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Abstract

Background

The efficacy, safety, and clinical importance of extended-duration thromboprophylaxis
(EDT) for prevention of venous thromboembolism (VTE) in medical patients remain unclear.
We compared the efficacy and safety of EDT in patients hospitalized for medical iliness.

Methods and findings

Electronic databases of PubMed/MEDLINE, EMBASE, Cochrane Central, and Clinical-
Trials.gov were searched from inception to March 21, 2019. We included randomized clini-
cal trials (RCTs) reporting use of EDT for prevention of VTE. We performed trial sequential
and cumulative meta-analyses to evaluate EDT effects on the primary efficacy endpoint of
symptomatic VTE or VTE-related death, International Society on Thrombosis and Haemos-
tasis (ISTH) major or fatal bleeding, and all-cause mortality. The pooled number needed to
treat (NNT) to prevent one symptomatic or fatal VTE event and the number needed to harm
(NNH) to cause one major or fatal bleeding event were calculated.

Across 5 RCTs with 40,247 patients (mean age: 67—77 years, proportion of women:
48%—54%, most common reason for admission: heart failure), the duration of EDT ranged
from 24—47 days. EDT reduced symptomatic VTE or VTE-related death compared with
standard of care (0.8% versus 1.2%; risk ratio [RR]: 0.61, 95% confidence interval [CI]:
0.44-0.83; p=0.002). EDT increased risk of ISTH major or fatal bleeding (0.6% versus
0.3%; RR: 2.04, 95% CI: 1.42-2.91; p < 0.001) in both meta-analyses and trial sequential
analyses. Pooled NNT to prevent one symptomatic VTE or VTE-related death was 250
(95% CI: 167-500), whereas NNH to cause one major or fatal bleeding event was 333 (95%

PLOS Medicine | https://doi.org/10.1371/journal.pmed. 1002797  April 29, 2019

1/15


http://orcid.org/0000-0002-4605-0797
http://orcid.org/0000-0001-9476-9264
http://orcid.org/0000-0001-8683-7044
https://doi.org/10.1371/journal.pmed.1002797
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002797&domain=pdf&date_stamp=2019-04-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002797&domain=pdf&date_stamp=2019-04-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002797&domain=pdf&date_stamp=2019-04-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002797&domain=pdf&date_stamp=2019-04-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002797&domain=pdf&date_stamp=2019-04-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002797&domain=pdf&date_stamp=2019-04-29
https://doi.org/10.1371/journal.pmed.1002797
https://doi.org/10.1371/journal.pmed.1002797
http://creativecommons.org/licenses/by/4.0/

@’PLOS ‘ MEDICINE

Extended thromboprophylaxis after hospitalization for medical illness

UL1TR001417. MV is supported by the KL2/
Catalyst Medical Research Investigator Training
award from Harvard Catalyst (NIH/NCATS Award
UL 1TR002541) and serves on advisory boards for
Amgen, AstraZeneca, Bayer AG, and Baxter
Healthcare. AQ is supported by the NHLBI T32
postdoctoral training grant (T32HL007604) and the
American Heart Association Strategically Focused
Research Network in Vascular Disease grant
(18SFRN3390085). JB has received research
support from the NIH and European Union and has
been a consultant for Amgen, AstraZeneca, Bayer,
Boehringer Ingelheim, Bristol-Myers Squibb, CVRX,
Janssen, Luitpold Pharmaceuticals, Medtronic,
Merck, Novartis, Relypsa, Vifor Pharma, and ZS
Pharma. SZG receives honoraria for consulting
activities from Bayer, Boehringer Ingelheim, BMS,
Daiichi Sankyo, Janssen, Portola, Agile, eXIthera,
and Soleno and receives research support from
Bi02 Medical; Boehringer Ingelheim; BMS; BTG
EKOS; Daiichi; the National Heart, Lung, and Blood
Institute of the National Institutes of Health;
Janssen; and the Thrombosis Research Institute.
MRM is a consultant to Portola, Bayer, Janssen,
Abbott, Medtronic, NupulseCV and Fineheart. The
other authors have declared that no competing
interests exist.

Abbreviations: ADOPT, Apixaban Dosing to
Optimize Protection from Thrombosis; APEX,
Acute Medically Il Venous Prevention with
Extended Duration Betrixaban; Cl, confidence
interval; CrCl, creatinine clearance; DVT, deep vein
thrombosis; EDT, extended-duration
thromboprophylaxis; EXCLAIM, Extended
Prophylaxis for Venous ThromboEmbolism in
Acutely Il Medical Patients With Prolonged
Immobilization; ISTH, International Society on
Thrombosis and Haemostasis; MAGELLAN,
Multicenter, Randomized, Parallel Group Efficacy
and Safety Study for the Prevention of Venous
Thromboembolism in Hospitalized Acutely Ill
Medical Patients Comparing Rivaroxaban with
Enoxaparin; MARINER, Medically Il Patient
Assessment of Rivaroxaban versus Placebo in
Reducing Post-Discharge Venous Thrombo-
Embolism Risk; MeSH, Medical Subject Headings;
NNH, number needed to harm; NNT, number
needed to treat; NR, not recorded; NYHA, New
York Heart Association; PRISMA, Preferred
Reporting ltems for Systematic Reviews and Meta-
Analyses; RCT, randomized clinical trial; RoB, risk
of bias; RR, risk ratio; SD, standard deviation; SDT,
standard-duration thrombosis; VTE, venous
thromboembolism.

