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ARTICLE INFO ABSTRACT

Keywords: Introduction: The non-interventional XALIA study compared the safety and effectiveness of rivaroxaban with
Anticoagulation standard anticoagulation for the treatment of venous thromboembolism in routine clinical practice. This sub-
Healthcare resources study assessed the effect of treatment with rivaroxaban on healthcare resource use, hospital length of stay (LOS)
Hospitalisation

and frequency of hospitalisation.

Methods: In XALIA, patients aged =18 years scheduled to receive =3 months of rivaroxaban or standard an-
ticoagulation treatment for deep vein thrombosis (DVT) were eligible. Treatment decisions were at the physi-
cian's discretion. Healthcare resource use, including hospital admission for the index DVT and initial LOS, was
documented. The main analyses in this substudy were conducted in a 1:1 propensity score-matched set (PMS) of
patients, with adjustment for cancer at baseline.

Results: In the PMS analysis, 1124 rivaroxaban-treated patients and 1124 standard anticoagulation-treated pa-
tients were included. Baseline characteristics were similar between groups (mean age 60.8 years vs. 61.2 years,
DVT only rates of 89.7% vs. 90.2% and cancer rates of 8.4% vs. 8.5%, respectively). Of these, 433/1124 (38.5%)
rivaroxaban-treated patients and 438/1124 (39.0%) standard anticoagulation-treated patients were hospitalised.
Index event LOS in the PMS analysis was a least-squares mean of 2.6 days shorter with rivaroxaban vs. standard
anticoagulation (5.4 vs. 8.0 days; geometric means ratio = 0.67 [95% confidence interval 0.61-0.74,
P < 0.001D).

Conclusions: In XALIA, hospital LOS was shorter with rivaroxaban than with standard anticoagulation, consistent
with the phase III study results. DVT treatment with rivaroxaban in routine clinical practice may reduce the cost
per patient vs. standard anticoagulation.

Hospital length of stay
Rivaroxaban
Venous thromboembolism

Abbreviations: CrCl, creatinine clearance; DVT, deep vein thrombosis; EMA, European Medicines Agency; LMWH, low molecular weight heparin; LOS, length of
stay; LS, least-squares; PE, pulmonary embolism; PMS, propensity score-matched set; SD, standard deviation; VKA, vitamin K antagonist; VTE, venous throm-
boembolism
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1. Introduction

The traditional approach to venous thromboembolism (VTE) treat-
ment has been initial administration of a parenteral agent (e.g. heparin
or fondaparinux), overlapping with and followed by a vitamin K an-
tagonist (VKA) such as warfarin. The former is often administered in
hospital (although some patients self-administer injections of low mo-
lecular weight heparin [LMWH] outside the hospital setting), whereas
the latter can be administered post-discharge. The proportion of pa-
tients presenting with deep vein thrombosis (DVT) and/or pulmonary
embolism (PE) who are admitted to hospital varies between 50% and
90% and mainly depends on the type of event and on concomitant
diseases [1-4]. Patients with PE are admitted to hospital more fre-
quently than those with DVT, as are patients with concomitant condi-
tions (e.g. cancer). Despite this, outpatient treatment of most venous
thromboembolic events is feasible, even for haemodynamically stable
PE. Healthcare systems also need to address resource burdens asso-
ciated with the duration of hospital stays. LMWH has been shown to
reduce hospital length of stay (LOS) vs. unfractionated heparin, but
delays in discharge are still a common occurrence, mainly because of
hospital practice and physician judgment [5]. Premature discharge may
also increase the risk of re-hospitalisation in some patients with VTE
[6,7].

