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1. Introduction

Glanzmann’s thrombasthenia (GT) and congenital factor 

VII deficiency (FVII CD) are rare autosomal recessive bleeding 

disorders, caused by platelet dysfunction in GT [1], and by 

structurally abnormal or deficient FVII in FVII CD [2]. Because 

both GT and FVII CD are rare, it is not possible to carry out 

controlled, prospective clinical trials [1]; instead, it is necessary 

to collect and analyse observational data. Patient registries 

are particularly useful for improving our understanding of the 

management of rare diseases: the largest patient registries for 

GT and FVII CD are the Glanzmann’s Thrombasthenia Registry 

(GTR) [3–5] and the Seven Treatment Evaluation Registry (STER) 

[6,7], respectively.

Physiologically, FVII exerts its haemostatic effect after 

complexing with tissue factor (TF). In normal individuals, FVIIa-

TF complex formation on TF-bearing cells at the site of vascular 

injury activates FX and FIX to trigger a series of events leading to 

an initial thrombin generation. The latter activates a variety of 

clotting factors (e.g., FV, FVIII, FXI) as well as platelets. Thrombin 

then induces local haemostasis by converting fibrinogen to 

fibrin, which polymerises and forms a thrombus in conjunction 

with platelets at the site of vascular injury. Thrombin can also be 

generated on the surface of activated platelets by the action of 

recombinant activated factor VII (rFVIIa, eptacog alfa activated, 

NovoSeven®, Novo Nordisk A/S, Bagsværd, Denmark), which is 

thought to promote haemostasis by activating FIX and FX when 

complexed with TF.

Recombinant FVIIa is prescribed for the treatment of bleed-

ing episodes and the prevention of bleeding in those under-

going surgery or invasive procedures in patients with GT with 

refractoriness to platelets (and in some countries where platelets 

are not available) [8–10]. The objectives of this article are to 

present the methodologies used for the GTR and the STER, and 

to summarise published data on the effectiveness of rFVIIa in 

patients with GT and FVII CD. The article will also highlight the 

value and feasibility of such patient registries in the collection of 

data for rare bleeding disorders.

2. Glanzmann’s thrombasthenia

2.1. Disease overview

Activated platelets are recruited to the site of vascular injury 

where they normally aggregate, an event mediated in part by 

the binding of soluble fibrinogen to the platelet surface 
IIb

-
3
 

integrin (originally termed glycoprotein IIb-IIIa [GPIIb-IIIa]), 

a fibrinogen receptor. Patients with GT have low levels of, or 

defective, surface 
IIb

-
3
 integrin [1,11,12]; as a result, the small 

amount of thrombin generated leads to the failure of platelets to 
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A B S T R A C T

Glanzmann’s thrombasthenia (GT) and congenital factor VII deficiency (FVII CD) are rare autosomal 

recessive bleeding disorders: GT is the most frequent congenital platelet function disorder, and 

FVII CD is the most common factor-deficiency disease after haemophilia. The frequency of these 

disorders in the general population ranges from 1:500,000 to 1:2,000,000. Because GT and FVII 

CD are both rare, registries are the only approach possible to allow the collection and analysis of 

sufficient observational data. Recombinant activated factor VII (rFVIIa, eptacog alfa activated) is 

indicated for the treatment of acute bleeding episodes and for surgery coverage in patients with 

GT who are refractory to platelets and have antiplatelet or anti-human leukocyte antigen (HLA) 

antibodies, and for the prevention and treatment of bleeding in patients with FVII CD. This article 

summarises published data on the mechanism of action and use of rFVIIa in these disorders 

from two international, prospective, observational registries: the Glanzmann’s Thrombasthenia 

Registry (GTR) for GT; and the Seven Treatment Evaluation Registry (STER) for FVII CD. Haemostatic 

effectiveness rates with rFVIIa were high across all patients with GT and those with FVII CD, and 

treatment with rFVIIa in the GTR and STER registries was well tolerated. The GTR and the STER are 

the largest collections of data in GT and FVII CD, respectively, and have expanded our knowledge of 

the management of these two rare bleeding disorders.
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bind fibrinogen, retract a fibrin clot or aggregate after stimulation 

by agonists such as adenosine diphosphate, thrombin, epineph-

rine and collagen at sites of vessel injury. Consequently, clot 

formation, and in turn retraction, fail. The incidence of GT is 

approximately 1:1,000,000, but is much higher in populations 

where consanguineous marriages are common [1,13].