Cl: 200-1,000). Limitations of the study include variation in enrollment criteria, individual
therapies, duration of EDT, and VTE detection protocols across included trials.

Conclusions

In this systematic review and meta-analysis of 5 randomized trials, we observed that use of
a post-hospital discharge EDT strategy for a 4-to-6-week period reduced symptomatic or
fatal VTE events at the expense of increased risk of major or fatal bleeding. Further investi-
gations are still required to define the risks and benefits in discrete medically ill cohorts, eval-
uate cost-effectiveness, and develop pathways for targeted implementation of this
postdischarge EDT strategy.

Trial registration
PROSPERO CRD42018109151.

Author summary

Why was this study done?

o Current guidelines advocate for use of venous thromboembolism (VTE) prophylaxis
among hospitalized patients with an acute medical illness until discharge. However, the
risk of VTE persists and is cumulative in the postdischarge phase over the subsequent 4
to 6 weeks.

Several randomized clinical trials have evaluated the therapeutic effects of extended-
duration thromboprophylaxis (EDT) in attenuating the accumulated VTE risk.
Although reduction in VTE was seen in these trials, none of them individually demon-
strated superiority of EDT over standard of care.

Our principal aim was to evaluate the aggregate efficacy of EDT on clinically relevant
endpoints and to ascertain the robustness of efficacy signals balanced against the safety
of the EDT strategy.

What did the researchers do and find?

o We performed a systematic review, trial sequential analysis, and cumulative meta-analy-
sis to identify all randomized clinical trials (RCTs) that assessed EDT in medically ill
patients and evaluate the aggregate efficacy of EDT on clinically relevant endpoints. We
assessed the robustness of efficacy signals balanced against the safety of the EDT
strategy.

We identified 5 RCT's that compared EDT with standard of care in medically ill patients
requiring hospitalization, most commonly for heart failure.

« We observed that EDT reduced symptomatic VTE or VTE-related death compared with
standard of care at the expense of an increased risk of major or fatal bleeding in both
trial sequential and cumulative meta-analyses.
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What do these findings mean?

o A post-hospital discharge EDT strategy of anticoagulation for a 4-6 weeks period
reduces symptomatic or fatal VTE events in patients hospitalized for acute medical ill-
ness at the expense of increased risk of major or fatal bleeding. Further investigations
are required to define risks and benefits as well as cost-effectiveness within specific pop-
ulations of medically ill patients.

Introduction

Current guidelines advocate for the use of venous thromboembolism (VTE) prophylaxis in
hospitalized patients with an acute medical illness until the time of discharge [1]. However, the
risk of VTE persists and is cumulative in the postdischarge phase over the subsequent 4 to 6
weeks. Several randomized clinical trials (RCTs) have evaluated the therapeutic effects of
extended-duration thromboprophylaxis (EDT) in attenuating this accumulated VTE risk [2—-
4]. None of these trials, which now include the large MARINER (Medically Ill Patient Assess-
ment of Rivaroxaban versus Placebo in Reducing Post-Discharge Venous Thrombo-Embolism
Risk) trial, has convincingly demonstrated the superiority of EDT [5].

Previous meta-analyses have shown that EDT is associated with a reduction in VTE risk,
largely driven by a reduction in asymptomatic VTE events, a finding that is counterbalanced
by an increased propensity for bleeding complications [6-8]. Prior meta-analyses [7] and
RCTs [2-4,9] included asymptomatic deep vein thrombosis (DVT) in the postdischarge period
to establish the effect size for benefit. However, the clinical relevance of this endpoint may be
questioned since routine screening lower extremity venous ultrasound scans are not typically
performed in the postdischarge phase unless a clinical reason ensues. Furthermore, the evolu-
tion and prognosis of such asymptomatic thrombotic events remain uncertain.

Trials that measure treatment effects can demonstrate exaggerated effect sizes early in the
chain of evidence, a phenomenon referred to as the “proteus effect” [10,11] of sequential
accrual of information. It is important that evidence accrued from a large trial like MARINER
be examined in the context of sequential accumulation of data from the prior clinical trials [5].
Thus, our principal aim in this meta-analysis was to evaluate the aggregate efficacy of EDT on
clinically relevant endpoints and to ascertain the robustness of efficacy signals balanced against
the safety of the EDT strategy. To accomplish this, we employed trial sequential analysis tech-
niques to improve precision of effect sizes over time because data have continued to accumu-
late in the field of EDT.

Materials and methods

Because this was a systematic review and meta-analysis of published trial results, institutional
review board and ethics committee approval was not required.

