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ABSTRACT
Introduction Deciding whether to stop or extend 
anticoagulant therapy indefinitely after completing at 
least 3 months of initial treatment for a first unprovoked 
venous thromboembolism (VTE) remains a challenge 
for clinicians, patients and policy makers. Guidelines 
suggest an indefinite duration of anticoagulant therapy 
in these patients, yet its benefits, harms and costs have 
not been formally assessed. The aim of this proposed 
modelling study is to assess the differences in clinical 
benefits, harms and costs of stopping versus continuing 
anticoagulant therapy indefinitely for a first unprovoked 
VTE.
Methods and analysis We will develop a probabilistic 
Markov model, adopting a 1- month cycle length and a 
lifetime horizon, to estimate life- years, quality- adjusted 
life- years, costs and the incremental cost- effectiveness 
ratios for a simulated population of patients with a first 
unprovoked VTE who will receive indefinite duration of 
anticoagulant therapy versus a population who will not 
receive extended treatment after completing 3 months 
of initial anticoagulant therapy. The economic evaluation 
will adopt a third- party payer perspective relating to a 
Canadian publicly funded healthcare system. Estimates 
for the probability of relevant clinical events will be 
informed by systematic reviews and meta- analyses, while 
costs and utility values will be obtained from published 
Canadian sources. Stratified analyses based on sex, age 
and site of initial VTE will also be performed to identify 
subgroups of patients with a first unprovoked VTE in 
whom continuing anticoagulant therapy indefinitely might 
prove to be clinically beneficial and cost- effective over 
stopping treatment. We will also conduct sensitivity and 
scenario analyses to assess robustness of study findings 
to changes in individual or groups of key parameters.
Ethics and dissemination Ethical approval is not 
applicable for this study. The results will be disseminated 
through presentations at relevant conferences and in a 
manuscript that will be submitted to a peer- reviewed 
journal.

INTRODUCTION
Deep vein thrombosis (DVT) and pulmonary 
embolism (PE), jointly denoted as venous 

thromboembolism (VTE), represent a major 
global burden of disease.1 Anticoagulant 
therapy is the mainstay of treatment for VTE,1 
and is highly effective in reducing the risk of 
recurrent VTE (ie, secondary prevention) 
as long as treatment is continued.2 Current 
clinical practice is to stop anticoagulant 
therapy after 3–6 months of initial treatment 
in patients with VTE provoked by major tran-
sient risk factors (eg, major surgery), and to 
extend anticoagulant therapy indefinitely in 
patients with VTE provoked by a persistent 
risk factor (eg, cancer).3 4 For patients with 
a first unprovoked or weakly provoked (ie, 
associated with minor transient risk factors) 
VTE, deciding whether to stop or continue 
anticoagulant therapy indefinitely remains an 
important challenge for clinicians, patients 
and policy makers. To justify indefinite 
duration of anticoagulant therapy, the long- 
term risk of mortality from recurrent VTE 
if treatment is stopped should be off- set by 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ To our knowledge, this is the first study designed 
to compare the clinical benefits, harms and costs 
of stopping versus continuing anticoagulant therapy 
indefinitely for a first unprovoked venous thrombo-
embolism (VTE).

 ⇒ Stratified analyses will address the influence of 
important patient characteristics (eg, differences in 
sex, age and site of initial VTE) on study outcomes 
to potentially help guide an individualised patient- 
centred approach to long- term management of first 
unprovoked VTE.

 ⇒ This study, as with all modelling studies, will be 
based on necessary assumptions as well as data 
(associated with uncertainty) derived from various 
sources, some of which may be limited (eg, outdat-
ed, low quality).
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the long- term risk of mortality from major bleeding on 
extended (beyond the initial 3–6 months) therapy.5 6

