Pharmacologic Alternatives: Factor Concentrates
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Inherited and acquired coagulopathy are frequently associated with major bleeding in severe trauma, cardiac and
major non-cardiac surgery and postpartum hemorrhage. Additionally, due to increase in the use of anticoagulants
and anti-platelet medications, significant bleeding may also occur in non-surgical patients and following minor
trauma. A large body of evidence associates bleeding and transfusion of blood products with increased morbidity
and mortality as well as prolonged hospital stay and increased health care costs."? Coagulopathy and bleeding
may be multifactorial and can be exacerbated by hypothermia, acidosis, hypovolemia, hemodilution,
thrombocytopenia, coagulation factor deficiency and fibrinolysis.® Over the last decade targeted goal-directed
therapy using viscoelastic point-of-care testing and coagulation factor concentrates as alternatives to pro-
hemostatic allogeneic blood products, are increasingly used to guide hemostatic therapy. Guidelines for
perioperative bleeding report specific management algorithms and particularly emphasize the use of

targeted hemostatic resuscitation with coagulation factor concentrates.*”

PCCs are coagulation factor concentrates that are purified from plasma and include the vitamin K dependent
coagulation factors Il, IX, and X (in 3-factor PCCs) as well as Factor VIl (in 4-factor PCCs) and various
concentrations of heparin, antithrombin and proteins C and S to avoid excessive thrombosis.® The development of
PCCs emerged from the search for a purified factor IX concentrate to treat hemophilia B ®. As such, each factor
within individual formulation is communicated as international units (IU) per 100 1U of Factor IX. Furthermore, the
total dose administered is also conveyed using this standard language of IU of Factor IX (i.e., 1000 IU of PCCs
means 1000 U of Factor IX). Clinically available PCCs are routinely defined as activated or non-activated.
Activated PCCs were developed for the treatment of hemophilia patients who have antibodies to factor VIII or IX,
therefore, “bypassing agents” were introduced to enhance Factor Xa production via the extrinsic Xase complex of
tissue factor (TF) and Factor Vlla, thereby restoring thrombin generation and hemostasis.

Factor Eight Inhibitor Bypassing Activity (FEIBA®, Baxter Healthcare, Bloomington, Indiana, USA) is the only
available activated PCC in the United States, containing varying levels of Factors VIl (including appreciable
amounts of Factor Vlla), Il, IX, and X (including very small amounts of factor Xa). Non activated PCCs include 3-
Factor (containing factors I, IX, and X) or 4-Factor (containing factors Il, VII, IX, and X) formulations. Table 1 shows
various commonly clinically-available PCC formulation.

Common Commercially Available Formulations of Prothrombin Complex Concentrates

Brand Name Manufacturer FII. FvIl FIX FX Added ]
Composition”
3-Factor PCCs
Profilnine SD Grifols Biologicals, USA 148 Neg 100 65 1000 U/ 10ml None
Bebulin Baxter Healthcare, USA 120 Neg 100 100 500 - 700 1U/20 ml “Heparin 15 U
4-Factor PCCs
Beriplex P/N (also manufactured as KCentra or Confidex) CSL Behring, Europe/USA 130 70 100 50-150 5001U/ 20 ml Minimal amount of Proteins C, S, and AT, and Heparin
Cofact/PPSB SD Sanquin, The Netherlands 60-140 30-80 100 160 2501U/10 ml Minimal amount of AT
Prothromblex Total Baxter Bioscience, Austria 100 85 100 100 600 1U/ 20 ml Heparin <15 1U/ml
Octaplex Octapharma, Austria 56-152 36-96 100 72-120 5001U/ 20 ml “Protein C: 52 - 124 1U

“Protein S: 48 - 128 IU
“Heparin: 16 - 62 U

aPCCs

FEIBA NF Baxter Healthcare, USA  86.7  66.7 100 66.7  5001U/20ml “Protein C: 66.7
“lla: 0.07 Vila: 100 [IXa: 0.03 ‘Xa: 0.4

*1U per 100 1U of Factor IX

#1U of Factor IX included per volume of sterilized water

SMost PCC for ions contain anti I; to prevent activation of coagulation factors when the solute is diluted in sterile water
aPCC = Activated Prothrombin Complex Concentrates, AT = Antithrombin, FEIBA = Factor Eight (VIII) Inhibiting Activity, IU = International Units, NF = Nanofiltration (refers to process of viral inactivation), PCCs = Prothrombin

Complex Concentrates, P/N = Pasteurization and Nanofiltration (refers to process of viral inactivation), SD = Solvents and Detergents (refers to process of viral inactivation)