GT is associated with well-defined sites of bleeding, including 

epistaxis, menorrhagia, gingival haemorrhage, easy bruising and 

ecchymosis [1]. Gastrointestinal (GI) bleeding and haematuria 

are less common [1], and haemarthroses and deep haematomas 

seldom occur [13,14]. In general, spontaneous, unprovoked 

bleed ing is uncommon in patients with GT; rather, haemorrhages 

are usually associated with physiological or pathological 

predisposing conditions [1]. In addition, excessive bleeding 

after trauma or minor/major invasive or dental procedures is a 

common, major problem in GT [12–14].

Severity and frequency of bleeding in GT is heterogeneous, 

ranging from minimal bruising, to frequent, severe, potentially 

fatal haemorrhages [1,12,14]; this variability is seen even in 

siblings. The expression and functionality of the mutated 
IIb

-
3
 

integrin have been used to classify GT as type 1 (
IIb

-
3
 integrin 

expression <5%), type 2 (5–20%) or variant (>20–100%, but with 

a dysfunctional 
IIb

-
3 

integrin) [14]. This classification does not 

fully predict bleeding phenotype, however, and the risk of severe 

bleeding remains unpredictable [1].

Standard treatment for GT is platelet transfusion – for 

persistent or severe bleeding, and for haemostatic cover 

of major invasive procedures [13–16]. However, platelet 

transfusion in patients with GT is associated with the potential 

development of isoantibodies against 
IIb

-
3
 integrin and/or 

human leukocyte antigen (HLA), rendering further transfusions 

ineffective [14,16]. Platelet storage may also result in a series 

of side-effects such as fever, sepsis, thrombosis and acute lung 

injury [17]. In addition, platelet transfusion leaves patients at 

risk of blood-borne pathogen contamination related to the use 

of blood products [18].

In patients with GT, rFVIIa is recommended, administered as 

a bolus injection of 90 μg/kg [8–10]. While the mechanism of 

action of rFVIIa in GT is not fully understood [16], it is thought that 

rFVIIa improves local thrombin generation by direct activation 

of FX on the platelet surface (Fig. 1); rFVIIa treatment partially 

restores platelet aggregation, possibly via other membrane 

receptor pathways [16,19,20]. Although rFVIIa treatment does 

not result in a stable platelet plug, it does provide an increase 

of procoagulant surface at the site of injury, thereby facilitating 

additional enhancement of thrombin generation and subsequent 

fibrin formation [16].

2.2. Glanzmann’s Thrombasthenia Registry

Prior to the European Medicines Agency (EMA) approval 

of rFVIIa for GT patients with inhibitors, a small clinical trial 

of rFVIIa was conducted in four patients [21], and a larger 

international survey of its efficacy and safety was subsequently 

conducted in 59 patients with GT (34 surgical/invasive 

procedures and 108 bleeding episodes) [22]. The results of the 

Fig. 1. Schematic tissue factor (TF)-independent, platelet-dependent model of primary haemostatic plug formation in Glanzmann’s thrombasthenia (GT) platelets deficient 

in glycoprotein (GP) IIb-IIIa. Recombinant activated factor VII (rFVIIa) TF complex on TF-bearing cells at the site of vascular injury activates FX to FXa. FXa-FVa on the 

TF-bearing cells initiates generation of a small amount of thrombin (FIIa) that is insufficient to provide fibrin formation but sufficient to activate GT platelets, causing 

degranulation and release of FV. FVIIa binds weakly to the negatively charged phospholipid surface [49] of the activated platelets, with the binding enhanced by the GPIb/

IX/V complex [50]. FVIIa at high concentration (attained by high-dose rFVIIa therapy) can directly activate FX to FXa to mediate generation of a high concentration of 

thrombin (thrombin burst). The augmented thrombin generation results in an increased number of activated platelets deposited (adhesion) to the wound site and in an 

increased available platelet procoagulant surface to facilitate more thrombin generation and more platelet activation. The augmented thrombin generated also converts 

fibrinogen to fibrin. GT platelets lack the fibrinogen receptor (
IIb

-
3
 integrin); therefore, these platelets cannot utilise fibrinogen for aggregation. However, binding of 

fibrin/polymeric fibrin to an unidentified platelet surface receptor can mediate aggregation of GT platelets at the wound site (albeit less potently than fibrinogen-mediated 

aggregation of normal platelets), resulting in the formation of a primary haemostatic plug (adapted from Poon [51] with permission)
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international survey showed that efficacy (bleeding stopped 

without recurrence within 48 hours) was achieved in 29/31 

(94%) evaluable procedures, and 77/103 (75%) evaluable bleeding 

episodes. Although valuable information was obtained from the 

survey, the data were not sufficient to define optimal regimens 

for patients with different types of bleeding or procedures. The 

GTR is an international, prospective, observational registry; it 

was created to collect and describe data on the effectiveness and 

safety of rFVIIa for the treatment of acute and surgical bleeding 

episodes in patients with GT with past or present refractoriness 

to platelet transfusions. The GTR also collected information 

on other haemostatic agents – platelet transfusion and anti-

fibrino lytic agents (AF) – and on all GT patients, regardless of 

their platelet antibody and refractoriness history [3–5]. The 

effectiveness of patients’ treatment regimens was evaluated by 

caregivers/patients or physicians as effective, partially effective, 

ineffective or not evaluable. The assessment of safety included 

frequency of adverse events during and after treatment, with a 

particular focus on any complications related to thromboembolic 

events (TEs).