Protocol and registration

Our review was registered with PROSPERO with the registration number CRD42018109151.
This study was conducted in accordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (S1 PRISMA checklist).
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[ Included ][ Eligibility ][ Screening ][ Identification]

Eligibility criteria

We included RCTs enrolling adult patients (>18 years of age) hospitalized for acute medical
illness and compared EDT with standard of care. We did not have any language exclusions.
The search strategy is detailed in the supporting information (S1 Search Strategy).

Search strategy and information sources

A systematic PubMed/MEDLINE, EMBASE, Cochrane Central, and ClinicalTrials.gov search
was performed from inception through March 21, 2019 using prospectively established criteria
(Fig 1) for RCTs of EDT in hospitalized medically ill patients. Of 403 records screened by 3
independent investigators (AQ, KG, and AG), 5 RCT's were eligible for final inclusion. Titles
and abstracts were screened initially, followed by full text retrieval of citations thought to be
potentially eligible. Any disagreements were resolved by consensus or through discussion with

the principal investigator (MRM).

Data collection process

MYV and AQ independently extracted data, and any inconsistencies were resolved by a third

investigator (NSB).

Data items

Data items extracted from each study included study characteristics, risk of bias (RoB) items,
demographic information, treatment details, follow-up, and outcomes of interest.

Total citations identified (n=403)
PubMed: 54
EMBASE: 170
Cochrane CENTRAL: 169
ClinicalTrials.gov: 10

y

Records not meeting inclusion during

abstract screening

(Duplicates, comments, and letter to editors)

(n=313)

Record abstracts screened (n=90)

Key Search Terms:
"Anticoagulants" OR "Heparin"
OR "Warfarin" OR “Enoxaparin"
OR "Rivaroxaban“ OR
“Edoxaban" OR “Betrixaban”
OR “Dabigatran” OR "Aspirin"
AND ("extended" OR "extended-
duration") AND ("Venous
Thromboembolism®)

Additional Limits (when
relevant): Trials, Human
Research Only, MeSH terms

A

Excl
8
37
24
3

7
5
1

uded (n=85)

Reviews

Post-Surgical thromboprophylaxis
Secondary prevention
Meta-analysis/sub-analysis/protocols
Sub-analysis/methodology protocols
Treatment of venous thrombosis
Stroke prevention

Unique trials included (n=5)

Fig 1. Flow diagram for study selection. MeSH, Medical Subject Headings.

https://doi.org/10.1371/journal.pmed.1002797.g001
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RoB in individual studies

RoB was assessed using the Cochrane RoB tool modified to capture the components of ran-
dom sequence generation, allocation concealment, blinding of participants, blinding of out-
come assessment, and analysis of incomplete outcome data.

Outcomes

The principal efficacy endpoint examined in this analysis was symptomatic VTE or VTE-
related death (S1 Table). We also extracted the primary efficacy endpoint selected by each trial,
which was a composite of DVT, nonfatal pulmonary embolism, or VTE-related death. How-
ever, some trials excluded asymptomatic VTE or distal DVT (Table 1). To investigate the safety
of EDT, we systematically evaluated the rates of major or fatal bleeding episodes as defined by
the International Society on Thrombosis and Haemostasis (ISTH) criteria [12]. The definitions
are detailed in S2 Table.

Synthesis of results

Meta-analysis and publication bias. Random effects modeling was used to estimate sum-
mary risk ratios (RRs) for all outcomes. Data were analyzed for heterogeneity using the I” sta-
tistic proposed by Higgins and Thompson; 95% confidence intervals (CIs) around I” statistic
were also estimated [13]. The Cochran’s Q, H-statistic, and Tau-squared using maximal likeli-
hood and restricted maximal likelihood models were also estimated. A two-sided p < 0.05 was
considered statistically significant. We intended to assess small study treatment effects using
funnel plot techniques, Egger’s regression test, and Duval and Tweedie trim and fill methods
as appropriate, given the known limitations of these methods [14,15]. Cumulative meta-analy-
ses were performed in accordance with study by Lau and colleagues [16]. Trial sequential anal-
ysis was used to quantify the statistical reliability of data in cumulative meta-analyses by
adjusting significance levels for sparse data and repetitive testing on accumulating data [17].
RoB for primary efficacy outcome was determined for each trial [18].

Trial sequential analysis. Most meta-analyses lack sufficient statistical power to detect
treatment effects even when they are large [17]. When the number of included participants or
trials is low, traditional meta-analytic techniques and statistical significance thresholds may
lead to false positive (type I errors) or false negative conclusions (type II errors). In these situa-
tions, the Lan-DeMets trial sequential monitoring boundaries in trial sequential analysis offer
adjusted CI when the required information size and the corresponding number of required tri-
als for the meta-analysis have not been reached. Trial sequential analysis provides a frequentist
approach to control both type I and type II errors. Several empirical studies have demonstrated
that the trial sequential analysis provides better control of type I errors and of type II errors
than traditional naive meta-analysis [17,19]. A cumulative Z-curve was plotted against the
accrued sample size. Lan-DeMets trial sequential boundary for benefit and harm were con-
structed, assuming the cumulative relative risk reduction for each outcome, o = 0.05, and f =
0.20.

