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Rivaroxaban and the EINSTEIN
 clinical trial programme
Alexander T. Cohena and Rupert Bauersachsb
Rivaroxaban, a direct oral anticoagulant, is widely used for

the treatment of venous thromboembolism (VTE) in adult

patients. The approval of rivaroxaban for the treatment of

deep vein thrombosis and pulmonary embolism and the

extended secondary prevention of recurrent VTE is based

on the results of the EINSTEIN DVT and EINSTEIN PE trials,

and the EINSTEIN EXT and EINSTEIN CHOICE trials,

respectively. This review provides an updated overview of

these completed EINSTEIN studies in adult patients,

including results of subanalyses in patients at high risk of

recurrent VTE, and discusses the emerging data from the

EINSTEIN Junior programme, which is evaluating the use of

rivaroxaban for the treatment of paediatric VTE. In the

EINSTEIN DVT and EINSTEIN PE trials, rivaroxaban (15 mg

twice daily for 21 days, followed by 20 mg once daily

thereafter) was shown to be an effective and safe alternative

to standard anticoagulation for the treatment of deep vein

thrombosis and pulmonary embolism in a broad range of

adult patients. These results are supported by increasing

amounts of real-world data from patients treated with

rivaroxaban in routine clinical practice worldwide. In the

EINSTEIN EXT and EINSTEIN CHOICE trials, rivaroxaban

was superior to placebo and acetylsalicylic acid,
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Introduction
The direct oral anticoagulants (DOACs), which include

the Factor Xa inhibitors apixaban, edoxaban and rivar-

oxaban and the direct thrombin inhibitor dabigatran, are

now widely used for the treatment of venous thrombo-

embolism (VTE) [1,2]. The DOACs simplify VTE treat-

ment by offering several well-recognized advantages over

parenteral anticoagulants and vitamin K antagonists

(VKAs), including oral administration, simple dosing regi-

mens, limited interactions with other medications and

food and the lack of a requirement for routine monitoring.

The regulatory approval of the DOACs for the treatment

and secondary prevention of VTE was based on the

results of successful clinical development programmes,

which included primary treatment and extended second-

ary prevention phase III trials [3–11]. Both apixaban and

rivaroxaban are approved as single-drug therapies [12,13],

whereas dabigatran and edoxaban are approved for

administration after initial parenteral anticoagulation

for at least 5 days [14,15]. Because of the reduced risk

of bleeding and greater convenience for patients and

healthcare providers alike, the 2016 American College

of Chest Physicians (ACCP) guidelines suggested that

DOACs are used in preference to VKAs (and parenteral

agents) for the initial and long-term treatment of VTE in

most patients [16], except for those with cancer and

pregnant/breastfeeding women [16,17]. In patients with
cancer-associated thrombosis, the ACCP guidelines

advise low molecular weight heparin (LMWH) as first-

choice treatment (in preference to DOACs or VKAs),

although DOACs and VKAs are suggested treatment

options in patients who are not treated with LMWHs

[16]. Recent clinical trial data have shown some efficacy

benefits of DOACs compared with LMWH in active

cancer, albeit at the expense of increased bleeding

[18,19]. Recent guidance from the Scientific and Stan-

dardization Committee of the International Society on

Thrombosis and Haemostasis (ISTH) incorporates these

data [20]. The guidance recommends the use of specific

DOACs (edoxaban and rivaroxaban) for cancer patients

with an acute diagnosis of VTE, a low risk of bleeding and

no drug–drug interactions with current systemic therapy.

It also recommends that LMWHs constitute an accept-

able alternative and that LMWHs are preferable to the

two DOACs in patients with an acute diagnosis of VTE

and a high risk of bleeding, including those with certain

gastrointestinal or urothelial cancers, or specific gastroin-

testinal abnormalities.

The EINSTEIN clinical development programme has

established the efficacy and safety of rivaroxaban for the

treatment of pulmonary embolism (PE) and deep vein

thrombosis (DVT) and secondary prevention of recurrent

VTE in a broad range of patients. The programme
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includes four completed phase III trials in adult patients

(EINSTEIN DVT, EINSTEIN PE, EINSTEIN EXT

and EINSTEIN CHOICE) and the ongoing EINSTEIN

JUNIOR programme [9–11,21–24]. The aim of this

review is to provide an updated summary of the key

results of the completed EINSTEIN trials, including

outcomes in important patient populations, such as frag-

ile patients and patients with renal impairment or cancer,

as well as providing an overview of ongoing studies in

paediatric patients in the EINSTEIN Junior programme.

