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AIM: To investigate the incidence of thromboembolic events (TEs) in prostate cancer (PCa) patients receiving radiation therapy with or
without androgen deprivation therapy (ADT).
METHODS: A retrospective analysis was conducted on the clinical data of 125 PCa patients admitted to the Henan Provincial People’s
Hospital from February 2020 to February 2022. Patients were divided into control and observation groups after baseline matching,
with the former consisting of 31 patients receiving radiation therapy alone and the latter constituting 31 patients receiving radiation
therapy combined with ADT. The incidence rates of TEs, coagulation function indicators (fibrinogen [FIB], D-dimer [D-D], activated
partial thromboplastin time [APTT], prothrombin time [PT]), and thrombotic molecular markers (plasminogen-α2-antiplasmin complex
[PIC], thrombomodulin [TM], thrombin-antithrombin [TAT] complex, tissue-type plasminogen activator-inhibitor complex [t-PAIC])
were compared between the two groups.
RESULTS: The incidence of deep vein thrombosis (DVT) in the observation group was significantly higher than in the control group (p
< 0.05). No cases of pulmonary embolism (PE) or arterial embolism (AE) were reported in either group. After treatment, the observation
group showed significantly lower PT and APTT levels and significantly higher levels of FIB, D-D, and all thrombotic molecular markers
(TAT, PIC, TM, and t-PAIC) compared to the control group (p < 0.05).
CONCLUSIONS: Although ADT provides substantial benefits in controlling PCa progression, it significantly increases the risk of TEs,
particularly DVT. Physicians should carefully evaluate the thromboembolic risk before initiating ADT in PCa patients and consider
prophylactic anticoagulation strategies for risk mitigation.
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Introduction
Prostate cancer (PCa) is the most common malignant tumor
of the male genitourinary system. It progresses slowly and
is often asymptomatic in the early stages until tumor growth
leads to hematuria or urinary tract obstruction [1,2]. PCa
is the most common non-skin malignancy among males in
the U.S. and contributes to the second highest incidence
among all malignancies affecting males worldwide and the
fifth highest mortality rate [3,4]. According to the latest
global cancer statistics, there are approximately 1,414,259
new cases of PCa diagnosed in 2020 worldwide, accounting
for 3.8% cancer-related deaths [5].
The main treatment modalities for PCa in clinical practice
include prostatectomy, radiotherapy, and hormone therapy.
Radiotherapy remains a cornerstone of PCa management,
particularly for localized or locally advanced disease, as
it uses ionizing radiation to kill tumor cells while pre-
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serving surrounding tissues. However, PCa is a hormone-
dependent malignancy, making androgen deprivation ther-
apy (ADT) a common and effective approach to slow dis-
ease progression. ADT works by reducing testosterone lev-
els through medical or surgical castration, thereby inhibit-
ing the proliferation of cancer cells [6–8].
While ADT has proven survival benefits, particularly when
combined with radiotherapy, it is also associated with sev-
eral adverse effects [9]. Common side effects include hot
flashes, decreased libido, and osteoporosis [10]. However,
more concerning is the emerging reports of thromboem-
bolic events (TEs), including deep vein thrombosis (DVT),
pulmonary embolism (PE), and arterial embolism (AE), in
patients undergoing ADT. Studies such as those by Ehdaie
et al. [11] and Hong et al. [12] have reported that ADT
may induce a hypercoagulable state, increasing the risk of
TE. Proposedmechanisms include testosterone suppression
leading to endothelial dysfunction, increased platelet aggre-
gation, and decreased fibrinolysis [13–15].
Despite the growing body of evidence, the exact relation-
ship between ADT and TEs remains controversial. Some
studies suggest a significant association between prolonged
ADT use and increased thrombotic risk, while others re-
port no clear link [16,17]. Moreover, patient-specific fac-
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tors such as age, cardiovascular history, and comorbidities
may further influence TE risk. Given the increasing use of
ADT in PCa treatment, understanding its potential throm-
botic complications is critical for optimizing patient care.
This study aims to address this knowledge gap by investi-
gating the incidence of TEs in PCa patients receiving ra-
diotherapy with or without ADT. We hypothesized that pa-
tients undergoing ADT in combination with radiotherapy
would exhibit a higher incidence of TEs compared to those
receiving radiotherapy alone. By identifying risk factors
and assessing coagulation markers, this study seeks to pro-
vide concrete basis for enabling more personalized risk as-
sessment and facilitating management strategies in clinical
practice.

