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Abstract: Objective. To analyze the clinical characteristics of patients taking Factor Xa inhibitors
(FXai), either direct FXai or enoxaparin (only in active cancer patients), and to estimate the incidence
of and risk factors for major bleeding during FXai use. Methods. A retrospective cohort study, which
included secondary data from computerized health records of primary care centers and hospitals in
seven Spanish Autonomous Communities. Results. 9374 patients were analyzed, with 8972 taking
direct FXai and 402 enoxaparin. At baseline, the mean age (SD) was 71.8 (9.4) years, 56.0% were
women, 76.3% had hypertension, 33.6% had type 2 diabetes, and 25.5% had heart failure. The most
common indication for FXai use was atrial fibrillation (72.3%), followed by venous thromboembolism
(22.2%) and non-mechanical cardiac-valve replacement (5.6%). At the end of the follow-up period,
the incidence rates of major bleeding overall, gastrointestinal, and intracranial were 10.2, 9.0, and
0.8 per 100 person-years, respectively. The total incidence of fatal major bleeding was 0.5 per
100 person-years. Incidence rates of all bleedings progressively decreased over time, with 62.5% of
the first events occurring in the initial three months and reaching 76.8% within six months following
initiation of treatment. Only 4.8% of the 1st major bleedings led to death, 2.3% in the case of major
gastrointestinal bleeding, and 30.8% after an intracranial bleeding. 65.9% of patients discontinued
anticoagulation after experiencing major bleeding. Conclusions. In Spain, patients taking FXai were
old and had many comorbidities. Despite incidence rates of major bleeding were high, incidence
rates of intracranial and fatal bleedings were low, but more efforts are required due to their relevant
clinical impact.

Keywords: apixaban; bleeding; edoxaban; enoxaparin; Factor Xa inhibitors; rivaroxaban

1. Introduction

Anticoagulation is the cornerstone in the prevention of thromboembolic complications
in patients with atrial fibrillation (AF), the prevention and treatment of acute venous
thromboembolism (VTE), and the treatment of selected patients early after bioprosthetic
valve implantation [1-4].

For these purposes, vitamin K antagonists (VKAs) have been traditionally used in
AF patients and low-molecular-weight heparins, followed by VKAs among patients with
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VTE [1-3]. However, VKAs have many disadvantages (i.e., the requirement for frequent an-
ticoagulation control, a narrow therapeutic window, certain dietary restrictions, drug-drug
interactions, and particularly, a relatively high risk of bleeding) that have limited their use
in clinical practice [5].

Fortunately, direct oral anticoagulants (DOACs) overcome the majority of these lim-
itations. But, despite advancements in treatment and the lower risk of major bleeding
reported in DOACs compared to VKAs [6,7], bleeding events remain the most concerning
complication associated with anticoagulant therapy, and some major bleeding still leads
to significant morbidity and mortality [8,9]. On the other hand, although the information
provided by clinical trials is very valuable and DOACs are more manageable than VKA, it
is important to ascertain the bleeding risk in real-world clinical practice [10].

On the other hand, patients with cancer have a high risk of VTE. Different head-to-
head clinical studies have compared the use of DOACs vs. low-molecular-weight heparins
in this population for the treatment and prophylaxis of VTE, and also in the AF population.
In general, these studies have shown that DOACs could be a superior therapeutic option
for managing cancer-associated thromboembolism compared to low-molecular-weight
heparin. Despite these results, low-molecular-weight heparins, particularly enoxaparin, an
anti-factor Xa, are still frequently used in Spain among patients with cancer [11-14].

The management of patients with major bleeding is complex, as many factors need
to be considered, including the level of awareness of bleeding risks and the manage-
ment of DOAC-related bleeds, including the use of specific reversal agents when re-
quired [15,16]. As a result, it is necessary to foster a more comprehensive approach to
address anticoagulant-related bleeding complications. This will help patients and clinicians
optimize the risks/benefits of anticoagulant use by identifying patients at high risk of
major bleeding complications and allowing appropriate actions to be taken, such as treating
modifiable risk factors for bleeding and reducing the intensity or stopping anticoagulant
use if necessary [1-3,17].

The aim of this study was to analyze the clinical characteristics of patients taking
Factor Xa inhibitors (FXai), either oral direct FXai (i.e., apixaban, edoxaban, or rivaroxaban)
or enoxaparin (only in active cancer patients) both overall and as individual groups, as
well as to estimate the incidence of and risk factors associated with major bleeding during
FXai use. In addition, the incidence of fatal, intracranial, gastrointestinal, traumatic, and
other major bleedings was also calculated.

2. Methods

A retrospective and observational cohort study, which included secondary data from
computerized health records of primary care centers and hospitals in seven Spanish Au-
tonomous Communities since 2012, was conducted using the BIG-PAC® database. This is
an administrative database, representative of the Spanish population [18-20]. In this study,
all adult patients with a prescription of either an oral direct FXai (i.e., apixaban, edoxaban,
or rivaroxaban) or enoxaparin (only in active cancer patients) in therapeutic dose, and
a previous recording (or on the same day) of any of the following diagnoses: VTE, AF,
or non-mechanical cardiac-valve replacement, during the study period (i.e., between 1
January 2013 and 31 December 2022) were included. In addition, to be enrolled, patients
had to be at least 18 years of age and have at least 12 months of data availability in the
database before the prescription of the anticoagulant therapy. In contrast, patients were
excluded if any of the following criteria applied: oral direct FXai or enoxaparin use within
60 days before the start of chronic use of these products for the study indications within
the study period, history of oral direct FXai or enoxaparin use before the first recording of
a diagnosis under study, a major bleeding event within 60 days before the direct FXai or
enoxaparin initiation, palliative care initiation any time before the FXai initiation, or preg-
nancy at the time of direct FXai or enoxaparin initiation. Since this was an observational
study, no specific diagnostic or therapeutic procedures were performed for inclusion in the
study. The research was performed in accordance with the Declaration of Helsinki. The
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study was approved by the Research Ethics Committee of Consorci Sanitari de Terrassa,
Barcelona, Spain. The requirement for obtaining written informed consent was waived by
the Research Ethics Committee, since the study collected secondary data that were fully
and completely anonymized.

The day of the first recording of oral FXai (apixaban, edoxaban, or rivaroxaban)
or enoxaparin (only in active cancer patients) constituted the start of the observational
period for each patient and the index date at which baseline characteristics were obtained.
The end of the observational period was determined if any of the following situations
occurred: discontinuation of oral FXai therapy or enoxaparin (only in active cancer patients),
switching to or concomitant use of a non FXai anticoagulant, recording of pregnancy,
completion of the study period (i.e., 31 December 2022), disenrollment from the database,
end of data collection, patient death, or initiation of palliative care.

At baseline, data from biodemographics (age, sex, body mass index, alcohol use,
CHA2DS2-VASc score, HAS-BLED score, and updated Charlson comorbidity index), car-
diovascular risk factors (hypertension, hypercholesterolemia, diabetes, smoking), vascular
disease (heart failure, chronic kidney disease, coronary artery disease, peripheral artery
disease, and cerebrovascular disease), and other comorbidities (chronic pulmonary dis-
ease, cancer, anemia, major bleeding history >60 days prior to FXai start, liver disease,
peptic ulcer disease) were collected. Clinical conditions were defined using medical codes
entered by practices, using the International Classification of Diseases (ICD), Ninth Re-
vision (ICD-9), and Tenth Revision (ICD-10) (all converted to ICD-10 in the database)
(Supplementary Table S1). In addition, FXai indications (VTE, AF, and non-mechanical
cardiac—valve replacement), the date of FXai initiation, compliance with treatment during
the follow-up period, discontinuation after major bleeding, and DOAC dose modifications
according to the summary of product characteristics (Supplementary Table 52) [21-24],
were also recorded. Laboratory tests closest to the index date were collected and included
hemoglobin, HbAlc, platelet count, and renal function (estimated glomerular filtration rate
and creatinine clearance). Concomitant treatments (within 120 days prior to enrolment),
including gastroprotective drugs, antihypertensive therapies, lipid lowering, antidiabetic,
non-steroidal anti-inflammatory, and antiplatelet and anticancer drugs (within 180 days
prior to enrolment), were also captured. Although this may be considered a limitation,
as it does not only assess concomitant treatments at the moment of enrolment, this time
window was chosen to assess their impact on the incidence of bleeding. Medication use was
derived from issued prescriptions coded using anatomical therapeutic chemical codes (ATC
medication code: “A10”). Data were analyzed in the overall study population according to
the type of FXai, the dose of DOAC (as per label, higher or lower than label), the type of
DOAUG, history of major bleeding during the follow-up period, and the indication at the
first prescription.

