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Abstract: Objective: To identify the risk factors associated with pulmonary embolism (PE) in malignant tumor pa-
tients with lower limb deep vein thrombosis (LLDVT). Methods: We retrospectively analyzed the clinical data of 45
patients with PE (observation group) and 255 patients without PE (control group) admitted to The Second Affiliated
Hospital of Shandong First Medical University between June 2020 and January 2025. Various clinical parameters,
including LLDVT density ratio, D-dimer, homocysteine (Hcy) and cardiac troponin | (cTNI), were compared between
the two groups. Logistic regression analysis was performed to identify independent risk factors for PE. Results:
The observation group had significantly higher values for LLDVT density ratio (P<0.001), D-dimer (P=0.004), Hcy
(P<0.001), cTNI (P<0.001), and Wells scores (P<0.001) compared to the control group. Logistic regression revealed
that LLDVT density ratio, Hcy, cTNI, and Wells scores were independent risk factors for PE in these patients. Pearson
correlation analysis showed significant positive associations between the LLDVT density ratio (r=0.822, P<0.001),
Hcey (r=0.899, P<0.001), cTNI (r=0.890, P<0.001), and Wells scores. ROC curve analysis indicated that the com-
bined model (LLDVT density ratio, Hcy, and cTNI) had a higher AUC (0.852) than individual markers. Conclusion:
LLDVT density ratio, Hcy, and cTNI are independent predictors of PE in malignant tumor patients with LLDVT. These
markers are closely associated with PE severity, which could assist in optimizing clinical management for these
patients.
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Introduction agulant proteins, leading to a hypercoagulable

state [4]. Additionally, indirect factors such as

Pulmonary embolism (PE) is a potentially fatal
condition, characterized by partial or complete
obstruction of the pulmonary arterial bed due
to thrombotic emboli. It has become the third
leading cause of cardiovascular morbidity and
mortality [1]. Cancer patients are particularly at
risk for PE. Previous studies have reported that
the incidence of PE in patients with malignan-
cies ranges from 3.1% to 9%, and the link
between malignancy and PE is well established
[2, 3]. PE is a major cause of death in cancer
patients, largely attributed to biological factors
and the cancer care process. Studies have
shown that neoplastic cells in cancer patients
release pro-inflammatory mediators and proco-

vascular injury and hypercoagulation are com-
monly observed in patients with malignancies
[5]. For most cancer patients, the occurrence of
PE is associated with blood clots that dislodge
from the walls of veins in deep vein thrombosis
(DVT) and travel to the pulmonary arteries via
the heart [6]. Thus, patients with malignant
tumors represent a unique and vulnerable
subgroup of PE patients.

Given the fatal consequences and frequency of
PE, prompt diagnosis is crucial. However, PE is
challenging to diagnose clinically due to the
non-specificity of its signs and symptoms.
Symptoms such as chest pain, palpitations,
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Malignant tumors patients with LLDVT
between June 2020 and January 2025 (n=400)

Excluded

1. The history of DVT and PE before admission (n=22)

2. The history of coagulation disorders (n=14)

__> 3. The history of non-thromboembolic diseases (n=12)

4. The history of serious cardiovascular and cerebrovascular disease (n=10)
5. Patients with iodine contrast media allergy (n=8)

6. Patients with severe kidney and liver dysfunction, mental disorder (n=11)
7. Pregnant and breastfeeding women (n=2)

8. Incomplete medical records (n=21)

300 patients were enrolled in this study|

! v

No-PE group PE group
(n=255) (n=45)

chest tightness, dyspnea, and cough with blood
in sputum may be misdiagnosed as chronic pul-
monary heart disease, coronary heart disease,
or acute exacerbations of chronic obstructive
pulmonary disease, which contributes to the
high mortality rate of PE [7, 8]. Several non-
invasive prediction models, including the widely
used Wells score, have been developed for PE
diagnosis, but they still carry a risk of misdiag-
nosis or missed diagnosis when relied upon
alone [9]. Therefore, exploring new methods
and diagnostic systems is essential.

Cancer patients are 2-4 times more likely to
experience venous thromboembolism com-
pared to those without malignancies [10].
Moreover, cancer patients with DVT are nearly
twice as likely to develop PE compared to th-
ose without DVT [11]. Research indicates that
thrombus detachment from lower limb deep
vein thrombosis (LLDVT) is the primary source
of PE, with approximately 90% of PE cases orig-
inating from DVT [12]. PE in cancer patients can
be treated effectively with timely diagnosis and
appropriate treatment. Thus, it is crucial to
develop an effective risk evaluation method to
facilitate early diagnosis and treatment of PE
in these patients. However, there is limited
research on PE risk prediction in cancer pa-
tients with DVT. This study aims to identify risk
factors for PE in cancer patients with LLDVT.
The findings will provide general recommenda-
tions for PE diagnosis in this patient population,
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Figure 1. Flow chart of patients selection in this study.

highlight gaps requiring further investigation,
and suggest factors that could contribute to the
clinical management of these patients.