Materials and Methods
General Information

A retrospective analysis was conducted on the clinical data
of 125 PCa patients admitted to the Henan Provincial Peo-
ple’s Hospital between February 2020 and February 2022.
The inclusion and exclusion criteria were applied to ensure
the homogeneity of the study cohort. The flowchart of this
study is presented in Fig. 1.
To minimize confounding bias and ensure comparability
between the two groups, propensity score matching was
used to balance baseline characteristics. After matching,
31 cases patients were included in each group.
This study was approved by the Ethics Committee of Henan
Provincial People’s Hospital (Approval No. 201974) and
conducted in accordance with the principles outlined in the
Declaration of Helsinki. Since this retrospective study uti-
lized anonymized patient data, the requirement for obtain-
ing informed consent was waived.
The inclusion criteria adopted in this study are as follows:
(1) having pathologically confirmed PCa; (2) having com-
plete general information; (3) no distant metastasis; (4) no
severe immune deficiency; and (5) no mental illness or con-
sciousness disorders.
Patients with the following conditions were excluded from
the study: (1) a history of TEs; (2) concurrent orthopedic
diseases; (3) comorbidity with other malignancies; (4) con-
current severe heart, liver, lung, or kidney diseases; and (5)
concurrent congenital coagulation disorders.
The malignancy pathologically identified in all included
patients was adenocarcinoma of the prostate, which is the
most common form of PCa. No patients with rare histolog-
ical subtypes, such as neuroendocrine carcinoma or sarco-
matoid carcinoma, were included in this study. Addition-
ally, tumor grade was assessed using the International So-
ciety of Urological Pathology (ISUP) grading system [18].

Study Groups and Treatment Procedures
Patients were divided into two groups: control group and
observation group. The subjects in the control group re-

ceived brachytherapy (BT) alone, while those in the obser-
vation group received brachytherapy combined with ADT.

Treatment Protocol for the Control Group
Patients in the control group underwent BT using radioac-
tive seeds. The procedure was performed under transrectal
ultrasound (TRUS) guidance to ensure accurate seed place-
ment. The steps included the following:
(1) Prostate immobilization was achieved using a prostate
stabilizer connected to the operating table.
(2) A stepper and template system was placed close to the
perineum, and a rectal probe was connected to the TRUS
device (Model No. BK5000, BK Medical, Herlev, Den-
mark).
(3) Transrectal ultrasound was performed in the lithotomy
position, with transverse prostate images obtained from the
base to the apex at 5-mm intervals.
(4) Radioactive seeds, including iodine-125 (125I) or
palladium-103 (103Pd), were implanted using a MICK200
particle implantation gun (Computerized Medical Systems,
St. Louis, MO, USA).
(5) Post-implantation computed tomography (CT) scans
were performed within 30 days to confirm D90, defined as
the minimum dose covering 90% of the prostate volume.
The median D90 dose was 145 Gy for 125I and 125 Gy for
103Pd.

Treatment Protocol for the Observation Group
In addition to brachytherapy, patients in the observation
group underwent ADT therapy. The ADT regimen con-
sisted of the following:
(1) Oral bicalutamide (National Pharmaceutical Standard
No. H20073877; Zhejiang Haizheng Pharmaceutical Co.,
Ltd., Taizhou, China) at a dose of 50 mg once daily, start-
ing from day 1 post-surgery.
(2) Luteinizing hormone-releasing hormone (LHRH) ago-
nist injections initiated one week after surgery to achieve
medical castration. Patients received monthly or quarterly
injections according to the NCCN Guidelines for Prostate
Cancer (Version 2024).
The duration of ADT varied among patients, with a min-
imum treatment duration of 6 months and a maximum of
24months, depending on disease progression and physician
recommendations.

