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Abstract

Background

Patients with unprovoked (i.e., without the presence of apparent transient risk factors such
as recent surgery) venous thromboembolism (VTE) are at risk of recurrence if anticoagu-
lants are stopped after 3-6 months, yet their risk remains heterogeneous. Thus, prolonging
anticoagulant treatment should be considered in high-risk patients, whereas stopping is
likely preferred in those with a low predicted risk. The Vienna Prediction Model (VPM) could
aid clinicians in estimating this risk, yet its clinical effects and external validity are currently
unknown. The aim of this study was to investigate the clinical impact of this model on reduc-
ing recurrence risk in patients with unprovoked VTE, compared to usual care.

Methods and findings

In a randomized controlled trial, the decision to prolong or stop anticoagulant treatment was
guided by predicted recurrence risk using the VPM (n =441), which was compared with
usual care (n =442). Patients with unprovoked VTE were recruited from local thrombosis
services in the Netherlands (in Utrecht, Harderwijk, Ede, Amersfoort, Zwolle, Hilversum,
Rotterdam, Deventer, and Enschede) between 22 July 2011 and 30 November 2015, with
24-month follow-up complete for all patients by early 2018. The primary outcome was recur-
rent VTE during 24 months of follow-up. Secondary outcomes included major bleeding and
clinically relevant non-major (CRNM) bleeding. In the total study population of 883 patients,
mean age was 55 years, and 507 (57.4%) were men. A total of 96 recurrent VTE events
(10.9%) were observed, 46 in the intervention arm and 50 in the control arm (risk ratio 0.92,
95% CI 0.63-1.35, p =0.67). Major bleeding occurred in 4 patients, 2 in each treatment arm,
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whereas CRNM bleeding occurred in 20 patients (12 in intervention arm versus 8 in control
arm). The VPM showed good discriminative power (c-statistic 0.76, 95% CI1 0.69-0.83) and
moderate to good calibration, notably at the lower spectrum of predicted risk. For instance,
in 284 patients with a predicted risk of >2% to 4%, the observed rate of recurrence was
2.5% (95% CIl 0.7% to 4.3%). The main limitation of this study is that it did not enroll the pre-
planned number of 750 patients in each study arm due to declining recruitment rate.

Conclusions

Our results show that application of the VPM in all patients with unprovoked VTE is unlikely
to reduce overall recurrence risk. Yet, in those with a low predicted risk of recurrence, the
observed rate was also low, suggesting that it might be safe to stop anticoagulant treatment
in these patients.

Trial registration
Netherlands Trial Register NTR2680

Author summary

Why was this study done?

o Patients with clots in the leg or lung without a clear explanation are treated with
anticoagulants.

o After the initial treatment phase is complete (after 3-6 months), a relatively large group
of patients will then experience new clots if treatment is then discontinued.

« Physicians struggle with identifying the group of patients in need of prolonged anticoag-
ulant treatment, which can be protective for recurrent clots, yet also inherently intro-
duces bleeding risk.

What did the researchers do and find?

o The researchers performed a randomized trial comparing the use of a prediction tool
with usual care.

o This prediction tool can help identify patients at increased risk of recurrent clots. Treat-
ment can then be tailored accordingly.

o The study found that, overall, the risk of recurrent clots was not reduced by applying
this tool. The prediction tool, however, was able to identify a group of patients with a
low risk of recurrent clots.
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What do these findings mean?

» On a population level, the researchers were unable to find a difference in the risk of
recurrent clots by using this prediction tool.

o The study, however, did suggest that it might be safe to stop anticoagulant treatment
after the initial treatment phase in those with a low predicted risk of recurrent clots.

Introduction

Venous thromboembolism (VTE)—i.e., deep vein thrombosis (DVT) or pulmonary embolism
(PE)—is a major healthcare burden [1]. An initial course of treatment for 3 to 6 months is rec-
ommended to prevent clot progression and VTE-related acute morbidity and mortality. After
this initial phase, prolonging anticoagulant treatment reduces recurrence risk but at the price
of increasing bleeding risk. Notably, patients with unprovoked VTE may benefit from pro-
longing treatment as it is widely appreciated that recurrence risk in them is highest [2]. How-
ever, both recurrent VTE events and major bleeding—reduced and induced by prolonged
anticoagulation, respectively—carry a substantial mortality and morbidity risk. Clinically it is
often difficult to balance both risks optimally on an individual level.

A Cochrane review with meta-analysis reported that currently there is insufficient evidence
to support prolonging anticoagulant treatment in all patients with unprovoked VTE [3]. The
main reason for this is that VTE recurrence risk in the mixed population of patients with
unprovoked VTE is too heterogeneous. Ideally, therapeutic decision-making in these patients
should be guided by individualized risks, whereby prolonging treatment is only considered in
those with a high expected recurrence risk.

We therefore designed the VISTA study. The primary aim was to evaluate the effect of a
risk-tailored patient management approach, compared to usual care, in an open-label, prag-
matic randomized trial. The risk-based treatment approach included the use of the previously
developed Vienna Prediction Model (VPM). This prognostic model predicts VTE recurrence
risk in patients with unprovoked VTE [4], and based on this predicted risk, anticoagulant
treatment was only continued if the predicted annualized risk was equal to or higher than 5%.
This index strategy was compared with usual care as control strategy, which at the time of
VISTA enrollment consisted of stopping anticoagulant treatment after the initial treatment
phase in most patients, yet left this decision at the discretion of the treating physician. A sec-
ondary aim was to externally validate the VPM in a different setting and country from where it
was derived (i.e., Austria) for its ability to predict VTE recurrence in terms of discrimination
and calibration.

