BLOOD CONSERVATION AND TRANSFUSION ALTERNATIVES

Recombinant factor VIIa in patients with coagulopathy secondary
to anticoagulant therapy, cirrhosis, or severe traumatic injury:
review of safety profile
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BACKGROUND: In recent years, the hemostatic agent
recombinant factor Vlla (rFVlla) has emerged as a
potentially new therapeutic agent for management of
coagulopathy in patients with cirrhosis or following severe
traumatic injury, a complex problem for clinicians in which
standard treatment strategies are not always effective. As
with other hemostatic agents, a primary safety concern of
rEVlla therapy is the theoretical possibility that systemic
administration could confer an increased risk of
thrombotic complications. So far, clinical experience
indicates rFVlla to be a safe treatment for currently
approved indications within hemophilia. Little information
is available, however, for patient populations outside this
clinical setting.

STUDY DESIGN AND METHODS: This article reviews
critical safety data obtained from 13 Novo Nordisk—
sponsored clinical trials of rFVlla in patients with
coagulopathy secondary to anticoagulant therapy,
cirrhosis, or severe traumatic injury.

RESULTS: Thrombotic adverse events were reported for
5.3 percent (23/430) of placebo-treated patients and
6.0 percent (45/748) of patients on active treatment. No
significant difference was found between placebo-treated
and rFVlla-treated patients with respect to the incidence
of thrombotic AEs, either on an individual trial basis or for
these trial populations combined (p = 0.57).
CONCLUSION: An important determinant for the safety
profile reported here is likely to be the specific mechanism
of action of rFVIla, shown in experimental studies to be
localized to the site of vascular injury where tissue factor
is exposed.

leeding resulting from coagulopathy can occur

in a variety of clinical situations outside of

hemophilia, developing, for example, because of

cirrhosis or severe traumatic injury. Because the
liver is the principal site of synthesis and clearance of the
vitamin K-dependent coagulation factors (FII, FVII, FIX,
and FX), naturally occurring anticoagulants, and compo-
nents of the fibrinolytic system, moderate to severe cir-
rhosis is often associated with hemostatic abnormalities
that reduce the capacity for optimal fibrin clot formation.'
As a result, patients with cirrhosis can be at increased risk
of bleeding episodes such as upper gastrointestinal (UGI)
variceal bleeding® and are susceptible to hemorrhage
during surgical procedures.*” Coagulopathy can also
occur after major hemorrhage and often develops in the
context of severe traumatic injury.*® In such critical bleed-
ing situations, factors contributing to impaired hemosta-
sis include the loss of coagulation factors through
hemorrhage, the consumption of factors at the site of

ABBREVIATIONS: AE(s) = adverse event(s); APCC = activated
prothrombin complex concentrate; OLT = orthotopic liver
transplantation; TF = tissue factor; UGI = upper gastrointestinal.
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injury, dilutional coagulopathy consequent to infusing
resuscitation fluids and blood components, hypothermia,
and metabolic acidosis.*”*'* Although replacement of
blood components lost through hemorrhage is a standard
adjunctive therapy to the surgical control of severe bleed-
ing, blood component therapy is subject to delays and
does not always adequately correct coagulopathy or stop
diffuse, microvascular bleeding.®*® In addition, trans-
fusions may carry an increased risk of morbidity through
pathogen transmission, transfusion reactions, and trans-
fusion-associated lung injury.'*' A reduction in transfu-
sion requirements, through use of more efficient
pharmacologic interventions to correct coagulopathy and
reduce blood loss, could therefore be of considerable
benefit.

In recent years, increasing evidence has suggested
that the hemostatic agent recombinant factor VIla (rFVIIa;
NovoSeven, Novo Nordisk, Bagsveerd, Denmark) may rep-
resent a new treatment in this setting. Originally devel-
oped for treating bleeding episodes associated with
hemophilia, rFVIIa is approved for hemophilia patients
with inhibitors (neutralizing antibodies) against coagula-
tion factors VIII or IX, and in Europe rFVIIa is further
licensed for use in acquired hemophilia and congenital
FVII deficiency and in patients with Glanzmann’s throm-
basthenia who are refractory to platelet (PLT) transfu-
sions. Since being licensed in late 1995, however, a
growing number of case reports and small, controlled and
uncontrolled studies have reported the successful investi-
gational use of rFVIIa in a diverse range of clinical settings
outside the hemophilia area. These observations have
prompted a continuing program of randomized, con-
trolled clinical trials designed to evaluate the efficacy of
rFVIla in a broad spectrum of potentially new indications
including liver surgery and trauma. Although clinical
experience so far suggests rFVIla to be safe in patients
with hemophilia,” little information is available for other
patient populations. This article reviews critical safety
data obtained from all 13 completed Novo Nordisk—-spon-
sored clinical trials of rFVIIa in patients with coagulopathy
secondary to anticoagulant therapy,® cirrhosis,”* or
severe traumatic injury,® focusing on the incidence of
thrombotic adverse events (AEs).