Data were collected (from December 2004 until the registry 

was closed in December 2011, following completion of the EMA 

requirements) from 218 patients (45 sites in 15 countries from 

four continents). As such, the GTR is the largest observational 

study reporting on GT patients; as data on haemostatic agents 

other than rFVIIa were also included, it addresses the issues that 

remained following the previous GT patient survey. The GTR data 

were used for the primary analysis performed in 2012 [3,4,23]. 

 Given the nature of data obtained from registries, and following 

review by the GTR expert panel of the admissions, a post-hoc 

secondary data analysis was performed in 2014; admissions 

linked to the same bleeding event in the registry were taken 

into account, as were two admissions first classified as bleeding 

episodes that were in fact surgical procedures [24,25]. All data 

were included in the safety analysis.

Data from the GTR described below show that GT patients 

can present with severe bleeds. Recombinant FVIIa, and other 

currently available treatments for bleeding in GT, were found 

to have a good safety and effectiveness profile in most patients. 

Approximately one-quarter of the non-surgical bleeds reported 

occurred in patients with a history of platelet antibodies and/

or refractoriness [24]. Regardless of the severity of bleeding, 

or history of antiplatelet antibodies and/or refractoriness to 

platelets, the median rFVIIa dose and dosing interval aligned 

with those recommended previously for GT patients (≥80 �g/kg, 

≤2.5 hour interval) [24]. In all patient groups, the number of 

doses reported for severe bleeds was understandably higher than 

for moderate bleeds, and was associated with longer treatment 

durations and higher cumulative doses for severe bleeds.

For sections 2.2.1 and 2.2.2 below, treatment is categorised 

into five groups: rFVIIa alone; rFVIIa + AF; rFVIIa + platelets with 

or without AF; platelets with or without AF; and AF alone.

2.2.1. Recombinant FVIIa in acute bleeds

2.2.1.1. Effectiveness of rFVIIa treatment

Eight-hundred and twenty nine admissions in the GTR 

were for acute bleeding episodes in 184 patients (Table 1) [24]. 

Most patients (71%) had no history of platelet antibodies and/

or refractoriness. Platelets with or without AF was the most 

commonly used treatment (Table 1).

Recombinant FVIIa-based treatment showed broadly similar 

effectiveness to platelets in the majority of bleeding episodes, 

regardless of the presence or absence of platelet antibodies/

refractoriness (Table 2) [3,24]. Treatment with rFVIIa alone was 

effective (bleeding stopped and haemostasis achieved for ≥6 h) 

in 100% of bleeds in patients with only antibodies (vs. 82% of 

bleeds treated with platelets with or without AF), and in 90.9% 

(vs. 85.7%), 90.3% (vs. 84.6%) and 88.9% (vs. 64.7%) of bleeds in 

patients with only refractoriness, no antibodies or refractoriness, 

and antibodies + refractoriness, respectively (Table 3).

2.2.1.2. Treatment failures and re-bleeds

Overall, treatment failure (i.e., bleeding unchanged or 

worsened following treatment) occurred in 18 (2%) admissions 

in the GTR (nine had received AF only; three, rFVIIa + AF; five, 

platelets with or without AF; and one, rFVIIa + platelets with or 

without AF) [24]. Of 738 episodes for which re-bleeding data 

were available, 45 re-bleeds (i.e., bleeds re-starting ≥6 h and 

<48 h after the initial bleeding stopped) occurred in 25 patients 

(one had received rFVIIa alone; 23, platelets with or without AF; 

12, rFVIIa + platelets with or without AF; and four, AF alone). 

Of the 45 re-bleeds, 27 occurred in patients with a history of 

platelet antibodies and refractoriness.

2.2.1.3. Safety of rFVIIa in acute bleeds

Data from the GTR demonstrated that rFVIIa, with or without 

AF, had a good safety profile for the treatment of acute bleeds 

[24]. No TEs were reported with any treatment modalities used 

for acute bleeding episodes [24].

2.2.2. Recombinant FVIIa in surgical procedures

2.2.2.1. Effectiveness of rFVIIa treatment

Ninety-six patients were treated for a total of 206 surgical 

procedures: 169 (82%) were minor and 37 (18%) major (Table 3) [25]. 