The first outcome was the first major bleeding. Major bleeding was defined as fatal
bleeding or bleeding that causes hospitalization. Major bleeds were categorized as gas-
trointestinal, intracranial, or other life-threatening bleeding. Major bleeding incidence rates
were calculated as the total number of incident major bleeding events divided by the total
person-time at risk, calculated in the overall study period and cumulatively at 3, 6, 12, 24,
and 36 months. Incidence rates of major bleeding, including those occurring in critical
sites (defined in Supplementary Table S1), and those that were fatal were calculated for the
overall study population and according to the type of FXai, the dose of DOAC, and the indi-
cation at first prescription. Additionally, incidence rates of major gastrointestinal bleeding
and intracranial bleeding (including fatal cases) were also calculated for the overall study
population and according to the type of FXai. Following a similar approach, event rates
were also calculated by dividing the total number of bleeding events, including recurrent
events, by the total person-time of follow-up. Finally, risk factors for major bleeds were
calculated for patients taking DOACs.
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3. Statistical Analysis

Demographic and clinical data were summarized using descriptive statistics. Qualita-
tive data were presented by their absolute and relative frequencies. Quantitative data were
presented using the mean and standard deviation. In the bivariate analysis, Student’s t-test
was used to compare the two means, the Chi-square test was used to compare categorical
variables, and the Z test was used for 2-proportion comparisons (comorbidities). Incidence
rates for bleeding events were reported per 100 person-years with 95% confidence intervals.
Survival curves (Kaplan-Meier) were calculated for major bleeding and fatal bleeding in
the overall population, DOACs, and enoxaparin groups, as well as for DOACs according
to label prescription. In addition, survival curves (Kaplan—-Meier) were also calculated for
major and fatal gastrointestinal bleedings and for major and fatal intracranial bleedings
in the overall population, DOACs, and enoxaparin groups. The log-rank test was used
to estimater whether there were significant differences between groups. On the other
hand, the strength of association between potential risk factors and major bleeds for DOAC
patients was calculated using COX regression models including all potential risk factors,
estimating the Odds Ratio along with their 95% confidence intervals. The results were
presented in a forest plot figure. Statistical significance was established at p < 0.05. All
statistical procedures were performed using Stata MP Version 14.2 (StataCorp LLC., College
Station, TX, USA).

4. Results

Out of 1.9 million patients of the BIG-PAC® database, a total of 66,744 patients received
their first FXai prescription (16,665 taking DOACs and 50,079 taking enoxaparin), of whom
14,384 had a study indication (13,739 and 645, respectively). After excluding 5010 patients
due to different reasons, 9374 patients were finally analyzed, with 8972 taking DOACs and
402 taking enoxaparin (only in active cancer patients) (Figure 1).

Baseline clinical characteristics of the overall study population are shown in Table 1.
The mean age (SD) was 71.8 (9.4) years, 56.0% of patients were women, 76.3% had hyperten-
sion, 33.6% had type 2 diabetes, 25.5% had heart failure, 15.8% had chronic kidney disease,
15.5% had coronary artery disease, and 6.4% had prior cerebrovascular disease. The most
common indication for the use of FXai was AF (72.3%), followed by VTE (22.2%) and non-
mechanical cardiac-valve replacement (5.6%). During the study period, the proportion of
patients initiating FXai use increased from 2.8% in 2013 to 23.0% in 2022. Of patients treated
with DOAC, 15.6% received doses higher or lower than the label, compliance >80% was
achieved in 91.7% of patients, and 65.9% of patients discontinued anticoagulation after ex-
periencing major bleeding. As the majority of patients in our study were taking DOACs, the
clinical profile was very similar to that of the overall population. The greater increase in the
prescription of DOAC was seen mainly in the last three years, mainly during the COVID-19
pandemic, as no anticoagulation control was required (compared to VKA). Baseline clinical
characteristics were also analyzed according to the development of major bleeding during
the study period. Among patients taking DOACS, there was a trend towards a higher
age in those who experienced a major bleeding event (77.4 (9.62) vs. 71.5 (9.3); p = 0.07),
which was seen as a shift towards greater percentages in higher age groups (<0.001). In
the case of patients receiving enoxaparin only, age differences (75.9 (11.0) vs. 72.0 (9.4))
reached statistical significance (p = 0.002). No other relevant differences were observed.
Additionally, baseline data according to the type of FXai, the type of DOAC, the dose of
DOAC (per label, higher or lower than the label), the indication at first prescription, and
CHA2DS2-VASc and HAS-BLED scores were also provided in Table 1 and Supplementary
Tables 53 and S4. No relevant differences were found between groups.
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Patients with a first FXai prescription
N=66,744
16,665 (DOACs) and 50,079 (enoxaparin)

!

Patients with a first FXai prescription and a valid FXai indication
N=14,384
13,739 (DOACs) and 645 (enoxaparin)

Patients excluded: n=5,010

- <365 days of history before first FXai recording: n=3,524

- First FXai recording after 31 December 2022: n=1,005

- First FXai recording before 1 January 2013: n=202

- History of a direct FXai or enoxaparin use before the first recording of a
diagnosis for which use of a direct FXai or enoxaparin is appropriate: n=167
- Palliative care initiation any time before the FXai initiation: n=32

- Direct FXai or enoxaparin use within 60 days before the start of chronic use of
these products for the study indications in the study period: n=28

- Major bleeding event within 60 days before the FXai initiation: n=24

- Pregnancy at the time of a direct FXai or enoxaparin initiation: n=24

- Age <18 at day of first FXai recording: n=4

Patients in the FXai user cohort
N=9374

/

Patients with DOACs Patients with enoxaparin
N=8972 N=402

Figure 1. Flow chart of the study. DOACs: direct oral anticoagulants; FXai: factor Xa inhibitors.

Overall, 5.3% of the patients presented with major bleeding, with incidence rates
at the end of the follow-up period of 10.2 (95% CI 9.6-10.8), 10.1 (95% CI 9.5-10.7), and
13.1 (95% CI 9.8-16.4) per 100 person-years in the overall group, DOACs, and enoxaparin,
respectively. Among patients taking DOACs, 5.2% experienced major bleeding (88.9% from
gastrointestinal bleeding, 6.8% from intracranial hemorrhage, and 4.3% from others), with
incidence rates of 10.1 (9.5-10.7) per 100 person-years for the full group, and 9.9 (95% CI
9.2-10.6), 10.8 (95% CI 8.5-13.2), and 11.3 (95% CI 9.0-13.6) per 100 person-years when
doses were prescribed as per label, higher than label, and lower than label, respectively. A
total of 6.5% of enoxaparin patients suffered from major bleeding, with an incidence rate of
13.1 (95% CI19.8-16.4). The incidence of major bleeding was similar between the enoxaparin
and DOACs groups (p = 0.37) (Figures 2a and 3a; Supplementary Table S5).
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Table 1. Baseline clinical characteristics at the index date (day 1 of treatment) and FXai use during the study period in the overall study population and according to
the development of MB during the follow-up.

