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for Acute Venous Thromboembolism
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Background: No studies have compared treatment efficacy between subcutaneous (SC) fondaparinux and oral edoxaban, which
are categorized as factor Xa inhibitors, for venous thromboembolism (VTE) in the acute phase, and only a limited number of imaging-
based quantitative studies have evaluated treatment.

Methods and Results: In this open-label, randomized study, 50 patients with acute non-massive pulmonary embolism (PE) and/or
deep-vein thrombosis (DVT) were assigned to fondaparinux or edoxaban groups. Lower-limb venous ultrasonography (US), and
chest computed tomography (CT) were compared before and 7 days after treatment. Thrombus volume in DVT was calculated using
quantitative ultrasound thrombosis (QUT) score on US. For evaluation of PE thrombus volume, lung perfused blood volume (PBV)
on CT was calculated. The measurements before and after treatment, respectively, were as follows: QUT score: fondaparinux,
8.1£7.3 to 4.1+4.5; edoxaban, 7.7£6.3 to 4.444.3, both significant decreases (P=0.001, P<0.001, respectively); lung PBV:
fondaparinux, 32.0£7.8 to 32.1£8.2 HU; edoxaban, 34.2+8.6 to 38.5+11.8 HU (P=0.732, P=0.426, respectively). On subjective CT-
based evaluation, all pulmonary artery-related filling defects decreased/disappeared after treatment in both groups (P=NS).

Conclusions: Both SC fondaparinux and oral edoxaban are effective in acute VTE. Effects on thrombus regression on imaging-
based quantitative measurement did not differ between the 2 drugs.
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acute, non-massive pulmonary embolism (PE)!? or

acute lower-limb deep-vein thrombosis (DVT) with
fondaparinux has been established,3# instead of the conven-
tional treatment with unfractionated heparin (UFH).

In September 2014, edoxaban, categorized as a factor
Xa inhibitor, one of the direct oral anticoagulants (DOAC),
was approved in Japan for the treatment and recurrence
prevention of venous thromboembolism (VTE),? under the
expectation that an oral agent would be an effective initial
treatment for VTE. All previous large-scale clinical trials
of DOAC for VTE had evaluated treatment effects only in
the chronic phase.5*

So far, there have been no studies comparing the effects
of subcutaneous (SC) fondaparinux monotherapy and DOAC
monotherapy as initial treatment of acute non-massive PE
and acute DVT in the clinical setting. Therefore, the aim
of this study was to investigate the acute effects of 1-week
monotherapy with fondaparinux or edoxaban as initial
treatment for acute non-massive PE and acute DVT alone.

There have been only a limited number of imaging-based
quantitative studies on the effects of medication on VTE.

In recent years, the efficacy of initial treatment of

In the present study, we conducted a quantitative evaluation
using lower-limb venous ultrasonography (US) and chest
computed tomography (CT).10-12

Methods

Subjects

The present subjects consisted of 50 patients aged >20
years receiving inpatient treatment at Department of
Cardiovascular Medicine, Toho University Hospital, Tokyo
between February 2015 and September 2016, who were
diagnosed with acute non-massive PE and/or acute DVT.
These patients were symptomatic or asymptomatic, had
elevated D-dimer on blood test during the perioperative
periods or during hospitalization, and provided informed
consent for study participation. PE was diagnosed on
contrast-enhanced chest CT and DVT on lower-limb
venous US.

Study Design
In this open-label, prospective study, we randomly assigned
subjects to 2 treatment groups: SC fondaparinux or oral
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A
Thrombus site (A) Thrombus formation (B) AXB
Not exist Exist Not filling Filling
Inferior vena cava thrombosis 0 1 1 2 T1
Pelvic thrombosis 0 1 1 2 T2
Femoral vein thrombosis 0 1 1 2 T3
Below-knee vein thrombosis 0 1 1 2 T4

(When there are multiple below-knee vein thromboses, each is evaluated; i.e., T5 and thereafter are additionally described.)

