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Introduction. Non-Hodgkin lymphoma is a heterogeneous group of malignant lymphoid tumors. Hemostasis disorders 
in non-Hodgkin lymphoma are often asymptomatic but can develop into severe complications. The risk of venous throm-
boembolism increases according to the totality of risk factors assessed directly in each individual patient, based on age, 
gender, comorbidities, performance status, and both congenital and acquired thrombophilia. 

Objective. This study aims to evaluate the incidence of hemostasis disorders based on age, gender, NHL type, degree of 
dissemination, B symptoms, disease onset, tumor size, positivity of anticardiolipin, anti-β2-glycoprotein I, and lupus anti-
coagulant antibodies, fibrinogen level, lactate dehydrogenase, D-dimers, and Eastern Cooperative Oncology Group perfor-
mance status. 

Material and methods. A total of 161 patients diagnosed with NHL at the Oncology Institute of the Republic of Moldova 
were evaluated in a prospective cross-sectional descriptive study. Anticardiolipin and anti-β2-glycoprotein I antibodies 
were measured by enzyme-linked immunosorbent assay, and lupus anticoagulant was assessed by the turbidimetry meth-
od. Quantitative testing of D-dimers was performed using automatic latex-agglutination with photometric detection. Plas-
ma fibrinogen levels were assessed by coagulometry. The data were statistically analyzed using Microsoft Excel, GraphPad 
Prism ver. 9.3.0, Epi Info 7.2, EpiMax Table, and IBM SPSS Statistics version 26.0.

Results. The study included 161 de novo patients, with 48% women and 52% men, and a median age of 59 years. Among 
them, 56.5% had aggressive non-Hodgkin lymphoma (NHL), and 43.5% had indolent NHL, with a higher prevalence of ad-
vanced stages (65.8%). Hemostatic disorders were observed in 10.6% of cases, with venous thromboembolism occurring 
in 6.7%, more frequently in patients with aggressive non-Hodgkin lymphoma, tumor sizes ≥ 7 cm, a mean age of 50 years, 
in men (82%), mainly in the first 3-4 weeks, with higher levels of fibrinogen and D-dimer at diagnosis. Anticardiolipin, an-
ti-β2-glycoprotein I, and lupus anticoagulant antibodies were recorded in 3.7% cases of venous thromboembolism cases. 
Statistical significance was not reached when analyzing thrombosis according to performance status. 

Conclusions. The risk of venous thromboembolism in non-Hodgkin lymphoma is dependent on gender, type, tumor 
size, mediastinal onset, hyperfibrinogenemia, antibody synthesis, and high LDH level. The distribution of patients with 
non-Hodgkin lymphoma and venous thromboembolism according to disease stage, B symptoms, and performance status 
was statistically insignificant. 
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the sub-
mitted manuscript 

Non-Hodgkin lymphoma is one of the most common malignant 
lymphoproliferative disorders, with an increasing incidence and 
prevalence both nationally and internationally. Hemostatic disor-
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ders in non-Hodgkin lymphoma are often asymptomatic but can lead 
to severe complications. There is limited data available on hemostatic 
alterations in non-Hodgkin’s lymphoma.

The research hypothesis
The risk of associated hemostatic disorders in patients with 

non-Hodgkin lymphoma is influenced by several clinical and paraclin-
ical factors. 

The novelty added by the manuscript to the already published 
scientific literature

The manuscript explores, for the first time in the Republic of Mol-
dova, the impact of various risk factors on hemostasis dysregulation in 
patients with non-Hodgkin lymphoma. 