Mechanism of action of rFVlla

FVII plays a key role in the initiation and propagation of a
series of highly regulated interactions among PLTs, coag-
ulation factors, and components of the blood vessel wall
thatresultin a fibrin clot. In brief, after blood vessel injury,
tissue factor (TF) exposed in the subendothelium of the
damaged vessel wall binds and activates circulating FVII,
resulting in the generation of small amounts of thrombin
(Fig. 1). This initial thrombin activates FV and FVIII (to
FVa and FVIlIa, respectively) as well as PLTs accumulated
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Fig. 1. Mechanism of action of rFVIIa. Although rFVIIa binds to
TE at pharmacological doses it directly activates FX on the sur-
face of activated PLTs leading to thrombin generation and
fibrin clot formation.

at the site of injury, leading to the activation of FX on the
PLT surface. Activated FX then interacts with FVa to pro-
duce larger amounts of thrombin (the “thrombin burst”),
which leads to the formation of a stable fibrin clot (Fig. 1).
In addition to converting fibrinogen into fibrin mono-
mers, thrombin activates FXIII, which covalently cross-
links fibrin to form a more stable clot. Further, through the
action of thrombin-activatable fibrinolysis inhibitor, the
clot is protected from premature fibrinolysis. Because
the clot structure is dependent on the rate and amount of
thrombin production, sufficient thrombin must be gener-
ated to ensure reliable and sustained hemostasis at the
site of injury (for a detailed description of the coagulation
cascade and mode of action of rFVIla, see other
reviews??!),

At pharmacological concentrations (25-50 nmol/L,
corresponding to a dose of 100-200 ug rFVIla/kg body
weight), cell-based studies have indicated that rFVIIa can
bind to the surface of locally activated PLTs and directly
activate FX (Fig. 1).**** This activation induces a thrombin
burst independently of FVIII and F IX and forms the basis
of the mechanism by which rFVIIa bypasses a lack of FVIII
or F IX activity in hemophilia A and B patients with inhib-
itors. Under normal or thrombocytopenic conditions,
rFVIIa shortens the lag phase of thrombin generation and
provides faster PLT activation,® suggesting a potential
beneficial effect of rFVIIa in situations other than hemo-
philia. Because rFVIIa only binds to activated PLTs with
low affinity, supraphysiological doses of rFVIla are
required to generate an adequate thrombin burst in vivo.*
TE however, remains essential for the initiation of coagu-
lation because it is required for initial thrombin genera-
tion and local PLT activation (Fig.1). Further, other
studies suggest that the therapeutic efficacy of rFVIIa may
be at least partly attributable to displacing zymogen FVII
from TF binding sites.*>*



Risk of thrombotic events

A primary safety concern of rFVIIa therapy is the theoret-
ical possibility that the systemic administration of an acti-
vated coagulation factor could confer an increased risk of
thrombotic complications.*” Because rFVIla is not known
to bind to circulating inactive PLTs in vivo, however, the
hemostatic activity of rFVIIa should be restricted to the
site of blood vessel injury where TF is exposed and PLTs
are locally activated by thrombin. Experimental evidence
for this localized effect of rFVIla has been provided by a
comparative study of rFVIIa and the activated prothrom-
bin complex concentrate (APCC) in a rabbit stasis model.*®
In this study, both rFVIIa and APCC promoted clot forma-
tion at the site of blood vessel injury. Whereas APCC
induced significant dose-dependent decreases in PLT
count and fibrinogen levels that suggested a systemic acti-
vation of coagulation, however, rFVIIa was without effect
on these variables. Further, in contrast to APCC, no
changes were observed in antithrombin III levels, nor was
there any evidence of a generation of soluble fibrin mono-
mers suggestive of systemic thrombin activity after rFVIla
treatment. Taken together, these data suggest that rFVIla
exerts a local effect at the site of vascular injury without
inducing a systemic activation of coagulation.

Since licensing in December 1995 until January 31,
2005, it is estimated that the total amount of rFVIla
released from Novo Nordisk to external customers corre-
sponds to 680,245 standard doses of rFVIla (defined as
90 ug rFVIla per kg body weight administered to a 70-kg
individual). The proportions of rFVIIa administered either
for approved indications or for “off-label” use, however,
are not known. Over this postmarketing period, 123
thrombotic AEs have been reported (data derived from
published literature, and solicited, spontaneous, and reg-
ulatory reports), corresponding to a mean of 1 thrombotic
AE reported for every 5530 standard doses of rFVIla. A
recent review of the safety of rFVIla in patients with
acquired and congenital hemophilia with inhibitors con-
cluded that, based on clinical trial data and spontaneous
reports, the incidence of thrombotic events associated
with the use of rFVIla in this patient population was low.*!

MATERIALS AND METHODS

Data acquisition and presentation

Data were obtained from all 13 completed Novo Nordisk—
sponsored clinical trials of rFVIIa in patients with
coagulopathy secondary to anticoagulant therapy,®
cirrhosis,”?#”***! or severe traumatic injury.*® Only com-
pany-sponsored clinical trials were included to ensure
the validity of the data, because these trials were closely
monitored with respect to reporting of AEs through fre-
quent monitoring visits. An additional investigator-initi-
ated study in 28 patients with hemorrhagic dengue fever
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has been conducted; no thrombotic events were
observed in patients receiving rFVIIa, and no safety con-
cerns were raised.” A summary of the clinical trials
included in this review, including brief details of trial
populations, patient demographics, disease severities,
dosing regimens, and safety monitoring, is provided in
Table 1. Because of differences between trials with
respect to patient demographics, baseline characteristics,
clinical settings, dosing regimens, and the nature and
extent of safety monitoring, all data, as obtained from the
original clinical trial reports, are presented on an individ-
ual trial basis. Patient selection criteria varied with the
different clinical settings under investigation. A common
feature was that patients with a perceived increased risk
of thrombotic events were excluded from participation in
the studies, which is in line with the current dosing rec-
ommendations for rFVIIa. Unless otherwise stated, the
term “adverse event” includes both nonserious and seri-
ous AEs. The criteria used to categorize AEs into either
“nonserious” or “serious” did not differ among clinical
trials. To provide a complete overview of the incidence of
thrombotic AEs, the term “thrombotic AEs” includes both
nonserious and serious AEs. All AEs were coded through
use of Medical Dictionary for Regulatory Activities
terminology” and included events with an onset before
first trial product administration but evaluated to have
worsened after exposure to the trial product. Thrombotic
AEs included events coded as thrombosis, emboli, infarc-
tions, and other codes indicating vascular occlusion. The
incidence and nature of thrombotic AEs and the mortal-
ity rates reported for each clinical trial were reviewed and
compared with other reports in the literature (where
available) for the investigated patient group and/or clini-
cal setting. Specific details of the nature and severity of
other AEs are beyond the scope of this review; this infor-
mation is provided, where applicable, in the original arti-
cles describing these clinical trials. To relate safety data to
the therapeutic effectiveness of rFVIIa at the investigated
doses, primary efficacy endpoints (and, where appropri-
ate, other data relevant to efficacy) were summarized for
each trial.

