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Abstract

Objective: Compare 30-day mortality among patients receiving the specific rever-

sal agent andexanet alfa versus replacement prothrombin complex concentrate

(PCC) in the management of direct-acting oral anticoagulant (DOAC)–related

bleeds.

Methods: Two patient-level datasets were used: ANNEXA-4, a prospective, single-

arm trial of patients taking apixaban or rivaroxaban who received andexanet alfa and

ORANGE, a prospective, observational study of anticoagulated patients in UK hospi-

tals, some of whom received PCC. Patients were propensity score matched based on

demographic and clinical characteristics. Subgroup analyses were performed by bleed

type (intracranial hemorrhage [ICH], gastrointestinal [GI], other). Relative risk (RR) of

all-cause 30-daymortality was calculated.

Results: 322 ANNEXA-4 patients treated with andexanet alfa (mean age = 77.7

years; 64.9% ICH) were matched with 88 ORANGE patients treated with PCC (mean

age = 74.9 years, 67.1% ICH). Adjusted 30-day mortality for patients treated with

andexanet alfa (14.6%) was lower than patients treated with PCC (34.1%; RR, 0.43;

95% CI, 0.29–0.63). In the ICH subgroup, patients treated with andexanet alfa had

lower mortality (15.3%) than patients treated with PCC (48.9%; RR, 0.31; 95% CI,

0.20–0.48). Mortality risk was lowest for patients in the GI subgroup but did not dif-

fer significantly by treatment (12.2% for andexanet alfa vs 25.0% for PCC; RR, 0.49;

95%CI, 0.21–1.16).

Conclusions: In this propensity score–matched comparison across 2 independent

datasets, adjusted 30-day mortality rates were lower for patients treated with
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andexanet alfa than in matched patients receiving PCC. This indirect comparison was

limited in that it could not account for several highly predictive variables including

GCS score, hematoma volume, and expected survival. Further research is warranted

to confirm the mortality differences between reversal/replacement agents for DOAC-

related bleeding.

1 INTRODUCTION

1.1 Background

Direct oral anticoagulants (DOACs), including the factor Xa (FXa)

inhibitors rivaroxaban and apixaban, are used in stroke prevention and

the treatment of venous thromboembolism. All anticoagulants, includ-

ing DOACs, carry a risk of serious and life-threatening major bleeding

events.1–3 Major bleeding events related toDOAC treatment are asso-

ciated with high mortality4–6 in addition to significant clinical burden

and highmorbidity.7–9

Treatment strategies for DOAC-related bleeds have changed sub-

stantially over the past decade. Despite limited evidence and no reg-

ulatory approval, 3- and 4-factor prothrombin complex concentrates

(PCCs) have often been used off-label in an effort to reverse the

anticoagulant effect of FXa inhibitors in patients with major bleed-

ing events.10,11 In recent years andexanet alfa, a recombinant mod-

ified human FXa protein was approved by the US Food and Drug

Administration and theEuropeanMedicinesAgency as a reversal agent

for patients treated with the FXa inhibitors apixaban or rivaroxaban

when reversal of anticoagulation is needed due to life-threatening or

uncontrollable major bleeding.12–14 Andexanet alfa sequesters FXa

inhibitors away from endogenous FXa by binding reversibly to FXa

inhibitors. This results in a reduction in anti-FXa activity and a restora-

tion of FXa-dependent thrombin generation.15 In the single-arm study

Andexanet Alfa, a Novel Antidote to the Anticoagulation Effects of

Factor Xa Inhibitors (ANNEXA-4), treatment with andexanet alfa was

associated with a marked reduction in anti-FXa activity and a hemo-

static efficacy rate of 82%.12 Guidelines now recommend the use of

the specific reversal agent andexanet alfa for FXa inhibitor–associated

bleeds.16–23

1.2 Importance

Few studies have reported mortality outcomes after DOAC rever-

sal by andexanet alfa24–26 and only 1 small real-world study has

compared outcomes of treatment with andexanet alfa and other

agents, such as PCCs.26 This lack of available mortality data impedes

evidence-based decision making. Retrospective comparisons, despite

their limitations, can provide important insights to help address this

knowledge gap.

1.3 Goals of this investigation

The goal of this analysis was to evaluate 30-day mortality outcomes

associatedwith themanagement of FXa inhibitor–relatedmajor bleeds

by comparingdata frompatients treatedwith andexanet alfa andPCCs.