Nicolae Testemițanu State University of Medicine and Pharmacy
165, Stefan cel Mare si Sfant blvd., Chisinau, Republic of 
Moldova, MD2004
e-mail: sanda.buruiana@usmf.md

Authors’ ORCID IDs
Sanda Buruiană – https://orcid.org/0000-0003-2341-0099
Minodora Mazur – https://orcid.org/0000-0003-4562-1452

Introduction
Non-Hodgkin lymphoma (NHL) is a heterogeneous 

group of malignant lymphoid tumors [1, 2] and is one of the 
most common malignant lymphoproliferative disorders [3]. 
According to the results of the GLOBOCAN 2020 study, the 
incidence of new NHL cases is expected to increase from 
approximately 544,000 in 2020 to 778,000 by 2040, rep-
resenting an estimated increase of 43% over two decades 
[4]. The 5-year prevalence rate of NHL in the Republic of 
Moldova is approximately 21 cases per 100,000 population 
[5]. Patients with NHL are prone to develop venous throm-
boembolism (VTE), which is the second leading cause of 
mortality among them [6]. In particular, the risk of VTE is 
further increased in patients undergoing chemotherapy [7]. 
VTE is induced by the complex interaction of various factors 
with endogenous or exogenous procoagulant action. [8-10]. 
It is indisputable that the risk of VTE increases according to 
the totality of risk factors assessed directly in each individ-
ual patient on basis on age, gender, comorbidities, Eastern 
Cooperative Oncology Group (ECOG), and congenital and 
acquired thrombophilia [10]. Hemostasis disorders asso-
ciated with NHL develop severe complications, limit treat-
ment options and their results, and alter quality of life [11, 
12]. It is difficult, but absolutely necessary, to predict the 
risk of thrombosis in asymptomatic carriers of anticardio-
lipin (aCL), anti-β2-glycoprotein I (anti-β2GP I), and lupus 
anticoagulant (LA) antibodies, and risk stratification is a 
fundamental element of current medical research, including 
in patients with NHL [13]. Seropositivity of these antibodies 
in malignancies could remain asymptomatic. 

As personalized treatment of NHL based on new mol-
ecules continues to improve survival rates, there is an ur-
gent need to address the associated risks of thrombosis and 
bleeding. Assessing the risk of developing hemostatic disor-
ders and subsequent stratification with individual custom-
ization for each patient with NHL is absolutely necessary.

The aim of this study was to evaluate the incidence of 
hemostatic disorders according to age, gender, NHL type, 
degree of dissemination, B symptoms, disease onset, tumor 
size, positivity of aCL, anti-β2GP I and LA antibodies, fibrin-
ogen level, LDH and ECOG performance status.

Material and methods
Within the Oncology Institute of the Republic of Mol-

dova conducted the prospective, descriptive study (2020-
2024) with the inclusion of 161 de novo patients with ag-
gressive (56.5%) and indolent (43.5%) NHL. The research 
protocol, information, and acceptance forms were approved 
by the Research Ethics Committee of Nicolae Testemița-
nu State University of Medicine and Pharmacy (no. 32 of 
28.01.2020). The scientific research was conducted with 
the support of the National Agency for Research and Devel-
opment, within the Postdoctoral Programs, project number 
24.00208.8007.02/PD.

The inclusion criteria were: age over 18 years, an immu-
nohistochemically confirmed diagnosis of NHL, the patient’s 
consent to participate in the study, and the possibility of dy-
namic monitoring. The respondents were comprehensively 
evaluated using clinical, paraclinical, and imaging methods 
to assess the NHL type, stage, onset of the disease (nodal/
extranodal), tumor size, and B symptoms. aCL IgM and IgG, 
anti-β2GP I IgM and IgG antibodies were measured by en-
zyme-linked immunosorbent assay (ELISA), and LA by the 
turbidimetry method. Quantitative testing of D-dimers was 
performed by automatic latex agglutination with photomet-
ric detection, with reference values of <0.5 μg/mL. Plasma 
fibrinogen levels were assessed by coagulometry, with ref-
erence values of 200-400 mg/dL (2.0-4.0 g/L). LDH was as-
sessed by spectrophotometric method.

The development and location of thromboses were con-
firmed by radiological evidence, including venous ultraso-
nography, computed tomography, or conventional angiogra-
phy, depending on the anatomical location.

