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Abstract Introduction Four-factor prothrombin complex concentrate (4F-PCC) is recom-
mended for vitamin K antagonist reversal in patients with major bleeding or in need
of surgery. The most important risk associated with the use of 4F-PCC is the occurrence
of thromboembolic events (TEEs). In this review, we aim to evaluate the safety profile of
a 4F-PCC (Kcentra®/Beriplex® P/N; CSL Behring, Marburg, Germany) by reviewing
pharmacovigilance data.
Methods A retrospective analysis of postmarketing pharmacovigilance data of
Kcentra®/Beriplex® P/N from February 1996 to April 2022 was performed and
complemented by a review of clinical studies published between January 2012 and
April 2022.
Results A total of 2,321,443 standard infusions of Kcentra®/Beriplex® P/N were
administered during the evaluation period. Adverse drug reactions (ADRs) were
reported in 614 cases (�1 per 3,781 standard infusions) and 233 of these cases
(37.9%) experienced suspected TEEs related to 4F-PCC (�1 per 9,963 standard
infusions); most of these cases had pre-existing or concomitant conditions likely to
be significant risk factors for thrombosis. TEE rates were similar when 4F-PCC was used
on-label or off-label for direct oral anticoagulant-associated bleeding. Thirty-six cases
(5.9%) reported hypersensitivity type reactions (�1 per 64,485 standard infusions). No
confirmed case of viral transmission related to 4F-PCC use was reported. The published
literature also revealed a favorable safety profile of 4F-PCC.
Conclusion Analysis of postmarketing pharmacovigilance safety reports demonstrat-
ed that treatment with 4F-PCC was associated with few ADRs and a low rate of TEEs
across multiple indications and settings, thus confirming a positive safety profile of 4F-
PCC.
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Introduction

Guidelines recommend four-factor prothrombin complexcon-
centrate (4F-PCC) for patients requiring rapid vitamin K an-
tagonist (VKA) reversal due to major bleeding or urgent need
for invasive surgery.1–7 In addition, direct oral anticoagulants
(DOACs) such as the activated factor X (FXa) inhibitors (rivar-
oxaban, apixaban, edoxaban, and betrixaban) and the direct
thrombin inhibitor dabigatran have becomemore common in
the management of patients at risk of thromboembolism.8,9

Specific reversal agents for DOACs have recently become
available, but recent guidelines also suggest off-label use of
prothrombin complex concentrates (PCCs) for DOAC reversal
when specific reversal agents are unavailable.6,7,9–15 Patients
receiving oral anticoagulants (OACs) such as VKAs and DOACs
maybeat increased risk for thrombosisdue to their underlying
condition when reversal agents are used. Consequently, there
is clinical interest in the safety of 4F-PCC and other drugs used
for reversal of OAC therapy, particularly with regards to the
incidence of thromboembolic events (TEEs).

Beriplex® P/N is a 4F-PCC, manufactured by CSL Behring,
which has been licensed across Europe since February 1996
for indications such as treatment and perioperative prophy-
laxis of bleedings in acquired deficiency of the prothrombin
complex coagulation factors and congenital deficiency of any
of the vitamin K-dependent coagulation factors. The same
product, marketed as Kcentra® in the United States, Japan,
and elsewhere, was approved by the United States Food and
Drug Administration in 2013 for the urgent reversal of VKA
therapy in adult patientswith acutemajor bleeding or a need
for urgent surgery or invasive procedures.16 The safety of
Kcentra®/Beriplex® P/N had been previously examinedwith

a retrospective review of pharmacovigilance data and of the
literature between February 1996 and March 2012.17 How-
ever, when the 2013 pharmacovigilance study was pub-
lished, Kcentra® had not been launched in the United
States and 4F-PCCs were—at that time—not as commonly
used in clinical practice for DOAC reversal as nowadays.
Therefore, the current manuscript provides a review of the
pharmacovigilance data from February 1996 to April 2022.
To complement the pharmacovigilance findings, a literature
search was performed to identify additional studies report-
ing safety data for Kcentra®/Beriplex® P/N in OAC reversal,
as well as other relevant clinical settings, such as severe liver
disease, transplant, massive transfusion protocol, and bleed-
ing and surgery of nonanticoagulated patients.

