Transfusion Medicine
and Hemotherapy

Original Article

Transfus Med Hemother 2016;43:365-373
DOI: 10.1159/000446813

Received: May 29, 2015
Accepted: January 11, 2016
Published online: August 3, 2016

Safety of Factor XIlll Concentrate: Analysis of More
than 20 Years of Pharmacovigilance Data

Cristina Solomon? Wolfgang Korte®
Albrecht Gréner® Ingvild Birschmann

Dietmar Fries®

Inna Pendrak? Christine Joch®

aMedical Affairs Acquired Bleeding Disorders, CSL Behring, Marburg, Germany;
bHemostasis and Hemophilia Center; and Center for Laboratory Medicine, St. Gallen, Switzerland;
¢ Department of Anesthesia and Intensive Care, Medical University Innsbruck, Innsbruck, Austria;

dCSL Behring, King of Prussia, PA, USA;
¢CSL Behring, Marburg, Germany;

fInstitute for Laboratory and Transfusion Medicine, Heart and Diabetes Center, Ruhr-University Bochum, Bad Oeynhausen, Germany

Keywords
Factor XIII - Pharmacovigilance - Safety

Summary
Background: Plasma-derived factor Xl (FXIIl) concen-
trate is an effective treatment for FXIII deficiency. We
describe adverse drug reactions (ADRs) reported during
pharmacovigilance monitoring of Fibrogammin®/
Corifact® and review published safety data. Methods:
Postmarketing safety reports recorded by CSL Behring
from June 1993 to September 2013 were analyzed. Clin-
ical studies published during the same period were also
reviewed. Results: Commercial data indicated that
1,653,450,333 IU FXIIl concentrate were distributed over
the review period, equivalent to 1,181,036 doses for a
70 kg patient. 75 cases were reported (one/15,700
standard doses or 22,046,000 IU). Reports of special in-
terest included 12 cases of possible hypersensitivity re-
actions (one/98,400 doses or 137,787,500 IU), 7 with
possible thromboembolic events (one/168,700 doses or
236,207,200 IU), 5 of possible inhibitor development
(one/236,200 doses or 330,690,100 IU), and 20 of pos-
sible pathogen transmission (one/59,100 doses or
82,672,500 IU). 19 pathogen transmission cases involved
viral infection; 4 could not be analyzed due to insuffi-
cient data, but for all others a causal relationship to the
product was assessed as unlikely. A review of published
literature revealed a similar safety profile. Conclusion:
Assessment of ADRs demonstrated that FXIIl concen-
trate carries a low risk of ADRs across various clinical
situations, suggesting a favorable safety profile.

© 2016 S. Karger GmbH, Freiburg

Introduction

Coagulation factor XIIT (FXIII) is a pro-transglutaminase com-
posed of two A subunits (FXIII-A,) and two B subunits (FXIII-B,),
which plays an important role in hemostasis by stabilizing the
blood clot and increasing its resistance to fibrinolysis. These effects
are achieved by catalyzing the cross-linking of fibrin, platelet mem-
brane, and matrix proteins [1, 2]. Additionally, FXIII plays an im-
portant role in the promotion of angiogenesis and wound healing,
and the maintenance of pregnancy [1, 2].

Congenital FXIII deficiency is a rare hereditary bleeding disor-
der estimated to affect one in every 1-5 million live births, which
occurs with higher frequency in consanguineous families [1, 3-6].
Patients suffering from FXIII deficiency can manifest severe bleed-
ing conditions as early as a few days after birth, with umbilical cord
bleeding occurring in 80% of cases of severe FXIII deficiency [3].
Additionally, patients carry a significant risk of intracranial hemor-
rhage, which occurs in 34% of patients and is the leading cause of
death in this group [3, 5, 7]. Most patients with congenital FXIII
deficiency suffer from life-long bleeding diathesis and impaired
wound healing, and, as FXIII is one of the few coagulation factors
that does not rise during pregnancy, complications and spontane-
ous abortion in pregnant women with FXIII deficiency are com-
mon [2, 3, 5]. Acquired FXIII deficiency is thought to be much
more common than congenital deficiency [1]. Acquired FXIII defi-
ciency could result as a consequence of hemorrhage or dilutional
changes [6], from the development of inhibitory autoantibodies
against FXIII [1, 5, 6], or from diseases associated with overcon-
sumption or reduced synthesis of FXIII [5, 6].