QUT score = T1 + T2 + T3 + T4 (+ T5 and so on)

B Inferior vena cava

QUT score

=12

= T1+ T2+ T3+ T4 (+ T5 and so on)
=O+@+0xD+AXxD+AXD+AXD+AXxD+Qx2D+QA XD +(1x2)

of bilateral lower-limb deep vein thrombosis.

Figure 1. (A) Calculation of quantitative ultrasound thrombosis (QUT) score. (B) Schematic illustration of QUT score in the case

edoxaban. The subjects did not receive any anticoagulants,
such as UFH, before being assigned to the groups.
Fondaparinux and edoxaban dose were determined in
accordance with the package inserts, according to body
weight and estimated creatinine clearance (CrCL) calculated
using the Cockcroft-Gault formula.’® The fondaparinux
subjects received a once-daily SC dose depending on body
weight (body weight <50kg, 5mg; 50-100kg, 7.5mg;
>100kg, 10mg). The edoxaban group received a once-daily
oral dose, depending on estimated CrCL and body weight
(estimated CrCL <50mL/min, 30mg; estimated CrCL
>50mL/min, body weight <60kg, 30mg; >60kg, 60mg).
After 7 days of treatment with either drug, the subjects
underwent blood test, lower-limb venous US, and chest
CT, and the results before and 7 days after treatment were
compared.

Patients who met any of the following criteria were
excluded from the study: receiving other anti-thrombotic
drugs or the P-glycoprotein inhibitors quinidine, verapamil,
erythromycin, or cyclosporine; estimated CrCL <30mL/min;
sub-massive, massive, or collapse-type PE according to the
clinical severity classification;!? indwelling inferior vena
cava filter; medical history of hypersensitivity to any of the
ingredients of fondaparinux or edoxaban; intracranial
hemorrhage, retroperitoneal hemorrhage, or bleeding in
other vital organs; acute bacterial endocarditis; hepatic
disorders accompanied by coagulopathy; pregnancy, either
established or possible; and judgement of inappropriate for

study participation by the responsible doctors.

The primary endpoint of this study was the efficacy of
initial treatment of acute, non-massive PE and/or DVT
with fondaparinux or edoxaban. The efficacy was evaluated
on CT for PE, and on US for DVT.

Subjects were treated in accordance with the Declaration
of Helsinki and provided informed consent before study
participation. The study protocol was approved by the
Ethics Committee of Toho University Omori Hospital,
Japan (application number 27-191).

Blood Sampling
Serum creatinine and plasma D-dimer were measured.

us

All patients underwent US with an Aplio™ 500 (Toshiba
Medical Systems, Tochigi, Japan) with linear probe. By
observing the inferior vena cava and its peripheral regions
on compression US (CUS),™ the site of venous thrombosis
and whether it was the venous filling type or not were
identified, and the DVT thrombus volume calculated
(Figure 1), using the quantitative ultrasound thrombosis
(QUT) score,!s according to the scoring system developed
in-house.

CT
All patients were examined with a dual-source CT scanner
(Somatom Definition Flash; Siemens Healthcare, Forchheim,
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A Axial image Coronal image

Figure 2. Lung perfused blood volume (PBV) calculation in a patient with bilateral central pulmonary embolism. (A) General view
(axial image and coronal image). (B) Fusion with iodine distribution maps (axial image and coronal image). (C) Perfused blood
volume (PBV) analysis (screen shot from the automated analysis).

Germany) in dual-energy mode. CT parameters were as
follows: 64x0.6-mm collimation; 80 and 140kV at 280 and
119 effective mAs; and 0.28-s rotation time. Images were
acquired in a single breath-hold from the lung apex to the
costophrenic angles. Imaging was carried out in the caudo-
cranial direction so that the chaser bolus was being injected
by the time that the scanner reached the upper chest to
avoid streak artifacts because of contrast material in the
subclavian vein or the superior vena cava.