DOACs Enoxaparin (Active Oncology Patients Only)
Overall FXai Group All DOACs Patl:/llgsi:lv;tlljlout Patients will:l;;MB Event Enoxaparin per Bleeding Status
N =937 Overall Overall Overall p (MB vs. Enoilgarin witlfggfrl:/i; in P;;\t;]egnitz ;vlijth p (MB vs.
(N =8972) (N =8502) (N = 470) No MB) (N = 402) FU (N = 376) (N = 26) No MB)
Biodemographic data

Age, years (SD) 71.8 (9.4) 71.8 (9.4) 71.5(9.3) 77.4 (9.62) 0.07 722 (9.6) 72.0 (9.4) 75.9 (11.0) 0.002

<45 years, n (%) 42 (0.5) 39 (0.4) 39 (0.5) 0 3(0.8) 3(0.8) 0

45-64 years, n (%) 2148 (22.9) 2063 (23.0) 2016 (23.7) 47 (10) 85 (21.1) 81 (21.5) 4(15.4)

65-74 years, n (%) 3722 (39.7) 3567 (39.8) 3428 (40.3) 139 (29.6) <0.001 155 (38.6) 145 (38.6) 10 (38.5) 0.56

75-84 years, n (%) 2725 (29.1) 2599 (29.0) 2414 (28.4) 185 (39.4) 126 (31.3) 120 (31.9) 6(23.1)

>85 years, n (%) 737 (7.9) 704 (7.9) 605 (7.1) 99 (21.1) 33 (8.2) 27 (7.2) 6(23.1)
Sex (female), n (%) 5247 (56.0) 5067 (56.5) 4780 (56.2) 287 (61.1) 180 (44.8) 169 (45.0) 11 (42.3)
BMI, Kg/m? (SD) 28.4 (5.3) 28.5(5.3) 28.5(5.3) 28.2 (5.3) 0.89 27.2 (4.3) 27.1 (4.3) 28.5 (4.4) 0.28
Alcohol use, n (%) 432 (4.6) 423 (4.7) 397 (4.7) 26 (5.5) 0.57 9(2.2) 9(2.4) 0 -
Updated Charlson index (SD) 6.3 (2.1) 6.2 (2.0) 6.2 (2.0) 6.1(1.9) 0.96 9.4 (3.1) 9.4 (3.2) 9.2(2.9) 0.84

Cardiovascular risk factors
Hypertension, n (%) 7149 (76.3) 6865 (76.5) 6495 (76.4) 370 (78.7) 0.30 284 (70.7) 264 (70.2) 20 (76.9) 0.53
Hypercholesterolemia, n (%) 4087 (43.6) 3918 (43.7) 3701 (43.5) 217 (46.2) 0.45 169 (42.0) 161 (42.8) 8 (30.8) 0.50
Diabetes type 2, n (%) 3146 (33.6) 3011 (33.6) 2857 (33.6) 154 (32.8) 0.83 135 (33.6) 130 (34.6) 5(19.2) 0.48
Diabetes type 1, n (%) 186 (2.0) 179 (2.0) 166 (2.0) 13 (2.8) 0.84 7(1.7) 6 (1.6) 1(3.9) 0.87
Smoking, n (%) 773 (8.3) 756 (8.4) 711 (8.4) 45 (9.6) 0.93 17 (4.3) 16 (4.3) 1(3.9) -
Vascular disease

Heart failure, n (%) 2393 (25.5) 2286 (25.5) 2175 (25.6) 111 (23.6) 0.64 107 (26.6) 98 (26.1) 9 (34.6) 0.58
Chronic kidney disease, n (%) 1485 (15.8) 1430 (15.9) 1355 (15.9) 75 (16.0) 0.97 55(13.7) 52 (13.8) 3(11.5) -
Coronary artery disease, n (%) 1452 (15.5) 1398 (15.6) 1328 (15.6) 70 (14.9) 0.87 54 (13.4) 53 (14.1) 1(3.9) 0.77
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DOACs Enoxaparin (Active Oncology Patients Only)
Patients without Patients with a MB Event
All DOACs . . Enoxaparin per Bleeding Status
Overall FXai Group MB in FU in FU P P &
N =9374 : : :
Overall Overall Overall p (MB vs. Enofalliarin wi t}f;:::;/;; in Pal\t/};nii ;v&th p (MB vs.
(N = 8972) (N = 8502) (N =470) No MB) (N = 402) FU (N = 376) (N = 26) No MB)
Myocardial infarction, n (%) 660 (7.0) 637 (7.1) 604 (7.1) 33(7.0) 0.99 23 (5.7) 23 (6.1) 0 -
Peripheral vascular disease, n (%) 721(7.7) 692 (7.7) 651 (7.7) 41 (8.7) 0.81 29 (7.2) 27 (7.2) 2(7.7) 0.98
Cerebrovascular disease, n (%) 600 (6.4) 569 (6.3) 536 (6.3) 33 (7.0) 0.87 31(7.7) 30 (8.0) 1(3.9) 0.88
Other comorbidities
Chronic pulmonary disease, n (%) 1937 (20.7) 1865 (20.8) 1773 (20.9) 92 (19.6) 0.77 72 (17.9) 66 (17.6) 6(23.1) 0.74
Cancer, n (%) 1190 (12.7) 788 (8.8) 743 (8.7) 45 (9.6) 0.85 402 (100) 376 (100) 26 (100) -
Anemia, n (%) 994 (10.6) 946 (10.5) 897 (10.6) 49 (10.4) 0.98 48 (11.9) 46 (12.2) 2(7.7) 0.85
MB history >60 days prior to
FXai start, n (%) 886 (9.5) 855 (9.5) 805 (9.5) 50 (10.6) 0.79 31(7.7) 26 (6.9) 5(19.2) 0.34
Liver disease, n (%) 506 (5.4) 480 (5.4) 460 (5.4) 20 (4.3) 0.99 26 (6.5) 26 (6.91%) 0 -
Peptic ulcer disease, n (%) 319 (3.4) 311 (3.5) 291 (3.4) 20 (4.3) 0.84 8 (2.0) 8(2.1) 0 -
FXai use during the follow-up

Year of first FXai use, n (%)

2013 263 (2.8) 223 (2.5) 217 (2.6) 6 (1.3) 40 (10.0) 37 (9.8) 3(11.5)

2014 349 (3.7) 315 (3.5) 299 (3.5) 16 (3.4) 34 (8.5) 34 (9.0) 0

2015 394 (4.2) 364 (4.1) 346 (4.1) 18 (3.8) 30 (7.5) 27 (7.2) 3(11.5)

2016 483 (5.2) 456 (5.1) 444 (5.2) 12 (2.6) 27 (6.7) 25 (6.7) 2(7.7)

2017 650 (6.9) 614 (6.8) 581 (6.8) 33 (7.0) 0.89 36 (9.0) 33 (8.8) 3(11.5) 0.99

2018 887 (9.5) 849 (9.5) 796 (9.4) 53 (11.3) 38 (9.5) 35 (9.3) 3(11.5)

2019 897 (9.6) 847 (9.4) 797 (9.4) 50 (10.6) 50 (12.4) 45 (12.0) 5(19.2)

2020 1248 (13.3) 1201 (13.4) 1138 (13.4) 63 (13.4) 47 (11.7) 44 (11.7) 3(11.5)

2021 2050 (21.9) 2005 (22.4) 1905 (22.4) 100 (21.3) 45 (11.2) 44 (11.7) 1(3.9)

2022 2153 (23.0) 2098 (23.4) 1979 (23.3) 119 (25.3) 55 (13.7) 52 (13.8) 3(11.5)
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Table 1. Cont.
DOACs Enoxaparin (Active Oncology Patients Only)
Patients without Patients with a MB Event
All DOACs . . Enoxaparin per Bleeding Status
Overall FXai Group MB in FU in FU P P &
N =9374 . . .
Overall Overall Overall p (MB vs. Enofalliarin wi t}f;:::;/;; in Pal\t/};nii ;v&th p (MB vs.
(N = 8972) (N = 8502) (N =470) No MB) (N = 402) FU (N = 376) (N = 26) No MB)

FXai indications, n (%)

VTE 2080 (22.2) 1932 (21.5) 1849 (21.8) 83 (17.7) 0.36 148 (36.8) 138 (36.7) 10 (38.5) 0.001

AF 6773 (72.3) 6547 (78.0) 6180 (72.7) 367 (78.1) ’ 226 (56.2) 213 (56.7) 13 (50.0) <U-

Non-mechanical
cardiac-valve replacement 521 (5.6) 493 (5.5) 473 (5.6) 20 (4.3) 28 (7.0) 25 (6.7) 3(11.5)
Dose as per label, n (%)

No dose reduction 5152 (55.0) 4886 (54.5) 4641 (54.6) 245 (52.1) 0.94 266 (66.2) 244 (64.9) 22 (84.6) 0.56

