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Abstract
This study investigated the risk factors of thromboembolism (TE) in lymphoma patients undergoing chemotherapy and its clinical
significance. A total of 304 lymphoma patients who received chemotherapy from January 2012 to July 2019 were retrospectively
analyzed, including 111 patients with and 193 patients without TE. The clinical characteristics and related laboratory test results
were compared between the 2 groups using univariate analysis, while the risk factors for TE in lymphoma patients undergoing
chemotherapy were analyzed using multivariate logistic regression analysis. Univariate analysis revealed an increase in the risk of
TE among lymphoma patients with chemotherapy in the following categories: female patients, patients with body mass index
<18.5 or > 24, patients aged ≥60 years, those with platelet abnormality before chemotherapy, single hospital-stay patients,
and Ann Arbor stage III/IV patients. Multivariate logistic regression analysis revealed that for platelet count abnormality before
chemotherapy, Ann Arbor stage III/IV and female patients represented independent risk factors for TE among lymphoma patients
after chemotherapy (P< .05). For lymphoma patients treated with chemotherapy, the risk of TE occurring in women, patients
with platelet abnormalities before chemotherapy, and patients at Ann Arbor stage III/IV was significantly higher compared
with other patients. For these patients, we recommend prophylactic anticoagulant therapy.
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Introduction
Thromboembolism (TE) is a major complication among cancer
patients. Its incidence rate in cancer patients is approximately 5
times higher than among the general population. Previous
studies revealed the incidence of TE in patients with hematolog-
ical malignancies to be similar to or even higher than in patients
with solid cancers.1–4 Approximately 20% of cancer patients
develop venous TE (VTE) during the course of the disease.
Autopsy confirms VTE in up to half of cancer patients,
leading to the conclusion that VTE is a seriously underesti-
mated cancer complication.5–7

Currently, lymphoma is one of the fastest-growing malignant
tumors in the world, with an average 4% annual increase in inci-
dence. In recent years, the incidence rate of malignant lym-
phoma has increased rapidly in China. The incidence rate of
non-Hodgkin lymphoma is the highest in the case of lymphoma
at an incidence rate of approximately 6 to 7 of 0.1 million, while

for Hodgkin lymphoma it is 2 to 3 of 0.1 million.8 The incidence
of TE in patients with hematological malignancies ranges from
1.5% to 59.5% in lymphoma patients.9,10

Among the complications of lymphoma, TE is the most
prevalent. Therefore, to prevent and intervene in the occurrence
of TE among lymphoma patients, analysis of its risk factors has
become an important task. The current paper presents a clinical
case-control study conducted to analyze the possible risk factors
for TE in lymphoma patients undergoing chemotherapy. The
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aim of doing so was to provide a basis for clinical prevention,
intervention, and treatment, reduce the occurrence of TE, and
further improve the survival and quality of life of patients.

Data and Methods

General Information
From January 2012 to July 2019, 304 patients with lymphoma
who had been diagnosed by pathology and received chemother-
apy in Shanxi Bethune Hospital (former Shanxi Hospital),
China, were selected (185 male and 119 female patients). The
average age of these patients was 50.4 years old (22-89 years
old). Inclusion criteria were as follows. A diagnosis was con-
firmed by histopathology, and the diagnostic criteria were
based on the World Health Organization (WHO) classification
of hematopoiesis and lymphoid tissue tumors (WHO 2016).
Patients and their families provided signed informed consent
for participating in the study. No other organic lesions were
involved and clinical data were complete. Exclusion criteria
included patients complicated with other infectious or hemato-
logical malignancies; patients who were unable to cooperate
with the study procedures; patients with deep vein thrombosis
or thrombophlebitis before chemotherapy, and other related dis-
eases; patients with other basic diseases, such as hypertension
and dyslipidemia; patients who failed to receive chemotherapy.

A total of 111 patients developed TE, including 52 cases of
diffuse large B-cell lymphoma, 16 cases of t-lymphoblastoma, 1
case of angioimmunoblastic lymphoma, 12 cases of mantle cell
lymphoma, 7 cases of marginal zone B-cell lymphoma, 12 cases
of NK/T-cell lymphoma, 3 cases of follicular type lymphoma, 3
cases of intestinal disease-related T-cell type lymphoma, 1 case
of plasma cell lymphoma, and 4 cases of classical Hodgkin lym-
phoma. All patients were treated with the recommended chemo-
therapy regimen. This study meets the ethical requirements of
the Declaration of Helsinki; all patients’ personal privacy infor-
mation has been deleted from the research database.

