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Abstract

Aim. To assess the role of quantitative and qualitative characteristics of von Willebrand factor in the 
development of hemorrhagic syndrome in patients with newly diagnosed acute myeloid leukemia (AML).
Materials and methods. A prospective study included 80 patients with AML in the first acute phase of 
the disease. Hemorrhagic syndrome was assessed using the modified WHO scale (G0–G4). Parameters of 
von Willebrand factor (vWF) – vWF antigen (vWF: Ag), factor VIII (FVIII), FVIII activity relative to vWF 
(vWF: FVIII), ristocetin cofactor activity of vWF (vWF: RCo), and the ratio (vWF: RCo/Ag) – were measured 
before initiation of induction chemotherapy, combined with analysis of clinical data, hemograms, 
coagulation profiles, and bleeding history.
Results. In patients with significant bleeding manifestations (G2‑4), the median vWF: Ag was 11.7% 
lower, amounting to 124.0% (95% CI: 52.3‑144.8), though no statistically significant difference was 
achieved between groups (p  = 0.637). The median FVIII level in patients without bleeding (G0) was 
3% higher than in those with hemorrhagic syndrome G1, and 1.57 times higher than in patients with 
hemorrhagic syndrome G2‑4. The median vWF: FVIII in patients with profuse bleeding (G2‑4) was 
1.65 times lower compared to patients without bleeding manifestations (G0). The median vWF: RCo 
in patients with hemorrhagic manifestations at initial screening (G1) was ~1.74 times lower than in 
patients without bleeding (G0), suggesting a clinically significant association between reduced vWF: RCo 
levels and increased bleeding risk in patients with AML at the diagnostic stage. In patients with severe 
hemorrhagic syndrome (G3–G4), there was a significant reduction in vWF: RCo – the median was 26.3% 
(95% CI: 20.8‑31.1), which was statistically lower compared to patients without bleeding (median 55.4%; 
95% CI: 49.7‑63.6; p < 0.001). A decrease in the vWF: RCo/vWF: Ag ratio was observed in the G3–G4 group 
to 0.45 (95% CI: 0.42‑0.51) versus 0.82 (95% CI: 0.74‑0.89) in patients without bleeding (G0) (p < 0.001).
Conclusions. In patients with AML, severe bleeding (G3–G4) is associated with a statistically significant 
reduction in vWF: RCo and the vWF: RCo/vWF: Ag ratio, which may indicate impaired functional activity of 
von Willebrand factor. Levels of vWF: Ag and FVIII show a tendency to decrease with increasing severity of 
hemorrhagic syndrome, though without significant association.

Keywords: AML, von Willebrand factor, ristocetin cofactor activity (vWF: RCo), von Willebrand 
factor antigen (vWF: Ag), hemorrhagic syndrome, bleeding, coagulopathy

INTRODUCTION

Acute myeloid leukemia (AML) is considered 
the most prognostically unfavourable type among all 
leukemias, according to the American Cancer Society. 
Based on SEER Cancer Statistics, in 2022 the incidence of 
AML in the United States was 5.1 per 100,000 population 

in men and 3.5 in women [1]. In Ukraine, according to the 
National Cancer Registry for 2012‑2020, this rate was 2.1 
per 100,000 population and was the same for both sexes [2].

According to the study by Ho G. et al., 2017, bleeding 
is one of the leading causes of early mortality in patients 
with AML during induction chemotherapy, with a frequency 
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ranging from 12.4% to 14.1% (p = 0.044) across different 
age groups  [3]. From an etiological perspective, bleeding 
may be caused by disseminated intravascular coagulation 
(DIC), thrombocytopenia, coagulopathy, thrombocytopathy, 
or hypofibrinogenemia. The study by Versluis  J. et  al. in 
a  real-world cohort of AML patients undergoing intensive 
induction chemotherapy demonstrated that 26% of patients 
experienced clinically significant bleeding, with the most 
common sites being the gastrointestinal tract (GIT), 
genitourinary system, and central nervous system (CNS) [4].

Thrombocytopenia is a widely recognized risk factor 
for bleeding in patients with hematological diseases; 
however, its prognostic significance in AML remains 
controversial. Different studies report substantially 
varying platelet thresholds associated with bleeding: 
Poston  J. et  al. indicate a  markedly increased risk at 
<5,000/μL (HR 3.33; 95% CI: 1.67‑6.61) [5], Versluis J. – 
at <40×109/L [4], while in the study by Crowdhury M. U. 
bleeding was observed in 72% of patients with platelet 
counts <50×109/L (p  < 0.001), with no significant 
association with the presence of DIC (p = 0.412) [6].

Despite the availability of widely accepted 
preventive measures, including prophylactic platelet 
concentrate transfusions, the effectiveness of bleeding 
prevention remains limited. This underscores the need 
for identifying new sensitive and specific markers of 
hemorrhagic risk that would allow for more accurate 
detection of high-risk patients and timely adjustment 
of treatment strategies. In this context, increasing 
attention has been drawn to von Willebrand factor 
(vWF) – a multifunctional glycoprotein involved in both 
primary (platelet) and secondary (plasma) hemostasis. 
It mediates platelet adhesion at the site of vascular 
injury and stabilizes factor VIII by protecting it from 
proteolysis  [7]. At the same time, the functional status 
and quantitative content of vWF in patients with AML 
remain insufficiently studied, despite its important role in 
the development of coagulation disorders. Therefore, the 
assessment of vWF parameters is of particular relevance 
and justifies the feasibility of its systematic investigation 
within clinical hematology.