To achieve the proposed goal, the database of the accu-
mulated material was statistically processed using Micro-
soft Excel, GraphPad Prism ver. 9.3.0, Epi Info 7.2, EpiMax 
Table, and IBM SPSS Statistics version 26.0. The Mann-Whit-
ney U test was used to compare 2 groups without assuming 
that the studied values were normally distributed, using 
the null hypothesis that the medians of two samples were 
identical. Multiple regression and logistic regression were 
applied by calculating the odds ratio (OR) and the 95% con-
fidence interval (CI).
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Results
According to the eligibility criteria, 161 patients with 

NHL were included in the study: 84 (52%) men (95% CI, 44-
60) and 77 (48%) women (95% CI, 40-56), aged between 
24 and 82 years, with a median age of 59 years. In our study, 
patients with aggressive NHL (91; 56.5%; 95% CI, 48-64) 
predominated over those with indolent NHL (70; 43.5%; 
95% CI, 36-52), with a higher prevalence of advanced stages 
(III and IV) in 106 cases (65.8%; 95% CI, 58-73) (p < 0.001) 
and B symptoms in 50.3% of cases (95% CI, 42–58) (p = 
0.5). Extranodal onset in aggressive NHL had approximately 
the same frequency as in indolent NHL: 33 cases (20.5%; 
95% CI, 15-28) versus 37 cases (23%; 95% CI, 17-30) (p = 
0.035).

Table 1. Characteristics of the research group
Parameter Patients (n, %, 95% CI)
Age range (years) 24-82
Gender
Women
Men

77 (48%) (95% CI, 40-56)
84 (52%) (95% CI, 44-60)

Types of NHL
Aggressive
Indolent

91 (56.5%) (95% CI, 48-64)
70 (43.5%) (95% CI, 36-52)

Cell substrate
B
T

157 (97.5%) (95% CI, 93-99)
4 (2.5%) (95% CI, 0.80-6.6)

NHL stage
Localized (I-II)
Advanced (III-IV)

55 (34.2%) (95% CI, 27-42)
106 (65.8%) (95% CI, 58-73)

Symptoms
A
B

80 (49.7%), (95% CI, 42-58)
81 (50.3%), (95% CI, 42-58)

Onset of the disease 
Nodal
Extranodal

91 (56.5%) (95% CI, 49-64)
70 (43.5%) (95% CI, 36-52)

Note: NHL - non-Hodgkin lymphoma, CI - confidence interval.

Hemostatic disorders were identified in 17 patients 
(10.6%) (95% CI, 6.3%-16%), with thrombotic events oc-
curring in 11 (6.7%) (95% CI, 3.5%-12%) (p = 0.12), com-
pared to 6 (3.9%) (95% CI, 1.4%-8%) hemorrhagic events, 
in a ratio of 1.8:1. All thrombotic events observed exclusive-
ly in the venous system, affecting patients with aggressive 
NHL in 9 cases (4.3%), (95% CI, 3%-10%) versus patients 
with indolent NHL in 2 cases (1.6%) (95% CI, 0.2%-4.4%), 
with a ratio of 4.5:1. The relative risk (RR) was 1.5, and the 
Odds Ratio (OR) was 3.7; however, the difference did not 
reach statistical significance in this study (Fisher’s exact 
test, p = 0.11).

Venous thromboembolism occurred in the deep veins 
of the lower extremities in 4 cases (2.4%) (95% CI, 0.7%-
6.2%), in the jugular vein in 4 cases (2.4%) (95% CI, 0.7%-
6.2%), in the deep veins of the upper extremities in 1 case 
(0.6%) (95% CI, 0.02%-3.4%), in the portal vein in 1 case 
(0.6%) (95% CI, 0.02%-3.4%), and in subclavian vein in 1 
case (0.6%) (95% CI, 0.02%-3.4%).

VTE was more frequent in men–9 cases (82%) (95% CI, 
48%-97%)–compared to women–2 cases (18%) (95% CI, 

8%-19%) (p = 0.041). This 
finding suggests that the 
male gender could be consid-
ered a risk factor for throm-
bosis.