Methods

Analysis of Pharmacovigilance Data
A retrospective review of the global pharmacovigilance
database of CSL Behring between 16 February 1996 and 30
April 2022was performed. The review included spontaneous
reports, reports from postmarketing studies, reports from
regulatory agencies, and cases identified from the review of
the literature. Only adverse events (AEs) where a suspected
causal relationship could not be excluded between
Kcentra®/Beriplex® P/N and occurrence (adverse drug reac-
tions [ADRs]) were included.

All reported ADRs for Kcentra®/Beriplex® P/N were ana-
lyzed and coded using the Medical Dictionary for Regulatory
Activities (MedDRA) version 25. For each ADR case report,
the year, country of origin, patient age and sex, indication,
Kcentra®/Beriplex® P/N dose, concomitant products,
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manifestations, and outcome of the ADR were recorded if
available. Each case report may contain multiple AEs. The
cumulative quantity of 4F-PCC distributed during the study
periodwas established from CSL Behring commercial records.
Patient exposure is presented as number of estimated 2,500 IU
single standard doses based on the units distributed. Addi-
tionalmethodologyused in retrievingpharmacovigilance data
is summarized in the ►Supplementary Materials.

Statistical Analysis
All analyses compared Kcentra®/Beriplex® P/N on-label use
and off-label use in which DOAC-associated bleeding was
reported. Some outcomes were measured at the case level
(i.e., one observation per case) and others were measured at
the ADR level (i.e., one observation per ADR). All outcomes
where there were sufficient data to perform a statistical
comparison were measured on a categorical scale. The Chi-
square test was used to compare between on-label and off-
label DOAC reversal groups for themajority of outcomes. The
exception was for outcomes that were rarely observed,
where Fisher’s exact test was preferred.

Review of 4F-PCC Safety
A literature review was performed using the PubMed data-
base to assess the safety of Kcentra®/Beriplex® P/N. The
search string used was (“prothrombin complex concentrate”
OR “prothrombin complex concentrates” OR “4F-PCC”) AND
(“safety”OR “reversal”OR “thrombosis”OR “embolism”). The
PubMed search was restricted to the period January 2012 to
April 2022 to update thefindings of the previously published
reviewbyHanke et al.17 Prospective studies published before
2012 and previously reviewed in the 2013 study were also
included and summarized in context of the updated findings.
Clinical studies identified in the search and reporting AEs
were reviewed. Relevant information relating to clinical
indication, dosage, reversal for VKA or DOAC (or other
indication), and AEs relating to Kcentra®/Beriplex® P/N
were identified. Additional details on the literature search
are described in the ►Supplementary Materials.

Results

Pharmacovigilance

Baseline Characteristics
A total of 5,803,608,053 IU of Kcentra®/Beriplex® P/N were
administered during the period of evaluation, corresponding
to 2,321,443 standard infusions of 2,500 IU, across a range of
clinical settings and indications worldwide. Kcentra®/
Beriplex® P/Nwere registered in 49 countries across Europe,
Asia, America including the United States, Canada, and South
America. A summary of the pharmacovigilance data
extracted for Kcentra®/Beriplex® P/N is detailed in
►Supplementary Table S1 (available in the online version).

Nature and Rate of Adverse Drug Reactions
Between 21 February 1996 and 30 April 2022, a total of 1,236
ADRs in 614 cases were reported from postmarketing sources

for Kcentra®/Beriplex® P/N. The 614 cases reported for
Kcentra®/Beriplex® P/N corresponded to approximately one
case per 9,452,130 IU distributed or for every 3,781 standard
infusions administered. Of the 1,236 ADRs reported for
Kcentra®/Beriplex® P/N, 1,003 events (81.1%) were classified
as serious ADRs according to regulatory definition. These cases
included events considered to be important identified risks,
suchasanaphylaxis andhypersensitivity/allergic reactionsand
TEEs, or potential risks, such as suspicion of virus transmission.