Methods
Trial design and ethical approval

VISTA was an investigator-initiated, multi-center, pragmatic, unblinded randomized trial.
Patients were recruited by local thrombosis services in the Netherlands (in Utrecht, Harder-
wijk, Ede, Amersfoort, Zwolle, Hilversum, Rotterdam, Deventer, and Enschede). The trial was
designed and overseen centrally at the University Medical Center Utrecht, the Netherlands.
The study protocol was approved by the medical ethics research committee from the
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University Medical Center Utrecht, and the trial was registered in the Netherlands Trial Regis-
ter (https://www.trialregister.nl) with registration number NTR2680. The protocol is available
in S1 Text. The trial was performed in accordance with the principles of the Declaration of
Helsinki. All participants provided written informed consent. Throughout this paper, we
adhere to the CONSORT reporting guidelines for randomized controlled clinical trials (see S1
CONSORT Checklist) [5].

Participants

Adult patients (age 18 years or higher) with unprovoked VTE were eligible for participation in
this trial. Patients were recruited by 9 thrombosis services throughout the Netherlands (in
Utrecht, Harderwijk, Ede, Amersfoort, Zwolle, Hilversum, Rotterdam, Deventer, and
Enschede) between 22 July 2011 and 30 November 2015. Unprovoked was defined as the
patient having had no previous surgery (lasting longer than 30 minutes under general or spinal
anesthesia) or casting after lower-limb injury within 3 months prior to the VTE event, and not
being pregnant or in puerperium (up to 6 weeks postpartum). Oral-contraceptive-related VIE
in female patients was allowed, given the uncertainty whether these events should be classified
as provoked or unprovoked [6,7]. Patients with a history of VTE within the past 10 years were
excluded, as were patients with an active malignancy (i.e., latest treatment less than 6 months
prior to the VTE event or in palliative care): In both of these patient groups, there is not much
debate that recurrence risk is high, warranting prolonged anticoagulant treatment. Finally,
patients were also excluded from participation in this trial if there was a clear other indication
for anticoagulant treatment at the time of the VTE event, such as atrial fibrillation or prosthetic
heart valves.

Randomization and blinding

All participants included in the study first followed an initial treatment course with vitamin K
antagonists for 3 to 6 months, after low-molecular-weight heparin (LMWH) lead-in. Shortly
before the end of this initial treatment phase—i.e., after 3-6 months for most patients—partici-
pants were randomized 1:1 to the index strategy (risk-tailored approach) or the control strat-
egy (usual care). Patients were deliberately randomized at the end of the initial treatment
phase because in some patients new clinical circumstances—such as diagnosis of an occult
malignancy during the first treatment months—may dictate whether or not prolonged treat-
ment is potentially recommendable. Blocked randomization was performed within strata for
center and for type of VTE. Blinding of the participants and treating physicians was not possi-
ble given the pragmatic nature of this study and the index strategy.

Index group

In the risk-tailored management strategy, the VPM was used to estimate the risk (or probabil-
ity) of recurrence. The 3 predictors of the model were measured from each patient randomized
to the index strategy and were used to estimate the patient’s recurrence risk. These predictors
are the extent of VTE (defined as distal DVT, proximal DVT, or PE), patient sex, and D-dimer
concentration (on a continuous scale measured as micrograms/liter). Results from this risk
prediction were communicated over phone to the patient, followed by a discussion on the clin-
ical consequences of this risk. Subsequently, the treating physician was informed, along with
being given an explanation of the risk model used. These phone conversations were performed
by the 2 medical doctors (GJG or JMTH) with knowledge of prediction research and thrombo-
sis management. For an illustration of how the model was applied to individual patients, see
http://www.meduniwien.ac.at/user/georg.heinze/zipfile/ ViennaPredictionModel html.
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Based upon consensus from the Scientific and Standardization Committee (SSC) of the
International Society on Thrombosis and Haemostasis (ISTH), extending treatment in the
index group was recommended only if the annualized predicted risk of recurrence was equal
to or higher than 5%. Otherwise, treatment was discontinued [8]. We explicitly opted for a so-
called model-assisted treatment recommendation (in which both the patient and treating phy-
sician discussed the predicted risk to determine whether or not to continue in shared decision-
making), instead of a directive or enforced recommendation [9].

Risk estimation was performed twice, namely shortly before treatment cessation at the end
of the initial treatment period (thus while still using anticoagulant treatment; VPM 1) and
approximately 1 month after treatment cessation (VPM 2). This second assessment was done
because D-dimer levels can be lowered by the use of anticoagulant treatment, thus falsely lead-
ing to lower predicted risk of VTE recurrence (higher D-dimer levels correlate with higher
risk). This second assessment was skipped if the first risk estimation already identified a
patient as high risk.

Control group

In patients randomized to the control group, usual care was followed. This meant that the deci-
sion to stop or prolong anticoagulant treatment after the initial treatment phase was left at the
discretion of the treating physician and patient, conforming to prevailing current care. This
was thus without a formally guided risk estimation and communication.

Outcome measures

The primary outcome was the occurrence of recurrent VIE during 24 months of follow-up
after randomization, thus during the 24 months after the completion of the initial anticoagu-
lant treatment phase. Recurrent VTE was defined as proximal DVT or fatal or nonfatal PE, as
confirmed by compression ultrasonography for DVT and by computer tomographic pulmo-
nary angiography (CTPA) for PE, accompanied by management with anticoagulation treat-
ment. Outcome assessment was done after scrutinizing all available hospital discharge
information. Given the pragmatic nature of our trial, outcomes were not adjudicated blinded
to randomized allocation.