In addition, real-world evidence on the use of rivaroxaban

for VTE treatment will be discussed, highlighting the

consistent efficacy and safety profile of rivaroxaban from

the randomized controlled trial setting of the EINSTEIN

studies to a broad range of patients in routine clinical

practice.

Rivaroxaban for the treatment of venous
thromboembolism in adult patients
Overview of the EINSTEIN DVT and EINSTEIN PE
studies
Based on the results of EINSTEIN DVT and EIN-

STEIN PE, the approved dosing regimen of rivaroxaban

for the initial treatment of DVT and PE and prevention

of recurrent VTE is 15 mg twice daily (bid) for 21 days,

followed by 20 mg once daily (od) for the remainder of the

treatment duration [12]. The suggested duration of treat-

ment depends on the risk of recurrent VTE – at least 3

months’ therapy should be considered in patients with a

VTE provoked by a major transient risk factor (e.g. recent

major surgery or trauma) and longer duration of therapy

(>3 months) should be considered in patients with a

history of recurrent VTE, an unprovoked VTE or a

provoked VTE not related to major transient risk factors

[12].

EINSTEIN DVT and EINSTEIN PE were both open-

label trials that compared rivaroxaban (15 mg bid for

21 days, followed by 20 mg od thereafter) with enoxaparin

overlapping with and followed by warfarin for the treat-

ment of VTE [9,10]. Across both studies, the intended

duration of treatment was 3, 6 or 12 months in 8, 60 and

32% of patients [9,10], respectively; mean treatment

duration was longer in EINSTEIN PE (214 and

216 days for VKA and rivaroxaban, respectively) than

EINSTEIN DVT (188 and 194 days for VKA and rivar-

oxaban, respectively) [25]. In both EINSTEIN DVT and

EINSTEIN PE, rivaroxaban was noninferior to enoxa-

parin/VKA for the treatment of DVT and PE, respec-

tively, and the risk of clinically significant bleeding was

similar between treatments (Table 1) [9,10]. In EIN-

STEIN PE and a pooled analysis of both studies, rates of

major bleeding were significantly reduced by �50% with

rivaroxaban compared with enoxaparin/VKA (Table 1)

[10,25]. All studies of adult patients discussed within the

main text of this article used the ISTH definition of major

bleeding (unless stated otherwise) [26]: clinically overt
and associated with a decrease in haemoglobin level of at

least 2.0 g/dl; if bleeding led to the transfusion of at least

2 U of whole blood or red cells; or if bleeding was

intracranial or retroperitoneal, occurred in another critical

site, or contributed to death (although definitions of

clinically relevant nonmajor bleeding varied between

studies). In both studies, the relative efficacy and safety

of rivaroxaban versus enoxaparin/VKA was generally con-

sistent irrespective of the intended treatment duration

[9,10].

Rivaroxaban for the treatment of venous
thromboembolism in high-risk patients: subanalyses of
the EINSTEIN DVT and EINSTEIN PE studies
The EINSTEIN pooled analysis included 8282 patients

with VTE from EINSTEIN DVT and EINSTEIN PE

[25]. This pooled analysis provides important insights into

the use of rivaroxaban for the treatment of VTE in patients

at high risk of recurrent VTE and/or major bleeding and

patients with extremes of bodyweight, in whom physicians

may be concerned about over-treating/under-treating

with a fixed-dose rivaroxaban regimen. Subgroup analyses

across multiple patient subgroups, including: fragile

patients [identified by at least one of: age more than

75 years, creatinine clearance (CrCl)< 50 ml/min or body

weight �50 kg]; patients with prior VTE; patients with

renal impairment (CrCl< 50 ml/min); patients with can-

cer; and patients with low (�50 kg) or high bodyweight

(�100 kg) showed the consistent efficacy of a fixed dose of

rivaroxaban versus enoxaparin/VKA for the prevention of

recurrent VTE, with reduced rates of major bleeding

(Table 1) [25,27,28,56].

