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Abstract

Purpose of Review Venous thromboembolism (VTE) is a common condition with significant associated morbidity and mortality.
Recurrent VTE after an initial episode is a preventable medical condition. The following review discusses data supporting
recurrence risk estimates after an initial VTE episode as well as treatment strategies to mitigate risk of recurrent VTE.

Recent Findings This review particularly highlights methods for stratifying the risk of recurrent VTE and recent studies that have
evaluated direct oral anticoagulants for the prevention of recurrent VTE.

Summary Risk assessment for VTE recurrence should guide anticoagulation duration. In patients who present with unprovoked
VTE events, there remains a high risk of recurrence that is significantly mitigated with extended duration anticoagulation with

either a vitamin K antagonist or direct oral anticoagulant.

Keywords Venous thromboembolic disease - Deep venous thrombosis - Pulmonary embolism - Anticoagulation - Risk

assessment - Recurrence

Introduction

Deep vein thrombosis (DVT) and pulmonary embolisms (PE),
collectively referred to as venous thromboembolisms (VTE),
comprise a common condition with significant morbidity and
mortality. VTE is the third leading cause of death in the USA,
accounting for nearly 100,000 deaths per year [1]. Throughout
their lifetime, 5% of all patients will have experience at least
one VTE [2—4]. Recurrent VTE after an initial episode is
common [5] and represents a preventable condition that can
significantly reduce patient morbidity, mortality, and health
care costs [6]. The following review discusses strategies for
evaluating risk of recurrent VTE after an initial episode and
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reviews the evidence supporting anticoagulation strategies to
limit or prevent recurrent VTE.

Risk Factors for Recurrent VTE
Provoked vs Unprovoked

The most significant determinant of risk for recurrent VTE is
whether the VTE occurred in the setting of a provoked or
unprovoked condition. Previous observational studies have
identified a number of risk factors, termed transient or persis-
tent provoking factors, that are associated with a greater risk of
recurrent VTE [7-9]. Due to wide variability in the categori-
zation of these factors in the literature, the International
Society on Thrombosis and Haemostasis (ISTH) has recently
published a guideline more specifically defining subgroups of
VTE risk factors [10e¢]. Transient major risk factors include
patients who recently underwent surgery with general anes-
thesia > 30 min or C-section. Transient minor provoking fac-
tors include patients with shorter surgeries (<30 min), leg
injury with immobility, hormonal therapy, and pregnancy.
Persistent provoking factors are further characterized as ma-
lignant or non-malignant (i.e., inflammatory bowel disease or
nephrotic syndrome or predisposing hypercoagulability). In
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the absence of a potentially provoking risk factor, VTEs are
characterized as “unprovoked.”

A previous systematic review of 15 prospective cohort
studies of patients with a first symptomatic VTE by lorios
et al. has shown that patients who present with a major tran-
sient risk factor are at lower risk for recurrent VTE after initial
treatment, with an annualized rate of 0.7% recurrence [11].
Patients with minor provoking factors carried a 4-7-fold
higher incidence of recurrent VTE. The risk of recurrent
VTE is greatest in patients who present with VTE either in
the setting of malignancy or no clear provoking factor, i.e.,
unprovoked VTE. Patients who present with an unprovoked
VTE carry a 1-year recurrence risk of ~10%, S-year recur-
rence risk of ~30%, and 10-year risk of nearly 40% [12ee, 13,
14]. Patients with malignancy-associated VTE carry a 15%
yearly risk of recurrent VTE [12e¢¢].