Dose reduction as per label 2764 (29.5) 2661 (29.7) 2520 (29.6) 141 (30.0) ) 103 (25.6) 100 (26.6) 3(11.5) ’
lali i’se higher or lower than 1458 (15.6) 1425 (15.9) 1341 (15.8) 84 (17.9) 33(8.2) 32 (8.5) 1(3.9)
Medical possesion ratio to FXai
(% prescribed doses taken) ! 86.4 (4.6) 86.3 (4.7) 86.3 (4.7) 86.0 (4.7) 0.97 87.5(2.8) 87.6 (2.8) 86.8 (2.1) 0.87
Compliance >80%, n (%) 8592 (91.7) 8193 (91.3) 7769 (91.4) 424 (90.2) 0.41 399 (99.3) 373 (99.) 26 (100) 0.65
Discontinuation after 1st MB, n (%) 327 (3.5) 309 (3.4) 0 309 (65.7) - 18 (4.5) 0 18 (69.2) -

Concomitant treatments (within 120 days prior to index)

Gastroprotective drugs, n (%) 6504 (69.4) 6205 (69.2) 5884 (69.2) 321 (68.3) 0.73 299 (74.4) 279 (74.2) 20 (76.9) 0.79
Antihypertensive therapies, n (%) 5752 (61.4) 5524 (61.6) 5221 (61.4) 303 (64.5) 0.29 228 (56.7) 211 (56.1) 17 (65.4) 0.46
Lipid lowering drugs, n (%) 5145 (54.9) 4949 (55.2) 4677 (55.0) 272 (57.9) 0.36 196 (48.8) 183 (48.7) 13 (50.0) 0.93
Antidiabetic drugs, n (%) 2854 (30.5) 2737 (30.5) 2591 (30.5) 146 (31.1) 0.98 117 (29.1) 114 (30.3) 3(11.5) 0.99
NSAIDs, n (%) 2821 (30.1) 2698 (30.1) 2541 (29.9) 157 (33.4) 0.35 123 (30.6) 117 (31.1) 6(23.1) 0.68
Antiplatelet drugs, n (%) 1457 (15.5) 1391 (15.5) 1323 (15.6) 68 (14.5) 0.81 66 (16.4) 61 (16.2) 5(19.2) 0.86

Acetylsalicylic acid, n (%) 1419 (15.1) 1354 (15.1) 1290 (15.2) 64 (13.6) 0.74 65 (16.2) 60 (16.0) 5(19.2) 0.85
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Table 1. Cont.
DOACs Enoxaparin (Active Oncology Patients Only)
Patients without Patients with a MB Event
All DOACs . . Enoxaparin per Bleeding Status
Overall FXai Group MB in FU in FU P P &
N =9374 . . .
Overall Overall Overall p (MB vs. Enofalliarin wi t}f;:::;/;; in Pal\t/};nii ;v&th p (MB vs.
(N =8972) (N = 8502) (N =470) No MB) (N = 402) FU (N = 376) (N = 26) No MB)
Acetylsalicylic acid,
combinations with proton 46 (0.5) 45 (0.5) 41 (0.5) 4(0.9) 0.92 1(0.3) 1(0.3) 0 -
pump inhibitors, n (%)
Antidepressants, n (%) 878 (9.4) 835 (9.3) 793 (9.3) 42 (8.9) 0.93 43 (10.7) 40 (10.6) 3(11.5) 0.96
Anticancer drugs *, n (%) 885 (9.4) 602 (6.7) 568 (6.7) 34 (7.2) 0.90 283 (70.4) 263 (70.0) 20 (76.9) 0.51
Biochemical parameters
Hemoglobin, g/dL (SD) 12.1 (3.2) 12.1 (3.2) 12.1 (3.2) 11.8 (3.3) 0.87 11.8 (3.2) 11.8 (3.2) 11.2 (3.4) 0.61
HbAlc, % (SD) 7.4(1.2) 7.4(1.2) 7.43(1.2) 7.36 (1.1) 0.98 7.2 (1.3) 7.2(1.2) 7.3 (14) 0.94
Platelet count, x10%/uL 276.9 (144.7) 277.4 (144.3) 277.4 (144.5) 276.7 (140.0) 0.62 265.7 (152.4) 264.4 (152.3) 284.3 (155.5) <0.001
eGFR, mL/min/1.73 m2 (SD) 94.7 (11.2) 94.7 (11.2) 94.7 (11.1) 94.5 (12.1) 0.96 94.3 (11.3) 94.3 (10.8) 94.7 (16.9) 0.77
Creatinine clearance, mL/min 50.8 (22.5) 50.8 (22.3) 50.9 (22.4) 48.6 (22.1) 0.12 50.4 (24.7) 50.6 (24.7) 48.0 (24.4) 0.06

(SD)

! Consider: two tablets or capsules per day for apixaban and one per day for rivaroxaban and edoxaban; * within 180 days prior to the index date. AF: atrial fibrillation; BMI: body
mass index; DOACs: direct oral anticoagulants; eGFR: estimated glomerular filtration rate; FXai; Factor Xa inhibitors; FU: follow-up; MB: major bleeding; NSAIDs: non-steroidal
anti-inflammatory drugs; SD: standard deviation; VTE: venous thromboembolism.
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Figure 2. Kaplan—Meier curves for major and fatal bleedings for the overall population, DOACs, and
enoxaparin groups. DOACs: direct oral anticoagulants.



J. Clin. Med. 2024, 13, 1677

11 of 20

1.00-
0.75-
=
-
E 0.50
2
®
o
025-
p=042
0.00-
o 365

Dosehigherthan label 685 69

er than label 740 72

1.00-
075~
:\c?
=
i > 0.50
=
®
>
0.25-
p=034
0.00-
0 365

Number at risk

Dos 7547 800
Dosehigherthan label 685 T4
er than label 740 78

Stratified by Label = Dose as perlabel == Dose higherthan label =+ Dose lower than label

730

446
43

46

1095

267
26

29

e +
= i = =
1480 1825 2190 2555 2920 3285 3650

Follow-up:time to event (days)

172 9 68 4 20
1 9 8 4 1
21 13 12 8 2

(a) Major bleeding

8 1
1 1
1 1

Stratified by Label ~+ Dose as perlabel <~ Dose higherthan label =~ Dose lower than label

730

482
44

48

1095

290
26

29

1480 1825 2190 2555 2920
Follow-up:time to event (days)

188 11 74 44 22
L 9 8 4 1
21 13 12 8 2

(b) Fatal bleeding

3285 3650

4; 1
1 1
1 1

4015

Figure 3. Kaplan—-Meier curves for major and fatal bleedings for DOACsS, according to label prescrip-
tion. DOACs: direct oral anticoagulants.
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In all cases, the incidence rates of major bleeding progressively decreased over time,
with 62.5%, 62.3%, and 65.3% experiencing the first major bleeding within the first three
months of treatment (about 77% within the first six months) in the overall group, DOACs,
and enoxaparin groups, respectively. There were only 72 rebleedings in the overall popula-
tion, likely due to the high FXai discontinuation rate following the first bleeding (65.9%,
65.7% and 69.2% for the overall, DOACs, and enoxaparin groups). At the end of the
follow-up period, the incidence rates of fatal bleeding were 0.5 (95% CI 0.4-0.6), 0.4 (95% CI
0.3-0.6), and 2.0 (95% CI 0.6-3.4) per 100 person-years for the total, DOACs, and enoxaparin
groups, respectively (4.8%, 4.3%, and 15.4%, respectively, of the total major bleeding cases).
Incidence rates for critical site bleeding were 0.8 (95% CI 0.7-1.0), 0.8 (95% CI 0.6-0.9), and
3.0 (95% CI 1.4-4.7) per 100 person-years, respectively. In all cases, the incidence rates of
critical site bleeding and fatal bleeding progressively decreased over time. Among patients
taking DOACs, incidence rates of fatal bleeding were 0.4 (95% C10.2-0.5), 0.6 (95% CI 0-1.1),
and 0.8 (95% CI 0.1-1.4) per 100 person-years when the dose was prescribed as per label,
higher than label, and lower than label, respectively. The incidence of fatal bleeding was
higher with enoxaparin than with DOACs (p= 0.0097) (Figures 2b and 3b; Supplementary
Table S5). Major, critical site, and fatal bleeding incidence rates according to FXai indication
and the type of direct FXai were also provided in Supplementary Table S5.

The overall incidence rates of major and fatal gastrointestinal bleeding at the end
of the follow-up period were 9.0 (95% CI 8.4-9.5) (87.9% of the total major bleedings)
and 0.2 (95% CI 0.1-0.3) per 100 person-years (2.3% of the total major gastrointestinal
bleeding), respectively, decreasing over time (Figure 4a,b, Supplementary Table S56). Up-
per gastrointestinal bleeding was more common than lower gastrointestinal bleeding
(Supplementary Table S6).