The phase III EINSTEIN DVT and EINSTEIN PE studies showed that
the non-VKA oral anticoagulant rivaroxaban significantly reduced
median LOS compared with standard anticoagulation (LMWH [en-
oxaparin]/VKA treatment) [8]. A post hoc subanalysis of North Amer-
ican patients also showed that rivaroxaban reduced the median LOS by
1 day compared with enoxaparin/VKA treatment; contributing to a
total treatment cost reduction of US$3419 per patient [9]. These find-
ings were supported by the Japanese EINSTEIN DVT and EINSTEIN PE
studies, in which rivaroxaban was associated with a median LOS of 10
days vs. 15 days for standard anticoagulation [10].

The non-interventional XALIA study assessed the safety and effec-
tiveness of rivaroxaban vs. standard anticoagulation for the treatment
of DVT in routine clinical practice (patients with concomitant PE were
also eligible after the approval of rivaroxaban in the PE indication
during the study) [11]. The results of the propensity score analysis in
XALIA were consistent with those of the EINSTEIN DVT and EINSTEIN
PE studies, with rivaroxaban-treated patients experiencing similar rates
of major bleeding, recurrent VTE and all-cause mortality compared
with patients in the standard anticoagulation group. This substudy of
XALIA assessed the effect of rivaroxaban treatment on LOS, frequency
of re-hospitalisation and healthcare resource use.

2. Methods

The methods have been published previously in the XALIA primary
publication, including the full study protocol (available as a supple-
mentary appendix of the XALIA primary publication), which was de-
veloped by the study sponsor in collaboration with regulators at the
European Medicines Agency (EMA) [11]. These are described briefly
below, along with the methodology for the analysis of patient sa-
tisfaction with treatment.

2.1. Patients

Patients from 19 European countries (Austria, Belgium, Czech
Republic, Denmark, France, Germany, Greece, Hungary, Italy,
Moldova, the Netherlands, Norway, Portugal, Slovenia, Spain, Sweden,
Switzerland, Ukraine and the United Kingdom), Canada and Israel were
enrolled. The study sponsor sought approval from an independent
Ethics Committee or Institutional Review Board in all countries where
such procedures were in place.
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2.2. Treatments

Patients were administered either rivaroxaban or standard antic-
oagulation; type, dose and duration of treatment were at the attending
physician's discretion. Patients receiving rivaroxaban immediately, or
who initially received heparin or fondaparinux for up to 48h before
enrolment, were included in the rivaroxaban cohort. Patients who in-
itially received heparin and/or fondaparinux for > 2-14 days with or
without a VKA for 1-14 days before switching to rivaroxaban were
designated as ‘early switchers’. These patients were excluded from the
main safety analysis and reported separately [12].

2.3. Healthcare resource utilisation

Healthcare resource utilisation included the number of healthcare
professional visits (either at home or in the clinic), readmission to
hospital for recurrent VTE or in-hospital bleeding, and the initial LOS
after the index venous thromboembolic event.

2.4. Propensity score matched design and statistical analysis

The main analyses in this substudy were conducted on the pro-
pensity score-matched set (PMS) of patients; further analyses were also
conducted for the PMS by selected patient subgroups and with adjust-
ment for the presence of cancer at baseline. Propensity score matching
was used to account for known potential factors influencing prognosis,
treatment decision, outcomes and resource consumption. The genera-
tion of the propensity score design in XALIA is described in the sup-
plementary appendix of the XALIA primary publication [11] and was
based on the 34 priority-one covariates, 68 priority-two covariates and
23 priority-three covariates, which were used for the derivation of the
propensity scores. The priority order was prespecified by the Steering
Committee. The 1:1 matching of propensity scores was done using the
greedy algorithm with no outcome data available [13]. Hospital LOS
was calculated from investigator records of admission and discharge
dates; non-hospitalised patients were assigned a value of 0 for this
parameter. An analysis of variance was used to analyse the effect of
treatment on (logarithmised) initial length of hospitalisation in a model
adjusted for cancer at baseline. The p-value for initial LOS was calcu-
lated with the van Elteren test stratified by cancer at baseline. All sta-
tistical comparisons were done using SAS (Cary, North Carolina, USA)
version 9.4.

