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Abstract

Background——Patients experiencing major bleeding while taking vitamin K antagonists 

require rapid vitamin K antagonist reversal. We performed a prospective clinical trial to compare 

nonactivated 4-factor prothrombin complex concentrate (4F-PCC) with plasma for urgent vitamin 

K antagonist reversal.

Methods and Results——In this phase IIIb, multicenter, open-label, noninferiority trial, 

nonsurgical patients were randomized to 4F-PCC (containing coagulation factors II, VII, IX, and 

X and proteins C and S) or plasma. Primary analyses examined whether 4F-PCC was noninferior 

to plasma for the coprimary end points of 24-hour hemostatic efficacy from start of infusion and 

international normalized ratio correction (≤1.3) at 0.5 hour after end of infusion. The intention-to-

treat efficacy population comprised 202 patients (4F-PCC, n=98; plasma, n=104). Median (range) 

baseline international normalized ratio was 3.90 (1.8–20.0) for the 4F-PCC group and 3.60 (1.9–

38.9) for the plasma group. Effective hemostasis was achieved in 72.4% of patients receiving 4F-

PCC versus 65.4% receiving plasma, demonstrating noninferiority (difference, 7.1% [95% 

confidence interval, −5.8 to 19.9]). Rapid international normalized ratio reduction was achieved in 

62.2% of patients receiving 4F-PCC versus 9.6% receiving plasma, demonstrating 4F-PCC 

superiority (difference, 52.6% [95% confidence interval, 39.4 to 65.9]). Assessed coagulation 

factors were higher in the 4F-PCC group than in the plasma group from 0.5 to 3 hours after 
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infusion start (P<0.02). The safety profile (adverse events, serious adverse events, thromboembolic 

events, and deaths) was similar between groups; 66 of 103 (4F-PCC group) and 71 of 109 (plasma 

group) patients experienced ≥1 adverse event.

Conclusions——4F-PCC is an effective alternative to plasma for urgent reversal of vitamin K 

antagonist therapy in major bleeding events, as demonstrated by clinical assessments of bleeding 

and laboratory measurements of international normalized ratio and factor levels.

Clinical Trial Registration——URL: http://www.clinicaltrials.gov. Unique identifier: .
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Vitamin K antagonists (VKAs) are prescribed routinely for the treatment and prevention of 

thromboembolic events, with >22 million prescriptions issued for warfarin in the United 

States annually.1

In clinical practice in the United States, major hemorrhage in VKA-treated patients 

reportedly occurs at an annual rate of 1.7% to 3.4%.2 Furthermore, there are >60 000 annual 

emergency department visits for hemorrhagic complications in VKA-treated patients.3 

Bleeding and supratherapeutic international normalized ratio (INR) are also common 

manifestations of adverse drug events in older adults, accounting for ≈42 000 

hospitalizations annually in the United States.4 Patients presenting with acute hemorrhage 

require rapid VKA reversal via prompt restoration of vitamin K-dependent coagulation 

factors (VKDFs).5 The first step is the administration of vitamin K; however, reversal can 

take several hours, and therefore it is not recommended as monotherapy for acute bleeding.
5,6

VKDF replacement can be achieved by administering plasma or prothrombin complex 

concentrate (PCC).7–9 Despite widespread use, the efficacy of plasma for urgent VKA 

reversal has not been established, and it has several drawbacks, including (1) time delays for 

ABO blood typing and thawing of frozen plasma; (2) large volumes and long infusion times 

to reach the factor levels necessary to correct coagulopathy; (3) risk of pathogen 

transmission; and (4) risk of transfusion-related acute lung injury and transfusion-associated 

circulatory overload, which are leading causes of transfusion-related deaths.7–10

An alternative to plasma is PCC. There are 2 types of PCCs: activated (licensed for 

treatment of hemophilia A or B with an inhibitor) and nonactivated. Nonactivated PCCs are 

lyophilized concentrates of VKDFs, referred to as 3-factor (contain significant quantities of 

factors II, IX, and X) or 4-factor (4F; also contain sufficient factor VII).7,11 PCCs can be 

administered promptly because of their relatively small infusion volume and because there is 

no need for thawing or blood-type matching.7 PCCs are effective for urgent VKA reversal12 

and are considered preferable to plasma for rapid INR correction in many countries,7,13 

which is highlighted in treatment guidelines from a number of organizations, including the 

American College of Chest Physicians, the British Committee for Standards in 

Haematology, and the Task Force for Advanced Bleeding Care in Trauma.5,6,14
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This prospective, randomized, multinational clinical trial compared 4F-PCC with plasma for 

urgent VKA reversal in patients with acute major bleeding.

Methods

Study Design

This prospective, randomized, open-label, active-controlled, nonin-ferioiity phase IIIb trial 

was conducted at 36 sites across the United States and Europe. The study was sponsored by 

CSL Behring, registered at http://www.clinicaltrials.gov/ct2/show/NCT00708435, and 

performed in accordance with local ethics regulations; written informed consent was 

obtained from all patients.