Nearly half (49%) of patients had no history of platelet antibodies 

and/or refractoriness. Of the minor procedures, dental was the 

most frequent (n = 134 [79%]), and the most common major 

pro cedures were GI and orthopaedic (n = 9 [24%] for each). The 

treatment used the most for minor procedures was rFVIIa with 

or without AF (n = 121 [72%]), and for major procedures, rFVIIa + 

platelets with or without AF (n = 13 [35%]) [25].

The effectiveness of rFVIIa-based treatment in surgical proce-

dures was similar to that of platelets and rFVIIa + platelets, 

regardless of platelet antibodies/refractoriness history (Table 4) 

[25]. In patients with GT without antibodies/refractoriness, rFVIIa 

showed 100% effectiveness for both minor (n = 24) and major 

(n = 4) procedures; this was similar to that for platelets with or 

without AF (minor procedures 11/11 [100%]; major 5/5 [100%]) 

and rFVIIa + platelets with or without AF (minor procedures 

4/4 [100%]; major 6/9 [67%]). In patients with GT and platelet 

antibodies, refractoriness or both, the effectiveness of rFVIIa 

(minor procedures 29/32 [91%]; major 2/2 [100%]) was comparable 

Table 1
Summary of patients with admissions in the Glanzmann’s Thrombasthenia 

Registry for acute bleeding episodes [24]

Number of patients 184

Number of admissions for bleeding episodes 829

History, no. of patients (%)

 Platelet antibodies confirmed 28 (15.2)

 Platelet refractoriness confirmed 8 (4.3)

 Both confirmed 17 (9.2)

 No confirmed platelet antibodies or refractoriness 131 (71.2)

Treatment

 rFVIIa 124 (15.0)

 rFVIIa + AF 107 (12.9)

 Plateletsa 312 (37.6)

 rFVIIa + Plateletsa 67 (8.1)

 AF  219 (26.4)

rFVIIa, recombinant activated factor VII; AF, antifibrinolytic agents.
a With or without AF.
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to that for platelets with or without AF (minor procedures 10/15 

[67%]; major 2/2 [100%]) and rFVIIa + platelets with or without AF 

(minor procedures 7/9 [78%]; major 2/3[67%]).

Administration of rFVIIa was generally at an initial dose 

of around 90 μg/kg every 2 hours for both minor and major 

procedures [25]. For minor procedures, the median number of 

rFVIIa doses was two to three; for major procedures, the number 

of doses was higher and more variable.

2.2.2.2. Safety of rFVIIa in surgical procedures

Data from the GTR demonstrated that rFVIIa, with or without 

AF, had a good safety profile for surgical procedures [25]. One 

TE was reported; this was in an adult female with platelet 

refractoriness treated with rFVIIa + platelets + AF for a major 

surgical procedure (emergency laparotomy for an ovarian cyst 

and haematoma with bilateral ureteral compressions) and was 

assessed by the investigator to be probably or possibly related 

to rFVIIa [23,25].

3. Congenital factor VII deficiency

3.1. Disease overview

Patients with FVII CD have a broad spectrum of mutations 

in the gene coding FVII (F7) in chromosome 13 [2,26]. These 

mutations result in structurally abnormal FVII, with decreased 

secretion or reduced function [26]. Normal FVII is part of the 

initiating complex of the extrinsic coagulation pathway; thus, 

FVII CD is the only congenital bleeding disorder characterised 

by isolated prolonged prothrombin time [2]. FVII CD is the most 

common of the rare autosomal recessive bleeding disorders [26]. 

The estimated prevalence is one case per 300,000–500,000 in 

European countries [27]. According to a worldwide survey, 

there is wide variation in prevalence, from 1:>2,000,000 (Japan, 

Sudan and Pakistan), to 1:500,000 (United States and Australia), 

1:200,000 (Canada, Italy, Iran and Poland), 1:100,000 (UK, 

Italy and Croatia), and 1:60,000 (Ireland and Hungary) [26,28]. 

Similar to GT, the prevalence of FVII CD (especially the severe 

form) seems to be higher in populations where consanguineous 

marriages are common [29].