2 METHODS

2.1 Study design and setting

This investigation was a retrospective analysis that used propensity

score matching (PSM) to compare data from 2 prospective studies

enrolling patients with FXa inhibitor–related bleeding: the ANNEXA-4

trial,12 a single-arm study that enrolled patients treated with andex-

anet alfa and theOral AnticoagulantAgent-associatedBleeding Events

Reporting System (ORANGE) observational study,27 which enrolled

patients receiving a range of treatments, including PCCs. Individual

data were extracted from the ANNEXA-4 study for the andexanet

alfa–treated group and from the ORANGE study for the PCC-treated

group. Because this was a retrospective analysis of de-identified data,

no ethics approval was needed; as previously published, ANNEXA-412

andORANGE27 both received appropriate ethics approvals.

ANNEXA-4 (ClinicalTrials.gov Identifier: NCT02329327)was amul-

ticenter, prospective, open-label, single-arm clinical study of patients

who were treated with andexanet alfa on experiencing acute major

bleeding associated with enoxaparin or the direct FXa inhibitors apix-

aban, rivaroxaban, or edoxaban.12 ANNEXA-4 included 352 patients

who were recruited from 63 sites across North America and Europe

between April 2015 and May 2018. Patients were enrolled in

ANNEXA-4 if they were ≥18 years of age and if they presented with

acute major bleeding within 18 hours of taking apixaban, rivaroxaban,

edoxaban, or enoxaparin (at a dose of ≥1 mg/kg of body weight).12

Patients were excluded from ANNEXA-4 for any of the following rea-

sons: planned surgery within 12 hours; Glasgow Coma Scale (GCS)

score <7; estimated hematoma volume of >60 cc (intracranial hemor-

rhage [ICH] only); expected survival<1month; occurrence of a throm-

botic event within the 2 weeks before enrollment; or use of vitamin K

antagonist, dabigatran, PCC, recombinant factor VIIa, whole blood, or

plasmawithin the prior 7 days.

The ORANGE study was an observational, prospective study of

2192 patients with major bleeds associated with the use of the
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The Bottom Line

Direct oral anticoagulants are widely prescribed and the

optimal approach to reversal is unknown. This propensity-

matched study combining 2 datasets found that patients

with direct-acting oral anticoagulants (DOAC)-related hem-

orrhage treatedwith andexanet alfa had15% lowermortality

than those treated with prothrombin complex concentrate.

oral anticoagulants warfarin, dabigatran, rivaroxaban, apixaban, or

edoxaban.27 Patient data were prospectively and consecutively col-

lected from32specialist and teachinghospitals across theUnitedKing-

dom from 2013 to 2016. Patients were included in the ORANGE study

if they were ≥18 years of age and presented with acute major bleed-

ingwhile taking oral anticoagulants (warfarin, dabigatran, rivaroxaban,

apixaban, or edoxaban). There were no exclusion criteria.

ORANGE was chosen as the source of data for the PCC patients

because (1) the distribution of bleed types was similar to that of

ANNEXA-4, (2) enrollment in the 2 studies was temporally concordant

and (3) the standard of care for anticoagulation treatment and rever-

sal/replacementwas similar in theUnitedKingdomand in the countries

involved in the ANNEXA-4 study. ORANGEwas also chosen because it

included the highest number of tertiary centers and patients requiring

the reversal of oral anticoagulants of any UK study identified from a

systematic literature review.28,29

2.2 Selection of participants

To promote comparability across the 2 studies and reduce potential

heterogeneity, before matching, patient populations of ANNEXA-4

and ORANGE were refined as shown in Figure 1. Only patients

treated with rivaroxaban or apixaban were included (both studies)

to be consistent with the prescribing information for andexanet alfa.

Only patients treated with PCC were included from the ORANGE

study. In addition, patients were only included if data for all baseline

characteristics of interest and 30-day mortality were available. Thus,

only 322 of the 352 patients from the ANNEXA-4 trial and 145 of the

2192 patients from theORANGE study were included in our analysis.

2.3 Measurements

Individual data were extracted from both datasets.

2.4 Outcomes

All-cause 30-day mortality was analyzed in the whole cohort and by

type of bleed: ICH, gastrointestinal (GI) bleed, and other major bleed.

