key variables identified through multivariable analysis, a nomogram model for thrombosis risk
prediction in ITP patients (ITP-THROMBO model) was constructed. This nomogram visually demonstrates the indivi-
dual contribution of each variable to the predicted thrombosis risk. According to the model, D-D was identified as the
strongest predictor, followed by venous thromboembolism history, peripheral vascular disease, atrial fibrillation, pneu-
monia < 1 month, and cerebrovascular event history (Figure 2a).

Evaluation of Predictive Models

The discriminative ability of the nomogram was evaluated using ROC curves.The ITP-THROMBO prediction model,
incorporating six high-risk factors, demonstrated an AUC value of 0.931 (95% CI: 0.902—0.960) in the training set and
0.893 (95% CI: 0.828-0.957) in the validation set (Figure 2b and c). And the ROC curves for each variable are
sequentially presented in Supplemental Figure 3. The AUC values for both the nomogram model and individual variables

combinations in the training and validation sets are summarized in Table 4; the six factors formed 57 unique combina-
tions, providing robust predictive power for thrombosis in ITP under different clinical scenarios. Calibration curves in
both sets showed no significant deviation between predicted and observed thrombosis probabilities, as evidenced by
Hosmer-Lemeshow test results (training set: y°= 6.68, P = 0.57; validation set: y°= 7.70, P = 0.46; Figure 3a and b). DCA
curves further confirmed the clinical utility of the model, with the nomogram’s net benefit curve substantially exceeding
the “treat-all” and “treat-none” reference lines across most threshold probabilities in both training and validation sets,
indicating enhanced clinical net benefit (Figure 3¢ and d).

In addition, based on the type of thrombosis, patients were categorized into three subgroups for analysis: venous
thrombosis (Supplemental Table 6), arterial thrombosis (Supplemental Table 7), and combined venous and arterial

thrombosis (Supplemental Table 8). The subgroup analysis included 52 patients with venous thrombosis only, 34 patients

with arterial thrombosis only, and 15 patients with both venous and arterial thrombosis. And for subgroup analysis, the
ITP cohort was stratified into primary and secondary ITP groups. The clinical characteristics and laboratory parameters
of these subgroups are detailed in Supplementary Table 9 (primary ITP) and Supplementary Table 10 (secondary ITP).

8 htps: Journal of Blood Medicine 2026:17


https://www.dovepress.com/article/supplementary_file/570135/570135%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/570135/570135%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/570135/570135%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/570135/570135%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/570135/570135%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/570135/570135%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/570135/570135%20Supplementary%20material.docx

Yan et al

a 0 10 20 30 40 50 60 70 80 90 100
Points ' 4
Yes
Atrial Fibrillation r
No o
Peripheral Vascular Disease r Y
No
Venous Thromboembolism History f Yes
No
Pneumonia < 1 month ;J—‘_)(es
o |
Cerebrovascular Event History '—;_Y b
No |
D-dimer F T T T
0 5 10 15 20 25 30 35 40 45 50
Total Points r T T T T T T T T ]
0 20 40 60 80 100 120 140 160 180
Thrombosis Rate r T T T T T 1
0.01 0.1 03 05 07 09 0.99
The training set (n = 628) The validation set (n = 268)
. ROC Curve & ROC Curve
1.0
08
06
2
3 3
04
02
AUC=0.931 (95% CI 0.902-0.960) AUC=0.893 (95% Cl 0.828-0.957)
00 00
00 02 04 06 08 1.0 0.0 0.2 04 06 08 1.0
1 - Specificity 1 - Specifficity

Figure 2 The nomogram and the receiver operating characteristic (ROC) curves. A nomogram incorporating atrial fibrillation, peripheral vascular disease, venous
thromboembolism history, cerebrovascular event history, pneumonia within the past month and D-D (D-dimer) predicts the probability of thrombosis formation (a). The
ITP-THROMBO prediction model, which integrates six high-risk factors, achieved an AUC of 0.931 (95% CI: 0.902-0.960) in the training set (b) and 0.893 (95% Cl:
0.828-0.957) in the validation set (c).