When assessing Kcentra®/Beriplex® P/N use for on-label
indications versus off-label (DOAC-associated bleeding), the
cumulative number of cases reported for on-label use was
495 (81% of all cases) and for off-label use 119 (19% of all
cases), with 91 of the off-label cases related to DOAC-associ-
ated bleeding (►Table 1).

Out of the 614 cases, a total of 131 fatal caseswere reported
with 122 cases (93.1%) assessed as related to Kcentra®/
Beriplex® P/N. The most common primary indications for
the related fatal cases were all types of hemorrhage (n¼26),
anticoagulant therapy (n¼7), surgery (n¼7), and procoagu-
lant therapy (n¼6). Fifty out of 122 cases (41.0%) concerned
elderly patients (�65 years) with underlying conditions and
concomitant medications that may have contributed to the
fatal outcomes. Among fatal ADRs, the most commonly
reported causes of deathwere TEEs (n¼71), drug ineffectivity
(n¼23), and all types of hemorrhage (n¼21). The number of
fatal cases related to Kcentra®/Beriplex®P/Non-label usewas
97 (19.6% of all on-label cases) compared with 17 fatal cases
(18.7% of all off-label DOAC cases) for off-label Kcentra®/
Beriplex® P/N use for the management of DOAC-associated
bleeding (►Table 1). The remaining eight fatal cases pertained
tooff-label useofKcentra®/Beriplex®P/N thatwasnot related
to administration of DOACs.

Anaphylaxis and Hypersensitivity/Allergic Reactions
Fifty related anaphylaxis and hypersensitivity/allergic reac-
tions were identified from 36 cases (5.9% of all cases); this is
approximately one case reported per 161,211,335 IU of
Kcentra®/Beriplex® P/N distributed or for every 64,485
standard infusions. Hypersensitivity reactions were
reported in 22 male patients and 12 female patients (gender
unspecified in 2 cases). The agewas reported for 29 patients,
with a median (interquartile range [IQR]) age of 67 (54–76)
years. The most commonly reported hypersensitivity ADRs
were hypersensitivity (n¼9), rash (n¼7), anaphylactic re-
action (n¼6), urticaria (n¼6), shock (n¼5), and circulatory
collapse (n¼4). Forty-eight hypersensitivity/allergic reac-
tions in 34 cases were reported in association with on-label
use of Kcentra®/Beriplex® P/N, whereas no cases were
reported for off-label use for the management of DOAC-
associated bleeding (►Table 1).

Thromboembolic Complications
A total of 233 cases (37.9% of all cases) describing 314
suspected TEEs related to Kcentra®/Beriplex® P/N were
reported; of these, 131 (56.2%) were case reports from the
scientific literature, 53 (22.8%) were study reports, 38
(16.3%) were spontaneous reports, and 11 (4.7%) were
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reports from regulatory authorities (►Table 2). Forty-seven
out of 53 study cases (88.7%) were from a drug use results
survey for Kcentra® in Japan. Within the context of total
infusions administered, this corresponds to a ratio of 1 case
involving one or more TEEs per approximately 9,963 stan-
dard infusions. The age was reported for 161 patients;
median (IQR) agewas 74 (62–82) years. The sexwas reported

for 168 patients and female/male ratio was 0.58. The most
commonly reported primary indications included hemor-
rhage (n¼75; all types including prophylaxis, postproce-
dural, intracranial, cerebral, gastrointestinal), procoagulant
therapy (n¼58), anticoagulant therapy (n¼21), product
used for unknown indication (n¼16), and surgery (n¼15).
An analysis of these cases revealed that 94 (40.3% of all TEE
cases) concerned elderly patients with pre-existing or con-
comitant conditions likely to be significant risk factors for
thrombosis. A total of 113 out of the 233 TEE cases reported
information on the patient’s medical history, 49 cases in-
cluded atrial fibrillation. Of the 233 cases reported, 48 (20.6%
of all TEE cases) had a fatal outcome related to a TEE. Some
thrombosis-associated deaths resulted in multiple throm-
boembolism: across the fatal TEEs, therewere 16 instances of
arterial TEEs (22.5%), 16 of venous TEEs (22.5%), while 39
(55.0%) were unspecified or mixed arterial/venous TEEs.