We calculated the pooled number needed to treat (NNT) to prevent one symptomatic or
fatal VTE event and the number needed to harm (NNH) to cause one major or fatal bleeding
event. To estimate pooled NNT and NNH, random effects meta-analyses of risk difference
were performed, and the pooled estimates derived from these analyses were inverted [20]. All
analyses were performed using STATA V15.0 (College Station, TX, USA) statistical software.

Findings. The 5 RCTs [2-5,9] in this meta-analysis included 40,247 hospitalized medically
ill patients. The duration of EDT ranged from 24-47 days, while the comparison control group
typically used standard-duration thromboprophylaxis (range 6-14 days). Therapeutic
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Table 1. Study designs, treatment protocols, and baseline patient profiles across the EDT trials.

Trial MARINER [5] APEX [4] MAGELLAN [3] ADOPT [2] EXCLAIM [9]
Study design Randomized, Randomized double blind, Randomized double blind, Randomized double blind, | Randomized double
double blind, double dummy, multicenter double dummy, multicenter double dummy, multicenter | blind, multicenter
placebo-controlled,
multicenter

Treatment arm

Rivaroxaban 10 mg

Betrixaban 80 mg once daily

Rivaroxaban 10 mg once daily

Apixaban 2.5 mg twice daily

Enoxaparin 40 mg once

once dailyt daily
Comparison EDT (rivaroxaban) | EDT (betrixaban) EDT (rivaroxaban) EDT (apixaban) EDT (enoxaparin)
SDT (placebo) SDT (enoxaparin) SDT (enoxaparin) SDT (enoxaparin) SDT (enoxaparin)
Route of Oral Oral Oral Oral Subcutaneous
administration
Control arm Placebo Enoxaparin for 10 + 4 days Enoxaparin for 10 + 4 days Enoxaparin for duration of | Enoxaparin during
followed by placebo followed by placebo hospital stay for a minimum | hospitalization followed
of 6 days followed by by placebo
placebo
Duration of 45 35-42 35+4 30 28+4
anticoagulation
(days)
Primary efficacy Symptomatic VTE | Asymptomatic proximal DVT | Asymptomatic proximal DVT, | Asymptomatic proximal Symptomatic or
outcome or death related to | between days 32-47, symptomatic proximal or DVT, symptomatic asymptomatic proximal
VTE through day | symptomatic proximal or distal | distal DVT, symptomatic proximal or distal DVT, DVT, symptomatic PE,
45 DVT, symptomatic nonfatal nonfatal PE, or death related symptomatic nonfatal PE, or fatal PE
PE, or death related to VTE to VTE up to day 35 or death related to VTE
Primary safety Major bleeding Major bleeding at any point Major bleeding or clinically Major bleeding or clinically | Major bleeding during
outcome until 7 days after relevant nonmajor bleeding relevant nonmajor bleeding | and up to 2 days after
discontinuation of all study observed no later than 2 days discontinuation of all
medications after discontinuation of all study medications
study medications
Number of patients | 12,024 7,513 8,101 6,528 6,085
randomized
Mean age, years 69.7 76.6 71.0* 66.8 67.9
Women, n (%) 5,733 (47.7) 4,088 (54.4) 3,712 (45.8) 3,325 (50.9) 3,019 (49.6)
Reason for Hospitalization
HF, n (%) 4,835 (40.2) 3,349 (44.6) 2,620 (32.3) 2,516 (38.5) 1,110 (18.2)
Acute ischemic 1,726 (14.4) 843 (11.2) 1,399 (17.3) NR 389 (6.4)
stroke, n (%)
Acute respiratory | 3,186 (26.5) 922 (12.3) 2,268 (27.8) 2,421 (37.1) 1,805 (29.7)
failure, n (%)
Acute 175 (1.5) 226 (3.0) 303 (3.7) 124 (1.9) 173 (2.8)
inflammatory
rheumatic diseases,
n (%)
Active cancer, n (%) | NR NR 592 (7.3) 211 (3.2) 96 (1.6)
Infection without 2,093 (17.4) NR 3,682 (45.5) 1,447 (22.2) 1,982 (32.6)
septic shock, n (%)
Other (plus not NR NR 58 (0.7) 20 (0.3) 408 (6.7)
reported), n (%)
Additional Risk Factors
Age >75years,n | 4,294 (35.7) 5,092 (67.8) 3,116 (38.5) NR 1,781 (29.3)
(%)
Previous VTE, n 1,513 (12.6) 608 (8.1) 381 (4.7) 265 (4.1) 402 (6.6)
(%)
History of HF NR 1,718 (22.9) 2,790 (34.4) 2,478 (38.0) 1,110 (18.2)
(NYHA class ITI/
V), n (%)
(Continued)
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Table 1. (Continued)

Trial MARINER (5] APEX [4] MAGELLAN (3] ADOPT [2] EXCLAIM [9]
Acute infectious NR 1,222 (16.3) 1,167 (14.4) NR NR

disease, n (%)

History of cancer, n | 1,021 (8.5) 909 (12.1) 1,378 (17.0) 632 (9.7) 817 (13.4)

(%)

* Median.