3. Results
3.1. Patients

In total, 4768 patients were included in the XALIA safety analysis;
2619 (54.9%) of these patients received rivaroxaban and 2149 (45.1%)
received standard anticoagulation. The PMS consisted of a total of 2248
patients in a 1:1 ratio between rivaroxaban and standard antic-
oagulation treatment groups. The baseline demographics and clinical
characteristics of patients in the PMS analysis are shown in Table 1;
these were similar between treatment groups. Mean age was approxi-
mately 61 years in both groups, and 90% of patients in each cohort had
DVT without concomitant PE. Rates of cancer at baseline were also
similar; 8.4% in the rivaroxaban group and 8.5% in the standard an-
ticoagulation group.

3.2. Hospitalised patients

In the safety analysis set, 727/2619 (27.8%) of the rivaroxaban-
treated patients were hospitalised for the index event, as were
1011/2149 (47.0%) of those administered standard antic-
oagulation. In the PMS analysis, 433/1124 (38.5%) rivaroxaban-
treated patients and 438/1124 (39.0%) standard anticoagulation-
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Table 1
Baseline demographics and clinical characteristics of hospitalised patients in
the XALIA study (PMS).

Characteristic® Rivaroxaban Standard anticoagulation
(n=1124) (n=1124)
Age, years, mean (SD) 60.8 (16.2) 61.2 (17.2)
Age category
< 60 years 490 (43.6) 501 (44.6)
=60 years 634 (56.4) 623 (55.4)
Male sex 508 (45.2) 523 (46.5)
Weight
< 50kg 13 (1.2) 20 (1.8)
50-70 kg 226 (19.4) 226 (18.8)
> 70- < 90kg 375 (33.4) 363 (32.3)
=90 kg 279 (24.8) 284 (25.3)
Missing 231 (20.6) 231 (20.6)
First available CrCl
< 30 mL/min 8(0.7) 22 (2.0)
30- < 50 mL/min 56 (5.0) 60 (5.3)
50— < 80 mL/min 222 (19.8) 184 (16.4)
=80 mL/min 455 (40.5) 437 (38.9)
Missing 383 (34.1) 421 (37.5)
Index diagnosis
DVT only 1008 (89.7) 1014 (90.2)
DVT with PE 116 (10.3) 110 (9.8)
Hospitalisation for index
VTE
Yes 433 (38.5) 438 (39.0)
No 691 (61.5) 686 (61.0)
Type of VTE
Provoked 368 (32.7) 390 (34.7)
Unprovoked 756 (67.3) 734 (65.3)
Previous VTE 270 (24.0) 264 (23.5)
Active cancer at baseline 94 (8.4) 95 (8.5)
Known thrombophilic 67 (6.0) 69 (6.1)
condition
Previous major bleeding 23 (2.0) 24 (2.1)
episode

CrCl, creatinine clearance; DVT, deep vein thrombosis; PE, pulmonary embo-
lism; PMS, propensity score-matched set; SD, standard deviation; VTE, venous
thromboembolism.

2 All values are n (%) unless stated otherwise.

treated patients were hospitalised (Table 1).

In the five countries with the largest numbers of patients enrolled in
the study, the hospitalisation rates were: France 45.0% (494/1097);
Germany 23.5% (221/941), Spain 49.1% (408/831), the Netherlands
6.9% (17/246) and the Czech Republic 37.3% (76/204).

3.3. Healthcare professional visits

In the PMS analysis, rivaroxaban-treated patients had fewer
healthcare professional visits compared with patients administered
standard anticoagulation (777 vs. 1080 visits, respectively). For out-
patient hospital visits, the mean number of visits for patients in the
standard anticoagulation group was twice as many as for patients re-
ceiving rivaroxaban (mean number of visits: 3.9 vs. 2.0). Patients
treated with rivaroxaban also had fewer mean visits to a general
practitioner, a specialist or a nurse than patients treated with standard
anticoagulation. The results are shown in Table 2.