Outcome Measurements and Observational Indicators
The following outcomes and observational indicators were
assessed to evaluate the effects of treatment protocols at
two primary time points: before treatment and 6 months af-
ter treatment initiation. For patients receiving longer ADT
regimens, additional measurements were collected at 12-
month and 24-month follow-ups, depending on the individ-
ual treatment duration.
(1) Thromboembolic events (TEs). The occurrence of
DVT, PE, and AE was recorded for both groups. DVT was
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Fig. 1. Flowchart of study design and outcome measurements. PCa, prostate cancer; TEs, thromboembolic events; ADT, androgen
deprivation therapy.
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diagnosed using compression ultrasonography using aMin-
dray Resona I9 ultrasound system (No. 20210401, Min-
dray Bio-Medical Electronics Co., Ltd., Shenzhen, China).
The severity of DVT was assessed based on the Common
Terminology Criteria for Adverse Events (CTCAE) version
5.0, which categorizes adverse events into grade 1 (mild),
grade 2 (moderate), and grade 3 (severe) according to clin-
ical symptoms and the extent of venous obstruction [19].
PE was diagnosed using computed tomography pulmonary
angiography (CTPA) upon clinical suspicion. CTPA was
performed with a Siemens SOMATOM go.Top CT scanner
(No. 300521, Siemens Healthineers, Erlangen, Germany).
AE was diagnosed based on clinical symptoms such as sud-
den limb pain, pallor, coldness, and absence of pulse. The
timing of TE events was recorded, and implementation of
management strategies, including anticoagulation therapy,
was documented where applicable.
(2) Coagulation function indicators. Blood samples
were collected before treatment and 6 months after treat-
ment. The samples were anticoagulated using 0.109 mol/L
sodium citrate solution (1:9 ratio) and processed within 2 h
of collection.
Immunoturbidimetric reagent kits were utilized to mea-
sure levels of D-dimer (D-D; No. OPBP03, Siemens
Healthineers, Erlangen, Germany) and fibrinogen (FIB;No.
OQVK11, Siemens Healthineers, Erlangen, Germany) with
the aid of a fully automated coagulation analyzer (CA-
7000, Siemens Healthineers, Erlangen, Germany). Reagent
kits obtained from Siemens Healthineers (Erlangen, Ger-
many) were used to determine prothrombin time (PT; No.
OPAT03) and activated partial thromboplastin time (APTT;
No. B4224) on the same analyzer. All tests were conducted
in adherence to the manufacturer’s instructions, with daily
quality controls performed to ensure accuracy.
(3) Thrombosis biomarkers. Blood samples were col-
lected before and after treatment and centrifuged at 3000
rpm for 10 min. The following biomarkers were analyzed
using a chemiluminescence immunoassay analyzer (FC-
302, Guangzhou Wondfo Biotech Co., Ltd., Guangzhou,
China): thrombin-antithrombin (TAT) complexes, plasmin-
α2-antiplasmin complex (PIC), thrombomodulin (TM),
and tissue-type plasminogen activator-inhibitor complex (t-
PAIC). The corresponding reagent kits for biomarker de-
tection were provided by Guangzhou Wondfo Biotech Co.,
Ltd., (Guangzhou, China). All biomarker measurements
were conducted following the manufacturer’s protocols to
ensure consistency and accuracy.

Statistical Analysis

Statistical analyses were performed using SPSS software
(version 25.0, IBM, Armonk, NY, USA). The normality of
continuous variables was assessed using the Shapiro–Wilk
test.
For categorical variables, data are expressed as frequen-
cies and percentages. Inter-group comparisons of cate-

gorical variables were performed using the chi-square test.
When expected frequencies in any cell were less than 5,
the corrected chi-square test was used to improve accuracy.
For normally distributed continuous variables, data are pre-
sented as mean ± standard deviation (SD), and were ana-
lyzed using independent samples t-tests.
Propensity score matching was used to minimize baseline
differences between the groups, applying a nearest neigh-
bor matching algorithm (1:1 ratio, caliper = 0.02). Eight
covariates (age, body mass index [BMI], duration of dis-
ease, place of residence, tumor stage, total prostate-specific
antigen [tPSA], education level, and tumor grade), which
were selected based on their clinical relevance to PCa pro-
gression and thromboembolic risk, were included in logistic
regression models to calculate propensity scores. All statis-
tical tests were two-tailed, and p-values less than 0.05 were
considered statistically significant.