Statistical analysis

For trials with a placebo treatment arm (and with reported
cases of thrombotic AEs), the risk of experiencing throm-
botic AEs on rFVIIa treatment relative to placebo is pre-
sented for each trial as an odds ratio (OR) with 95 percent
confidence intervals (CIs) and a p value for Fisher’s exact
test. Further, the overall risk of a thrombotic AE for these
trials combined was compared between placebo and
rFVIla groups with a logistic regression model, adjusting
for trial effect. The combined OR for rFVIIa relative to pla-
cebo is presented with 95 percent CI and a p value for the
chi-square test. All statistical analyses were performed
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TABLE 1. Clinical trial details

Clinical trial (Trial ID)

Trial demography*

Dosing regiment

Safety monitoring

Trial to evaluate the effect of a
single dose of rFVlla in
healthy subjects pretreated

Dose-ranging trial to evaluate
the effect of rFVlla in
healthy subjects receiving
an oral anticoagulant.t

Trial to evaluate dose
response of rFVlla in
healthy subjects receiving
an oral anticoagulant.§

Cirrhotic patients

Dose-escalation trial of
rFVlla in nonbleeding
cirrhotic patients.?®

Dental surgery
Trial to evaluate the effect of
rFVlla in patients
undergoing dental
extraction§.?*

Liver biopsy
Two-part trial to evaluate the
effect of rFVIla in patients
with advanced liver
disease or presumed
cirrhosis undergoing a
laparoscopic liver
biopsy.?®
Partial hepatectomy
Trial to evaluate the effect of
rFVllain cirrhotic patients
scheduled to undergo
partial hepatectomy due
to liver cancer of benign
tumors.§*'

OLT
Open-label pilot trial
evaluating the effect of
rFVllain cirrhotic patients
undergoing OLT.$%

Dose exploratory trial
evaluating the effect of
rFVllain cirrhotic patients
undergoing OLT.§*°

with an oral anticoagulant.f

Experimentally induced coagulopathy?
n =4 (rFVlla, 4); mean age, ~26

years

n=16 (rFVlla, 16); mean age,
~24 years

n=12 (rFVlla, 12); mean age,
~24 years

Correction of prolonged prothrombin time

n=13 (rFVlla, 13); mean age,
~46 years; Cirrhosis Child-
Pugh score B (n=6) or C
(n=7)

n =39 (rFVlla, 30; placebo, 9);
mean age, ~53 years; liver
disease due to alcoholic
cirrhosis or viral hepatitis.

n=71 (rFVlla, 71); mean age,
~50 years; Cirrhosis Child-
Pugh score B (n=34) or C
(n=236)

n =232 (rFVlla, 151; placebo,
81); mean age, ~53 years
Cirrhosis Child-Pugh score A
(n=224),B (n=7), or
unknown (n=1)

n =6 (rFVlla, 6); mean age, ~45
years; Cirrhosis Child-Pugh
score B(n=5)orC (n=1)

n =83 (rFVlla, 64; placebo, 19);
mean age, ~50 years
Cirrhosis Child-Pugh score B
(n=237) or C (n=46)
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Single dose of rFVIla (10 ug/kg) after
administration of acenocoumarol
(1-3 mg, twice daily) for 3.5 days.

Two single doses of rFVIla (5 and 10,
10 and 20, 20 and 40, 40 and 80,
80 and 120, 120 and 160, 160 and
240, or 10 and 320 ug/kg)
separated by 48 hr. The first dose
was given on Day 4 of the trial, the
second dose on Day 6. Subjects
received acenocoumarol (0.5-

4 mg, twice daily) from Day 0 to
morning of Day 6.

Single dose of placebo or rFVlla (5,
20, or 80 ug/kg) separated by
48 hr. The first dose was given on
Day 4 of the trial, the second dose
on Day 6. Subjects received
acenocoumarol (0.5-3 mg, twice
daily) from Day 0 to morning of
Day 6.

Three single doses of rFVlla (5, 20,
and 80 pg/kg), each dose
separated by 7 days.

Single dose of placebo or rFVlla
(20 or 80 ug/kg) 10 min before
surgery.

Part 1: Single dose of rFVlla (5 ug/
kg) 10 min before biopsy (n = 5)1.
Part 2: Single dose of rFVlla (5,
20, 80, or 120 ng/kg) 10 min
before biopsy.

Single dose of placebo or rFVlla (50
or 100 pg/kg) 10 min before
surgery followed by further
identical doses at 2-hr intervals
until the end of surgery.

Single dose of rFVlla (80 ug/kg)
10 min before surgery.

Single dose of placebo or rFVlla (20,
40, or 80 ug/kg) 10 min before
surgery.

Standard safety monitoringll
up to 8 days after rFVlla
dose.

Standard safety monitoringl|
up to 15 days after second
rFVlla dose.

Standard safety monitoringll
up to 29 days after second
dose.

Standard safety monitoringll
up to 12 hr after final dose.

Standard safety monitoringll
up to 24 hr after surgery.

Standard safety monitoringl|
up to 18 hr after rFVlla dose.

Standard safety monitoringl|
until discharge from
hospital. Doppler
ultrasonography of hepatic
vasculature (before surgery
to 48 hr after surgery) and
lower extremities (before
surgery to 3 days after
surgery).

Standard safety monitoringl|
up to 5 days after surgery.
Doppler ultrasonography of
hepatic vasculature at 1, 3
and 5 days after surgery.