Although the results of the subanalysis in patients with

cancer in EINSTEIN DVT and EINSTEIN PE sug-

gested that rivaroxaban is a good alternative to a short

course of LMWH overlapping with and followed by VKA

for the treatment of cancer-associated thrombosis, a major

limitation of these data was that rivaroxaban was not

compared with LMWH, the guideline-preferred antico-

agulant in patients with cancer. The ongoing CAL-

LISTO programme is further exploring the potential

of rivaroxaban for the prevention and treatment of can-

cer-associated thrombosis [57]. The recently reported

select-d trial, (part of the CALLISTO programme

[57]), was an open-label, phase III pilot study comparing

the efficacy and safety of rivaroxaban (15 mg bid for

21 days followed by 20 mg od) with dalteparin (200 IU/

kg od for 30 days followed by 150 IU/kg od) in 406 patients

with active cancer and a first VTE [19]. The intended

treatment duration in all patients was 6 months. The

cumulative VTE recurrence rate at 6 months was lower

for patients on rivaroxaban compared with dalteparin

[4 versus 11%, respectively; hazard ratio 0.43, 95% confi-

dence interval (CI) 0.19–0.99]; cumulative major bleeding

rates at 6 months were low but numerically higher in

the rivaroxaban versus dalteparin group (6 versus 4%,
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respectively; hazard ratio 1.83, 95% CI 0.68–4.96). There

was one fatal bleeding event in each arm, and overall

survival at 6 months was 75 and 70% in the rivaroxaban

and dalteparin groups, respectively [19]. Two other ongo-

ing CALLISTO studies (CONKO-011 and CASTA-

DIVA) will provide additional data on the relative efficacy

and safety of rivaroxaban compared with LMWH for the

treatment of cancer-associated thrombosis [30,58].

EINSTEIN DVT and EINSTEIN PE data in context: how
do real-world data compare?
Given that randomized controlled trials have strict eligi-

bility criteria and relatively constrained methodologies,

the applicability of their results may be limited for

routine clinical practice. Real-world evidence can provide

insights into whether a drug works as expected in unse-

lected patients treated in routine clinical practice. A

comprehensive review of all the available real-world

evidence on the use of rivaroxaban for the treatment

of VTE is beyond the scope of the article, but key

findings from the main studies published to date are

discussed in brief below and summarized in Table 1.

To date, the XALIA study is the largest prospective real-

world study on the use of a DOAC for the treatment of

VTE. XALIA was a multicentre, prospective, noninter-

ventional study of patients with DVT treated with rivar-

oxaban or standard anticoagulation therapy (heparin/

fondaparinux only or overlapping with and followed

by a VKA) in routine clinical practice. XALIA enrolled

5142 patients in Europe, Canada and Israel – treatment

decisions were entirely at the discretion of the attending

physician. Patients in the rivaroxaban cohort had a lower

baseline risk profile than those receiving standard antic-

oagulation, reflective of the noninterventional study

design, so propensity score-adjusted outcomes were

determined to account for the differences in baseline

characteristics between cohorts. After propensity score

adjustment, the incidences of major bleeding, recurrent

VTE and all-cause mortality were similar between rivar-

oxaban and standard anticoagulation cohorts and consis-

tent with the results of EINSTEIN DVT, confirming

rivaroxaban to be a safe and effective alternative to

standard anticoagulation therapy for the treatment of

VTE [32]. Similar results have been reported in the

XALIA-LEA study (a companion study to XALIA, which

enrolled 1987 patients with DVT and/or PE from Latin

America, Eastern Europe, Middle East, Africa and Asia)

[34], and from the small, prospective REMOTEV regis-

try (n¼ 445) [36], a retrospective analysis of the prospec-

tive SWIVTER registry (n¼ 2062) [44], two retrospective

analyses of Danish healthcare registries (n¼ 5004 and

n¼ 12 318) [43,45] and a large (n¼ 45 853) retrospective

US claims database analysis (Table 1) [31].