Results
Baseline Characteristics

Before matching, significant differences were observed be-
tween the control group and the observation group in age,
disease duration, tPSA, and tumor grade (p < 0.05), in-
dicating potential baseline confounding. These baseline
differences could potentially introduce bias in the analysis
of treatment outcomes. To address this, propensity score
matching was applied, resulting in a matched cohort of 31
patients in each group (Table 1).
After matching, the baseline characteristics, including age,
place of residence, education level, duration of disease,
BMI, tumor stage, tPSA, and tumor grade, were well bal-
anced between the two groups, with no statistically signifi-
cant differences (p > 0.05).
The matching process effectively eliminated the pre-
matching differences in age, disease duration, tPSA, and tu-
mor grade, ensuring comparability between the two groups.
This balance is crucial for reducing confounding bias and
improving the reliability of the analysis of thromboembolic
events and coagulation markers.

Comparison of Incidence Rate of Thromboembolic Events
The incidence rates of TEs, including DVT and PE, were
analyzed between the observation group and the control
group. The results showed that the incidence rate of DVT
in the observation group (25.81%) was significantly higher
than that in the control group (3.23%). No cases of PE or
AE were reported in either group (Table 2).
In the observation group, most DVT cases were classi-
fied as grade 2 (moderate) or grade 3 (severe) according
to the CTCAE, indicating clinically significant symptoms
requiring intervention. These cases were managed primar-
ily with anticoagulation therapy, including low-molecular-
weight heparin or direct oral anticoagulants. In contrast,
DVT cases in the control group were predominantly grade
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Table 1. Comparison of general information between the control and observation groups.

Index
Before matching After matching

Control group (n = 48) Observation group (n = 77) χ2/t p Control group (n = 31) Observation group (n = 31) χ2/t p

Age (years) 62.25 ± 6.23 65.51 ± 6.52 2.7652 0.0066 63.38 ± 6.38 63.89 ± 6.42 0.3137 0.7548

Place of residence (n, %)
Rural areas 25 (52.08) 32 (41.56)

1.3204 0.2505
12 (38.71) 14 (45.16)

0.2650 0.6067
City 23 (47.92) 45 (58.44) 19 (61.29) 17 (54.84)

Education level (n, %)

Junior high school and below 12 (25.00) 14 (18.18)

2.7095 0.4386

8 (25.81) 9 (29.03)

1.4112 0.7029
High school 8 (16.67) 19 (24.68) 6 (19.35) 8 (25.81)
College degree 11 (22.92) 23 (29.87) 7 (22.58) 8 (25.81)
Bachelor degree or above 17 (35.41) 21 (27.27) 10 (32.26) 6 (19.35)

Duration of disease (years) 3.52 ± 0.58 3.78 ± 0.69 2.1745 0.0316 3.56 ± 0.35 3.62 ± 0.36 0.6653 0.5084

BMI (kg/m2) 27.24 ± 2.82 28.17 ± 2.91 1.7584 0.0812 27.83 ± 2.87 27.76 ± 2.83 0.0967 0.9233

Tumor stage (n, %)
T1 13 (27.08) 23 (29.87)

1.1073 0.5749
12 (38.71) 9 (29.03)

0.6943 0.7067T2 16 (33.33) 19 (24.68) 8 (25.81) 10 (32.26)
T3 19 (39.59) 35 (45.45) 11 (35.48) 12 (38.71)

tPSA (ng/mL) 12.23 ± 1.25 12.95 ± 1.37 2.9538 0.0038 12.42 ± 1.32 12.39 ± 1.29 0.0905 0.9282

Tumor grade
Grade 1 9 (18.75) 23 (29.87)

6.1458 0.0463
9 (29.03) 11 (35.48)