Secondary outcomes were the occurrence of major bleeding and clinically relevant non-
major (CRNM) bleeding, as reported by the patient or treating physician. Prompted by the
reporting of bleeding by either the patient or his/her physician, bleeding was classified as
major if it was retroperitoneal or intracranial bleeding, was accompanied by a lowering of
hemoglobin level of at least 20 g/1, or resulted in transfusion of at least 2 units of blood, surgical
intervention, or invasive procedures to stop the bleeding. Data on CRNM bleeding (all bleed-
ing events not meeting the criteria stated above for which a physician consultation was needed,
e.g., epistaxis, large hematoma, or rectal bleeding) were collected by questionnaires sent to
patients by mail.

Follow-up appointments

Patients were followed up by phone at 3, 12, and 24 months after randomization, thus for 24
months in total after the completion of the initial treatment phase of (typically) 3-6 months.
They were also instructed to call a research nurse in case of a potential recurrent VTE event,
bleeding event, or any other serious adverse event. When we were unable to reach patients
over the phone at one of the follow-up time points, we contacted their primary care provider
to collect clinical information on the occurrence of recurrent VTE and bleeding. If a recurrent
event was suspected, i.e., either spontaneously reported by the patient or detected during one
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of the scheduled contacts, all additional clinical data were retrieved including information
from general practitioners and hospital discharge information. Next, if such medical informa-
tion clearly indicated recurrent DVT or recurrent PE (using our above-described definitions),
a patient was classified as having had a recurrent event, after which follow-up was
discontinued.

Statistical analyses and power calculations

In a randomized trial on D-dimer-guided duration of anticoagulant treatment, patients with a
persisting (over 1 month) positive D-dimer test after the initial treatment phase (i.e., “high risk
patients”) were randomized to prolonged (intervention) or discontinued anticoagulant treat-
ment (control) [10]. In this study, the observed occurrences (during a median follow-up of 18
months) of recurrent VTE in the index versus control group were 15.0% versus 2.9%, with a
risk reduction of more than 80% with the intervention [10]. We used a different design in
which we randomized patients to whether or not a risk-based strategy was applied, thereby
also including patients with a low predicted risk. Accordingly, we assumed a lower risk reduc-
tion than 80%, namely 50%. We conservatively estimated the occurrence of recurrent VTE in
our control group would be 7% during follow-up. Thus, at a 2-sided alpha of 0.05 and a power
of 80%, 692 patients in each treatment arm were needed given our assumed relative risk reduc-
tion of 50%, leading to a target population of 750 patients per treatment arm allowing for loss
to follow-up.

The primary analysis (following the intention to treat [ITT] principle) compared the inci-
dence of VTE recurrence within 24 months after the initial anticoagulant therapy phase—in
both patient groups, presented as a risk ratio, as well as a risk difference (both with corre-
sponding 95% confidence intervals). Both the risk ratio and the risk difference were estimated
with generalized linear models for binomial distributions with the log link and identity link,
respectively. Next, given that we had an assistive risk-based index approach, we also wanted to
explore non-adherence to the recommended treatment strategy. This secondary analysis was
not preplanned in the protocol, but was deemed informative by the study group to explore
treatment effectiveness in those more likely to be adherent to the intervention strategy. We
first fitted a propensity score model (in the intervention group only) with protocol non-adher-
ence as binary outcome, defined as either not obtaining a D-dimer measurement or not fol-
lowing the treatment recommendation from the VPM. We applied logistic regression analysis,
using the prognostic factors from the VPM as predictors (for D-dimer concentration using
natural cubic splines as the association between D-dimer concentration and non-adherence
was not linear), in addition to oral contraceptive use given the imbalance between groups (see
S1 Table). The resulting propensity score model was then applied in all patients to estimate the
probability of protocol non-adherence in both arms of the trial for each imputed dataset sepa-
rately [11]. Next, the primary ITT analysis was repeated, comparing patients in the interven-
tion and control arms with a similar estimated high probability of protocol adherence, i.e.,
patients within the 75th quartile of predicted probability of protocol adherence, thus keeping
the randomization status in place.

Additionally, we evaluated the predictive performance of the VPM. For this analysis, we
used only the data of patients in the index and control groups who did not prolong anticoagu-
lant treatment, to account for the treatment effect of anticoagulation on the incidence of the
outcome. Discrimination and calibration were assessed using the c-statistic and a calibration
plot for the outcome at 12 months of follow-up, using the baseline hazard function of the VPM
at this time point, which we received from the authors of the original publication. This was
done deliberately as thereby we explicitly used the same baseline hazard and prediction model

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003142  June 26, 2020 6/17


https://doi.org/10.1371/journal.pmed.1003142

PLOS MEDICINE

Clinical effects of estimating recurrence risk in VTE patients

that was used in the original derivation paper as well as in the index arm of our trial, as there
also the predicted risk of recurrent VTE at 12 months (>5% versus <5%) was used to recom-
mend decisions on prolonged treatment. Finally, post hoc and prompted by the reviewers from
PLOS Medicine and using the full spectrum of 24 months of trial follow-up, we plotted the
observed risk of recurrent VTE in a Kaplan—-Meier graph for different predicted risks of recur-
rent VTE based upon the VPM (i.e., for an annualized predicted risk of 0% to 2%, >2% to 4%,
>4% to 5%, and above 5%). These additional analyses are described in more detail in S2 Text.

Missing values

Both for the explorative analysis of the impact of non-adherence to the recommended strategy
based upon the VPM (fitting of the propensity model, see above) and for the validation analy-
sis of the VPM, missing values for D-dimer concentration were imputed using chained equa-
tions. D-dimer concentration was missing in 251 patients (28.4%), and these missing values
were imputed using all available information including the patients’ baseline characteristics as
well as the observed outcome. Ten imputed sets were created, and the results of analyses were
pooled based on methodological recommendations.