The age of NHL patients 
who developed thrombotic 
complications ranged from 
24 to 77 years, with a mean 
age of 50 years, whereas the 
age of non-thrombotic NHL 
patients ranged from 27 to 
79 years, with a mean age of 
57 years (p = 0.3366) (Fig. 1).

The average interval be-
tween thrombosis and the 
diagnosis of NHL was 3-4 
weeks in 7 (4.3%) (95% 
CI, 1.8%-8.8%) cases. In 4 
(2.4%) (95% CI, 0.7%-6.2%) 
NHL patients, a thrombotic 

event developed during first-line treatment, with an aver-
age onset of 9 months.

Positivity for aCL, anti-β2GPI, and LA antibodies was 
recorded in 26 patients with B-cell NHL, accounting for 
16.2% (95% CI, 10.8%-23%) of cases. Single positivity was 
observed in 23 (14.3%) (95% CI, 9.3%-21%) cases, double 
positivity in 2 (1.3%) (95% CI, 0.2%-4.4%) cases, and triple 
positivity in 1 (0.6%) (95% CI, 0.02%-3.4%) case. Double 
positivity was represented by the combinations aCL IgM + 
LA and aCL IgM + anti-β2GPI IgM. Triple positivity was char-
acterized by the association of aCL IgM + LA + anti-β2GPI 
IgG.

Only 6 (3.7%) (95% CI, 1.4%-8%) of the patients who 
developed thrombotic complications tested positive for 
aCL, anti-β2GPI, and LA antibodies. Among the 11 (6.7%) 
(95% CI, 3.5%-12%) NHL patients with thrombosis, 3 
(1.8%) (95% CI, 0.4%-5.4%) had single antibody positivi-
ty (2 with LA and 1 with anti-β2GPI IgM); 2 (1.3%) (95% 
CI, 0.2%-4.4%) had double antibody positivity (aCL IgM + 
LA and aCL IgM + anti-β2GPI IgM); and 1 (0.6%), (95% CI, 
0.02%-3.4%) had triple antibody positivity (LA + aCL IgM + 
anti-β2GPI IgG).

The primary involvement of mediastinal nodes in pa-
tients who developed thrombosis was 45.5%, compared to 
non-mediastinal involvement in 54.6%. In contrast, among 
patients with NHL without thrombosis, mediastinal node 
involvement was observed in 12.5%, while non-mediastinal 
involvement was seen in 76%. These results were statisti-
cally significant with a p-value of 0.02, as assessed by the 
Fisher exact test. The relative risk (RR) of thrombosis asso-
ciation is 1.3 (95% CI, 1.04%-1.98%), and the Odds Ratio 
(OR) is 5.069 (95% CI, 0.34%-16.8%).

Nodal tumor sizes ≥ 7 cm were predominant in 8 (4.9%) 
(95% CI, 2.2%-10%) cases out of 11 (6.7%) (95% CI, 3.5%-
12%) NHL patients with associated VTE, although the differ-
ence did not reach statistical significance (Fisher exact test, 

Fig. 1 Distribution of NHL 
patients according to age and 

the presence or absence of 
thrombosis.
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p = 0.1). Among these, 6 
(3.7%) (95% CI, 1.4%-
8%) patients had Diffuse 
large B-cell lymphoma, 
and 1 (0.6%) (95% CI, 
0.02%-3.4%) patient had 
NHL of gray zone cells, 
and 1 (0.6%) (95% CI, 
0.02%-3.4%) patient had 
small lymphocytic lym-
phoma. 

No statistical differ-
ence was found between 
cases with and without 
thrombosis regarding 
LDH levels (p = 0.69, 
Mann-Whitney U test).

A high level of fi-
brinogen was found in 
39 (24.4%) (95% CI, 
18%-32%) patients: 30 
(18.8%) (95% CI, 13%-
26%) cases in aggressive 
NHL and 9 (5.6%) (95% 

CI, 3%-10%) cases in indolent NHL, with a ratio of 3.3:1. 
Notably, patients with a confirmed thrombotic event had a 
higher level of fibrinogen at diagnosis (median, 4.2; mean, 
4.06; 95% CI of mean, 3.4%-4.7%) compared to those who 
did not manifest thrombotic events (median, 3.1; mean, 3.4; 
95% CI of mean, 3.1%-3.5%), suggesting a potential associ-
ation between fibrinogen levels at diagnosis and the risk of 
thrombosis in lymphoma patients (Mann-Whitney U test, p 
= 0.02) (Fig. 2).