AIM

To assess the role of quantitative and qualitative 
characteristics of von Willebrand factor in the 
development of hemorrhagic syndrome in patients with 
newly diagnosed acute myeloid leukemia (AML).

MATERIALS AND METHODS

This study included 80 patients with newly 
diagnosed AML (38 men and 42 women) who received 
diagnostic and therapeutic care at the State Institution 
«National Scientific Center for Radiation Medicine, 
Hematology and Oncology of the NAMS of Ukraine» and 

the Municipal Non-Profit Enterprise «Kyiv City Clinical 
Hospital No.  9» from 2019 to 2024. The diagnosis of 
acute myeloid leukemia was established according to 
the cytological FAB classification and the WHO 2022 
classification. All AML subtypes according to the FAB 
and WHO classifications were included, except for acute 
promyelocytic leukemia (APL), which was excluded from 
the study. Routine clinical laboratory examinations were 
performed at the NSCRMHO and the Municipal Non-
Profit Enterprise «Kyiv City Maternity Hospital No. 3».

At the initial screening stage, all AML patients were 
assessed for general clinical parameters, coagulation 
profile, and quantitative characteristics of von Willebrand 
factor (vWF: Ag, FVIII). Additionally, functional 
activity of vWF (vWF: RCo, vWF: FVIII) and the 
vWF: RCo/vWF: Ag ratio were evaluated dynamically 
according to the severity of hemorrhagic syndrome using 
automated coagulometers ACLElitePro and ACLTOP 300 
(Instrumentation Laboratory).

The intensity of hemorrhagic syndrome was 
assessed using the modified WHO scale during the initial 
period and, in case of worsening, during the induction 
therapy period as well as during follow-up:

•	 Grade 0 (G0) – absence of obvious hemorrhagic 
syndrome;

•	 Grade 1 (G1) – petechiae/purpura; oropharyngeal 
or nasal bleeding;

•	 Grade 2 (G2) – melena, hematemesis, hemoptysis, 
hematuria, uterine bleeding, hemorrhage into mucous 
membranes, muscles, or soft tissues;

•	 Grade 3 (G3) – bleeding requiring red blood 
cell transfusion within 24 hours of onset, without signs of 
hemodynamic instability; cerebral hemorrhage detected 
by computed tomography without neurological symptoms;

•	 Grade 4 (G4) – profuse bleeding, which may 
include retinal hemorrhages with visual impairment; fatal 
bleeding of any localization.

To eliminate the influence of coagulation disorders 
that could significantly affect the assessment of hemostatic 
parameters and the prediction of bleeding risk, patients with 
more than 5 points on the ISTH DIC score [8] were excluded 
from the study at the initial screening stage. This approach 
ensured sample homogeneity in terms of coagulation system 
impairment and allowed for a  more accurate determination 
of the predictive role of individual clinical and laboratory 
factors in the development of hemorrhagic syndrome.

General clinical examination of patients was 
performed at the stage of initial diagnosis, and each 
patient was monitored in two stages:

1.	 During the initial screening, the severity of 
hemorrhagic syndrome was assessed using the modified 
WHO bleeding scale;
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2.	 During induction therapy and the follow-up period 
(28‑40 days), thorough inpatient monitoring was conducted: in 
case of appearance or worsening of hemorrhagic syndrome, it 
was recorded according to the modified WHO bleeding scale.

Statistical analysis was performed using specialized 
software Statistica 64 ver.10 (StatSoft Inc.) and MedCalc 
ver.20 (MedCalc Software Ltd.). Data are presented as 
mean ± SE for normally distributed variables and as median 
(25th and 75th percentiles) for non-normally distributed values. 
Normality of data distribution was assessed using the Shapiro–
Wilk test. For comparison of parametric variables between 
two groups, Student’s t-test was used. For the analysis of non-
parametric variables, the Wilcoxon test was applied for two 
dependent groups, and the Mann–Whitney U test was used for 
two independent groups. Spearman’s rank correlation method 
was used to analyze the relationship between two variables. 
For comparisons involving more than two groups, one-way 
ANOVA was applied, followed by post hoc pairwise analysis 
using Tukey’s test to assess statistical significance.

RESULTS

Von Willebrand factor parameters were studied in 
80 patients with AML in the first acute phase (38 men 
(47.5%) and 42 women (52.5%)) who were hospitalized 

for inpatient treatment with a  diagnosis of AML. The 
median age was 53.5 years (95% CI: 45.5‑59.4), with the 
youngest patient aged 21 years and the oldest 84 years. 
The duration of inpatient follow-up was up to 40 days 
and depended on the course of induction therapy and the 
presence of complications during treatment and the post-
cytostatic myelosuppression period.

During the initial screening, a  moderate degree 
of hemorrhagic syndrome in the form of petechiae, 
ecchymoses, mucosal hemorrhages, mild gingival 
bleeding, moderate menorrhagia, and epistaxis (G1) was 
observed in 30 patients (37.5%). Hemorrhagic syndrome 
(G1) was more frequently observed in women, primarily 
due to menorrhagia – 19 individuals (45.3%).

During induction therapy and follow-up, 
hemorrhagic syndrome of varying severity (G1–G4) was 
observed in 39 patients (48.75%). In 27 patients (56.25%), 
no clinical signs of bleeding were recorded (G0). In 9 
patients (11.25%), significant progression of hemorrhagic 
syndrome was noted after induction courses, which in 5 
cases was refractory to pharmacological and replacement 
therapy and resulted in fatal outcomes.