Results

In total 957 patients were deemed potentially eligible for inclusion. After an initial treatment
phase, which lasted 3 to 6 months in the vast majority of patients, 883 patients were random-
ized to the intervention (n = 441) or control (n = 442) (Fig 1). The study did not enroll the pre-
planned number of 750 patients per treatment arm. Declining patient accrual into the study,
mainly due to the changing anticoagulant landscape with the introduction of non-vitamin K
antagonist oral anticoagulants (NOACs), which are not managed by thrombosis services in the
Netherlands, in addition to budget constraints, prevented us from continuing inclusion into
the trial. In close collaboration with our data and safety monitoring board, as well as the grant-
ing organization, we therefore decided to end inclusion on 30 November 2015. Thus, given
that patients were treated first for 3-6 months, after which they were randomized and followed
up for 24 months, follow-up of all study participants was complete in early 2018.

Mean age of the included 883 patients was 55 years, and in total 443 patients (218 in the
index group and 216 in the control group) had proximal or distal DVT as the index event, and
440 patients had PE with or without DVT. Patient characteristics were well balanced between
the groups (Table 1).

Outcomes and effect measures

During 24 months of follow-up, 96 recurrent proximal DVT or PE events were observed
(10.9%): 46 in the intervention arm (10.4%) and 50 in the control arm (11.3%), yielding a risk
ratio 0of 0.92 (95% CI 0.63 to 1.35, p = 0.67) and risk difference of —0.8% (95% CI —5.0% to
3.2%).

Major bleeding (after randomization) occurred in 4 patients (no fatal events): 2 major
bleeding events in the intervention arm (i.e., 0.5%, 95% CI 0.1%-1.6%) and 2 in the control
arm (i.e., 0.5%, 95% CI 0.1%-1.6%). CRNM bleeding occurred in 20 patients, 12 in the inter-
vention arm (i.e., 2.7%, 95% CI 1.4%-4.7%) and 8 in the control arm (i.e., 1.8%, 95% CI 0.8%-
3.5%), during any time point of follow-up. Based upon the VPM risk estimation, a total of 124
patients were labeled as having a high risk of recurrence and followed the VPM recommenda-
tion to continue anticoagulant treatment. During follow-up, this number gradually dropped to
111 patients still using anticoagulant treatment at the end of follow-up. In the control group a
smaller number of 65 patients, declining to 35 patients at the end of follow-up, also continued
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Excluded; N =74
Recurrent DVT before randomisation; n=1
Major bleeding before randomisation; n=1

Eligible patients
N =957

Study patients

Malignancy before randomisation; n=4
Clear indication for prolonged Rx; n=8
Clear indication for short Rx; n=10
Patient wish against randomisation; n=25

N =883
Physician against randomisation; n=25
v v
Control group Index group
N =442 N =441
i I No VPM 1 or 2 performed
Y N=6
Usual care ¥ VPM 1#
N=442 N=435
|
v v
Initially prolong Rx Stop Rx
N=62 N=373 Recurrent VTE
before VPM 2
i N=5@
,\A No VPM 2
Prolong Rx StopRx | | VPM 2 # N=40
N=57 N=5 N=333
v v
Prolong Rx Stop Rx
N= 67 N= 266
A A 4 A y A
Recurrent VTE Recurrent VTE Recurrent VTE Recurrent VTE
with usual care with prolonged with stopped in protocol
Rx: Rx: violations
50/442 (11.3%) 7/124 (5.6%) 25/266 (9.4%) 9/46 (19.6%)

Fig 1. Flow of patients in the study. VPM 1 performed shortly before treatment cessation at the end of the initial treatment period;
VPM 2 performed approximately 1 month after treatment cessation. ¥Usual care was left at the discretion of the treating physician;
median duration of treatment in this group was 6 months. “Not all patients followed VPM recommendation: 58 patients were non-
adherent (see main text). ®These patients had a recurrent VTE event shortly after VPM 1 and thus before VPM 2 (see S2 Table). DVT,
deep vein thrombosis; Rx, treatment; VPM, Vienna Prediction Model; VTE, venous thromboembolism.

https://doi.org/10.1371/journal.pmed.1003142.9001

anticoagulant treatment, not guided by a risk prediction model but rather under usual care at
the discretion of the treating physician (see Fig 2).

Rate of adherence to the trial regimen was—as would be expected—not 100%. In fact, 46
patients in the index group did not obtain any risk estimation, and an additional 58 patients
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Table 1. Patient characteristics of randomized patients.

Characteristic VPM patients Control patients
(n=441) (n=442)

Male sex 253 (57%) 254 (58%)
Age (years) 55 (14) 55 (14)
Diabetes mellitus 24 (5%) 30 (7%)
Previous cardiovascular disease 26 (6%) 31 (7%)
Index event

Isolated distal or proximal DVT 218 (49%) 216 (49%)

PE with or without DVT 223 (51%) 226 (51%)
Hormonal therapyS 90 (20%) 94 (21%)
Known thrombophilia 44 (10%) 36 (8%)
History of DVT or PE* 21 (5%) 21 (5%)
Initial treatment duration

3 to <6 months 425 (96%) 432 (98%)

6 to <12 months 16 (4%) 10 (2%)

Data are presented as number (%) or mean (standard deviation).

$Hormonal therapy included both oral contraceptive use and hormonal replacement therapy, for women only.
“History of DVT or PE more than 10 years ago.