FXIIT deficiency can be treated with cryoprecipitate or fresh
frozen plasma (FFP); however, these treatments are generally
avoided when other options are available as they carry a risk of
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transmitting blood-borne infections or increased risk of transfu-
sion-related lung injury [3, 8, 9]. An alternative is treatment with
plasma-derived FXIII concentrate. Fibrogammin® (CSL Behring
GmbH, Marburg, Germany) is a purified, heat-treated (pasteur-
ized), FXIII concentrate derived from human plasma, which has
been available in Europe since 1993. It is approved in Argentina,
Austria, Belgium, Brazil, France, Germany, Great Britain, Indone-
sia, Israel, Japan, Luxembourg, and Switzerland, has also been ap-
proved by the US Food and Drug administration in 2011 and by
Health Canada in 2013 under the trade name Corifact®, and ap-
proval is ongoing in additional EU countries under the trade name
Cluvot®.

Several studies have demonstrated that treatment with Fibro-
gammin/Corifact is an effective prophylactic and on-demand treat-
ment for congenital FXIII deficiency, reducing the incidence of
both spontaneous and postoperative bleeding [4, 10, 11]. Moreover,
the FDA approval of Fibrogammin/Corifact for routine prophylaxis
and perioperative bleeding management in congenital FXIII defi-
ciency was based on the confirmed efficacy and safety profile estab-
lished in 12 clinical trials with a total of 187 patients receiving 3,930
doses [12]. Fibrogammin/Corifact has also been shown to be effica-
cious in cases of acquired FXIII deficiency, such as reducing bleed-
ing in ulcerative colitis [13], minimizing the incidence of myocar-
dial edema during cardiac surgery in newborns and young children
with congenital heart disease [14], reducing bleeding and transfu-
sion requirements, and improving clot firmness during surgery
[15-17], and reducing bleeding and red blood cell (RBC) transfu-
sion requirements following stem cell transplantation [18, 19].

This descriptive analysis summarizes a large pharmacovigilance
dataset for FXIII concentrate (Fibrogammin/Corifact) from 1993
to 2013 and reviews key postmarketing safety reports from the lit-
erature over the same time period. The intent is to investigate the
safety profile of FXIII concentrate, including an evaluation of iden-
tified and potential risks, through the assessment of real-world
data.

Materials and Methods

Pharmacovigilance

Adverse drug reaction (ADR) reports were compiled from June 1, 1993 to
September 30, 2013 as part of the on-going CSL Behring routine pharmacovigi-
lance. These included spontaneous reports, reports from regulatory agencies
and cases identified from review of the worldwide scientific literature (all spon-
taneous reports were assumed to be ADRs). For each ADR report, the year,
country of origin, patient age and sex, indication, FXIII concentrate dose, con-
comitant therapies, and manifestations and outcome of the ADR were recorded
if available. Wherever possible, a narrative description of the ADR was ob-
tained. Where relevant information was missing from the initial report, the re-
porting source was queried for further clarification; however, further informa-
tion was not always available. ADRs were coded using the Medical Dictionary
for Regulatory Activities (MedDRA) version 16.0, and the event was classified
as serious versus non-serious according to the regulatory definition (i.e., a seri-
ous event was an event which resulted in death, was life-threatening, required
hospitalization, resulted in persistent or significant disability/incapacity, was a
congenital anomaly/birth defect, or was a medically important event) [20].

The cumulative quantity of FXIII concentrate distributed during the review
period was established from CSL Behring commercial records. As the number
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of patients to whom the drug was distributed is not known, patient exposure is

presented as number of estimated 20 IU/kg doses for a patient of 70 kg and per

IU FXIII concentrate distributed. The reporting rate of cases involving ADRs is

given to the nearest 100 doses or 100 IU.

Standardized MedDRA Queries (SMQs), High Level Group Terms (HLGT),
High Level Terms (HLT), and Preferred Terms (PT) within the MedDRA dic-
tionary were used as needed to identify cases of special interest, i.e., those in-
cluding events considered to be important identified risks (anaphylaxis and hy-
persensitivity/allergic reactions and thromboembolic complications) or poten-
tial risks (suspicion of virus transmission, inhibitor development, and lack of
effect) for analysis as follows:

+ Anaphylaxis and hypersensitivity/allergic reactions were identified using the
following SMQs: anaphylactic reactions (narrow); hypersensitivity (narrow).

o Thromboembolic complications were identified using the SMQ embolic
and thrombotic events (broad).