Demographic and Clinical Risk Factors

Many clinical risk factors have been identified. Male gender
has consistently been associated with a higher risk of recurrent
VTE [2, 15], with multiple meta-analyses and large population
studies suggesting an overall 1.5-2-fold increase risk of recur-
rent VTE in males vs females even after accounting for
gender-specific risk factors such as pregnancy and hormonal
therapy [16—19]. Height is also associated with risk of recur-
rent VTE, with a 3.8-fold increase risk of recurrent VTE in
patients >200 cm in height [20]. Increased body mass index
(BMI) [21, 22], ethnic background [23, 24], and lower socio-
economic status [25] are also thought to be demographic fac-
tors that associate with an increased risk of recurrent VTE.
Other clinical factors such as underlying thrombophilia,
concurrent use of hormonal therapy, pregnancy, cancer, and
location of VTE have also been studied as risk factors for
recurrence. Thrombophilia has classically been thought to be
arisk for an initial VTE event, but the risk of recurrent VTE in
the setting of an underlying thrombophilia is less clear. Initial
studies evaluating risk of recurrent VTE in this population
consisted of prospective observational studies of families with
a known mutation [26-31] and suffered from limited general-
izability due to decreased genetic variability in the study pop-
ulations. Large population studies that have tested patients for
various inherited thrombophilias such as Factor V Leiden
(FVL), prothrombin G20210 mutation (PGM), anti-thrombin
deficiency (AT), protein C deficiency (PC), and protein S de-
ficiency (PS) have suggested variable risk of recurrent VTE
[7, 32, 33]. Other studies, however, have suggested a nearly 2-
fold increase risk of recurrent VTE in patients with
thrombophilic mutations [13, 34]. Subgroup analyses have
suggested that anti-phospholipid antibody testing, which was
present in studies suggesting increased risk, may have been
the primary driver of increased risk of recurrent VTE [13, 34].
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Pregnancy and hormonal therapy are also known risk fac-
tors of recurrent VTE. It is well known that there is a risk for
venous thromboembolism in patients who take exogenous
estrogen or progesterone therapy. This risk is dependent on
the formulation, dose, and method of administration of the
hormone therapy [35]. Hormone therapies have been demon-
strated to affect multiple pathways in the coagulation cascade
including both levels of both pro- and anticoagulant factors as
well as intrinsic fibrinolytic activity [36]. Of note, multiple
studies suggest that the effect of hormonal therapy upon re-
current VTE is potentially reversible. In the MEGA and
PREVENT cohort of patients, the rate of recurrent VTE after
an initial hormone therapy-related VTE was 3-fold lower than
in patients where initial VTE was not hormone therapy-related
[32, 37]. Patient-level meta-analyses have further confirmed a
nearly 50% reduction in recurrent VTE rate in patients with
hormone therapy-related VTE, but also note that the risk re-
duction is dependent on discontinuation of therapy [16].

Pregnancy is similarly associated with a significant increase
in risk of recurrent VTE in patients who have previously suf-
fered a VTE prior to pregnancy, with the greatest risk occurring
in the postpartum period up to 12 weeks after delivery [38, 39].
Studies report a widely variable estimate of recurrence risk of
VTE in pregnant patients with a prior VTE, with estimates
ranging from 2 to 6% antepartum and upwards of 10% post-
partum [40]. Many of these studies are limited by incomplete
testing in all patients, non-consecutive evaluation of patients,
incomplete assessment of associated risk factors (i.e., anteced-
ent oral contraceptive therapy use, thrombophilia testing, situ-
ational assessment), and lack of power in assessing response to
thromboprophylaxis to truly assess modifiability of recurrence
risk [40]. Large database studies and consensus expert guide-
lines have suggested that patients with prior VTE during preg-
nancy are at risk for recurrent VTE with estimates of risk of
recurrent VTE during a subsequent pregnancy of nearly 2-fold
compared to those without a prior VTE [12es, 41].

Location of VTE

The location of the VTE has previously been associated with
risk of recurrence. In DVTs, the proximity of the DVT has been
shown to affect risk of recurrence. A distal DVT is defined as a
DVT confined to the infra-popliteal veins in lower limbs.
Proximal DVT, on the other hand, include any DVTs that ex-
tend proximally into the popliteal, femoral, and iliac veins.

In a study by Prandoni et al. of 1626 patients with unpro-
voked proximal DVT or PE, there was a 22.3% at a median of
50 months of follow-up [13]. Galanaud et al. prospectively
evaluated 749 patients for 3 years after an index VTE event.
In patients with isolated distal DVT vs proximal DVT, the
annualized recurrence risk was 2.7% vs 5.2% for a recurrent
DVT and 0.9% vs 1.0% for recurrent PE [42]. In a meta-
analysis by Baglin et al., there was a 4.8-fold higher
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cumulative recurrence rate for patients with a proximal DVT
vs isolated distal DVT [43]. Studies also suggest that the lo-
cation of recurrent VTE may also be affected by the location
of the initial VTE, with a greater risk of recurrent VTE man-
ifesting as a PE in patients who initially presented with PE as
opposed to DVT (HR 3.1, 95% CI 1.9-5.1) [43].