Patients were randomly assigned (1:1) to receive either 4F-PCC (Beriplex P/N, CSL 

Behring, Marburg, Germany) or plasma. Patients were assigned by a centrally managed 

biased-coin minimization method,15 which controlled for balance in number of patients 

among treatment arms overall and per site as well as among bleeding type (comprising 

gastrointestinal, visible, intracranial hemorrhage, musculoskeletal, and other nonvisible 

bleeding). Study staff were not blinded to treatment allocation because of the inherent 

characteristics of the study drugs. Therefore, hemostatic efficacy was assessed by a blinded, 

independent Endpoint Adjudication Board (EAB). An independent Data Safety Monitoring 

Board reviewed unblinded data to assess patient safety. Serious adverse events (AEs) of 

interest to the Data Safety Monitoring Board (thromboembolic events, deaths, late bleeding 

events) were reviewed by a blinded, independent Safety Adjudication Board (SAB). Further 

details are in Table I in the online-only Data Supplement.

Efficacy End Points

Because of the complexity of assessing VKA reversal in a population experiencing diverse 

types of bleeding, the study was designed with 2 complementary coprimary end points. One 

coprimary study end point was hemostatic efficacy of the intervention (4F-PCC or plasma), 

assessed over a 24-hour period from the start of infusion. The other coprimary end point was 

rapid INR reduction (≤1.3) at 0.5 hour after the end of infusion. Secondary efficacy end 

points included plasma levels of VKDFs (factors II, VII, IX, and X) and natural 

anticoagulant proteins (proteins C and S) and time to INR correction (a complete list appears 

in Table II in the online-only Data Supplement).

Patients

Patients (≥18 years of age) receiving VKA therapy with an elevated INR (≥2.0 within 3 

hours before study treatment) and experiencing an acute major bleeding event were eligible. 

Acute major bleeding was defined as 1 of the following: life-threatening or potentially life-

threatening (according to the treating physician); acute bleeding associated with a fall in 

hemoglobin ≥2 g/dL; and bleeding requiring blood product transfusion. Exclusion criteria 

are listed in Table 1.
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Treatment

On day 1, each patient received his or her assigned study treatment according to baseline 

INR and body weight (Table 2).16 4F-PCC was administered as a single intravenous dose, 

with a maximum infusion rate of 3 IU/kg per minute. The quantity (IU) of active ingredients 

per vial of 4F-PCC was approximately as follows: factor II, 380 to 800; factor VII, 200 to 

500; factor IX, 400 to 620; factor X, 500 to 1020; protein C, 420 to 820; and protein S, 240 

to 680. Plasma was infused intravenously with a study protocol-recommended rate of 1 U 

per 30-minute interval.

All patients were to receive vitamin K by slow intravenous infusion dosed according to 2008 

American College of Chest Physicians guidelines (5–10 mg)17 or local clinical practice if 

different.

Assessments

Traditional trials for evaluating coagulation factor products (eg, hemophilia treatments) are 

single-arm designs with subjective hemostasis end points.18–20 To reduce potential 

investigator bias and to increase end point objectivity, a hemostatic efficacy scale was 

developed in discussion with the Food and Drug Administration for adjudication by a 

blinded EAB. Hemostatic efficacy was rated by the EAB as excellent, good, or poor/none. 

Effective hemostasis was defined as a rating of excellent or good over a 24-hour period from 

the start of infusion; noneffective was defined as a rating of poor/ none. Data provided to the 

EAB for assessment included hemoglobin, hematocrit, any additional hemostatic treatments, 

AE data, and clinical outcome over the 24-hour assessment period. Objective pre-defined 

hemostasis criteria specific to each category of bleeding were used (Table III in the online-

only Data Supplement). Patients were assigned a poor/none hemostatic efficacy rating if 

their management required administration of any hemostatic products other than study 

product or packed red blood cells within 24 hours after the start of study product infusion.

At the request of the Food and Drug Administration, the time points used for assessment of 

the primary rating of hemostatic efficacy for patients with musculoskeletal or visible 

bleeding were modified (from 3 and 6 hours after the start of infusion to 1 and 4 hours after 

the end of infusion) during the study. Consent was reobtained from the majority of affected 

patients before the assessment of hemostatic efficacy. Two patients were assessed with the 

use of the preamendment time points and therefore had missing data for the hemostatic 

efficacy end point. These patients were excluded from the intention-to-treat (ITT) efficacy 

(ITT-E) and per protocol analyses.

The total volume and total infusion time of each study treatment were recorded. Blood 

samples were drawn for determination of INR and levels of VKDFs, protein C, and protein S 

before study product infusion and 0.5, 1, 3, 6, 12, and 24 hours after start of infusion, as well 

as for determination of INR at 0.5 hour after end of infusion. Additional hematology 

parameters (hemoglobin and platelet count) were measured before infusion and 3 and 6 

hours after start of infusion.

