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Abstract
Background: Patients with venous thromboembolism (VTE) triggered by transient factors are typically treated with anticoagulants 
for 3–6 months. However, those with coexisting long-term non-malignant conditions may continue to carry a meaningful risk of 
recurrence beyond the initial treatment period. The benefit of extended anticoagulation in this subgroup remains uncertain.
Objectives: To evaluate the efficacy and safety of continued and reduced-dose direct oral anticoagulant (DOAC) therapy compared 
with no extended anticoagulation or aspirin in patients with provoked VTE and persistent non-malignant risk factors.
Methods: We performed a systematic review and meta-analysis of randomised controlled trials in accordance with PRISMA 
guidelines. MEDLINE, Embase and CENTRAL were searched from inception through 15 October 2025. Eligible trials enrolled adults 
with provoked VTE and persistent non-malignant risk factors who had completed initial anticoagulation and compared extended 
DOAC therapy with placebo, aspirin or discontinuation. Primary outcomes were recurrent VTE and major bleeding. Risk ratios (RRs) 
were pooled using random-effects models, with fixed-effects analyses as sensitivity.
Results: Three trials, including 2498 participants, were analysed. Continued DOAC therapy was associated with a lower incidence 
of recurrent VTE compared with placebo or aspirin (RR 0.25, 95% confidence interval [CI] 0.07–0.98; I²= 34%). Reduced-dose 
regimens demonstrated comparable effectiveness (RR 0.21, 95% CI 0.11–0.41). Major bleeding events were infrequent across all 
groups, and no clear excess risk was observed with extended therapy (RR 2.38, 95% CI 0.87–6.53; I²= 0%).
Conclusions: Among patients with provoked VTE and ongoing non-malignant risk factors, extended DOAC therapy appears to 
reduce recurrence without a definite increase in major bleeding. These findings support a more individualised approach to treatment 
duration in this intermediate-risk population.
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Extended anticoagulation in provoked VTE 
with persistent risk factors: A meta-analysis 
of randomised trials

Introduction

Venous thromboembolism (VTE), encompassing deep vein 
thrombosis (DVT) and pulmonary embolism (PE), remains an 
important contributor to morbidity and mortality worldwide[1,2]. The 
duration of anticoagulation traditionally depends on whether the 
index event is provoked – occurring in the setting of a transient risk 
factor such as surgery or trauma – or unprovoked, where no clear 
trigger is identified[3]. While the duration of anticoagulation following 
a first episode of provoked VTE is generally limited to 3–6 months, 
unprovoked VTE often requires extended or indefinite anticoagulation 
due to a high annual recurrence risk (up to 10% within the first year 
and 25% within 5 years)[4–6].

This dichotomous framework does not adequately reflect a subset 
of patients who present with transient provoking factors but also have 
underlying chronic conditions, such as obesity, chronic inflammatory 
or autoimmune disorders, cardiopulmonary disease, or chronic kidney 

disease. In these individuals, the risk of recurrence may persist 
even after resolution of the initial trigger, placing them between the 
conventional “provoked” and “unprovoked” categories[7].

Randomised trial data have begun to highlight the clinical 
implications of this gap. The HI-PRO trial demonstrated a 1-year 
recurrence rate of approximately 10% among placebo-treated patients 
with persistent provoking factors despite initial anticoagulation[7]. 
Similarly, subgroup analyses of the EINSTEIN CHOICE trial 
(rivaroxaban vs aspirin) and EINSTEIN Extension trial (rivaroxaban vs 
placebo) suggest that extended low-intensity direct oral anticoagulant 
(DOAC) regimens significantly reduce VTE recurrence in this 
population without increasing the risk of major bleeding[8,9].

We, therefore, conducted a systematic review and meta-analysis 
(SRMA) restricted to randomised evidence to evaluate the efficacy 
and safety of extended DOAC therapy – at both standard and 
reduced doses – in patients with provoked VTE and ongoing non-
malignant risk factors.

Methods

1. Study design and registration
This SRMA was conducted in accordance with the Preferred 
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(PRISMA) guidelines. The protocol was prospectively developed 
using the PICO framework and registered in the PROSPERO 
database (CRD420251180371). As the study involved analysis of 
previously published data, ethical approval and informed consent 
were not required.

2. Data sources and search strategy
A comprehensive literature search was performed in PubMed/

MEDLINE, Embase and the Cochrane Central Register of 
Controlled Trials (CENTRAL) databases from inception through 
15 October 2025. The search strategy combined controlled 
vocabulary (MeSH and Emtree terms) and free-text keywords 
encompassing DOACs, VTE and extended or reduced-dose 
regimens. The complete search syntax for each database is 
provided in the supplemental material. Reference lists of relevant 
trials and prior reviews were also screened to identify additional 
studies.