Residual Vein Obstruction as a Predictor of Recurrent
VTE

Residual vein obstruction at the time of completion of initial
duration of anticoagulation is associated with an increased risk
of recurrent VTE. Defined by the presence of thrombus com-
prising 40% or more of the lumen at the time of completion of
therapy, it is thought that residual vein thrombosis reflects the
extent of original thrombus burden as well as the individual
patient’s predilection to thrombus formation. Multiple meta-
analyses have demonstrated a modest effect of residual vein
obstruction (RVO) on the risk of recurrent VTE with hazard
ratio ranging from 1.3—1.5 [44, 45]. However, current ACCP
guidelines do not routinely recommend repeat imaging in pa-
tients who are treated for a symptomatic VTE [12ee].

Malignancy

Patients with active malignancy are thought to have an espe-
cially high risk of recurrent VTE, with yearly recurrence risk
as high as 15% after an initial VTE episode [12¢°, 22, 46].
Risk assessment for recurrent VTE in patients with active
cancer was further refined with the development of a risk
model developed using a retrospective cohort study at the
Ottawa Hospital [47]. In 543 patients with mean age of 63
and 44% male gender, 89% of the patients presented with a
solid tumor malignancy, whereas only 11% had hematologic
malignancies. After diagnosis of the VTE, 36.8% (200) pa-
tients were treated with warfarin and 63.2% (343) treated with
low molecular weight heparin. Based on multivariate analysis,
the study identified three factors that significantly associated
with increased risk of recurrence: (1) female gender, (2) lung
cancer, and (3) prior VTE. Additionally, the presence of breast
cancer or low-stage cancer (TNM stage 1) was associated with
a significantly lower risk of recurrence. Based on these find-
ings, a risk score was developed. The presence of a score > 1
was associated with a high frequency of recurrence (16.2%)
throughout the study period of 200 weeks, whereas a score < 0
was associated with a lower frequency (1.8%). This score was
further validated in a set of patients derived from the CLOT
and CANTHANOX trials, and it has subsequently been veri-
fied in a separate multicenter observational trial [48]. Other
retrospective studies have also stratified recurrent VTE risk by
type of malignancy, with the greatest risk being attributed to
(1) pancreatic cancer (HR 6.38), (2) brain cancer (HR 4.57),

(3) myelodysplastic syndromes (HR 3.49), (4) ovarian cancer
(HR 3.22), and (5) lung cancer (HR 2.73) [49-].

The significant association between malignancy and VTE
has led to the suggestion that patients who present with a VTE
should be screened for an undiagnosed malignancy, with
meta-analyses suggesting a ~10% occult malignancy detec-
tion rate [50]. Beyond a detailed history, physical examina-
tion, and age appropriate cancer screening, a more extensive
screening strategy using computed tomography (CT) of the
abdomen and pelvis increased detection rate from 49.4 to
69.7% [50]. However, subsequent randomized controlled tri-
als have shown increased health care costs with no change in
time-to-detection of malignancy or cancer-related mortality
with extensive screening [51-53]. As such, the most current
guidelines from the ISTH published in 2017 recommend lim-
ited screening in patients with unprovoked VTEs in the form
of a thorough history and physical examination, laboratory
investigations (complete blood count, urinalysis, calcium lev-
el, and liver function tests), radiographic testing in the form of
a chest x-ray, and age appropriate cancer screening in accor-
dance with national recommendations [54¢¢]. In select situa-
tions of “unusual” locations of VTEs such as splanchnic vein
thrombosis, cerebral vein thrombosis, and upper extremity
VTE that are more often associated with underlying condi-
tions such as occult cancer, myeloproliferative disorder, and
paroxysmal nocturnal dyspnea, “limited” screening for the
known associated conditions should be completed [54¢¢].