« Suspicion of virus transmission was identified using the HLGT viral infectious
disorders; the HLTSs infectious transmissions, and virus identification and se-
rology; and the PT's viremia, viral sepsis, and hepatitis post transfusion.

« Inhibitor development cases were identified using the following PTs as an
SMQ does not exist: factor XIII inhibition; coagulation factor XIII level ab-
normal; coagulation factor XIII level decreased; coagulation factor inhibitor
assay; acquired hemophilia with anti FVIII, XI, or XIII; inhibiting antibod-
ies; antibody test positive.

o Lack of effect cases were identified using the following PTs as an SMQ does
not exist: drug clearance increased; drug level below therapeutic; multiple
drug resistance; device failure; device ineffective; drug effect decreased; drug
effect delayed; drug effect incomplete; drug half-life reduced; drug ineffec-
tive; drug ineffective for unapproved indication; drug level decreased; drug
resistance; drug-specific antibody present; drug tolerance; drug tolerance
increased; multiple drug resistance; no therapeutic response; paradoxical
drug reaction; tachyphylaxis; therapeutic product ineffective; therapeutic
product ineffective for unapproved indication; therapeutic reaction time de-
creased; therapeutic response decreased; therapeutic response delayed;
treatment failure; vaccination failure; virologic failure.

The cases retrieved using these SMQs and MedDRA terms were not re-
viewed to confirm that they met case definitions. Thus, it is likely that the total
number of cases in each event of special interest category is an overestimate of
the actual number of cases in that category.

The reporting rate of MedDRA PTs was assessed in all remaining reports
that were not identified as involving events of special interest by the criteria
listed above.

For pathogen transmission cases, causality assessment was also carried out.
ADR reports were assessed for information regarding the causality of pathogen
transmission, and the safety margin of Fibrogammin regarding the viruses in
question was calculated according to the respective European Medicines
Agency guideline (report no. EMA/CHMP/BWP/360642/2010 rev. 1) resulting
in the statement ‘... The measures taken are considered effective for enveloped
viruses such as human immunodeficiency virus (HIV), hepatitis B virus and
hepatitis C virus and for the non-enveloped hepatitis A virus...”. Nucleic acid
amplification technique (NAT) was implemented for plasma donations at CSL
Behring’s predecessor companies after 1998, leading to all plasma pools for
fractionation only being released for further manufacturing when non-reactive
for genomic material of HCV (as per European guideline “The introduction of
nucleic acid amplification technology (NAT) for the detection of HCV RNA in
plasma pools (CPMP/BWP/390/97)’) and for genomic material of HIV and
HBV accordingly. From March 2000 onward, only plasma donations and
plasma pools for fractionation which were non-reactive for the non-enveloped
HAV (and high titers of parvovirus B19) were approved for processing to the
finished product Fibrogammin. Before the implementation of NAT, the manu-
facturing process of Fibrogammin ensured high virus reduction capacity
through pasteurization and partitioning steps. However, in order to assess early
cases of suspected virus transmission with Fibrogammin manufactured before
the introduction of the NAT assays, vials of the final product were studied with
a sensitive NAT assay (at least the same sensitivity as the assays used for the re-
lease of plasma pools for fractionation) and found non-reactive.
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Literature Review

A non-systematic literature search was conducted using MEDLINE (Pub-
Med) with the objective of identifying original, English language articles pub-
lished between June 1, 1993 and September 30, 2013, which reported on clinical
studies of Fibrogammin/Corifact in bleeding patients. The following search
string was used: (((‘factor XIII" OR ‘FXIII’) AND (‘concentrate’ OR ‘therapy’
OR ‘substitution’)) OR ‘corifact’ OR ‘fibrogammin’ OR ‘cluvot’ OR ‘Factor
XIII/administration and dosage’[MeSH Terms] OR ‘Factor XIII Deficiency/
therapy’[MeSH Terms] OR ‘Factor XIII/adverse effects’[MeSH Terms] OR
‘Factor XIII Deficiency/diagnosis’[MeSH Terms] OR ‘Factor XIII Deficiency/
blood’[MeSH Terms] OR ‘Factor XIII Deficiency/congenital’[MeSH Terms]
OR ‘Factor XIII Deficiency/complications’[MAJR] OR ‘Factor XIII Deficiency/
drug therapy’[MAJR] OR ‘Factor XIII/analysis’[MAJR] OR ‘Factor XIII/thera-
peutic use’[MAJR]).