Three independent reviewers (MRM, HPL and MM) screened 
titles, abstracts and full-text articles for eligibility. Disagreements 
were resolved by MRM. The study selection process is summarised 
in the PRISMA flow diagram (Figure 1).

3. Eligibility criteria
Studies were selected based on the following pre-defined criteria 

derived from the focused clinical question:
•	 P (Population): Adults (≥18 years) with a first episode of VTE 

initially associated with a transient provoking factor, who also had 

at least one persistent non-malignant risk factor and completed 
standard anticoagulation (3–6 months).

•	 I (Intervention): Continued DOAC therapy at any dose 
(therapeutic or reduced-dose). The primary reduced-dose 
regimens of interest were apixaban 2.5  mg twice daily or 
rivaroxaban 10 mg once daily.

•	 C (Comparator): No extended anticoagulation, defined as 
receiving placebo or switching to aspirin.

•	 O (Outcomes):
o	 Primary Efficacy: Recurrent VTE.
o	 Primary Safety: Major bleeding (defined by International 

Society on Thrombosis and Haemostasis [ISTH] criteria).
•	 T (Study type): Only randomised controlled trials (RCTs) and 

prespecified subgroup analyses from RCTs were included in the 
primary analysis.

Studies were excluded if:
•	 They did not report outcomes specifically for the target subgroup
•	 They were observational in design
•	 They included patients with active malignancy at baseline.

Clarification of subgroup data: For the EINSTEIN program, 
subgroup data were derived from a prespecified pooled analysis 
in which index VTE events were centrally classified as major or 
minor transient or persistent risk factors. Only patients classified as 
having persistent non-malignant risk factors were included in the 
present analysis.

Figure 1 - PRISMA flow diagram. PRISMA flowchart illustrating the identification, screening, eligibility assessment and inclusion of RCTs evaluating 
extended DOAC therapy in patients with provoked VTE and persistent non-malignant risk factors. DOAC, direct oral anticoagulant; PRISMA, Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses; RCTs, randomised controlled trials; VTE, venous thromboembolism.
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6. Statistical analysis
Effect estimates were synthesised as risk ratios (RRs) with 95% 

confidence intervals (CIs) using the Mantel–Haenszel method. A 
random-effects model was prespecified for all primary analyses, with 
fixed-effects models reported as sensitivity analyses. Between-study 
heterogeneity was quantified using the I² statistic and Cochran’s 
Q test. Subgroup analyses were performed according to DOAC 
dose (reduced vs therapeutic) and comparator type (placebo vs 
aspirin). Meta-regression and publication bias assessment were 
not performed because of the limited number of included trials, 
consistent with best practice recommendations. All analyses were 
conducted using R (RStudio version 2025.09.1 + 401). A two-sided 
p-value <0.05 was considered statistically significant.

4. Data extraction
Data were extracted independently by two reviewers (MRM 

and SRM) using a standardised form. Extracted variables included 
study characteristics, participant demographics, intervention details, 
comparator strategies and outcome events. Discrepancies were 
resolved by consensus.

5. Risk-of-bias assessment
The risk of bias for randomised trials was assessed by two 

independent reviewers (MWM and AK) using the Cochrane Risk 
of Bias 2.0 (RoB2) tool, which evaluates domains including the 
randomisation process, deviations from intended interventions, 
missing outcome data, outcome measurement and selection of 
reported results. Results are summarised using a traffic light plot 
(Figure 2).
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  Domains:
  D1: Bias due to randomisation.

  D2: Bias due to deviations from intended intervention.
  D3: Bias due to missing data.

  D4: Bias due to outcome measurement.
  D5: Bias due to selection of reported result.