2.5 Analysis

PSM was performed to reduce bias. The PSM methodology was

informed by the UK National Institute for Health and Care Excellence

F IGURE 1 Patient numbers used in PSM analysis for ANNEXA-4 andORANGE. Individual data were extracted from the ANNEXA-4 study for
the andexanet alfa–treated group and from theORANGE study for the PCC-treated group. PCC, prothrombin complex concentrate; PSM,
propensity scorematching
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methodology30 and the Caliendo and Kopeinig guidance31 and was

conducted using the MatchIt package version 3.0.2 in R software ver-

sion 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria). A

feasibility assessmentwas first performed among patients in thewhole

patient cohort and in the ICH, GI bleed and other major bleeds sub-

groups to determine if PSM would generate robust results (Support-

ing Information Appendices). A logit model was used to reflect binary

treatment assignment (treatment with andexanet alfa or PCC).31 Age

(years), bleed site (ICH, GI bleed, and other major bleeds), and medical

history of atrial fibrillation, hypertension, diabetes, cancer, renal dys-

function, stroke, coronary artery disease, and transient ischemic attack

were the model covariates that fulfilled the pre-specified criteria of

(1) potentially impacting 30-day mortality and (2) being likely to dif-

fer between the 2 treatment groups in the whole cohort. All available

covariates with the potential to impact the outcome were included in

this analysis.

Model specification and estimation of each individual’s propensity

score were then performed. Patients in the andexanet alfa group were

matched to patients in the PCC group using nearest-neighbor match-

ing. Thismatched each andexanet alfa–treated patientwith the patient

in the PCC-treated control group who had the most similar propensity

score. Matching with replacement (ie, all matches were drawn from

the full set of PCC patients, so PCC patients could be matched more

than once) was undertaken to minimize bias. Thus, patients in the

PCC arm could match with multiple patients in the treatment arm if

they were the best match. One-to-one matching, where each member

of the andexanet alfa treatment group was matched to exactly 1

member of the PCC treatment group, was also used to avoid increas-

ing bias by making poorer matches with second-best matches. The

magnitude of the difference between the baseline characteristics

of the 2 groups was calculated before and after matching to see if

matching improved similarity. Balance between groupswas considered

successful if the absolute differences between groups after matching

were<10%.32 Propensity scores were not trimmed as there was over-

lap in all regions of the propensity score range (see before and after

matching propensity score distributions in Supporting Information

Figure S3).

Thirty-day mortality rates for patients receiving andexanet alfa or

PCCs were calculated before and after PSM for each treatment group

and each bleed type subgroup (ICH, GI bleed, and other major bleeds).

Relative risk (RR) of 30-day mortality and 95% confidence intervals

(CIs)were calculated for the2 treatment groups after PSMadjustment.

For the other major bleed subgroup, due to the low number of patients

and matches, it was not possible to match patients by specific bleed

site.

Last, becauseof potential differences in the severity of bleedswithin

the ICH subgroup, a sensitivity analysis was conducted where such

patientswere furthermatchedby intracranial compartment: intracere-

bral, subarachnoid and subdural in ANNEXA-4 (no patients had epidu-

ral intracranial bleeds) and intracerebral, subarachnoid, and subdu-

ral/epidural in ORANGE.

TABLE 1 Baseline characteristics for the whole cohort, before
matching

Beforematching

Characteristic

Andexanet

alfa PCC Abs dif P valuea

Total (N) 322 145 – –

Age, mean± SD, y 77.7± 10.79 81.0± 9.47 –3.3 0.001

Type of bleed (%) –

ICH 64.9 50.3 14.6 –

GI bleed 25.5 37.9 –12.5 –

Othermajor bleedb 9.6 11.7 –2.1 –

Medical history (%)

Atrial fibrillation 83.9 77.9 5.9 0.158

Hypertension 78.3 55.9 22.4 <0.001

Diabetes 30.4 22.1 8.4 0.079

Cancer 26.7 16.6 10.2 0.023

Renal dysfunction 23.3 15.2 8.1 0.060

Stroke 18.9 6.2 12.7 0.001

CAD 13.0 22.8 −9.7 0.012

TIA 7.5 24.1 −16.7 <0.001

Abbreviations: Abs dif, absolute difference; CAD, coronary artery disease;

GI, gastrointestinal; ICH, intracranial hemorrhage; PCC, prothrombin com-

plex concentrate; SD, standard deviation; TIA, transient ischemic attack.