DVT, deep vein thrombosis; PE, pulmonary embolism; VPM, Vienna Prediction Model.

https://doi.org/10.1371/journal.pmed.1003142.t001

were, for a variety of reasons, unable to comply with the treatment recommendation (i.e., a
total of 104 [23.6%]), leading to an adherence rate of 76.4% (Fig 1). These 104 patients were
defined as non-adherent in our secondary analysis. Using the 75th quartile of treatment adher-
ence from the propensity model yielded in our secondary analysis a risk ratio similar to that of
the primary analysis of 1.02 (95% CI 0.62 to 1.66).

Finally, 5 patients (1%) had a recurrent VTE event shortly after initial treatment was
stopped and after VPM 1, and as such did not receive VPM 2 (see S2 Table).

Predictive performance of the VPM

In the 694 patients from the index and control groups who did not receive prolonged treat-
ment, the VPM showed good discriminative performance, with a c-statistic of 0.76 (95% CI
0.69 to 0.83). However, the model underestimated recurrence risk around and above the
threshold of 5% (see Fig 3). For instance, among 134 patients with predicted probability of
>4% to 5%, the observed incidence of the outcome was 6.7% (95% CI 2.5% to 10.9%), which
we believe will be considered too high by many, although the 95% confidence interval here is
also relatively wide due to imprecision. At lower predicted risks, however, the model showed
good calibration, for instance exemplified by the observation that in the group with a predicted
risk of >2% to 4% (n = 284), the observed risk of recurrence was also low, at 2.5% (95% CI
0.7% to 4.3%) (see Fig 4).

Discussion

Main findings

The randomized VISTA trial was primarily set up to determine whether applying a risk predic-
tion model to estimate recurrence risk in patients with unprovoked VTE, with subsequent

risk-based tailoring of prolonged anticoagulant treatment, would lower the risk of recurrence
as compared to usual care. Our findings showed that we were unable to demonstrate such a
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reduction. In terms of predicting the risk of recurrent VTE, the VPM that we used showed
good discriminative power and moderate to good calibration, in particular at the clinically rel-
evant lower spectrum of predicted risk.

Comparison with existing literature

Other approaches exist to predict the risk of recurrence in unprovoked VTE, albeit only vali-
dated in prospective cohorts, thus without a control group. For instance, Rodger et al. reported
on the prospective application of the HERDOO?2 rule [12]. This rule classifies all men as high
risk (recommending prolonging anticoagulant treatment), and additionally all women with
the presence of 2 or more of the HERDOO?2 rule items (hyperpigmentation, edema, or redness
in either leg; D-dimer level > 250 pg/l; obesity [body mass index > 30 kg/m?]; or older age,
i.e., age > 65 years). The study enrolled a total of 2,785 participants, and in total 631 women
were classified as low risk (23% of the total study population). In this low-risk group, 591
women actually stopped anticoagulant treatment, and 17 of them had a recurrent VTE event,
yielding a recurrence rate of 3.0% per year (95% CI 1.8% to 4.8%). In another study by Kearon
et al.,, the D-dimer test was used to guide the decision of whether or not to extend anticoagu-
lant treatment [13]. In this study, a total of 410 patients were enrolled, and 319 patients had a
negative D-dimer test 1 month after treatment discontinuation (i.e., 78% of the total study
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population). These patients stopped antithrombotic treatment, and recurrent disease occurred
in 42 patients, for a yearly recurrence rate of 6.7% (95% CI 4.8% to 9.0%). Comparing these
observational cohorts with non-treated patients in our study, we observed that the VPM
showed good discriminative performance for estimating the risk of recurrent VTE. In particu-
lar, for patients with lower predicted risks (up to around 4%), the model showed good calibra-
tion. At higher predicted risk, the model underestimated recurrence risk in our population,
which, importantly, is similar to the results of a pooled individual participant data meta-analy-
sis externally validating the VPM, which also showed that the model tended to underestimate
recurrence risk in patients with unprovoked VTE [14]. Yet, should we define low risk as a pre-
dicted risk of recurrent VTE up to 4%, the VPM identified 47% (324 out of 694 patients) as
low risk. These findings thus compare favorably with the existing observational evidence, with
the important observation that the group identified as “low risk” is substantially larger for the
VPM as compared to the HERDOO?2 rule. Moreover, the observed yearly recurrence rate in
this group at a low predicted risk of recurrent VTE is lower when compared to “only” using D-
dimer level to guide treatment continuation, as was done in the study by Kearon et al.

Strengths and limitations

For full appreciation of our findings, several limitations should be discussed. A major strength
of our study is the randomized design. The sobering finding that we did not observe a differ-
ence in recurrence between a strategy of applying a prediction model versus usual care exem-
plifies that the impact of prediction models should also be studied in randomized trials.

Several factors may have contributed to the inability of our trial to detect a difference in
recurrence. First, the population included in our trial may be considered as being at relatively
low risk of recurrence. For instance, the observed risk of recurrence was only slightly higher
than 5% per year in the control group, albeit this may partly be explained by the fact that, in at
least part of the control group, treatment was prolonged. Additionally, we included women
with oral-contraceptive-related VTE, which could be considered debatable given that oral con-
traceptive use is currently seen as a minor transient risk factor in the most recent definitions
from ISTH [15].

Second, given the pragmatic nature of our trial, not all patients complied with the treatment
recommendation of the VPM. Similarly, some hospital specialists caring for patients in our
control group may have been influenced due to the trial participation of others of their
patients. Nevertheless, they did not receive any information on the result of D-dimer testing.
Yet obviously, both issues may dilute any effect that would be observed should all patients and
physicians have been “forced” to be compliant with our risk-tailored approach. Therefore, we
performed secondary (post hoc) analyses, which yielded similar results. For these secondary
analyses, we used a propensity-model-based approach, comparing patients (between the index
and control arms) above the 75th propensity quartile of being adherent. Albeit clinically an
intuitive approach, other more advanced statistical approaches exist, such as inverse probabil-
ity weighting [16]. Prompted by PLOS Medicine reviewer comments, we used these approaches
as well, which yielded very similar inferences (see S2 Text for these additional analyses).