The clinical study subjects, authors, methods, and time periods were exam-
ined to avoid inclusion of redundant data from multiple reports or data that
had already been reported as part of the pharmacovigilance. The following data
were extracted from the study reports: number and age of subjects, indication
for FXIII concentrate infusion, treatment regimen, and occurrence of adverse
events (AEs). Only studies reporting safety data were included, and all AEs re-
ported in the clinical studies were included regardless of whether or not a rela-
tionship to FXIII concentrate was established. All study types were included
and, in order to focus the review on clinical trials/studies, case reports/series
with fewer than 15 cases were excluded; the published literature is regularly
checked and case reports are added to the pharmacovigilance database as de-
scribed above. As such, published case reports will have already been included
as part of the pharmacovigilance analysis.

Results
Pharmacovigilance

Baseline Characteristics

Between June 1, 1993 and September 30, 2013, a total of 219
events in 75 cases were reported. The gender ratio was approxi-
mately even (37 male vs. 35 female, gender was not recorded in
three cases). The patients’ median (range) age was 50.5 (0-81)
years. A total of six fatal cases were reported. 26 cases (34.7%) were
reported in congenital FXIII deficiency patients, and 17 cases
(22.7%) were reported as receiving ongoing prophylactic treatment
with FXIII concentrate at the time of the ADR.

Nature and Rate of Adverse Drug Reactions

During the reporting period 1,653,450,333 IU of FXIII concen-
trate were distributed, equivalent to 1,181,036 doses assuming an
average dose of 20 TU/kg for a patient of 70 kg. As 75 cases were
reported, this corresponds to approximately one case reported for
every 15,700 doses administered or 22,046,000 IU distributed. Of
these, 54 cases were classified as serious according to regulatory
definition, corresponding to approximately 1 serious case reported
for every 21,900 doses or 30,619,500 IU distributed.

Anaphylaxis and Hypersensitivity/Allergic Reactions

A total of 12 cases (16.0% of all cases) with 15 possible anaphy-
lactic or hypersensitivity reaction events were reported, corre-
sponding to approximately 1 case reported for every 98,400 doses
or 137,787,500 IU distributed. The median (range) age of the pa-
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tients was 63.5 (0.8-78) years. The gender ratio was even, with 6
male and 6 female patients. Three of the reported cases (25.0%)
were in congenital FXIII deficiency, and 1 (8.3%) of the cases was
receiving ongoing prophylactic treatment with FXIII concentrate
at the time of the ADR. None of the cases reported had a fatal out-
come. The most common MedDRA PTs reported were hypersensi-
tivity, rash, and rash generalized (3 cases each). The use of con-
comitant drugs was recorded in 9 of the 12 cases (75%).

Thromboembolic Complications

A total of 7 cases (9.3% of all cases) with 14 possible thrombo-
embolic events (TEEs) were reported (table 1); this is approxi-
mately 1 case reported for every 168,700 doses or 236,207,200 IU
distributed. Three of the patients were male, and 4 were female.
The median (range) age was 48.0 (0-69) years. Three of the re-
ported cases (42.9 %) were in congenital FXIII deficiency, and 4
(57.1%) of the cases were receiving ongoing prophylactic treatment
with FXIII concentrate at the time of the ADR. Two of the cases
have been previously published [21, 22], and 1 case had a fatal out-
come (table 1, case no. 4). The most common MedDRA PTs re-
ported were deep vein thrombosis and pulmonary embolism (2
cases each). In all cases, additional risk factors existed that provide
alternative causes for the TEE (table 1), such as concomitant treat-
ment with other coagulation factors (in 3 cases, including plasma,
cryoprecipitate, and/or whole blood) or relevant medical history
and concomitant diseases (in all cases, including migraine, hyper-
tension, unstable angina, recent surgery, cancer, port catheter
change, and existing deep vein thrombosis). The majority of cases
were reported in acquired FXIII deficiency (71.4%, 5 cases).