A furtherbreakdownof the233TEEcases indicated that257
events in 180 cases concerned on-label use (36.4% of all on-
label cases) and 42 events in 39 cases were related to off-label
DOAC-associated bleeding use (42.9% of all off-label DOAC
cases) (►Tables 1 and 3). The number of events was higher
than the number of cases in both groups indicating that some
patients experienced more than one TEE. This occurred in 45
out of the 180 (25.0%) on-label cases and in 3 out of the 39
(7.7%) off-label DOAC cases. The remaining 14 cases related to
off-label use of 4F-PCC which was not associated with DOACs.
In both groups, a large percentage of cases concerned elderly
patients (71.3% on-label; 92.9% off-label DOAC). A total of 41
TEE cases were fatal for on-label use compared with 5 fatal
cases for off-label DOAC-associated bleeding use (►Table 1).
There was no significant group difference at the case level
analysis for the occurrence of TEEs or fatal TEEs (►Table 1).
However, the results suggest a statistically significant differ-
ence in the occurrence of TEEs between the two cohorts at the
ADR level analysis (►Table 3). TEEsweremore common in the

Table 1 Case level analysis: comparison of ADRs for on-label use of Kcentra®/Beriplex® P/N versus off-label use for the
management of DOAC-associated bleeding

On-label use
(n¼ 495), n (%)

Off-label DOAC-associated
bleeding (n¼ 89)a n (%)

p-Value

Fatal ADR case 97 (19.6) 17 (18.7) 0.84

Hypersensitivity reactions 34 (6.9) 0 (0.0) 0.01

TEEs 180 (36.4) 39 (42.9) 0.24

Fatal TEE cases 41 (8.3) 3 (3.4) 0.13

Age, yearsb 74.0 (6.0–94.0) 79.5 (43.0–84.0) –

Patient age groupc 0.20

Elderly (�65 years) 97 (71.3) 13 (92.9)

Adults (18–64 years) 38 (27.9) 1 (7.1)

Children (0–17 years) 1 (0.7) 0 (0.0)

Abbreviations: ADR, adverse drug reaction; DOAC, direct oral anticoagulant; TEE, thromboembolic event.
Note: Statistically significant p-value is indicated in bold.
aData missing for two cases.
bMedian (data range) reported.
cData only available for 136 on-label cases, 14 off-label DOAC cases.

Table 2 Details of suspected thromboembolic events related
to Kcentra®/Beriplex® P/N administration from the
pharmacovigilance database

Details of TEEs reported as related to Kcentra®/Beriplex®
P/N administration

Number of TEE cases 233

Mean (IQR) age of patients, yearsa 74 (62–82)

Female/male patient ratiob 0.58

TEEs with medical history of
atrial fibrillation, n (%)

49 (21)

Reason for Kcentra®/Beriplex® P/N use, n (%)

Hemorrhagec 75 (32.2)

Procoagulant therapy 58 (24.9)

Anticoagulant therapy 21 (9.0)

Surgery 15 (6.4)

Unknown indication 16 (6.9)

Fatal TEEs,d n (%) 48 (20.6)

Abbreviations: IQR, interquartile range; TEE, thromboembolic event.
aAge and sex were reported for 161 and 168 patients (female 62, male
106), respectively.

bReported for 185 patients.
cAll types, including prophylaxis, postprocedural, intracranial, cerebral,
gastrointestinal, etc.
dAdditional risk factors existed in all cases, which provide alternative
explanations.
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off-label DOAC-associated bleeding group, whereby 37.5% of
ADRs resulted in a TEE compared with 24.1% in the on-label
group (p¼0.002; ►Table 3).