The examinations were performed using an adapted
contrast injection protocol aimed at displaying both angio-
grams of the pulmonary arteries and parenchymal iodine
distribution. In all patients, a fixed dose of contrast
medium was given using a dual-phase approach. Injection
was carried out through a 20-G cannula in the antecubital
vein. The usual practice is to inject a standard dose of
70mL of high-concentration iodine-based contrast material,
that is, iopamidol (Oypalomin 370; Konica Minolta, Tokyo,
Japan) at a flow rate of 4mL/s followed by a 30-mL saline
chaser bolus at a flow rate of SmL/s. Early phase CT
acquisition was started using a bolus tracking technique
with a threshold of 50 Hounsfield units (HU) in the pulmo-
nary trunk and an additional delay of 65s; late phase acqui-
sition was started 60s from the start of injection.

CT Data Analysis

Color-coded iodine distribution maps were generated using
the lung perfused blood volume (PBV) application of the
workstation software according to the 3-material decom-

position method (Syngo MMWP DE Lung PBV; Siemens
Healthcare; Figure 2).

The lung parenchyma was color-coded with 16-bit color
coding with different optimal color scales available depending
on user performance. A color-coded iodine image was used
for perfusion imaging. Lung PBV was calculated auto-
matically in HU. For the automated quantification of
pulmonary PBYV, the software measures the enhancement
in the reference vessel such as the pulmonary trunk. In the
standard setting, a 15% enhancement of the reference
vessel is defined as 100% enhancement of the pulmonary
parenchyma (%PBV). The software then displays pulmo-
nary parenchymal enhancement relative to this reference
vessel for the entire pulmonary parenchyma, the right and
left lungs separately, as well as the lower, middle, and
upper zones of each lung separately. Contrast-enhanced
chest CT data underwent not only quantitative evaluation
but also qualitative evaluation according to visual interpre-
tation by 2 independent radiologists. In cases of discrep-
ancy, they reviewed the dataset to reach a consensus.

Bleeding

Major bleeding was defined as follows: (1) fatal bleeding;
(2) symptomatic bleeding in a critical area or organ, such
as intracranial, intraspinal, intraocular, retroperitoneal,
intra-articular, pericardial, or i.m. bleeding with compart-
ment syndrome; and (3) bleeding causing a fall in the
hemoglobin requiring a transfusion of >2 units whole
blood or red cells, in accordance with the International
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Table 1. VTE Patient Clinical Characteristics

Total PE DVT
Fong:g;l:nux Edgc:)éa:ll;an P value Fongfgsgnux Edgc:‘)((’it:)an P value Fong?g:;nux Edgc;);e:‘t;an P value

No. patients 25 25 11 6 14 19
Age (years) 72+13 67+17 0.242 69+13 60+17 0.227 74+13 69+17 0.371
Sex (M/F) 11/14 9/16 0.573 5/6 3/3 0.868 6/8 6/13 0.521
Body weight (kg) 54+13 55+16 0.806 56+17 64+22 0.428 53+10 52+13 0.938
Serum creatinine (mg/dL)  0.63+0.22 0.65+0.16  0.647 0.67+0.27 0.58+0.16  0.479 0.59+0.18 0.67+0.17 0.187
Estimated creatinine 78+30 87+48 0.435 79+26 122+68 0.183 78+33 76+34 0.863
clearance (mL/min)
Qualifying diagnosis

DVT 14 19 0.141 0 0 14 19 0.141

PE 1 0 0.327 1 0 0.327 0 0

PE with DVT 10 6 0.234 10 6 0.234 0 0
PESI score 101.8+12.0 96.7£19.8 0.512 101.8+12.0 96.7£19.8 0.512
Simplified PESI score 1.09+0.30 1.00+0.63 0.690 1.09+0.30 1.00+0.63 0.690
IMPROBE bleeding risk 2.9+14 2.6+1.3  0.460 3.2+1.5 2.0+1.1 0.101 2.6+1.3 2.8+1.3  0.704
score
Symptom