0.5838 0.7468Grade 2 18 (37.50) 14 (18.18) 4 (12.91) 5 (16.13)
Grade 3 21 (43.75) 40 (51.95) 18 (58.06) 15 (48.39)

Abbreviations: BMI, body mass index; tPSA, total prostate-specific antigen.
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Table 2. Comparison of incidence rates of thromboembolic events between the control and observation groups.
Group Deep vein thrombosis Pulmonary embolism Arterial embolism Total thromboembolic events χ2 p

Observation group (n = 31) 8 (25.81%) 0 (0.00) 0 (0.00) 8 (25.81%) 4.679 0.031
Control group (n = 31) 1 (3.23%) 0 (0.00) 0 (0.00) 1 (3.23%)

Note: Data are presented as n (%).

Table 3. Comparison of coagulation function indicators between the control and observation groups.

Group
PT (s) APTT (s) FIB (g/L) D-D (mg/L)

BFT AFT BFT AFT BFT AFT BFT AFT

Observation group (n = 31) 12.62 ± 1.32 11.02 ± 1.02 28.43 ± 1.92 22.63 ± 1.82 3.12 ± 0.26 3.69 ± 0.43 4.52 ± 0.63 7.65 ± 0.92
Control group (n = 31) 12.56 ± 1.22 11.89 ± 1.08 28.58 ± 1.95 23.59 ± 1.78 3.18 ± 0.29 3.45 ± 0.32 4.59 ± 0.65 6.92 ± 0.86
t 0.186 3.261 0.305 2.100 0.858 2.493 0.431 3.227
p 0.853 0.002 0.761 0.040 0.395 0.015 0.668 0.002

Note: Data are expressed as mean ± standard deviation.
Abbreviations: PT, prothrombin time; APTT, activated partial thromboplastin time; FIB, fibrinogen; D-D, D-dimer; BFT, before treatment; AFT,
after treatment.

1 (mild), with no severe cases reported. No grade 4 or 5
events were observed in either group.
When considering total incidence of TEs (DVT + PE +AE),
the observation group demonstrated a significantly higher
incidence compared to the control group (p < 0.05). These
findings highlight the importance ofmonitoring andmanag-
ing thromboembolic risk in patients undergoing ADT, par-
ticularly through the use of regular screening and prophy-
lactic anticoagulation in high-risk patients.

Comparison of Coagulation Function Indicators
Before treatment, there was no significant difference in PT,
APTT, FIB, and D-D levels between the two groups (p >

0.05). After treatment, the observation group showed sig-
nificant changes in coagulation function indicators com-
pared to the control group (Table 3). Specifically, PT and
APTT levels were significantly lower in the observation
group, indicating a faster coagulation process, while the
FIB and D-D levels were significantly higher, suggesting
enhanced coagulation activity and a prothrombotic state (p
< 0.05).
These results highlighted the prothrombotic effect of ADT,
as evidenced by elevated levels of FIB and D-D, indicating
heightened thromboembolic risk in the observation group.

Comparison of Thrombotic Molecular Markers
Before treatment, there was no significant difference in
thrombotic molecular markers, including TAT, PIC, TM,
and t-PAIC, between the two groups (p > 0.05). After
treatment, the observation group demonstrated significantly
higher levels of all thrombotic markers compared to the
control group (p < 0.05), indicating enhanced coagula-
tion and reduced fibrinolytic activity (Table 4). Specifi-
cally, PIC and t-PAIC levels increasedmoremarkedly in the
observation group, suggesting ongoing fibrinolysis inhibi-
tion, while higher TAT levels indicated heightened throm-
bin generation. These changes reflected a prothrombotic

state induced by ADT, further supporting the observed in-
crease in thromboembolic risk.