Biomarker Risk Factors: D-dimer

Biomarker-based assessment has also been shown to be useful
in predicting recurrence of VTE. The most well-studied bio-
marker is D-dimer, a byproduct of fibrinolysis. The
PROLONG study evaluated the usefulness of D-dimer to pre-
dict the risk of recurrent VTE after completion of initial
anticoagulation for an unprovoked VTE event. Subjects com-
pleted at least 3 months of anticoagulation, then
anticoagulation was discontinued, and 1 month later, the D-
dimer was assessed. Subjects with normal D-dimer levels
remained off of anticoagulation. Subjects with elevated D-
dimer values were randomized to resume anticoagulation or
no anticoagulation [55]. Among subjects that did not resume
anticoagulation, an abnormal D-dimer was associated with a
2.27-fold increased incidence of recurrent VTE (95% CI
1.15-4.46) compared to those with a normal D-dimer level.
Among subjects with elevated D-dimer, the risk of recurrent
VTE among subjects without anticoagulation was 15.0% vs
2.9% for subjects randomized to resuming anticoagulation, for
a hazard ratio of 4.26. Further studies in the form of systemic
review and meta-analyses have confirmed an approximate 2—
3-fold increased risk for recurrent VTE in the setting of an
abnormal D-dimer [16, 56, 57]. A multicenter cohort study
of 410 patients with a first unprovoked VTE who completed
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initial treatment for VTE (3—7 months in duration) showed
that the risk of recurrent VTE with negative D-dimer in men
was 9.7% per patient-year (95% C1 6.7-13.7%), as opposed to
5.4% (95% C12.5-10.2%) in non-estrogen-associated VTE in
women and 0% (95% CI 0.0-3.0%) in estrogen-associated
VTE in women [58]. Given the uncertainty about how to
use D-dimer testing and the interaction of D-dimer testing
outcome with patient sex, the CHEST guidelines for venous
thromboembolism do not make recommendations for making
decisions about duration of extended therapy based on D-
dimer levels [12¢].

Risk Assessment Scores for Recurrent Venous
Thromboembolic Disease

The multitude of risk factors discussed above has been com-
bined into a number of multivariate risk scores developed to
assess the risk of recurrent VTE. The first of these models was
the HERDOO?2 score [59], developed to identify patients at
low risk of recurrent VTE. In a multicenter prospective study
of 646 patients with an unprovoked VTE that all received 5—
7 months of anticoagulation, analysis of demographic, clini-
cal, and laboratory identified a subset of patients who were at
low risk of recurrence (1.6%) in the mean follow-up period of
18 months. These patients were female and < 1 of the follow-
ing associated factors: (1) post-thrombotic syndrome signs,
(2) D-dimer >250 ug/L while on anticoagulation, (3) BMI
> 30, and (4) age > 65 years. Men were excluded from the
scoring system due to a higher recurrence rate of 13.3% com-
pared to 5.5% in women in the study, with a particularly high

Table 1

rate of recurrence of 24% in patients with findings of post-
thrombotic syndrome.

This risk model was followed by a more detailed Vienna
prediction model [60]. In this longitudinal study of 929 indi-
viduals enrolled after their first episode of an unprovoked
VTE, the study evaluated clinical and demographic factors
again that would predict recurrent VTE risk. They additionally
collected blood work for both thrombophilia (factor V Leiden
and prothrombin 20210 A/G mutation) testing and biomarker
(D-dimer, thrombin generation assay)-based assessment.
Ultimately, a nomogram was created based on the following
risk factors: (1) gender (male = higher risk, female =lower
risk), (2) type of thromboembolism (PE > proximal DVT >
distal DVT in risk of recurrence), and (3) D-dimer (higher
value associated with higher risk).

In 2012, an additional scoring system was validated based
on a patient-level meta-analysis of 1818 patients with unpro-
voked VTE [61]. Studies were included in which patients
received at least 3 months of anticoagulation with a vitamin
K antagonist. In a median follow-up of 22.4 months, three
factors were found to be significantly associated with recur-
rent VTE: (1) abnormal D-dimer after completion of
anticoagulation, (2) age < 50 years, and (3) male gender. The
use of hormone therapy at the time of VTE diagnosis was
found to be a protective factor. After application of a score
to each of these factors (Table 1), an annualized incidence of
recurrence was found to be greater than 5% if the DASH score
was greater than 1.

While promising as tools to better risk stratify patients at
low or high risk for recurrent VTE, one criticism of these
multivariate models has been the lack of external validation
[62]. The Vienna prediction model has been retrospectively

Published scoring systems for estimation of risk of recurrent venous thromboembolism (VTE)

Scoring system Risk factor/criteria

Interpretation/outcome

HERDOO?2 scoring system

. Hyperpigmentation

Edema

. Redness of leg

. D-dimer >250 pg/ml on
anticoagulation—1

. Obesity BMI > 30-1

. Old age (age > 65)—1

. Gender (male—higher risk)

Wo oo~

Vienna prediction model

N — B

. Female gender (pre-requisite)
. Post-thrombotic syndrome—1

. Type of VTE (PE > proximal DVT >
distal DVT—risk of recurrence)

Identify low-risk females with score
of 0 or 1 that may discontinue
anticoagulation after 6 months

Nomogram calculator—https://cemsiis.meduniwien.
ac.at/en/kb/science-research/software/
clinical-software/recurrent-vte/