Discussion
Previous studies have demonstrated that patients with chronic ITP face a significantly elevated risk of developing both
arterial and venous thrombosis compared to the general population, and recent studies increasingly identified common
thrombotic risk factors in ITP patients.''”'® Saldanha et al comprehensively reviewed the multifactorial nature of
thrombosis in ITP, categorizing risk factors into patient-specific determinants (age >60 years, preexisting cardiovascular
risk factors, prior thrombosis history, and surgical history), treatment-related contributors (glucocorticoids, TPO-RAs,
IVIg, and splenectomy) and disease-intrinsic elements (elevated factor VIII levels and endothelial activation), while
highlighting the benefits of antithrombotic prophylaxis in high-risk ITP patients.'® Another retrospective analysis
revealed an overall thrombosis incidence of 4.66% (15/322) in ITP patients, identifying coronary artery disease, TPO-
RA treatment, and dyslipidemia as significant thrombotic risk factors.*

This study analyzed 896 ITP patients to identify high-risk factors for thrombosis and develop a predictive model.
Results demonstrated significantly higher thrombosis incidence in patients with atrial fibrillation, peripheral vascular
disease, venous thromboembolism history, cerebrovascular events (including cerebral infarction and hemorrhage), or
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Table 4 The AUC Values for Six Combinations of Variables in the Training and Validation Sets

Variable Training Set Validation Set
Area Asymptotic 95% Confidence Area Asymptotic 95% Confidence
Interval Interval

Lower Upper Lower Upper
Atrial Fibrillation (A) 0.625 0.546 0.703 0.535 0.421 0.650
Peripheral Vascular Disease (B) 0.672 0.594 0.751 0.706 0.587 0.825
Venous Thromboembolism History (C) | 0.545 0.469 0.620 0.496 0.387 0.605
Pneumonia< | month (D) 0.739 0.679 0.800 0.657 0.550 0.765
Cerebrovascular Event History (E) 0.674 0.598 0.750 0.600 0.481 0.718
D-D (F) 0.838 0.786 0.890 0.836 0.762 0910
A+B 0.764 0.691 0.837 0.699 0.579 0.819
A+C 0.656 0.578 0.735 0.539 0.425 0.653
A+D 0.798 0.740 0.855 0.684 0.587 0.782
A+E 0.748 0.675 0.820 0.593 0.474 0.713
A+F 0.852 0.799 0.905 0.851 0.782 0919
B+C 0.704 0.627 0.782 0.709 0.590 0.827
B+D 0.831 0.778 0.884 0.808 0.714 0.903
B+E 0.771 0.700 0.842 0.738 0.622 0.854
B+F 0.879 0.835 0.923 0.898 0.836 0.960
C+D 0.768 0.710 0.826 0.661 0.554 0.768
C+E 0.701 0.626 0.776 0.605 0.487 0.723
C+F 0.846 0.794 0.898 0.837 0.764 0910
D+E 0.801 0.747 0.855 0.754 0.662 0.846
D+F 0.856 0.806 0.907 0.8I15 0.728 0.901
E+F 0.887 0.847 0.927 0.880 0.817 0.944
A+B+C 0.790 0.719 0.860 0.701 0.582 0.820
A+B+D 0.875 0.828 0.922 0.803 0.709 0.898
A+B+E 0817 0.751 0.884 0.744 0.631 0.857
A+B+F 0.894 0.850 0.937 0.894 0.830 0.958
A+C+D 0811 0.754 0.868 0.688 0.591 0.785
A+C+E 0.767 0.696 0.838 0.598 0.480 0.717
A+C+F 0.859 0.806 0911 0.851 0.783 0919
A+D+E 0.841 0.791 0.892 0.746 0.655 0.837
A+D+F 0.872 0.823 0.922 0.842 0.763 0.920
A+E+F 0.896 0.855 0.936 0.876 08Il 0.941
B+C+D 0.851 0.801 0.900 0.810 0.716 0.904
B+C+E 0.785 0.715 0.855 0.741 0.626 0.856
B+C+F 0.888 0.845 0.932 0.899 0.837 0.960
B+D+E 0.862 0.814 0910 0.828 0.743 0912
B+D+F 0.897 0.858 0.936 0.886 0.814 0.958
B+E+F 0.904 0.869 0.939 0915 0.858 0.972
C+D+E 0.824 0.773 0.874 0.758 0.667 0.850
C+D+F 0.867 0816 0917 0816 0.730 0.902
C+E+F 0.890 0.849 0.930 0.882 0.819 0.946
D+E+F 0.897 0.859 0.935 0.879 0.809 0.949
A+B+C+D 0.887 0.843 0.932 0.805 0.712 0.899
A+B+C+E 0.832 0.767 0.896 0.747 0.635 0.859
A+B+C+F 0.901 0.858 0.945 0.894 0.831 0.958
A+B+D+E 0.890 0.845 0.934 0.832 0.748 0916
A+B+D+F 0914 0.878 0.950 0.885 0.812 0.957
A+B+E+F 0914 0.880 0.949 0914 0.856 0.972

(Continued)
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Table 4 (Continued).