The overall incidence rates of major and fatal intracranial bleeding were 0.8 (95% CI
0.6-1.0) (7.9% of the total major bleedings) and 0.3 (95% CI 0.2-0.4) per 100 person-years
(30.7% of the total intracranial bleeding), respectively, decreasing over time (Figure 5a,b,
Supplementary Table S7). Intracerebral bleeding was more common than subarachnoid
hemorrhage (Supplementary Table S7).

In addition, at the end of the follow-up period, among patients taking DOACs, the
incidence rates of intracranial and gastrointestinal bleeding were 0.7 (95% CI 0.5-0.9) and
9.0 (95% CI 8.4-9.6) per 100 person-years, respectively. In the case of patients taking
enoxaparin, these rates were 3.5 (95% CI 1.7-5.3) and 9.1 (95% CI 8.5-9.7) per 100 person-
years, respectively. Whereas no significant differences were observed between enoxaparin
and DOACs regarding gastrointestinal bleeding, major and fatal intracranial bleedings were
more common with enoxaparin than with DOACs (p < 0.001 and p = 0.00064, respectively)
(Figure 4a,b and Figure 5a,b).

Incidence rates of trauma-related bleedings and other major bleedings are shown in
Supplementary Tables S8 and S9.

Risk factors for major bleeds among patients taking DOACs were specifically analyzed
using a Cox Regression Model (Supplementary Table S10) and presented as a forest plot
in Figure 6. Increasing age and discontinuation after major bleeding were independently
associated with the risk of developing major bleeding. Of note, dose reduction of DOACs
was not associated with a protective effect against the risk of major bleeding.
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Figure 4. Kaplan—-Meier curves for major and fatal gastrointestinal bleedings for the overall popula-
tion, DOACs, and enoxaparin groups. DOACs: direct oral anticoagulants.
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Figure 6. Risk factors for major bleeds for DOAC patients. * within 180 days prior to the index date.
AF: atrial fibrillation; BMI: body mass index; DOACs: direct oral anticoagulants; eGFR: estimated
glomerular filtration rate; FXai; Factor Xa inhibitors; MPR: medical possesion ratio; NSAIDs: non-
steroidal anti-inflammatory drugs; OR: Odds Ratio; VTE: venous thromboembolism.

5. Discussion

Our study showed that patients initiating treatment with FXai, mainly for AF or VTE,
were old and had many comorbidities. The overall incidence rates of major, gastrointestinal,
intracranial, and fatal bleedings were 10.2, 9.0, 0.8, and 0.5 per 100 person-years, respectively.
Of note, the incidence rates of all bleedings progressively decreased over time.

In our study;, a total of 9374 patients with a valid FXai indication were included, of
whom 8972 were taking DOACs, with the main indication being AF (72%), followed by VTE
(22%). Disparities in the prescription of DOACs according to indication were related to the
different epidemiologies of both conditions but also to the lack of reimbursement of DOACs
in the case of VTE in Spain. In addition, the increase in the prescription of DOACs observed
over time in our study was slow and lower than in other European countries, mainly due
to restrictions on the prescription of DOACs in patients with AF, only limited to some
particular conditions [25,26]. However, during the COVID-19 pandemic, the prescription
of DOACs was accelerated (initial prescription and switching from VKA) to avoid visits for
anticoagulation control, leading to a reduction in the risk of contagion [27].
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With regard to the clinical characteristics of the study population, the mean age was
71.8 years, 56% were women, 76% had hypertension, one third had type 2 diabetes, one
quarter had heart failure, and around 6% had prior cerebrovascular disease. The clinical
profile of patients was similar regardless of the FXai indication, the type of Fxai, and the dose
of DOACs. In phase 3 clinical trials comparing DOACs vs. warfarin among patients with
AF (ROCKET-AF, ARISTOTLE, and ENGAGE AF-TIMI 48), the mean age was 70-73 years,
35-40% of patients were women, 90-94% had hypertension, 25-40% had diabetes, 35-63%
had heart failure, and 19-52% had prior cerebrovascular disease [28-30]. However, the
clinical profile of patients with VTE included in the phase 3 clinical trials comparing DOACs
vs. standard therapy (EINSTEIN, AMPLIFY, Hokusai-VTE) was very different. The mean
age was 55-57 years, 33-43% were women, and only 2.5-9% had active cancer [31-33]. As
a result, studies performed in real-life conditions are important to ascertain whether the
results of these clinical trials can be extended to the whole population taking FXai [10].
For example, in the case of the AF population, XANTUS (rivaroxaban), ETNA-AF Europe
(edoxaban), and a retrospective study using four large US claims databases: MarketScan,
PharMetrics, Optum, and Humana (apixaban), showed a similar clinical profile compared
to our study, but in contrast to our data, these studies had a very limited follow-up [34-36].
On the other hand, in the RIETE registry, which included patients with VTE in Spain, those
patients taking DOACs were older and had more comorbidities than those reported in the
phase 3 clinical trials [37]. Therefore, our data are very relevant, since they may provide
current information about patients taking FXai in Spain and the real incidence of bleeding
in clinical practice.

In our study, the overall incidence rates of major, gastrointestinal, intracranial, and
fatal bleedings at the end of the follow-up period were 10.2, 9.0, 0.8, and 0.5 per 100 person-
years, respectively (10.1, 9.0, 0.7, and 0.4 per 100 person-years among those patients taking
DOACS, respectively). In the case of the phase 3 clinical trials with DOACs in the AF popu-
lation, these numbers were 2.1-3.6, 0.76-2.0, 0.33-0.49, and 0.2-0.21 per 100 person-years,
respectively, in the active groups [28-30]. Although the classification of major bleeding was
different to our study, as in the phase 3 clinical trials major bleeding was defined according
to the International Society on Thrombosis and Haemostasis criteria [38], and we used a less
restrictive definition, major bleeding rates were higher in our study, and intracranial and
fatal bleedings had lower incidences. However, despite a lower incidence of major bleeding
also being observed in other real-life studies compared to our data, no relevant differences
have been shown regarding intracranial and fatal bleedings [34-36]. In summary, in clinical
practice, the use of FXai is safe, even in high-risk patients, including the elderly population,
with many comorbidities. Furthermore, in our study, the incidence of all types of bleeding
decreased over time, suggesting that at anticoagulation initiation, predisposing conditions
may play a larger role in bleeding risk rather than anticoagulation itself.

On the other hand, it has been shown that despite the increased risk of stroke and
bleeding with age in patients with AF, the net clinical benefit clearly favors anticoagu-
lation [39]. In our study, not only was increasing age associated with a higher risk of
develolping major bleeding, but also discontinuation of FXai after a major bleeding event.
In addition, dose reduction of DOACs did not reduce the risk of major bleeding. Since
prescribing inappropriate doses of DOACs, particularly underdosing, has been associated
with a higher risk of events [40,41], our data emphasize the need to prescribe DOACs
properly according to the product label [21-23]. In fact, in our study, in around 84% of
patients, dosing of DOACs was performed adequately, and good compliance was achieved
in nearly 92% of patients, although 65.7% of patients with major bleeding discontinued
anticoagulation after the event, and this could have had an impact on the results. However,
once the cause of bleeding is resolved, treatment with DOACs should be reintroduced
promptly [16].

Although the incidence rates of major bleeding were higher than those reported in
other studies, the incidence rates of fatal bleeding were low. In fact, among patients
taking direct FXai, only 4% of major bleeding led to death, with 2.2% in the case of major
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gastrointestinal bleeding and 28.1% after an intracranial bleeding (vs. 15.4%, 5.6%, and
42.9% in those patients taking enoxaparin, respectively). In addition, when rebleeding
occurred, the majority of cases had gastrointestinal origins. Therefore, although in the
majority of cases, supportive measures combinedwith correcting the cause are sufficient
for managing major bleeding, in some cases, particularly those with intracranial bleeding,
reversal strategies are necessary [42,43]. In fact, mortality from ICH associated with the
use of DOACs remained high, only slightly lower than that related to the use of VKA,
even with the current reversal agents (prothrombin complex, basically). In this context, the
use of DOAC-specific reversal agents is the best option [2,3]. Thus, andexanet Alpha has
been demonstrated to rapidly restore coagulation in patients taking direct FXai to a greater
extent than other alternatives [44].