The distribution of patients by bleeding grades during 
induction therapy and follow-up is shown in Table 1.

Table 1
The Degree of Hemorrhagic Syndrome in Patients in the Main Group During Induction Therapy and in the 

Observation Period
Severity of bleeding

G0 G1 G2‑4
Total number, n (%) 41 (51.25%) 20 (25%) 19 (23.75%)
Males, n (%) 20 (48.8%) 7 (35%) 5 (26.3%)
Females, n (%) 21 (51.2%) 13 (65%) 14 (73.7%)

It should be noted that all these patients received 
prophylactic platelet concentrate transfusions when platelet 
counts fell below 10×109/L or in cases where a  predicted 
decrease to this level was expected within the next 24 hours. 
Since thrombocytopenia in AML is one of the primary 
pathophysiological manifestations of the disease and a  key 
factor in the development of hemorrhagic syndrome, an 
analysis of the platelet component of hemostasis was 
performed. Grade  I thrombocytopenia was observed in 
13.75% of patients, grade II in 23.75%, grade III in 30%, and 
grade IV in 22.5% of patients. In 8 patients (10%), platelet 
counts were >150×109/L (grade 0). The distribution of 
platelet counts according to the severity of thrombocytopenia 
based on CTCAE v5.0 criteria is shown in Figure 1.

The median platelet count in the main group was 
39×109/L (95% CI: 41‑57.9). Correlation analysis 
revealed a  statistically significant inverse relationship 
between platelet count and the presence of bleeding: 
Spearman’s correlation coefficient (r  = –0.274; 
p  =  0.0219), indicating a  decrease in platelet levels in 
patients with hemorrhagic manifestations (Figure 2).

The results were confirmed by the Mann‑Whitney 
test: U = 229, Z = –3.83; p = 0.00013, which 
demonstrated a  significant difference in platelet counts 
between patients with and without bleeding. Thus, a  low 
platelet count is a statistically significant factor associated 
with an increased risk of hemorrhagic complications at 
the initial screening stage. This finding is consistent with 
the known pathophysiological mechanisms of bleeding 
development in thrombocytopenic patients with AML and 
confirms the importance of platelet count as one of the key 
predictors of bleeding risk at the time of diagnosis.

The median vWF: Ag did not differ between patients 
with or without hemorrhagic syndrome at the stage of 
initial diagnosis, as well as during the treatment course 
and follow-up period. Figure 3 shows the distribution of 
median vWF: Ag in patients with newly diagnosed AML 
according to bleeding grade during induction therapy.

In patients with more pronounced bleeding 
manifestations (G2‑4), the median vWF: Ag was 11.7% 
lower and amounted to 124.0% (95% CI: 52.3‑144.8), but 
no statistically significant difference between the groups 
was observed (p = 0.637).
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Figure 1. Distribution of platelet counts according to the grade of thrombocytopenia based on CTCAE v5.0 criteria.

Figure 2. Correlation between platelet count and the presence of bleeding in patients with AML.

Figure 3. Distribution of median vWF: Ag in two groups of patients with newly diagnosed AML during the induction therapy period.
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It is worth noting that in the main group, the lowest 
vWF: Ag value was 29.2%, and the highest was 432.0%. In 
34 patients (42.5%), vWF: Ag levels exceeded the reference 
range, which may be associated with a  compensatory 
increase in response to coagulation cascade activation 
by massive thrombin release due to manifestations of the 
underlying disease and secondary immunosuppressive 
status. According to the analysis, no statistically significant 
difference in vWF: Ag levels between groups was found 
(H  (2, N  =  80)  = 4.087; p  =  0.1295). Mean rank values 
indicate a  trend toward lower vWF: Ag levels in patients 
with grade 2‑4 bleeding (R = 27.0) compared with patients 
without bleeding (R  = 36.5) and those with mild bleeding 
(R = 40.6), although the differences did not reach statistical 
significance in pairwise comparisons (G1 vs G2‑4: p = 0.143; 
G0 vs G2‑4: p = 0.373). These data do not support a clear 
association between vWF: Ag levels and the presence or 
severity of bleeding at diagnosis or during induction therapy.

In the studied cohort of AML patients, the overall 
median FVIII was 120.0% (95% CI: 109.3‑140.1). In 

the subgroup of patients with bleeding (n  = 30)  during 
initial screening, the median FVIII was 124.5% 
(95% CI: 73.9‑162.6), whereas in patients without 
hemorrhagic syndrome (n = 50)  it was 120.0% (95% CI: 
108.38‑142.24). During the induction course and follow-
up period in the overall sample (n  = 80), FVIII levels 
ranged from 17.0% to 471.0%, with an overall median of 
119.0% (95% CI: 108.0‑138.7%).

Depending on the severity of hemorrhagic 
syndrome, the median FVIII levels were:

•	 G0 (n  = 41)  – 131.0% (95% CI: 107.8‑145.0; 
D = 0.1236; p > 0.10);

•	 G1 (n  = 20)  – 127.0% (95% CI: 104.1‑204.5; 
D = 0.1569; p > 0.10);

•	 G2‑4 (n  = 19)  – 83.3% (95% CI: 55.5‑139.5; 
D = 0.1428; p > 0.10).