Individual data were extracted from the ANNEXA-4 study for the andex-

anet alfa–treated group and from the ORANGE study for the PCC-treated

group.
aCalculated using a t test for age (a continuous variable) and a χ2 test for

binary variables.
bnon-ICH/GI.

3 RESULTS

3.1 Characteristics of study subjects

Baseline characteristics for the 2 cohorts before and after matching

are shown in Tables 1 and 2. Before matching, the sample included

322ANNEXA-4patients treatedwith andexanet alfa (mean age of 77.7

years; 64.9% with ICH) and 145 ORANGE patients treated with PCC

(mean age of 81.0 years; 50.3%with ICH). Patients treatedwith andex-

anet alfa hadahigherprevalenceof atrial fibrillation, hypertension, dia-

betes, cancer, renal dysfunction, and stroke, whereas patients treated

with PCC had a higher prevalence of coronary artery disease and tran-

sient ischemic attack.

During matching, all 322 ANNEXA-4 patients receiving andexanet

alfa were matched with 88 ORANGE patients receiving PCCs (53 PCC

patients were matched multiple times). After matching, in the whole

cohort, baseline characteristics and comorbidity rates in andexanet

alfa–treated patients and PCC-treated patients were similar (Table 2).

The absolute differences between the andexanet alfa–treated group

and the PCC-treated group were< 10% for atrial fibrillation (83.9% vs
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TABLE 2 Baseline characteristics for the whole cohort after
matching

Aftermatching

Characteristic

Andexanet

alfa PCC Abs dif. P valuea

Total, No. 322 88 – –

Age, mean± SD, y 77.7± 10.79 74.9± 9.96 2.9 0.768

Type of bleed (%) –

ICH 64.9 67.1 –2.2 –

GI bleed 25.5 28.6 –3.1 –

Othermajor bleedb 9.6 4.4 5.3 –

Medical history (%)

Atrial fibrillation 83.9 78.9 5.0 0.201

Hypertension 78.3 72.7 5.6 0.004

Diabetes 30.4 26.7 3.7 0.389

Cancer 26.7 17.7 9.0 0.688

Renal dysfunction 23.3 24.5 –1.2 0.380

Stroke 18.9 15.2 3.7 0.005

CAD 13.0 7.5 5.6 0.604

TIA 7.5 7.1 0.3 0.012

Abbreviations: abs dif, absolute difference; CAD, coronary artery disease;

GI, gastrointestinal; ICH, intracranial hemorrhage; PCC, prothrombin com-

plex concentrate; SD, standard deviation; TIA, transient ischemic attack.

Individual data were extracted from the ANNEXA-4 study for the andex-

anet alfa–treated group and from the ORANGE study for the PCC-treated

group. Matches were considered successful if the after-match absolute dif-

ference was<10%.
aCalculated using a t test for age (a continuous variable) and a χ2 test for

binary variables.
bNon-ICH/GI.

78.9%), hypertension (78.3% vs 72.7%), diabetes (30.4% vs 26.7%),

cancer (26.7% vs 17.7%), renal dysfunction (23.3% vs 24.5%), stroke

(18.9% vs 15.2%), coronary artery disease (13.0% vs 7.5%), and tran-

sient ischemic attack (7.5% vs 7.1%), respectively.

Before matching, the ICH, GI bleed, and other major bleeds sub-

groups included 282, 137, and 48 patients, respectively (Table 3).

After matching, the ICH, GI bleed, and other major bleeds subgroups

included 256, 110, and 39 patients, respectively. In the ICH and GI

bleed subgroups, after matching, baseline characteristics of patients

in the andexanet alfa and PCC treatment groups were similar (data

not shown). Patient characteristics in the other major bleeds subgroup

did not align as well due to the low number of patients and matches;

typesof bleeds included in this subgroupwereheterogeneous (datanot

shown) (Table 4).

Assessments of the PSM using quantile-quantile plots, jitter plots

and histograms are shown in the Supporting Information Appendices.

3.2 Main results

The unadjusted pre-matching andPSM-adjusted 30-daymortality esti-

mates for the whole cohort and the ICH, GI bleeds, and other major

bleeds subgroups are presented in Table 3. After matching, the rate of

30-day mortality in andexanet alfa–treated patients and PCC-treated

patients was 14.6% and 34.1% in the whole cohort, 15.3% and 48.9%

in the ICH subgroup, 12.2% and 25.0% in the GI bleed subgroup and

16.1% and 12.5% in the other major bleeds subgroup, respectively

(Table 4).