Materials and methods
General information

This retrospective study included 300 cancer
patients with LLDVT who were treated at The
Second Affiliated Hospital of Shandong First
Medical University between June 2020 and
January 2025 (Figure 1). These patients were
divided into an observation group (n=45) and a
control group (n=255) based on the presence
of PE. Risk stratification of PE was based on
hemodynamic status, right ventricular func-
tion, and myocardial injury markers, categoriz-
ing patients into high, moderate, and low-risk
groups [13]. According to the guidelines for the
diagnosis and treatment of PE [14], the obser-
vation group was further divided into low risk
(n=15), moderate risk (n=18), and high risk
(n=12).

The study was approved by the Ethics Com-
mittee of The Second Affiliated Hospital of
Shandong First Medical University (No.
2025-360).

Inclusion criteria: (1) Age >18 years. (2) Dia-

gnosis of LLDVT based on clinical and color
Doppler ultrasonography [15], showing either
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partial or complete venous compression. (3)
Patients diagnosed and treated for common
malignant tumors. (4) Diagnosis of PE con-
firmed by radiography or angiography, showing
incomplete contrast filling in the pulmonary
artery and vascular occlusion, with or without
the tramline sign [16]. (5) First diagnosis of
DVT and PE. (6) Complete medical records.

Exclusion criteria: (1) History of DVT or PE
before admission. (2) History of coagulation
disorders. (3) Coexisting severe cardiovascular
or cerebrovascular diseases, such as myocar-
dial infarction, heart failure, or atrial fibrillation.
(4) Coexisting non-thromboembolic diseases,
such as fat embolism or malignant tumor em-
bolism. (5) Inability to undergo CT or contrast
examination due to iodine contrast media aller-
gy. (6) Severe kidney dysfunction (glomerular
filtration rate <15 mL/min) or liver dysfunction
(Child-Pugh Class C). (7) Presence of mental
disorders. (8) Pregnancy or breastfeeding.

Data collection

Data were independently collected by two
investigators, who resolved any discrepancies
between them. A standardized form was used
for data collection, ensuring the completeness
of medical records and the consistency of diag-
nostic criteria.

General patient data were collected, including
age, gender, body mass index (BMI), smoking,
alcohol use, late-night habits, diabetes, hyper-
tension, family history of venous thrombosis,
infections, hyperlipidemia, coronary heart dis-
ease, arrhythmias, and chronic lung diseases.
Clinical characteristics such as the side and
location of DVT, disease course, tumor type,
Caprini scores, DVT treatment methods, pro-
longed bed rest (>48 h), peripherally inserted
central catheter (PICC) implantation, hospital
surgery, chemotherapy, radiotherapy, targeted
therapy, immunotherapy, tumor staging, Wells
scores, and LLDVT density ratio were also
recorded.

Additionally, hematologic data obtained within
3 days of hospital admission, including white
blood cells, monocytes, neutrophils, lympho-
cytes, hemoglobin, platelets, D-dimer, pro-
thrombin time (PT), activated partial thrombo-
plastin time (APTT), thrombin time (TT), fibri-
nogen, serum creatinine (Cr), C-reactive protein
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(CRP), homocysteine (Hcy), and cardiac tropo-
nin | (cTNI), were recorded. The following formu-
las were used based on previous reports [17]:

Systemic immune-inflammatory index (Sll) =
Platelet count x Neutrophil count/Lymphocyte
count.

Neutrophil-to-lymphocyte ratio (NLR) = Neu-
trophil count/Lymphocyte count.

Platelet-to-lymphocyte ratio (PLR) = Platelet
count/Lymphocyte count.

Outcomes measures

LLDVT density ratio: Contrast-enhanced CT
(Siemens, Germany) was performed to scan
the pulmonary artery and lower extremity veins
using iodixanol (32 g/100 ml). The scanning
parameters were: 120 kV tube voltage, 200
mAs current, 0.75 mm slice thickness, 1 mm
interval, and a 150-second scanning delay
for the lower extremity vein examination. The
patient was positioned supine, with the scan-
ning direction starting from the head. The
patients were instructed to take a deep breath
and hold it during the scan.

