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Summary

Background: This study aimed to evaluate the role of D-
dimer (DD) and prothrombin fragment 14+2 (PF1+2) in
assessing the risk of venous thromboembolism (VTE) in
advanced cancer patients, as well as the impact of preven-
tive anticoagulant therapy.

Methods: A total of 137 advanced cancer patients admit-
ted to the 908th Hospital of the Chinese People’s Libe-
ration Army Joint Logistic Support Force Hospital between
February 2023 and June 2024 were included. Patients
were divided into two groups based on the presence (VTE
group, n=49) or absence (non-VTE group, n=88) of VTE.
Blood tests were performed at admission, and the relation-
ship between DD, PF1+42, and VTE risk was analysed.
Patients without VTE were further categorised into two
treatment groups: the preventive anticoagulant treatment
group (AG, n=48) and the conventional treatment group
(RT, n=40), based on their preference. The incidence of
VTE in both groups was compared to assess the effective-
ness of preventive anticoagulant therapy.

Results: Before chemotherapy, DD levels were significantly
higher in patients who developed VTE than those who did
not. Both DD and PF1+2 were found to be independent
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Kratak sadrzaj

Uvod: Ova studija imala je za cilj da proceni ulogu D-
dimera (DD) i protrombinskog fragmenta 1+2 (PF1+2) u
proceni rizika od venske tromboembolije (VTE) kod pacije-
nata sa uznapredovalim karcinomom, kao i uticaj preven-
tivne antikoagulantne terapije.

Metode: U studiju je uklju¢eno ukupno 137 pacijenata sa
uznapredovalim karcinomom, hospitalizovanih u 908. bol-
nici Zdruzene logisti¢ke podrske Narodnooslobodilacke
vojske Kine izmedu februara 2023. i juna 2024. Pacijenti
su podeljeni u dve grupe na osnovu prisustva (VTE grupa,
n=49) ili odsustva (grupa bez VTE, n=88) VTE. Krvne
analize su sprovedene pri prijemu, a analizirana je pove-
zanost izmedu DD, PF142 i rizika od VTE. Pacijenti bez
VTE su dodatno rasporedeni u dve grupe lecenja: grupu sa
preventivnom antikoagulantnom terapijom (AG, n=48) i
grupu sa standardnim le¢enjem (RT, n=40), na osnhovu nji-
hovog izbora. Uporedena je incidencija VTE u obe grupe
kako bi se procenila efikasnost preventivne antikoagu-
lantne terapije.

Rezultati: Pre hemoterapije, nivo DD bio je znadajno visi
kod pacijenata kod kojih se razvio VTE u poredenju sa
onima kod kojih nije. Nakon hemoterapije, i DD i PF1+2
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risk factors for VTE after chemotherapy. The incidence of
VTE was lower in the AG group than in the RT group, with
a statistically significant difference.

Conclusions: DD and PF1+2 are reliable indicators for
assessing VTE risk in advanced cancer patients and can
help guide the use of preventive anticoagulant therapy.

Keywords: D-dimer (DD), prothrombin fragment 142
(PF1+2), advanced cancer, venous thromboembolism
(VTE), risk assessment

Introduction

Patients with advanced cancer face an increased
risk of venous thromboembolism (VTE) due to a com-
bination of factors that disrupt normal coagulation
and blood flow. These factors include the production
of procoagulant substances by the tumour, tumour
invasion of the vascular walls, impaired blood flow
due to tumour burden, and the effects of treatments
such as chemotherapy and immobility (1, 2).
Additionally, cancer-associated hypercoagulability,
often referred to as “Trousseau’s syndrome,” further
heightens the likelihood of thrombus formation (3-
5). VTE, which encompasses both deep vein throm-
bosis (DVT) and pulmonary embolism (PE), poses a
significant threat to the prognosis and quality of life of
cancer patients. DVT, typically presenting as a clot in
the deep veins of the legs, can cause pain, swelling,
and redness in the affected limbs. If the clot detaches
and travels through the bloodstream, it can result in
PE, which is a life-threatening complication that caus-
es symptoms such as chest pain, shortness of breath,
hemoptysis, and even death (6-8).