Because only a small subgroup of patients had cancer in

the EINSTEIN DVT and EINSTEIN PE studies, real-

world evidence can provide important insights into the
use of rivaroxaban in this under-represented, but impor-

tant, patient group. Data from prospective real-world

studies (including XALIA and two small, single-centre

studies) showed low rates of recurrent VTE and major

bleeding in patients with active cancer and VTE treated

with rivaroxaban in routine clinical practice [38–40]. Both

XALIA (n¼ 587 patients with cancer-associated throm-

bosis) and the Mayo thrombophilia clinic NOAC registry

(n¼ 256 patients with cancer-associated thrombosis)

reported outcomes in patients treated with rivaroxaban

or LMWH, and the incidences of recurrent VTE and

major bleeding were broadly similar between treatments.

However, in both studies, mortality was markedly

increased in LMWH-treated patients, indicating that

rivaroxaban was most likely administered to patients with

a better prognosis [38,39,59]. Retrospective data from the

US indicated that rivaroxaban is prescribed about as often

as LMWH in patients with cancer-associated thrombosis,

and that treatment persistence is higher in patients

treated with rivaroxaban [49]. In the largest propensity-

weighted retrospective US claims database analysis in

patients with cancer-associated thrombosis treated with

LMWH (n¼ 4313) or rivaroxaban (n¼ 3370) available to

date, mean treatment duration was significantly shorter

in patients treated with LMWH versus rivaroxaban

(3.2 versus 5.3 months). In addition, compared with

LMWH, rivaroxaban was associated with significantly lower

rates of recurrent VTE (11.9 versus 14.7% at 12 months;

hazard ratio 0.83; 95% CI 0.73–0.96; P¼ 0.01) and similar

rates of major bleeding (the latter of which was identified

using the Cunningham algorithm) [60]. COSIMO, an ongo-

ing noninterventional, observational study that is part of the

CALLISTO programme, will provide data on patient-

reported outcomes and treatment satisfaction in patients

with cancer-associated thrombosis switching to rivaroxaban

therapy after at least 4 weeks’ treatment with standard

anticoagulation (LMWH/VKA) [61].

Rivaroxaban for the extended treatment of
venous thromboembolism in adult patients
Based on the results of EINSTEIN EXT and EIN-

STEIN CHOICE, two doses of rivaroxaban (10 mg od

and 20 mg od) have been approved for the extended

secondary prevention of VTE in patients who have

completed at least 6 months’ anticoagulation therapy

[12]. The approval (October 2017) of the rivaroxaban

10 mg od dose in this indication is based on the results of

the EINSTEIN CHOICE study, which compared two

doses of rivaroxaban (10 mg od and 20 mg od) with

acetylsalicylic acid [ASA (aspirin)] for the extended treat-

ment of VTE [11]. In the updated product label, the

recommended dose of rivaroxaban for the extended

secondary prevention of VTE is rivaroxaban 10 mg od.

However, the rivaroxaban 20 mg od dose should be

considered in those patients at high risk of recurrent

VTE, such as those with complicated comorbidities
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(and in those who experience a recurrent VTE while

receiving the rivaroxaban 10 mg od regimen).

Overview of the EINSTEIN EXT and EINSTEIN CHOICE
studies
EINSTEIN EXT and EINSTEIN CHOICE were both