The most reported TEE complications for both 4F-PCC on-
label use and off-label DOAC-associated bleeding use were
stroke and deep vein thrombosis (DVT) (►Table 2). The two
groups did not vary significantly in the occurrence of stroke,
myocardial infarction, pulmonary embolism, or disseminated
intravascular coagulopathy. However, DVT was significantly
more common in the off-label DOAC-associated bleeding
group, occurring in 9.8% of ADRs, compared with 2.9% of
ADRs in the on-label group (►Table 3). Atrial fibrillation was
included in the medical history of 24.5 and 26.2% of on-label
and off-label DOAC TEEs, respectively. A complete breakdown
of all TEEs extracted from the pharmacovigilance database for
on-label (n¼257) andoff-label DOAC (n¼42) TEEs is reported
in ►Supplementary Tables S2 and S3 (available in the online
version). Most TEE outcomes were unknown for both on-label
use (34.6%) andoff-labelDOAC-associatedbleedinguse (69.0%)
while among those reported, themajority had a fatal outcome
(►Table 3). ForADRswhere a TEEoccurred, theoutcomeof the
TEEdidnot significantly varybetween thetwocohorts. A small
fraction of cases (39.1% of all TEE cases; 41.1 and 23.1% of all
on-label and off-label DOAC cases, respectively) reported
information regarding time of TEE onset; details are included
in►Supplementary Table S4 (available in the online version).

Suspicion of Virus Transmission
A total of 28 cases (4.6% of all cases) of suspected viral
transmissions were reported; however, no case was con-
firmed as related to Kcentra®/Beriplex® P/N administration.

Literature Review

Safety Outcomes from Randomized Controlled Trials and
Prospective Studies
A summary of randomized controlled trials (RCTs) and studies
reportingprospectivedataonthesafetyofKcentra®/Beriplex®
P/N, including the prospective studies previously summarized
in the 2013 pharmacovigilance study, is shown in ►Table 4.
These included two studies on VKA reversal in patients with
major bleeding,18,19 one study on VKA reversal in patients
requiring an urgent surgical/invasive procedure,20 five studies
on VKA reversal in patients with major bleeding or in need of
urgent surgery,21–25 one study on VKA reversal,26 and one
study on vitamin K-dependent coagulation factor supplemen-
tation in severe liver disease.27An additional single-armphase
3bstudyconducted in Japanesepatients28,29was identifiedbut
excluded from the final review as only a very small number of
patients with major bleeding (n¼6) or in need of urgent
surgical/invasive procedures (n¼5) were assessed.28,29

A post-hoc analysis of data from the two prospective
phase 3b trials18,20 compared the TEE incidence after VKA

Table 3 ADR level analysis: comparison of ADRs for on-label use of Kcentra®/Beriplex® P/N versus off-label use for the
management of DOAC-associated bleeding

On-label use
(n¼1,067), n (%)

Off-label DOAC-associated
bleeding (n¼ 112), n (%)

p-Value

Hypersensitivity reactions 48 (4.5) 0 (0.0) 0.02

TEEs 257 (24.1) 42 (37.5) 0.002

Most reported TEEs

Strokea 63 (5.9) 9 (8.0) 0.37

DVT 31 (2.9) 11 (9.8) <0.001

MIb 21 (2.0) 5 (4.5) 0.09

Pulmonary embolism 18 (1.7) 4 (3.6) 0.15

DIC 10 (0.9) 1 (0.9) 1.00

TEE outcomec 0.20

Recovered/resolved 50 (29.8) 1 (7.7)

Recovering/resolving 19 (11.3) 1 (7.7)

Recovered/resolved with sequelae 18 (10.7) 4 (30.8)

Recovered with treatment 1 (0.6) 0 (0.0)

Not recovered/not resolved 17 (10.1) 1 (7.7)

Fatal 63 (37.5) 6 (46.2)

Not reported/unknown 89 29

Abbreviations: 4F-PCC, four-factor prothrombin complex concentrate; ADR, adverse drug reaction; DIC, disseminated intravascular coagulopathy;
DOAC, direct oral anticoagulant; DVT, deep vein thrombosis; MI, myocardial infarction; TEE, thromboembolic event.
Note: Statistically significant p-values are indicated in bold.
aIncluding ischemic stroke, embolic stroke, thrombotic stroke, cerebral infarction, embolic cerebral infarction, ischemic cerebral infarction, and
cerebrovascular accident.