Standard safety monitoringl|
up to 7 days after surgery.
Doppler ultrasonography of
hepatic vasculature at 1, 3,
and 7 days after surgery
(and additional times if
hepatic thrombosis was
suspected).
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TABLE 1. Continued

Clinical trial (Trial ID)

Trial demography*

Dosing regiment

Safety monitoring

Dose exploratory trial
evaluating the effect of
rFVllain cirrhotic patients
undergoing OLT.§*

UGl bleeding
Trial to evaluate the effect of
rFVlla in the treatment of
UGI bleeding.§*

n =183 (rFVlla, 121; placebo,

62); mean age, ~53 years
Cirrhosis Child-Pugh score
A(n=1),B(n=107),C
(n=73), or unknown (n=1)

n =242 (rFVlla, 121; placebo,

121); mean age, ~53 years
Cirrhosis Child-Pugh score A
(n=46),B (n=124), C

(n = 67), or unknown (n = 5);
variceal bleeding (n = 161),
nonvariceal bleeding (n = 72),

Single dose of placebo or rFVlla (60
or 120 pg/kg) 10 min before
surgery followed by further
identical doses at 2-hr intervals
until ~30 min from the completion
of surgery. A final dose was
administered at the completion of
wound closure.

Eight doses of placebo or rFVila
(100 pg/kg), the first dose within 6
h of hospital admission (or within
6 h of the index bleeding if patient
was already hospitalized) with
subsequent doses at 2, 4, 6, 12,

18, 24, or 30 hr after the first dose.

Standard safety monitoringl|
up to 7 days after surgery.
Thrombotic AEs reported for
30 days after surgery.
Doppler ultrasonography (as
above).

Standard safety monitoringll
up to 5 days after first dose
of rFVIla. AEs and serious
AEs recorded for 5 and 42
days after first trial product
administration, respectively.
Elective Doppler

unknown (n =9)

Noncirrhotic patients
Severe traumatic injury
Two parallel trials under the

same protocol (one in
patients with blunt
trauma, the other in
patients with penetrating
trauma) evaluating the
effect of rFVlla in
severely injured trauma
patients.§*

1) Blunt trauma trial n = 143
(rFVlla, 69; placebo, 74);
median age ~31 years; 2)
Penetrating trauma trial
n =134 (rFVlla, 70; Placebo,
64); median age, ~28 years

Three doses of placebo or rFVila

ultrasonography at some
centers?

Standard safety monitoringll
up to 48 hr after first dose
of rFVlla. Serious AEs
recorded until 30 days after
first dose.

(200 + 100 + 100 ug/kg), the first
dose administered immediately
after transfusion of the 8th unit of
RBC and the second and third
doses given 1 and 3 hr after the
first doses, respectively.

* Data refer to the safety population (M, male; F, female).

1 Open-label trial.
§ Randomized, double-blind, placebo-controlled trial.

1 All doses of rFVlla are expressed in pg of rFVlla per kg body weight (ug/kg). All patients received rFVlla or placebo as a slow intravenous
bolus injection over a period of approximately 2 minutes. Placebo was administered in the same form and volume as the trial product.

Il Standard safety monitoring comprised an assessment of AEs, vital signs, physical examination, blood biochemistry (a minimum of serum
creatinine, potassium, sodium, calcium, bilirubin, serum albumin, alanine aminotransferase, aspartate aminotransferase, alkaline
phosphatase), hematology (a minimum of Hct, Hb, WBC count, PLT count), coagulation-related parameters (D-dimers, antithrombin I activity,
activated partial thromboplastin time [aPTT], fibrinogen, prothrombin fragments 1+2, FVII coagulant activity [FVII:C], international normalized
ratio, and PT/aPTT), and coagulation variables (protein S, protein C, FV, FIX, FX, prothrombin).

with computer software (SAS for Windows, Version 8.2,
SAS Institute, Cary, NC).

RESULTS

Table 2 provides a summary of the overall number of AEs,
serious AEs, thrombotic AEs, and fatal AEs observed for
each trial. For trials with multiple rFVIIa dose groups, AEs
were pooled for the active treatment arms. In general, the
most commonly reported AEs for both placebo and
rFVIla-treated patients were as expected for the underly-
ing disease and/or condition of the study population or
were associated with complications expected with major
surgery.

Experimentally induced coagulopathy

Three clinical trials® studied the effect of rFVIIa in healthy
subjects treated with an oral anticoagulant to induce a
level of coagulation factor deficiency similar to that

observed with impaired liver function. This experimen-
tally induced coagulopathy served as model to test the
potential of rFVIIa to correct coagulopathy in patients
with liver disease and treat events of acute bleeding aris-
ing from oral anticoagulant therapy. For these trials, doses
of rFVIla ranged from a single 10 pug per kg dose to two
doses (5-320 ug/kg) over a 48-hour period (maximum
cumulative dose of 400 ug/kg; Table 1). At all doses, rFVIIa
administration resulted in a normalization of prothrom-
bin time (primary efficacy endpoint), the duration of
which was dose-dependent.”? No thrombotic AEs, serious
AEs, or deaths were reported for either the single-dose
trial or the two multiple-dose trials.?? There was no appar-
ent association between rFVIIa dose and the incidence of
nonserious AEs.

Cirrhotic patients

Correction of prolonged prothrombin time in non-
bleeding cirrhotic patients. One clinical trial evaluated
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the efficacy and safety of rFVIIa in correcting prolonged
prothrombin time in nonbleeding patients with cirrho-
sis.”® Thirteen patients were administered 3 successive
doses of rFVIIa (5, 20, and 80 ug/kg), each dose separated
by an interval of 7 days (Table 1). Prothrombin time was
normalized (primary efficacy endpoint) at all dose levels
in a dose-dependent manner, remaining within the nor-
mal range for approximately 12 hours after the highest
dose (80 ug/kg).® No thrombotic AEs or deaths were
reported (Table 2).