Suspicion of Pathogen Transmission

A total of 20 cases (26.7% of all cases) with 26 possible events of
transmission of pathogens were reported; this is approximately 1
case for every 59,100 doses or 82,672,500 IU distributed. One of
these cases involved a possible hypersensitivity reaction and is also
included above. The median (range) age was 52.0 (0.8-77) years.
There were more male patients than female (12 vs. 7; gender was
not recorded in 1 case), and 1 case had a fatal outcome. Two of the
reported cases (10.0%) were in congenital FXIII deficiency, and
none of the cases were receiving ongoing prophylactic treatment
with FXIII concentrate at the time of the ADR. Of the 20 cases re-
ported, 1 involved a case of bacterial pharyngitis with symptoms of
cough, fever, and throat swelling; the remaining 19 cases all in-
volved viral infections. For the bacterial case, a causal relationship
to the product was assessed as unlikely, as validated sterile filtra-
tion of the final product excludes Fibrogammin as the source of the
bacterial infection. The suspected virus transmission cases in-
cluded 13 suspected cases related to HCV (including 1 case with
suspected HAV transmission, with no confirmation of hepatitis A
infection at the time of treatment), 5 suspected cases related to
HBV, and one suspected case related to HAV (in addition to the
case mentioned above). In all cases concerning suspected virus
transmission (except 4 with insufficient data) a causal relationship
to the product was assessed as unlikely due to an alternative expla-
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Table 1. Reported cases involving thromboembolic complications

Caseno. Indication Event Concomitant and Gender Confounding factors
(preferred term) co-suspect drugs
Congenital FXIII deficiency
1 Migraine/headache Monoplegia = F Relevant history: experienced transient headaches
Monoparesis during previous year (no family history of migraine)
Due to lack of clinical or biological evidence for
hemorrhagic or thrombosis etiology a final diagnosis of
associated migraine was given
2 [21] Congenital severe Acute myocardial ~ Whole blood, M Relevant history: episode of unstable angina,
EXIII deficiency infarction cryoprecipitate, 70% stenosis of the left circumflex coronary artery
Coronary artery clopidogrel, Concomitant disease: easy bruising, abnormal urea clot
occlusion simvastatin, lysis test, hypertension, moderate midwaist obesity,
candesartan, mild hyperlipidemia
thiazide Risk factor: family history of coronary artery disease
(CAD)
Acquired FXIII deficiency
3 Postoperative su- Disseminated in- Famotidine, F 52 Relevant history: pylorus-preserving
ture insufficiency travascular coag- piperacillin sodium, pancreaticoduodenotomy, gastropancreatic anastomosis,
ulation gabexate mesilate, cholangiojejunostomy, duodenojejunostomy
FFP Concomitant disease: hypertension, common bile duct
carcinoma
4 Persistent chylo- Embolism* Packed RBC, FFP, M 7days  Relevant history: cardiac operation, General anaesthesia
thorax, pleural ef- Cerebral artery platelets, nutritional Concomitant diseases: asplenia syndrome, univentricular
fusion embolism* support, lasix, heart/single atrium, total anomalous pulmonary venous
Shunt occlusion* dobutamine, connection (at birth), pulmonary congestion (at birth)
buminate
5 Deficiency identi- Venous Haemocomplettan P F 20 Concomitant disease: port catheter change
fied in congenital thrombosis limb
afibrinogenemia
patient
6 IV injection Deep vein - F 48 Relevant history: deep vein thrombosis popliteal left,
thrombosis factor V Leiden mutation
Pulmonary Concomitant disease: severe acquired FXIII deficiency ,
embolism post-thrombotic syndrome, HAV positive, hereditary de-
ficiency of other clotting factors
7 [22] Severe hemorrhagic ~ Pulmonary - M 65 Relevant history: partial gastrectomy for an ulcer
diathesis embolism Concomitant disease: massive hemorrhages, severe
Deep vein acquired FXIII deficiency, IgG anti-factor XIII inhibitor,
thrombosis hypertension, hyperthyroidism

Device occlusion

HAYV = Hepatitis A virus; FFP = fresh frozen plasma; RBC = red blood cells.

*Event was fatal.

nation. For the majority of cases, a causal relationship to the prod-
uct was assessed as unlikely due to the safety margin of Fibrogam-
min regarding the viruses in questions, calculated as described in
the methods. One or more of the following confounding factors
were identified in all 17 cases with available data: no information
available regarding the respective viral infection prior to treatment,
preventing assessment as to whether the infection occurred prior
to or after FXIII concentrate administration (9 cases); blood com-
ponents (e.g. RBC, FFP, platelets) were administered concomitant
with FXIII concentrate administration (15 cases); based on the pa-
rameters obtained during diagnosis of the respective viral infec-