Numerous randomised controlled trials have assessed 
extended anticoagulation versus stopping anticoagulation 
after 3–6 months initial treatment for secondary preven-
tion of VTE, but no trials have compared stopping anti-
coagulation with indefinite anticoagulation (maximum 
duration follow- up in the extended treatment arm was 4 
years).2 7–15 Moreover, these trials were designed to eval-
uate the efficacy of extended therapy on reducing the risk 
of recurrent VTE; none were powered to detect a differ-
ence in reduction of VTE- related or all- cause mortality. 
Furthermore, a recent Cochrane systematic review and 
meta- analysis concluded that there is insufficient evidence 
to make definitive conclusions regarding effectiveness 
and safety of extended anticoagulation for the prevention 
of recurrent VTE in unprovoked VTE patients who have 
completed initial treatment, and emphasised the need 
for high- quality randomised controlled trials.16

An ideal study design to capture the long- term mortality 
trade- offs between recurrent VTE and major bleeding in 
order to provide evidence for or against indefinite antico-
agulant therapy would involve randomising unprovoked 
VTE patients who have completed short- term treatment, 
to either stop anticoagulation or continue anticoagula-
tion indefinitely. Such a trial, however, is unlikely to be 
conducted. Reasons for unfeasibility of this hypothetical 
study include long term, ideally lifelong (ie, until death) 
follow- up of patients, and the large sample size that would 
be required to detect the probable small differences in 
mortality between the two study arms.6 17 In addition, 
inconveniences/burdens of medical treatment, patient 
preferences and costs associated with VTE management 
may further influence decision about treatment dura-
tion at a patient or societal level.6 Decision analytical 
modelling, which involves using a specific mathematical 
model based on best available evidence from the litera-
ture, offers an appealing and feasible alternative study 
design to compare the long- term benefits, harms and 
costs of stopping versus continuing anticoagulant therapy 
indefinitely.

Finally, as fewer than half of patients with first unpro-
voked VTE are expected to have a recurrent VTE within 
10 years of stopping anticoagulation,18 identifying 
subgroups of patients having a recurrent VTE risk suffi-
ciently low enough or a major bleeding risk sufficiently 
high enough to justify stopping treatment is a high 
priority. The International Society on Thrombosis and 
Haemostasis suggests that in patients with unprovoked 
VTE, a recurrent VTE risk of 5% (with an upper bound 
of the 95% CI of 8%) in the first year after discontinuing 
treatment is low enough to justify stopping anticoagulant 
therapy.19 Similarly, given that the case- fatality rate of 
major bleeding is 2–3 fold higher than that of recurrent 
VTE,1 18 experts have proposed that patients with a major 
bleeding risk of  ≥ 3% per year should be not be consid-
ered for indefinite anticoagulant therapy, regardless of 
their risk of recurrent VTE.20–22 However, such thresholds 

lack systematic assessment of the difference in projected 
long- term risks of mortality. Thus, it is unclear whether 
these thresholds are reasonable.

Objectives
The objectives of this modelling study will be to estimate 
life- years, quality- adjusted life- years (QALYs), costs and 
the incremental cost- effectiveness ratios for a simulated 
population of patients with a first unprovoked VTE who 
will receive indefinite duration of anticoagulant therapy 
versus a population who will not receive extended treat-
ment after completing 3 months of initial anticoagulant 
therapy. The economic evaluation will be conducted from 
a third- party payer perspective with a target audience of 
clinicians, patients and policy makers.

METHODS
An overview of the decision model to be used in this study 
is described below.

Target population
Patients with first unprovoked VTE aged 55 years 
(approximate average age in management of VTE trials) 
who are to be considered for extended anticoagulation 
beyond completion of 3 months of initial anticoagulant 
treatment.

Intervention and comparators
The intervention will be anticoagulant therapy with 
direct oral anticoagulants (DOACs: apixaban, dabigatran, 
edoxaban, rivaroxaban) extended (beyond the initial 3 
months of treatment) indefinitely,1 4 and the comparator 
will be no extended anticoagulant therapy.

Form of analysis
A cost–utility analysis will be used, as the recommended 
approach by the Canadian Agency for Drugs and Tech-
nologies in Health (CADTH) guidelines for economic 
evaluations23 of therapeutic interventions where mean-
ingful differences in the health- related quality of life and 
health utility between the intervention and the compar-
ator have been demonstrated.

Perspective
The economic evaluation will adopt a third- party payer 
perspective, relating to a Canadian publicly funded 
healthcare system as suggested by CADTH guidelines for 
economic evaluation of health technologies in Canada.23

Time horizon
The analysis will adopt a lifetime horizon (ie, until death).