First, pulmonary artery angiography was per-
formed, placing the region of interest on the
pulmonary artery trunk and setting the thresh-
old at 100 Hu. After this, a lower extremity
venous scan was conducted. Contrast agent (2
mL/kg) was injected intravenously at a rate of
3.5 mL/s, and the scan began 3 minutes post-
injection at the level of the third lumbar verte-
bra. After image acquisition, the CT value of
thrombus was measured as the ratio of the CT
value of the nearest filling defects in the vessel
to the CT value of the contralateral normal vein.
The formula for the LLDVT density ratio was:
LLDVT density ratio = CT value of the nearest
thrombus/CT value of the contralateral normal
vein.

Wells scores: Wells scores are a well-estab-
lished screening tool for PE. The following crite-
ria were scored: (1) Clinical signs and symp-
toms of DVT (3 points). (2) Alternative diagnos-
es are less likely than PE (3 points). (3)
Immobilization or surgery in the previous four
weeks (1.5 points). (4) Previous history of PE
or DVT (1.5 points). (5) Heart rate >100 beats/
min (1.5 points). (6) Malignancy (1.0 points).
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No-PE group
in malignant tumors patietns with LLDVT

PE group
in malignant tumors patietns with LLDVT

Data collection

Comparisons of general information,
clincial characteristics, blood biochemical and indicators

v

A univariate and multiple logistic
regression analysis for significant variables

4

The identification of risk factors
(LLDVT dansity ratio, D-dimer, Hcy ¢TNI)

Y

y

Y

Pearson analysis for the correlation
of risk factors with Wells scores

Comparsions of risk factors
in different PE risk of groups

ROC curves analysis
of risk factors

Figure 2. Flow diagram of study design in this study. Note: PE: Pulmonary embolism; LLDVT: Lower limb deep vein
thrombosis; Hcy: Homocysteine; cTNI: Cardiac troponin I; AUC: Area under the curve; ROC: Relative operating char-

acteristic.

(7) Hemoptysis (1.0 points). All patients in the
observasion group were evaluated using the
Wells score.

Blood biochemical indicators examination:
Fasting peripheral venous blood was drawn in
the morning. The collected blood was centri-
fuged at 2500 r/min for 10 minutes. The su-
pernatant was used to measure the levels of
cTNI and Hcy using a fully automated bioche-
mical analyzer (AU5400, Olympus Corporation,
Japan).

Statistical analysis

The data were analyzed using the SPSS 22.0
(IBM Corporation, USA). Continuous variables
were presented as mean + standard deviation
(SD), and categorical data were presented as
percentages (%)/number of cases. Compari-
sons between continuous data were perform-
ed using the independent t-test, and compari-
sons of categorical data were performed using
the chi-square (x?) test. The relationship be-
tween significant variables and Wells scores
was assessed using Pearson correlation analy-
sis. Multiple logistic regression analysis using
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the forward likelihood ratio (LR) method was
performed to identify risk factors for PE in
malignant tumor patients with LLDVT. The pre-
dictive value of significant variables for PE,
including specificity and sensitivity, was cal-
culated based on previous studies [18]. The
receiver operating characteristic (ROC) curve
was used to evaluate the predictive ability of
these variables with P<0.05 in multiple logistic
regression. Comparisons of areas under the
curves (AUCs) were performed using the De-
Long test [19]. Statistical significance was set
at P<0.05.

Results
Comparison of general information

The study design flow diagram is shown in
Figure 2. As presented in Table 1, no signifi-
cant differences were found between the con-
trol and observation groups in terms of age,
gender, body mass index (BMI), smoking, alco-
hol consumption, late-night habits, diabetes,
hypertension, family history of venous thrombo-
sis, infections, hyperlipidemia, coronary heart
disease, arrhythmia, or chronic lung diseases
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Table 1. The comparison of general information between observation group and control group

Parameters Control group (N=255) Observation group (N=45) t/x? P

Age (years) 64.25+6.41 65.37+£7.12 1.062 0.289
Gender (Male/Female) 165/90 32/13 0.696 0.404
BMI (kg/m?) 22.39+2.68 22.74+2.81 0.802 0.423
Smoking (%) 63 (24.71%) 12 (26.67%) 0.078 0.779
Drinking (%) 50 (19.61%) 10 (22.22%) 0.163 0.686
Stay up late 86 (33.73%) 16 (35.56%) 0.057 0.811
Diabetes (%) 25 (9.80%) 5 (11.11%) 0.073 0.788
Hypertension (%) 100 (39.22%) 19 (42.22%) 0.145 0.704
Family history of venous thrombosis 2 (0.78%) 1(2.22%) 0.799 0.371
Infections 76 (29.80%) 9 (20.00%) 1.811 0.178
Hyperlipaemia (%) 11 (4.31%) 3(6.67%) 0.476 0.490
Coronary heart disease 3(1.18%) 1(2.22%) 0.318 0.573
Arrhythmia 4 (1.57%) 2 (4.44%) 1.614 0.204
Chronic lung diseases 38 (14.90%) 5(11.11%) 0.448 0.503

Note: BMI: Body mass index.