Baseline INR was assessed ≤3 hours before start of infusion. AEs and serious AEs were 

recorded by study investigators. AEs and concomitant medications were recorded at every 
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time point up to day 10 (visit window days 7–11); serious AEs were recorded up to day 45 

(visit window days 43–51).

Statistical Analysis

Data were analyzed with the use of SAS (SAS Institute Inc) version 9.1.3 and version 9.2. 

Sample size was based on assumptions of effective hemostasis for 85% in patients in the 

plasma group and 90% in the 4F-PCC group. It was originally estimated that (including a 

10% dropout rate) 92 patients per group (total=184) would yield 84% power to show 

noninferiority of 4F-PCC versus plasma. The significance level used for the power 

calculation of hemostatic efficacy was 1-sided 0.025. After the protocol amendment to the 

hemostatic efficacy end point, target enrollment was increased to 212 to preserve study 

power. No power calculation was made for the INR end point measured at 0.5 hour after end 

of infusion.

Noninferiority analyses were conducted on the ITT-E population via calculation of the 2-

sided 95% confidence interval (CI) for the difference in the proportions of patients with 

effective hemostasis and separately for the coprimary end point of INR reduction in the 2 

treatment groups (4F-PCC minus plasma) according to the method of Farrington-Manning.21 

Noninferiority of 4F-PCC was demonstrated if the lower limit of the 95% CI for the 

between-group difference was greater than −10%. 4F-PCC would be successfully claimed 

noninferior to plasma if noninferiority was shown for both the hemostatic efficacy and INR 

reduction end points. If noninferiority was shown, there would be an additional test for 

superiority of the effect of 4F-PCC compared with that of plasma for each of the coprimary 

end points. Superiority for an end point would be declared if the lower bound of the 95% CI 

exceeded zero. No adjustment to the type I error was required for this closed test procedure 

after the establishment of noninferiority.

The ITT population comprised all patients randomized to a treatment group. The ITT safety 

(ITT-S) population comprised all patients from the ITT population who had received any 

portion of study product. The ITT-E population comprised all patients from the ITT 

population who had received any portion of study product, who presented with acute major 

bleeding, and who had an INR >1.3 before infusion with study product. The per protocol 

population comprised all patients from the ITT-E population, excluding those with major 

protocol deviations. Patients with missing data for the hemostatic efficacy assessment were 

scored as noneffective for the ITT and ITT-E analyses and excluded from the per protocol 

analysis; if the INR measurement at 0.5 hour after infusion was missing, the patient was 

counted as having no rapid INR reduction for the ITT-E analysis.

Analyses of secondary end points were considered supportive, and no corrections for 

multiple comparisons were performed. A secondary analysis of the hemostatic efficacy end 

point was performed with the use of the original rating categories. Each category was 

compared between treatments with a Cochran-Mantel-Haenszel test. VKDF/protein levels 

were analyzed at each time point with a 2-tailed Wilcoxon rank sum test for between-group 

comparisons and a signed rank test for within-group changes from baseline. Time to INR 

correction data was summarized per treatment group in life tables and respective survival 

time graphs. Missing event time data or patients without events were censored at the longest 
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nonmissing time. Between-group comparisons of INR per time point were analyzed by the 

2-tailed Wilcoxon rank sum test. Safety data were analyzed descriptively.

Results

Demographics and Treatment

Two hundred sixteen patients were randomized; 103 patients received 4F-PCC, and 109 

received plasma (Figure 1). The proportions of patients meeting the acute major bleeding 

criteria are detailed in Table IV in the online-only Data Supplement. The ITT-E population 

comprised 202 patients (4F-PCC, n=98; plasma, n=104); reasons for loss and exclusion are 

in Figure 1. Baseline data and characteristics were similar between groups (Table 3).

Infusion durations, volumes, and rates reflected the different study substances involved 

(Table 4).

Four patients in the 4F-PCC group and 2 in the plasma group did not receive vitamin K 

during the study. Eight patients in the 4F-PCC group and 3 in the plasma group received 

vitamin K by a nonintravenous route. The timing of vitamin K therapy in relation to study 

product infusion was comparable between groups (data not shown).

Most hematology variables were within the same ranges at baseline in both groups (data not 

shown). There was no difference between groups in the mean number of packed red blood 

cell units transfused in the 24 hours after the start of infusion (Table 4). Lengths of hospital 

stays were similar between groups (Table V in the online-only Data Supplement).

Efficacy

Hemostatic Efficacy—Effective hemostasis (efficacy rating excellent or good) was 

achieved in 71 patients (72.4%) in the 4F-PCC group versus 68 (65.4%) in the plasma group 

(Table 5). Analysis of the group difference confirmed the noninferiority of 4F-PCC to 

plasma according to the predefined criterion (difference, 7.1% [−5.8 to 19.9]). The treatment 

difference did not demonstrate superiority.