Outcome measures
Results for life expectancy will be expressed as both life- 
years per 1000 persons and life- days per person. Results 
for quality- adjusted life expectancy will be expressed as 
bothQALYs per 1000 persons and quality adjusted life- 
days per person. QALYs will be calculated by multiplying 
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life- years by utility scores derived from the published 
literature. Cost- effectiveness will be expressed in terms 
of the incremental cost per life- years gained, incremental 
cost per QALYs gained and costs per clinical events (eg, 
recurrent VTE, major bleeding or death) averted, as per 
CADTH guidelines for an economic evaluation.23

Model structure
A Markov model24 will be used for the analyses. The model 
is used to represent random processes which continue 
over time. Compare to other models (such a decision 
tree analysis), Markov models are advantageous when a 
clinical problem, such as deciding the treatment duration 
for VTE, involves risk that continues over time, when key 
events may occur more than once, and when the timing of 
events is important. Using a probabilistic Markov model, 
with a cycle length of 1 month, long- term outcomes will 
be assessed for two cohorts of identical patients with a first 
unprovoked VTE who have completed 3 months of initial 
anticoagulant therapy—one cohort assigned to stop anti-
coagulation (termed ‘no extended anticoagulation’), and 
another assigned to continue anticoagulation indefinitely 
(termed ‘indefinite anticoagulation’).

The key health states associated with the two treat-
ment strategies in the model will include recurrent 
DVT, recurrent PE, major bleeding, death as well as 
long- term outcomes of the post- thrombotic syndrome 
(PTS), chronic thromboembolic pulmonary hyperten-
sion (CTEPH) and post- intracranial hemorrhage (ICH) 
(figure 1). For both patient cohorts, patients will start 
and remain in the assigned treatment strategy of ‘no 
extended anticoagulation’ or ‘indefinite anticoagulation’ 

until the occurrence of any of the specified adverse clin-
ical outcomes.

Probability of adverse outcomes
Major bleeding
The annual rate of major bleeding after stopping antico-
agulant therapy will be defined as 0.4% per year based 
on a recent a systematic review and meta- analysis of 8740 
patients with a first unprovoked VTE that had completed 
at least 3 months of initial anticoagulant treatment.25 The 
annual rate of major bleeding during extended antico-
agulant therapy will be defined as 1.1% per year based 
on a recent systematic review and meta- analysis of 7220 
patients with a first unprovoked VTE that had completed 
at least 3 months of initial anticoagulant treatment and 
received extended anticoagulation of up to 1 year with 
a DOAC.26 Based on input from clinical experts, for the 
base case, patients assigned to the ‘indefinite anticoag-
ulation’ arm that experience a major bleeding event at 
any point will temporarily interrupt anticoagulation (for 
2 weeks),4 and then restart treatment.

Recurrent VTE
Using data from a recent systematic review and meta- 
analysis of 7515 patients with a first unprovoked VTE that 
had completed at least 3 months of initial anticoagulant 
treatment, the risk of recurrent VTE after stopping anti-
coagulant therapy will be defined as 10% in the first year, 
6% in the second year, 4% in years 3–5 and 3% in the 
subsequent years.18 Based on input from clinical exper-
tise, the base- case model will assume that patients in the 
‘no extended anticoagulation’ arm that experience a 
recurrent VTE at any point, will initiate indefinite treat-
ment and start in the first month of ‘indefinite anticoag-
ulation’ arm for the subsequent cycle. The annual rate 
of recurrent VTE during extended anticoagulant therapy 
will be defined as 1.1% per year based on a recent system-
atic review and meta- analysis of 7064 patients with a first 
unprovoked VTE that had completed at least 3 months 
of initial anticoagulant treatment and received extended 
anticoagulation of up to 1 year with a DOAC.27

Mortality
Age- adjusted and sex- adjusted all- cause death rate will be 
obtained from Statistics Canada.28 The case- fatality rate of 
recurrent VTE will be defined as 4% and the case- fatality 
rate associated with DOAC- related major bleeding will be 
defined 10%, as informed by recently published system-
atic review and meta- analysis.18 26 In addition, we will 
incorporate and account for mortality risk for patients 
with clinical events other than recurrent VTE and major 
bleeding, including excess risk of death from CTEPH and 
ICH.