Dental surgery. One clinical trial evaluated the
effect of rFVIla in patients with cirrhosis undergoing
dental surgery. In this trial,** 39 patients received a single
dose of placebo, 20 or 80 ug per kg rFVIla before a pre-
molar or molar tooth extraction anticipated to require
suturing with one to three stitches (Table 1). No signifi-
cant difference in the number of patients achieving
hemostasis (cessation of bleeding) within 15 minutes of
completing the dental procedure (primary efficacy end-
point) was found between treatment groups.”* No AEs

SAFETY OF RECOMBINANT FACTOR VIIA

(including thrombotic AEs) or deaths were reported
(Table 2).

Liver biopsy. A two-part clinical trial evaluated the
effect of rFVIIa in cirrhotic patients undergoing a laparo-
scopic liver biopsy.” In the first pilot phase of the trial, 5
patients received a single 5ug per kg dose of rFVila
(Table 1), resulting in a correction of prothrombin time
(the primary endpoint) to normal or near normal in all
patients.”® No deaths or thrombotic AEs were reported
(Table 2).

In the second part of the trial, patients were evenly
randomized to 5, 20, 80, or 120 ug per kg rFVIla (Table 1).
Prothrombin time (the primary efficacy endpoint) was
restored to normal in 74 percent of patients, with a sig-
nificantly longer duration of normalization achieved
with higher doses of rFVIIa.*® No dose-related effect of
rFVIla in the type or frequency of serious and nonseri-
ous AEs was evident.” One thrombotic AE was reported
(1/66 of patients); a portal vein thrombosis occurring in
a patient receiving 5ug per kg rFVIIa (Table 3). Seven

TABLE 3. All thrombotic AEs
Patient Serious  Latency
(sex/age)  Treatment AE (Y/N) (days)* Outcome Comments
Liver biopsy,?® Part 2

M/38 5ugkg PVT Y 6 days  Fatal Patient with a history of portal vein thrombosis died 13 days
after treatment due to peritoneal sepsis.

Partial hepatectomy*'

F/55 Placebo PE N 5days  Stabilized Potential pulmonary embolism suspected by X-ray but not
confirmed by spiral-computed tomography.

M/37 50 ugkg  PVT N 4 days  Recovered Clinically asymptomatic. Diagnosed by abnormal blood flow at
routine Doppler examination but not confirmed by follow-up
Doppler ultrasonography.

M/56 100 ug’lkg  MVT Y 3 days Recovered Mesenteric venous thrombosis could not be confirmed upon
surgical exploration of the mesenteric vein.

M/56 100 ugrkg Ml Y 6 hr Recovered ECG showed signs consistent with a non Q-wave myocardial
infarction. Cardiac enzymes elevated.

oLT*
F/42 80 ug/kg  HAT Y 1 day Recovered The first thrombosis occurred in arteria hepatica propria, the
HAT Y 70 hr Recovered second in the left hepatic artery.
with
sequelae

M/39 80ugkg PVT N >6 hr Recovered Portal vein thrombosis occurred in the anhepatic phase. Doppler
ultrasonography at 24 h and at Day 3 and 5 did not reveal
flow abnormalities. This portal vein thrombosis is not
described in the article by Hendriks et al.®®

OL 29

M/38 Placebo HAT Y 35 days  Recovered Reduced arterial flow occurred during surgery but no
thrombosis was identified.

M/48 Placebo HAT Y 4 days  Recovered Poor quality donor. Hepatic artery graft made from another
donor segment.

M/68 Placebo HVT Y 0 days  Recovered Diagnosed during surgery. The thrombosis was preexistent in
nature, most likely due to the liver cirrhosis. Known history of
deep vein thrombosis.

M/59 20 ugkg Ml Y 2 days Fatal Acute myocardial infarction at Day 2 after surgery. Hepatic

HAT Y 7 days  Recovered artery thrombosis at Day 7 and rethrombosis at Day 11. The

HAT Y 11 days  Recovered patient died at Day 20. Autopsy report stated septic
multiorgan failure as cause of death and furthermore revealed
severe arteriosclerotic stenosis of LAD and severe general
arteriosclerosis.

M/21 20 uglkg  HAT Y 0 days Recovered Hepatic artery thrombosis was discovered 40 min after
reperfusion of the graft. The patient was hypercoagulable
before surgery.
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TABLE 3. Continued

8 TRANSFUSION Volume **, ** **

Patient Serious  Latency
(sex/age)  Treatment AE (Y/N) (days)* Outcome Comments

M/42 20 ug’lkg  HVT Y 0 days Recovered Hepatic vein occlusion. Appearance of thrombus indicated
presence for a long time. Autopsy of explanted liver showed
no fresh thrombus.

M/46 40 ug’lkg  HAT Y 4 days  Recovered Alternative etiology: The clot originated from an unusual suture
in splenic artery stump.

M/58 40 ug’lkg  HVT Y 11 days  Recovered Patient had intraoperative findings of pre-existing portal vein
thrombosis (partial) and underwent thrombectomy in
conjunction with OLT.

M/62 80 ug/kg  HAT Y 6 days  Stabilized Artery anomalies noted in donor liver.

M/32 80 ug/kg  HAT Y 5days  Recovered Severe stenosis of the donor common HA. Clamp injury
suspected.

oLT?*®

M/51 Placebo HAT Y 1 day Recovered “Stenosis of truncus coeliacus” reported as alternative etiology.

F/41 Placebo HAT Y 1 day Recovered Complicated OLT, during which the patient experienced
circulatory shock.

F/50 Placebo HAO N 0 days Recovered

M/66 Placebo PVT Y 0 days Recovered Previous TIPS with partial thrombosis.