A  graphical representation of the distribution of 
patients by bleeding grade and median FVIII levels is 
shown in Figure 4.

Figure 4. Distribution of patients by bleeding grade and median FVIII.

To assess differences in FVIII levels (%) between patient 
groups with different bleeding grades, the Kruskal–Wallis 
test was applied: H (2, N = 70) = 6.35; p = 0.0418. In AML 
patients, a  statistically significant difference in FVIII levels 
was observed between groups with varying bleeding severity; 
however, post hoc analysis between individual groups did not 
reveal a statistically significant difference (p > 0.05).

In the overall cohort of AML patients, the median 
vWF: FVIII was 121.0% (95% CI: 95.9‑134.2), and the 
mean was 122.1% (95% CI: 106.9‑137.2). In patients 
without bleeding (n  = 50), the median was 126.0% (95% 
CI: 96.1‑137.0), whereas in patients with hemorrhagic 
manifestations (n = 30) it was 98.0% (95% CI: 69.2‑160.9). 
In the G1 group, the median vWF: FVIII was 1.29 times 

lower compared with G0, which may indicate a  potential 
association between lower values of this parameter and 
an increased risk of even mild bleeding in AML. During 
induction therapy and the follow-up period, a  gradual 
decrease in vWF: FVIII levels was observed with 
increasing severity of hemorrhagic syndrome. In patients 
without bleeding (G0, n  =  41), the median was 132.0% 
(95% CI: 116.82‑153.12) with a  symmetric normal 
distribution. In the group with mild bleeding (G1, n = 20), 
the value decreased to 97.0% (95% CI: 79.73‑166.05). In 
the subgroup with pronounced bleeding (G2‑4, n  =  19), 
the median decreased to 80.2% (95% CI: 42.06‑139.88), 
approximately 1.65 times lower than G0. High variability 
and the presence of extreme values necessitated the use of 
the median as a representative measure of central tendency.
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Figure 5. Distribution of vWF: FVIII levels and medians in AML patients at initial screening, during induction therapy, and in the follow-up period.

The Kruskal–Wallis test did not reveal significant 
differences in vWF: FVIII levels between groups 
according to bleeding severity (p  = 0.1138), although 
a  trend toward decreasing levels with increasing 
hemorrhagic syndrome was observed, as confirmed by 
mean rank values. In the overall cohort of AML patients, 

the median vWF: RCo was 117.0% (95% CI: 92.2‑154.5). 
In patients without bleeding (G0, n  =  50)  during initial 
diagnosis, the median was higher – 141.8% (95% CI: 
107.2‑181.6), whereas in patients with hemorrhagic 
manifestations (G1, n  =  30)  it was 81.5% (95% CI: 
34.8‑133.4), approximately 1.74 times lower.

Figure 6. Distribution of vWF\: RCo activity (%) in AML patients at initial screening and during induction therapy/follow-up.

During induction therapy, a  gradual decrease in 
vWF: RCo was observed with increasing severity of 
hemorrhagic syndrome. In patients without bleeding 
(G0), the median was 159.5%, whereas in those with 
pronounced bleeding (G2‑4) it was only 33.0%, more than 
four times lower (Figure 6). Further multiple-comparison 
analysis revealed a  statistically significant difference 
between the G0 and G2‑4 groups (p < 0.0001), as well as 
between G1 and G2‑4 (p = 0.0017). These results confirm 
a  statistically significant association between decreased 

vWF: RCo levels and the development of severe bleeding 
during treatment, highlighting the clinical importance 
of this parameter for risk stratification of hemorrhagic 
complications in AML patients.

The median vWF: RCo/vWF: Ag ratio decreased in 
accordance with the severity of hemorrhagic syndrome: 
in patients without bleeding (G0) – 1.0700, with mild 
bleeding (G1) – 0.7800, and with moderate to severe 
bleeding (G2‑4) – 0.4050 (Figure 7).
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Figure 7. Distribution of vWF: RCo/vWF: Ag ratio levels and medians in AML patients at initial screening, during induction therapy, and the 
follow-up period.

According to the Kruskal–Wallis test, statistically 
significant differences in the vWF: RCo/vWF: Ag ratio 
were observed depending on the severity of hemorrhagic 
syndrome (H(2, N  =  70)  = 20.46; p < 0.0001). In 
patients with severe bleeding (G2‑4), this parameter was 
significantly lower compared with both the G0 group (p = 
0.00003) and G1 (p = 0.00030), and a difference was also 
observed between G0 and G1 (p  = 0.04596), indicating 
a  gradual decrease in the functional activity of von 
Willebrand factor with increasing bleeding severity.

DISCUSSION

Bleeding is one of the most severe complications 
in patients with acute myeloid leukemia (AML), which, 
depending on the location and intensity, can lead to death 
or disability. In the study by Alnuaimy  S., it was found 
that patients with newly diagnosed AML experienced 
bleeding significantly more often than those with acute 
lymphoblastic leukemia (ALL): 56.8% versus 23.8%, 
respectively  [9]. According to the results of the study by 
Stalfelt  A.  M., hemorrhagic syndrome was observed in 
44% of patients, with the most common bleeding sites 
being various sections of the gastrointestinal tract [10].