Variable Training Set Validation Set
Area Asymptotic 95% Confidence Area Asymptotic 95% Confidence
Interval Interval
Lower Upper Lower Upper

A+C+D+E 0.853 0.804 0.901 0.750 0.660 0.841
A+C+D+F 0.879 0.830 0.928 0.842 0.765 0.920
A+C+E+F 0.899 0.859 0.940 0.878 0.813 0.942
A+D+E+F 0.904 0.866 0.942 0.876 0.806 0.947
B+C+D+E 0.876 0.831 0.922 0.837 0.753 0.921
B+C+D+F 0.908 0.870 0.946 0.887 0.815 0.958
B+C+E+F 0.908 0.873 0.943 0916 0.859 0.972
B+D+E+F 0916 0.886 0.946 0911 0.849 0.974
C+D+E+F 0.903 0.866 0.941 0.882 0.812 0.952
A+B+C+D+E 0.900 0.858 0.941 0.841 0.758 0.924
A+B+C+D+F 0.921 0.886 0.957 0.885 0.813 0.957
A+B+C+E+F 0919 0.885 0.954 0.915 0.858 0.972
A+B+D+E+F 0.925 0.895 0.954 0.910 0.847 0.973
A+C+D+E+F 0.910 0.872 0.948 0.879 0.809 0.949
B+C+D+E+F 0.920 0.890 0.951 0913 0.851 0.975
A+B+C+D+E+F 0.931 0.902 0.960 0.893 0.828 0.957

Abbreviation: D-D, d-dimer.

pneumonia < 1 month compared to non-thrombotic controls, with concurrently elevated D-dimer levels in the thrombosis
cohort. Prior studies confirm atrial fibrillation as a prothrombotic state due to atrial structural remodeling, hemodynamic
stasis, and dysregulation of coagulation pathways and platelet activation.”'** Peripheral vascular disease is frequently
associated with risk factors including smoking, hypertension, and diabetes; its pathogenesis typically involves the
development of peripheral atherosclerosis leading to partial or complete luminal occlusion.”® Furthermore, current
guidelines emphasize the critical importance of antithrombotic therapy in the management of peripheral vascular
disease.”* Multiple cohort studies have demonstrated that a prior history of thrombosis is strongly associated with
recurrent venous thromboembolism.?>*® A multinational study evaluating risk factors for arterial and venous thrombosis
in primary ITP patients from France and Sweden further confirmed that pre-existing thrombotic events significantly
correlated with recurrent thrombotic episodes.” Acute respiratory infections are linked to increased venous thrombosis
risk.?” Furthermore, a study demonstrated that severe pneumonia induces systemic inflammation and blood stasis,
collectively contributing to thrombogenesis.*® Critically, D-dimer emerged as the strongest independent predictor of
thrombosis in ITP patients in this study. As a soluble fibrin degradation product, D-dimer serves as a specific biomarker
for intravascular thrombogenesis and is clinically validated for diagnosing both arterial and venous thrombosis.?’

Some clinical studies have reported oral TPO-RAs as high-risk factors for thrombosis;'**%?' however, a meta-
analysis* conducting pooled analysis of 2105 patients from 17 RCTs and 3227 patients from 29 single-arm trials found
that ITP patients receiving thrombopoietic agents (TAs) exhibited no significant increase in arterial thrombosis or venous
thromboembolism risk. In this study, an analysis of medications administered within one month prior to thrombotic
events revealed that glucocorticoids, thTPO/TPO-RAs, rituximab, and other immunosuppressants (including hydroxy-
chloroquine, cyclosporine, mycophenolate mofetil and cyclophosphamide) were not the independent high-risk factors for
thrombosis. Clinical practice and prior studies indicate that ITP patients developing thrombosis during TPO-RA therapy
often present with coexisting high-risk conditions such as advanced age, atrial fibrillation, peripheral vascular disease,
history of venous thromboembolism, or cerebral infarction. We recommend heightened vigilance for arterial and venous
thrombosis when administering TPO-RAs to ITP patients with these high-risk factors particularly those concurrently
exhibiting the six high-risk factors identified in this study.
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Figure 3 Calibration curves and Decision curve analysis. Calibration curves of predicted thrombosis probabilities in ITP patients for the training set (a) and validation set
(b). In the Hosmer—Lemeshow test, all P-values were > 0.05, indicating good agreement between predicted probabilities and observed outcomes. In the decision curve
analysis (DCA) of the thrombosis prediction nomogram, the green line represents the “Treat None” strategy (assuming no thrombosis in any patient), the red line denotes
the “Treat All” strategy (assuming thrombosis in all patients), and the blue line corresponds to the nomogram model. The analysis was performed for both the training set (c)
and validation set (d).