Discussion
PCa is one of the most common malignancies in older men,
with a significant proportion of patients diagnosed at an ad-
vanced stage and at risk of developing metastatic complica-
tions, including bone metastasis [20,21]. Treatment strate-
gies for PCa often include ADT and radiotherapy, both of
which have demonstrated significant benefits in improv-
ing overall survival in PCa patients [22–24]. However,
ADT is associated with various adverse effects, includ-
ing metabolic syndrome, cardiovascular complications, and
TEs, which necessitate careful risk assessment and mon-
itoring [25]. Malignancies, including PCa, induce a hy-
percoagulable state that increases the incidence of venous
thromboembolism (VTE) in cancer patients. According to
Swedish data, the risk of VTE in PCa patients is, on aver-
age, 50% higher than in men without PCa [26]. Addition-
ally, ADT has been associated with an increased risk of PE
in study [27].
In this study, the incidence of DVT in the observation group
(25.81%) was significantly higher than that in the control
group (3.23%), while no cases of PE or AE were observed
in either group. This finding is consistent with previous
research by Ehdaie et al. [11] and Hong et al. [12], which
demonstrated that prolonged exposure to ADT increases the
risk of VTE. ADT may promote thrombosis by disrupting
the balance of sex hormones, reducing testosterone levels,
and inducing a hypercoagulable state through mechanisms
such as increased platelet aggregation and decreased fibri-
nolysis [14,28].
Coagulation function analysis further supported these find-
ings. Patients receiving ADT exhibited elevated levels of
FIB and D-D, both of which are markers of enhanced coag-
ulation activity [29]. Elevated D-D levels indicate ongoing
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Table 4. Comparison of thrombotic molecular markers between the control and observation groups.

Group
TAT (ng/mL) PIC (µg/mL) TM (U/mL) t-PAIC (ng/mL)

BFT AFT BFT AFT BFT AFT BFT AFT

Observation group (n = 31) 6.88 ± 1.14 8.42 ± 2.21 5.10 ± 1.03 5.99 ± 1.16 7.45 ± 2.14 8.53 ± 2.12 6.32 ± 1.25 7.89 ± 1.36
Control group (n = 31) 6.75 ± 1.12 7.25 ± 2.05 5.24 ± 1.07 5.37 ± 1.12 7.51 ± 2.16 7.38 ± 2.18 6.29 ± 1.23 7.08 ± 1.21
t 0.453 2.161 0.525 2.141 0.110 2.106 0.095 2.477
p 0.652 0.035 0.602 0.036 0.913 0.039 0.924 0.016

Note: Data are expressed as mean ± standard deviation.
Abbreviations: TAT, thrombin-antithrombin; PIC, plasminogen-α2-antiplasmin complex; TM, thrombomodulin; t-PAIC, tissue-type plasminogen
activator-inhibitor complex.

fibrinolytic activity and thrombus formation, highlighting
the increased thrombotic risk associated with ADT [30].
Additionally, we observed elevated levels of thrombotic
molecular markers in the observation group, including TAT,
PIC, TM, and t-PAIC. These markers reflect the activation
of the coagulation and fibrinolytic systems, endothelial dys-
function, and an increased thrombosis risk, further confirm-
ing the prothrombotic state induced by ADT [31,32].
The molecular markers examined in this study play key
roles in the coagulation cascade and can provide valuable
insights into thromboembolic risk in PCa patients receiv-
ing ADT. Higher TAT indicates the activation of thrombin
and subsequent coagulation cascade activity [33], while el-
evated PIC reflects of ongoing fibrinolysis [34]. TM serves
as a marker of endothelial dysfunction, which can promote
thrombosis by impairing the normal anticoagulant proper-
ties of the vascular endothelium [35]. t-PAIC, a marker of
fibrinolytic activity, is elevated when fibrinolysis is inhib-
ited [36]. Clinically, these markers can serve as early warn-
ing indicators of a hypercoagulable state in patients under-
going ADT, helping clinicians assess thromboembolic risk
and adjust treatment plans accordingly. Monitoring these
markers during ADT treatment could help prevent serious
thrombotic complications and guide timely interventions.
From a mechanistic perspective, testosterone has been
shown to play a protective role in cardiovascular health
by enhancing fibrinolysis, inhibiting platelet aggregation,
and reducing blood viscosity [37,38]. ADT-induced testos-
terone suppression disrupts these protective effects, leading
to increased platelet activation, elevated PAI-1 activity, and
decreased fibrinolytic activity, thereby promoting thrombus
formation [39]. Our findings were consistent with previous
research by Yang et al. [40], who reported that decreased
serum testosterone levels were associated with an increased
10-year risk of cardiovascular events in younger men. Al-
though no cases of PE or AE were detected in this study,
the significantly higher incidence of DVT in the observa-
tion group highlights the need for vigilance, especially in
patients receiving prolonged ADT. The absence of PE or
AE cases may be due to the relatively small sample size and
short follow-up period, which is acknowledged as a limita-
tion of this study.