randomized, double-blind trials investigating the use of

rivaroxaban for the extended secondary prevention of

recurrent VTE in patients who had completed an initial

6–12 months of anticoagulant therapy and were at equi-

poise regarding the need for continued anticoagulation

therapy [9,11]. Thus, patients were eligible for either

study if it was unclear whether they should continue or

stop anticoagulant treatment; patients were ineligible if

they required extended anticoagulant therapy at thera-

peutic doses. In EINSTEIN EXT, patients received

treatment for an additional 6 or 12 months, and in

EINSTEIN CHOICE the study drugs were given for

up to 12 months. The key differences between the two

trials were that EINSTEIN EXT compared one dose of

rivaroxaban (20 mg od) with placebo [9] and EINSTEIN

CHOICE compared two doses of rivaroxaban (10 mg od

and 20 mg od) with an active comparator, ASA [11]. The

rationale for testing rivaroxaban 10 mg od and using an

active comparator in the EINSTEIN CHOICE study

was two-fold. First, because of concerns about bleeding

associated with long-term use of anticoagulants at doses

approved for the initial treatment of VTE, ASA and lower

doses of anticoagulants are often used for extended

secondary prevention of recurrent VTE (and some phy-

sicians elect to stop anticoagulation treatment to avoid

the risk of bleeding) [11]. For example, the approved

dose of apixaban for the extended secondary prevention

of VTE after at least 6 months’ therapy is 2.5 mg bid,

whereas the approved dosing regimen for the initial

treatment of VTE is 10 mg bid for 7 days followed by

5 mg bid [13]. Second, in the RECORD1–4 studies,

rivaroxaban 10 mg od was shown to be safe and efficacious

for the prevention of VTE after major orthopaedic sur-

gery [55]. One aim of EINSTEIN CHOICE was to

investigate whether physicians are justified in using lower

rivaroxaban doses or switching to ASA to ameliorate

bleeding risk rather than continuing to use rivaroxaban

20 mg od for extended treatment.

Both EINSTEIN EXT and EINSTEIN CHOICE dem-

onstrated that rivaroxaban was a safe and effective treat-

ment option for extended secondary prevention of VTE.

In EINSTEIN EXT, rivaroxaban 20 mg od was superior

to placebo for the prevention of recurrent VTE, without

significantly increasing the rate of major bleeding,

although, as expected in a placebo-controlled study

(Table 1), clinically significant bleeding was significantly

higher with rivaroxaban [9]. In EINSTEIN CHOICE,

both doses of rivaroxaban (10 mg od and 20 mg od) were

shown to be superior to ASA for the prevention of

recurrent VTE, with similar incidences of major bleeding
and nonmajor clinically significant bleeding – the num-

ber of patients who needed to be treated with rivaroxaban

10 mg od or rivaroxaban 20 mg od, instead of ASA, to

prevent one recurrent VTE without increasing the risk of

bleeding were 30 and 33, respectively. The EINSTEIN

CHOICE study did not aim to compare both rivaroxaban

doses with each other; it was powered to test for superi-

ority of each dose versus ASA [11]. Within each trial, the

relative efficacy and safety of rivaroxaban versus placebo

or ASA was consistent across multiple patient subgroups,

including in elderly patients and patients with renal

impairment [9,11].

EINSTEIN EXT and EINSTEIN CHOICE included

patients with provoked as well as unprovoked VTE

[9,11]. However, VTE treatment guidelines generally

recommend 3 months’ treatment over treatment for

longer time periods in patients with provoked VTE

[16]. In a benefit–risk analysis of EINSTEIN EXT,

extended treatment with rivaroxaban resulted in a clini-

cally important benefit – including for patients with all

types of provoked VTE and patients with unprovoked

VTE [62]. The number of patients who needed to be

treated with rivaroxaban instead of placebo to avoid one

recurrent VTE were 14 and 16 for patients with provoked

and unprovoked VTE, respectively. Conversely, 75 and

219 patients with provoked and unprovoked VTE,

respectively, would have to be treated with rivaroxaban

instead of placebo to cause one major bleeding event [62].

Similarly, in EINSTEIN CHOICE, both doses of rivar-

oxaban reduced the risk of recurrent VTE by approxi-

mately 70% (compared with ASA) in patients with

provoked VTE and in patients with unprovoked VTE

[11]. Together, these results suggest that many patients

with provoked VTE, as well as those with unprovoked

VTE, may benefit from extended treatment with rivar-

oxaban.

A recent analysis of the EINSTEIN EXT and EIN-

STEIN CHOICE studies has provided insights into

identifying which patient groups stand to benefit most

from extended rivaroxaban treatment based on baseline

risk factor profiles [52]. The index venous thromboem-

bolic events were classified into five categories:
(1) P
rovoked by major persistent risk factors (e.g. active

cancer).
(2) P
rovoked by minor persistent risk factors (e.g. lower

extremity paralysis or paresis, inflammatory bowel

disease, congestive heart failure, BMI> 30 kg/m2,

CrCl< 50 ml/min, family history of VTE or known

thrombophilia).
(3) P
rovoked by minor transient risk factors (e.g.