7.5 mg once daily if CrCl 30-49 ml/min.

Abbreviations: ADOPT, Apixaban Dosing to Optimize Protection from Thrombosis; APEX, Acute Medically Ill Venous Prevention with Extended Duration
Betrixaban; CrCl, creatinine clearance; DVT, deep vein thrombosis; EDT, extended-duration thromboprophylaxis; EXCLAIM, Extended Prophylaxis for Venous
ThromboEmbolism in Acutely Ill Medical Patients With Prolonged Immobilization; HF, heart failure; MAGELLAN, Multicenter, Randomized, Parallel Group Efficacy
and Safety Study for the Prevention of Venous Thromboembolism in Hospitalized Acutely Ill Medical Patients Comparing Rivaroxaban with Enoxaparin; MARINER,
Medically Il Patient Assessment of Rivaroxaban versus Placebo in Reducing Post-Discharge Venous Thrombo-Embolism Risk; NYHA, New York Heart Association;
NR, not recorded; PE, pulmonary embolism; SD, standard deviation; SDT, standard-duration thromboprophylaxis; VTE, venous thromboembolism.

https://doi.org/10.1371/journal.pmed.1002797.1001

regimens were a low-molecular weight heparin enoxaparin in one trial [9], while all others [2-
5] investigated non-vitamin K antagonist oral anticoagulants that target inhibition of factor
Xa. These included apixaban [2] (1 trial), betrixaban [4] (1 trial), and rivaroxaban [3,5] (2 tri-
als). The mean/median age of trial participants in the RCTs varied from 66-71 years, with
equitable gender distribution (women: 48%-54%). Heart failure was the most common medi-
cal illness requiring hospital admission (18%-45%) (Table 1). RoB was estimated using the
RoB 2.0 tool and was deemed acceptable (Table 2).

Meta-analysis for primary efficacy endpoint. Traditional and cumulative meta-analysis
showed that EDT significantly reduced symptomatic VTE or VTE-related death alone across
the 5 trials when compared with standard of care (0.8% versus 1.2%; RR: 0.61, 95% CI: 0.44-
0.83; p = 0.002) with moderate heterogeneity (I* = 47.0%; p = 0.110 and Tau-squared = 0.0)
(Fig 2). The heterogeneity for treatment effect of EDT on primary efficacy endpoint across tri-
als was assessed using several methods and was deemed to be moderate (S3 Table). When the
primary efficacy endpoints as selected by the individual trials were evaluated, EDT was associ-
ated with a 25% reduction in the risk of the trial-specified primary efficacy endpoint (2.8% ver-
sus 3.7%; RR: 0.75, 95% CI: 0.66-0.84; p < 0.001).

Table 2. Revised tool to assess RoB in randomized trials (RoB 2.0).

Study Name |Year | Randomization Bias | Intervention Deviation |Missing Outcome Data | Measurement of Outcome |Reporting of Outcome | Overall Risk

EXCLAIM 2010 | Low Low Some Concern Low Low Low
ADOPT 2011 | Low Low Some Concern Low Low Low
MAGELLAN | 2013 | Low Low Some Concern Low Low Low
APEX 2016 | Low Low Some Concern Low Low Low
MARINER | 2018 | Low Low Low Low Low Low

Abbreviations: ADOPT, Apixaban Dosing to Optimize Protection from Thrombosis; APEX, Acute Medically Ill Venous Prevention with Extended Duration
Betrixaban; EXCLAIM, Extended Prophylaxis for Venous ThromboEmbolism in Acutely Ill Medical Patients With Prolonged Immobilization; MAGELLAN,
Multicenter, Randomized, Parallel Group Efficacy and Safety Study for the Prevention of Venous Thromboembolism in Hospitalized Acutely Ill Medical Patients
Comparing Rivaroxaban with Enoxaparin; MARINER, Medically Ill Patient Assessment of Rivaroxaban versus Placebo in Reducing Post-Discharge Venous Thrombo-
Embolism Risk; RoB, risk of bias.

https://doi.org/10.1371/journal.pmed.1002797.t002
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Trial Year Drug/Dose/Frequency RR (95% CI) EDT No EDT
n events/N Total
Symptomatic VTE or VTE related death
EXCLAIM 2010  Enoxaparin 40mg OD l—I—| 0.20(0.08,053)  5/2485 25/2510
ADOPT 2011 Apixaban 2.5mg BID |—.— 0.45 (0.19, 1.03) 8/3255 18/3273
MAGELLAN 2013 Rivaroxaban 10mg OD l—.—-' 0.73 (0.50, 1.09) 42/2967 59/3057
APEX 2016  Betrixaban 80mg OD |—.—| 0.65 (0.42, 0.99) 35/3721 54/3720
MARINER 2018  Rivaroxaban 10mg OD l—.--| 0.76 (0.53, 1.09) 50/6007 66/6012
Subtotal (I-squared = 47.3%, p = 0.108) O 0.61 (0.44, 0.83) 140/18435  222/18572
Maijor bleeding inclusive of fatal bleeding
EXCLAIM 2010  Enoxaparin 40mg OD |—.—| 251(1.21,5.22)  25/2975 10/2988
ADOPT 2011 Apixaban 2.5mg BID —l—| 253(0.98,6.50) 15/3184 6/3217
MAGELLAN 2013 Rivaroxaban 10mg OD |—.—| 2.87 (1.60, 5.16) 43/3997 15/4001
APEX 2016  Betrixaban 80mg OD |—.—| 119 (0.67,2.12)  25/3716 21/3716
MARINER 2018 Rivaroxaban 10mg OD |-—.—{ 189 (0.84,423)  17/5982 9/5980
Subtotal (I-squared = 22.8%, p = 0.269) O 2.04 (1.42,2.91) 125/19854  61/19902
NOTE: Weights are from random effects analysis
I I
0.1 1 10
<— Favors EDT Favors No EDT —>

