@ﬁ SPANDIDOS
%,.“ PUBLICATIONS

MOLECULAR AND CLINICAL ONCOLOGY 16: 46, 2022

Tissue factor pathway inhibitor 2 as a serum marker for
diagnosing asymptomatic venous thromboembolism in patients
with epithelial ovarian cancer and positive D-dimer results
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Abstract. Tissue factor pathway inhibitor 2 (TFPI2) is a sero-
diagnostic marker for epithelial ovarian cancer (EOC) and is
the primary inhibitor of the extrinsic coagulation pathway. The
present study assessed the diagnostic performance of TFPI2
for detecting venous thromboembolism (VTE) in patients
with EOC and positive D-dimer results (>1.0 zg/ml). First, the
clinical data of 81 patients with EOC admitted to Nara Medical
University Hospital between January 2008 and December 2015
were collected. Also, 25 patients with VTE and 56 patients
without VTE were included. Receiver-operating character-
istic (ROC) curve analyses were performed to determine the
diagnostic efficacy of TFPI2 in discriminating patients with
VTE from those without VTE. Serum TFPI2 levels in patients
with VTE were significantly higher than in non-VTE patients
(median, 472.2 vs. 279.1 pg/ml, P<0.001). Using the Youden
index, the optimal cutoff value for the TFPI2 level was set at
398.9 pg/ml. Furthermore, the sensitivity, specificity, positive
predictive value and negative predictive value of TFPI2 for
diagnosing VTE were 64.0, 80.4, 59.3 and 83.3%, respectively.
Additionally, 80.4% of patients with TFPI2 levels <398.9 pg/ml
were VTE-negative. ROC analysis demonstrated that the area
under the curve for TFPI2 was 0.729 (95% confidence interval,
0.614-0.844). Conclusively, TFPI2 may distinguish patients
with VTE from those without VTE among patients with EOC
and positive D-dimer results.
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Introduction

Patients with cancer have an increased risk of venous throm-
boembolism (VTE) that varies substantially depending on
the cancer type (1). Clear cell carcinoma (CCC) of the ovary
constitutes 25% of epithelial ovarian cancer (EOC), exhibiting
a higher incidence of VTE than other cancers (1). D-dimer,
a soluble fibrin-degradation product, is a valuable marker for
diagnosing VTE (2). The D-dimer test is frequently positive
for VTE and inflammatory diseases, cancer, elderly age,
surgery, trauma, pregnancy, and postpartum (3). However, the
D-dimer test showed high sensitivity and negative predictive
value (NPV) but low specificity for detecting VTE events (4).
Imaging techniques, including venous ultrasound, computed
tomography angiography, or both, are needed for diagnosing
or excluding VTE (5). Thus, novel and effective strategies
are needed to improve the specificity of VTE diagnosis and
increase the clinical usefulness of the D-dimer test.

Tissue factor (TF) initiates the extrinsic coagulation
pathway by binding to factor VIla (FVIIa) and factor Xa (FXa)
(the extrinsic coagulation initiation complex: TF-FVIla-FXa)
and plays a vital role in thrombosis development (6). Tissue
factor pathway inhibitor (TFPI) is composed primarily of
three Kunitz-type proteinase inhibitor domains (K1, K2, and
K3) that downregulate TF-induced coagulation cascade (7).
Furthermore, TFPI is classified into TFPI1 and TFPI2 [also
known as placental protein 5 (PP5)] (7). Several studies have
demonstrated that TFPI1 downregulation is a valuable clinical
predictor of deep vein thrombosis (DVT) (8-13). Recently,
TFPI2 has been verified as a novel serum marker for diag-
nosing EOC, especially CCC (14-16). However, no study has
focused on TFPI2 as a marker for clinically diagnosing VTE in
various cancers, including EOC. Therefore, this study assesses
whether the TFPI2 test helps diagnose VTE in patients with
EOC and positive D-dimer results.