Within our research, mild hemorrhagic syndrome 
(G1) was detected in 37.5% of AML patients at the stage 
of initial screening. Intracerebral hemorrhages (ICH) of 
varying intensity were diagnosed in 3 patients (3.75%), 
of whom 2 cases resulted in fatal outcomes. Similar 
results were reported in a  retrospective cohort study by 
Koschade  S. et  al., which included 423 AML patients 
(excluding cases of acute promyelocytic leukemia). 
The incidence of ICH in this cohort was 4%, with a high 
mortality rate despite prophylactic platelet transfusions [11].

Thrombocytopenia is recognized as one of the key 
risk factors for bleeding in patients with hematological 
disorders. In the study by Versluis  J., a  platelet count 

below 50×109/L was identified as an independent 
predictor of bleeding within 60 days of follow-up in 
patients with AML in the first acute phase  [4]. Poston  J. 
et  al. reported that a  platelet count <5×103/µL was 
associated with a  significantly higher risk of bleeding 
(HR  3.33; 95% CI 1.67‑6.61)  [5]. Similar results were 
obtained by Crowdhury  M.  U., who noted that 72% of 
patients with platelet counts <50×109/L exhibited clinical 
signs of bleeding. A  statistically significant correlation 
was found between thrombocytopenia and the occurrence 
of bleeding (p  < 0.001), whereas the association with 
disseminated intravascular coagulation (DIC) was not 
significant (p = 0.412) [6].

A  key objective of our study was the clear 
exclusion of patients with signs of DIC from the overall 
cohort, which allowed minimizing the impact of this 
severe coagulopathy on the assessment of bleeding 
risk. Versluis  J. et  al. (2022), in a  cohort of 341 AML 
patients, proposed a tool for predicting severe (Grade IV) 
bleeding, according to which a platelet count <40×109/L 
and elevated international normalized ratio (INR) prior 
to induction therapy may indicate DIC-associated 
coagulopathy driven by the underlying disease  [4]. 
The absence of laboratory signs of DIC at the initial 
examination allowed us to focus on the analysis of 
individual homeostatic parameters, particularly von 
Willebrand factor, as a potential independent predictor of 
hemorrhagic complications.

Within our study, it was established that the level of 
von Willebrand factor antigen (vWF: Ag) did not show 
a  significant association with the presence or severity of 
hemorrhagic syndrome in patients with acute myeloid 
leukemia (AML). At the same time, over 40% of the 
patients examined had elevated vWF: Ag levels, which 
likely reflect a  compensatory response to endothelial 
activation triggered by the secretion of pro-inflammatory 
and procoagulant mediators from leukemic blasts. As 
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noted by Patmore S. et al., endothelial cells serve as a key 
interaction point for circulating tumor cells, responding 
with activation and secretion of pro-inflammatory 
cytokines  [12]. Endothelial activation is accompanied by 
the release of vesicles, including Weibel–Palade bodies, 
which contain von Willebrand factor (vWF) [13].

In the context of the systemic nature of AML, 
endothelial dysfunction may arise at early stages of the 
disease due to direct contact of circulating leukemic cells 
with the endothelium. This stimulates the release of pro-
inflammatory mediators, biogenic amines, and coagulation 
factors, including vWF [14]. Elevated vWF: Ag levels in 
patients with oncological pathology are considered one 
of the manifestations of cancer-associated coagulopathy. 
Patmore  S. et  al. (2020) described the involvement of 
vWF in the pathogenesis of both solid and hematological 
neoplasms, highlighting its role in tumor progression [12]. 
The ability of certain tumor cells to synthesize vWF via 
the formation of pseudo-Weibel–Palade bodies during 
carcinogenesis has also been reported [15].

Furthermore, Kawecki  C. et  al. emphasize the 
important role of vWF in immunothrombosis and 
inflammatory mechanisms, particularly in enhancing 
endothelial permeability, leukocyte adhesion, and the 
secretion of pro-inflammatory mediators [16]. Shaheen M. 
et  al.  (2022) reported markedly elevated vWF: Ag levels 
in patients with newly diagnosed AML, interpreting this 
as a potential marker of a hypercoagulable state [17].

In contrast to vWF: Ag, factor VIII (FVIII) activity 
demonstrated a  more pronounced association with 
the clinical manifestations of hemorrhagic syndrome. 
Specifically, in patients with G2–G4 bleeding, the median 
FVIII level was significantly lower – 83.3% (95% CI: 
55.5‑139.5) compared to patients without hemorrhagic 
manifestations – 131.0% (95% CI: 107.9‑145.0). These 
differences were statistically significant according to 
the Kruskal–Wallis test (p  = 0.0418). FVIII is expressed 
by hepatic endothelial cells, and its secretion is often 
accompanied by parallel release of vWF. Notably, 
Haberichter  S. et  al. described the synchronous 
secretion of FVIII and vWF in response to desmopressin 
administration in patients with von Willebrand disease, 
indicating a  close functional relationship between these 
homeostatic components [18].

Our results also confirm the prognostic value of 
ristocetin cofactor activity (vWF: RCo) – a  functional 
parameter reflecting the ability of vWF to interact with 
platelet receptors. In patients without bleeding (G0), the 
median vWF: RCo was 159.5% (95% CI: 137.2‑198.3), 
whereas in patients with G1 and G2–G4 bleeding it 
decreased to 96.0% (95% CI: 60.4‑112.4) and 33.0% 
(95% CI: 21.5‑60.1), respectively. This observed trend 
was statistically significant (p  < 0.0001, Kruskal–
Wallis test), indicating a  progressive loss of vWF 
functional activity with increasing bleeding severity. 