Factor VII CD can range in clinical severity – from life-

threatening haemorrhagic episodes to asymptomatic [6,7,30]. A 

classification of bleeding phenotype has been proposed by the 

International Registry on Factor VII (IR7)/STER Research Group 

as follows: haemophilia-like (severe symptoms); platelet-like 

(mild muco-cutaneous bleedings, including menorrhagia); 

and asymptomatic [31]. As many as 10–15% of patients with 

FVII CD experience severe, potentially life- or limb-threatening 

haemorrhages, including central nervous system (CNS) 

bleeds, GI bleeds and haemarthroses [27,30]; these patients 

require aggressive FVII replacement therapy and/or long-term 

prophylaxis [6,7]. Of note, there is no clear-cut or consistent 

correlation between FVII levels and bleeding symptoms; some 

individuals with low/very low FVII coagulant activity (FVII:C) 

remain asymptomatic throughout their life while other patients 

with similar levels experience life-threatening bleeds [32]. 

Differences are seen even in individuals with the same genetic 

mutation [2,30,33]; it is therefore not possible to predict an 

individual’s propensity to bleed. This is an important issue 

because patients with a severe bleeding phenotype often become 

symptomatic at a very young age, and in this clinical setting, 

prophylaxis may be the most appropriate treatment option. In 

addition, excessive bleeding after surgical procedures is a major 

problem in FVII CD, especially in asymptomatic, undiagnosed 

individuals who represent up to one-third of patients [30,34].

Although not specifically designed for FVII CD, rFVIIa 

effectively serves as a specific factor replacement therapy 

to initiate thrombin generation at the site of injury [35]. 

Preliminary pharmacokinetic data suggested that rFVIIa has a 

Table 3
Summary of patients undergoing surgical procedures: data from the 

Glanzmann’s Thrombasthenia Registry [25]

Number of patients 96

Number of all procedures 206

Female, n (%)

 Patients 52/96 (54)

 Procedures 114/206 (55)

History, n (%)

 Platelet antibodies confirmed 43 (44.8)

 Platelet refractoriness confirmed 23 (24)

 Both confirmed 17 (18)

 No confirmed platelet antibodies or refractoriness 47 (49)

Number of all procedures, n (%) 206 (100)

 Dental 134 (65)

 Endoscopy 11 (5.3)

 Nasal 8 (3.9)

 Gastrointestinal 9 (4.4)

 Orthopaedic 9 (4.4)

 Other 35 (17.0)

Minor procedures, n (%) 169

 Dental 134 (79.0)

 Endoscopy 11 (6.5)

 Nasal 8 (4.7)

 Other 16 (9.5)

Major procedures, n (%) 37

 Gastrointestinal 9 (24.3)

 Orthopaedic 9 (24.3)

 Other 19 (51.4)

Table 2
Treatment effectiveness (defined as bleeding stopped/haemostasis achieved for ≥6 hours) of acute bleeding episodes according to bleed severity and history of 

platelet antibodies and refractoriness in Glanzmann’s thrombasthenia: data from the Glanzmann’s Thrombasthenia Registry [24]

 Effective treatment, %

 Bleed severity History of platelet antibodies and refractoriness

 Moderate Severe Platelet antibodies only Platelet refractoriness only Both Neither

rFVIIa 91.7 0 100 90.9 88.9 90.3

rFVIIa + AF 87.0 74.3 69.2 87.5 66.7 93.6

Plateletsa 77.8 80.8 82.0 85.7 64.7 84.6

rFVIIa + plateletsa 85.3 59.4 61.1 50.0 87.5 83.3

AF 85.2 83.0 83.3 88.9 100 84.3

Total 84.1 76.6 78.2 81.1 69.7 86.3

rFVIIa, recombinant activated factor VII; AF, antifibrinolytic agents.
a With or without AF.
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short half-life of approximately 3 hours in patients with FVII CD 

[36]; however, its haemostatic activity may endure for longer 

than its plasma kinetics. This may be explained, in part, by its 

binding to TF in perivascular tissues [37]. Following infusion 

in mice, rFVIIa was reported to rapidly associate with vascular 

endothelium, followed by entry into the extravascular space and 

localisation to regions containing TF-bearing cells [38], where it 

was then sequestered and retained for prolonged periods [38]. 

In another study, rFVIIa exposed to platelet-rich plasma from 

patients with FVII CD was internalised to the platelet cytoplasm 

with redistribution into the open canalicular system and 

-granules, where it was protected from physiological clearance 

mechanisms [39]. The internalised rFVIIa appeared to improve 

platelet aggregate formation and fibrin generation in perfusion 

studies [39]. It has also been demonstrated more recently that 

rFVIIa has a large volume of distribution in FVII CD [40,41]. 

These different hypotheses help to explain the observations of a 

prolonged pharmacological effect of rFVIIa in FVII CD.

The recommended rFVIIa dose range in adults and children is 

15–30 μg/kg, administered every 4–6 hours until haemostasis is 

achieved, with dose and frequency of injections adapted to each 

individual [8].