(all P>0.05), indicating that the groups were
comparable.

Comparison of clinical characteristics

The LLDVT density ratio in the control group
was 39.78+9.65, while it was 49.92+10.58 in
the observation group. A significant difference
was found between the two groups (P<0.001).
Additionally, the Wells score in the observation
group was 5.68+0.97, significantly higher than
that in the control group (3.19+0.87), with a
clear statistical difference (P<0.001). However,
no significant differences were observed in
other clinical characteristics, such as the side
and location of LLDVT, tumor course, tumor
type, Caprini scores, DVT treatment methods,
long-term bedridden status (>48 h), implanta-
tion of a PICC, hospital surgery, chemotherapy,
radiotherapy, targeted therapy, immunothera-
py, and tumor staging, as shown in Table 2.

Comparison of blood biochemical indicators

As shown in Table 3, regarding blood biochemi-
cal indicators, D-dimer levels in the observa-
tion group were 4.08+1.21 mg/L, significantly
higher than in the control group (3.55+1.13
mg/L, P=0.004). Hey in the control group was
10.38+2.06 umol/L, while in the observation
group, it was 26.42+2.53 ymol/L, which was
significantly higher (P<0.001). cTNI was also
higher in the observation group (0.37+0.09

3514

ng/mL vs 0.15+0.04 ng/mL, P<0.001). No sta-
tistical differences were found for other blood
biochemical indicators, such as white blood
cells, monocytes, neutrophils, lymphocytes,
hemoglobin, platelets, PT, APTT, TT, fibrinogen,
Cr and CRP.

Logistic regression analysis results

Multiple logistic regression analysis was per-
formed on variables with a P value of <0.05 in
the univariate analysis (LLDVT density ratio,
D-dimer, Hcy, and cTNI), as shown in Table 4.
Stepwise regression was used with the occur-
rence of PE as the dependent variable and the
independent variables listed in Table 5. The
results of the multiple logistic regression an-
alysis, presented in Table 6, showed the follow-
ing odds ratios (ORs) with 95% confidence
intervals (Cls): LLDVT density ratio, 1.753
(1.247-4.169) (P<0.001); D-dimer, 1.402
(0.987-1.906) (P=0.058); Hcy, 1.945 (1.365-
5.218) (P<0.001); and cTNI 1.536 (1.174-
3.962) (P<0.001).

Comparison of risk factors (LLDVT density
ratio, Wells scores, D-dimer, Hcy and cTNI)
among groups with different risk levels

As shown in Table 7, the values of risk factors,
including LLDVT density ratio, Wells scores,
D-dimer, Hcy, and cTNI, were significantly lower
in the low-risk group compared to the moderate

Am J Cancer Res 2025;15(8):3510-3523



Risk factors for PE in malignant tumors patients with DVT

Table 2. The comparison of clinical characteristics between control group and observation group