Reducing thrombotic risk in PCa patients undergoing ADT
requires amultifaceted approach that includes both pharma-
cologic and non-pharmacologic interventions. Pharmaco-
logic interventions may involve the use of low-molecular-
weight heparin or direct oral anticoagulants in high-risk pa-
tients to prevent TEs [41]. Non-pharmacologic strategies
should include regular monitoring of coagulation markers
(e.g., D-D, FIB) and the use of imaging techniques such as
compression ultrasonography to detect early signs of throm-
bosis [42]. Additionally, lifestyle modifications, such as
promoting physical activity, managing weight, and opti-
mizing cardiovascular health, can further reduce thrombotic
risk in PCa patients undergoing ADT [43].
Guidelines for clinicians should emphasize the importance
of individualized risk assessments before initiating ADT.
Patients with pre-existing cardiovascular risk factors or a
history of thrombosis should undergo a thorough evalua-
tion, and preventive measures should be considered. Mon-
itoring testosterone levels during ADT and exploring ad-
junct therapies to mitigate the adverse cardiovascular ef-
fects of testosterone suppression may also be beneficial.
Future clinical trials should investigate the potential role of
direct oral anticoagulants in preventing TEs in PCa patients
receiving ADT.
While our study highlights the increased risk of DVT as-
sociated with ADT, it has several limitations. First, it
is a single-center study with a relatively small sample
size, which may limit the generalizability of our findings.
Larger, multicenter studies are needed to confirm these re-
sults in more diverse populations. Second, the short follow-
up period may have limited our ability to detect less com-
mon TEs, such as PE and AE. Future studies should in-
corporate long-term follow-up to capture the full spectrum
of thrombotic complications associated with ADT. Third,
certain clinically relevant variables, such as cardiovascular
disease history and use of anticoagulant medications, were
not included in the propensity score matching due to in-
complete data. Future research should aim to incorporate
a broader range of risk factors to improve the robustness
of the matching process. Additionally, our study did not
measure serum testosterone levels, limiting our ability to
directly link testosterone suppression with thrombotic risk.
Including hormonal data in future research could provide
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further insights into the mechanisms by which ADT pro-
motes thrombosis and help develop targeted interventions
to mitigate thromboembolic risk. Furthermore, this study
only included patients with grade 1–3 PCa, yielding find-
ings that have limited applicability to those with higher-
grade, more aggressive diseases. Future studies should in-
corporate a wider range of tumor grades to improve the gen-
eralizability of the results and provide a more comprehen-
sive understanding of thromboembolic risks associatedwith
ADT.
Our findings emphasize the importance of monitoring co-
agulation markers such as D-D and FIB in PCa patients un-
dergoing ADT. Clinicians should carefully evaluate TE risk
factors, including age, comorbidities, and baseline coagu-
lation status, when planning ADT. For high-risk patients,
prophylactic anticoagulation or regular screening with di-
agnostic tools such as ultrasound or D-D testing may be
considered to mitigate TE risk. Further research is needed
to explore the role of direct oral anticoagulants in prevent-
ing TEs in this patient population and to assess the long-
term cardiovascular impact of ADT-induced testosterone
suppression.

Conclusions
While ADT provides substantial benefits in controlling PCa
progression, it significantly increases the risk of DVT. This
underscores the need for individualized risk assessment and
monitoring of TEs during treatment planning. Future re-
search should focus on developing strategies to balance the
oncologic benefits of ADT with its potential thrombotic
complications, in addition to exploring the role of targeted
anticoagulation therapies.
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