Third, during study inclusion, patient accrual rates in our trial slowly dropped, likely due to
the introduction of NOAC treatment (which is not managed by thrombosis services, thus
these patients were not identified by our study-protocol-defined recruitment approach). This
changing anticoagulant landscape that occurred exactly during the conduct of the VISTA trial,
as well as budget constraints, prevented us from changing our study design or prolonging
patient accrual into our study. We believe our observations permit us to draw conclusions on
the effect size of implementing the VPM on recurrence risk in patients with unprovoked VTE,
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given that this effect size is at the line of unity. Moreover, our study sample did allow us to a
draw firm conclusion on the predictive performance of the VPM.

Fourth, recurrent VTE evens were classified after scrutinizing all available hospital dis-
charge information and as such were adjudicated in a non-blinded manner. Similarly, this was
a pragmatic trial, and we did not use blinded treatment. However, we believe the potential
influence of these biases is likely very low (or even negligible) in our trial. Hospital specialists
were not actively involved in this trial as participating study sites, nor was there any motive for
them to favor the outcomes in the intervention or control arm of our trial.

Finally, our analyses of the predictive performance of the VPM were restricted to those not
receiving anticoagulant treatment (n = 694), thus to relatively lower risk patients (as higher
risk patients were more likely to receive prolonged anticoagulant treatment). Therefore,
prompted by PLOS Medicine reviewer comments and to explore the potential influence of this
analysis approach on the predictive performance of the VPM, we performed 2 types of addi-
tional analyses: (i) including both treated and non-treated patients and (ii) using inverse prob-
ability weighting to account for the treatment effects of anticoagulant treatment [17]. These
analyses yielded similar inferences on the performance of the VPM (see S2 Text for detailed
explanation of these analyses).

Clinical applicability and research implications

Given our inability to demonstrate a reduction in recurrence risk by risk-stratifying care, and
in light of the publication of recent extended NOAC trials that showed superiority of extended
NOAC treatment over either placebo or aspirin for reducing recurrence risk in patients with
(mainly) unprovoked VTE, it may be tempting to consider prolonging anticoagulant treat-
ment in all patients with unprovoked VTE [18,19]. Nevertheless, in these trials, follow-up
duration was still limited and frail elderly were underrepresented, as were patients with a high
bleeding risk, all limiting generalizability to real-life clinical care. Moreover, our findings do
indicate that in a large proportion of patients (nearly half of the population included in our
trial), a low predicted risk (up to an annualized rate of 4%) is correlated with a similarly low
observed risk, suggesting that it might be safe to stop anticoagulant treatment. The threshold
for what then defines “low VTE recurrence risk,” or what residual recurrence risk is still
acceptable, is open for clinical debate. Prompted by PLOS Medicine reviewer comments, we
additionally explored the following hypothetical cohort of patients: Assume a hypothetical
cohort of 1,000 patients with unprovoked VTE. Based upon VISTA observations, 950, 600,
and 430 patients will be classified as having an annualized recurrence risk >2% to 4% (low
risk), >4% to 5% (moderate risk), or >5% (high risk). Using the observed rates of recurrence
from VISTA for these strata, as well as the known hazard ratio of 0.25 for prolonged anticoagu-
lant treatment (compared to placebo [18,19]), we can estimate the number of recurrent VTE
events for different treatment strategies over a time period of 5 years. Similarly, this can be
done for the number of bleeding events, assuming 3 different major bleeding rates (0.5%/year,
1.0%/year, and 1.5%/year). See S3 Table and S2 Text for further and detailed explanation.
Next, we can plot the number of additional VTE and major bleeding events induced by pro-
longing anticoagulant treatment for certain risk thresholds above which patients are recom-
mended to prolong treatment. In Fig 5, it may be appreciated that this threshold should
perhaps be somewhere around 3% to 4%, as then the number of additional VTE events
induced because we treat fewer patients is more or less the same as the number of additional
bleeding events that occur given that antithrombotic treatment strategy. This threshold is
lower than 5%, which is currently still the recommended threshold of “low risk” as defined by
ISTH standards. Also, we should acknowledge that in particular at this threshold of 5%, the
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VPM is less well calibrated, further exemplifying that perhaps a threshold of 3% or 4% is more
likely to be clinically meaningful.

Conclusions

Our results show that an assistive risk-based treatment strategy in all patients with unprovoked
VTE is unlikely to reduce recurrence risk as compared to usual care. In those with a low pre-
dicted risk as estimated by the VPM, the observed recurrence rate is similarly low, suggesting
that it might be safe to stop anticoagulant treatment in these patients.
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know from the NOAC extension trials that these risks of recurrent VTE can be lowered with
NOAC treatment, with an observed hazard ratio in these trials of about 0.25, thus yielding
annualized rates of recurrent VTE, if managed with prolonged NOAC treatment, of 0.0%,
0.63%, 1.68%, and 3.6%, respectively. Now, let’s assume the annualized rates of recurrent VTE
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ios: (i) prolong treatment in all patients, (ii) prolong only if the estimated risk of recurrence is
>2%, (iii) prolong only if the estimated risk of recurrence is >4%, (iv) prolong only if the esti-
mated risk of recurrence is >5%, or (v) do not prolong anticoagulant treatment in any
patients. In fact, the number of recurrent VTE events for these scenarios would be 103, 103,
135, 178, and 410 events, or, compared to prolonging treatment in all patients (first scenario),
0, 0, 33, 76, and 308 additional events, respectively. Similarly, we can estimate the number of
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0.5%/year, 1.0%/year, and 1.5%/year. Over a 5-year period, we can then calculate the number
of major bleeding events for these different rates of major bleeding.