Control group

Observation group

Parameters (N=255) (N=45) t/x? P
The location of lower extremity DVT 1.422 0.491
Proximal DVT 53 (20.78%) 7 (15.56%)
Distal DVT 107 (41.96%) 23 (51.11%)
Proximal and distal DVT 95 (37.26%) 15 (33.33%)
The side of lower extremity DVT 2.523 0.283
Right side 89 (34.90%) 13 (28.89%)
Left side 94 (36.86%) 14 (31.11%)
Bilateral sides 72 (28.24%) 18 (40.00%)
Lower limb deep vein thrombosis density ratio (%) 39.78+9.65 49.92+10.58 6.404 <0.001
Course of disease in tumor 1.924 0.382
<1 month 45 (17.65%) 9 (20.00%)
1-6 months 130 (50.98%) 18 (40.00%)
>6 months 80 (31.37%) 18 (40.00%)
The type of malignant tumors 4.696 0.096
Lung cancer 80 (31.37%) 21 (46.67%)
Gastrointestinal tumor 131 (51.37%) 20 (44.44%)
Others 44 (17.25%) 4 (8.89%)
The type of lung cancer 0.357 0.837
Adenocarcinoma 40 (50.00%) 11 (52.38%)
Squamous carcinoma 24 (30.00%) 5 (23.81%)
Small cell carcinoma 16 (20.00%) 5 (23.81%)
The type of gastrointestinal tumor 0.456 0.500
Gastric carcinoma 68 (51.91%) 12 (60.00%)
Colorectal cancer 63 (48.09%) 8 (40.00%)
Caprini scores 1.594 0.451
0-2 scores 26 (10.20%) 2 (4.44%)
2-4 scores 106 (41.57%) 21 (46.67%)
>4 scores 123 (28.23%) 22 (48.89%)
Long-term bedridden (>48 h) 18 (7.06%) 5(11.11%)
The implantation of PICC 85 (33.33%) 21 (46.67%)
Treatment methods for DVT 1.046 0.903
Low molecular heparin 130 (50.98%) 25 (55.56%)
Novel oral anticoagulant 28 (10.98%) 6 (13.33%)
Early mobilization 16 (6.27%) 4 (8.89%)
Others 12 (4.71%) 1(2.22%)
No precautionary measures 36 (14.12%) 8 (17.78%)
Surgery in hospital 56 (21.96%) 11 (24.44%) 0.136 0.712
Chemotherapy 85 (33.33%) 18 (40.00%) 0.754 0.385
Radiotherapy 10 (3.92%) 2 (4.44%) 0.027 0.869
Targeted therapy 94 (36.86%) 23 (51.11%) 3.264 0.071
Immunological therapy 8 (3.14%) 3 (6.67%) 1.349 0.246
Tumor staging 1.991 0.158
I-1l stages 51 (20.00%) 5 (11.11%)
-V stages 204 (80.00%) 40 (88.89%)
Wells scores 3.19+0.87 7.18+1.09 27240 <0.001

Note: PICC: Peripherally inserted central catheter.
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Table 3. The comparison of blood biochemical indicators between control group and observation

group

Parameters Control group (N=255) Observation group (N=45) t/x? P
White blood cells (x10°%/L) 6.35+£1.62 6.17+1.43 0.699 0.485
Monocytes (x10°%/L) 0.41+0.08 0.431£0.09 1.517 0.130
Neutrophils (x10°/L) 3.72+1.03 4.02+1.16 1.767 0.078
Lymphocytes (x10°/L) 1.00+0.42 0.98+0.37 0.300 0.765
Haemoglobin (g/L) 122.00+£27.39 116.57+25.84 1.236 0.217
Blood platelet (x10°/L) 196.73+50.42 200.28+54.61 0.430 0.668
D-dimer (mg/L) 3.55+1.13 4.08+1.21 2.870 0.004
PT (s) 12.05+0.54 11.94+0.62 1.231 0.219
APTT (s) 29.54+1.63 30.03+1.52 1.877 0.061
TT (s) 15.28+2.35 15.03+1.98 0.673 0.502
Fibrinogen (g/L) 3.72+0.64 3.65£0.58 0.686 0.494
Cr (umol/L) 79.74+16.28 83.72+17.91 1.489 0.138
CRP (mg/L) 28.45+6.71 30.28+8.92 1.599 0.111
Hey (umol/L) 10.38+2.06 26.42+2.53 46.440 <0.001
cTNI (ng/mL) 0.15+0.04 0.37+0.09 26.890 <0.001
PLR 187.84+32.56 170.84+28.56 1.546 0.123
Sl 715.62+68.73 697.48+59.46 1.664 0.097
NLR 3.74+0.75 3.56+0.61 1.523 0.129

Note: PT: Prothrombin time; APTT: Activated partial thromboplastin time; TT: Thrombin time; Cr: Creatinine; CRP: C-reactive

protein; Hcy: Homocysteine; ¢cTNI: Cardiac troponin I.

Table 4. A univariate logistic regression analysis for risk factors of PE in malignant tumors patients

with lower extremity deep vein thrombosis

Parameters OR (95% Cl) P
Lower limb deep vein thrombosis density ratio (%) 1.286 (1.095-3.247) <0.001
Wells scores 2.184 (1.127-4.305) <0.001
D-dimer (mg/L) 2.743 (1.011-6.948) 0.041
Hey (umol/L) 1.378 (1.108-2.915) 0.003
CTNI (ng/mL) 4.017 (1.296-11.958) 0.002
Table 5. The assignment of independent variable in multiple logis- Correlation of LLDVT density
tic regression analysis ratio, Hcy and cTNI with Wells
) Assignment scores

Independent variable

0 1 As shown in Table 2, the
Lower limb deep vein thrombosis density ratio (%) <48.61 >48.61 Wells scores in the observa-
Wells scores <6.95 >6.95 tion group were significantly
D-dimer (mg/L) <3.87 >3.87 higher than those in the con-
Hey (umol/L) <2358 >23.58 trol group (7.18+1.09 vs 3.19+
cTNI (ng/mL) <0.32 >0.32 0.87, t=27.240, P<0.001). Ad-

and high-risk groups (all P<0.05). Additionally,
the values in the moderate-risk group were
significantly lower than those in the high-risk
group, with statistical differences observed
among the three groups (P<0.001).