There was no difference between groups in the number of patients with an excellent 

hemostatic efficacy rating at 24 hours (P=0.50). A subanalysis stratified by type of bleed did 

not reveal statistically significant differences between interventions for any category of bleed 

(Table VI in the online-only Data Supplement). However, visible and musculoskeletal 

bleeding could be assessed earlier than other bleeding types (at 4 hours compared with 24 

hours). In a post hoc analysis, significantly more patients had effective hemostasis in the 4F-

PCC group than the plasma group when visible and musculoskeletal bleeding (rated at 4 

hours) were analyzed (P=0.0200; Table 6).

INR Correction—Rapid INR reduction (INR ≤1.3 at 0.5 hour after the end of infusion) 

was achieved in 61 patients (62.2% [95% CI, 52.6 to 71.8]) in the 4F-PCC group versus only 

10 (9.6% [95% CI, 3.9 to 15.3]) in the plasma group (Table 7). Analysis of the group 

difference demonstrated superiority of 4F-PCC over plasma (difference, 52.6% [39.4 to 

65.9]).
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Patients in the 4F-PCC group achieved INR correction more rapidly than those in the plasma 

group; 1 hour after the start of infusion, 68 patients (69%) in the 4F-PCC group had an INR 

≤1.3 compared with none in the plasma group. This trend continued at the subsequent time 

points and was still evident at 24 hours after start of infusion (88% versus 58%, respectively; 

Figure 2A). Furthermore, median INR was significantly lower in the 4F-PCC group 

compared with the plasma group until 12 hours after the start of infusion (Figure 2B).

In a post hoc analysis, the 97.5% Farrington-Manning risk difference CIs for hemostatic 

efficacy and rapid INR reduction were also calculated with the assumption that the 

noninferiority boundary was −10%. These 97.5% CIs are equivalent to testing each of the 2 

end points at individual 1-sided levels of α=0.0125. In this way, the multiplicity of testing 

for superiority in 2 coprimary end points was addressed with preservation of the type I error 

of a 0.025 significance level. For hemostatic efficacy, the 97.5% CI was −7.6% to 21.7%. 

For rapid INR reduction, the 97.5% CI was 37.5% to 67.7%. The lower bound of this CI is 

greater than zero, and therefore superiority can be declared for 4F-PCC for the rapid INR 

reduction end point.

Coagulation Factor/Protein Levels—Mean preinfusion levels of VKDFs, protein C, 

and protein S were similar between groups (P>0.05). Figure 3 shows changes in factor levels 

over time. Mean factor levels were significantly higher in the 4F-PCC group than the plasma 

group at 0.5, 1, 3, and 6 hours (P<0.05) apart from factor VII at 6 hours (not significantly 

different between groups; P=0.19).

Results were similar for the coprimary end points when analyzed by country/region (Tables 

VII and VIII in the online-only Data Supplement). Similar results were also seen for the ITT 

(Tables IX and X in the online-only Data Supplement) and per protocol populations (data 

not shown).

Safety

Safety outcomes were assessed with the use of the ITT-S population (Figure 1). There were 

66 of 103 patients in the 4F-PCC group and 71 of 109 patients in the plasma group with ≥1 

AE (Table 8). AEs considered by investigators to be treatment related were reported for 10 

patients in the 4F-PCC group and 23 in the plasma group. Serious AEs were reported for 32 

patients in the 4F-PCC group and 26 in the plasma group, of which 2 (ischemic stroke, deep 

vein thrombosis in the 4F-PCC group) and 4 (myocardial ischemia [n=2], respiratory failure, 

fluid overload in the plasma group) were considered treatment related by investigators 

(Table XI in the online-only Data Supplement).

Thromboembolic AEs were reported during the study for 8 patients in the 4F-PCC group 

and 7 in the plasma group (Table 8). Four patients in the 4F-PCC group and 3 patients in the 

plasma group had events considered treatment related by investigators. There were 5 patients 

in the 4F-PCC group and 3 patients in the plasma group with serious thromboembolic 

events, which were reviewed by the SAB. The SAB adjudicated that 2 patients in the 4F-

PCC group and 2 in the plasma group had serious throm-boembolic events that were 

treatment related. The SAB did not confirm 1 investigator-listed serious AE of myocardial 

infarction (4F-PCC group) as a thromboembolic event.
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Five patients (4.9%) in the 4F-PCC group had fluid overload or similar cardiac events (Table 

8 and Table XII in the online-only Data Supplement; preferred terms: fluid overload, 

pulmonary edema, cardiac failure congestive, cardiac failure chronic, and cardiac failure), 

and none were considered treatment related by investigators. Fourteen patients (12.8%) had 

fluid overload or similar cardiac events after administration of plasma, and 7 were 

considered treatment related by investigators.