This phenomenon is likely associated with increased 
consumption of vWF or its functional inactivation due to 
endothelial dysfunction. Similar findings were reported 
by Abaza  H.  M. et  al.  (2016), who observed that vWF: 
RCo levels were significantly lower in patients with grade 
III bleeding compared to those with milder forms of 
hemorrhagic syndrome (p = 0.005) [19].

The vWF: RCo/vWF: Ag ratio is considered an 
integral marker of von Willebrand factor (vWF) functional 
activity, allowing assessment of not only its quantitative 
but also qualitative characteristics. A  significant 
discrepancy between vWF: RCo and vWF: Ag levels 
may indicate structural abnormalities of vWF, impaired 
functional activity, and, in some cases, mutations in 
relevant regions of the vWF gene [20].

In our study, this ratio was highest in patients without 
signs of hemorrhagic syndrome (median 1.070; 95% CI: 
0.8798‑1.2102) but progressively decreased with increasing 
bleeding severity: 0.7800 (95% CI: 0.5204‑0.9653) in 
the G1 group and 0.4050 (95% CI: 0.239‑0.706) in the 
G2‑4 group, showing statistical significance (p < 0.0001).

Similar abnormalities were described by Fukatsu M. 
et  al. in 2021 in a  patient with acute myelomonocytic 
leukemia, who exhibited a  disproportionate reduction in 
vWF: RCo despite preserved vWF: Ag concentrations 
(>30%), resulting in a  vWF: RCo/vWF: Ag ratio < 
0.6. FVIII activity in this case was only 12.6%, and the 
absence of FVIII inhibitors indicated a non-immune cause 
of coagulopathy [21].

CONCLUSIONS

1.	 At the initial screening stage, hemorrhagic 
syndrome was observed in 37.5% of cases, with skin 
and mucosal manifestations being the most common, 
whereas severe forms (G3–G4) were recorded in 7.5% 
of patients and were associated with an adverse clinical 
course. Patients with acute myeloid leukemia (AML) 
who presented with hemorrhagic manifestations at initial 
screening had significantly lower platelet counts (median 
20×109/L vs. 34×109/L in patients without bleeding; 
p = 0.012).

2.	 The level of von Willebrand factor antigen (VWF: 
Ag) did not show a significant association with the presence 
or severity of hemorrhagic syndrome in AML patients, 
although there was a  trend toward lower values in more 
severe bleeding. Over 40% of patients exhibited elevated 
VWF: Ag, likely of compensatory origin. In patients with 
severe hemorrhagic syndrome (G2‑4), factor VIII levels 
were 1.57 times lower compared to patients without bleeding 
(median 83.3% vs. 131.0%), suggesting a  potential role of 
FVIII in the pathogenesis of bleeding in AML.

3.	 In patients with severe hemorrhagic syndrome 
(G3–G4), a  significant reduction in vWF: RCo was 
observed, with a  median of 26.3% (95% CI: 20.8‑31.1), 
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which was statistically lower compared to patients without 
bleeding (median 55.4%; 95% CI: 49.7‑63.6; p < 0.001). 
A  decrease in the vWF: RCo/vWF: Ag ratio was also 
noted in the G3–G4 group to 0.45 (95% CI: 0.42‑0.51) 
versus 0.82 (95% CI: 0.74‑0.89) in patients without 
bleeding (G0) (p < 0.001).

4.	 The vWF: FVIII ratio was significantly lower 
in patients with severe bleeding – median 0.88 (95% CI: 
0.72‑1.01) versus 1.26 (95% CI: 1.12‑1.34) in patients 
without bleeding (p  = 0.004), confirming the role of 
functional von Willebrand factor deficiency in the 
pathogenesis of hemorrhagic complications in AML.

5.	 Further investigation of the von Willebrand 
factor complex (vWF: Ag, vWF: RCo, FVIII, vWF: 
RCo/vWF: Ag, vWF: FVIII) in AML patients is 
a  promising approach for more precise risk stratification 
of hemorrhagic complications. This will not only deepen 
the understanding of the pathogenic mechanisms of 
primary hemostasis disorders in AML but also potentially 
optimize the approach to prophylaxis and individualized 
replacement therapy at early stages of treatment.

Prospects for further research. The results of this 
study will allow the development of a  mathematical 
model for assessing the risk of severe hemorrhagic 
complications, aimed at improving treatment outcomes 
and quality of life in patients with AML.

COMPLIANCE WITH ETHICAL REQUIREMENTS

The study was conducted in accordance with 
the Council of Europe Convention on Human Rights 
and Biomedicine: Convention on Human Rights and 
Biomedicine (ETS No. 164) dated 04.04.1997, and the 
World Medical Association Declaration of Helsinki 
(2008), as confirmed by the Biomedical Ethics Committee 
of the State Scientific Centre for Radiation Medicine and 
Human Ecology, with written informed consent obtained 
from all participants. No artificial intelligence was used in 
the preparation of this study.

FUNDING AND CONFLICT OF INTEREST

The authors declare no conflicts of interest related to 
this study – financial, personal, authorship, or other – that 
could have influenced the conduct of the research or the 
results presented in this article. The study did not receive 
any external financial support.