3.2. The Seven Treatment Evaluation Registry

In 1999, the IF7 was established with the aim of improving 

our knowledge and understanding of FVII CD. In 2004, the IF7 

Study Group created the STER to conduct rFVIIa pharmaco-

vigilance. The STER completed enrolment in 2012, and 

data were merged with the IF7 registry to form one large, 

homogeneous database [42].

The STER was a large, international, prospective, observational, 

web-based registry created to collect and describe data on the 

treatment and outcomes of patients with FVII CD (including 

therapy-related adverse events). Its aim was to evaluate the 

efficacy and safety of the different therapeutic options for 

spontaneous bleeds, prophylaxis and surgical coverage in 

patients with FVII CD [6,7]. The information gathered on the 

treatment of patients with FVII CD should help clinicians to make 

treatment decisions based on consolidated clinical evidence as 

well as their personal clinical experience. The primary objectives 

of STER were to: describe the available treatments for bleeds in a 

large international cohort of well-defined patients with FVII CD; 

investigate the occurrence of inhibitors to FVII, and thrombotic 

complications; describe short-term prophylaxis and how this 

relates to surgical procedures; describe long-term prophylaxis; 

and assess efficacy and safety of treatment modalities in a real-

life clinical setting.

Investigators followed strictly controlled data collection 

procedures established by the IF7 Study Group. Data for patients 

with FVII CD from 18 countries worldwide were collected online 

and stored in a custom-designed, Microsoft SQL Server 2000 

database, which contained electronic case-report forms (with 

no components installed on the centre computers). At treatment 

initiation, various demographics were recorded, including: 

age; weight; gender; presenting symptoms and bleeding type; 

subsequent symptoms and bleeding type; date of diagnosis; 

and previous treatment. As patients with FVII CD are at known 

risk of developing inhibitors, testing was conducted in a central 

laboratory, using a method specifically developed for measuring 

antibodies to FVII [43]. Investigators accessed the system when 

a patient required treatment for acute bleeding episodes, 

prophylaxis or surgical intervention. To date, the STER online 

registry has collated information from more than 600 patient 

cases [42].

3.2.1. Prediction of ensuing bleeding

In other inherited bleeding disorders, attempts have been 

made to assess the predictive power of patient bleeding history, 

to enable identification of patients who may have a more 

severe phenotype. In this respect, a quantitative bleeding score, 

related to the number and severity of bleeding symptoms and 

to the association between patterns of bleeding symptoms 

and laboratory characteristics of patients, has been employed 

to validate the clinical criteria for the diagnosis of type 1 von 

Willebrand disease [44,45]. Because of the clinical and genetic 

specificity of FVII CD, it was felt that a similar approach should 

be pursued in FVII deficiency, so that treatments can be tailored 

in accordance with the predicted disease severity and specific 

clinical needs.

Data from the STER have been used to investigate which 

factors upon disease presentation may be useful in predicting 

the ensuing bleeding phenotype [42]. In 626 patients with 

FVII CD (325 females), it was revealed that the first major 

bleeding symptom was an independent predictor of the risk 

of subsequent major bleeds. At disease presentation/diagnosis, 

Table 4
Treatment outcome for surgical procedures in the Glanzmann’s Thrombasthenia Registry according to history of platelet antibodies and refractoriness [25]

 Effective treatment, n (%)

  Platelet antibodies only Platelet refractoriness only Both Neither

Minor surgery

 rFVIIa 9/10 (90) 4/4 (100) 16/18 (88.9) 24/24 (100)

 rFVIIa + AF 19/23 (82.6) 3/5 (60) 19/19 (100) 17/17 (100)

 Plateletsa 8/12 (66.7) 0/0 (-) 2/3 (66.7) 11/11 (100)

 rFVIIa + plateletsa 3/4 (75) 1/2 (50) 3/3 (100) 4/4 (100)

 AF 1/1 (100) 0/0 (-) 0/0 (-) 4/8 (50)

 Total 40/50 (80.0) 8/11 (72.7) 40/43 (93.0) 60/64 (93.8)

Major surgery

 rFVIIa 2/2 (100) 0/0 (-) 0/0 (-) 4/4 (100)

 rFVIIa + AF 2/4 (50) 0/0 (-) 0/0 (-) 3/3 (100)

 Plateletsa 1/1 (100) 0/0 (-) 1/1 (100) 5/5 (100)

 rFVIIa + plateletsa 1/1 (100) 1/2 (50) 0/0 (-) 6/9 (66.7)

 AF 0/0 (-) 0/0 (-) 0/0 (-) 3/3 (100)