By day 30 after infusion, there were 6 deaths in the 4F-PCC group and 5 in the plasma 

group, of which 1 (sudden death after hospital discharge, 7 days after receiving 4F-PCC, 

cause unknown) was considered by the SAB (but not by the investigator) to be treatment 

related. Four additional deaths occurred in the 4F-PCC group between days 30 and 45; no 

additional deaths were recorded for the plasma group. Deaths are detailed in Table XIII in 

the online-only Data Supplement. Notably, 8 of 10 patients in the 4F-PCC group and 4 of 5 

patients in the plasma group died after being placed on comfort care.

Discussion

This was the first randomized clinical trial to compare 4F-PCC and plasma for urgent VKA 

reversal in patients with major bleeding. The study met the coprimary end points: 4F-PCC 

was noninferior to plasma for hemostatic efficacy and for rapid INR reduction. Consistent 

with the rapid reduction in INR, mean plasma levels of VKDFs markedly increased to >60% 

at 0.5 hour after the start of 4F-PCC infusion, whereas increases in factor levels after 

administration of plasma were significantly slower. Between 3 and 24 hours (when vitamin 

K begins to take effect), factor levels in the plasma group trended toward those seen in the 

4F-PCC group.

The rapid INR reduction and factor level increments are consistent with other studies 

demonstrating that PCCs are a clinically useful means to rapidly replace VKDFs and 

effectively lower INR.16,22–25 A number of hypotheses might explain why this 4F-PCC 

achieved superiority to plasma for rapid INR reduction and achieved noninferiority to 

plasma for hemostatic efficacy. Although it is possible that patients with less severe 

coagulopathies (INR 2–4) benefited from supportive measures aimed at stopping bleeding, 

there was no evidence of a difference in hemostatic efficacy between 4F-PCC and plasma 

for each baseline INR group. The hemostatic efficacy rating might have been higher for the 

4F-PCC group if only patients with severe bleeding were included. However, it would not 

have been practical or feasible to enroll enough patients if the stringency of the entry criteria 

was increased. The clinical hemostasis assessments used data collected throughout the 24-

hour period after study product administration; this timing might have limited our ability to 

detect differences. Because of the longer plasma infusion time, concomitant administration 

of vitamin K was a potential confounding factor because of its greater contribution in the 

plasma group; by 24 hours, factor levels in both groups had reached hemostatic levels. 

Interestingly, for bleeding types for which an early assessment was possible (visible and 

musculoskeletal bleeding), there was a more pronounced clinical effect of 4F-PCC 

compared with plasma (Table 6).
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Historically, clinical trials of hemostasis have had limitations, some of which were present in 

this trial. Commonly, trials with bleeding end points lack defined efficacy criteria or defined 

time points for analysis, and most hemostatic efficacy scales have some subjective elements. 

In this trial, end points consistent with standard clinical assessments and time points were 

explicitly defined for the blinded EAB. This was the first clinical trial to use an EAB for this 

indication, which may explain why the frequency of hemostatic efficacy in this trial was 

different than anticipated on the basis of other studies in which nonstandardized assessments 

were used. Another challenge in clinical bleeding trials is the inability to perform direct 

assessments of hemostasis (continuously and in real time) for many types of bleeding, such 

as gastrointestinal hemorrhage. The timed nature of the assessments in this trial meant that 

actual hemostasis may have been achieved earlier than recorded.

The importance of the timing of assessments can also be seen for the rapid INR reversal 

(INR ¿1.3) end point. This end point, measured from the end of the infusion, did not capture 

key differences between the 2 treatments: preparation and administration time. The median 

infusion time was >8 times longer in the plasma group than the 4F-PCC group. Therefore, 

there was a substantial difference between initiation of treatment and the assessment time 

point. In a clinical context, within 1 hour of the start of infusion, more than two thirds of 

patients had INR ≤1.3 in the 4F-PCC group compared with none in the plasma group.

This study was not powered to demonstrate significant differences between groups for safety 

outcomes. Overall, the AEs observed in the 4F-PCC and plasma groups were consistent with 

their respective safety profiles and this population with multiple comorbidities. The SAB 

reviewed all study deaths and adjudicated that 1 death (patient died at home with unknown 

cause 7 days after administration of 4F-PCC) was related to study product. There was no 

unifying pattern to the deaths except for the frequent finding of a high comorbid burden, 

advanced age, and death after being placed on comfort care (12 of 15 patients).

Historically, the association of PCCs with thromboembolic events has been a concern. Two 

recent comprehensive reviews, based on single-arm studies of PCCs, concluded that there is 

a low risk of thromboembolic events in patients treated with PCCs for VKA reversal and that 

underlying disease and dosing may be important factors in increasing risk.13,26 This study 

found no evidence of an increased thromboembolic risk associated with this 4F-PCC 

compared with plasma; thromboembolism might occur in this patient population because of 

underlying risks irrespective of the means used to reverse VKA.27,28

Fluid overload and similar cardiac events occurred relatively frequently after plasma 

transfusion for VKA reversal, as described previously.7,29 PCCs have several safety 

advantages compared with plasma with respect to rare but important AEs, many of which 

are not measurable in a trial such as this. Plasma transfusions are associated with allergic 

reactions, risk of transfusion-associated circulatory overload, transfusion-related acute lung 

injury, and pathogen transmission30–34; however, several strategies have reduced many of 

these risks.33 This study was not powered to assess the incidence of transfusion-related acute 

lung injury, and therefore specific data are not available. PCCs undergo a series of pathogen-

reduction and -inactivation steps and are associated with a minimal risk of pathogen 

transmission.13,26 The low infusion volume of PCCs avoids transfusion-associated 
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circulatory overload; the median volume of plasma administered in this study was >8 times 

greater than the volume of 4F-PCC (813.5 versus 99.4 mL).