3. D-dimer after discontinuation of AC

(higher value = higher risk)
1. D-dimer abnormal—2
2. Age<50-1
3. Sex/gender—male 1
4. Hormone-associated—(—2)

DASH score

Quantitative risk assessment based on score—< 5%
recurrence risk for scores <1

VTE venous thromboembolism, DVT deep vein thrombosis, PE pulmonary embolus
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externally validated in a previous study with similar perfor-
mance of discriminating patients at low risk for recurrent VTE
[63], but a prospective study of 156 patients aged 65 years or
older suggested that the Vienna risk model did not accurately
distinguish high- vs low-risk patients (AUC 0.39 at 12 months
and AUC 0.43 at 24 months for predicting VTE recurrence)
[64]. The DASH score has also been evaluated externally in a
retrospective cohort study of 827 patients. While the cohort
was enriched for low-risk patients compared to the original
study (66.3% vs 51.6%, p <0.001), the DASH score did cor-
relate well with recurrence rates in patients aged < 65 years of
age (c-statistic 0.72). Similar to studies using the Vienna pre-
diction model, it performed poorly in patients > 65 years of
age (c-statistic 0.54). Finally, the HERDOOQO?2 score has most
recently been externally validated in a multinational prospec-
tive cohort of 2785 patients [65]. In low-risk women as de-
fined by the HERDOO?2 scoring system, there was an overall
3% rate of recurrent VTE (95% CI 1.8-4.8%), with higher
rates of recurrence in the high-risk groups who discontinued
anticoagulation compared to those who did not.

Therapeutic Options in Mitigating Recurrent
VTE Risk

The mainstay of therapy in the prevention of recurrent VTE in
patients is anticoagulation. Multiple studies have previously
investigated various regimens and types of anticoagulation for
optimally balancing recurrent VTE risk and ongoing bleeding
risk with anticoagulation therapy.

Prior randomized controlled clinical trials have evaluated
the role of anticoagulation in preventing recurrent VTE in
patients with unprovoked VTE (Table 2). Kearon et al. pro-
spectively enrolled 162 patients with idiopathic unprovoked
VTE to short-term anticoagulation for 3 months vs 2 full years
prior to withdrawal [66]. Due to the symptomatic VTE recur-
rence rate of 27.4% patient-years vs 1.3% patient-years in the
short vs long duration of anticoagulation arms, the trial was
terminated early at 10 months. Agnelli et al. confirmed the
importance of extended anticoagulation in idiopathic DVT
[67]. Agnelli et al. enrolled 267 patients to anticoagulation
for 3 months vs 1 year. With a mean follow-up of 37 months,
there was a 12.3% patient-year incidence of recurrent VTE in
the short-term anticoagulation arm, compared to 1.2% in the
long-term arm. Two-thirds of these recurrences occurred dur-
ing the first year after discontinuation of anticoagulation.
Interestingly, at the completion of 1 year of treatment when
all arms were taken off of anticoagulation, the overall inci-
dence of recurrent VTE was collectively 5%. Couturaud
et al. studied 371 patients who presented with PE as their
manifestation of symptomatic VTE to anticoagulation or pla-
cebo, and they also found a significant reduction in recurrent
VTE with anticoagulation (HR 0.15, 95% CI 0.05-0.43) [68].

Low-dose anticoagulation has also been studied as a means
to simultaneously reduce recurrent VTE risk while mitigating
concurrent bleeding risk. Ridker et al. prospectively evaluated
the efficacy of a lower INR goal of warfarin (1.5-1.9) in 508
patients to either low-dose warfarin (INR goal 1.5-1.9) or
placebo after completing a mean of 6.5 months of therapy
with full-dose anticoagulation [69]. The study was terminated
early after a mean follow-up of 2.1 years due to a significant
decrease in recurrent VTE with low-dose warfarin (HR 0.36,
95% CI 0.19-0.67) as compared to placebo. To address
whether low-dose anticoagulation would be non-inferior or
superior to full-dose anticoagulation for prevention of recur-
rent VTE, Kearon et al. studied low-dose warfarin (INR goal
1.5-1.9) to full-dose warfarin (INR goal 2.0-3.0) in a prospec-
tive randomized controlled trial of 738 patients who complet-
ed at least 3 months of treatment for a first VTE [70]. In a
mean follow-up of 25.2 months, there was a significantly
higher rate of recurrent VTE in patients who received low-
dose vs full-dose anticoagulation (HR 2.8, 95% CI 1.1-7.0)
with no significant change in major bleeding (HR 1.2, 95% CI
0.4-3.0) or overall bleeding (HR 1.3, 95% CI 0.8-2.1), sug-
gesting no clear benefit to low-dose anticoagulation in the
prevention of recurrent VTE when compared to full dose.