Diagnosis of Thromboembolism
Cases of venous and arterial TE were analyzed in this study. An
objective diagnosis of TE was made according to radiological
examination (venous ultrasound of both lower limbs, enhanced
chest computed tomography [CT] scan, magnetic resonance
imaging [MRI], central nervous system thrombosis, or angiog-
raphy [arterial thrombosis], clinical examination, and laboratory
evaluation).

A total of 111 TE patients were diagnosed, 86 of whom were
diagnosed by ultrasonography, 17 by CT, 6 by MRI, and 2
patients by angiography. Among the 111 patients with throm-
bus, 67 patients showed TE symptoms and the rest 44 patients
did not. All patients included in the study were examined by
imaging after chemotherapy to determine whether TE had
occurred after the chemotherapy. The diagnoses were reviewed
by a final diagnosis committee comprising physicians and
radiologists.

Methods and Data Collection
The general information, diagnosis, and treatment of patients
were collected, and the risk factors of TE were analyzed. The
specific data collected included patient age, gender, disease
type, Ann Arbor stage, thrombosis and location, blood cell
count before chemotherapy, coagulation series index, body
mass index (BMI), and single hospitalization days. The type
of disease was determined by pathology. The disease was clas-
sified according to the Ann Arbor staging standard. Meanwhile,
color Doppler ultrasound of both lower limbs, heart color
Doppler ultrasound, and head CT was conducted to determine
whether TE had occurred during single hospitalization, and if
so, its location. Before chemotherapy, the number of blood
cells including white blood cells, hemoglobin, and platelet
count were detected. Blood tests were also performed during
cycles 2, 4, 6, and 8 of chemotherapy.

Coagulation parameters included prothrombin time (PT),
activated partial thromboplastin time (APTT), thrombin time
(TT), D-dimer (DD), and plasma fibrinogen (FIB).

Statistical Analysis
Data were analyzed using SPSS 23.0 statistics software. Count
data were compared using a χ2 test. Normally distributed mea-
surement data were compared using an independent sample
t-test, and nonnormally distributed measurement data were
compared using a corrected t-test. The risk factors for TE in
lymphoma patients undergoing chemotherapy were analyzed
using multivariate logistic regression analysis; P< .05 was con-
sidered statistically significant.

Results

Univariate Analysis of the Risk Factors for TE in
Lymphoma Patients Undergoing Chemotherapy
Univariate analysis revealed that gender, BMI, age, platelet
count before chemotherapy, single hospital stay, and Ann
Arbor stage were significantly correlated with TE (P< .05 for
all results, Table 1). Meanwhile, blood samples which were col-
lected at the time of diagnosis of thrombosis including the white
and red blood cell count, hemoglobin count, lactate dehydroge-
nase value, PT, APTT, TT, FIB, and DD were evaluated by
independent sample t-test. The correlation between these
factors and TE occurrence was not statistically significant
(P > .05 for all results, Table 2).

Multivariate Analysis of the Risk Factors for TE in
Lymphoma Patients Undergoing Chemotherapy
Study variables were selected based on the results of univariate
analysis and the clinical significance of the influencing factors.
With the occurrence of TE as the dependent variable, and
gender, age, BMI group, single hospitalization >30 days, plate-
let count before chemotherapy, and Ann Arbor stage as the
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independent variables, multivariate logistic regression analysis
was carried out (Table 3).

The logistic regression model result was χ2 = 294.46, with
P< .01; as such, the model indicated a good fit. Abnormal platelet
count was an independent risk factor for TE (P< .05), and the risk
of TE was 63.54 times higher than for people with normal platelet
values. Gender was an independent risk factor for TE (P< .05),
where the risk of TE among women was 6.69 times higher than
in men. Ann Arbor stage was also an independent risk factor for
TE (P< .05), and the risk of TE among stages III and IV patients
was 3.42 times higher than among stages I and II patients.