(DOCX)

S1 Text. Protocol of the VISTA trial as approved by the ethics committee.
(PDF)

S2 Text. Detailed explanation of additional analyses prompted by reviewers from PLOS
Medicine.
(DOCX)

Acknowledgments

The authors would like to thank Anna E. C. Kingma for her help in data collection, as well as
all patients and physicians, and the participating thrombosis services for their collaboration
while conducting this trial.

Author Contributions

Conceptualization: Ruud Oudega, Roger E. G. Schutgens, Karel G. M. Moons.

Data curation: Geert-Jan Geersing.

Formal analysis: Geert-Jan Geersing, Nicolaas P. A. Zuithoff, Kit C. Roes, Toshihiko Takada.

Funding acquisition: Geert-Jan Geersing, Ruud Oudega, Roger E. G. Schutgens, Karel G. M.
Moons.

Investigation: Geert-Jan Geersing, Janneke M. T. Hendriksen.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003142  June 26, 2020 15/17


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003142.s004
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003142.s005
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1003142.s006
https://doi.org/10.1371/journal.pmed.1003142

PLOS MEDICINE

Clinical effects of estimating recurrence risk in VTE patients

Methodology: Geert-Jan Geersing, Kit C. Roes, Toshihiko Takada, Karel G. M. Moons.

Project administration: Geert-Jan Geersing, Janneke M. T. Hendriksen.

Supervision: Geert-Jan Geersing, Nicolaas P. A. Zuithoff, Kit C. Roes.

Validation: Geert-Jan Geersing.

Writing - original draft: Geert-Jan Geersing.

Writing - review & editing: Janneke M. T. Hendriksen, Nicolaas P. A. Zuithoff, Kit C. Roes,

Ruud Oudega, Toshihiko Takada, Roger E. G. Schutgens, Karel G. M. Moons.

References

1.

10.

11.

12

13.

14.

Willich SN, Chuang L-H, van Hout B, Gumbs P, Jimenez D, Kroep S, et al. Pulmonary embolism in
Europe—burden of iliness in relationship to healthcare resource utilization and return to work. Thromb
Res. 2018; 170:181-91. https://doi.org/10.1016/j.thromres.2018.02.009 PMID: 30199784

Prandoni P, Noventa F, Ghirarduzzi A, Pengo V, Bernardi E, Pesavento R, et al. The risk of recurrent
venous thromboembolism after discontinuing anticoagulation in patients with acute proximal deep vein
thrombosis or pulmonary embolism. A prospective cohort study in 1,626 patients. Haematologica.
2007; 92:199-205. https://doi.org/10.3324/haematol. 10516 PMID: 17296569

Robertson L, Yeoh SE, Ramli A. Secondary prevention of recurrent venous thromboembolism after ini-
tial oral anticoagulation therapy in patients with unprovoked venous thromboembolism. Cochrane Data-
base Syst Rev. 2017; 12:CD011088. https://doi.org/10.1002/14651858.CD011088.pub2 PMID:
29244199

Eichinger S, Heinze G, Jandeck LM, Kyrle PA. Risk assessment of recurrence in patients with unpro-
voked deep vein thrombosis or pulmonary embolism. Circulation. 2010; 121:1630-6. https://doi.org/10.
1161/CIRCULATIONAHA.109.925214 PMID: 20351233

Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 statement: updated guidelines for report-
ing parallel group randomized trials. Ann Intern Med. 2010; 152:726-32. https://doi.org/10.7326/0003-
4819-152-11-201006010-00232 PMID: 20335313

Moigne EL, Delluc A, Tromeur C, Nowak E, Mottier D, Lacut K, et al. Risk of recurrent venous thrombo-
embolism among young women after a first event while exposed to combined oral contraception versus
not exposed to: a cohort study. Thromb Res. 2013; 132:51-5. https://doi.org/10.1016/j.thromres.2013.
05.028 PMID: 23786893

Klok FA, Schreiber K, Stach K, Ageno W, Middeldorp S, Eichinger S, et al. Oral contraception and men-
strual bleeding during treatment of venous thromboembolism: expert opinion versus current practice:
combined results of a systematic review, expert panel opinion and an international survey. Thromb Res.
2017;153:101-7. https://doi.org/10.1016/j.thromres.2017.03.013 PMID: 28376343

Kearon C, lorio A, Palareti G. Risk of recurrent venous thromboembolism after stopping treatment in
cohort studies: recommendation for acceptable rates and standardized reporting. J Thromb Haemost.
2010; 8:2313-5. https://doi.org/10.1111/].1538-7836.2010.03991.x PMID: 20738761

Moons KGM, Altman DG, Vergouwe Y, Royston P. Prognosis and prognostic research: application and
impact of prognostic models in clinical practice. BMJ. 2009; 338:b606. https://doi.org/10.1136/bmj.b606
PMID: 19502216

Palareti G, Cosmi B, Legnani C, Tosetto A, Brusi C, lorio A, et al. D-dimer testing to determine the dura-
tion of anticoagulation therapy. N Engl J Med. 2006; 355:1780-9. https://doi.org/10.1056/
NEJMoa054444 PMID: 17065639