Fig 2. Forest plot comparing EDT versus standard-duration thromboprophylaxis in hospitalized medically ill patients for the primary efficacy
endpoint (symptomatic VTE or VTE-related death) and the primary safety endpoint (major or fatal bleeding). Black solid square markers and
associated solid lines represent summary RR and 95% CI of each trial listed in the left column. The size of black markers is proportional to standard
error of effect estimate. The numerical estimates in the right columns are RRs with 95% CI of each trial listed in the left column. The hollow blue
diamond is summary RR and 95% CI for VTE or VTE-related death, whereas the hollow red diamond is summary RR for major or fatal bleeding.
ADOPT, Apixaban Dosing to Optimize Protection from Thrombosis; APEX, Acute Medically Ill Venous Prevention with Extended Duration
Betrixaban; BID, two times a day; CI, confidence interval; EDT, extended-duration thromboprophylaxis; EXCLAIM, Extended Prophylaxis for Venous
ThromboEmbolism in Acutely Ill Medical Patients With Prolonged Immobilization; MAGELLAN, Multicenter, Randomized, Parallel Group Efficacy
and Safety Study for the Prevention of Venous Thromboembolism in Hospitalized Acutely Ill Medical Patients Comparing Rivaroxaban with
Enoxaparin; MARINER, Medically Ill Patient Assessment of Rivaroxaban Versus Placebo in Reducing Post-Discharge Venous Thrombo-Embolism
Risk; OD, once daily; RR, risk ratio; VTE, venous thromboembolism.

https://doi.org/10.1371/journal.pmed.1002797.g002

Small study treatment effects were not assessed because the number of included trials was
inadequate to properly create a funnel plot or employ more advanced regression-based
assessments.

Trial sequential analysis for primary efficacy endpoint. As new trial data became avail-
able, the cumulative meta-analysis showed increasing precision of treatment effect, with nar-
rowing of 95% CI (Fig 3). The cumulative Z-curve assessing the effect size of EDT compared
with standard of care crossed the statistical boundary and the Lan-DeMets boundary for evi-
dence of a true benefit, indicating robustness of pooled results (Fig 4). Similar findings were
observed when analyzing the primary efficacy endpoint selected by each trial.

Safety endpoints. EDT also significantly increased risk of ISTH-criteria—based major or
fatal bleeding (0.6% versus 0.3%; RR: 2.04, 95% CI: 1.42-2.91; p < 0.001) in both cumulative
meta-analysis and trial sequential analysis (Figs 2 and 5). However, EDT did not significantly
increase all-cause mortality (3.3% versus 3.4%; RR: 0.97, 95% CI: 0.87-1.08; p = 0.598) as
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Fig 3. Forest plot for camulative meta-analysis of EDT versus standard-duration thromboprophylaxis in hospitalized medically ill patients for
primary efficacy events. Black solid square markers and associated solid lines represent cumulative summary RR and 95% CI after addition of each
trial as listed in the left column. The size of black markers is proportional to total accrued size. The numerical estimates in the right columns are
cumulative RRs and 95% CI after sequentially adding each trial and cumulative sample size after addition of each trial listed in left column. ADOPT,
Apixaban Dosing to Optimize Protection from Thrombosis; APEX, Acute Medically Ill Venous Prevention with Extended Duration Betrixaban; CI,
confidence interval; EDT, extended-duration thromboprophylaxis; EXCLAIM, Extended Prophylaxis for Venous ThromboEmbolism in Acutely IlI
Medical Patients With Prolonged Immobilization; MAGELLAN, Multicenter, Randomized, Parallel Group Efficacy and Safety Study for the Prevention
of Venous Thromboembolism in Hospitalized Acutely Ill Medical Patients Comparing Rivaroxaban with Enoxaparin; MARINER, Medically IIl Patient
Assessment of Rivaroxaban versus Placebo in Reducing Post-Discharge Venous Thrombo-Embolism Risk; RR, risk ratio.

https://doi.org/10.1371/journal.pmed.1002797.g003

compared with standard of care in both cumulative meta-analysis and trial sequential analysis.
The heterogeneity estimates for all safety outcomes are presented in S4 Table.