Given the high risk of VTE in advanced cancer
patients, timely diagnosis and prevention are critical. A
key challenge in clinical practice is identifying patients
at the highest risk of VTE so that appropriate preven-
tive measures can be implemented. Traditionally, pre-
ventive strategies include using anticoagulant therapy,
mobilisation strategies, and sometimes inferior vena
cava filters (9). However, identifying the most effective
method for risk assessment and therapeutic interven-
tion remains an active research area.

D-dimer (DD) and prothrombin fragment 142
(PF142) are two biomarkers increasingly used to eval-
uate VTE risk in cancer patients. DD is a fibrin degra-
dation product released when fibrin clots are broken
down, and elevated levels are often associated with
thrombotic activity in the body. DD has long been used
as a diagnostic tool for excluding DVT and PE, but ele-
vated levels are not always specific to thrombosis, as
they can also be seen in conditions such as infections,
inflammation, and tumours (10, 11). On the other
hand, PF1+2 is a prothrombin fragment generated
during coagulation, and its presence at elevated levels
reflects the activation of the coagulation cascade.
Increased PF1+2 levels have been linked to higher
risks of thromboembolic events, and it has been pro-

pokazali su se kao nezavisni faktori rizika za VTE. Inci-
dencija VTE bila je niza u AG grupi u odnosu na RT grupu,
sa statisti¢ki znacajnom razlikom.

Zakljuéak: DD i PF1+2 su pouzdani pokazatelji za procenu
rizika od VTE kod pacijenata sa uznapredovalim karci-
nomom i mogu pomodi u usmeravanju primene preven-
tivne antikoagulantne terapije.

Kljuéne reéi: D-dimer (DD), protrombinski fragment
142 (PF1+2), uznapredovali karcinom, venska trom-
boembolija (VTE), procena rizika

posed as a helpful marker in assessing coagulation
status in cancer patients (12, 13).

While both DD and PF1+2 have demonstrated
potential in assessing the risk of VTE, these markers
are not used in isolation. They should be considered
alongside other clinical indicators and diagnostic
tools. Furthermore, despite the widespread use of
anticoagulation therapy to prevent VTE in cancer
patients, the impact of prophylactic anticoagulant
therapy can vary based on factors such as tumour
type, chemotherapy regimen, and patient comorbidi-
ties. Given the complexity of cancer patients’ clinical
profiles, it remains unclear how best to tailor antico-
agulation strategies, particularly when considering the
potential risks of bleeding complications that accom-
pany anticoagulant therapy (14, 15).

The primary goal of this study is to explore the
role of DD and PF1+2 as reliable indicators for eval-
uating the risk of VTE in advanced cancer patients,
with a particular focus on their utility in guiding pre-
ventive anticoagulant therapy. This study will assess
whether these biomarkers can help predict the occur-
rence of VTE before and after chemotherapy and
whether they can assist in determining which patients
are most likely to benefit from prophylactic anticoag-
ulant therapy. Another key aspect of this research is to
investigate how different chemotherapy regimens and
cancer types influence VTE risk and the efficacy of
anticoagulant interventions.

The novelty of this study lies in its approach to
evaluating both DD and PF142 as dual biomarkers in
predicting VTE risk in advanced cancer patients.
Moreover, the study not only investigates their poten-
tial as diagnostic tools but also aims to assess their
role in guiding the implementation of preventive anti-
coagulant therapy. The study provides new insights
into the effectiveness of tailored anticoagulation
strategies by comparing the outcomes of different
anticoagulant regimens, including low-molecular-
weight heparin. This approach could lead to more
personalised treatment regimens, improving patient
outcomes while minimising the risk of bleeding com-
plications. Additionally, by exploring the interaction
between these biomarkers and different chemothera-
py protocols, the study offers new data that could
inform future clinical practice regarding thrombosis
prevention in cancer care.
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Materials and Methods
Subjects

One hundred thirty-seven advanced cancer
patients were enrolled in the 908th Hospital of the
Chinese People’s Liberation Army Joint Logistic
Support Force from February 2023 to June 2024.
According to whether VTE occurred, the patients
were divided into subjects with VTE (n=49) and sub-
jects without VTE (n=88). Informed consent was
obtained from all patients. The inclusion and exclu-
sion criteria for patients are presented in Table |.