Propensity score–matched RR for 30-day mortality of patients

treated with andexanet alfa compared to patients treated with PCC

was 0.43 (95%CI, 0.29–0.63) for thewhole cohort, 0.31 (95%CI, 0.20–

0.48) for the ICH subgroup, and 0.49 (95% CI, 0.21–1.16) for the GI

bleed subgroup (Figure 2). In the other major bleeds subgroup, the RR

for 30-daymortality was 1.29 (95%CI, 0.17–9.55).

The sensitivity analyses, which included further matching by

ICH bleed compartments (intracerebral, subarachnoid and subdu-

ral/epidural hemorrhage), are included in Supporting Information

Table S1. Results were similar to the base case results, with 322

patients matched from ANNEXA-4 and 81 matched from ORANGE,

among whom 53 were matched more than once. Results were consis-

tent across the whole cohort, ICH subgroup, and GI bleed subgroup.

Propensity score–matched 30-daymortality after matching in the sen-

sitivity analysis was 14.6% for andexanet alfa–treated patients com-

pared to 33.3% for PCC-treated patients in the whole cohort and

15.3% for andexanet alfa–treated patients compared to 50.0% for

PCC-treated patients for the ICH subgroup (Supporting Information

Table S2).

4 LIMITATIONS

The main limitation of indirect retrospective analyses is the potential

for bias due to baseline differences in the patient populations. The

PSM we performed reduced the risk of bias, but 2 potential sources

of bias, identified in the feasibility assessment, remained: (1) differ-

ences in eligibility criteria across the 2 studies, and (2) differences in

the variables reported and how they were measured. This latter point

limited the number of covariates that could be included. The degree of

bias associated with each of these sources is inherently immeasurable

in PSM.33

Specifically, this analysiswas limited bydifferent inclusion/exclusion

criteria across the 2 studies, with the ANNEXA-4 trial excluding

patients with a GCS <7, ICH with hematoma >60 cc, and expected

survival less than 1 month, which are highly predictive variables. A

GCS threshold was used as an exclusion criterion for ICH in ANNEXA-

412 but not in ORANGE.27 Baseline size or volume of bleeds,34 blood

pressure, ventricular involvement for ICH, and time from ICH symp-

toms to computed tomography, which are all major determinants of

mortality risk, could not be included in the propensity score regres-

sion model because these were not measured in the ORANGE study.

Hematoma volume, for instance, was reported in ANNEXA-412 but

not in ORANGE27 and is known to influence mortality risk.34 Simi-

larly, location of GI bleed, which is known to influence severity,35 could

not be used in the propensity score model. In both ANNEXA-4 and

ORANGE, more patients had upper GI bleeds (56% and 62% of known
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TABLE 3 Unadjusted (beforematching) all-cause 30-daymortality for andexanet alfa and PCC

Unadjusted 30-daymortality

Population

No. of patients

beforematching

Andexanet alfa, %

(95%CI) PCC, % (95%CI)

Unadjusted relative

reduction, %

Whole cohort (n= 467) Andexanet

alfa=322PCC=145

14.60 (10.72–18.47) 31.72 (24.06–39.39) −53.97

ICH subgroup (n= 282) Andexanet alfa= 209

PCC= 73

15.31 (10.39–20.23) 42.47 (30.85–54.08) −63.95

GI bleed subgroup (n= 137) Andexanet alfa= 82

PCC= 55

12.20 (4.96–19.43) 21.82 (10.55–33.09) −44.09

Othermajor bleeds subgroup

(non-ICH/GI; n= 48)

Andexanet alfa= 31

PCC= 17

16.13 (2.42–29.84) 17.65 (−2.56 to 37.85) −8.61

Abbreviations: CI, confidence interval; GI, gastrointestinal; ICH, intracranial hemorrhage; PCC, prothrombin complex concentrate; PSM, propensity score

matching. Individual data were extracted from the ANNEXA-4 study for the andexanet alfa–treated group and from theORANGE study for the PCC-treated

group.