Discussion
The risk of venous thrombosis in hematologic malignancies
patients was 10 times higher than in patients with lung cancer
and gastrointestinal cancer.11 Moreover, VTE is a common
disease of TE in lymphoma patients and a major death
factor.12 The results of the present study revealed that VTE
occurred in 102 of 111 patients with TE, including 10 patients
with catheter-related thrombosis and 9 patients with arterial
thrombosis. Based on the results of this study, for patients
receiving lymphoma chemotherapy, at admission, chest CT,
electrocardiograph, and ultrasound examination of both lower
limbs should be routinely performed to determine whether
patients have developed TE. For high-risk patients, if necessary,
they can be given low-molecular-weight heparin as a means of
anticoagulant therapy after evaluation of general conditions.

Many chemotherapeutic drugs are known to be associated
with thrombosis, and several studies in China and other coun-
tries proposed a correlation between chemotherapy and

arteriovenous thrombosis. Vascular endothelial growth factor
inhibitors and vascular endothelial growth factor tyrosine
kinase receptor inhibitors are associated with increased throm-
bosis rates.13 A study also reported that immunosuppressive or
cytotoxic chemotherapy, such as L-aspartase, thalidomide,
lenalidomide, and tamoxifen increased the risk of VTE.14

Lymphoma patients undergoing chemotherapy are typically
treated, among others, with immunosuppressive or cytotoxic
drugs, and vascular endothelial growth factor inhibitors, all of
which increase the risk of developing TE.

In the present study, univariate analysis revealed that in lym-
phoma patients, platelet count prior to chemotherapy, Ann Arbor
stage, and gender were independent risk factors for developing
TE after chemotherapy. Among these, platelet count differed
from the normal level, where the risk of TE was increased by
more than 60 times. The risk of TE in women was higher than
in men, and patients at Ann Arbor stages III and IV had a signifi-
cantly higher risk of developing TE.

For lymphoma patients undergoing chemotherapy, abnormal
platelet count was an independent risk factor for TE. The
molecular mechanism of TE development remains unclear.
The main reason for this is that tumor cells directly or indirectly
activate platelet and coagulation pathways through the expres-
sion and release of related cytokines, for example, through
tumor microparticles, tissue factor, podoplanin, and plasmino-
gen activator inhibitor directly binding to the receptors
expressed on platelets’ surface, such as CLEC-2, P2Y12, and
PAR1/4. Furthermore, inflammatory cytokines secreted by
tumor cells, such as tumor necrosis factor α and interleukin-β,
lead to platelet activation, and promote endothelial cells to
form the procoagulant phenotype.15 In addition, tumor-derived

Table 1. Single Factor Analysis of Thromboembolism and Influencing Factors (n = 304).

Project

No TE (n = 193) TE (n = 111)

χ2 PNumber Composition ratio (%) Number Composition ratio (%)

Gender 59.29 < .001
Female 44 22.8 75 67.6
Male 149 77.2 36 32.4

BMI 91.90 < .001
< 18.5 or > 24 50 25.9 92 82.9
18.5≤, ≤ 24 143 74.1 19 17.1

Age 171.54 < .001
≥ 60 23 11.9 98 88.3
< 60 170 88.1 13 11.7

Platelets 220.02 < .001
＜ 125 or ＞ 350 10 5.2 100 90.1
125≤, ≤ 350 183 94.8 11 9.9

Length of stay 11.10 .001
< 30 days 136 70.5 57 51.4
≥ 30 days 57 29.5 54 48.6

Stage 156.58 < .001
I 99 51.3 5 4.5
II 70 36.3 16 14.4
III 19 9.8 31 27.9
IV 5 2.6 59 53.2

Abbreviations: BMI, body mass index; TE, thromboembolism.
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factors can promote the release of neutrophil extracellular traps
(NETs) from neutrophils, which can capture and activate plate-
lets and further cause fibrin deposition, red-blood-cell capture,
and exacerbate blood clot formation. Conversely, the coagula-
tion activity produced by NETs can further promote tumor
growth.16,17 Lymphoma patients undergoing chemotherapy
are prone to moderate to severe myelosuppression, leading to
a decrease in peripheral platelet count, and extremely prone to
thrombocytopenia, have a risk of bleeding, and developing
thrombosis.18 Tests, such as routine blood tests, should be con-
ducted regularly during preventive anticoagulation therapy;
close attention should be paid to whether the patient has skin
bleeding, gingival bleeding, hematochezia, hematemesis, or
any other related condition to avoid significant and potentially
life-threatening bleeding. In follow-up studies, the extent of
platelet abnormalities before chemotherapy should be defined,
and the risk of TE in lymphoma patients should be evaluated.