Efficacy and safety of EDT. Using random effects meta-analyses of risk differences, we
estimate that the pooled NNT to prevent one symptomatic VTE or VTE-related death was 250
(95% CI: 167-500), whereas pooled NNH to cause one major or fatal bleeding event was 333
(95% CI: 200-1,000) (Fig 6). When trial-specified definitions of primary efficacy endpoints
were employed, the pooled NNT to prevent one trial-defined primary efficacy endpoint was
111 (95% CI: 55-333). Fig 6 shows that the Acute Medically Ill Venous Prevention with
Extended Duration Betrixaban (APEX) trial had one of the lowest NNTs to prevent symptom-
atic VTE or VTE-related death and highest NNHs to cause one major or fatal bleed, indicating
that EDT among APEX patients was both efficacious and safe as compared with other trials.

Discussion

In this study, we observed that EDT reduced the risk of symptomatic or fatal VTE when com-
pared with standard-duration thromboprophylaxis (which typically ceases at the time of dis-
charge) among medically ill patients after hospitalization. The observed benefits across trials
were directionally consistent and of a similar magnitude and less likely to be due to type I or
type I error because cumulative treatment effect from our analyses crossed both statistical and
trial sequential boundaries of benefit. The benefits accrued with VTE prevention were, how-
ever, counterbalanced by an increased rate of major or fatal bleeding with EDT. The overall
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Fig 4. Trial sequential analysis of EDT versus standard-duration thromboprophylaxis in hospitalized medically ill
patients for primary efficacy events. The green dashed line represents Lan-DeMets trial sequential boundary for benefit
and the maroon dashed line represents Lan-DeMets trial sequential boundary for harm. The blue solid line is cumulative Z-
curve derived from random effects cumulative meta-analysis. The solid bright green line indicates line of no difference, and
dashed black lines are upper and lower bounds for 95% CI. The total accrued information size for this analysis was 40,247
patients. The cumulative Z-curve surpassed both the dashed black line (line of statistical significance at Z-score of +1.96)
and green dashed line (Lan-DeMets trial sequential boundary for benefit), indicating true benefit EDT over standard of care

in reducing postdischarge VTE. ADOPT, Apixaban Dosing to Optimize Protection from Thrombosis; APEX, Acute

Medically Ill Venous Prevention with Extended Duration Betrixaban; CI, confidence interval; EDT, extended-duration
thromboprophylaxis; EXCLAIM, Extended Prophylaxis for Venous ThromboEmbolism in Acutely Ill Medical Patients With

Prolonged Immobilization; MAGELLAN, Multicenter, Randomized, Parallel Group Efficacy and Safety Study for the
Prevention of Venous Thromboembolism in Hospitalized Acutely Ill Medical Patients Comparing Rivaroxaban with

Enoxaparin; MARINER, Medically Il Patient Assessment of Rivaroxaban versus Placebo in Reducing Post-Discharge
Venous Thrombo-Embolism Risk; VTE, venous thromboembolism.

https://doi.org/10.1371/journal.pmed.1002797.g004

risks and benefits observed across the 5 trials were modest, as evidenced by high summary

NNT and NNH.

Patients discharged from hospital after medical illness face an ongoing risk for development

of VTE for up to 6 weeks. These thrombotic events that develop within the postdischarge vul-
nerable period confer clinical morbidity, mortality, and excess healthcare expenditure because
of the high rate of short-term readmission [21]. Five clinical trials, including the recently pub-
lished MARINER study [5], have evaluated a strategy of EDT using either a low-molecular
weight heparin or a factor Xa inhibitor in an effort to abrogate this heightened postdischarge
risk for VTE. Individual trials have contributed to uncertainty about the overall clinical utility
of EDT, either by not meeting their primary efficacy endpoints or by demonstrating excess
harm from bleeding risks. Moreover, when each trial is examined using the fragility index—
which measures the number of additional events needed in the control arm to create a null
effect—the statistical robustness of individual RCTs of EDT was low such that the fragility
index ranges from as low as 6 to as many as 16 for “positive” trials. Indeed, these fragility
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Fig 5. Forest plot for camulative meta-analysis of EDT versus standard-duration thromboprophylaxis in hospitalized medically ill patients for
major or fatal bleeding. Black solid square markers and associated solid lines represent cumulative summary RR and 95% CI after addition of each trial
as listed in left column. The size of black markers is proportional to total accrued size. The numerical estimates in the right columns are cumulative

RRs and 95% CI after sequentially adding each trial and cumulative sample size after addition of each trial listed in left column. ADOPT, Apixaban
Dosing to Optimize Protection from Thrombosis; APEX, Acute Medically Ill Venous Prevention with Extended Duration Betrixaban; CI, confidence
interval; EDT, extended-duration thromboprophylaxis; EXCLAIM, Extended Prophylaxis for Venous ThromboEmbolism in Acutely Ill Medical
Patients With Prolonged Immobilization; MAGELLAN, Multicenter, Randomized, Parallel Group Efficacy and Safety Study for the Prevention of
Venous Thromboembolism in Hospitalized Acutely Ill Medical Patients Comparing Rivaroxaban with Enoxaparin; MARINER, Medically Ill Patient
Assessment of Rivaroxaban versus Placebo in Reducing Post-Discharge Venous Thrombo-Embolism Risk; RR, risk ratio.

https://doi.org/10.1371/journal.pmed.1002797.g005

indices for individual studies are lower than those reported for trials that are ultimately used to
develop and support guideline recommendations [22]. Thus, a meta-analysis performed using
a clinically relevant efficacy endpoint can provide a more durable metric for reliance in the
robustness of the finding of benefit.