Leg pain or leg edema 10 12 0.578 5 1 0.232 5 11 0.220

Dyspnea or chest pain 2 0 0.161 2 0 0.167 0 0

None 14 13 0.782 7 2 0.259 7 11 0.665
Recent surgery or trauma 6 8 0.538 4 1 0.426 2 7 0.141
Active malignant disease 10 10 1.000 5 1 0.232 5 9 0.518
Prior malignant disease 1 0 0.327 1 0 0.478 0 0
Diabetes mellitus 3 4 0.691 2 1 0.942 1 3 0.468
Previous VTE 0 2 0.161 0 0 0 2 0.163
Thrombophilia 0 0 0 0 0 0
Protein S deficiency 0 0 0 0 0 0
Protein C deficiency 0 0 0 0 0 0
Anti-phospholipid 0 0 0 0 0 0
antibody syndrome
Plasma D-dimer (ug/mL) 8.6+6.0 10.7+10.8 0.419 12.2+6.7 13.2+16.4 0.866 5.8+3.5 9.9+8.7  0.080
QUT score 8.1+7.3 7.7¢6.3  0.837 11.5+9.5 13.2¢9.5 0.728 5.4+3.6 6.0+3.7  0.690
Lung PBV (HU) 32.0+7.8 34.2+86  0.357 30.9+8.6 35.2+10.0 0.380 32.9+7.3 33.9+8.3 0.716
Fondaparinux daily dose 9/16/0 4/7/0 5/9/0
5mg/7.5mg/10mg
Edoxaban daily dose 18/7 3/3 15/4
30mg/60mg

Data given as n or mean+SD. DVT, deep vein thrombosis; IMPROVE, International Medical Prevention Registry on Venous Thromboembolism;
PBV, perfused blood volume; PE, pulmonary embolism; PESI, pulmonary embolism severity index; QUT, quantitative ultrasound thrombosis;

VTE, venous thromboembolism.

Society on Thrombosis and Haemotosis.!® Minor bleeding
was defined as all unusual clinically overt bleeding episodes
reported by an investigator as an adverse event and not
considered as major bleeding.3

Symptomatic VTE

Symptomatic VTE recurrence was evaluated on contrast-
enhanced CT and/or lower-limb venous US when symptoms
(i.e., appearance of dyspnea, worsening leg edema, or leg
pain) suspected to be associated with recurrent VTE were
observed.

Statistical Analysis

All data are expressed as mean+SD. Unpaired t-test was
used to compare baseline characteristics between the
fondaparinux and edoxaban groups. Paired t-test was used
to compare pre-treatment and post-treatment D-dimer,

QUT score, and lung PBV. For pulmonary artery filling
defects on CT-based visual evaluation, chi-squared test
was used to analyze differences between the fondaparinux
group and edoxaban group. P<0.05 was considered to
indicate a statistically significant difference. Statistical
analysis was carried out using SPSS ver. 20.0 (SPSS, Chicago,
IL, USA).

Results

Baseline Characteristics

The VTE patient clinical characteristics are listed in Table 1.
There were no differences between the 2 groups in age, sex,
body weight, serum creatinine, estimated CrCL, qualifying
diagnosis, presence or absence of symptoms, recent surgery
or trauma, active malignant disease, prior malignant
disease, diabetes mellitus, previous VTE, thrombophilia,
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‘ 50 patients underwent randomization

l

v

25 were assigned to receive fondaparinux ‘

25 were assigned to receive edoxaban

1 patient experienced

major bleeding on day 3

1 patient developed
PE exacerbation on day 4

v

24 were included in the efficacy analysis
(14: DVT only, 1: PE only, 9: PE with DVT)

24 were included in the efficacy analysis
(19: DVT only, 0: PE only, 5: PE with DVT)

Figure 3. Patient enrollment and outcomes. DVT, deep-vein thrombosis; PE, pulmonary embolism.

Table 2. Bleeding Events and Recurrent VTE in Treatment Period
Fondaparinux group Edoxaban group P value

Bleeding

Major bleeding 1 (gastrointestinal hemorrhage) 0 0.327

Minor bleeding 0 0

Any bleeding 1 0 0.327
Symptomatic VTE

PE only 0 1 (massive PE) 0.327

DVT only 0 0

Fatal VTE 0 0
Asymptomatic VTE

PE only 0 0

DVT only 0 0

Data given as n. Abbreviations as in Table 1.

protein S deficiency, protein C deficiency, or antiphospho-
lipid antibody syndrome, PE severity index (PESI),!” sim-
plified PESI,'8 International Medical Prevention Registry
on Venous Thromboembolism (IMPROVE) bleeding risk
score,!® plasma D-dimer, QUT score on US, or lung PBV
on CT. Fondaparinux and edoxaban daily dose used are
also listed in Table 1.