368 Transfus Med Hemother 2016;43:365-373

tion, the infection was contracted either prior to or 4 years after the
treatment with FXIII concentrate (8 cases, these parameters in-
clude primarily specific serological markers with a known interval
between infection and appearance or elevated liver enzymes related
to this parameter). From further examination of the cases, 1 case of
HBV transmission was considered to be most probably due to a
concomitant plasma-derived product [23], and one case of HAV
transmission was considered to be due to contaminated food (ber-
ries) mentioned as a probable source of infection in the report; fur-
thermore, the HAV infection occurred considerably later than the
treatment with FXIII concentrate.
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Inhibitor Development

A total of 5 cases (6.7%) with 6 possible inhibitor development
events were reported; this is approximately 1 case reported for
every 236,200 doses or 330,690,100 IU distributed. Inhibitors were
detected either by using a dot blot test (3 cases) or a laboratory test
based on blood clot incubation (1 case); information was not avail-
able regarding inhibitor detection in the 5th case. No specific infor-
mation was provided on whether the inhibitors were permanent or
transient. The median (range) age of the patients was 31.0 (1.8-74)
years, and there were 2 male and 3 female patients. All 5 of the re-
ported cases (100.0%) were in congenital FXIII deficiency, and 3
(60.0%) of the cases were receiving ongoing prophylactic treatment
with FXIII concentrate at the time of the ADR. Two patients re-
ceived immunomodulatory/immunosuppressive treatment, and 2
patients received immune tolerance therapy for the treatment of
inhibitors. In 2 cases, plasma had been previously administered for
prophylaxis or therapy of bleeding, and in 1 of these 2 cases an in-
hibitor antibody for FXIII had developed following treatment with
plasma. This latter case had a fatal outcome, following fever with
respiratory distress that progressed to septic shock and death. The
physician reporting the case assessed the event as not related to
FXIII concentrate.

Lack of Effect

A total of 6 cases (8.0% of all cases) with 6 events regarding lack
of effect were reported; this is approximately 1 case for every
196,800 doses or 275,575,100 IU distributed. The median (range)
age of the patients was 34.0 (20-65) years, and there were 4 male
and 2 female patients. Three of the reported cases (50.0%) were in
congenital FXIII deficiency, and 2 (33.3%) of the cases were receiv-
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Adverse event (preferred term)

ing ongoing prophylactic treatment with FXIII concentrate at the
time of the ADR. Fibrogammin was reported as ineffective in 4
cases (including 1 case in conjunction with inhibitor development,
and 1 case in conjunction with a TEE); in addition, 2 cases reported
that the drug effect was incomplete.

Other Reported Events

28 cases were not classified as anaphylactic, allergic, thrombo-
embolic, virus-related, or involving inhibitor development or lack
of effect. When assessing these cases by the MedDRA System
Organ Class (SOC), the most common type of events were investi-
gations (11 cases), general disorders and administration site condi-
tions (10 cases) and injury, poisoning and procedural complica-
tions (8 cases); a case may have more than 1 event. The most com-
mon MedDRA PTs reported (in 3 or more cases) were alanine
aminotransferase increased, aspartate aminotransferase increased,
exposure during pregnancy, blood pressure increased, dyspnea,
and pyrexia (fig. 1).

Literature Review

Fibrogammin/Corifact has been administered in 8 postmarket-
ing clinical studies that reported safety results between June 1, 1993
and September 30, 2013. One of the papers was excluded from the
literature search results as it described cases that are included in
the pharmacovigilance results (Matayoshi et al. [24]). The results of
the remaining seven studies are summarized in table 2.

EXIII concentrate was administered to 158 patients for a range
of indications covering both congenital and acquired FXIII defi-
ciency (in addition, one study included 22 patients, but did not
state how many received FXIII concentrate [15]). The majority of
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the studies were prospective [10, 11, 15, 25-27], and one was retro-
spective [4]. The number of patients in each study ranged from 7 to
61. Both adult and pediatric patients were included in five studies
[4, 10, 11, 25, 27]; the rest included patients >16 years old [15, 26].

Two of the studies reported that no AEs were observed and are
not discussed below [4, 11].