Overall, these results add to the existing evidence that 4F-PCC is an acceptable alternative to 

plasma for VKA reversal in time-and volume-critical situations. PCCs normalize the INR 

more rapidly than plasma,35–38 which has led to their widespread use for VKA reversal 

throughout Europe for >20 years.12,39 This preference for PCCs over plasma is reflected in 

many guidelines for VKA reversal.5,6,14

Conclusions

This was the first randomized, controlled study comparing PCC with plasma in patients 

receiving VKAs who presented with acute major bleeding. The efficacy of 4F-PCC was 

demonstrated by clinical assessments of bleeding and supported by laboratory measurements 

of INR and factor levels. The study showed that 4F-PCC is an effective alternative to plasma 

for the urgent reversal of VKA therapy in major bleeding events and that this 4F-PCC has an 

acceptable safety profile compared with plasma.
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CLINICAL PERSPECTIVE

The administration of vitamin K antagonists (VKAs) for the management of 

thromboembolic events is associated with hemorrhagic risk. Patients presenting with 

acute bleeding require rapid VKA reversal, which can be achieved by administration of 

either plasma or prothrombin complex concentrate (containing vitamin K-dependent 

factors). Despite widespread use in the United States, the efficacy of plasma has not been 

established and is associated with safety concerns such as fluid overload. We report the 

findings of the first prospective, controlled, randomized, multicenter clinical trial 

comparing a 4-factor prothrombin complex concentrate with plasma for the urgent 

reversal of VKAs in patients with acute major bleeding. The study demonstrated that 

compared with plasma, 4-factor prothrombin complex concentrate was noninferior for the 

primary end point of hemostatic efficacy at 24 hours, was superior for the coprimary end 

point of rapid international normalized ratio reduction, and had a similar safety profile. 

Thus, 4-factor prothrombin complex concentrate can be considered an efficacious 

alternative to plasma for VKA reversal in patients presenting with major bleeding in 

time-and volume-critical situations. We believe that this report will be of significant 

interest to clinicians involved in the management of VKA-related bleeding complications 

because VKA remains an important anticoagulant therapy for numerous clinical 

conditions.
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Figure 1. 
Patient flow. 4F-PCC indicates 4-factor prothrombin complex concentrate; ITT-E, intention-

to-treat efficacy; ITT-S, intention-to-treat safety; and PP, per protocol.
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Figure 2. 
A, Time to international normalized ratio (INR) correction (intention-to-treat efficacy 

population). B, Median INR by time point (intentionto-treat efficacy population). 4F-PCC 

indicates 4-factor prothrombin complex concentrate; and IQR, interquartile range.
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Figure 3. 
Mean coagulation protein levels before and after infusion (intention-to-treat efficacy 

population). 4F-PCC indicates 4-factor prothrombin complex concentrate; F, factor; PC, 

protein C; and PS, protein S.
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Table 1.

Exclusion Criteria

• Expected survival of <3 d or expected surgery* in <1 d

• Acute trauma for which reversal of vitamin K antagonists alone would not be expected to control or resolve the acute bleeding event

• Use of unfractionated or low-molecular-weight heparin <24 h before enrollment or expected need <24 h after start of infusion†

• History of thrombotic event, myocardial infarction, disseminated intravascular coagulation, cerebral vascular accident, transient ischemic 
attack, unstable angina pectoris, severe peripheral vascular disease at ≤ 3 mo of enrollment

• Known history of antiphospholipid antibody syndrome

• Suspected/confirmed sepsis at enrollment

• Administration of plasma, plasma fractions, or platelets ≤2 wk before study (administration of packed red blood cells permitted)

• Large blood vessel rupture (eg, aortic dissection or ruptured aortic aneurysm)

• Preexisting progressive fatal disease with a life expectancy of <2 mo

• Known inhibitors to factors II, VII, IX, or X; or hereditary protein C or S deficiency; or heparin-induced, type II thrombocytopenia

• Treatment with any other investigational medicinal product ≤30 d before study

• Presence or history of hypersensitivity to components of the study medication

• Patients with intracranial hemorrhage:

  ⚬ Glasgow Coma Scale score <7‡

  ⚬ Intracerebral hematoma volume >30 cm3 (assessed by ABC/2 formula)

  ⚬ For subdural hematomas: maximum thickness ≥10 mm, midline shift ≥5 mm

  ⚬ For subarachnoid hemorrhage: any evidence of hydrocephalus

  ⚬ Infratentorial intracranial hemorrhage location

  ⚬ Epidural hematomas

  ⚬ Intraventricular extension of hemorrhage

  ⚬ Modified Rankin Scale score >3 before intracranial hemorrhage

*
Patients with acute major bleeding requiring minimally invasive procedures (eg, endoscopy, bronchoscopy, central lines) that were indicated for 

diagnostic or therapeutic reasons were not excluded per protocol, as long as plasma was intended to be given for treatment of major bleeding.