These findings highlight the importance of extended dura-
tion of anticoagulation in patients with unprovoked VTEs and
suggest that the benefit of anticoagulation is not maintained
after discontinuation of therapy. This is now reflected in the
CHEST guidelines of 2016 that now recommend extended
duration anticoagulation in patients with unprovoked proxi-
mal DVT or PE with a concomitant low risk of bleeding
(grade 2B), with qualification that patient gender and D-
dimer levels be used to guide the decision of extended therapy
or discontinuation [12e¢]. These guidelines are based on stud-
ies utilizing vitamin K antagonist therapy for treatment. Since
these initial studies, other treatments such as low-dose aspirin
therapy and direct oral anticoagulant therapy have also been
investigated.

Pharmacologic Therapies to Prevent
Recurrent Venous Thromboembolic Disease

Aspirin Therapy

A number of studies have investigated continued prophylaxis
with antiplatelet agents as opposed to anticoagulant therapy.
These include the WARFASA and ASPIRE trials [71]. The
WARFASA trial was a multicenter randomized controlled trial
comparing aspirin (100 mg daily) vs placebo in patients who
had completed 618 months of oral anticoagulation for a first
episode of unprovoked VTE. In this cohort of patients, there
was a statistically significant decrease in recurrent VTE events
at 2 years in patients who received aspirin therapy as opposed
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Table 2

Studies evaluating risk reduction of recurrent venous thromboembolism (VTE) with treatment with a vitamin K antagonist

Study No. of patients ~ Drug/circumstance

Follow-up Recurrence

Kearon et al. NEJM 1999 162 » Warfarin (INR 2-3)
«RCT
* 3 months AC and then

randomized to continued

Early termination after
10 months

» Symptomatic VTE recurrence
» Withdrawal arm 27.4% per

pt-yr vs 1.3% per pt-yr cont a/c arm
* 95% reduction in recurrence risk

AC for 2 years vs withdrawal

Agnelli et al. NEJM 2001 267 (DVT only) Warfarin INR 2.0-3.0

RCT

3 months AC then randomized
to continue AC to 1 year or

withdraw AC

Couturaud et al. JAMA
2015 (PADIS-PE)

371 (PE only)  Warfarin INR 2.0-3.0

RCT

6 months AC then randomized
to continue AC vs placebo

Ridker et al. NEJM 508
2003 (PREVENT)

Warfarin INR 1.5-2.0
RCT

Full AC (median 6.5 months)
then either low-dose warfarin

or placebo
Kearon et al. NEJM 738 Warfarin INR 1.5-1.9
2003 (ELATE) RCT

Full AC for >3 months, then

Mean 37 months » Symptomatic VTE recurrence

« Withdrawal arm, 1st 9 months:
12.3% per pt-yr vs 1.2% per
pt-yr A/C (RR 0.09, 95%
C10.02-0.69)

« After d/c all tx: incidence ~5.0%
per pt-yr

* 91% reduction in recurrence risk

*1.6% vs 13.4% (HR, 0.15; 95%
CI, 0.05-0.43)

* 85% reduction in recurrence risk

18 months active tx
24 months follow-up
after stopping tx

* Placebo 7.2% per 100 pt-yrs
vs 2.6 per 100 pt-yrs warfarin
(HR 0.36, 95% CI10.19-0.67)

* 63% reduction in recurrence risk

Early termination after
mean 2.1 years

Mean 25.2 months follow-up < Low intensity 1.9 per 100 pt-yrs
vs 0.7 per 100 pt-yrs full
(HR 2.8,95% CI 1.1-7.0)

either full-dose AC (INR 2-3)

or low dose (INR 1.5-1.9)

INR international normalized ratio, RCT randomized controlled trial, DVT deep vein thrombosis, PE pulmonary embolism, yr year

to placebo treatment without an increase in bleeding (HR for
recurrent VTE 0.58, 95% CI 0.36-0.93) [71]. The ASPIRE
trial was similarly a randomized controlled trial of 822 pa-
tients who received aspirin (100 mg daily) or placebo for up
to 4 years after completing treatment for an unprovoked VTE.
Unlike the WARFASA trial, the ASPIRE trial did not show a
statistically significant reduction in recurrent VTE (HR 0.74,
95% CI1 0.52—1.05) without any increase in bleeding rates.

