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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 (GO-G4). Parameters of
von Willebrand factor (vVWF) - vWF antigen (vVWF: Ag), factor VIII (FVIII), FVIII activity relative to vVWF
(vWE: FVIII), ristocetin cofactor activity of vWF (vVWF: 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 (GO). 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 vVWF: 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 (GO) (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.
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INTRODUCTION in men and 3.5 in women [1]. In Ukraine, according to the
National Cancer Registry for 2012-2020, this rate was 2.1

Acute myeloid leukemia (AML) is considered . 100,000 population and was the same for both sexes [2].

the most prognostically unfavourable type among all

leukemias, according to the American Cancer Society. According to the study by Ho G. et al., 2017, bleeding
Based on SEER Cancer Statistics, in 2022 the incidence of is one of the leading causes of early mortality in patients
AML in the United States was 5.1 per 100,000 population ~ 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/pL (HR 3.33; 95% CI: 1.67-6.61) [5], Versluis J. —
at <40x109/L [4], while in the study by Crowdhury M. U.
bleeding was observed in 72% of patients with platelet
counts <50x109/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 vVWF in patients with AML
remain insufficiently studied, despite its important role in
the development of coagulation disorders. Therefore, the
assessment of vVWF parameters is of particular relevance
and justifies the feasibility of its systematic investigation
within clinical hematology.

AlM

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
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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: FVIIl) 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
ver20 (MedCalc Software Ltd.). Data are presented as
mean + SE for normally distributed variables and as median
(25% and 75" 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 (GO0). 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
GO 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 10x109/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 >150x109/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
39x109/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).
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The results were confirmed by the Mann-Whitney
test: U = 229, Z = -383; 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%), vVWF: 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 vVWF: 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;
GO 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

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
vWEF: FVIII was 121.0% (95% CI: 95.9-134.2), and the
mean was 122.1% (95% CIL: 106.9-137.2). In patients
without bleeding (n = 50), the median was 126.0% (95%
CL: 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
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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
syndrome, the median FVIII levels were:

e GO (n = 41) — 131.0% (95% CI: 107.8-145.0;
D =10.1236; p>0.10);

e 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.

of hemorrhagic

lower compared with GO, 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 vWEF: FVIII levels was observed with
increasing severity of hemorrhagic syndrome. In patients
without bleeding (GO, 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 GO. 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 vVWF: 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 (GO, 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 vVWF\: 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
(GO), 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 GO 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
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vWFEF: 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 (GO) — 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 GO group (p =
0.00003) and G1 (p = 0.00030), and a difference was also
observed between GO and Gl (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
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below 50x109/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 <5x103/uL 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 <50x109/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 <40x109/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 (vVWF) [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 vWEF: 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 vVWF: 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 (vVWF: RCo) — a functional
parameter reflecting the ability of vWF to interact with
platelet receptors. In patients without bleeding (GO), the
median vVWF: 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.
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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
IIT 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 (vVWF) 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
20x109/L vs. 34x109/L in patients without bleeding;
p=0.012).

2. The level of von Willebrand factor antigen (VWEF:
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
VWEF: 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 vVWF: 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/vWEF: 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 (GO) (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: FVII) 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.
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Pe3rome

MPOrHOCTUYHE 3HAYEHHS NOPYLLUEHb ®AKTOPA ®OH BININIEBPAHMA NPU FTEMOPATIHYHOMY CUHAPOMI
Y MALIEHTIB 3 FOCTPOIO MIENOIAHOO NEUKEMIED (FMIT)
3iHaiga B. CtynakoBa'?, llitogmuna B. XimioH', IpuHa C. Asrink?, OkcaHa A. KapHabepa?

HaLioHanbHWi yHIBEpCUTET OXOPOHN 300poB’s Ykpaitu imeHi 1. J1. Lynuka, M. Kuis, YkpaiHa
?[lepxaBHa ycTaHoBa «HallioHanbHMiA HayKoBWIA LIEHTP pagiaLiiHoi MeauLmMHI, rematonorii Ta oHkonorii HaljioHanbHoi
akafemii MeguuHnx Hayk YkpaiHuy, M. Kuis, YkpaiHa

MeTa. OLiHUTH POJIb KiJIbKICHUX Ta IKICHUX XapaKTepUCTUK ¢akTopa ¢oH BimsebpaHaa y po3BUTKY reMopariuHoro
CHH/pPOMY y XBOPUX 3 Brieplie BusiBaeHow 'MJL.