†
Exclusion added at time of amendment.

‡
Modified from Glasgow Coma Scale score <9 to Glasgow Coma Scale score <7 on request of Food and Drug Administration.
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Table 2.

Dose of Study Treatment per Baseline INR

Baseline INR
4F-PCC Dose, IU of Factor

IX per kg Body Weight*
Plasma Dose, mL per kg

Body Weight*

2 to <4 25 10

4–6 35 12

>6 50 15

4F-PCC indicates 4-factor prothrombin complex concentrate; and INR, international normalized ratio.

*
Dose calculation based on 100 kg body weight for patients weighing >100 kg. Maximum dose ≤5000 IU of factor IX (4F-PCC) or ≤1500 mL 

(plasma).
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Table 3.

Demographics and Baseline Characteristics (Intention-to-Treat Efficacy Population)

4F-PCC (n=98) Plasma (n=104)

Female sex, n (%) 48 (49.0) 53 (51.0)

Age, mean (SD; range), y 69.8 (13.93; 29–96) 69.8 (12.78; 26–92)

Age group, n (%), y

 <65 33 (33.7) 31 (29.8)

 ≥65 to <75 24 (24.5) 29 (27.9)

 ≥75 41 (41.8) 44 (42.3)

Race, n (%)

 White 93 (94.9) 88 (84.6)

 Nonwhite 5 (5.1) 16 (15.4)

Region, n (%)

 United States 68 (69.4) 72 (69.2)

 Europe 30 (30.6) 32 (30.8)

Body mass index, mean (SD), kg/m2 27.66 (8.54) 27.64 (6.47)

Baseline INR, median (range) 3.90 (1.8–20.0) 3.60 (1.9–38.9)

Type of bleeding, n (%)

 Gastrointestinal/other nonvisible 63 (64.3) 64 (61.5)

 Visible 16 (16.3) 21 (20.2)

 Intracranial hemorrhage 12 (12.2) 12 (11.5)

 Musculoskeletal 7 (7.1) 7 (6.7)

Reason for oral VKA therapy, n (%)

 Arrhythmia 56 (57.1) 53 (51.0)

 Thromboembolic event 18 (18.4) 21 (20.2)

 Artificial heart valve/joint 13 (13.3) 13 (12.5)

 Vascular disease 10 (10.2) 13 (12.5)

 Other 1 (1.0) 4 (3.8)

Time from first VKA dose to start of study 720 757

product infusion, median (range), d (3–8476) (3–10 734)

Previous antiplatelet therapy (<2 wk before study entry), n (%)

 Clopidogrel 3 (3.1) 5 (4.8)

 Prasugrel 1 (1.0) 0

 Cilostazol 0 1 (1.0)

Medical history (most frequently listed terms), n (%)
*

 Hypertension 87 (84.5) 88 (80.7)

 Atrial fibrillation 69 (67.0) 63 (57.8)

 Anemia 42 (40.8) 35 (32.1)

 Coronary artery disease 38 (36.9) 33 (30.3)

 Cardiac failure congestive 34 (33.0) 33 (30.3)

 Hyperlipidemia 26 (25.2) 33 (30.3)
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4F-PCC (n=98) Plasma (n=104)

 Myocardial infarction 25 (24.3) 20 (18.3)

 Chronic obstructive pulmonary disease 23 (22.3) 26 (23.9)

 Appendectomy 14 (13.6) 27 (24.8)

 Type 2 diabetes mellitus 18 (17.5) 24 (22.0)

Baseline hemoglobin, mean (SD), g/dL
* 9.33 (2.526) 9.86 (2.817)

Baseline platelet count, mean (SD), ×109/L
* 228.0 (95.37) 218.3 (81.19)

4F-PCC indicates 4-factor prothrombin complex concentrate; INR, international normalized ratio; and VKA, vitamin K antagonist.

*
Intention-to-treat safety population.
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Table 4.

Study Product Infusion Details and Details of Concomitant Packed Red Blood Cell Use (Intention-to-Treat 

Efficacy Population)

Parameter 4F-PCC (n=98) Plasma (n=104)

Study product*

 Duration, median (range), min 17.0 (7–288) 148.0 (26–928)

 Total volume, median (range), mL 99.4 (50–230) 813.5 (400–1525)

 Infusion rate, median (range), IU/min for 4F-PCC, mL/min for plasma 154.1 (7.3–307.1) 6.6 (1.1–38.8)

Packed red blood cells

 Patients receiving ≥1 transfusion, n (%) 48 (49.0) 47 (45.2)

 Units transfused, mean (SD) 1.4 (1.77) 1.2 (1.57)

4F-PCC indicates 4-factor prothrombin complex concentrate.