Figure 2 - Risk-of-bias assessment for included RCTs using the ROB2 tool. Traffic light plot summarising domain-level and overall risk-of-bias assessment 
for three RCTs (EINSTEIN-Extension, EINSTEIN CHOICE and HI-PRO) included in the meta-analysis. All studies were graded as low risk of bias across 
the five domains: D1 (randomisation process), D2 (deviations from intended interventions), D3 (missing outcome data), D4 (outcome measurement) and 
D5 (selection of reported results). Green circles denote low risk of bias in each domain. The overall risk of bias for each study is shown in the far-right 
column. RCTs, randomised controlled trials; RoB2, Risk of Bias 2.0.
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Results

1. Study selection and characteristics
A total of three RCTs met the inclusion criteria, comprising 2498 

participants. These included the HI-PRO, EINSTEIN CHOICE and 
EINSTEIN Extension trials[7–10]. All participants had completed initial 
anticoagulation for provoked VTE and had at least one persistent 
non-malignant risk factor. The evaluated interventions included both 
standard-dose and reduced-dose DOAC regimens, specifically 
apixaban 2.5  mg twice daily and rivaroxaban 10  mg once daily. 
Comparator strategies consisted of placebo or aspirin. Detailed 
study characteristics are shown in Table 1.

All included trials were judged to be at low risk of bias across all 
domains of the ROB-2 tool (Figure 2).

2. Baseline recurrence risk in the comparator group
Across comparator arms, recurrent VTE occurred in 

approximately 6.4% of patients, indicating a persistent risk of 
recurrence despite completion of standard anticoagulation. In the HI-
PRO trial, the recurrence rate in the placebo arm reached 10% at 1 
year, substantiating the high-risk phenotype of the study population.

3. Primary efficacy outcome – recurrent VTE
Overall continued DOAC (any dose) vs no treatment/aspirin
Pooling data from all included trials, extended DOAC therapy 

was associated with a lower risk of recurrent VTE compared with 
control strategies. Under the random-effects model, extended DOAC 
therapy reduced recurrent VTE by 75% (RR 0.25; 95% CI 0.07–

0.98). Results were consistent under a fixed-effects model (RR 0.24; 
95% CI 0.15–0.40). Heterogeneity across studies was moderate 
(I²=  34%). All trials demonstrated effect estimates favouring 
continued anticoagulation. (Figure 3)

When stratified by control type, the benefit of extended DOAC 
therapy remained consistent. In placebo-controlled trials (HI-PRO 
and EINSTEIN Extension), DOAC therapy was associated with a 
marked reduction in recurrence (RR 0.17; 95% CI 0.08–0.36). In 
the aspirin-controlled trial (EINSTEIN CHOICE), DOAC therapy also 
significantly reduced recurrent VTE (RR 0.39; 95% CI 0.19–0.77). 
There was no evidence of effect modification by comparator type (p 
for subgroup difference >0.10) (Figure 4).

4. Reduced-dose DOAC vs no treatment/aspirin
Two trials (HI-PRO and EINSTEIN CHOICE subgroup), 

comprising 1528 patients, evaluated reduced-dose DOAC therapy 
exclusively. Reduced-dose regimens resulted in a 79% reduction 
in recurrent VTE under a fixed-effects model (RR 0.21; 95% CI 
0.11–0.41). Under a random-effects model, effect estimates were 
directionally consistent with wider CIs owing to the limited number of 
studies. Heterogeneity was moderate (I²= 43%) (Figure 5).

5. Primary safety outcome – major bleeding
Major bleeding events were infrequent across all studies. Pooled 

analysis did not demonstrate a statistically significant difference in 
bleeding risk between extended DOAC therapy and control groups 
(random-effects RR 2.38, 95% CI 0.87–6.53; fixed-effects RR 2.40, 
95% CI 0.39–14.86). There was no heterogeneity across studies 

Table 1 - Summary of the studies included in this SRMA evaluating continued and reduced dose DOAC therapy in provoked VTE with persistent non-
malignant risk factors.

Study (year), design EINSTEIN CHOICE (2017), 
RCT

EINSTEIN Extension (2018), 
RCT HI-PRO (2025), RCT

Sample size (subgroup included) 3365
(1404)

1196
(494) 600

DOAC dose Rivaroxaban 20 mg and 
10 mg OD Rivaroxaban 20 mg Apixaban 2.5 mg BD

Comparator Aspirin 100 mg Placebo Placebo

Mean age (years) 58.5 58.3 59.5

% Male 55.4 57.9 43

Index event (DVT/PE/Both, %) 50.7/35.3/15.3 62/38 48/23.3/28.7
Duration of initial anticoagulation 

(months)
6–12

(<9 months in 75.8%)
6–12

(<9 months in 67.4%)
≥3

(Median 6.6)

Persistent risk factors* (Commonest)%
BMI > 30 kg/m2: 68.6
Thrombophilia: 13.1

Creatinine clearance <50 mL/min: 10.8

BMI > 30 kg/m2: 48.2
Chronic inflammatory or autoimmune 

disease: 52.2
ASCVD: 29.3
CKD: 10.7%

Follow up (months) 12 12 12

Primary efficacy outcome Symptomatic recurrent VTE Symptomatic recurrent VTE Symptomatic recurrent VTE