The analysis of the distribution of patients according to 
the level of D-dimers and subtype of NHL reveals high values 
(≥ 501 ng/ml) in 45 patients (28%) (95% CI, 21%-36%), in-
cluding those with aggressive NHL – 31 cases (19.3%) (95% 
CI, 13%-26%) and indolent NHL – 14 cases (8.7%) (95% CI, 
3%-10%) (p = 0.0015, Mann-Whitney U test).

The distribution of patients with NHL and VTE according 
to ECOG performance status shows an ECOG score of 2-4 in 
7 patients (4.2%) (95% CI, 1.8%-8.8%) and an ECOG score 
of 0-1 in 4 patients (2.5%) (95% CI, 0.7%-6.2%). Statistical 
significance was not reached in the thrombosis analysis ac-
cording to ECOG (p = 0.1, Fisher’s exact test).

Discussion
The current maximally personalized treatment of NHL 

allows for life prolongation and even cure; however, com-
plications associated with the disease and treatment meth-
odology inevitably have a major impact on quality of life. 
Among these complications are hemostasis disorders, 
which limit treatment options and negatively affect pa-
tients’ quality of life [11, 12].

A meta-analysis conducted by Caruso and colleagues 
indicated that the overall incidence rate of thrombosis in 
non-Hodgkin lymphoma patients is 6.4% [14]. A similar 
result was obtained in our study, with thrombotic events 

found in 6.7% of cases. According to the research results by 
Hohaus and colleagues, aggressive NHL is more often asso-
ciated with thrombotic complications than indolent NHL, 
with VTE occurring in 10-15% of cases within the first year 
of diagnosis [15]. Similar conclusions were drawn from our 
research, which found thrombosis in 4.3% of aggressive 
NHL cases compared to 1.6% of indolent NHL cases.

An American study analyzed data from 16,755 patients 
with aggressive and indolent NHL and found that age over 
45 years at baseline is already a risk factor for VTE in NHL 
patients [16]. The average age of patients in our study 
who developed NHL-associated thrombosis was 50 years, 
which does not significantly differ from the findings of oth-
er studies.

Female gender as a potential risk factor for severe grade 
III VTE was assessed in a multicenter study conducted in 
Italian hematology clinics [17]. In our study, we obtained 
different results: VTE developed more often in men (82%) 
than in women (18%) (p = 0.041), suggesting that male gen-
der may be considered a risk factor for thrombosis.

Retrospective studies analyzed and described by Razak 
demonstrate differences in both gender and thrombosis 
type (arterial vs venous). According to the authors, women 
are at higher risk of venous thromboembolism, while men 
are more susceptible to arterial thromboembolism [18]. In 
our study, thrombotic events were assessed only in the ve-
nous system.

The location and size of the tumor in NHL increase the 
risk of thrombotic events through external compression of 
large blood vessels. Serbian researchers found that medias-
tinal and extranodal lymphoma onset are major risk factors 
for thromboembolism [19]. According to Yuen’s findings, 
mediastinal involvement was associated with an eightfold 
higher risk of VTE, while extranodal locations, such as the 
central nervous system, testis, and gastrointestinal tract, in-
creased the risk of VTE by 2.3-fold [20]. In our study, prima-
ry mediastinal nodes involvement was observed in 45.5% 
of patients who developed thrombosis, compared to 54.6% 
cases with non-mediastinal involvement. Among NHL pa-
tients without thrombosis, mediastinal involvement was 
observed in 12.5% compared to 76% with non-mediastinal 
involvement. These results were statistically significant (p = 
0.02, Fisher’s exact test).