F/38 Placebo PVT N 1 day Recovered

F/55 Placebo HAT Y 2 days Recovered Previous TIPS, “Splenic artery steal syndrome” suspected.

F/59 60 ug’kg  AMI Y 4 days  Recovered AMI confirmed by ECG and echocardiogram.

M/67 60 ug’kg  PVT N 1 day Recovered

M/39 60 ug’lkg AT NOS Y 5days  Recovered Occlusion of the hepatic artery near the arterial anastomosis.

F/46 60 ug/kg PE Y 1 day Fatal Autopsy revealed peripheral pulmonary embolism and
preexisting recurrent microthromboembolism of the
peripheral lung vessels.

F/63 60 ug’kg  HAT Y 0 days Recovered Repeated clamping of the right hepatic artery during

VGO Y 5days Recovered anastomosis.

M/51 60 ug’kg  PVT N 1 day Recovered

F/59 60 ugkg Cl Y 17 days  Recovered Infarction verified by CT scan. Medical history of arrhythmia.

F/63 60 ug’kg  PVT N 0 days Recovered

M/60 60 ug’kkg  PVT Y 1 day Recovered Old mural recipient portal vein thrombosis detected during OLT.
Limited thrombectomy performed.

M/61 60 ug’kg Ml Y 1 day Recovered ECG changes and increased cardiac enzymes.

M/64 60 ug’kg  PVT N 0 days Recovered

F/45 60 ug’kg  HAT Y 1 day Stabilized ECG changes and increased cardiac enzymes.

PVT Y 1 day Recovered

M/50 120 ug’lkg  RVT N 8 days  Recovered

M/44 120 ug’kg  PVT Y 7 days  Recovered Patient had marked portal hypertension.

F/69 120 ug’kkg SO N 0 days Recovered

M/60 120 ug’kg  HAT Y 1 day Recovered Thrombosis detected during OLT surgery.

F/67 120 ug’kg  HAT Y 17 days  Recovered Doppler ultrasonography at Day 5 was suggestive of hepatic
artery thrombosis

M/62 120 ug’kg  HAT Y 21 days  Recovered Complicated OLT.

M/49 120 ug’lkg  HF/PVT Y 0 days Fatal Patient experienced fulminant hepatic failure and was reported
as such by investigator. The patient died 29 hr after initiation
of OLT: As the event was related to a portal vein thrombosis
Novo Nordisk A/S decided to include the event in the analysis.

UGI bleeding®”

M/59 Placebo PVT Y 23 days  Recovered Clinically asymptomatic event diagnosed through elective
Doppler ultrasonography.

F/63 Placebo PVT Y 2 days  Stabilized Clinically asymptomatic event diagnosed through elective
Doppler ultrasonography.

M/54 Placebo PVT Y 1 day Stabilized Clinically asymptomatic event diagnosed through elective
Doppler ultrasonography.

M/57 Placebo PH NOS N 4 days  Not yet

recovered

M/64 Placebo PVT N 4 days  Unknown Clinically asymptomatic event diagnosed through elective
Doppler ultrasonography.

M/61 Placebo PH NOS N 2 days Recovered

M/69 Placebo PVT N 2 days  Unknown Clinically asymptomatic event diagnosed through elective
Doppler ultrasonography.

M/44 100 ug’kg  PVT Y 4 days  Unknown Clinically asymptomatic event diagnosed through elective
Doppler ultrasonography.

M/58 100 ug’lkg  CA Y <1 day Recovered A right hemisphere cerebrovascular accident. CAT scan 3

with months before event showed lesions suggestive of a previous
sequelae infarction in the right cerebral hemisphere. Alcohol abuser

and daily smoker.
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TABLE 3. Continued

Patient Serious  Latency
(sex/age)  Treatment AE (Y/N) (days)* Outcome Comments
M/73 100 ug’lkg  CA Y <1 day Fatal Cerebral infarction. Patient was a nonsmoker without active
alcohol abuse, but suffered arterial hypertension.
M/69 100 ug’lkg T NOS N <1 day Recovered
M/45 100 ug’lkg  PVT Y 1 day Unknown Clinically asymptomatic event diagnosed through elective
Doppler ultrasonography.
M/44 100 ug’lkg  PVT Y 5days  Stabilized Clinically asymptomatic event diagnosed through elective
Doppler ultrasonography.
M/67 100 ug’lkg  PH NOS N 3days Recovered
Severe traumatic injury®
Blunt trauma

M/22  Placebo SVT Y 13 days  Recovered Asymptomatic subclavian vein thrombosis at the site of a central
venous catheter was diagnosed by ultrasonography.

M/41 Placebo PE Y 4 days  Fatal Suspected pulmonary embolism after removal of vena cava
compression.

M/25  Placebo PE Y 5days Fatal Pedestrian hit by car. Autopsy revealed pulmonary
thromboemboli.

M/18  rFVllat JVT Y 16 days  Recovered Thrombosis of internal jugular vein at the site of the central
catheter access.

M/33  rFVllat ATL Y 0 days  Recovered Driven over by locomotive. Thrombosis diagnosed by
angiogram.

Penetrating trauma

M/27  Placebo MVT Y 15 days  Recovered Stab wounds to abdomen with subsequent surgical repair of
vena cava.

M/16  Placebo Cl Y 1 day Not yet Gun shot wound with vascular injuries involving common carotid

recovered artery and right subclavian artery. Suspected to be caused
by hypotension and cross-clamping.

M/22  Placebo DVT NOS Y 7 days  Recovered Stab wound. Thrombosis at site of subclavian vein repair.

M/25  rFVllat DVT NOS Y 19 days  Recovered Paraplegia and splenectomy following trauma. Bed confinement
for weeks.

M/41  rFVllat Il Y 0 days Fatal Multiple gun shot wounds: Infarction of bowel in superior
mesenteric artery territory following ligation of proximal
superior mesenteric artery and multiple mesenteric
lacerations during damage control.