Company-Sponsored Studies

A prospective, open-label study of the efficacy and safety of Fi-
brogammin/Corifact for prophylactic treatment of congenital
FXIII deficiency was published by Nugent [10]. In this study, 41
subjects received FXIII concentrate, and there were no reports of
virus transmission or TEE. In the preliminary report, the total
number of AEs was not reported; however, possible treatment-re-
lated AEs were reported in 3 subjects [10]. The full data was pub-
lished in 2015, and clarified the possible treatment-related AEs as
knee pain and swelling, finger and elbow swelling, pruritis in both
hands and redness, and an increase in TAT complex [28]. In addi-
tion, 4 subjects experienced 5 serious AEs (hip injury, traumatic
chest injury, severe appendicitis, severe urinary tract infection, and
chest pain) which were judged unrelated or unlikely to be related
to study medication [10]. Two subjects also reported possible hy-
persensitivity reactions: 1 mild reaction following treatment ad-
ministration and 1 case of hives following prophylactic administra-
tion of FFP for an emergency appendectomy.

Studies Supported by the Company

A prospective crossover study to evaluate the efficacy and toler-
ability of plasma-derived versus placenta-derived FXIII concen-
trate in congenital FXIII deficiency was carried out by Brackmann
et al. [25] in 13 subjects. No serious AEs were observed, and 2
minor AEs possibly related to the study medication were reported
in subjects receiving plasma-derived FXIII (mild hematomas and
0.6 °C rise in body temperature), compared with 3 minor AEs in
the subjects receiving placenta-derived FXIII (mild pruritus and
erythema, slight pressure in the throat, and headache). No therapy
was required to treat these AEs.

Bregenzer et al. [26] carried out a randomized, double-blind
study to assess the efficacy of Fibrogammin in reducing the symp-
toms (particularly intestinal bleeding) of ulcerative colitis. No seri-
ous AEs were reported; AEs were reported in one of the 17 subjects
in the FXIII group and in 2 of the 11 subjects in the placebo group
(the nature of the AEs was not specified).

Korte et al. [15] reported a prospective, randomized, proof-of-
concept study comparing treatment with Fibrogammin or placebo
to improve clot firmness in patients undergoing elective gastroin-
testinal cancer surgery. Following administration of FXIII concen-
trate, AEs were observed in 3 of the 12 subjects receiving FXIII
concentrate. One episode of hypotension was observed in a subject
with a history of hypotension. One subject developed a sympto-
matic deep vein thrombosis 7 days after extensive (>10 h) surgery.
Given the length and extent of surgery, the concomitant adminis-
tration of blood products (9,800 ml of RBCs, platelets and FFP),
and the fact that the subject’s course of FXIII activity during sur-

Safety of Factor XIII Concentrate: Analysis of
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gery was below or in the low normal range, the authors concluded
that the AE was unlikely to be related to FXIII concentrate admin-
istration. The final subject was a diabetic who developed postoper-
ative ascites and pleural empyema with sepsis, followed by a myo-
cardial ischemia 30 days later. Given that the subject’s intraopera-
tive course of factor XIII activity was below the normal range, the
postoperative complications (including pleural empyema) that oc-
curred between surgery and myocardial ischemia, and the time
delay between drug administration and the ischemia, the authors
concluded that this event was unlikely to be related to FXIII con-
centrate administration.

Independent Studies

A long-term (almost 5 years at time of publication) prospective
study of prophylaxis with FXIII concentrate in congenital FXIII
deficiency was carried out by Nugent et al. [27], and interim data in
61 subjects was published in 2006. AEs reported included headache
and some myalgias (number of events was not given); however,
none of the events were severe [27]. Two deaths were recorded,
both unrelated to the underlying bleeding disorder or to FXIII
replacement.

Discussion

This descriptive analysis of over 20 years of pharmacovigilance
data indicates that the rate of ADRs following the administration
of Fibrogammin/Corifact across diverse clinical settings is low. In
total 75 cases were reported, corresponding to a rate of 1 case for
every 15,700 standard doses of 20 IU/kg for a patient of 70 kg body
weight or for every 22,046,000 IU FXIII concentrate distributed.

One of the concerns associated with administering a coagula-
tion factor replacement product is the perceived risk of triggering a
TEE. We only identified 7 cases reporting a possible TEE, corre-
sponding to 1 case reported for every 168,700 standard doses or
236,207,200 IU distributed, and in all cases assessment was con-
founded by multiple risk factors for TEEs. This low rate of TEEs is
supported by the literature review carried out here, and by a recent
literature review of FXIII deficiency management, which did not
observe any TEEs in the articles examined [3].