A predictive model for thrombosis in ITP patients was developed through retrospective analysis of baseline
characteristics and laboratory parameters from 350 ITP cases,’ identifying elevated D-dimer levels, low platelet counts,
and high Padua scores as independent predictors, with an area under the curve (AUC) of 0.673 (95% CI: 0.615-0.730).
Notably, this cohort exhibited a male predominance of only 4% (14/350) and an exceptionally high thrombosis incidence
of 33.14% (116/350), while the model’s AUC < 0.7 and absence of internal/external validation substantially diminished
its reliability.” In contrast, our study employed LASSO regression analysis in conjunction with conventional univariate
and multivariate methods to screen for independent thrombotic risk factors, ultimately identifying six high-risk pre-
dictors: atrial fibrillation, peripheral vascular disease, venous thromboembolism history, cerebrovascular events, pneu-
monia < 1 month, and D-dimer levels. The individual AUC values for these predictors in the validation set were 0.535,
0.706, 0.496, 0.600, 0.657, and 0.836, respectively. The nomogram model integrating these parameters achieved
a significantly higher AUC of 0.893 (95% CI: 0.828-0.957), indicating robust predictive performance. Furthermore,
the Hosmer-Lemeshow goodness-of-fit test (P>0.05) confirmed alignment between predicted and observed thrombosis
probabilities. DCA demonstrated superior clinical utility of the nomogram, with its net benefit curve substantially
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exceeding the “treat-all” and “treat-none” reference lines across most threshold probabilities, thereby validating its
practical value in clinical decision-making. Consequently, this model represents a reliable assessment tool for predicting
thrombotic risk in ITP patients.

This study developed a predictive model for thrombosis in ITP patients; however, several limitations warrant
consideration. First, among hospitalized patients in healthcare institutions, a subset of patients first present with
thrombosis and are subsequently found to have thrombocytopenia during their medical evaluation; following diagnostic
investigations, these individuals are diagnosed with ITP complicated by thrombosis, and this diagnostic pathway may
lead to an artificially elevated proportion of thrombosis among hospitalized ITP patients compared to the overall ITP
population with thrombotic complications. Consequently, certain biomarkers that are specifically expressed in thrombosis
patients (such as D-dimer) might be assigned excessive weight in our model. The predictive value of these factors could
be overestimated in the general ITP population, potentially limiting the model’s applicability to a broader range of ITP
patients. Meanwhile, as a single-center retrospective investigation, the model’s reliability was strengthened through
internal validation but requires further evaluation via external validation or prospective studies to confirm general-
izability. Furthermore, this model exclusively incorporated baseline characteristics and laboratory parameters; however,
given the heterogeneity in treatment duration among ITP patients, variations in TPO-RAs subtypes administered, and the
ongoing debate regarding whether TPO-RAs elevate thrombosis risk in this population, further refinement of the model is
warranted to evaluate the impact of ITP-related pharmacotherapies on thrombosis.

Importantly, by restricting medication records to the one-month period preceding the thrombotic event, this study may
not fully capture the contribution of medications whose prothrombotic effects are mediated through long-term, cumu-
lative mechanisms. And, in the current study, treatment interventions were primarily analyzed as baseline covariates,
without fully accounting for the timing of treatment initiation relative to outcome occurrence, which may have introduced
immortal time bias. Additionally, distinct mechanistic pathways between arterial and venous thrombosis as well as
etiological differences between primary and secondary ITP were not evaluated; consequently, expanding sample sizes for
subtype-specific analyses remains imperative. Finally, as this study exclusively involved Chinese participants, future
investigations must evaluate the model’s applicability in non-Asian populations due to racial/ethnic variability in
thrombotic risk profiles.

Conclusion

In conclusion, this study identified reliable predictors through LASSO regression-enhanced variable selection, and
developed the concise and clinically applicable ITP-THROMBO prediction model. This tool facilitates rapid identification
of ITP patients at high thrombotic risk, enabling timely decision-making support for personalized treatment planning.
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