While providing non-inferior (or maybe even superior) hemostatic efficacy '°, PCC use offers several advantages, in
comparison to plasma, including: no need for type and screen or other processing steps in the blood bank, longer
shelf life, a significantly smaller volume of administration, which is of particular importance in patients who require
volume restriction such as in subjects with heart failure, shorter infusion times ' and enhanced safety profile due to
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additional pathogen removal steps such as nanofiltration and viral inactivation. In addition, while initially, concerns
regarding increased risk for thromboembolic complications have been raised '2, a large pharmacovigilance
investigation reported that the use of PCC was not associated with increased risk of thromboembolic complications
when compared to FFP '3,

In the USA, Non-activated, 4F-PCCs are only FDA-approved for the urgent reversal of vitamin K antagonists (VKA)
in adults with acute major bleeding or the need for urgent/emergent surgery . A meta-analysis of 12 studies with
1597 subjects showed that the four-factor PCCs are more effective when used for this indication than the three-
factor PCCs 5. With the increased use of DOACs, PCCs are now also considered as a reasonable (yet, off-label)
alternative to treat the coagulopathy induced by those agents in trauma and surgical patients, especially when
Andexanet alpha is contraindicated or unavailable '® 7. Furthermore, current recommendations of the American
Heart Association and American Stroke Association indicate that four-factor PCC rather than FFP is recommended
as first-line therapy in anticoagulated patients with spontaneous intracerebral hemorrhage 2.

A large body of information on the use of PCC in the perioperative setup derives from cardiac surgery. In cardiac
surgery, the use of PCCs to treat post-CPB coagulopathy has increased significantly over the last decade, and
although still defined as off-label use in the USA, it is recommended as an alternative to plasma in recent published
guidelines 6'°. Several small prospective trials have shown some benefit in reducing RBC transfusions when
treating patients with post-CPB bleeding with PCCs 22!, The recently published Prothrombin Complex Concentrate
vs Frozen Plasma for Coagulopathic Bleeding in Cardiac Surgery (FARES Il) trial '° was a multicenter unblinded
randomized non-inferiority-controlled trial that compared hemostatic effectiveness between four-factor PCC and
frozen plasma in 538 patients undergoing cardiac surgery with coagulopathic bleeding. In this trial, PCC was found
to have better hemostatic effectiveness, with less allogeneic blood transfusions, and fewer adverse events
including lower incidence of postoperative AKI as compared to frozen plasma. While the findings of this trial
indicate that PCCs are most probably superior to plasma in treating coagulopathic bleeding after CPB, several
experts have raised concerns regarding overdosing of PCC compared to FFP and the exclusion of patients with
recent myocardial infarctions from the investigation 22. The 4-RESTORE trial, a multicenter phase-3 RCT that
compares the use of PCC to FFP in bleeding cardiac surgery patients with evidence of coagulation factor
deficiency, is currently recruiting subjects to further assess the efficacy of PCCs in treating bleeding cardiac surgery
patients in comparison to FFP (NCT04244981).

Before PCCs have gained their increased popularity in treating acquired coagulopathy and bleeding, multiple
publications reported the off-label use of recombinant activated factor VII in bleeding unresponsive to other
hemostatic therapy. Although proved to be effective in post-CPB coagulopathic bleeding, most studies reporting its
use are retrospective observational reports of patients having received multiple transfusions and other therapeutic
agents for refractory bleeding 2. A prospective analysis of 4,468 non-hemophilia subjects (4,119 patients and 349
healthy volunteers), arterial thromboembolic events in patients treated with factor Vila patients were significantly
higher compared to placebo particularly in patients older than 65 ?*. In comparison to patients with hemophilia, the
recommend dose of factor Vlla to treat post-CPB coagulopathic bleeding is significantly lower, with Recent
observational studies indicating that a lower dose of factor Vlla of approximately 13 ug/kg is effective in reducing
bleeding without being associated with increased thromboembolic or renal complications 2. When directly
comparing the use of PCCs vs. factor Vlla harper et al % using propensity score matching analysis reported that
activator factor Vlla was associated with a higher volume of postoperative bleeding, higher volume of RBC
transfusion, and higher percentage of patients requiring additional plasma, platelets and cryoprecipitate
supplementation. In addition, patients who received factor Vlla had a higher rate of postoperative morbidity
compared to those who received PCC. Furthermore, in a recent propensity score matched analysis in children
undergoing surgery for congenital heart disease, the incidence of thrombotic complications was significantly lower
in patients receiving 4-factor PCC compared to those who received factor Vila.?”
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Fibrinogen, a critical hemostatic protein that is synthesized by the liver, is often the initial factor to reach critically
low levels and requires repletion as part of resuscitation 2. Proposed mechanisms include coagulation activation—
induced consumption, degradation by hyperfibrinolysis, and dilution by volume replacement. Normal fibrinogen
levels are between 200-400 mg/dl, whereas in pregnancy fibrinogen level increase significantly.?® Thus, fibrinogen
supplementation plays a crucial role in postpartum hemorrhage. In cardiac surgery observational studies have
reported an association between lower pre and postoperative fibrinogen levels and higher risk for post-CPB
bleeding.3%3"