VTE ascertainment

To perform vascular scanning, patients should
take off their upper clothes and put on special exam-
ination clothes provided by the hospital, and a lying
position is needed so that the doctor can better per-
form the examination. Before starting the scan, the
doctor checked the parts coated with a gel layer. A
probe was adopted to scan blood vessels. The probe
gently moved over the patient’s skin, and the ultra-
sound waves reflected the blood flow in the vessel.
According to the scan results, the blood vessels’
health was assessed for further diagnosis and treat-
ment. This vascular scan is a non-invasive diagnostic
technique that helps doctors better understand the
condition of blood vessels. With this kind of scanning,
doctors can detect vascular problems early and take
corresponding treatment measures to protect
patients’ health.

Routine blood test

During hospitalisation, venous blood samples
were collected from patients before and following

Table | Inclusion criteria.

treatment. Fasting was required for sample collection,
and then blood was collected from the median vein of
the elbow on the same side. After blood collection,
samples were sent to the laboratory department of
the hospital for testing. The clinical laboratory tested
blood samples for routine blood tests using a whole
blood cell analyser. A blood routine test is a common-
ly adopted test method to evaluate the patient’s blood
condition and health status. It includes measuring
and analysing indicators such as red blood cells, white
blood cells, and platelets in blood. The blood routine
test shows the patient’s blood cell count, hemoglobin
level, hematocrit, white blood cell differential count,
and platelet count. Regular blood routine tests can
monitor the blood cell status of patients and detect
and deal with possible abnormalities in time. This
helps doctors assess the effects of the treatment and
adjust the treatment plan to provide the best treat-
ment outcomes.

DD testing

Plasma DD levels were measured after the 2nd,
4th, and 6th cycles of chemotherapy. To ensure accu-
rate test results, patients should avoid eating too fat
and high-protein food the day before the inspection
and avoid a large number of drinks because the alco-
hol in the blood directly affects the test result. Blood
samples were put into the automatic coagulation
analyser CA-1500 and then operated according to
the equipment’s instructions. The analyser would
automatically perform coagulation analysis and out-
put the results. The instructions and operating proce-
dures of the equipment needed to be strictly followed
to ensure that the samples were properly placed and
that the equipment was functioning properly.

Serial number

Inclusion criteria

1 Advanced cancer patients, 18 years old or older

2 No anticoagulant therapy was given during the treatment period

3 No visible bleeding tendency

4 There are high-risk factors for VTE, such as long-term bed rest, surgery, and chemotherapy
5 Patients cooperating with trial and signing informed consent forms

Serial number

Exclusion criteria

1 Patients who have received anticoagulant therapy

2 The presence of a visible bleeding tendency

3 Presence of other serious cardiovascular or haematological diseases
4 Pregnant or lactating women

5 Patients unable to cooperate with trial requirements
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PF 1+ 2 testing

Enzyme-linked immunosorbent assay (ELISA) is a
commonly adopted experimental technique to deter-
mine the levels of specific proteins or molecules in
serum (16, 17). This article used ELISA to measure
serum PF1+2 levels. The serum sample was added to
a microplate already coated with PF1+2 antibody,
incubated at room temperature for a while to allow
PF1+2 to bind to the antibody, and the unbound mate-
rial was washed away. The horseradish peroxidase-
labelled secondary antibody was then added to form
the complex, and the unbound secondary antibody was
washed away. The substrate was added and reacted
with the enzyme-labelled secondary antibody to pro-
duce a measurable signal. Finally, the optical density of
the substrate reaction product was measured using a
microplate reader to determine the level of PF1+2.

Preventive anticoagulant therapy intervention
effect

The VTE group was divided into the preventive
anticoagulant therapy group (AG, n=48) and normal
group (RT, n=40), the AG group using low molecular
heparin anticoagulation, and the RT group using rou-
tine treatment. Fourteen days as a course of treat-
ment, at the first, second, and third courses after
treatment, the probability of VTE in the two groups
was counted to verify the effect of a preventive anti-
coagulant intervention.

Statistical analysis

SPSS 26.0 software was adopted, and the
measurement data were presented as mean * sd.
Two independent sample t-tests compared the dis-
tinctions, the multi-point contrast within the group
was analysed by variance analysis, the LSD-t test was
adopted to contrast two time points, and Pearson cor-
relation analysis was adopted for the correlation
between indicators. Multivariate Logistic analysis was
adopted to analyse the risk factors of VTE in
advanced cancer patients.