bIncluding acute myocardial infarction.
cAnalysis based on occurrences of TEE only (n¼ 257 on-label; n¼ 42 off-label DOAC).
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reversal with Kcentra®/Beriplex® P/N or plasma in patients
with major bleeding or in need of urgent surgery.30 The TEE
incidence was similar and independent of coagulation factor
levels, indicating no increased TEE risk.30 Overall, 7.3% in the
pooled Kcentra®/Beriplex® P/N group and 7.1% in the pooled
plasma group experienced �1 TEE (difference: 0.2%; 95%
confidence interval [CI]: �5.5 to 6.0%).30 The risk of TEE was
not proportional to Kcentra®/Beriplex® P/N dose and the
study product dose was not associatedwith TEE development
in either treatment group.30 A separate pooled safety analysis
of data from the two phase 3b studies compared the overall
safety profile of Kcentra®/Beriplex® P/N versus plasma.31

More patients in the plasma group had fluid overload, cardiac
failure, andpulmonaryedema than in theKcentra®/Beriplex®
P/N group (12.7 vs. 4.7%).31 This is congruent with another
post-hoc analysis showing that, after adjusting for other
potential risk factors, plasma usewas independently associat-
ed with a greater risk of volume overload than Kcentra®/
Beriplex®P/N (odds ratio: 2.74;95%CI: 1.21–6.19;p¼0.02).32

No viral transmission was confirmed for Kcentra®/Beriplex®
P/N.31 There were 13 (6.8%) and 13 (6.6%) deaths in the
Kcentra®/Beriplex® P/N group and in the plasma group,
respectively.31 Another post-hoc analysis evaluating the im-
pact of Kcentra®/Beriplex® P/N versus plasma on time to
procedure in patients with gastrointestinal bleeding reported
a shorter median time to procedurewith Kcentra®/Beriplex®
P/N compared with plasma (17.5 vs. 23.9hours, respectively;
p¼0.037); safety outcomes were consistent with the results
from the two phase 3b trials.18,20,33

Prospective studies reported lower incidence of TEEs than
the phase 3b studies (0–2.3% vs. 7–7.8%, respectively;
see ►Table 4 for further details).19,21,22,24,26,27

Safety Outcomes from Retrospective Studies
The outcomes of 25 retrospective studies identified in the
literature search are summarized in ►Supplementary

Table S5 (available in the online version). Among retrospec-
tive studies, the majority (n¼11) reported safety outcomes
of 4F-PCC in patients requiring VKA reversal,34–44 including
three studies comparing fixed and standard variable dos-
ing,34–36 one study investigating VKA reversal for intracra-
nial hemorrhage (ICH),39 and one study comparing outcomes
in patients with body weight over or under 100 kg.40 Nine
studies reporting the use of 4F-PCC for OAC (VKA or DOAC)
reversal were retrieved,45–53 including three studies exam-
ining 4F-PCC for reversal of VKA or DOAC-associated
ICH48,52,53 and one study comparing use of 4F-PCC for on-
label and off-label indications.51 Two studies specifically
investigated 4F-PCC as DOAC reversal therapy,54,55 while
three studies reported safety outcomes of 4F-PCC in non-
anticoagulated patients.56–58

The incidence of TEEs reported in the VKA reversal
retrospective studies ranged from 1.0 to 11.5%, which was
similar to that seen in the phase 3b clinical trials.34–44

Similarly, TEE rates ranged from 2.1 to 11.4% when
Kcentra®/Beriplex® P/N was used for the management of
DOAC-associated bleeding.48,49,53–55 When used for VKA
reversal, there were no consistent findings of fixed or stan-

dard variable dosing having an effect on the incidence of
TEEs,34,36,39,43,44 including comparisons of patients with
body weight over or under 100 kg.40 In nonanticoagulated
patients treatedwith Kcentra®/Beriplex® P/N, the incidence
of TEEs ranged from 1.3 to 3.4%.56–58

Mortality rates across the retrospective studies ranged from
7.6 to 30.4% in VKA studies and 13 to 40.9% inDOAC-associated
bleeding studies. No difference inmortality rates was detected
in studies directly comparing VKA reversal versus DOAC rever-
sal,48,49,51withonlyone study reporting highermortality rates
for off-label versus on-label indications (37.7 vs. 19.1%, respec-
tively; p¼0.01).46 In studies with nonanticoagulated patients,
mortality rates ranged from 3.3 to 26.0% (►Supplementary