Clinical interpretation of these aggregate findings must account for variation in the defini-
tions of trial enrollment criteria, individual trial definitions of primary efficacy and safety end-
points, and EDT approaches in each trial using different agents with distinct pharmacological
profiles and doses. The typical patient enrolled in these trials was relatively similar across
trials—older, relatively immobile, with acute medical illness. However, some important differ-
ences deserve discussion. In 3 trials, certain risk-enrichment strategies were applied based on
clinical parameters [2], age, and elevated biomarkers such as D-dimer [4] or the use of a vali-
dated clinical risk score and D-dimer [5]. All trials enrolled a broad range of hospitalized
patients but varied in the proportions of included patients with specific medical conditions.
For instance, the proportion of enrolled patients who were hospitalized for heart failure ranged
from 18% [9] to 45% [4]. Finally, the EDT strategy employed was different across trials even
for the 2 studies evaluating the same agent, rivaroxaban. While MAGELLAN (Multicenter,
Randomized, Parallel Group Efficacy and Safety Study for the Prevention of Venous Throm-
boembolism in Hospitalized Acutely Il Medical Patients Comparing Rivaroxaban with Enoxa-
parin) [3] evaluated fixed-dose rivaroxaban beginning within 72 hours of hospitalization,
MARINER [5] initiated rivaroxaban at the time of discharge and used dose-reduced
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is proportional to accrued information size. The overall pooled estimates for NNH and NNT were calculated by conducting random effects
meta-analyses for risk difference for primary efficacy and safety events. Safer implies higher NNH for causing one major or fatal bleeding
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Protection from Thrombosis; APEX, Acute Medically Ill Venous Prevention with Extended Duration Betrixaban; EXCLAIM, Extended
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thromboembolism.

https://doi.org/10.1371/journal.pmed.1002797.g006

rivaroxaban in patients with moderate renal insufficiency [5]. Most trials included asymptom-
atic DVT, as ascertained by routine surveillance ultrasonography, as part of the primary effi-
cacy endpoint. We focused our analysis on clinically relevant, symptomatic VTE events or
VTE-related deaths (the primary endpoint of the MARINER trial [5]), as opposed to asymp-
tomatic VTE events detected on protocolized venous ultrasonography.

The results of this meta-analysis provide a more comprehensive understanding of the use of
EDT as a therapeutic strategy. For instance, the US Food and Drug Association recently
approved the factor Xa inhibitor betrixaban based on exploratory analyses of aggregate data
from the APEX trial despite it not having met its prespecified primary efficacy endpoint [4].
The recent MARINER trial [5], which studied rivaroxaban, did not meet its primary endpoint,
although some secondary efficacy endpoints were improved by EDT. Such disparate outcomes
for efficacy, added to relatively consistent safety signals for increases in major bleeding across
these various trials, may lead to the development of clinical uncertainty and difficulty in
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implementation of trial data. Thus, we employed the meta-analytic approach to allow for
greater clarity in understanding the efficacy signals for EDT irrespective of the therapeutic
agent employed, determine the overall robustness of these findings, and allow for the assess-
ment of the relative balance of benefit and harm. This could facilitate the development of con-
sensus or guideline statements to provide sufficient precision in direction for clinicians.

Nonetheless, our review is not without limitations. Amalgamation of data in the form of
meta-analyses has well-recognized limitations [20]. The included studies differed in the type of
drugs, dosage, duration of treatment, patient population, and DVT detection protocols
included. Although the treatment effects were similar across trials, we observed evidence of
statistical heterogeneity across trials, and therefore the impact of variation in patient profiles
and treatment protocols on the summary treatment effects cannot be excluded. The findings
of these analyses should not replace the clinical judgement of a treating physician but might
help them make personalized decisions based on risk assessment of VTE and bleeding. This
remains a topic of discussion, and we hope that future studies will help to derive the optimal
protocols to address this personalized risk-benefit calculus.

In summary, our meta-analysis demonstrated that use of a post-hospital discharge EDT
strategy for a 4-to-6-week period reduced symptomatic or fatal VTE events. These modest
benefits were observed at the expense of increased risk of major or fatal bleeding events. Given
the relatively infrequent occurrence of these events, we estimate that 250 patients would need
to be treated with EDT to prevent one symptomatic or fatal VTE event, and 333 patients
would need to be exposed to EDT to cause one major or fatal bleeding event. Further investiga-
tions are required to define risks and benefits within specific and discrete populations of medi-
cally ill patients, evaluate the cost-effectiveness of EDT, and develop pathways for targeted
implementation of this postdischarge strategy in appropriately selected patients.
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