Results
General data of patients

There were no significant differences between
the two groups regarding gender, age, tumour metas-

Table Il Contrast of general conditions of patients.

tasis, or other demographic characteristics (P>0.05),
suggesting that the groups were comparable for
analysis. This implies that these factors did not con-
found the results, allowing for a valid comparison
between the groups. The general characteristics of
the patient groups are summarised in Table I/.

The relationship between blood routine and VTE

A comparison of the blood routine results
between the two groups revealed significant differ-
ences in the white blood cell count and D-dimer (DD)
levels before treatment (P<0.05), suggesting a
potential association between these markers and
VTE. However, no significant differences were
observed for platelet count and fibrinogen levels, indi-
cating that these factors may not be directly related to
the occurrence of VTE in this cohort. Figure 7 illus-
trates the blood routine test results for both groups.

Change in plasma DD

Before chemotherapy, plasma DD levels were
higher than the critical threshold in all subjects, with
those in the VTE group exhibiting notably elevated
DD levels compared to those in the non-VTE group.
During chemotherapy, plasma DD levels increased
further, particularly in patients who developed VTE.
Although the DD levels in patients with VTE rose dur-

WBC(10%/L) VTE
20 Y Non-VTE
151
/40, "

L & ~

D-dimer (pg/mL) Fib(10%L)

Figure 1 Contrast of subjects’ blood routine tests.

Grouping Gender (male/female) Age (years old) Whether to transfer (yes/no)
VTE group 23/26 63.5+11.45 21/28
Non-VTE group 42/46 63.4=+10.72 36/52
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Figure 2 Changes of plasma DD in subjects.
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Figure 3 PF1+42 changes in subjects during remedy.

Note: * represents a visible distinction

ing later stages of treatment, the increase was not sta-
tistically significant when compared to the non-VTE
group, possibly due to the confounding effect of anti-
coagulant therapy (which was administered to some
patients). Figure 2 demonstrates the temporal
changes in plasma DD levels throughout chemo-
therapy.

Change of PF1+2

Levels of prothrombin fragment 1+2 (PF1+2)
increased progressively throughout chemotherapy for
all patients. Importantly, patients who developed VTE
exhibited significantly higher PF1+2 levels than those
in the non-VTE group (P<0.05). These findings sug-
gest that PF1+2 could be a useful marker for identi-
fying patients at higher risk for VTE. The changes in
PF1+2 levels during chemotherapy are shown in
Figure 3.

Logistic analysis of DD, PF1+2, and VTE

Logistic regression analysis revealed that elevat-
ed plasma DD and PF1+2 levels after chemotherapy
were independent risk factors for VTE. Specifically,
patients with higher levels of these biomarkers were
more likely to develop VTE during their treatment
course. The results of the logistic analysis are present-
ed in Figure 4, indicating the odds ratios for DD and
PF1+2 in predicting VTE risk.

Effect of preventive anticoagulant therapy inter-
vention

The impact of preventive anticoagulant therapy
on VTE incidence was assessed during three courses
of chemotherapy. In the first course, 4 subjects receiv-

PF1+2

-3 T T T

260
PE1+2 (10%L)

300

D-dimer

150
D-dimer(pg/L)

160 170 180 190

Figure 4 Logistic analysis contrast of DD, PF1+2, and VTE.
A: Logistic analysis of PF1+42; B: Logistic analysis of DD
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3 couizes
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2 courses

(%)

Venous thrombosis incidence rate

AG RT

Figure 5 The probability of VTE occurring in subjects adopt-
ing AG and RT during the first, second, and third course of
treatment.

Note: * represents PF1+2 had visible distinction

ing anticoagulant therapy (AG) developed VTE, while
7 subjects in the radiotherapy (RT) group developed
VTE. During the second course, 6 subjects on AG and
10 on RT developed VTE. Notably, by the third
course, the incidence of VTE was significantly higher
in the RT group, with 94 cases of VTE occurring
among subjects receiving RT, compared to just 12
cases in the AG group. The statistical analysis con-
firmed that the difference in VTE incidence between
AG and RT groups was significant across all treat-
ment courses (P<0.05). These results are presented
in Figure 5, which shows the changing incidence of
VTE across the three courses of chemotherapy.