3.4. Hospital readmission

The proportion of hospital readmissions was similar between the
treatment groups, with 19/1124 (2%) patients in the rivaroxaban group
and 23/1124 (2%) patients in the standard anticoagulation group
readmitted for recurrent VTE or treated for in-hospital bleeding events.
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Table 2
Healthcare professional visits by treatment group and treatment setting (PMS).

Type of visit® Rivaroxaban Standard anticoagulation
(n=1124) (n=1124)
Overall, n 777 1080
Outpatient hospital 186 (2.0 = 2.27) 177 (3.9 = 4.59)
consultation

General practitioner 263 (4.2 = 5.52) 377 (7.5 = 8.11)
Specialist 233 (2.0 = 2.23) 282 (3.1 + 3.54)

Nurse 95 (7.9 = 17.0) 244 (21.6 = 55.7)

PMS, propensity score-matched set.
2 All values are the number of patients who made a visit (mean number of
visits per person *+ standard deviation) unless stated otherwise.
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Fig. 1. LS mean LOS by treatment group for index event (adjusted for cancer at
baseline) (PMS). LOS, length of stay; LS, least-squares; PMS, propensity score-
matched set.

3.5. Length of stay

For the index event, LOS (with adjustment for cancer at baseline) in
the PMS was 2.6 days shorter with rivaroxaban than with standard
anticoagulation (least-squares [LS] means of 5.4 days vs. 8.0 days, re-
spectively; geometric means ratio of 0.67 [95% confidence interval
0.61-0.74, P < 0.001]) (Fig. 1). The LS mean for LOS in the PMS for a
readmission to hospital was numerically shorter in the rivaroxaban
group (8.2 days vs. 9.8 days in the standard anticoagulation group).

For the five countries in XALIA with the largest enrolment numbers,
mean LOS for the index event was 11.6 days in France, 16.9 days in
Germany, 6.8 days in Spain, 5.0 days in the Netherlands and 7.3 days in
the Czech Republic.

4. Discussion

Real-world studies, such as XALIA, provide important clinical data
because of their high external validity (e.g. vs. phase III trials), meaning
that the results are more generalisable to a broad patient population
than those from a randomised controlled trial. In this XALIA sub-
analysis, for the XALIA safety analysis set there were more hospitali-
sations among patients in the standard anticoagulation group than in
the rivaroxaban group. This was expected because patients with a
higher number of, or more severe, concomitant conditions are at higher
risk of admission, and they were more frequently allocated to standard
anticoagulation (e.g. the standard anticoagulation group contained a
higher proportion of patients with cancer at baseline [19% vs. 6%]).
Consequently, the admission rate of the standard anticoagulation group
was around 50%, which was consistent with previous evidence for
patients with DVT [1]. However, in the PMS, which accounted for
imbalances in baseline characteristics, a similar proportion of patients
was hospitalised from each treatment cohort.
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The results from the PMS analysis demonstrated that patients
treated with rivaroxaban generally required fewer healthcare profes-
sional visits, particularly in the outpatient setting, compared with pa-
tients treated with standard anticoagulation. In addition, with adjust-
ment for cancer at baseline, LOS for the initial event was shorter with
rivaroxaban (LS mean of 5.4 days vs. 8.0 days). Although hospital
readmission rates were similar between treatment groups, rivaroxaban
was associated with a shorter LOS (LS mean of 8.2 days vs. 9.8 days)
after a recurrent venous thromboembolic event or hospital-treated
bleeding episode. No quantification, in monetary terms, was conducted
of the additional days of hospitalisation observed for patients who re-
ceived standard anticoagulation, because the monetary quantification
depends on the perspective of the analysis (e.g. purchaser vs. provider
of care) and on the specific healthcare system. Healthcare consumption
is, therefore, reported in physical units, thus allowing the reader to
quantify the difference into monetary terms according to the local/
national healthcare system-specific costs, charges and tariffs that are
appropriate to them.