Materials and methods

Patient population. From January 2008 to December 2015,
223 patients with EOC were treated at the Department of
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Gynecology, Nara Medical University Hospital. The patients
were invited to give biobanking consent for future research.
Informed consent for secondary use of biospecimens was
obtained in August 2021 by an opt-out approach in all included
patients. This study was approved by the Institutional Review
Board and the Research and Ethical Committee of Nara
Medical University Graduate School of Medicine Kashihara,
Japan (no. 3061). Furthermore, plasma D-dimer levels were
measured before surgery or chemotherapy. However, serum
TFPI2 levels were measured using frozen serum samples
from a biobank. Inclusion criteria were: i) patients undergoing
surgery involving lesion removal for histological evaluation;
ii) patients with histologically proven primary EOC; and
iii) patients who could measure serum TFPI2 level using
frozen pretreatment samples. The exclusion criteria were:
i) age below 20 years; ii) a history of other malignancies or
ovarian cancers other than EOC; iii) patients with no residual
sample; iv) patients with negative D-dimer results (D-dimer
<1.0 ug/ml); v) previous VTE; vi) currently suspected or
symptomatic DVT or pulmonary thromboembolism (PTE);
vii) lack of preoperative VTE screening (contraindications
to iodinated contrast medium or emergency surgical inter-
vention); viii) taking any drug affecting blood coagulation
or fibrinolytic parameters (e.g., oral contraceptives, antico-
agulant, antiplatelet drug, and fibrinolytic drugs); ix) severe
concomitant comorbidities; and x) incomplete, inadequate, or
missing data. In addition, the following clinicopathological,
hematological, and imaging data were obtained from the
patients' medical records: age, body mass index (BMI; kg/m?),
serum TFPI2 level (pg/ml), plasma D-dimer level (xg/ml),
serum CA125 level (U/ml), Federation of Gynecology and
Obstetrics (FIGO) (International Federation of Gynecologists
and Obstetricians) stage, histology, presence or absence of
residual tumor, estimated ascites volume, history of VTE,
anticoagulant use, and the presence or absence of comorbidi-
ties. Finally, stage classification was based on the FIGO 2014
guidelines.

Screening and detection of VTE. Primary VTE screening
was performed by evaluating pathognomonic clinical signs
or symptoms and plasma D-dimer levels. Clinical VTE
features were painful leg swelling and tenderness, tachycardia,
dyspnea, shortness of breath, chest pain, acute cardiovascular
dysfunction, and loss of consciousness. Patients with clinical
signs of VTE immediately underwent multidetector-row
computed tomography scanning (SOMATOM Definition
Flash, SOMATOM Definition As, and SOMATOM Emotion;
Siemens Healthcare Diagnostics K.K.) with intravenously
injected low-osmolar iodinated contrast mediums (17). All
asymptomatic patients were initially evaluated by the D-dimer
test on admission. Patients with positive D-dimer results
(>1.0 pg/ml) further underwent bilateral whole-leg compression
ultrasonography and contrast-enhanced CT chest, abdomen,
and lower extremity scan to detect VTE (17). Furthermore,
VTE was detected using a LOGIQ 9 ultrasound scanner
(GE Healthcare) equipped with a 4-7 MHz transducer (17).
Furthermore, contrast-enhanced CT scans were performed
from the chest to the pelvis in patients with negative D-dimer
results as a preoperative examination. Board-certified radiolo-
gists diagnosed VTE based on the image findings.

Collection and preservation of blood samples. Patients'
peripheral venous blood samples were collected ~4 weeks
before surgery or chemotherapy. First, 7 ml venous blood
samples were collected in vacuum tubes containing and not
containing sodium citrate (3.8%) from the cubital veins of
subjects. Then, these tubes were centrifuged at 3,000 x g for at
least 10 min at 4°C. Finally, the separated sample was divided
into 1,000 p1 aliquots and stored at -80°C until further use.

Detection of plasma D-dimer and serum TFPI2. First,D-dimer
concentrations were measured at the Department of Clinical
Laboratory in Nara Medical University Hospital. Then, plasma
D-dimer levels were measured using DD immunoenzymo-
metric assay kit (Nanopia) using an automated immunoassay
analyzer. Furthermore, VTE screening was performed based
on the D-dimer levels, with a 1.0 yg/ml cutoff value for plasma
D-dimer. Next, TFPI2 concentrations were measured at the
Tosoh diagnostics product divisions (Tosoh Corporation,
Kanagawa, Japan). Additionally, using two anti-TFPI2 mono-
clonal antibodies, the TFPI2 concentration in serum samples
was measured using E-test Tosoh IT (ATA-PACK TFPI2)
with an automated immunoassay analyzer*™-2000 (Tosoh
Corporation) (9). These assays demonstrated high reliability
for intra-assay (2.2%-2.7%) and inter-assay (2.4%-3.1%) vari-
ability. Finally, measurements were performed by clinical
laboratory technologists who were blinded to the study.

Statistical analysis. Statistical analysis was conducted using
SPSS (Statistical Package for the Social Sciences, v.25, SPSS,
Inc.). Clinicopathological characteristics were compared using
the chi-squared test or Mann-Whitney U test. The receiver-oper-
ating characteristic (ROC) curve was constructed, and areas
under the curve were calculated to illustrate the diagnostic
power of TFPI2. The maximum Youden index determined the
best cutoff value for TFPI2. Furthermore, Spearman'’s correla-
tion coefficient was used to analyze the correlation between
D-dimer and TFPI2 levels. Finally, P<0.05 was considered to
indicate a statistically significant difference.