The final efficacy analysis consisted of 48 patients of the
50 enrolled who could complete the 7-day treatment with
either active drug (Figure 3); | patient in the fondaparinux
group discontinued treatment on day 3 because of gastro-
intestinal hemorrhage, and 1 in the edoxaban group
discontinued treatment on day 4 because of PE exacer-
bation (Table 2).

Blood Data

Post-treatment changes in plasma D-dimer are shown in
Figure 4. Statistically significant decreases in D-dimer were
observed after treatment in both the fondaparinux and
edoxaban groups (P<0.001, P=0.001, respectively): 8.6£6.0
to 3.4+2.4ug/mL, and 10.7£10.8 to 4.9+5.4 ug/mL, respec-
tively.

QUT Score

Post-treatment changes in QUT score, which represents

Fondaparinux group Edoxaban group

(ngfml) (pg/ml)
950 P<0.001 95 0 P=0.001
20.01 2004 |
15.0 15.0
10.0 10.0
5.0 I 5.0
.0 .0 -
8.66.0 34+2.4 10.7+£10.8  4.9+54
-5.0 -5.07
I I I I
pre post pre post

Figure 4. Plasma D-dimer level. A statistically significant
decrease was observed after treatment in both the fondaparinux

and edoxaban groups.

US-based quantitative evaluation of DVT thrombus
volume, are shown in Figure 5. Statistically significant
decreases in QUT score were observed after treatment in
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Fondaparinux group Edoxaban group
15 —— F=0.001 151 F<0.001
10 10
57 57
o 0
8.1+7.3 41+45 7.7%6.3 4443
51 5
I I I I
pre post pre post

Figure 5. Quantitative ultrasound thrombosis score in patients
with deep vein thrombosis. A statistically significant decrease
was observed after treatment in both the fondaparinux and
edoxaban groups.

A
ED Fondaparinux group =) Edoxaban group
55— P=0.732 551 P=0.426
50 507 T
457 457
40 407
3567 357
307 30
251 251 -
32.0%+7.8 32.1+82 34.2+8.6 385+11.8
201 20
I I I I
pre post pre post
m reduced
B o
u disappeared
P=0.287
number=10 number=5

100%
90% -
80% -
70% -
60%
50% -
40%
30% -
20%
10%

0% -

Fodaparinux group Edoxaban group

Figure 6. (A) Lung perfused blood volume (PBV) and (B)
visual analysis based on post-treatment contrast-enhanced
chest computed tomography (CT) in patients with pulmonary
embolism. (A) No statistically significant differences were
observed between pre-treatment and post-treatment lung PBV,
in both the fondaparinux and edoxaban groups, despite slight
increases. (B) Pulmonary artery filling defects decreased or
disappeared in both groups.

both the fondaparinux and edoxaban groups (P=0.001,
P<0.001, respectively): 8.1£7.3 to 4.1£4.5, and 7.7£6.3 to
4.444.3, respectively.

Lung PBV

Lung PBV, which reflects CT-based quantitative evaluation
of PE thrombus volume, is shown in Figure 6. No statisti-
cally significant differences were observed between the
pre-treatment and post-treatment lung PBV levels, in both
the fondaparinux and edoxaban groups, despite slight
increases (P=0.732, P=0.426, respectively): 32.0£7.8 HU to
32.148.2, and 34.248.6 to 38.5+11.8 HU, respectively.

Qualitative Contrast-Enhanced Chest CT

On visual qualitative evaluation of pulmonary artery filling
defects on contrast-enhanced chest CT, the filling defects
had decreased or disappeared in both groups after treatment
(Figure 6). There were no statistically significant differences
in such effects between the 2 groups.