Although rare, the development of inhibitory antibodies against
FXIII in patients receiving FXIII supplementation has been ob-
served [1, 29, 30]. The development of inhibitors to FXIII in con-
genital patients would considerably complicate management of the
patient; therefore, the incidence of inhibitor development was also
evaluated. A low rate of inhibitor development was observed, with
a total of 5 cases reported, corresponding to 1 case for every
236,200 doses or 330,690,100 IU distributed. This low rate is sup-
ported by the findings of a recent literature review, which con-
cluded that the incidence of inhibitor development was rare [3]. A
rare bleeding disorder registry created in North America observed
inhibitor development in 3% of patients receiving FXIII concen-
trate [31]. While low, this appears to be a higher rate than observed
in our analysis; however, our analysis considers the rate of inhibi-
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tor development per dose, rather than per patient (as in the regis-
try), making it difficult to directly compare these data.

The transmission of viruses is a known risk of plasma-derived
products, although the manufacturing process for Fibrogammin/
Corifact includes virus inactivation and removal steps, involving
pasteurization at 60 °C for 10 h, adsorption of Al(OH),/Vitacel
and defibrination, ion-exchange chromatography, and, since 2012,
virus filtration employing two filters in series with a mean pore size
of 19 nm each [10, 32]. In addition to the virus removal and/or in-
activation measures applied during the production process, pre-
vention of transfusion of blood-borne viruses also includes steps
related to limiting the virus input to the human plasma used as
source [33], including donor selection and screening of individual
donations and plasma pools for specific markers of infection. In
this review of the pharmacovigilance database, 19 cases were iden-
tified involving suspected transmission of viral infectious agents.
However, given that further analysis revealed non-reactive NAT
tests for the concerned batches and related plasma pools for frac-
tionation, and considering the virus removal/inactivation steps
during the manufacturing process, these cases were assessed as not
likely to be associated with FXIII concentrate administration.

Apart from FXIII concentrates, further alternatives for supple-
menting FXIII levels focus on the infusion of therapeutic plasma
(e.g. FEP) or cryoprecipitate. However, these treatments carry their
own risks, such as the potential to transmit blood-borne infections,
allergic reactions, citrate toxicity, transfusion-related lung injury or
transfusion-associated cardiac overload [8, 9, 30, 34]. Indeed, cryo-
precipitate has been withdrawn from a number of European coun-
tries due to safety concerns [35].

Analysis of the study results reported in the scientific literature
indicated that the number of AEs observed was generally low, in
agreement with the results of the pharmacovigilance database. As-
sessment of treatment-related complications in a rare bleeding dis-
order registry in North America and in a literature review of FXIII
deficiency management also observed a low rate of AEs, support-
ing our results [3, 31]. Moreover, no virus transmission or inhibi-
tor development events were identified during the literature re-
view, and there were no unusual patterns of AEs reported that are
not described in the product label.

Although postmarketing pharmacovigilance is a valuable tool
for identifying potential risks from the available safety data, there
are limitations, such as the potential underreporting of ADRs. As
reporting of ADRs during pharmacovigilance is a voluntary pro-
cess, the available data is limited by the willingness of the reporting
source to provide the case and to supply any supporting informa-
tion. Indeed, one review has suggested that the level of underre-
porting may be as high as 90% [36]. Healthcare professionals may
be more likely to submit an ADR when it is assessed as serious, and
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this suggestion is supported by our finding that the majority (72%)
of the ADRs received were considered to be serious. Moreover,
many of the patients who received FXIII concentrate also received
other therapies which may have contributed to the development of
any ADRs observed, further complicating the assessment of a case
and establishing its relationship to FXIII concentrate. Additionally,
there may be differences in reporting requirements between coun-
tries, and there may be cultural differences which make the report-
ing of spontaneous cases more or less likely in different countries.
Another limitation of this analysis is that the precise exposure data
is not known, and so approximations based on units distributed or
estimated dosage have to be used. This makes it difficult to draw
direct comparisons with published study data. In its favor, how-
ever, postmarketing reports allow for the assessment of ‘real-world’
data taken from large-scale and comprehensive coverage of the pa-
tient population. Additionally, as the cases retrieved using SMQs
and MedDRA terms were not reviewed to confirm that they met
case definitions, it is likely that the ADRs included in each event of
special interest category represent an overestimate of the actual
number of cases in that category.

Although this review goes some way towards providing useful
safety data on the use of FXIII concentrate, there is a need for pro-
spective studies of sufficient size and long-term follow-up to assess
the incidence of rare ADRs. Nevertheless, this assessment of over
20 years of real-world data indicates that treatment with FXIII con-
centrate carries a low risk of ADRs.
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