Finally, rates of bleeding were much higher in the enoxaparin group. Due to limited
evidence at the time of the study about the treatment with DOACs among patients with
cancer, enoxaparin has traditionally been used as anticoagulant treatment in this population
in Spain. As a result, we specifically analyzed this group of patients. However, considering
that clinical trials have shown a better benefit-risk profile with oral direct FXai than with
standard therapy, and the lack of evidence with enoxaparin for the prevention of stroke in
AF patients [28-30], in light of our data, it would be preferable to use DOACs in clinical
practice for patients with active cancer at risk of thromboembolic complications, rather
than continuing with enoxaparin. In fact, an increase in the use of DOACs in this clinical
setting is expected [17].

Our study has some limitations. First, as baseline variables were collected retro-
spectively, some relevant data could be missing. However, the large number of patients
included could reduce this potential bias. In addition, the lack of a control group prevents
direct comparisons from being performed. Although some antidepressants may have
relevant interactions with DOACs, only the total number of antidepressants was recorded.
Additionally, although some types of cancer may increase the risk of bleeding, only the total
proportion of patients with cancer was collected. Furthermore, not all potent CYP-3A4 and
P-pg inhibitors, which may interact with DOACs, were recorded. However, as the overall
bleeding incidence or event rates did not significantly change according to the dosage of
DOAC:S, the impact of the use of these drugs on our study may be limited. Finally, our data
can only be extended to populations with a similar clinical profile and healthcare system.

In conclusion, in Spain, patients taking FXai were old and had many comorbidities.
Despite higher incidence rates of major bleeding compared to those reported in clinical
trials, partially due to differences in the clinical profile of patients and the definition of
major bleeding, incidence rates of intracranial and fatal bleedings were low. Importantly,
the availability of a specific antidote could help reduce this risk even more. As a result,
FXai can be safely used in routine practice, but more efforts are required to reduce the risk
of intracranial and fatal bleedings, due to their relevant clinical impact.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm13061677/s1, Table S1. Major bleeding: all critical site bleedings
and anemia codes (ICD-9 and ICD-10 classifications); other bleeding codes were considered major only
if they were fatal or caused hospitalization. Table S2. Therapeutic doses of direct oral anticoagulants
and enoxaparin. Table S3. Baseline clinical characteristics according to the FXai indication at first
prescription and the specific DOAC. Table S4. CHA;D,-VASC and HASBLED scores at index date
and at 3 months from index date. Table S5. Major bleeding. Table S6. Major gastrointestinal bleeding.
Table S7. Intracranial bleeding. Table S8. Trauma-related bleeding event and incidence rates. Table S9.
Other major bleeding event and incidence rates. Table S10. Risk factors for major bleeds using COX
regression models for DOAC patients.

Author Contributions: Conceptualization, C.E., B.P, M.V,, M.G. (Martin Gutiérrez), M.C. and ].FA;
Methodology, C.E., B.P, M.G. (Martin Gutiérrez), LH., M.G. (Maria Garcia), L.L. and ]. EA.; Software,
LH., M.G. (Maria Garcia) and L.L.; Validation, C.E., B.P., M.G. (Martin Gutiérrez), M.C., LH., M.G.
(Maria Garcia) and L.L.; Formal analysis, B.P., LH., M.G. (Maria Garcia) and L.L.; Investigation, B.P,,
M.C., LH., M.G. (Maria Garcia), L.L. and J.LE.A.; Resources, B.P,, LH., M.G. (Maria Garcia) and L.L.;


https://www.mdpi.com/article/10.3390/jcm13061677/s1
https://www.mdpi.com/article/10.3390/jcm13061677/s1

J. Clin. Med. 2024, 13, 1677 18 of 20

Data curation, B.P.,, M.G. (Martin Gutiérrez), LH., M.G. (Maria Garcia) and L.L.; Writing—original
draft, C.E.; Writing—review & editing, C.E., B.P., M.V,, M.G. (Martin Gutiérrez), M.C., LH., M.G.
(Maria Garcia), L.L. and J.E.A.; Visualization, B.P., M.V., M.G. (Martin Gutiérrez), M.C. and J.FA.;
Supervision, C.E., B.P, M.G. (Martin Gutiérrez) and J.F.A.; Project administration, B.P.; Funding
acquisition, B.P. All authors have read and agreed to the published version of the manuscript.

Funding: This study was fully funded by AstraZeneca.

Institutional Review Board Statement: The research was performed in accordance with the Declara-
tion of Helsinki. The study was approved by the Research Ethics Committee of Consorci Sanitari de
Terrassa, Barcelona, Spain.

Informed Consent Statement: Not applicable: informed consent was not required, as this was
a retrospective study using BIG-PAC®, a stablished database, and, before export, the data were
rigorously anonymized and dissociated, making individual identification impossible.

Data Availability Statement: This was a secondary data study using the BIG-PAC®database, and
the data can be obtained upon reasonable request.

Conflicts of Interest: Authors Beatriz Palacios, Miriam Villarreal, Martin Gutiérrez, Margarita Capel
are employed by the company AstraZeneca Farmacéutica. Authors Ignacio Hernandez, Maria Garcia,
Laura Lled6 are employed by the company Atrys Health. The other authors declare no conflicts
of interest.

References

1.

10.

11.

12.

Ortel, T.L.; Neumann, L.; Ageno, W.; Beyth, R.; Clark, N.P; Cuker, A.; Hutten, B.A ; Jaff, M.R.; Manja, V.; Schulman, S.; et al.
American Society of Hematology 2020 guidelines for management of venous thromboembolism: Treatment of deep vein
thrombosis and pulmonary embolism. Blood Adv. 2020, 4, 4693-4738.

Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomstrom-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.-A;
Dilaveris, PE.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with
the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of atrial
fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm
Association (EHRA) of the ESC. Eur. Heart |. 2021, 42, 373-498.

Joglar, J.A.; Chung, M.K.; Armbruster, A.L.; Benjamin, E.J.; Chyou, ].Y.; Cronin, E.M.; Deswal, A.; Eckhardt, L.L.; Goldberger, Z.D.;
Gopinathannair, R.; et al. 2023 ACC/AHA /ACCP/HRS Guideline for the Diagnosis and Management of Atrial Fibrillation: A
Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines.
J. Am. Coll. Cardiol. 2024, 149, e1—e156.

Cheng, A.; Malkin, C.; Briffa, N.P. Antithrombotic therapy after heart valve intervention: Review of mechanisms, evidence and
current guidance. Heart 2023, 110, 87-93. [CrossRef]

Jin, C.; Cui, C,; Seplowe, M.; Lee, K.I; Vegunta, R.; Li, B.; Frishman, W.H.; Iwai, S. Anticoagulation for Atrial Fibrillation: A
Review of Current Literature and Views. Cardiol. Rev. 2022, 21. ahead of print. [CrossRef] [PubMed]

Ruff, C.T,; Giugliano, R.P; Braunwald, E.; Hoffman, E.B.; Deenadayalu, N.; Ezekowitz, M.D.; Camm, A.].; Weitz, ].I.; Lewis, B.S,;
Parkhomenko, A.; et al. Comparison of the efficacy and safety of new oral anticoagulants with warfarin in patients with atrial
fibrillation: A meta-analysis of randomised trials. Lancet 2014, 383, 955-962. [CrossRef] [PubMed]

van der Hulle, T.; Kooiman, J.; den Exter, P.L.; Dekkers, O.M.; Klok, F.A.; Huisman, M. V. Effectiveness and safety of novel oral
anticoagulants as compared with vitamin K antagonists in the treatment of acute symptomatic venous thromboembolism: A
systematic review and meta-analysis. J. Thromb. Haemost. 2014, 12, 320-328. [CrossRef]

Lamberts, M.; Staerk, L.; Olesen, ].B.; Fosbel, E.L.; Hansen, M.L.; Harboe, L.; Lefevre, C.; Evans, D.; Gislason, G.H. Major Bleeding
Complications and Persistence with Oral Anticoagulation in Non-Valvular Atrial Fibrillation: Contemporary Findings in Real-Life
Danish Patients. J. Am. Heart Assoc. 2017, 6, €004517. [CrossRef] [PubMed]