Bleeding Events

In the fondaparinux group, 1 patient had major bleeding
due to gastrointestinal hemorrhage after 3 days of treatment
(Table 2). The pre-treatment IMPROVE bleeding risk score
of this patient was 3.

Recurrent VTE
Only 1 patient in the edoxaban group developed exacerba-
tion of PE after 4 days of treatment (Table 2).

Discussion

Plasma D-dimer and QUT score were significantly reduced
after 1 week of treatment compared with before treatment,
in both drug groups, confirming the efficacy of the 2 anti-
coagulants for short-term treatment of DVT.

Nakamura et al previously reported on the short-term
efficacy of fondaparinux for the treatment of acute VTE.3
The present results also support the short-term efficacy of
treatment with fondaparinux.

The short-term efficacy of edoxaban monotherapy as
initial treatment for acute DVT has also been confirmed.
In addition, because no premedication with anticoagulants
such as UFH was used in this study, this is the first report
to show the short-term efficacy of edoxaban monotherapy
starting from the acute phase. In this study, only one
patient in the edoxaban group developed exacerbation of
PE after 4 days of treatment. This patient, who had DVT
complicated by PE, had maintained a pulmonary blood
flow with pretreatment lung PBV at 37+17 HU, but had a
very large DVT (QUT score=30). This patient was the only
one in this study to have a large thrombus volume. It is
crucial to more carefully choose treatment options in the
case of PE with relatively large DVT thrombus volume,
even if the effects on hemodynamics seem to be minimal.

In the fondaparinux group, 1 patient had hematemesis
because of gastrointestinal hemorrhage after 3 days of
treatment. Emergency upper gastrointestinal endoscopy
showed active bleeding from the duodenal papilla of Vater.
The underlying disease was terminal pancreatic cancer,
with invasion into the common bile duct. Before treating
that patient with fondaparinux, approval was obtained
from the consulting gastroenterologist for anticoagulants,
but this case shows that it is necessary to be even more
careful to determine whether or not anticoagulants should
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be used in the case of terminal malignant disease.

In this study, we used a novel method of evaluating
DVT thrombus volume. The QUT score system uses CUS
test, a standard test method for DVT, and is considered
highly useful for evaluation of thrombus volume because
of its ease of use and highly objective, quantified results.

Although no statistically significant differences were
observed between the pre-treatment and post-treatment
lung PBV in PE, on visual qualitative evaluation the PE
decreased or disappeared in all patients in both groups.
This suggests that there may be limitations in lung PBV
evaluation of pulmonary blood flow in mild cases of non-
massive PE.

Also, one study has reported that there were no signifi-
cant differences in lung PBV between mild PE and no PE.20
This seems to support the limitations of lung PBV-based
quantitative evaluation of mild PE used in the present
study. The reasons for the absence of statistically significant
differences between the pre-treatment and post-treatment
lung PBV in the present PE patients are as follows. First,
comparison of pre-treatment and post-treatment lung PBV
can be inaccurate even in the same patient, because pulmo-
nary artery contrast timing may vary, depending on cardiac
function and heart rate at the time of testing. Furthermore,
%PBYV can change, depending on how the region of interest
in the pulmonary artery trunk is defined.

This study examined patients with DVT alone and those
with non-massive PE, the groups most likely to be encoun-
tered in actual clinical practice. The study analyzed, using
a highly objective, quantitative evaluation method, the
effects of initial monotherapy with SC fondaparinux and
oral edoxaban on thrombus regression.

Study Limitations

This study was conducted in a single center with a relatively
small number of patients; therefore, the results should be
interpreted with caution. PBV is considered highly useful
as a quantitative method of PE evaluation, because it may
eliminate the need for pulmonary blood flow scintigraphy,
but further development in data collection and analysis is
required.

Conclusions

One-week monotherapy with SC fondaparinux or oral
edoxaban is effective for inpatient treatment of acute non-
massive PE or acute DVT alone. The 2 drugs had similar
regressive effects on thrombus volume.
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