Byun et al3 revealed that the risk of TE in women was sig-
nificantly higher than in men. Additionally, the risk of TE in
stage III and IV patients was significantly higher than in stage
I and II patients. Komrokji et al19 revealed stage I disease to
be associated with a low risk of TE. This is consistent with
the results of the current study. Considering that patients with

advanced lymphoma are often associated with multiple organ
failure, during chemotherapy, endothelial cell damage revealed
by elevated plasma von Willebrand factor levels is considered a
major contributing factor to the risk of TE.20 In addition, a study
revealed that the use of chemotherapeutic drugs increased the
risk of TE in several ways. Chemotherapy can induce apoptosis
of tumor cells and endothelial cells, the secretion of cytokines,
the expression and activation of tissue factor, and the activation
of platelets.21,22 Blood in lymphoma chemotherapy patients
was in a hypercoagulable state and, as such, patients were
more prone to TE.23 One mechanism of hypercoagulability in
cancer patients is the role of anti-tumor factor (TF).24–26 TF is
a transmembrane glycoprotein that plays an important role in
the coagulation pathway and is a receptor that binds to essential
cofactors, factor II and activated factor VII, leading to procoa-
gulant and fibrin formation.27 Accordingly, a larger focus is
needed on patients with advanced cancer to observe whether
they indicate clinical manifestations, such as discomfort in the
lower limbs, chest tightness, tightness of breath, chest pain,
and disturbances in consciousness. If necessary, prophylactic
anticoagulant therapy can be given to high-risk patients.

Clinically, the incidence of TE in lymphoma chemotherapy
patients increases gradually. For different patients, risk assess-
ment of TE should be performed on admission, with attention
given to the risk of TE and realizing individualized treatment
for different patients as the basis for prevention. Currently, a
range of scales are used for assessing the risk of thrombosis
among patients in China and other countries. However, these
scales are not entirely suitable for the risk assessment of throm-
bosis in patients with hematological malignancies, particularly
lymphoma.24,28 Therefore, to improve the quality of life and
prolong the survival of patients, the thrombus risk scale for lym-
phoma patients should be further developed to better formulate
relevant prophylactic anticoagulant programs.

The current research was a single-center retrospective study.
Research limitations relate to participant selection, retrospective
bias, and small sample size. Multicenter, large-scale studies are
needed to screen out variables with high specificity related to
TE risk in lymphoma patients undergoing chemotherapy,
which will help to establish and verify effective prediction
scales and improve the accuracy of predictions to improve the
quality of life and prolong the survival of patients.

Table 3. Logistic Regression Analysis of Factors Affecting Thrombosis.

Project B SE Wald df P OR

95% confidence interval of
Exp(B)

Lower limit Upper limit

Stage 1.231 0.452 7.411 1 .006 3.425 1.412 8.310
BMI 0.536 0.626 0.731 1 .392 1.709 0.501 5.832
Age −0.148 0.899 0.027 1 .869 0.862 0.148 5.024
Platelets 4.152 0.598 48.193 1 .000 63.541 19.679 205.166
Length of stay 0.410 0.599 0.470 1 .493 1.507 0.466 4.871
Gender 1.901 0.551 11.895 1 .001 6.696 2.273 19.728

BMI, body mass index.

Table 2. Independent Sample t-Test of Thromboembolism and
Influencing Factors (n = 304).

Project T SE

Degree
of

freedom

Difference 95%
confidence
interval

P
Lower
limit

Upper
limit

Leukocyte −0.41 0.24 302.00 −0.58 0.38 .683
Red blood cell −1.09 0.10 302.00 −0.30 0.09 .279
Hemoglobin −0.90 1.73 302.00 −4.97 1.86 .371
Lactate dehydrogenase −1.26 3.01 302.00 −9.74 2.12 .208
PT 1.21 0.22 302.00 −0.17 0.71 .226
APTT −0.02 0.56 301.00 −1.10 1.08 .986
TT −1.48 0.29 297.00 −1.01 0.14 .140
FIB 0.73 0.15 301.00 −0.18 0.39 .464
DD 0.90 8.39 302.00 −9.00 24.01 .372

Abbreviations: PT, prothrombin time; APTT, activated partial thromboplastin
time; TT, thrombin time; DD, D-dimer; FIB, plasma fibrinogen.
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