Since both studies were not individually powered to detect
treatment effects for particular subgroups, pooled analysis of
both studies evaluates risk of recurrent VTE, bleeding, major
adverse vascular events (VTE, myocardial infarction, stroke,
and cardiovascular disease death), and pre-specified subgroup
analyses. In 1224 patients overall, 608 who received placebo
and 616 who received aspirin, there was a significant decrease
in recurrent VTE (HR 0.68, 95% CI 0.58-0.90), major vascu-
lar events (HR 0.66, 95% CI 0.50-0.86), and similarly low
bleeding rates in both groups (0.4%/year vs 0.5%/year in as-
pirin vs placebo groups). As a result of these findings, low-
dose aspirin therapy carries a grade 2B recommendation in the
ACCP 2016 guidelines after completion of initial therapy with
anticoagulation for recurrent VTE prevention [12e¢].

A recent study has compared oral anticoagulation directly
to low-dose aspirin therapy. In a randomized controlled clin-
ical trial of 3396 patients who received either a direct oral
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anticoagulant rivaroxaban (10 mg or 20 mg daily) or low-
dose aspirin (100 mg daily), 12-month follow-up after the
completion of an initial period of anticoagulation showed a
significantly decreased risk of recurrent VTE in patients who
received rivaroxaban as opposed to aspirin (20 mg HR 0.34,
95% CI1 0.2-0.59; 10 mg HR 0.26, 95% CI 0.14-0.47). One
criticism of this trial is that 58% of all patients were classified
as having a provoked VTE event. However, subgroup analy-
ses showed grossly similar reductions in recurrent VTE rates
for rivaroxaban vs aspirin regardless of whether the index
VTE event was provoked or not [72¢].

Therefore, while aspirin is considered a better preventative
therapy than no treatment, oral anticoagulation is currently
considered a superior treatment for prevention of recurrent
VTE.

Direct Oral Anticoagulants (DOACs)

With the advent of alternative oral anticoagulant agents that
directly inhibit Factor Xa or thrombin directly, there has been
a recent increase in the number of oral agents available for
chronic management of recurrent VTE [73-75] (Table 3).
While initially studied in the setting of stroke prevention for
non-valvular atrial fibrillation, a number of these medications
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Table 3
(VTE) after an initial episode

Summary of studies evaluating efficacy of direct oral anticoagulant medications in the prevention of recurrent venous thromboembolism

Study No. of Patients Drug/circumstance Follow-up Recurrence
Bauersachs NEJM 2010 1196 DVT * 6—12 months full a/c then Event driven * Rivaroxaban superior 1.3% vs
(EINSTEIN) * Rivaroxaban 20 mg vs 7.1%
* Placebo for 6 or 12 months * HR 0.18; 95% CI 0.09-0.39
Agnelli NEJM 2013 2482 VTE * 6—12 months a/c then 1 year active study  Apixaban 5 mg, 1.7%; Apixaban
(AMPLIFY-EXT) * Apixaban 2.5 or 5 mg placebo period 2.5 mg, 1.7%
for 12 months Placebo, 8.8%
* ~90% unprovoked * HR A5 vs placebo, 0.2 (95% CI
* Equipoise for cont a/c 0.11-0.34)
* HR A2.5 vs placebo, 0.19 (95% C1
0.11-0.33)
* HR A5 vs A2.5,0.97 (95% CI
0.46-2.02)
Schulman NEJM 2013 1343 VTE * 6—18 months a/c then 6 months « Dabigatran 0.4%; placebo 5.6%
(RE-SONATE) * Dabigatran vs placebo * HR 0.08, 95% CI 0.02-0.25
Schulman NEJM 2013 2856 VTE * 3—12 months a/c then 18 months * Dabigatran 1.8%
(RE-MEDY) * Dabigatran vs * Warfarin 1.3%
» Warfarin * HR 1.44; 95% C10.78-2.64
Weitz NEJM 2017 3365 VTE * 6—12 months full a/c then Median 351 days * Rivaroxaban 20 mg, 1.8%
(EINSTEIN CHOICE) * Rivaroxaban 20 mg vs 10 mg * Rivaroxaban 10 mg, 1.5%
* ASA 100 mg * ASA 100 mg, 5.6%
* 40% unprovoked « HR R20 vs ASA, 0.34; 95% CI

* Equipoise for cont a/c

0.20-0.59
* HR R10 vs ASA, 0.26; 95% CI
0.14-0.47

have subsequently been studied directly in the treatment and
prevention of VTE.