3516

ditionally, as demonstrated in
Figure 3A-C, Pearson correla-
tion analysis revealed a positive association
between the LLDVT density ratio, Hcy, and cTNI
with Wells scores. The correlation coefficients
were 0.822, 0.899, and 0.890, respectively (all
P<0.001).
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Table 6. Multiple logistic regression analysis for risk factors of PE in malignant tumors patients with
lower extremity deep vein thrombosis

Parameters B SE Wald P OR (95% ClI)
Lower limb deep vein thrombosis density ratio (%) 0.385 0.114 11.503 <0.001 1.753(1.247-4.169)
Wells scores 0.374 0.138 9.495 <0.001 1.891(1.412-6.038)
D-dimer (mg/L) 0.465 0.214 3.765 0.058 1.402 (0.987-1.906)
Hcy (umol/L) 0.502 0.149 10.394 <0.001 1.945(1.365-5.218)
CTNI (ng/mL) 0.476 0.155 8.967 <0.001 1.536(1.174-3.962)
Note: Hcy: Homocysteine; cTNI: Cardiac troponin I.
Table 7. The comparative results among different groups
Groups Lower “rzzr?seifypr;fi? (E)Z)rombo&s Hcy (umol/L) C¢TNI (ng/mL) Wells scores
Low risk (n=15) 43.90+3.95 20.07+2.14 0.27+£0.03 6.52+0.77
Moderate risk (n=18) 50.72+4.38 27.14+2.56 0.39+0.08 7.031£0.98
High risk (n=12) 56.24+5.10 33.28+3.07 0.46+0.09 8.27+1.01
F value 26.151 88.670 25.371 12.412
P value <0.001 <0.001 <0.001 <0.001
Note: Hey: Homocysteine; cTNI: Cardiac troponin I.
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Figure 3. The Pearson analysis for the correlation of
lower limb deep vein thrombosis density ratio, Hcy
and cTNI with Wells scores. A: The correlation of
lower limb deep vein thrombosis density ratio with
Wells scores; B: The correlation of Hey with Wells
scores; C: The correlation of cTNI with Wells scores.
Note: Hcy: Homocysteine; cTNI: Cardiac troponin I.
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Table 8. The predictive value of lower limb deep vein thrombosis density ratio, Hcy and cTNI for diag-
nosing the occurrence of PE in malignant tumors patients with lower extremity deep vein thrombosis

Parameters

Cut-off Sensitivity Specificity

0,
95% Cl P value value (%) %)

Lower limb deep vein thrombosis density ratio (%) 0.714 0.481-0.913 0.004 48.61 73.33 65.88

Hcey (umol/L)
CTNI (ng/mL)
The combined index

0.736 0.394-0.898 0.013 23.58 75.56 62.75
0.762 0.417-0.924 0.008 0.32 77.78 69.80
0.852 0.623-0.945 <0.001 - 86.67 90.20

Note: Hcy: Homocysteine; cTNI: Cardiac troponin I; AUC: Area under the curve.

1.0
0.8
Z ook
.-
=
=]
D=1
w2
=
54
L2 04fm
LLDVT density ratio AUC=0.714
Hey AUC=0.736
0.2 il C¢INITAUC=0.762
J The combined index AUC=0.852
f
0.0 2 L A A Il
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 4. ROC curves evaluated the performance of
lower limb deep vein thrombosis density ratio, Hcy
and cTNI in diagnosing the occurrence of PE in malig-
nant tumors patients with lower extremity deep vein
thrombosis. Note: Hcy: Homocysteine; cTNI: Cardiac
troponin |; AUC: Area under the curve; ROC: Relative
operating characteristic.