Xu, Y,; Schulman, S.; Dowlatshahi, D.; Holbrook, A.M.; Simpson, C.S.; Shepherd, L.E.; Wells, P.S.; Giulivi, A.; Gomes, T.; Mamdani,
M.; et al. Healthcare resource utilization and costs among patients with direct oral anticoagulant or warfarin-related major
bleeding. Thromb. Res. 2019, 182, 12-19. [CrossRef] [PubMed]

Roberti, R.; Iannone, L.E,; Palleria, C.; Curcio, A.; Rossi, M.; Sciacqua, A.; Armentaro, G.; Vero, A.; Manti, A.; Cassano, V.; et al.
Direct Oral Anticoagulants: From Randomized Clinical Trials to Real-World Clinical Practice. Front. Pharmacol. 2021, 12, 684638.
[CrossRef] [PubMed]

Bin Riaz, I.; Fuentes, H.; Deng, Y.; Naqvi, S.A.A.; Yao, X.; Sangaralingham, L.R.; Houghton, D.E.; Padrnos, L.].; Shamoun, FE.;
Wysokinski, WE.; et al. Comparative Effectiveness of Anticoagulants in Patients with Cancer-Associated Thrombosis. JAMA
Netw. Open 2023, 6, €2325283. [CrossRef] [PubMed]

Xiong, W. Current status of treatment of cancer-associated venous thromboembolism. Thromb. J. 2021, 19, 21. [CrossRef] [PubMed]


https://doi.org/10.1136/heartjnl-2022-321387
https://doi.org/10.1097/CRD.0000000000000489
https://www.ncbi.nlm.nih.gov/pubmed/36730534
https://doi.org/10.1016/S0140-6736(13)62343-0
https://www.ncbi.nlm.nih.gov/pubmed/24315724
https://doi.org/10.1111/jth.12485
https://doi.org/10.1161/JAHA.116.004517
https://www.ncbi.nlm.nih.gov/pubmed/28196815
https://doi.org/10.1016/j.thromres.2019.07.026
https://www.ncbi.nlm.nih.gov/pubmed/31434018
https://doi.org/10.3389/fphar.2021.684638
https://www.ncbi.nlm.nih.gov/pubmed/34122113
https://doi.org/10.1001/jamanetworkopen.2023.25283
https://www.ncbi.nlm.nih.gov/pubmed/37486628
https://doi.org/10.1186/s12959-021-00274-x
https://www.ncbi.nlm.nih.gov/pubmed/33789658

J. Clin. Med. 2024, 13, 1677 19 of 20

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Patel, T.; Nadeem, T.; Shahbaz, U.; Tanveer, F.; Ahsan, M.; Saeed, U.; Ahmed, A.; Kumar, V., Kumar, S.; Khatri, M.; et al.
Comparative Efficacy of Direct Oral Anticoagulants and Low-Molecular-Weight Heparin in Cancer-Associated Thromboembolism:
A Systematic Review and Meta-Analysis. Cureus 2023, 15, e41071. [CrossRef] [PubMed]

Sigtienza, P.; Lopez-Nunez, ].J.; Falga, C.; Gomez-Cuervo, C.; Riera-Mestre, A.; Gil-Diaz, A.; Verhamme, P.; Montenegro, A.C.;
Barbagelata, C.; Imbalzano, E.; et al. Enoxaparin for Long-Term Therapy of Venous Thromboembolism in Patients with Cancer
and Renal Insufficiency. Thromb. Haemost. 2023. ahead of print. [CrossRef]

De Marco, F; Valli, G.; Ancona, C.; Ruggieri, M.P. Management of bleeding in patients on direct oral anticoagulants in emergency
department: Where we are and where we are going. Eur. Heart |. Suppl. 2023, 25, C15-C19. [CrossRef] [PubMed]

Steffel, J.; Collins, R.; Antz, M.; Cornu, P.; Desteghe, L.; Haeusler, K.G.; Oldgren, J.; Reinecke, H.; Roldan-Schilling, V.; Rowell, N.;
et al. 2021 European Heart Rhythm association practical guide on the use of non-vitamin K antagonist oral anticoagulants in
patients with atrial fibrillation. Europace 2021, 23, 1612-1676. [CrossRef]

Ballestri, S.; Romagnoli, E.; Arioli, D.; Coluccio, V.; Marrazzo, A.; Athanasiou, A.; Di Girolamo, M.; Cappi, C.; Marietta, M.;
Capitelli, M. Risk and Management of Bleeding Complications with Direct Oral Anticoagulants in Patients with Atrial Fibrillation
and Venous Thromboembolism: A Narrative Review. Adv. Ther. 2023, 40, 41-66. [CrossRef]

Escobar, C.; Palacios, B.; Gonzalez, V.; Gutiérrez, M.; Duong, M.; Chen, H,; Justo, N.; Cid-Ruzafa, J.; Hernandez, I.; Hunt, PR,;
et al. Burden of Illness beyond Mortality and Heart Failure Hospitalizations in Patients Newly Diagnosed with Heart Failure in
Spain According to Ejection Fraction. J. Clin. Med. 2023, 12, 2410. [CrossRef]

Sicras-Mainar, A.; Sicras-Navarro, A.; Palacios, B.; Varela, L.; Delgado, ].F. Epidemiology and treatment of heart failure in Spain:
The HF-PATHWAYS study. Rev. Esp. Cardiol. 2022, 75, 31-38. [CrossRef]

Escobar, C.; Aranda, U.; Palacios, B.; Capel, M.; Sicras, A.; Sicras, A.; Hormigo, A.; Alcazar, R.; Manito, N.; Botana, M.
Epidemiology, clinical profile, management, and two-year risk complications among patients with chronic kidney disease in
Spain. Nefrologia 2021, 41, 670-688. [CrossRef] [PubMed]

Apixaban. Summary of Product Characteristics. Available online: https://www.ema.europa.eu/en/documents/product-
information/eliquis-epar-product-information_en.pdf (accessed on 26 December 2023).

Edoxaban. Summary of Product Characteristics. Available online: https://www.ema.europa.eu/en/documents/product-
information/lixiana-epar-product-information_en.pdf (accessed on 26 December 2023).

Rivaroxaban. Summary of Product Characteristics. Available online: https://www.ema.europa.eu/en/documents/product-
information/xarelto-epar-product-information_en.pdf (accessed on 26 December 2023).

Enoxaparin. Summary of Product Characteristics. Available online: https://www.ema.europa.eu/en/documents/product-
information/inhixa-epar-product-information_en.pdf (accessed on 26 December 2023).

Llisterri Caro, ].L.; Cinza-Sanjurjo, S.; Polo Garcia, J.; Prieto Diaz, M.A. Use of direct-acting oral anticoagulants in Primary Care in
Spain. Positioning statement by SEMERGEN on the current situation. Semergen 2019, 45, 413-429. [CrossRef] [PubMed]
General Criteria and Recommendations for the Use of Direct Oral Anticoagulants (DOACs) in the Prevention of Stroke and
Systemic Embolism in Patients with Non-valvular Atrial Fibrillation. Therapeutic Positioning Report. UT_ACOD/V5/21112016.
Spanish Agency for Medicines and Health Products. Ministry of Health, Social Services and Equality, 21 November 2016. Available
online: https:/ /www.aemps.gob.es/medicamentosUsoHumano/informesPublicos/docs/ criterios-anticoagulantes-orales.pdf
(accessed on 12 February 2024).

Cosin-Sales, J.; Ortiz Cortes, C.; Barrios, V.; Gamez, ].M. Impact of COVID-19 pandemic on the sanitary assistance of atrial
fibrillation in Spain. REC Cardio Clin. 2023, 58, 241-244.