Major bleeding definition ISTH guidelines ISTH guidelines ISTH guidelines

ASCVD, atherosclerotic cardiovascular disease; BD, twice daily; BMI, body mass index; CKD, chronic kidney disease; DOAC, Direct oral 
anticoagulant; DVT, deep vein thrombosis; HF, heart failure; ISTH, International Society on Thrombosis and Haemostasis; OD, once daily; PE, 

pulmonary embolism; RCT, randomised controlled trial; SRMA, systematic review and meta-analysis; VTE, venous thromboembolism.
*Data extracted from Blood Adv. 2018 Apr 10;2(7):788–796.



Mohsin Raj Mantoo, et al. Extended anticoagulation in provoked VTE with persistent risk factors: A meta-analysis of randomised trials

5

that both standard- and reduced-dose DOACs are superior to 
aspirin or placebo in preventing recurrent VTE after completion of 
initial therapy[8,11]. However, these trials, as well as several recent 
meta-analyses, include a heterogeneous mix of unprovoked and 
provoked cases, and patients with underlying malignancy[12–18]. The 
present analysis specifically targets the subgroup – patients with 
comorbidities such as obesity, chronic cardiopulmonary disease or 
autoimmune disorders – who fall between the traditional “provoked” 
and “unprovoked” categories in terms of recurrence risk. Our results 
underscore that such individuals remain at appreciable risk and 
would benefit from continued anticoagulation beyond the standard 
treatment duration.

The interpretation of the pooled findings requires consideration 
of differences in how persistent risk factors were defined across 
studies. In the HI-PRO trial, these conditions were prospectively 
identified at enrolment, whereas in the EINSTEIN program, they 
were classified retrospectively through a centralised adjudication 
process using predefined criteria. Although both approaches aim to 

(I²= 0%) (Figure 6). Subgroup analyses by comparator type showed 
no significant interaction between treatment effect and control 
strategy (Figure 7). Absolute major bleeding rates across all trials 
were <1%, yielding limited precision but supporting a favourable 
safety profile.

Discussion

This meta-analysis of randomised evidence suggests that 
continuing anticoagulation with DOACs beyond the initial treatment 
period is associated with a lower risk of recurrent VTE in patients 
with provoked events and persistent non-malignant risk factors. 
The observed benefit was consistent across both standard and 
reduced-dose regimens and was evident irrespective of whether the 
comparator was placebo or aspirin.

Our findings extend the evidence from large randomised trials 
EINSTEIN CHOICE and AMPLIFY-EXT, which demonstrated 

Figure 3 - Efficacy of continued DOAC therapy on recurrent VTE. Forest plot of RCTs comparing extended DOAC therapy (therapeutic or reduced dose) 
with placebo or aspirin for the outcome of recurrent VTE. Results are shown as RRs with 95% CIs under both fixed- and random-effects models. CIs, 
confidence intervals; DOAC, direct oral anticoagulant; RCTs, randomised controlled trials; RRs, risk ratios; VTE, venous thromboembolism.

Figure 4 - Recurrent VTE stratified by comparator type. Forest plot showing the effect of extended DOAC therapy on recurrent VTE stratified by 
comparator type (placebo-controlled vs aspirin-controlled trials). Pooled estimates are presented with 95% CIs for each subgroup, and tests for subgroup 
differences are displayed. CIs, confidence intervals; DOAC, direct oral anticoagulant; VTE, venous thromboembolism.
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capture a similar clinical construct, they are not identical, and some 
degree of heterogeneity is, therefore, unavoidable. Nevertheless, 
the consistency in treatment effect across studies suggests that the 
overall conclusion is robust despite these methodological differences.

From a safety standpoint, major bleeding events were uncommon, 
and no statistically significant increase was detected with extended 

therapy. Although the low event rate limits precision, the consistency 
of findings across trials provides some reassurance regarding 
the safety of prolonged treatment, particularly with reduced-dose 
regimens.

The results of this analysis should also be considered in the 
context of the broader literature on extended anticoagulation. Trials 

Figure 5 - Efficacy of reduced-dose DOAC therapy on symptomatic recurrent VTE. Forest plot of RCTs evaluating reduced-dose DOAC regimens 
(apixaban 2.5 mg twice daily or rivaroxaban 10 mg OD) versus control (placebo or aspirin) for recurrent VTE. RRs and 95% CIs are shown. CIs, confidence 
intervals; DOAC, direct oral anticoagulant; OD, once daily; RCTs, randomised controlled trials; RRs, risk ratios; VTE, venous thromboembolism.