TABLE 4 Adjusted (after matching) all-cause 30-daymortality for andexanet alfa and PCC

Adjusted 30-daymortality

Population

No. of matched

patientsa
Andexanet alfa, %

(95%CI) PCC, % (95%CI)

Adjusted relative

reduction, %

Whole cohort (n= 410)

PCC= 88

Andexanet alfa= 322 14.60 (10.72–18.47) 34.09 (23.99–44.19) −57.17

ICH subgroup (n= 256)

PCC= 47

Andexanet alfa= 209 15.31 (10.39–20.23) 48.94 (34.10–63.77) −68.72

GI bleeds subgroup (n= 110) Andexanet alfa= 82

PCC= 28

12.20 (4.96–19.43) 25.00 (7.90–42.10) −51.20

Othermajor bleeds

(non-ICH/GI) subgroupb

(n= 39)

Andexanet alfa= 31

PCC= 8

16.13 (2.42–29.84) 12.50 (−17.06–42.06) 29.04

Abbreviations: CI, confidence interval; GI, gastrointestinal; ICH, intracranial hemorrhage; PCC, prothrombin complex concentrate; PSM, propensity score

matching. Individual data were extracted from the ANNEXA-4 study for the andexanet alfa–treated group and from theORANGE study for the PCC-treated

group.
aNumber of matched patients in the subgroups does not add up to 88 as in the whole cohort due to the PSM adjustment. Patients in the whole cohort were

matched based on bleed type in addition to other covariates.
bIn the other major bleeds subgroup, fewer than 10matches were found.

GI bleed sites, respectively) than lower GI bleeds; the site of GI bleed

was unknown in 47% of the patients in ANNEXA-4.12

Last, this analysis was able to account for most differences in

medical history variables; however, although a history of coronary

artery disease was included, histories of myocardial infarction and

ischemic heart disease were excluded because of differences in defi-

nitions between the 2 studies. Additionally even after matching, there

were still some significant differences between the 2 treatment groups

regarding a previousmedical history of TIAP=0.012, strokeP=0.005,

and hypertension, P = 0.04 (see Table 2). The lack of matching for

potentially confounding and highly predictive variables could have led

to bias in the 30-day mortality results. Future larger prospective stud-

ies are needed to explore this limitation.

5 DISCUSSION

Successful reversal of anticoagulation inmajor bleeds related toDOAC

treatment has the potential to improvemorbidity andmortality. In this

PSM analysis of a broad population of patients with life-threatening

bleeding after treatment with rivaroxaban or apixaban, we found that

treatment with andexanet alfa was associated with lower RR of all-

cause 30-day mortality than treatment with PCC (57% reduction). It

is quite possible that this difference is due to differences in baseline

characteristics between the 2 cohorts for which no adjustment could

be made, as hematoma volume was not measured in ORANGE but was

measured in ANNEXA. In ANNEXA-4, ICH patients with larger (esti-

mated hematoma volume of >60 cc) volume were excluded. Subgroup

analyses by type of bleed showed that 30-daymortality in the ICH sub-

group was 69% lower in andexanet alfa–treated patients than in PCC-

treated patients, whereas differences in 30-daymortality in the GI and

other bleeds subgroups were not statistically significant.

Reversal of anticoagulation caused by FXa inhibitors is not indicated

for PCCs, and the ability of PCCs to reverse major bleeds caused by

rivaroxaban or apixaban has not been established. Nonetheless, PCCs

have been increasingly used for this purpose due to a lack of specific

reversal agents until the approval of andexanet alfa in 2018. As PCCs

continue to be used, there is a need for comparative data. However, to
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F IGURE 2 Forest plot showing RR of all-cause 30-daymortality. RR of all-cause 30-daymortality and 95%CI were calculated after PSM for
the 2 treatment groups in the whole cohort and in the subgroups. Individual data were extracted from the ANNEXA-4 study for the andexanet
alfa–treated group and from theORANGE study for the PCC-treated group. Because of the low number of matches for the other major bleeds
subgroup, the CI was large (RR, 1.29; 95%CI, 0.17-9.55) andwas not included in the forest plot. CI, confidence interval; GI, gastrointestinal; ICH,
intracranial hemorrhage; PCC, prothrombin complex concentrate; PSM, propensity scorematching; RR, relative risk

date, only 1 small retrospective study (N = 29) has compared andex-

anet alfa and PCC with respect to 30-day mortality.26 Our data, which

included 322 andexanet alfa–treated patients matched to 88 PCC-

treated patients, describe the largest cohort to date.