Patel, M.R.; Mahaffey, KW.; Garg, J.; Pan, G.; Singer, D.E.; Hacke, W.; Breithardt, G.; Halperin, J.L.; Hankey, G.J.; Piccini, ].P; et al.
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N. Engl. J. Med. 2011, 365, 883-891. [CrossRef] [PubMed]
Granger, C.B.; Alexander, ].H.; McMurray, ].].V.; Lopes, R.D.; Hylek, E.M.; Hanna, M.; Al-Khalidi, H.R.; Ansell, J.; Atar, D.;
Ave-zum, A.; et al. Apixaban versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 2011, 365, 981-992. [CrossRef]
[PubMed]

Giugliano, R.P; Ruff, C.T.; Braunwald, E.; Murphy, S.A.; Wiviott, S.D.; Halperin, ].L.; Waldo, A.L.; Ezekowitz, M.D.; Weitz, ].L;
gpinar, J.; et al. Edoxaban versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 2013, 369, 2093-2104. [CrossRef]
[PubMed]

Bauersachs, R.; Berkowitz, S.D.; Brenner, B.; Buller, H.R.; Decousus, H.; Gallus, A.S.; Lensing, A.W.; Misselwitz, E.; Prins, M.H.;
Raskob, G.E; et al. Oral rivaroxaban for symptomatic venous thromboembolism. N. Engl. ]. Med. 2010, 363, 2499-2510. [PubMed]
Agnelli, G; Buller, HR.; Cohen, A.; Curto, M.; Gallus, A.S.; Johnson, M.; Masiukiewicz, U.; Pak, R.; Thompson, J.; Raskob, G.E.;
et al. Oral apixaban for the treatment of acute venous thromboembolism. N. Engl. |. Med. 2013, 369, 799-808. [CrossRef]

Biiller, H.R.; Décousus, H.; Grosso, M. A.; Mercuri, M.; Middeldorp, S.; Prins, M.H.; Raskob, G.E.; Schellong, S.M.; Schwocho, L.;
Segers, A.; et al. Edoxaban versus warfarin for the treatment of symptomatic venous thromboembolism. N. Engl. ]. Med. 2013,
369, 1406-1415.

Camm, A.J.; Amarenco, P.; Haas, S.; Hess, S.; Kirchhof, P.; Kuhls, S.; van Eickels, M.; Turpie, A.G. XANTUS: A real-world,
prospective, observational study of patients treated with rivaroxaban for stroke prevention in atrial fibrillation. Eur. Heart |. 2016,
37,1145-1153. [CrossRef]


https://doi.org/10.7759/cureus.41071
https://www.ncbi.nlm.nih.gov/pubmed/37519604
https://doi.org/10.1055/a-2191-7510
https://doi.org/10.1093/eurheartjsupp/suad004
https://www.ncbi.nlm.nih.gov/pubmed/37125272
https://doi.org/10.1093/europace/euab065
https://doi.org/10.1007/s12325-022-02333-9
https://doi.org/10.3390/jcm12062410
https://doi.org/10.1016/j.recesp.2020.09.014
https://doi.org/10.1016/j.nefro.2021.03.006
https://www.ncbi.nlm.nih.gov/pubmed/36165157
https://www.ema.europa.eu/en/documents/product-information/eliquis-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/eliquis-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/xarelto-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/xarelto-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/inhixa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/inhixa-epar-product-information_en.pdf
https://doi.org/10.1016/j.semerg.2019.06.002
https://www.ncbi.nlm.nih.gov/pubmed/31331766
https://www.aemps.gob.es/medicamentosUsoHumano/informesPublicos/docs/criterios-anticoagulantes-orales.pdf
https://doi.org/10.1056/NEJMoa1009638
https://www.ncbi.nlm.nih.gov/pubmed/21830957
https://doi.org/10.1056/NEJMoa1107039
https://www.ncbi.nlm.nih.gov/pubmed/21870978
https://doi.org/10.1056/NEJMoa1310907
https://www.ncbi.nlm.nih.gov/pubmed/24251359
https://www.ncbi.nlm.nih.gov/pubmed/21128814
https://doi.org/10.1056/NEJMoa1302507
https://doi.org/10.1093/eurheartj/ehv466

J. Clin. Med. 2024, 13, 1677 20 of 20

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

de Groot, J.R.; Weiss, T.W.; Kelly, P.; Monteiro, P.; Deharo, J.C.; de Asmundis, C.; Lopez-de-Sa, E.; Waltenberger, J.; Steffel, J.;
Levy, P; et al. Edoxaban for stroke prevention in atrial fibrillation in routine clinical care: 1-year follow-up of the prospective
observational ETNA-AF-Europe study. Eur. Heart ]. Cardiovasc. Pharmacother. 2021, 7, £30-£39. [CrossRef]

Li, X.; Deitelzweig, S.; Keshishian, A.; Hamilton, M.; Horblyuk, R.; Gupta, K.; Luo, X.; Mardekian, J.; Friend, K.; Nadkarni, A;
et al. Effectiveness and safety of apixaban versus warfarin in non-valvular atrial fibrillation patients in "real-world" clinical
practice. A propensity-matched analysis of 76,940 patients. Thromb. Haemost. 2017, 117, 1072-1082. [PubMed]

Rueda-Camino, J.A.; Barba, R.; Otélora, S.; Bura-Riviere, A.; Visona, A.; Mahé, 1.; Alda-Lozano, A.; Megido, ].A.; Pacheco-Gémez,
N.; Rosovsky, R.P; et al. Real life results of direct-acting oral anticoagulants recommended-dose in obese vs normal-weight
patients with venous thromboembolism. Thromb. Res. 2023, 233, 165-172. [CrossRef]

Schulman, S.; Kearon, C.; Subcommittee on Control of Anticoagulation of the Scientific and Standardization Committee of the
International Society on Thrombosis and Haemostasis. Definition of major bleeding in clinical investigations of antihemostatic
medicinal products in nonsurgical patients. |. Thromb. Haemost. 2005, 3, 692-694. [CrossRef]

Patti, G.; Lucerna, M.; Pecen, L.; Siller-Matula, ].M.; Cavallari, I.; Kirchhof, P.; De Caterina, R. Thromboembolic Risk, Bleeding
Outcomes and Effect of Different Antithrombotic Strategies in Very Elderly Patients with Atrial Fibrillation: A Sub-Analysis from
the PREFER in AF (PREvention oF Thromboembolic Events-European Registry in Atrial Fibrillation). J. Am. Heart Assoc. 2017,
6, €005657. [CrossRef] [PubMed]

Yao, X; Shah, N.D.; Sangaralingham, L.R.; Gersh, B.].; Noseworthy, P.A. Non-Vitamin K Antagonist Oral Anticoagulant Dosing in
Patients with Atrial Fibrillation and Renal Dysfunction. J. Am. Coll. Cardiol. 2017, 69, 2779-2790. [CrossRef]

Escobar, C.; Marti-Almor, ].; Pérez Cabeza, A.; Martinez-Zapata, M.J. Direct Oral Anticoagulants Versus Vitamin K Antagonists in
Real-life Patients with Atrial Fibrillation. A Systematic Review and Meta-analysis. Rev. Esp. Cardiol. 2019, 72, 305-316. [CrossRef]
[PubMed]

Xu, Y.; Schulman, S.; Dowlatshahi, D.; Holbrook, A.M.; Simpson, C.S.; Shepherd, L.E.; Wells, PS.; Giulivi, A.; Gomes, T.; Mamdani,
M.; et al. Direct Oral Anticoagulant- or Warfarin-Related Major Bleeding: Characteristics, Reversal Strategies, and Outcomes
from a Multicenter Observational Study. Chest 2017, 152, 81-91. [CrossRef]

Durand, J.; Parat, S.; Lega, ].-C.; Dargaud, Y.; Potinet, V.; Jacquin, L.; Tazarourte, K.; Douplat, M. Assessing the management of
major bleeding events in patients treated by direct oral anticoagulant in an emergency department. Ann. Biol. Clin. 2021, 79,
315-324. [CrossRef]

Dobesh, PP,; Fermann, G.J.; Christoph, M.].; Koch, B.; Lesén, E.; Chen, H.; Lovelace, B.; Dettling, T.; Danese, M.; Ulloa, ].; et al.
Lower mortality with andexanet alfa vs 4-factor prothrombin complex concentrate for factor Xa inhibitor-related major bleeding
in a US hospital-based observational study. Res. Pract. Thromb. Haemost. 2023, 7, 102192. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/ehjcvp/pvaa079
https://www.ncbi.nlm.nih.gov/pubmed/28300870
https://doi.org/10.1016/j.thromres.2023.12.001
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1161/JAHA.117.005657
https://www.ncbi.nlm.nih.gov/pubmed/28736385
https://doi.org/10.1016/j.jacc.2017.03.600
https://doi.org/10.1016/j.recesp.2018.02.023
https://www.ncbi.nlm.nih.gov/pubmed/29606361
https://doi.org/10.1016/j.chest.2017.02.009
https://doi.org/10.1684/abc.2021.1658
https://doi.org/10.1016/j.rpth.2023.102192

	Introduction 
	Methods 
	Statistical Analysis 
	Results 
	Discussion 
	References