Austin PC. The performance of different propensity score methods for estimating marginal hazard
ratios. Stat Med. 2013; 32:2837—49. https://doi.org/10.1002/sim.5705 PMID: 23239115

Rodger MA, Gal GL, Anderson DR, Schmidt J, Pernod G, Kahn SR, et al. Validating the HERDOO2 rule
to guide treatment duration for women with unprovoked venous thrombosis: multinational prospective
cohort management study. BMJ. 2017; 356:j1065. https://doi.org/10.1136/bmj.j1065 PMID: 28314711

Kearon C, Spencer FA, O’Keeffe D, Parpia S, Schulman S, Baglin T, et al. D-dimer testing to select
patients with a first unprovoked venous thromboembolism who can stop anticoagulant therapy. Ann
Intern Med. 2015; 162:27. https://doi.org/10.7326/M14-1275 PMID: 25560712

Marcucci M, lorio A, Douketis JD, Eichinger S, Tosetto A, Baglin T, et al. Risk of recurrence after a first
unprovoked venous thromboembolism: external validation of the Vienna Prediction Model with pooled
individual patient data. J Thromb Haemost. 2015; 13:775-81. https://doi.org/10.1111/jth.12871 PMID:
25660555

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003142  June 26, 2020 16/17


https://doi.org/10.1016/j.thromres.2018.02.009
http://www.ncbi.nlm.nih.gov/pubmed/30199784
https://doi.org/10.3324/haematol.10516
http://www.ncbi.nlm.nih.gov/pubmed/17296569
https://doi.org/10.1002/14651858.CD011088.pub2
http://www.ncbi.nlm.nih.gov/pubmed/29244199
https://doi.org/10.1161/CIRCULATIONAHA.109.925214
https://doi.org/10.1161/CIRCULATIONAHA.109.925214
http://www.ncbi.nlm.nih.gov/pubmed/20351233
https://doi.org/10.7326/0003-4819-152-11-201006010-00232
https://doi.org/10.7326/0003-4819-152-11-201006010-00232
http://www.ncbi.nlm.nih.gov/pubmed/20335313
https://doi.org/10.1016/j.thromres.2013.05.028
https://doi.org/10.1016/j.thromres.2013.05.028
http://www.ncbi.nlm.nih.gov/pubmed/23786893
https://doi.org/10.1016/j.thromres.2017.03.013
http://www.ncbi.nlm.nih.gov/pubmed/28376343
https://doi.org/10.1111/j.1538-7836.2010.03991.x
http://www.ncbi.nlm.nih.gov/pubmed/20738761
https://doi.org/10.1136/bmj.b606
http://www.ncbi.nlm.nih.gov/pubmed/19502216
https://doi.org/10.1056/NEJMoa054444
https://doi.org/10.1056/NEJMoa054444
http://www.ncbi.nlm.nih.gov/pubmed/17065639
https://doi.org/10.1002/sim.5705
http://www.ncbi.nlm.nih.gov/pubmed/23239115
https://doi.org/10.1136/bmj.j1065
http://www.ncbi.nlm.nih.gov/pubmed/28314711
https://doi.org/10.7326/M14-1275
http://www.ncbi.nlm.nih.gov/pubmed/25560712
https://doi.org/10.1111/jth.12871
http://www.ncbi.nlm.nih.gov/pubmed/25660555
https://doi.org/10.1371/journal.pmed.1003142

PLOS MEDICINE

Clinical effects of estimating recurrence risk in VTE patients

15.

16.

17.

18.

19.

Kearon C, Ageno W, Cannegieter SC, Cosmi B, Geersing G- J, Kyrle PA, et al. Categorization of
patients as having provoked or unprovoked venous thromboembolism: guidance from the SSC of ISTH.
J Thromb Haemost. 2016; 14:1480-3. https://doi.org/10.1111/jth.13336 PMID: 27428935

Hernan MA, Robins JM. Per-protocol analyses of pragmatic trials. N Engl J Med. 2017; 377:1391-8.
https://doi.org/10.1056/NEJMsm1605385 PMID: 28976864

Pajouheshnia R, Peelen LM, Moons KGM, Reitsma JB, Groenwold RHH. Accounting for treatment use
when validating a prognostic model: a simulation study. BMC Med Res Methodol. 2017; 17:103. https://
doi.org/10.1186/512874-017-0375-8 PMID: 28709404

Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, et al. Apixaban for extended treatment
of venous thromboembolism. N Engl J Med. 2013; 368:699-708. https://doi.org/10.1056/
NEJMoa1207541 PMID: 23216615

Weitz JI, Lensing AWA, Prins MH, Bauersachs R, Beyer-Westendorf J, Bounameaux H, et al. Rivaroxa-
ban or aspirin for extended treatment of venous thromboembolism. N Engl J Med. 2017; 376:1211-22.
https://doi.org/10.1056/NEJMoa1700518 PMID: 28316279

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003142  June 26, 2020 17/17


https://doi.org/10.1111/jth.13336
http://www.ncbi.nlm.nih.gov/pubmed/27428935
https://doi.org/10.1056/NEJMsm1605385
http://www.ncbi.nlm.nih.gov/pubmed/28976864
https://doi.org/10.1186/s12874-017-0375-8
https://doi.org/10.1186/s12874-017-0375-8
http://www.ncbi.nlm.nih.gov/pubmed/28709404
https://doi.org/10.1056/NEJMoa1207541
https://doi.org/10.1056/NEJMoa1207541
http://www.ncbi.nlm.nih.gov/pubmed/23216615
https://doi.org/10.1056/NEJMoa1700518
http://www.ncbi.nlm.nih.gov/pubmed/28316279
https://doi.org/10.1371/journal.pmed.1003142