AUTHOR CONTRIBUTIONS

Stupakova Z. V. A, B, C, D, F

Khymion L. V. B, C

Dyagil I. S. A, D

Karnabeda O. A. B, C, D

REFERENCES

1.	 Siegel, R. L., Miller, K. D., Fuchs, H. E., & Jemal, A. 
(2022). Cancer statistics, 2022. CA: A Cancer Journal 
for Clinicians, 72(1), 7‑33. https://doi.org/10.3322/
caac.21708

2.	 Fedorenko, Z. P., Sumkina, O. V., Horokh, Ye. L., & 
et al. (2022). Rak v Ukrayini, 2020‑2021. Statevo-
vikovi pokaznyky zakhvoryuvanosti. Byuleten’ 
Natsional’noho kantser-reyestru Ukrayiny, (23).

3.	 Ho, G., Jonas, B. A., Li, Q., et al. (2017). Early 
mortality and complications in hospitalized adult 
Californians with acute myeloid leukaemia. British 
Journal of Haematology, 177(5), 791‑799. https://doi.
org/10.1111/bjh.14631

4.	 Versluis, J., Pandey, M., Flamand, Y., et al. (2022). 
Prediction of life-threatening and disabling 
bleeding in patients with acute myeloid leukemia 
receiving intensive induction chemotherapy. Blood 
Advances, 6(9), 2835‑2846. https://doi.org/10.1182/
bloodadvances.2021006166

5.	 Poston, J., Brown, S., Ginsburg, A. S., et al. (2023). 
Bleeding risk factors in thrombocytopenic patients 
with hematologic malignancies. Blood, 142(Suppl. 1), 
2667. https://doi.org/10.1182/blood‑2023‑186654

6.	 Chowdhury, M., Begum, M., Khan, M., et al. (2021). 
Disseminated intravascular coagulation at diagnosis in 
acute myeloblastic leukaemia. Journal of Biosciences 
and Medicine, 9, 124‑134. https://doi.org/10.4236/
jbm.2021.910011

7.	 Seidizadeh, O., Ciavarella, A., Baronciani, L., et 
al. (2024). Clinical and laboratory presentation and 
underlying mechanism in patients with low VWF. 
Thrombosis and Haemostasis, 124(4), 340‑350. https://
doi.org/10.1055/a‑2186‑6362

8.	 Paterno, G., Palmieri, R., Tesei, C., et al. (2022). 
The ISTH DIC score predicts 30‑days outcome 
in NON-M3 acute myeloid leukemia patients. 
HemaSphere, 6, 1715‑1716. https://doi.org/10.1097/01.
HS9.0000850192.01228.bc

9.	 Alnuaimy, S. L., & Shamoon, R. P. (2023). 
Disseminated intravascular coagulation in a  cohort 
of adult acute leukemia patients: A  single center 
experience. Blood Coagulation & Fibrinolysis, 34(1), 
28‑32. https://doi.org/10.1097/MBC.0000000000001172

10.	Stalfelt, A. M., Brodin, H., Pettersson, S., & Eklöf, A. 
(2003). The final phase in acute myeloid leukaemia 
(AML): A  study on bleeding, infection and pain. 



Клінічна та профілактична медицина, № 6 (44) / 202536

КЛІНІЧНА МЕДИЦИНА

Leukemia Research, 27(6), 481‑488. https://doi.
org/10.1016/s0145‑2126(02)00262‑x

11.	Koschade, S. E., Stratmann, J. A., Miesbach, W., et al. 
(2022). Intracerebral hemorrhage in newly diagnosed 
non-APL AML patients receiving intensive induction 
chemotherapy. European Journal of Haematology, 108, 
125‑132. https://doi.org/10.1111/ejh.13718

12.	Patmore, S., Dhami, S. P. S., & O’Sullivan, J. M. (2020). 
Von Willebrand factor and cancer: Metastasis and 
coagulopathies. Journal of Thrombosis and Haemostasis, 
18(10), 2444‑2456. https://doi.org/10.1111/jth.14976

13.	Mounier, M., Romain, G., Callanan, M., et al. (2021). 
Flexible modeling of net survival and cure by AML 
subtype and age: A  French population-based study 
from FRANCIM. Journal of Clinical Medicine, 10(8), 
1657. https://doi.org/10.3390/jcm10081657

14.	Guo, R., Yang, J., Liu, X., et al. (2018). Increased 
von Willebrand factor over decreased ADAMTS‐13 
activity is associated with poor prognosis in patients 
with advanced non‐small‐cell lung cancer. Journal of 
Clinical Laboratory Analysis, 32, e22219. https://doi.
org/10.1002/jcla.22219

15.	Yang, A.-J., Wang, M., Wang, Y., et al. (2018). Cancer 
cell-derived von Willebrand factor enhanced metastasis 
of gastric adenocarcinoma. Oncogenesis, 7, Article 12. 
https://doi.org/10.1038/s41389‑017‑0023‑5

16.	Kawecki, C., Lenting, P. J., & Denis, C. V. (2017). 
Von Willebrand factor and inflammation. Journal 

of Thrombosis and Haemostasis, 15(7), 1285‑1294. 
https://doi.org/10.1111/jth.13696

17.	Shaheen, M. A., Mowafy, N. M., Abo-Nar, A. E.-R. A., 
et al. (2022). Assessment of von Willebrand factor and 
soluble fibrin monomer complex in leukemic patients. 
Al-Azhar Medical Journal, 51(1), 455‑462. https://doi.
org/10.21608/amj.2022.212635

18.	Haberichter, S. L., Shi, Q., & Montgomery, R. R. 
(2006). Regulated release of von Willebrand factor 
and factor VIII and the biologic implications. 
Pediatric Blood & Cancer, 46(5), 547‑553. https://doi.
org/10.1002/pbc.20658