Discussion

Studies have found that there may be various
mechanisms leading to VTE in cancer patients (18-
21). First, tumours can create vortexes in blood vessels
by compressing and narrowing the lumen, increasing
the risk of thrombosis. Secondly, the blood viscosity of
tumour patients is increased, and the blood flow veloc-
ity is slowed down, which is also prone to thrombosis.
In addition, some drugs and intravenous chemothera-
py may stimulate peripheral blood vessels, leading to
vascular damage, which is one of the basic factors of
thrombosis. Viral or bacterial infections can also
prompt the formation of blood clots in the microcircu-
lation. In addition, tumour debris or secreted products
and coagulation-activating substances such as bac-
teremia can also cause thrombosis after entering the
blood (22). In this article, DD and PF1+2 were evalu-
ated as indicators to evaluate VTE in advanced cancer
patients, and the intervention effect of prophylactic
anticoagulation on VTE was explored. It is found that
the outcome of DD and PF1+2 in evaluating the
occurrence of VTE in advanced cancer patients is vis-

ible. DD is a blood marker produced by the degrada-
tion of blood clots, and its level can reflect the degree
of thrombosis and activation of the fibrinolytic system
(23, 24). PF1+2 is a prothrombin fragment, and its
level can indirectly reflect the activation of the coagu-
lation system (25, 26).

Detecting these two markers can help doctors
evaluate the risk of thrombosis and coagulation func-
tion of patients, which is of great significance for
diagnosing and remedying thrombotic diseases.
Studies have shown that elevated levels of DD and
PF1+2 are associated with an increased risk of VTE.
Therefore, evaluating DD and PF1+2 levels can help
doctors detect the risk of thrombosis in patients in
time and take corresponding preventive measures. It
is essential for patients with advanced tumours
because they are, due to the tumour and remedy,
more likely to have thromboembolism, and the prog-
nosis is worse. Secondly, intervention studies of pre-
ventive anticoagulation therapy have been con-
ducted. The results showed that prophylactic
anticoagulant therapy can visibly reduce the inci-
dence of VTE in advanced cancer patients. This indi-
cates that prophylactic anticoagulation therapy is
meaningful for reducing the risk of VTE in advanced
cancer patients. However, it has also been noted that
prophylactic anticoagulant therapy may increase the
risk of bleeding. Therefore, deciding whether to
undergo preventive anticoagulation therapy is neces-
sary to consider the patient’s VTE risk and bleeding
risk comprehensively.

In advanced cancer patients before chemother-
apy, the plasma DD level was higher than the critical
value, and the DD level was higher in subjects with
VTE as against subjects without VTE. However, in the
process of chemotherapy, plasma DD in subjects with
VTE had increased in the later remedy, but it had no
visible distinctions as against subjects without VTE.
This may be due to the effect of anticoagulant thera-
py. In general, the plasma DD level of subjects grad-
ually increased with the progress of chemotherapy.
These findings suggest that DD levels are closely
associated with VTE in advanced cancer patients. VTE
is a common complication that has a major impact on
a patient’s quality of life and prognosis. Therefore,
monitoring DD levels may help to detect the risk of
VTE early and take preventive measures accordingly.
In addition, anticoagulant therapy may play a role in
controlling DD levels. Although the level of DD
increased in the subjects with VTE, it was not visibly
different from those without VTE. This may be due to
the effectiveness of anticoagulant therapy, which can
reduce thrombosis and alleviate inflammatory reac-
tions. However, with the progress of chemotherapy,
the plasma DD of subjects gradually increased. This
may be due to the tumour’s increased growth and
metabolic activity. In addition, chemotherapy drugs
may affect blood coagulation function, further pro-
moting DD increase. Prophylactic anticoagulation
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may be necessary for high-risk patients, but anticoag-
ulation may need to be evaluated more carefully for
low-risk patients. In addition, it has been found that
the effect of prophylactic anticoagulation may be
influenced by tumour type and remedy regimen.
Different tumour types and remedy regimens may
lead to varying degrees of coagulation abnormalities
and VTE risk. Therefore, it is necessary to consider
patients’ individual conditions and remedy options
when developing preventive anticoagulant therapy
strategies.