*
The patient randomized to 4F-PCC who received plasma was excluded
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Table 5.

Hemostatic Efficacy (Intention-to-Treat Efficacy Population)

Primary Rating

No. (%) of Patients [95% CI]
Difference 4F-PCC
Minus Plasma, %

(95% CI)
4F-PCC
(n=98)

Plasma
(n=104)

Hemostatic efficacy rating by category*

 Excellent 44† (44.9) 45† (43.3)

 Good 27 (27.6) 23 (22.1)

 Poor/none 27 (27.6) 36 (34.6)

  Noneffective 25 (25.5) 33 (31.7)

  Missing primary rating 2 (2.0) 3 (2.9)

  rating

Effective hemostasis 71 (72.4) 68 (65.4) 7.1‡ (−5.8 to 19.9)

[63.6 to 81.3] [56.2 to 74.5]

Effective hemostasis indicates hemostatic efficacy rated as excellent or good. 4F-PCC indicates 4-factor prothrombin complex concentrate; and CI, 
confidence interval.

*
Hemostatic efficacy assessed by a blinded independent board

†
P=0.50 by Cochran–Mantel–Haenszel test.

‡
4F-PCC noninferior to plasma: lower limit of 95% CI more than −10% Farrington–Manning P value for noninferiority P=0.0045 rejecting null 

hypothesis of inferiority of 4F-PCC.
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Table 6.

Hemostatic Efficacy by Time of Rating (Post Hoc Analysis; Intention-to-Treat Efficacy Population)

Treatment Group
Difference 4F-PCC
Minus Plasma, %

(95% CI)*
4F-PCC
(n=98)

Plasma
(n=104)

No. of bleeds assessed for hemostatic efficacy at 4 h (visible, musculoskeletal) 23 28

 No. (%) of patients with effective hemostasis 19 (82.6) 14 (50.0) 32.6 (4.5 to 60.7; P=0.0200)

No. of bleeds assessed for hemostatic efficacy at 24 h (gastrointestinal, intracranial, 
other nonvisible)

75 76

 No. (%) of patients with effective hemostasis 52 (69.3) 54 (71.1) −1.7 (−17.6 to 14.2; P=−0.95)

4F-PCC indicates 4-factor prothrombin complex concentrate; and CI, confidence interval.

*
95% CI and P value based on a Wald test with continuity correction.
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Table 7.

Rapid INR Reduction (Intention-to-Treat Efficacy Population)

No. (%) of Patients [95% CI]

4F-PCC
(n=98)

Plasma
(n=104)

Difference 4F-PCC Minus
Plasma, % (95% CI)

Rapid INR reduction* 61 (62.2) 10 (9.6) 52.6†

[52.6 to 71.8] [3.9 to 15.3] (39.4 to 65.9)

4F-PCC indicates 4-factor prothrombin complex concentrate; CI, confidence interval; and INR, international normalized ratio.

*
INR <1.3 at 0.5 h after end of infusion.

†
4F-PCC noninferior to plasma: lower limit of 95% CI more than −10% Farrington-Manning P value for noninferiority P<0.0001 rejecting null 

hypothesis of inferiority of 4F-PCC; 4F-PCC superior to plasma: lower limit of 95% CI >0.
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Table 8.

Summary of AEs (Intention-to-Treat Safety Population)

No. (%) of Patients

AE
4F-PCC
(n=103)

Plasma
(n=109)

Any nonserious AE* 66 (64.1) 71 (65.1)

 Related AE† 10 (9.7) 23 (21.1)

 AE leading to treatment discontinuation 0 3 (2.8)

Serious AE* 32 (31.1) 26 (23.9)

 Related serious AE† 2 (1.9) 4 (3.7)

AEs of interest

 Deaths to day 30 6 (5.8) 5 (4.6)

 Deaths to day 45 10 (9.7) 5 (4.6)

  Related deaths (to day 45)‡ 1 (1.0) 0

 Thromboembolic AE 8 (7.8) 7 (6.4)

  Related thromboembolic AE† 4 (3.9) 3 (2.8)

 Fluid overload or similar cardiac event 5 (4.9) 14 (12.8)

  Related fluid overload or similar cardiac event† 0 7 (6.4)

4F-PCC indicates 4-factor prothrombin complex concentrate; and AE, adverse event.

*
Defined in Table XIV in the online-only Data Supplement.

†
Defined as events for which there was a relationship to study treatment in the opinion of the investigator. AEs with missing relationship were 

considered treatment related.

‡
As assessed by the Safety Adjudication Board; no deaths in either group were classified as related by an investigator.
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