19.	Abaza, H. M. H., Farweez, B. A. T., Samaan, S. F., et al. 
(2016). Plateletdependent von Willebrand factor activity 
in acute myeloid leukemia patients: Role in hemostatic 
alterations. Egyptian Journal of Haematology, 41(1), 
1‑8. https://doi.org/10.4103/1110‑1067.178462

20.	Stufano, F., Boscarino, M., Bucciarelli, P., et al. 
(2019). Evaluation of the utility of von Willebrand 
factor propeptide in the differential diagnosis of von 
Willebrand disease and acquired von Willebrand 
syndrome. Seminars in Thrombosis and Hemostasis, 
45(1), 36‑42. https://doi.org/10.1055/s‑0038‑1660481

21.	Fukatsu, M., Ohkawara, H., Takahashi, H., et al. 
(2021). A  case of acquired von Willebrand syndrome 
complicated by acute myelomonocytic leukemia. Case 
Reports in Oncology, 14(2), 1152‑1158. https://doi.
org/10.1159/000517439



КЛІНІЧНА МЕДИЦИНА

Клінічна та профілактична медицина, № 6 (44) / 2025 37

Резюме

ПРОГНОСТИЧНЕ ЗНАЧЕННЯ ПОРУШЕНЬ ФАКТОРА ФОН ВІЛЛЕБРАНДА ПРИ ГЕМОРАГІЧНОМУ СИНДРОМІ 
У ПАЦІЄНТІВ З ГОСТРОЮ МІЄЛОЇДНОЮ ЛЕЙКЕМІЄЮ (ГМЛ)
Зінаїда В. Ступакова1,2, Людмила В. Хіміон1, Ірина С. Дягіль2, Оксана А. Карнабеда2

1Національний університет охорони здоров’я України імені П. Л. Шупика, м. Київ, Україна
2Державна установа «Національний науковий центр радіаційної медицини, гематології та онкології Національної 
академії медичних наук України», м. Київ, Україна

Мета. Оцінити роль кількісних та якісних характеристик фактора фон Віллебранда у розвитку геморагічного 
синдрому у хворих з вперше виявленою ГМЛ.
Матеріали та методи. У  проспективне дослідження включено 80 пацієнтів з  ГМЛ у  першому гострому 
періоді захворювання. Оцінку геморагічного синдрому проводили за модифікованою шкалою ВООЗ (G0–
G4). Дослідження параметрів фактора фон Віллебранда (ФВ) (антиген ФВ (vWF: Ag), антигемофільний 
глобулін (FVIII), активність FVIII відносно ФВ (vWF: FVIII), ристоцетин-кофакторна активність ФВ (vWF: 
RCo), співвідношення (vWF: RCo/Ag)) здійснювали до початку індукційної хімієтерапії у поєднанні з аналізом 
клінічних даних, гемограм, коагулограми та анамнезу кровоточивості.
Результати. У  пацієнтів, які мали прояви рясних кровотеч (G2‑4), медіана VWF: Ag була на 11,7% нижчою 
і становила 124,0% (95 % ДІ: 52,3‑144,8), але статистичної різниці між групами не було досягнено (р = 0,637). 
Медіана рівня FVIII у пацієнтів без кровотеч (G0) була на 3% вища, ніж у пацієнтів з геморагічним синдромом 
G1  та перевищувала аналогічний показник у  пацієнтів з  геморагічним синдромом G2‑4 у  1,57 раза. Медіана 
vWF: FVIII у  пацієнтів з  рясними кровотечами (G2‑4) була у  1,65 раза нижчою, ніж у  пацієнтів без проявів 
кровотечі (G0). Медіана vWF: RCo у  пацієнтів з  геморагічними проявами під час ініціального скринінгу 
(G1) була в ~1,74 раза нижчою, ніж у пацієнтів без кровотеч (G0), що може вказувати на клінічно значущий 
зв’язок між зниженим рівнем vWF: RCo та підвищеним ризиком розвитку кровотеч у пацієнтів з ГМЛ на етапі 
діагностики. У  пацієнтів з  тяжким геморагічним синдромом (ступеня G3–G4) спостерігалося достовірне 
зниження vWF: RCo – медіана становила 26,3% (95% ДІ: 20,8‑31,1), що було статистично нижче порівняно 
з пацієнтами без кровотеч (медіана 55,4%; 95% ДІ: 49,7‑63,6; p < 0,001). Виявлено зниження співвідношення 
vWF: RCo/vWF: Ag у  групі з  G3–G4 до 0,45 (95% ДІ: 0,42‑0,51) проти 0,82 (95% ДІ: 0,74‑0,89) у  пацієнтів без 
кровотеч (G0) (p < 0,001).
Висновки. У пацієнтів із ГМЛ тяжкі кровотечі (G3–G4) асоціюються зі статистично значущим зниженням vWF: 
RCo та співвідношенням vWF: RCo/vWF: Ag, що може вказувати на порушення функціональної активності 
фактора фон Віллебранда. Рівні VWF: Ag та FVIII демонструють тенденцію до зниження при зростанні 
тяжкості геморагічного синдрому, без достовірної асоціації.

Ключові слова: ГМЛ, фактор фон Віллебранда, ристоцетин-кофакторна активність (vWF: RCo), антиген 
фактора фон Віллебранда (vWF: Ag), геморагічний синдром, кровотечі, коагулопатія
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