Costs
As we take a perspective of the publicly funded Cana-
da’s healthcare system, we will include costs borne to 
the government. Costs will be adjusted to 2022 Cana-
dian dollars by using the Bank of Canada Inflation 

Figure 1 Markov model structure. CTEPH, chronic 
thromboembolic pulmonary hypertension; DVT, deep vein 
thrombosis; ICH, intracranial hemorrhage; PE, pulmonary 
embolism; PTS, post- thrombotic syndrome.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-053927 on 6 January 2023. D

ow
nloaded from

 

http://bmjopen.bmj.com/


4 Khan F, et al. BMJ Open 2023;13:e053927. doi:10.1136/bmjopen-2021-053927

Open access 

Calculator.29 The annual costs of drugs to be included 
in the analysis (apixaban, edoxaban, dabigatran, rivar-
oxaban and warfarin) will be obtained from the Ontario 
Drug Benefit formulary30 or from the drug manufacturer. 
For each drug therapy, annual drug treatment costs will 
include a US$7–US$15 prescription fee (every 3 months) 
and an 8% pharmacist’s markup. An additional cost of 
international normalised ratio (INR) monitoring for 
warfarin will be added. Costs of drugs will be fixed. Since 
the cost of individual DOACs will vary, a weighted average 
cost (unit drug cost weighted by the prevalence of drug 
use obtained from Canadian sources) will be used in the 
analysis.

Costs associated with management of clinical events 
will include costs for hospitalisation, laboratory testing, 
diagnostics, specialist consultation/follow- up visits, as 
well as the long- term management costs of ICH, PTS 
and CTEPH. Estimates for costs including the utilisa-
tion rate and unit costs for direct oral anticoagulants will 
be obtained from the most recently available Canadian 
sources, including recently published cost- effectiveness 
literature on anticoagulants for VTE.31–35

Utilities
Utility scores will be assigned according to specific health 
states, in a given cycle. Utility values associated with non- 
fatal recurrent VTE and major bleeding events, PTS and 
CTEPH will be derived directly from published data.31–35 
We will consider utility values that are recent, related to 
our target population of interest and use appropriate 
methodology as per CADTH guidelines.23

Discounting
Future costs and events will be discounted at a rate of 
1.5% per annum, according to the CADTH guidelines for 
economic evaluation.23

Stratified analyses
Given that patient characteristics such as sex, age and 
site of initial VTE influence the risk of recurrent VTE 
and the risk of bleeding, subgroup analyses will be 
conducted according to patient’s sex, site of initial VTE 
(isolated proximal DVT, isolated PE and concomitant PE 
and DVT), as well as age (ie, 35, 50, 65 and 80 years). 
Results from this stratified analyses will be used to iden-
tify subgroups of patients with a first unprovoked VTE 
in whom continuing anticoagulant therapy indefinitely 
might be clinically beneficial and cost- effective over stop-
ping treatment.

Sensitivity and scenario analysis
One- way sensitivity analyses will be performed on key 
parameters (eg, rates of clinical events, costs of manage-
ment of clinical events, utility associated with health 
states) included in the decision model over their plau-
sible ranges to determine a ‘threshold’, that is, a value 
of a parameter that would result in neither treatment 
strategy being preferred over the other, and above or 
below which one treatment strategy provides a survival 

benefit or is cost- effective over the other. Ranges for 
adverse outcomes will be derived from either the 95% CIs 
for event rates from the published literature or based on 
clinically reasonable values.

Since our base- case model will assume that patients who 
experience a major bleeding event while receiving anti-
coagulant therapy will temporarily interrupt anticoagula-
tion (for 2 weeks) and then restart treatment, a scenario 
analysis will be performed assuming that patients who 
experience an anticoagulant- related major bleed will 
discontinue treatment permanently. Given that our base- 
case analysis will model continuing anticoagulant therapy 
indefinitely with DOACs, we will conduct a scenario anal-
ysis using warfarin (INR range of 2.0–3.0) as the choice of 
anticoagulant for extended treatment.4

A two- way sensitivity analysis will also be performed in 
order to determine the effect of variation in the rates of 
recurrent VTE in the first year off anticoagulant therapy 
and annual rates of major bleeding during extended 
treatment, on net mortality benefit and cost- effectiveness 
of indefinite duration of anticoagulant therapy.