M/19  rFVllat Cl Y -1 day Fatal Stab wounds to sternoclavicular region. The operative repair
necessitated cross clamping of common carotid and
brachiocephalic artery.

M/17  rFVllat PHL DVT Y 4 days  Recovered Gun shot wound with lacerations and subsequent surgical repair

of iliac veins.

* Time from last study drug administration to onset.
1 200 plus 100 plus 100 pg/kg rFVila.

otherwise specified.

AMI = acute myocardial infarction; AT = arterial thrombosis; ATL = arterial thrombosis limb; CA = cerebrovascular accident; Cl = cerebral
infarction; DVT = deep vein thrombosis; HAO = hepatic artery occlusion; HAT = hepatic artery thrombosis; HF = hepatic failure; HVT = hepatic
venous thrombosis; Il = intestinal infarction; JVT = jugular vein thrombosis; Ml = myocardial infarction; MVT = mesenteric venous thrombosis;
PE = pulmonary embolism; PH = phlebitis; PHL = phlebothrombosis; PVT = portal vein thrombosis; RVT = renal vein thrombosis; SO = shunt
occlusion; SVT = subclavian vein thrombosis; T = thrombosis; TIA = transient ischemic attack; VGO = vascular graft occlusion; NOS = not

deaths (5ug/kg rFVIla, 3 deaths; 20pug/kg rFVIla, 1
death; 80ug/kg rFVIla, 1 death; 120 ug/kg rFVIla, 2
deaths) occurred between 4 days and 8 months after
dosing.

Partial hepatectomy. In this study,* patients with
cirrhosis were evenly randomized to placebo or 50 or
100 pug per kg rFVIIa (Table 1). No significant difference
was found between treatment groups in the proportion of
patients requiring perioperative red blood cell (RBC)
transfusions (primary efficacy endpoint). A similar per-
centage of patients on placebo and active treatment expe-
rienced AEs (serious and nonserious; Table 2), and no
association between rFVIla dose and the type or fre-

quency of AEs was apparent. Thrombotic AEs were
reported for 1 percent (1/81) of patients given placebo
(pulmonary embolism), 1 percent (1/73) of patients given
50 ug per kg rFVIla (portal vein thrombosis), and 3 percent
(2/78) of patients given 100 ug per kg rFVIIa (mesenteric
venous thrombosis, myocardial infarction). For 3 of the
above 4 events of thrombosis, the diagnosis could not be
confirmed upon follow-up (Table 3). No significant differ-
ence in the incidence of thrombotic events was found
between placebo and active treatment (p > 0.99; Fig. 2).
The overall incidence of myocardial infarction (0.4%) was
similar to that previously reported for patients undergoing
hepatectomy (<0.2%).*
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L OR with 95% CI

Partial hepatectomy”'

oLT# -
oLT® L
UG Bleeding™ —_——

Traumatic infury {Blunt)™

Traumatic injury {Penetra!mgi‘"" -

Combined OR

1,62 [0.17; 15.85], p = 0.95

0.66 [0.15; 2.83], p = 0.69

1.74 [0.86; 4.80], p = 0.36

1.00 [0.34; 2.94], p > 0.99

0.71 [0.11; 4.36], p > 0.99

1.23[0.27,5.73], p> 0,99

1.17 [0.68; 2.10], p = 0.57

0.1 02 1 10

Fig. 2. ORs for thrombotic AEs (rFVIIa vs. placebo). OR = the odds for a thrombotic AE
on rFVIIa relative to placebo (OR 1, equal risk of a thrombotic event with placebo and
rFVIIa; OR <1, greater risk of a thrombotic AE on placebo; OR >1, greater risk of a
thrombotic AE on rFVIIa). Combined OR = logistic regression model for the above
trials combined (with adjustment for trial effect). ORs for individual trials are pre-
sented with 95 percent CIs and a p value for Fisher’s exact test. The Combined OR is
presented with 95 percent Cls and a p value for the chi-square test.

Three patients died during the trial period (50 ug/kg
rFVIIa, 1 death; 100 pg/kg rFVIla, two deaths). All deaths
were due to hepatic failure (one death in combination
with renal failure). The overall mortality rate of the trial
(1.3%) was within the range (1.2%-13%) reported for hepa-
tectomy in patients with cirrhosis.**?

Orthotopic liver transplantation. To date, two sin-
gle-dose trials?®* and one multiple-dose trial® evaluating
the effect of rFVIIa in cirrhotic patients undergoing ortho-
topic liver transplantation (OLT) have been completed
(Table 1). In a pilot trial,® 6 patients with cirrhosis under-
going OLT received a single 80 ug per kg dose of rFVIla
before the start of surgery (Table 1). Compared with a
group of matched historical controls, a significant reduc-
tion in median total RBC transfusion requirements (pri-
mary efficacy endpoint) was found for rFVIla-treated
patients. Thrombotic AEs were reported for 2 of 6 (33%)
patients (2 patients, 3 events; Table 2) and included 2
cases of hepatic artery thrombosis (experienced on sepa-
rate occasions by the same patient) and 1 case of portal
vein thrombosis (Table 3). No deaths occurred during the
trial.