Because this was a real-world analysis derived from 2 datasets,

a power analysis was not calculated and all patients who met inclu-

sion/exclusion criteria were included. Based on published literature,

there is little consistency in recommended minimum sample sizes

for observational studies, with recommended sample sizes ranging

between 3 and 20 times the number of covariates or between 100

to 1000 individuals. Further, certain factors necessitate use of larger

sample sizes, like low communality and low numbers of factors and

variables per factor. In our analysis, communality was assessed in

each patient level dataset.1 The high baseline rate for the study

outcome (mortality) among patients with anticoagulant-related bleeds

decreased the risk of inadequate sample size among the overall

population in this study, but due to the uncertainty in estimating the

potential effect size due to limited data assessing these outcomes and

related predictors, it is critical to replicate these analyses in larger

databases, particularly for each bleed type.

5.1 ICH mortality

ICH is associated with particularly high mortality rates. In pivotal

DOAC studies, 30-day ICH mortality rates of 45% in patients treated

with apixaban in the randomized controlled trial ARISTOTLE36 and

of 48% in patients treated with rivaroxaban in the randomized con-

trolled trial ROCKET-AF37 have been reported. In a real-world cohort

of patients with intracerebral hemorrhage in the Get With the Guide-

lines Stroke Registry, rates of in-hospital mortality were 27% among

patients with major bleeds with evidence of FXa inhibitor use.38 In

studies of patients treated with PCC, mortality rates associated with

ICH vary significantly26,39,40 and can be as high as 64%.26 Here, we

show that with andexanet alfa treatment, the rate of 30-day mortal-

ity was 15.3%, whereas with PCC treatment, it was 42% beforematch-

ing and 49% after matching. These findings for ICH are consistent with

data from recent small real-world studies in which the in-hospital ICH

mortality rate after treatment with andexanet alfa was 10% (N= 39)24

and 22.2% (vs 63.6% for 4 factor-PCC) in a comparative case series of

patients with ICH (N= 29).26

5.2 GI bleed mortality

In clinical practice, GI bleeds are the most common major bleeds and

account for > 50% of all DOAC-related major bleeds, thus presenting

a substantial clinical and economic burden, even though ICH is associ-

atedwithhighermortality thanGIbleeding.41 Currently, reportedmor-

tality rates in patients admitted to hospitals for GI bleeds vary greatly

from study to study. They range from 1.4% in a MarketScan database

analysis of 1500 patients hospitalized for major GI bleeds,41 to 7% in

a US single-center study,42 to 14% in a 30-day mortality analysis of 29

FXa inhibitor–treated patients with major bleeding.43 After matching,
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we found that the 30-day mortality rate was 12.2% in patients treated

with andexanet alfa and 25.0% in patients treated with PCC (RR 0.49

[95%CI0.21 to1.16]). Themortality ratewe report is thus at thehigher

range of the previously publishedmortality rates.41–43 These data sug-

gest that the severity of bleeds in ANNEXA-412 and ORANGE27 may

be greater than those previously reported, but, more importantly, they

underscore the importance of assessing the severity of GI bleeds using

proxies for severity such as GI bleed site or units of blood transfused.

5.3 Mortality with other bleeds

In the other bleeds subgroup, 30-day mortality results were inconclu-

sive due to the low number of matches (n < 10) and the heterogeneity

of bleed types included in “other major bleeds.” The comparability of

the 2 populations limits confidence in the results and it is critical for

future research to assess the impact of reversal or replacement treat-

ment among patients with non-GI, non-ICH bleeds.

In summary, the data presented herein are consistent with the fact

that major bleeds are associated with substantial risk of mortality

and further underscore the importance of understanding how to best

support clinicians in patient management. In our propensity score–

matched study comparing 322 patients treated with andexanet alfa

versus 88 treated with PCC for the management of FXa inhibitor-

related bleeds, 30-day mortality was lower among patients treated

with andexanet alfa, particularly for the ICH subgroup. These findings

suggest differences may exist between reversal/replacement agents

for DOAC-related major bleeding. Because PSM comparison studies

may be subject to bias related to differences in selection criteria and

confounding, further research is needed to compare the safety andeffi-

cacy of PCCs and andexanet alfa in patientswithDOAC-related bleeds.

The ANNEXA-I study (ClinicalTrials.gov Identifier: NCT03661528) is

currently enrolling patients with ICH in a randomized controlled trial

of andexanet alfa versus usual care, which includes PCC.
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