Older guidelines suggested a transfusion trigger of 100 mg/dl of fibrinogen, while current European guidelines
recommended levels of greater than 150-200 mg/dl. To achieve the target fibrinogen levels, 3 to 4 g fibrinogen
concentrate, or 15 to 20 units cryoprecipitate, are recommended in the bleeding patient®®.

Fibrinogen concentrate is increasingly used as an alternative to cryoprecipitate, especially when fibrinogen
supplementation is needed in post-CPB bleeding. Although both products are plasma-derived, they have distinct
features: Cryoprecipitate is a non-purified product, hence, in addition to fibrinogen it contains fibronectin and
platelet microparticles, as well as coagulation factors VIII, XllI, and von Willebrand factor. Its fibrinogen content
varies widely (from 3-30 g/L per unit). It is stored in a frozen state and then thawed and pooled (typically 5-10 unit
pools) before administration, and it has a limited shelf life after thawing (4-6 hours). Fibrinogen concentrates are
pathogen-reduced and purified, have standardized fibrinogen content (20 g/L), are lyophilized, allowing for easy
storage, reconstitution, and administration; and have longer shelf life after reconstitution (up to 24 hours), which
reduces wastage. Cryoprecipitate remains the therapy of choice in many countries (including in the USA). In many
European countries, however, fibrinogen concentrates have replaced cryoprecipitate.

Initial studies assessing the use of fibrinogen concentrate in cardiac surgery patients where somewhat conflicting.
In a small randomized controlled single-center trial in 61 patients undergoing major thoracic or thoracoabdominal
aortic surgery, transfusion of fibrinogen concentrate to a maximum clot firmness of 22 mm in the functional
fibrinogen assay of the ROTEM was compared with placebo 2. In the fibrinogen arm, the mean transfusion rate
after administration of a median dose of 8 g fibrinogen was 2 units versus 13 units in the placebo arm (P < 0.001).
In another randomized controlled single-center trial of 116 high-risk cardiac surgery patients, first-line fibrinogen
supplementation with the same high fibrinogen threshold was compared to placebo. Fibrinogen supplementation
with a median dose of 4 g resulted in a significantly lower primary endpoint of blood product transfusion rate and
postoperative bleeding. Of note, only in the treatment arm could patients receive four-factor PCC when the
coagulation time in the EXTEM assay of ROTEM was less than 80 s.3® Opposing results however were reported in
the large, randomized evaluation of fibrinogen versus placebo in the complex cardiovascular surgery (REPLACE)
trial which enrolled 519 patients from 34 centers 3. In this study, fibrinogen concentrate was associated with an
unexpected increase in allogenic blood transfusions compared to placebo. In another single-center randomized
controlled trial in 120 high-risk cardiac surgery patients, there was no significant difference in the primary outcome
of intraoperative blood loss when fibrinogen concentrations exceeded 2.5 mg/dl using fibrinogen concentrate
compared with placebo.®® The recently published FIBRES trial*® provided strong evidence that fibrinogen
concentrate is non-inferior and, in many cases, superior to cryoprecipitate in treating post-CPB bleeding that is
associated with hypofibrinogenemia. In this large randomized cardiac surgery clinical trial, patients with clinically
significant bleeding and hypofibrinogenemia after cardiac surgery were randomized to receive either 4 g fibrinogen
concentrate or 10 U cryoprecipitate within 24 h after CPB. The study confirmed that fibrinogen concentrate was a
safe and an effective alternative to cryoprecipitate for fibrinogen repletion. As such, the use of fibrinogen
concentrate is recommended as an accepted alternative to cryoprecipitate in recently published guidelines ©1°.

Although fibrinogen concentrate has been studied in the context of postpartum hemorrhage and trauma®’-°, there
is currently a lack of robust evidence to provide strong recommendations regarding the use of fibrinogen
concentrate as first line for fibrinogen supplementation in perioperative bleeding situations outside of cardiac
surgery, and further investigation is needed.
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