Table S4, available in the online version).56–58

Discussion

Overall, analysis of over 26 years of Kcentra®/Beriplex® P/N
pharmacovigilance data indicated a low rate of ADRs, with
only 614 cases reported, equivalent to 1 case per 9,452,130 IU
distributed or 1 every 3,781 infusions. This is consistent with
the previous review of the safety of Beriplex® P/N where a
low rate of AEs was reported.17

A total of 122 fatal cases assessed as related to Kcentra®/
Beriplex® P/N were reported. Fifty of these concerned elderly
patients (�65 years) with underlying conditions and concom-
itantmedications that may have been contributory to the fatal
outcomes.However, 51of the cases didnot report specific case
information to determine what contributed to the fatalities.
TEEs were the most common cause of death representing
28.4% of all fatal ADRs. Pooled safety data from two phase
3b trials showed no difference in fatality rates between
Kcentra®/Beriplex® P/N and plasma-treated patients requir-
ing rapid VKA reversal because of acute major bleeding or
before emergency surgery.18,20,31Multiple retrospective stud-
ies reported fatalities, although only a small number were
considered related to Kcentra®/Beriplex® P/N.37,42,52,56

Patients treated with OAC therapy have conditions that
predispose them to experience thromboembolic complica-
tions. As such, rapid anticoagulation reversal therapy may
increase their risk of developing TEEs, especially when
restart of anticoagulation is delayed or even completely
withdrawn.31 This is crucial in patients experiencing ICH
since, on average, anticoagulation is resumed 4 to 6 weeks
after the acute event.59 Among the total reported cases,
233/614 (37.9%) experienced TEEs, of which 48/233
(20.6%) were fatal. However, most of these cases concerned
patients with underlying conditions or concomitant risk
factors. In line with the pharmacovigilance findings, data
from the two RCTs indicated that patients experiencing TEEs
had a variety of underlying risk factors, with the most
frequent being hypertension, atrial fibrillation, coronary
artery disease, and congestive heart failure.30

There was a large variation of TEE rates across the
retrospective studies, showing TEE incidences in the range
of 1.0 to 16.5% in a variety of clinical settings, including OAC
reversal, nonanticoagulated patients, and as part of massive
transfusion protocols.34–51,53–56,58
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A recent multicenter observational study reported on the
short-term risks of TEE in a large, matched, real-world cohort
of adults receiving 4F-PCC or plasma for VKA-associatedmajor
bleeding.60 The risk of confirmed arterial or venous TEE after
4F-PCC therapy (3.5%; 95% CI: 2.5–4.7%) was similar to that of
plasma (4.5%; 95% CI: 3.3–5.9%).60 The adjusted risk of all-
causemortalityat45daysposttreatmentwas lower inpatients
receiving 4F-PCC compared with a matched historical cohort
receiving plasma.60 Studies that have investigated fixed doses
versus variable doses of Kcentra®/Beriplex® P/N for VKA
reversal showed little difference in TEEs.23,25,35,36,39,40,43,44

One study showed a slight increase in TEEs with fixed dose
(16%) comparedwithvariabledose (6%).34This is an important
finding asfixed dosing of 4F-PCC instead of weight-dependent
dosing can be more cost effective, while still as effective at
controlling bleeding and restoring hemostasis.61–65