Results

Characteristics of the study population and clinical features.
A total of 223 subjects were admitted to our hospital during
the research period. All patients had consented to biobanking,
but 79 patients had no residual serum samples. However,
63 subjects were excluded from the study, including those
with suspicious or symptomatic VTE (n=2), those with nega-
tive D-dimer results (<1.0 pg/ml, n=41), those whose D-dimer
level was not measured (n=12), and those with incomplete data
(n=8). Finally, 81 patients with EOC who met the inclusion and
exclusion criteria participated in this study. VTE was objec-
tively detected in 25 patients (30.9%) and absent in 56 patients
(69.1%), and participant selection is shown in Fig. 1. Baseline
characteristics of patients with EOC and with and without
VTE are presented in Table I. Additionally, the median age
was 60 years (range, 37-83 years), and CCC accounted for
22.2% of all EOC. During diagnosis, 66.7% of patients had
advanced EOC. However, compared with the non-VTE
group, the VTE group had higher D-dimer and TFPI2 levels
(P=0.004 and P=0.001, respectively). In contrast, there were
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Table I. Clinicopathological characteristics of patients with epithelial ovarian cancer, with and without VTE.

Factor VTE (n=25) non-VTE (n=56) P-value
Age, year, median (range) 58 (40-81) 61 (37-83) 0.546*
BMI, kg/m?, median (range) 22.6 (17.0-36.0) 22.0 (15.2-34.3) 0.101*
TFPI2, pg/ml, median (range) 4722 (199.4-1,288.4) 279.1 (116.1-5,824.2) 0.001*
D-dimer, pg/ml, median (range) 5.1(1.2-35.2) 2.6 (1.1-15.5) 0.004*
CA125, U/ml, median (range) 1,021.6 (17.5-8,386.0) 503.3 (8.2-43,170.9) 0.236*
Massive ascites®, n
No 13 31 0.779°
Yes 12 25
Residual tumor, n
No 8 21 0.663°
Yes 17 35
Histology, n
CCcC 6 12 0.797°
Non-CCC 19 44
FIGO stage’, n
v 9 18 0.734°
/v 16 38

*, Mann-Whitney U test; °, Chi-squared test; ¢, as assessed by computed tomography, massive ascites were defined as ascitic fluid beyond the
small pelvic cavity; ¢, 2014. TFPI2, tissue factor pathway inhibitor 2; VTE, venous thromboembolism; BMI, body mass index; CCC, clear cell
carcinoma of the ovary; FIGO, International Federation of Gynecology and Obstetrics.

Patients hospitalized during the study period (n=223)

[—> Patients with no residual sample (n=79)
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Patients with incomplete data (n=8)
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Figure 1. Selection of participants. Of the 223 women who met the inclusion
criteria, 63 were excluded as they met the exclusion criteria, while 81 patients
participated in the study. Of these, 25 women had VTE, and 56 did not.
TFPI2, tissue factor pathway inhibitor 2; VTE, venous thromboembolism.

no differences between both groups in age, BMI, CA125 level,
ascites volume, residual tumor, histology, and FIGO stage.

Serum TFPI2 level in patients with VTE and non-VTE. We
examined serum TFPI2 distribution in patients with non-VTE
(n=56) and VTE (n=25) by Box and Whisker plot analysis.
Also, serum TFPI2 levels in patients with VTE are signifi-
cantly higher than those with non-VTE (Mann-Whitney U test,
P=0.001; Fig. 2).

TFPI2 diagnostic value. ROC curve analysis was performed
to assess the TFPI2 level between VTE and non-VTE groups
in patients with EOC and positive D-dimer results (Fig. 3). The
area under the ROC curve was 0.729 [95% confidence interval
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Figure 2. Serum TFPI2 level in patients with VTE and non-VTE. Box
and whisker plot analysis showing the distribution of TFPI2 values for
VTE (n=25) and non-VTE patients (n=56). The median TFPI2 level was
472.2 pg/ml (IQR, 329.5) in patients with VTE and 279.1 pg/ml (IQR,
164.1) in patients without VTE. The difference in TFPI2 levels between
these groups was statistically significant (Mann-Whitney U test, P=0.001).
TFPI2, tissue factor pathway inhibitor 2; VTE, venous thromboembolism;
IQR, interquartile range.

(CI) 0.614-0.844]. Using the Youden index, the optimal cutoff
value for the TFPI2 level was set at 398.9 pg/ml. With this
cutoff value, the sensitivity, specificity, PPV, and NPV of the
TFPI2 test were 64.0, 80.4, 59.3, and 83.3%, respectively, in
diagnosing VTE.
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Figure 3. Receiver-operating curve analysis of TFPI2 levels in distinguishing
between VTE and non-VTE groups in patients with epithelial ovarian cancer
and positive D-dimer results. TFPI2, tissue factor pathway inhibitor 2;
VTE, venous thromboembolism.
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Figure 4. Correlation between D-dimer and TFPI2 levels. Spearman's correla-
tion coefficient was used to examine the association between the two markers.
TFPI2, tissue factor pathway inhibitor 2; VTE, venous thromboembolism.