The first trial evaluating direct oral anticoagulant therapies
for the prevention of recurrent VTEs was the EINSTEIN trial
[76°]. This double-blind randomized controlled trial enrolled
and randomized 1196 patients to either rivaroxaban (20 mg
daily) or placebo treatment for 6-12 months after an initial
6—12 months of full anticoagulation for treatment of a DVT.
There was a statistically significant decrease in the primary
outcome of recurrent symptomatic VTE in patients treated with
rivaroxaban (HR 0.18, 95% CI 0.09-0.39) compared to place-
bo with no significant increase in the primary safety endpoint
of bleeding (4 cases with rivaroxaban vs 0 cases with placebo,
p=0.11). The role of rivaroxaban in the prevention of recur-
rent VTE was further clarified with the EINSTEIN CHOICE
trial [72¢], a randomized controlled trial of 3365 patients that
compared low-dose aspirin (100 mg daily) to two doses of
rivaroxaban (10 mg or 20 mg) for the prevention of recurrent
VTE. In a median follow-up of 351 days, both doses of
rivaroxaban were superior to aspirin in the prevention of recur-
rent VTE (HR 0.34 for 20 mg, 95% CI 0.2-0.59; HR 0.26 for
10 mg, 95% CI 0.14-0.47). There was no difference in major
bleeding between the three groups, and no difference in recur-
rent VTE or death between the two doses of rivaroxaban. As a
result of this trial, the 10 mg daily dose of rivaroxaban is now
approved for the prevention of recurrent VTE.

The efficacy of dabigatran has also been studied in recur-
rent VTE prevention [77¢]. The RE-MEDY trial was a double-
blind non-inferiority study comparing warfarin to dabigatran
in 2856 patients randomized to either warfarin or dabigatran
after 3—12 months of initial anticoagulation for symptomatic
VTE. In a mean follow-up of 18 months, there was no signif-
icant difference in recurrent VTE between the two treatments
(HR 1.44, 95% CI 0.78-2.64) and no difference in major
bleeding (HR 0.52, 95% CI 0.27-1.02). There, however,
was a decrease in total bleeding episodes in patients receiving
dabigatran (HR 0.54, 95% CI 0.41-0.71). The RE-SONATE
trial compared dabigatran to placebo in 1343 patients with a
mean follow-up of 6 months. There was a significant decrease
in recurrent VTE in patients treated with dabigatran (HR 0.08,
95% CI 0.02-0.25) with an associated increase in major or
clinically relevant bleeding as well (HR 2.92, 95% CI 1.52—
5.60).

Finally, apixaban has also been evaluated for its ability to
reduce recurrent VTE [78¢]. The AMPLIFY-EXT trial ran-
domized 2482 patients to placebo or apixaban at two different
doses (2.5 mg twice daily or 5 mg twice daily) for 12 months
after an initial 6—12 months of anticoagulation. Of note, 90%
of the patients in this study were deemed to have an unpro-
voked VTE. In the 12-month active study period, there was a
similar reduction in recurrent VTE events with both doses of
apixaban when compared to placebo (HR 0.2 for 5 mg dose,

@ Springer
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95% CI 0.11-0.34; HR 0.19 for 2.5 mg dose, 95% CI 0.11—
0.33) with no significant difference in primary outcome be-
tween both apixaban doses. There was additionally no differ-
ence in major bleeding, clinically relevant bleeding, or death
from any cause between all three treatment groups, although
there were numerical less bleeding events with the apixaban
2.5 mg twice daily dose compared with the 5 mg twice daily
dose. Apixaban is FDA-approved for the prevention of recur-
rent VTE and the recommended dose is 2.5 mg twice daily.

Conclusions

Venous thromboembolism (VTE) is a common condition with
significant associated morbidity and mortality. In patients with
unprovoked VTE events or malignancy-associated VTE, the
recurrence risk is sufficiently high that extended therapy
should be strongly considered based on current guidelines
and evidence. Further risk stratification is possible based on
clinical and biomarker data, and this can be used to further risk
stratify patients who may have a moderate or high bleeding
risk. In such patients who have an unfavorable risk to benefit
ratio of anticoagulation, lower dose regimens with
anticoagulation and therapies such as aspirin have been shown
to reduce risk of recurrent VTE.
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