Clinical practice guidelines suggest off-label use of PCCs
for management of DOAC-associated bleeding, specifically of
oral FXa inhibitors, when specific reversal agents are not
available.6,7,10–13 This is supported by the published litera-
ture which shows that 4F-PCC and andexanet alfa, the
specific reversal agent of FXa inhibitors, may have compara-
ble hemostatic efficacy, albeit andexanet alfa appears to be
associated with higher TEE rates.66–68 Retrospective studies
have shown a relatively low incidence of TEEs when 4F-PCC
was used off-label for DOAC reversal;48,49,53–55 these rates
are comparable with those observed in 4F-PCC use for VKA
reversal.34–44,48,49 In addition, a few studies reported a
similar TEE incidence when 4F-PCC was used for VKA or
DOAC reversal.48,49,51 In particular, one study found no
differences in TEE rates when 4F-PCC was used for the
management of either warfarin- or DOAC-associated ICH
(9.6% for warfarin vs. 11.4% for DOAC).48 Consistent with
the published literature, the review of pharmacovigilance
data has shown that TEE complications represented a similar
proportion of 4F-PCC patients for on-label use and off-label
DOAC-associated bleeding use. However, significantly more
ADRs resulted in a TEE in the off-label DOAC-associated
bleeding group compared with the on-label group. Interest-
ingly, stroke and DVT complications accounted for the ma-
jority of TEEs in both on-label use and off-label DOAC-
associated bleeding use. This is in line with the results of a
large multicenter observational study of adults receiving 4F-
PCC for VKA reversal, in which the most reported TEEs were
DVT and stroke.60 Similarly, in the study by Makhoul et al,45

DVT and stroke were the most reported TEEs in patients
receiving 4F-PCC for either DOAC or warfarin reversal rep-
resenting 62 and 28% of TEEs, respectively.45 Here, pharma-
covigilance data suggested that DVT was significantly more
common in the off-label DOAC-associated bleeding group
compared with the on-label group.

Pharmacovigilance reportsalso indicated that therewereno
significant differences in mortality rates following TEE com-
plications in the 4F-PCC on-label use and off-label DOAC-
associated bleeding groups. This is in general agreement
with several retrospective studies, in which mortality rates
were not affected by 4F-PCC indication.48,49,51 In contrast,
higher mortality rates for 4F-PCC off-label versus on-label

indications have been reported in two studies.46,69 These
included the study by Naeem et al,46 which was identified in
our search, and amore recently published large cohort study in
which markedly higher in-hospital mortality rates were ob-
served in patients receiving 4F-PCC for off-label indications
comparedwith those receiving it foron-labeluse (29vs.18%).69

Limitations

It is important tohighlight that pharmacovigilancedatamaybe
affectedby thepotential underreportingofADRsas the process
is voluntary and provision of details required for assessment is
notmandatory. Therefore, often cases do not include all details,
such as patient demographics, primary indications, concomi-
tant medications, or presence of thrombotic risk factors. An-
other limitation of pharmacovigilance surveillance is that ADR
reports do not confirm a cause-and-effect relationship with
treatment. In addition, it should be noted that the pharmaco-
vigilance ADR rates were estimated assuming 2,500 IU as the
average dose per 4F-PCC infusion. Although this may be valid
for the majority of the cases which were on-label, doses used
for the management of DOAC-associated bleeding may be
higher and ranging between 2,500 and 5,000 IU.49 Finally, large
differences in population sizes across the various published
studies may hinder comparison between reversal strategies.

Conclusion

This updated review of postmarketing pharmacovigilance
safety reports has shown that treatment with 4F-PCC was
associated with few ADRs and a relatively low rate of TEEs
across multiple indications and settings including off-label
use for the management of DOAC-associated bleeding, thus
confirming a favorable safety profile of 4F-PCC.

What is known about this topic?

• Four-factor prothrombin complex concentrate (4F-
PCC) is recommended for urgent vitamin K antagonist
(VKA) reversal in patients with major bleeding or in
need of surgery.

• Patients receiving anticoagulants may be at increased
risk for thrombosis due to their underlying condition
when reversal agents are used.

• Therefore, there is clinical interest in thesafetyof 4F-PCCs
particularly regarding thromboembolic events (TEEs).

What does this paper add?

• Analysis of pharmacovigilance reports of a 4F-PCC
(Kcentra®/Beriplex® P/N) collected over 26 years of
surveillance indicates that use of 4F-PCC was associat-
ed with a low incidence of TEEs.

• In addition, a review of the literature confirms the
favorable safety profile of 4F-PCC.

• This study reaffirms the long-term safety of 4F-PCC
when used across various settings, including VKA and
direct oral anticoagulant reversal.
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