Predictive value of LLDVT density ratio, Hcy,
and cTNI for PE

As shown in Table 8 and Figure 4, LL DVT den-
sity ratio, Hcy, and cTNI alone showed some
predictive value for PE in malignant tumor
patients with LLDVT. The area under the curve
(AUC) for LLDVT density ratio, Hcy, and cTNI
were 0.714, 0.736, and 0.762, respectively.
The combined index had the highest predic-
tive value, with an AUC of 0.852, and sensitivity
and specificity values of 86.67% and 90.20%,
respectively. Moreover, the comparison of AUCs
using DelLong’s test showed that the combined
index had significantly greater diagnostic power
than any individual risk factor, with statistically
significant differences, as shown in Table 9.
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Discussion

Despite advances in oncology and vascular
medicine, cancer remains a common risk fac-
tor for the development of venous thromboem-
bolism. Sakuma et al. found that malignant
tumors not only induced thrombotic PE, but
also caused tumor-related PE [20]. Numerous
studies have shown that cancer patients have a
four- to eight-fold higher risk of mortality after a
thrombotic event compared to patients without
malignancies [21]. It has also been document-
ed that PE in cancer patients is associated with
a poor prognosis [22]. As the signs and symp-
toms of PE are neither sensitive nor specific,
diagnosing PE in cancer patients remains chal-
lenging. It has been noted that clinically unsus-
pected PE is often discovered only at autopsy
[23]. Therefore, early identification of relevant
risk factors for PE in these patients is crucial to
facilitate clinical treatment. Currently, accurate-
ly predicting PE through a single biomarker
remains difficult, and it is generally recom-
mended to use multiple indicators for a com-
bined examination to improve prediction accu-
racy [24].

The clinical characteristics of PE in cancer
patients continue to be an area of interest.
Previous studies have confirmed that patients
with a history of trauma, surgery, chronic lung
disease, high levels of D-dimer, Sll, NLR and
PLR are more prone to PE [25, 26]. In contrast,
this study compared clinical data between the
two groups and further evaluated the results
using logistic regression analysis. The findings
revealed that independent risk factors for pre-
dicting PE in cancer patients with LLDVT were
the LLDVT density ratio, Hcy and cTNI, which
differs from previous studies [27, 28]. This dis-
crepancy may be due to differences in sample
size and subject selection.
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Table 9. The pairwise comparisons among the AUC of lower limb deep vein thrombosis density ratio,

Hcy and cTNI and the jointed indexes

Comparisons of variables Difference between areas (95% Cl) Z test P value
LLDVT density ratio vs. Jointed indexes 0.321 (0.145-0.678) 6.032 <0.001
Hcy vs. Jointed indexes 0.279 (0.136-0.508) 6.244 <0.001
cTNI vs. Jointed indexes 0.175 (0.112-0.495) 4.879 <0.001

Note: LLDVT: Lower limb deep vein thrombosis; Hcy: Homocysteine; cTNI: Cardiac troponin I.

In clinical practice, the Wells score, a widely
used clinical scoring system, is particularly
applicable to the Chinese population. The Wells
score includes clinical presentation, laboratory
indicators, imaging examinations, and other
factors. Multiple studies have confirmed that
the Wells score effectively predicts the inci-
dence of PE [29]. In this study, the Wells score
in the observation group was significantly high-
er than in the control group, indicating that the
Wells score could effectively predict PE in can-
cer patients with DVT, which aligns with the
findings of Zaleski et al. [30].

Previous studies have shown that D-dimer lev-
els effectively predict PE in patients with DVT.
The fibrinolytic system is activated following
thrombus formation, leading to the degradation
of cross-linked fibrin into soluble degradation
products, such as D-dimer, which reflect the
body’s hypercoagulable state and secondary
fibrinolytic activity. Elevated D-dimer levels may
be associated with concurrent LLDVT and pul-
monary artery thrombosis, triggering a stronger
fibrinolytic response in the body [31]. In this
study, significant differences in D-dimer levels
were observed between the two groups. Uni-
variate logistic regression analysis also indicat-
ed that D-dimer was a risk factor for predicting
PE in cancer patients with LLDVT. However, this
effect was not significant in multivariate logistic
regression analysis. The possible reason may
be associated with the sample size or the se-
lected subjects. And these inconsistencies in
findings demanded more research to be com-
plemented.

The thrombus density ratio is determined by
measuring the CT Hounsfield units (HU) of the
thrombus, which helps identify its composition
and reflects the sharpness of blood clots and
the concentration of red blood cells. Many stud-
ies have shown that thrombi with higher density
ratios contain a significant amount of red blood
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cells rich in hemoglobin, as well as some fibrin.
These thrombi are more sensitive to fibrinolytic
agents, leading to poorer stability and a greater
tendency to detach [32, 33]. Another study
revealed that white thrombi, rich in platelet
fragments, had lower CT HU values and greater
resistance to fibrinolysis compared to red blood
cell-rich thrombi [34]. In this study, it was found
that the LLDVT density ratio in cancer patients
with DVT and PE was higher than that in
patients with DVT alone, which aligns with the
findings of Yu et al. [35]. Additionally, the results
indicated that PE patients with higher erythro-
cyte counts and lower platelet counts had high-
er CT HU values compared to those with DVT
alone. The risk of PE decreased as platelet
count increased.