For all analyses, the expected values of costs, outcomes 
and cost- effectiveness ratios will be obtained through 
second- order Monte Carlo simulations, randomly 
sampling a distribution of all variables 5000 times. 
Uncertainty around parameters will be characterised by 
the following distributions: probabilities (beta); utilities 
(beta); costs of events (gamma); treatment effects (log 
normal). In addition, uncertainty over cost- effectiveness 
will be reported as a cost- effectiveness acceptability curve, 
which presents the probability that each treatment choice 
is optimal given different values of willingness to pay for 
an additional QALY. For our primary analysis, we will 
assume a willingness- to- pay value of US$50 000 per QALY. 
We will also perform a value of information analysis to 
identify parameters, which contribute most to decision 
uncertainty.

The model will be externally validated by comparing 
rates of clinical outcomes with those reported in the 
literature. The Consolidated Health Economic Evalua-
tion Reporting Standards statement will be followed in 
reporting this economic evaluation.36 Model creation 
and analyses will be performed using Microsoft Excel. 
This study began in September 2021 and is expected to 
be complete by December 2022.

Patient and public involvement
No patient partners were involved in the research process 
of our study protocol. We plan on involving patient 
partners in the CanVECTOR network (www.canvector. 
ca) along with our network of clinical colleagues in the 
dissemination and/or knowledge translation activities for 
final study results. These activities may include developing 
evidence summaries (concise summary of a published 
research study written in plain language), and presenting 
our findings at the annual CanVECTOR conference with 
patients, clinicians and thrombosis researchers in the 
audience.
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DISCUSSION
Clinicians, patients and policy makers currently lack clear 
guidance on making decisions regarding the optimal 
duration of anticoagulant therapy for a first unpro-
voked VTE. Guidelines suggest considering an indefinite 
duration of anticoagulant therapy in these patients, but 
the clinical benefits, harms and costs of this treatment 
strategy are uncertain. Findings from our proposed 
modelling study will help inform the uncertainty about 
whether to stop or continue anticoagulant therapy indef-
initely in patients with a first unprovoked VTE who have 
completed 3 months of initial treatment. Important infor-
mation will particularly be obtained through our planned 
subgroup, sensitivity and scenario analyses which will 
address the influence of important patient characteris-
tics (eg, differences in sex, age and site of initial VTE) 
and other anticoagulant regimens (eg, reduced- dose 
DOACs and warfarin) on study outcomes to potentially 
help guide an individualised patient- centred approach to 
long- term management of first unprovoked VTE. That is, 
identify patients in whom indefinite anticoagulation may 
not be worthwhile so that such patients can be spared the 
burdens, the costs and harms of lifelong anticoagulation; 
and identify which patients should continue anticoagula-
tion indefinitely, and with which anticoagulant, in order 
to maximise health benefits within the available health-
care resources.

Limitations
As with all modelling studies, our proposed study will be 
based on necessary assumptions, as well as data (asso-
ciated with uncertainty) derived from various sources, 
some of which may be limited (eg, outdated, low quality). 
However, we will perform extensive scenario analyses, 
including alternate assumptions, to establish the robust-
ness of study findings. We acknowledge the limitation 
regarding the lack of memory of Markov models—that is, 
the probability of transitioning between states in a given 
cycle does not depend on events occurred in the previous 
cycles. To overcome this limitation, we will use time- 
varying transition probabilities for certain clinical events 
(eg, probability of death increases with age, probability 
of recurrent VTE decreases with time spent off anticoag-
ulant therapy).

Ethics and dissemination
Ethical approval and patient consent are not required 
since this is a modelling study based on the use of secondary 
data from the published literature and publicly available 
sources. The study findings will be submitted for presen-
tation at relevant national and international conferences, 
and for publication in a peer- reviewed journal.
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