 Total 6/8 (75.0) 1/2 (50) 1/1 (100) 21/24 (87.5)

rFVIIa, recombinant activated factor VII; AF, antifibrinolytic agents; n, number of surgical procedures.
a With or without AF.
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272 (43%) patients were non-bleeding, 277 (44%) had minor 

bleeds, and 77 (12%) major bleeds. During a median 9-year index 

period of observation, 88% of patients who were non-bleeding 

at presentation remained asymptomatic, while 75% of minor 

bleeders had new minor bleeds, and 83% of major bleeders had 

new major bleeds. The relative risk for ensuing bleeds during the 

index period was calculated, adjusting for FVII:C levels and other 

clinical/demographic variables. Relative risk was 6.02 in patients 

presenting with major bleeds, and 5.87 in those presenting with 

minor bleeds (both P < 0.001). Compared with non-bleeding 

individuals, the relative risk for major bleeds was 10.95 in 

patients who presented with minor bleeds, and 28.21 in those 

who presented with major bleeds (both P ≤ 0.001) [42].

3.2.2. Recombinant FVIIa in acute bleeds

A total of 101 acute bleeding episodes in the STER were 

analysed in 75 patients with FVII CD in 23 haemophilia treatment 

centres from 15 countries (41 were females; age range 0.1–71 

years; FVII:C <1–20%) [6]. Bleeds were grouped as follows: haem-

arthroses (n = 30); muscle/subcutaneous haematomas (n = 16); 

epistaxis (n = 12); gum bleeds (n = 13); menorrhagia (n = 16); 

CNS bleeds (n = 9); GI bleeds (n = 2); and other (n = 3).

Haemostatic treatment was rFVIIa in 79 (78%) of the acute 

bleeding episodes, and the median dose administered was 

60 μg/kg (Table 5). Efficacy with rFVIIa was excellent in 38 bleeds 

(i.e., one day/one dose) and effective in 35 bleeds, yielding an 

overall efficacy of 92% [6]. Excellent/effective efficacy rates were 

high across the different bleed types: haemarthroses (93%); 

menorrhagia (100%); epistaxis and gum bleeding (89%); CNS 

bleeds (88%); and haematomas (100%; Table 5).

3.2.3. Recombinant FVIIa – prophylaxis to prevent bleeding

Data were collected on 24 prophylactic regimens in 21 patients 

with severe FVII CD in the STER [7]. Excluding two cases of severe, 

refractory menorrhagia, rFVIIa administration was ‘frequent’ 

(three times weekly) in 18 courses, and ‘infrequent’ (up to twice 

weekly) in four courses. The outcome with rFVIIa prophylaxis 

was excellent in 14/22 courses (13 frequent and one infrequent 

administration), effective in five courses (four frequent, one 

infrequent) and partly effective in two (both frequent); this 

meant overall efficacy was 86%. The total weekly rFVIIa dose 

was similar for courses with excellent (mean 85.7 �g/kg; median 

90 �g/kg) and effective (mean 106.8 �g/kg; median 132 �g/kg) 

outcomes. The patient with a partly effective outcome received a 

low dose of rFVIIa (42 �g/kg) [7]. The median dose for long-term 

prophylaxis was 30 μg/kg (range 16.5–57 μg/kg), and the median 

frequency was three doses per week [7].

For paediatric patients (n = 22, <12 years old), the median dose 

for long-term prophylaxis was 30 μg/kg (range 17–200 μg/kg; 

the dose most often used was 30 μg/kg in 10 patients), with a 

median frequency of three doses per week (range 1–7; the dose 

frequency most often reported was three per week in 13 patients) 

[8]. There were no reports of TEs or new inhibitors associated 

with prophylaxis in the STER [7]. Inhibitors against FVII were 

detected in children who received fresh frozen plasma (FFP) 

before prophylactic rFVIIa was instituted for life-threatening CNS 

or GI bleeds, and in one patient who had a history of repeated 

treatments with FFP, prothrombin complex concentrate, plasma-

derived FVII and rFVIIa because of severe gynaecological bleeds. 

Considering treatment histories, it is impossible to assert which 

replacement triggered the immune response. FVII inhibitors 

Table 5
Treatment outcomes for acute bleeding episodes treated with recombinant activated factor VII in congenital FVII deficiency: data from the Seven Treatment 

Evaluation Registry [6]

  Days of No. of     Treatment outcomea  
  treatment, doses,                Total dose (μg/kg)     
  median median     Partially  Not

 n (range) (range) Median Range Excellent Effective effective Ineffective evaluable