immobilization, travel >8 h, pregnancy, puerperium

or use of hormone therapy, or lower limb trauma with

transient impairment of mobility).
(4) P
rovoked by major transient risk factors (e.g. major

surgery or trauma, or caesarean section).
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nprovoked VTE (patients without any risk factors

for VTE).
Across both studies, the risks of recurrent VTE were

highest in patients with unprovoked VTE (6.9% with

placebo or ASA). However, the risks of recurrent VTE

were also substantial in patients with VTE provoked by

both major or minor persistent risk factors and minor

transient risk factors (4.5–6.9% with placebo or ASA); no

recurrent venous thromboembolic events were observed

in patients with VTE provoked by major transient risk

factors. Regardless of risk factor profile, rivaroxaban

substantially reduced the risk of VTE compared with

ASA or placebo [52]. These findings support current

guideline recommendations for extended treatment in

patients with unprovoked VTE and major persistent risk

factors (i.e. cancer), as well as recommendations for

3 months’ treatment in patients with VTE provoked

by surgery. However, they also suggest that patients with

VTE provoked by minor persistent or transient risk

factors will benefit from extended anticoagulation ther-

apy [16,52].

EINSTEIN EXT and EINSTEIN CHOICE data in context:
how do real-world data compare?
A recent propensity-weighted retrospective US health-

care claims database analysis provided data on the use of

rivaroxaban for extended treatment of VTE in routine

clinical practice [63]. The analysis included adult patients

who initiated rivaroxaban therapy within 7 days of their

index VTE and were treated with rivaroxaban for at least

3 or 6 months. Outcomes were then compared between

patients who stopped rivaroxaban treatment at 3 or

6 months and those who continued treatment. Rates of

VTE recurrence at 15–18 months postindex VTE were

significantly lower in patients who continued treatment

(beyond 3 or 6 months) compared with those who stopped

treatment (at 3 or 6 months); major bleeding rates were

similar between patients who stopped and those who

continued therapy (Table 1) [63]. These data support the

results of EINSTEIN EXT and EINSTEIN CHOICE

and suggest that the efficacy benefits of extended treat-

ment with rivaroxaban are maintained in routine

clinical practice.

Practical guidance on rivaroxaban dose selection for
extended treatment of venous thromboembolism
As a result of the findings from EINSTEIN CHOICE,

two doses of rivaroxaban (20 mg od and 10 mg od), are

now approved for the extended secondary prevention of

VTE in patients who have completed at least 6 months’

therapy [12]. The rivaroxaban 20 mg od dose is expected

to remain the preferred option for patients at high risk of

recurrent VTE, such as those with active cancer, a second

unprovoked VTE or high-risk thrombophilia. The rivar-

oxaban 10 mg od dose will be suitable for a broad range of

patients, such as those with a first VTE provoked by a
minor risk factor. Lifestyle-specific considerations may

also influence dose selection – for example, the rivarox-

aban 10 mg od dose may be preferred in patients partici-

pating in sports or activities where injuries might occur

(e.g. contact sports, cycling or horse riding) or in patients

who may be at risk of bleeding because of work-related

accidents (e.g. manual labourers). The approach could be

combined with a further preference for evening dosing to

avoid anticoagulant drug concentration peaks at or around

the time of the activity in question. It should be noted

that there are no data available to support dose reduction

based on lifestyle-specific considerations. If a patient

experiences a recurrent VTE while receiving rivaroxaban

10 mg od, dose re-escalation is permitted within the label.

Recent evidence (from the EINSTEIN DVT and EIN-

STEIN PE studies, together with real-world data) indi-

cate that women of child-bearing age receiving

rivaroxaban are at an increased risk of heavy menstrual

bleeding. As such, a management strategy sometimes

employed in routine clinical practice is temporary rivar-

oxaban dose reduction [64–68]. Because of this adjust-

ment, a subanalysis of the EINSTEIN CHOICE study

compared menstrual bleeding patterns in 353 women

receiving rivaroxaban 20 mg od, rivaroxaban 10 mg od

or ASA. Women treated with rivaroxaban 20 mg od

reported an increase in menstrual flow length and inten-

sity compared with those treated with rivaroxaban 10 mg

or ASA, suggesting that heavy menstrual bleeding in

rivaroxaban-treated women may be dose-dependent [69].

Rivaroxaban for the treatment of venous
thromboembolism in paediatric patients
In addition to the studies in adult patients, the ongoing

EINSTEIN Junior programme is investigating the

potential of rivaroxaban in the paediatric patient popula-

tion. EINSTEIN Junior consists of one completed phase

I pharmacokinetics/pharmacodynamics (PK/PD) trial,

two completed phase II trials and an ongoing phase III

trial [21–24].