The risk of VTE is elevated during the first two months 
after lymphoma diagnosis and decreases over time [15]. 
Similar results were reported in a prospective Spanish study, 
where VTE developed within the first 90 days after diagno-
sis and initiation of antitumor therapy in 9.5% of patients 
with malignant lymphomas and multiple myeloma [21]. In 
our study, thrombotic complications occurred between 3-4 
weeks in 4.3% of cases to 9 months in 2.4% of cases.

According to Barreno-Rocha, the synthesis of phospho-
lipid antibodies by tumor cells serves as a target for aCL, 
LA, and anti-β2GPI [22]. In the global population, the preva-
lence of aPL antibodies varies between 1-5% and increases 
with chronic inflammatory and infectious diseases, as well 
as with the development of oncological conditions [23, 24]. 

Fig. 2 Scatter plot of fibrinogen 
levels across patients with and 

without thrombotic events. 
P-value shown for the Mann-

Whitney U test.
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Our study demonstrates a 16.2% incidence of aCL, LA, and 
anti-β2GPI antibodies in newly diagnosed NHL patients. A 
lower prevalence of autoantibodies–9 (41%) in NHL pa-
tients–was reported by Sciarra et al. in 1995 [25]. In our 
cohort, LA was the most prevalent, being positive in 21 
(13.1%) cases, followed by anti-β2GPI IgM and aCL IgM an-
tibodies, each found in 4 (2.5%) cases. A higher prevalence 
(40%) of anti-β2GPI IgM was reported among 86 NHL pa-
tients treated at the Institute of Hematology in Israel [26].

A major risk for thrombosis is suspected not only when 
an individual antibody is detected but also when an associa-
tion of 2-3 antibody types is present, regardless of their IgG 
or IgM isotype. This is referred to as the “aPL double profile” 
and “aPL triple profile”, respectively [27].

Niimi and colleagues aimed to assess the clinical utility 
of increasing the D-dimer cut-off value by evaluating this 
parameter in 208 patients with malignancies, including 
those with NHL. The study results highlighted an optimal 
cut-off value of 4.0 μg/mL for the diagnosis of DVT in pa-
tients with malignancy. Additionally, the study suggested 
that combining the Khorana score with D-dimer levels pro-
vided a more accurate diagnosis of DVT than the Khorana 
score alone [28].

A decrease in ECOG performance status (2-4) was asso-
ciated with a more proximal localization of VTE, particular-
ly in the lower limbs [29]. This relationship between low 
ECOG performance status and thrombosis was confirmed in 
a study conducted by Hohaus. In our study, the distribution 
of NHL patients with VTE according to ECOG performance 
status showed a higher prevalence of ECOG 2-4 in 7 (4.2%) 
cases compared to ECOG 0-1 in 4 (2.5%) cases.

Focusing on these antibodies could lead to better man-
agement of NHL patients by aiding in prediction, ultimately 
improving overall survival and quality of life.

Conclusions
These differences suggest that not all seropositive NHL 

subjects develop thrombosis, and it is possible that some 
NHL patients with thrombosis are seronegative for aCL, an-
ti-β2GPI, and LA antibodies. Patients with tumor conglom-
erates ≥ 7 cm, regardless of aCL, anti-β2GPI, and LA anti-
body positivity, but with mediastinal localization, present 
the highest risk of developing thrombotic complications.

The prevalence of aCL, anti-β2GPI, and LA antibodies 
in NHL patients was appreciated in 16.2% of cases. This is 
expressed as single-positivity in 14.3%, double positivity 
in 1.3%, and triple positivity in 0.6%, exclusively in B-cell 
NHL. A statistically significant difference in antibody posi-
tivity was observed based on age and NHL type. However, 
antibody synthesis in NHL patients showed no statistically 
significant association with gender, disease dissemination, 
B symptoms, or the location of the primary tumor focus. The 
risk of VTE in NHL is influenced by gender, NHL type, tumor 
size, mediastinal onset, hyperfibrinogenemia, antibody syn-
thesis. However, no statistically significant association was 
found between VTE occurrence in NHL patients and disease 
stage, B symptoms, LDH levels or ECOG performance status.
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