Figure 6 -Risk of major bleeding with extended DOAC therapy. Forest plot depicting the risk of major bleeding associated with extended DOAC therapy 
compared with placebo or aspirin. Effect estimates are presented as RRs with 95% CIs using fixed- and random-effects models. CIs, confidence 
intervals; DOAC, direct oral anticoagulant; RRs, risk ratios.

Figure 7 -Major bleeding stratified by comparator type. Forest plot showing major bleeding outcomes stratified by comparator group (placebo vs aspirin). 
No statistically significant interaction between treatment effect and comparator type was observed.
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risk of recurrence without a clear increase in major bleeding. These 
findings support a more nuanced, risk-based approach to treatment 
duration beyond the traditional provoked versus unprovoked 
framework.

Registration

PROSPERO Registration ID: CRD420251180371

Abbreviation

ASCVD, atherosclerotic cardiovascular disease; ASH, American 
Society of Hematology; BD, twice daily; BMI, body mass index; 
CENTRAL, Cochrane Central Register of Controlled Trials; CI, 
confidence interval; CKD, chronic kidney disease; DOAC, direct 
oral anticoagulant; DVT, deep vein thrombosis; ESC, EUROPEAN 
Society of Cardiology; HF, heart failure; ISTH, International Society 
on Thrombosis and Haemostasis; OD, once daily; PE, pulmonary 
embolism; PICOTT, Population, Intervention, Comparator, 
Outcomes, Study Type; PRISMA, Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses; RCTs, randomised 
controlled trials; RoB2, Cochrane Risk of Bias 2.0 tool; RR, risk 
ratio; SRMA, systematic review and meta-analysis; VTE, venous 
thromboembolism.
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evaluating dabigatran and edoxaban have similarly demonstrated 
that continued anticoagulant therapy reduces recurrence in patients 
with VTE[19,20]. However, these studies enrolled more heterogeneous 
populations and did not specifically report outcomes in patients with 
provoked VTE and persistent non-malignant risk factors. As such, 
their findings complement but do not directly inform the questions 
addressed in the present analysis.

Importantly, although observational data from Coleman et al. 
have suggested a similar protective association between extended 
anticoagulation and reduced recurrence risk in this population, that 
study was deliberately excluded from our primary analysis because 
of its non-randomised design and risk of confounding[21]. While such 
real-world evidence supports the external validity of our findings, 
we elected to restrict inference to randomised data alone in order to 
minimise heterogeneity and confounding.

An additional consideration is the potential for occult malignancy 
in patients presenting with VTE[22]. Although individuals with known 
active cancer were excluded from the trials included in this analysis, 
a proportion of patients may receive a cancer diagnosis during follow-
up. This has important implications, as malignancy substantially 
alters both recurrence risk and the choice of anticoagulant therapy.

These findings have practical implications for clinical decision-
making. Current guideline recommendations emphasise an 
individualised approach to determining the duration of anticoagulation, 
particularly in patients whose clinical profile does not clearly align with 
traditional provoked or unprovoked categories[4,5,23]. In this setting, 
patients with persistent non-malignant risk factors represent a group 
in whom the risk of recurrence may remain clinically relevant even 
after completion of standard therapy. The results of this analysis 
suggest that extended treatment with DOACs, including reduced-
dose regimens, may lower recurrence risk in such patients without a 
clear signal for increased major bleeding, although the low number of 
events warrants cautious interpretation. In practice, tools such as the 
VTE-PREDICT score may help support decision-making by providing 
individualised estimates of both recurrence and bleeding risk, thereby 
facilitating a more tailored approach to treatment duration[24].

This study has several limitations. First, the number of eligible 
randomised trials was limited, and some data were derived from 
subgroup analyses rather than trials specifically designed for this 
population. Second, definitions of persistent non-malignant risk 
factors varied across studies, introducing clinical heterogeneity. 
Third, the low frequency of major bleeding events resulted in wide 
CIs, limiting the precision of safety estimates. Fourth, the analysis 
relied on aggregate data, which precluded adjustment for individual 
patient characteristics such as the type and burden of comorbid 
conditions. Finally, the small number of included studies prevented 
formal assessment of publication bias and limited exploration of 
heterogeneity.

Conclusion

In patients with provoked VTE and persistent non-malignant risk 
factors, extended anticoagulation with DOACs appears to reduce the 
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