MarTepiasnu Ta MeTOAM. Y NpPOCIHEKTUBHE JAoCHikeHHs Bk/4eHO 80 manieHTiB 3 'MJI y mepmomMy rocrpomy
nepiofi 3axBopioBaHHA. OLiHKY reMOpariyHoro CHHJpPOMY HPOBOAWJIM 3a MoaudikoBaHow mkasol BOO3 (GO-
G4). JocnimpxenHs mapaMeTpiB ¢akropa ¢oH Binnebpanza (PB) (anturen ®B (VWF: Ag), anTureMmodinpHuim
rino6ynin (FVIII), aktuBnicte FVIII BigHOCHO ®B (VWF: FVIII), pucronetrun-kodakTopHa akTuBHicTb ®B (VWEF:
RCo), cniBBignomenHs (VWF: RCo/Ag)) 3ailicHIOBa/IM [0 MOYATKY iHAYKLiAHOI XiMieTepamnii y moeaHaHH] 3 aHai3oM
KJiHIYHMX JaHUX, TeMorpaM, KoaryJjorpaMy Ta aHaMHe3y KpOBOTOYMBOCTI.

Pe3ynbraTH. Y nanji€eHTiB, IKi MaJu mposiBU psicHUX kpoBoTeu (G2-4), meaiana VWF: Ag Gysa Ha 11,7% HIK4OI0O
i cranoBuaa 124,0% (95 % Al: 52,3-144,8), ane craTucTUyHOI pisHULI Mi>k rpynaMu He 6ys10 focsirHeHo (p = 0,637).
Mepiana piBas FVIII y manienTiB 6e3 kpoBoTey (GO) 6ys1a Ha 3% BHILa, HIX y MAL[i€HTIB 3 reMOpariYyHUM CHHIPOMOM
G1 Ta nmepeBuIlyBasia aHAJOTIYHUH NMOKAa3HUK y MaLi€HTIB 3 reMopariyHuM cuHgpoMoM G2-4 y 1,57 pasa. MeziaHa
vWEF: FVIII y nauieHTiB 3 psicHuMu KpoBoTedyamu (G2-4) 6yna y 1,65 pasa HUKUYOM, HiXK y NalLlieHTiB 6e3 MposiBiB
kpoBoTeui (GO). Meniana vWF: RCo y mamieHTiB 3 remMopariuHMMy HposiBaMU MiJ, 4ac iHiljaJbHOTO CKpPUHIHTY
(G1) 6yna B ~1,74 pa3a HWX4Y0M0, HXK y manieHTiB 6e3 kpoBoTey (GO), 1m0 MoXke BKa3yBaTH Ha KJIiHIYHO 3HAYYLIUN
3B’s130K Mixk 3HMKeHUM piBHeM VWEF: RCo Ta mijBUIlleHUM PHU3UKOM PO3BUTKY KpoBOTeY y nanieHTiB 3 'MJI Ha eTami
JiarHOCTUKY. Y NALi€HTIB 3 THKKUM remMoparidHuM cuHgpoMmoM (crymeHs G3-G4) cmocrtepirasocss [ocToBipHe
3HmxeHHsA VWF: RCo - Meziana craHoBusa 26,3% (95% /l: 20,8-31,1), mo 6ys0 CTATUCTUYHO HUXK4Ye NMOPIBHAHO
3 manieHTamMu 6e3 KpoBoTeu (MefgiaHa 55,4%; 95% Al: 49,7-63,6; p < 0,001). BusiBsieHO 3HMKEHHS CIiBBiAHOIIEHHS
vWF: RCo/vWF: Ag y rpyni 3 G3-G4 mo 0,45 (95% Al: 0,42-0,51) npotu 0,82 (95% Al: 0,74-0,89) y nanieHTiB 6e3
kpoBotey (GO) (p < 0,001).

BucHoBKHU. Y nanienTiB i3 'MJI Tsoxki kpoBoTedi (G3-G4) aconiroroTbcs 3i CTATUCTUYHO 3HAYYIUM 3HIKeHHAM VWE:
RCo Ta cmiBBigHOmeHHssM VWF: RCo/vWF: Ag, mo Moxe BKa3yBaTH Ha NMOpPYIIeHHS QYHKIiOHAJIbHOI aKTHBHOCTI
daktopa ¢oH Bimnedbpanma. PiBai VWF: Ag Ta FVIII meMoHCTpyIOTh TeH/EHLil0 [0 3HMKEHHS IPU 3POCTaHHI
TSKKOCTi reMoparivHoro CMHApoMy, 6e3 0CTOBipHOI acoriaii.

Kamwouoei carosa: TMJI, paktop ¢oH Binne6pansa, pucroneTuH-kopakropHa aktuBHicTb (VWF: RCo), aHTUreH
dakTopa poH Binne6panga (VWF: Ag), remopariuyHuii CHHApPOM, KPOBOTeYi, Koary/jonaris
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