Correlations between D-dimer and TFPI2 levels. The correla-
tion between D-dimer and TFPI2 levels is presented in Fig. 4.
The Spearman correlation coefficient between the levels of
D-dimer and TFPI2 was 0.063 (P=0.574). Finally, there was
no significant correlation between D-dimer and TFPI2 levels.

Discussion

TFPI2 is a novel serodiagnostic marker for EOC (14-16). TFPI2
levels were significantly increased in patients with CCC than
those without CCC, suggesting that TFPI2 may help diagnose
CCC (14-16). The TFPI2 test has been covered by the Japanese
national health insurance system since April 2021. Furthermore,
we showed for the first time that TFPI2 might effectively diag-
nose asymptomatic VTE in patients with EOC and positive
D-dimer assay results. Additionally, in patients with EOC and
positive D-dimer results, the sensitivity and specificity of the

TFPI2 test were 64.0 and 80.4%, respectively, in diagnosing
VTE, with a cutoff value of 398.9 pg/ml. Finally, 80.4% of
patients with TFPI2 levels <398.9 pg/ml were VTE negative.

First, EOC, especially CCC, increases the risk of
VTE (1,18). DVT was detected in 22.7% of patients with EOC,
which was higher than those (<10%) reported in other malig-
nancies (19). Additionally, women with CCC were associated
with a 2.5 times higher risk for VTE than women with other
histological types of EOC (18). More than 80% of women
with DVT were asymptomatic, and accurately predicting
VTE before treatment is challenging (18). Therefore, a reli-
able, non-invasive diagnostic and screening tool for accurately
evaluating VTE is needed. D-dimer testing is the most widely
used for VTE evaluation, but its low specificity requires
definitive confirmation by imaging techniques (20). Venous
ultrasonography and contrast-enhanced CT scans are expen-
sive and time-consuming, so novel biomarkers that enhance
the diagnostic performance combined with D-dimer are
required. Furthermore, TFPI2 may be a serodiagnostic marker
that fits this purpose. It is unclear whether two-step screening
with D-dimer and TFPI2 is clinically more beneficial than
D-dimer and ultrasonography, but it may reduce the burden
on the ultrasound specialist. However, we cannot compare
the diagnostic performance of TFPI2 with that of D-dimer
because the former was not measured in all patients. In addi-
tion, the sensitivity and specificity of TFPI2 are targeted for
patients with a D-dimer >1 pg/ml.

Second, TFPI, including TFPI1 and TFPI2, mainly inhibits
blood coagulation induced by TF. TF, a potent initiator of the
extrinsic coagulation cascade, can be released into the systemic
circulation from viable tumor cells, especially CCC, activating
the coagulation system and increasing the risk of DVT (21).
TFPI1 levels were significantly downregulated in patients with
DVT compared with non-DVT patients (8-13), suggesting that
low TFPI1 levels increase DVT risk. Surprisingly, TFPI2 levels
were increased in patients with VTE compared with TFPI1
levels. Elevated TFPI2 should suppress TF activity, inhibiting
thrombus formation. Rather, elevated TFPI2 is a compensa-
tory mechanism that may reflect beneficial adaptations to
maintain blood coagulation homeostasis. In contrast, TFPI2,
unlike TFPII, acts as a potent plasmin inhibitor. Plasmin
inactivates coagulation factors, FV, FVIII, FIX, and FX (22).
Plasmin is also involved in fibrinolysis and contributes to
fibrin degradation and clot removal (23). TFPI2 may inhibit
the removal of organized clots by plasmin. Elucidation of the
mechanism of TFPI2 production and thrombosis formation in
EOC is awaited.

Finally, there are several limitations to this study. First,
this is a single-center study conducted in the Department of
Gynecology at University Hospital. Second, This study is
limited to the diagnosis of asymptomatic DVT in patients with
positive D-dimer results, hampering the broader applicability
in clinical practice. Third, there is currently no evidence that
TFPI2 has higher specificity than D-dimer. Further study is
needed to assess whether TFPI2 provides the clinical utility
with the current D-dimer test to improve VTE diagnosis.

Conclusively, TFPI2 may improve the diagnostic perfor-
mance of asymptomatic VTE in patients with EOC and
positive D-dimer results. However, a prospective study using
a larger cohort of patients with EOC is needed to determine



if the combination test of the two markers helps screen for
detecting VTE.
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