Total 79 1 (1–14) 1 (1–87) 60 10–3600 38 35 3 NR 3

Haemarthrosis 27 1 (1–3) 1 (1–7) 60 10–300 15 10 2 NR NR

Menorrhagia 14 1 (1–6) 2 (1–8) 50 20–270 6 8 NR NR NR

Epistaxis and gum bleeding 19 1 (1–1) 1 (1–8) 52 27–480 12 5 NR NR 2

CNS bleeds 8 1 (1–14) 8 (3–87) 160 90–2610 1 6 1 NR NR

Haematomas (muscle and  9 1 (1–1) 1 (1–3) 60 26–100 5 4 NR NR NR

subcutaneous)

Other 2 1 (1–12) 4 (4 –75) 120 100–3600 NR 2 NR NR 1

NR, not reported; n, number of bleeding episodes; CNS, central nervous system.
a Treatment outcome was defined as:

• Excellent: Single administration leading to cessation of overt bleeding and related symptoms; prompt (within a few hours) relief of pain; disappearance of 

swelling and return to the previous range of joint or limb mobility. Bleed cessation also evaluated by imaging if appropriate.

• Effective: More than one administration needed to obtain the same results as above.

• Partially effective: More than one administration needed, but symptoms subsided slowly and the return of limb and joint mobility was partial.

• Ineffective: No changes.

• Not evaluable: No elements for evaluation available.

Table 6
Recombinant activated factor VII use for surgical procedures in congenital FVII deficiency: data from the Seven Treatment Evaluation Registry

 Number Number Total  Mean  Range 

 of of treatment number Total dose daily dose Mean dose of doses Efficacy

Surgery procedures days of doses (μg/kg) (μg/kg) (μg/kg) (μg/kg) ratea

Minor [34] 29 1–10 1–16 7.2–510 4.8–300 3.6–300 NR 100%

Major [48] 24 1–18 1–37b 12–1571c 10–90 NR 4.2–87b 87.5%

NR, not reported.
a Defined as ‘no bleeding occurred’, based on evaluation by treating physician and/or blood loss during the intervention as well as the number of red blood cell 

units given.
b Based on 22 procedures; two procedures were performed using continuous infusion rather than bolus doses.
c Includes two procedures covered with continuous infusion.
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in patients with FVII deficiency represent a rare complication 

(approximately 1–3% of treated patients). Knowledge of 

the occurrence and characteristics of inhibitors to FVII is of 

interest because this is a rare event in a rare disorder, and an 

understanding of inhibitor development may improve patient 

management [46]. Further safety data on the use of rFVIIa in 

FVII CD can be found in the accompanying article by Neufeld et 

al. in this supplement [47].

3.2.4. Recombinant FVIIa in surgical procedures

Patients with FVII CD are at risk of bleeding for several days 

following surgery, meaning that replacement therapy to prevent 

such bleeding is required. The STER collected data on 24 major 

[48] and 29 minor [34] surgical procedures performed in patients 

with FVII CD under the coverage of rFVIIa (Table 6). Major 

surgeries were grouped as: obstetric/gynaecological/abdominal 

(n = 10); orthopaedic (n = 6); ear, nose and throat (ENT)/head/neck 

(n = 5); continuous infusion (n = 2); and cardiovascular (n = 1) [48]. 

Minor surgeries were grouped as: oral/dental (n = 13); endoscopic 

biopsies (n = 7); mixed surgical procedures (n = 5); and ENT/head/

neck (n = 4) [34].

Haemostatic efficacy was observed in 21/24 (88%) major 

surgical procedures covered with rFVIIa (Table 6) [48]. Bleeding 

occurred during three major (orthopaedic) procedures; in 

all three, rFVIIa was given at low to very low doses. In the 

major surgeries overall, the total rFVIIa dose ranged from 

12 μg/kg to 1571 μg/kg, and the mean daily dose from 10 μg/kg 

to 90 μg/kg (Table 6). The data indicated that rFVIIa provided 

effective haemostatic cover when suitable doses were used, 

which on the day of surgery was calculated (by Receiver Operated 

Characteristic analysis) as ≥13 μg/kg (first dose), with at least 

two additional doses [48]. In the 29 minor surgical procedures, 

haemostatic efficacy with rFVIIa coverage was 100% (i.e., no 

bleeding episodes were observed; Table 6) [34]. In contrast with 

the doses used for major surgeries, total rFVIIa dose for minor 

procedures ranged from 7.2 μg/kg to 510 μg/kg, and mean daily 

dose from 4.8 μg/kg to 300 μg/kg.

4. Conclusions

Considering the rarity of GT and FVII CD, the GTR and the 

STER have successfully managed to collect data for a substantial 

number of patients who have been treated for many acute 

bleeding episodes and surgical/invasive procedures. Data from 

both registries have expanded our knowledge of, and provided 

valuable insight into, these rare bleeding disorders and their 

treatment. Importantly, treatment with rFVIIa in the GTR and 

STER registries was well tolerated.
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