In conclusion, DD and PF1+2 have important
clinical value as indicators for evaluating the occur-
rence of VTE in advanced cancer patients.
Prophylactic anticoagulation therapy can visibly
reduce the incidence of VTE in advanced cancer
patients, but the risk of VTE and bleeding should be
carefully weighed. Further studies will be helpful in
optimising prophylaxis (27, 28).

Ay and colleagues found that elevated levels of
DD and PF1+2 were significant predictors of VTE in
cancer patients, highlighting their potential as bio-
markers for assessing VTE risk in this population (29).
Their study, which followed 821 patients over a medi-
an of 501 days, showed that patients with elevated
levels of these markers had a significantly higher risk
of developing VTE, particularly when both DD and
PF1+2 levels were elevated. Our study supports these
findings by demonstrating that DD and PF1+2 are
also independent risk factors for VTE in advanced
cancer patients, with higher levels observed in the
VTE group before chemotherapy. Furthermore, our
research extends this by investigating the impact of
preventive anticoagulant therapy, showing that
patients who received preventive anticoagulants (AG
group) had a lower incidence of VTE compared to
those in the conventional anticoagulant treatment
group (RT group), suggesting that DD and PF1+42
could also guide therapeutic decision-making. Both
studies underline the importance of these biomarkers
in identifying high-risk patients and potentially
improving outcomes through early intervention.

Chen and colleagues (30) explored the prog-
nostic significance of an elevated plasma D-dimer
cut-off value in advanced non-small cell lung cancer
(NSCLC), suggesting that a higher threshold of 981
ng/mL better predicts overall survival than the com-
monly used 500 ng/mL cut-off. Their study, which
analysed 233 patients, found that patients with D-
dimer levels above 981 ng/mL had significantly worse
survival outcomes than those with lower levels, indi-
cating that this marker can serve as a more accurate
prognostic tool for advanced NSCLC. Our study fur-
ther supports the utility of D-dimer in cancer-related
thrombosis by demonstrating that D-dimer, along
with PF1+2, can predict the risk of venous throm-
boembolism (VTE) in advanced cancer patients.
While Chen et al. focused on the prognostic value for

survival, our research highlights the role of D-dimer
and PF1+2 in prognosis and in guiding the manage-
ment of VTE through preventive anticoagulant thera-
py. Both studies emphasise the importance of refining
D-dimer thresholds to improve patient outcomes,
whether predicting survival or preventing throm-
boembolic events.

As against other experiments (27, 28), DD and
PF1+2 assessment can help physicians detect possi-
ble VTE risk in advanced cancer patients in time, per-
form preventive anticoagulation intervention in
advance, and reduce the occurrence of complica-
tions. This assessment method can more accurately
assess the risk of thrombosis in patients and help to
develop personalised remedy plans. However, the
evaluation results of DD and PF1+2 may be affected
by other factors, such as age, gender, and inflamma-
tory state, and there may be a certain misdiagnosis
rate. In addition, prophylactic anticoagulant therapy
may increase the risk of bleeding, which requires doc-
tors to consider and avoid unnecessary remedies
carefully. Meanwhile, DD and PF1+2 levels evalua-
tion require special laboratory tests, which may
increase medical and time costs. In conclusion,
although DD and PF1+42 assessment plays a major
role in helping identify patients at risk of thrombosis,
physicians must carefully consider various factors
when deciding whether to perform prophylactic anti-
coagulation intervention. They should be aware of
the limitations of the assessment results and the pos-
sible additional costs in practice.

One limitation of our study is the potential
impact of confounding factors, such as age, gender,
and inflammation, which may affect the accuracy of
DD and PF1+42 in predicting VTE risk. Additionally,
there may be misdiagnosis risks, and using spe-
cialised tests could increase costs and time.
Prophylactic anticoagulation therapy, while effective
in reducing VTE, may raise bleeding risks, requiring
careful risk assessment. Tumour type and treatment
regimens may also influence DD and PF1+2 levels,
complicating the generalisation of our findings.

Conclusion

DD and PF1+2 are reliable markers for assess-
ing VTE risk in advanced cancer patients. However,
when considering prophylactic anticoagulation, the
risk of bleeding must be carefully weighed. Decisions
should be individualised based on the patient’s condi-
tion, tumour type, and treatment options. While high-
risk patients may benefit from anticoagulation, low-
risk patients require a more cautious approach to
balance risks and benefits.
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