cTnl is exclusively present in myocardial cells.
When myocardial damage occurs under various
conditions, cTnl levels rise rapidly within 4-6
hours and remain elevated for 6-10 days. In
cases of PE in DVT patients, the sudden in-
crease in pulmonary pressure leads to right
ventricular strain, followed by right ventricular
dilation, increased myocardial tension, and
even compression of the coronary arteries.
This impairs coronary artery perfusion, result-
ing in myocardial hypoxia, ischemia, and micro-
infarction, ultimately leading to elevated cTnl
levels [36]. Another study found that elevated
cTnl levels were associated with an increased
short-term mortality risk related to PE [37]. As
a marker for right ventricular injury and large
thrombus burden, cTnl is also linked to higher
long-term mortality risk due to PE [38]. Fur-
thermore, the American Heart Association’s
guidelines for managing massive and submas-
sive PE categorize patients with elevated cTnl
as having submassive PE [39]. In this study,
cInl levels were higher in the observation group
compared to the control group, suggesting that
cTnl could be used to predict PE in cancer
patients with DVT.
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Hcy is an intermediate metabolite of sulfur-con-
taining amino acids and a known risk factor for
atherosclerosis. Hcy can cause endothelial cell
damage, reduce vascular elasticity, and impair
the coagulation process. Additionally, elevated
Hcy levels can enhance platelet and endotheli-
al cell adhesion, contributing to the formation
of thrombogenic precursors [40, 41]. It has
been suggested that Hcy promotes thrombus
formation, confirming its association with an
increased risk of venous thrombosis, making it
an independent risk factor for thromboembolic
diseases. One study reported that for every 1
umol/L increase in Hey, the risk of PE increased
by approximately 10% [42]. The results of this
study showed that Hcy levels in cancer patients
with DVT and PE were higher than those in can-
cer patients with DVT alone. High levels of Hcy
can damage endothelial cells, disrupt platelet
arachidonic acid metabolism, promote throm-
boxane A2 synthesis, and activate the extrinsic
coagulation pathway, stimulating platelets and
inhibiting protein C and other coagulation fac-
tors. This creates a hypercoagulable state, in-
creasing the risk of PE [43]. This mechanism
likely explains why elevated Hcy levels correlate
with a higher risk of PE in our analysis.

This study also found that the values of LLDVT
density ratio, Hey, cTnl, and Wells scores were
highest in the high-risk group and lowest in the
low-risk group among the three groups. More-
over, Pearson correlation analysis showed that
the LLDVT density ratio, Hcy, and cTnl were pos-
itively associated with Wells scores. These
results provide a reference for clinical risk
stratification and the determination of treat-
ment strategies for PE patients with cancer and
DVT. Some studies have suggested that com-
bining multiple PE risk assessment models
improves the accuracy of PE screening [44].
Another study showed that a combination of
biomarkers could effectively stratify and pre-
dict PE risk in cancer patients [45]. In this study,
ROC curve analysis showed that the area under
the curve for the combined LLDVT density ratio,
Hcy, and cTnl was significantly higher than for
any individual factor, indicating that the com-
bined model had better predictive ability for PE.
This model had a sensitivity of 86.67% and a
specificity of 90.20% in predicting PE in cancer
patients with DVT.

In conclusion, the LLDVT density ratio, Hey, and
cTnl were identified as independent risk factors
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for PE in cancer patients with lower extremity
DVT. The diagnostic specificity increased with
the number of risk factors. The combined
detection of these indicators showed a sensi-
tivity of 86.67% and specificity of 90.20% in
predicting PE, making it a useful tool for evalu-
ating PE occurrence in cancer patients with
LLDVT. This combined approach should be pro-
moted and applied in clinical practice, as it can
improve patient management and prognosis.
These findings suggest that clinicians should
be more vigilant regarding the occurrence of
PE in cancer patients with LLDVT. According to
current guidelines, indefinite or extended anti-
coagulation should be considered for these
patients with persistent risk factors. The dura-
tion of anticoagulation should be adjusted
based on the patient’s risk profile, balancing
bleeding risks and the need for anticoagulant
therapy.

However, this study has some limitations. It is
a single-center study without long-term follow-
up, and the sample size is relatively small.
Additionally, the study lacked randomization,
which could have led to observational bias. The
underlying mechanisms were not explored in
detail. Future research should include multi-
center, large sample, randomized controlled tri-
als with long-term follow-up to confirm these
findings.
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