The phase II trials were 30-day, single-arm trials investi-

gating the safety, efficacy and PK/PD profiles of body

weight-adjusted regimens of rivaroxaban in children with

VTE aged 6 months–18 years who had completed at least

2 months of anticoagulation therapy [70,71]. One study

included patients aged 5 months–12 years (n¼ 59) who

were treated with rivaroxaban suspension (1 mg/ml) in a

rivaroxaban 10 mg od equivalent dose using a bid regimen

[70]. The other study included patients aged 6–18 years

(n¼ 24), who were treated with body weight-adjusted od

rivaroxaban tablets at a rivaroxaban 20 mg od equivalent

dose [71]. No major bleeding (defined using the ISTH

criteria as for the adult studies in the EINSTEIN pro-

gramme [72]) or recurrent venous thromboembolic

events occurred in either study, and repeat imaging

showed improvement or normalization of clot burden

in more than 90% of patients. In general, the PK/PD
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profiles in both studies were similar to the reference adult

population treated with rivaroxaban 20 mg od [70,71].

However, children weighing less than 30 kg receiving

the tablet formulation tended to have minimum plasma

drug concentrations at the lower end of the spectrum of

values observed in adults and may require a bid rivarox-

aban regimen [71].

Based on the results of these phase II trials, the ongoing

phase III EINSTEIN Junior trial is assessing the efficacy

and safety of several rivaroxaban regimens for the treat-

ment of VTE in children [21]. This is a multicentre,

open-label, randomized, active-controlled study compar-

ing the efficacy and safety of rivaroxaban 20-mg-equiva-

lent dose regimens with standard of care (LMWH,

fondaparinux or VKA) in children with acute VTE

aged 0–18 years; it is anticipated that approximately

170 patients will be enrolled. Children are eligible if they

have confirmed VTE and receive initial treatment with

therapeutic doses of unfractionated heparin, LMWH or

fondaparinux and required treatment for at least 90 days;

children with catheter-related thrombosis, aged less than

2 years who require treatment for at least 30 days are also

eligible. Additional eligibility criteria for children aged less

than 6 months include full-term birth (�37 weeks’ gesta-

tional age), body weight at least 2.6 kg and oral/nasogastric/

gastric feeding for at least 10 days. The rivaroxaban 20-mg-

equivalent regimens being tested include tablets dosed od

or bid, and an oral suspension dosed od, bid or three-times

daily [21]. Frequency of rivaroxaban dosing is determined

by body weight: children less than 12 kg, 12–30 kg and at

least 30 kg will be dosed three-times daily, bid and od,

respectively. The primary efficacy outcome is symptom-

atic recurrent VTE and the primary safety outcome is overt

major and clinically relevant nonmajor bleeding [21].

Conclusion
Once completed, the EINSTEIN clinical development

programme, evaluating the use of rivaroxaban for

the treatment of VTE, will have included over

13 100 patients – 12 842 adults in four completed studies

and 309 children in the ongoing paediatric studies. A

further 1756 patients with VTE and cancer are being

evaluated in the ongoing CALLISTO programme. The

completed EINSTEIN DVT and EINSTEIN PE stud-

ies in adult patients demonstrated that rivaroxaban is a

safe and effective alternative to standard anticoagula-

tion for the treatment of VTE in a broad range of

patients, and these findings are supported by increasing

amounts of real-world data from patients treated with

rivaroxaban in routine clinical practice. In the extended

treatment trials, EINSTEIN EXT and EINSTEIN

CHOICE, rivaroxaban was more effective than placebo

and ASA, respectively, for prevention of recurrent VTE.

Physicians are now able to choose between two doses of

rivaroxaban for the extended prevention of recurrent

VTE, based on a patient’s risk of recurrence, bleeding
and personal preferences. Ongoing studies, including

those that are part of the EINSTEIN Junior and CAL-

LISTO programmes, are expected to provide valuable

insights into the use of rivaroxaban for the treatment of

VTE in children and patients with cancer who were

ineligible or under-represented in many other trials

completed to date.
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