The results from XALIA were consistent with findings from sub-
analyses of the EINSTEIN DVT and EINSTEIN PE clinical trials [8,9],
and demonstrated that reductions in LOS can be achieved with rivar-
oxaban in routine clinical practice.

In addition to the impact on morbidity and mortality, VTE and VTE-
related hospitalisation are a significant economic burden on healthcare
systems [14]. Episodes of PE generally cost more than DVT because of
increased hospital facility, hospital professional and outpatient costs
[14]. Cost estimates of hospitalisation for VTE vary by country; for
example, a study estimating costs per hospitalisation for PE estimated
the cost to be over $8700 in the US (where healthcare costs are gen-
erally highest globally) and over €3400 in Italy and Belgium [15].
Another report estimated that hospitalisation costs from PE in Spain
were almost €4400 per patient [16]. Within the English National Health
Service, the unit cost for DVT treatment and PE treatment ranges from
£381-£1000 and £798-£3245, respectively, depending on the com-
plexity of the care (based on the National Schedule of Reference costs
for 2016-2017) [17]. Cancer-associated thrombosis is particularly
costly (because of factors such as increased rates of complications and
hospital LOS compared with patients without cancer), with an average
LOS of 11 days and costs of over US$20,000 per patient [18]. Previous
studies have suggested that hospital costs for VTE are highest at Day 1
post event and are stable from Day 3 onwards [19]. Any reduction in
LOS for VTE treatment is, therefore, likely to yield significant cost
savings. Although much of the cost associated with VTE stems from
management of the acute event, there are also significant costs asso-
ciated with its long-term effects. A previous analysis of the EINSTEIN
DVT and EINSTEIN PE phase III studies suggested that treatment with
rivaroxaban is likely to be cost-effective vs. standard anticoagulation,
regardless of therapy duration [20]. It would, therefore, be of interest to
determine whether this is also the case in routine clinical practice with
rivaroxaban.

There were some limitations in this study. LOS can be impacted by
factors other than the choice of treatment regimen. Local reimbursement
practices based around minimum and maximum stay durations may
impact the decision whether to keep a patient in hospital or discharge
them, and lengthy diagnostic procedures could also extend the duration
of hospital stay. Background hospital admission rates also had the po-
tential to influence the results because these vary between localities; for
example, in Canada, treatment centres tend not to hospitalise patients
with DVT. Selection bias may have influenced the overall admission
rates, because inclusion of inpatients in a study is generally easier than
inclusion of outpatients as a result of the relative ease of acquiring in-
formed consent from patients in the former group during the admission
process. Confirmation of cost savings will require separate analysis, in
part because of the aforementioned possibility of selection bias influen-
cing admission rates, and also if the bulk of the costs are incurred early in
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the hospitalisation process then a reduction in LOS may not offer as large
a cost saving as predicted. Treatment allocation bias and a subsequent
imbalance of patients between treatment groups was minimised with the
propensity score-matched design. However, although the propensity
score-matched design could balance baseline covariates between the
treatment groups, the effect of unmeasured characteristics and con-
founders (e.g. possible reporting bias) cannot be assessed.

5. Conclusions

This subanalysis of the XALIA study confirmed that admission rates
were influenced by the type of event and patients' concomitant condi-
tions, although LOS was influenced by therapeutic regimen. In routine
clinical practice, rivaroxaban treatment was associated with shorter
hospital LOS than standard anticoagulation, which was consistent with
findings of phase III EINSTEIN DVT and EINSTEIN PE clinical trials.
Coupled with the reduced rates of healthcare professional visits ob-
served in the rivaroxaban group, the findings suggested that use of
rivaroxaban for the treatment of VTE in routine clinical practice may
reduce the cost per patient compared with standard anticoagulation.
This should be confirmed by further studies.
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