In a subsequent single-dose trial,® patients with cir-
rhosis undergoing OLT were evenly randomized to receive
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placebo or 20, 40, or 80 ug per kg rFVIIa
(Table 1). No significant differences in
perioperative RBC transfusion require-
ments (primary efficacy endpoint) were
found between the placebo and rFVIIa
treatment groups. In general, the inci-
dences of AEs (nonserious and serious)
were similar for placebo-treated and
rFVIla-treated patients (Table 2), and no
notable differences in the type or fre-
quency of AEs were found between
rFVIla dose groups.” Thrombotic AEs
were reported for 16 percent of patients
given placebo (3 patients, 3 events),
17 percent of patients given 20 ug per kg
rFVIIa (3 patients, 5 events), 8 percent of
patients given 40ug per kg rFVlla (2
patients, 2 events), and 8 percent of
patients given 80 ug per kg rFVIla (2
patients, 2 events). No significant dif-
ference in the incidence of thrombotic
AEs was found between placebo and
active treatment (p=0.69; Fig.2). The
12 thrombotic AEs reported (Table 3)
included 8 cases (in 7 patients) of
hepatic arterial thrombosis (2 patients in
each of the placebo and 20 and 80 ug/kg
rFVIIa groups; 1 patient in the 40 ug/kg
rFVIla group), 3 cases of hepatic venous
thrombosis (1 patient in each of the
placebo and 20 and 40pg/kg rFVlla
groups), and 1 acute myocardial infarction (one patient in
the 20 ug/kg rFVIla group). Seven patients died during the
trial (placebo, 1 patient; 20 ug/kg rFVIla, 1 patient; 40 pug/
kg rFVIla, 2 patients; 80 ug/kg rFVIla, 3 patients).?

In a multiple dosing trial,?® patients with cirrhosis
undergoing OLT were evenly randomized to repeated
doses of placebo or 60 or 120 pg per kg rFVIIa (Table 1). No
significant differences in perioperative RBC transfusion
requirements (primary efficacy endpoint) were found
between placebo and rFVIIa treatment groups. A signifi-
cantly higher number of patients in each rFVIla dose
group, however, avoided RBC transfusions when com-
pared with the placebo group.”® In general, the incidences
of AEs (nonserious and serious) were comparable for pla-
cebo- and rFVIla-treated patients (Table 2), and no differ-
ences in the type or frequency of AEs were observed
between treatment groups.” Thrombotic AEs were
reported for 10 percent of patients on placebo (6 patients,
6 events), 19 percent of patients on 60 pg per kg rFVIIa (12
patients, 14 events), and 12 percent of patients on 120 ug
per kg rFVIIa (7 patients, 7 events; Table 3). No significant
difference was found between placebo and active treat-
ment with respect to the proportion of patients experienc-
ing thrombotic AEs (p = 0.36; Fig. 2). Although thrombotic



AEs occurred more frequently in the 60 pug per kg rFVIla
group relative to placebo, a similar incidence was
observed for placebo- and 120 ug per kg rFVIla-treated
patients. Twenty-two of 27 thrombotic AEs (81%) origi-
nated in the hepatic vessels, of which portal vein throm-
bosis (2 events in both the placebo and the 120 ug/kg
rFVIla groups, 6 events in the 60 pug/kg rFVIla group) and
hepatic artery thrombosis (placebo, 4 events; 60 ug/kg
rFVIIa, 2 events; 120 ug/kg rFVIla, 3 events) were most
frequently reported (Table 3). Five thrombotic AEs were
nonhepatic; 1 case each of pulmonary embolism and
cerebral infarction and 2 cases of acute myocardial infarc-
tion were reported for patients in the 60 pg per kg rFVIla
group, whereas 1 patient in the 120 pg per kg rFVIla group
experienced a renal vein thrombosis (Table 3). No signifi-
cant difference in the proportion of patients experiencing
nonhepatic thrombotic AEs was found between treatment
groups (Fisher’s exact test, p = 0.85).

Six patients died during the trial; one death occurred
in each of the placebo and 60 pg per kg rFVIla groups (2%
mortality in each group), whereas 4 deaths occurred in the
120 pg per kg rFVIIa group (7% mortality). No significant
differences in patient mortality were found between treat-
ment groups (Fisher’s exact test, p=0.29).

For the 3 OLT trials combined, the overall incidences
of portal vein thrombosis (placebo, 3.7%; rFVIla, 5.7%),
hepatic artery thrombosis (placebo, 7.4%; rFVIia,
5.7%), and pulmonary embolism (placebo, 0%; rFVIIa,
0.5%) were within the ranges reported for patients
undergoing OLT (2.7-14,°"  2-10,**" and 1%,”
respectively).

UGI bleeding. To date, one trial has been completed
that evaluated the effect of rFVIIa in cirrhotic patients with
UGI bleeding. In this trial,?” patients were equally ran-
domized to eight doses of either placebo or 100 ug per kg
rFVIla administered over a 30-hour period as an adjunct
to standard pharmacological and endoscopic treatment
(Table 1). No significant difference was found between
placebo and active treatment with respect to a composite
primary endpoint consisting of failure to control bleeding
within 24 hours of the first dose of trial product, failure
to prevent rebleeding between 24 hours and 5 days, and
mortality over the 5-day trial period.”” An exploratory
analysis in the subgroup of patients with bleeding varices
(with a Child-Pugh score B or C and more severe coagul-
opathy), however, found that significantly fewer rFVlla-
treated patients than placebo-treated patients failed on
the composite endpoint.”” No obvious differences in the
frequency of AEs and serious AEs were found between
treatment groups (Table 2). No significant difference in
the incidence of thrombotic AEs was found between pla-
cebo and rFVIIa (p>0.99; Fig. 2); thrombotic AEs were
reported for 6 percent of patients on placebo (7 patients,
7 events) and 6 percent of patients on active treatment (7
patients, 7 events; Table 2). Clinically asymptomatic por-
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tal vein thrombosis was diagnosed through elective Dop-
pler ultrasonography in 4 percent (5/121) of patients on
placebo and in 2 percent (3/121) of patients on rFVIIa, for
an overall rate of 3.3 percent, well within the range
reported for cirrhotic patients (0.6-14%).>°® Three cases of
thrombophlebitis (placebo, 2 patients; rFVIIa, 1 patient),
1 thrombosis resulting from a blood clot in a central cath-
eter (rFVIla group), and 2 cerebrovascular events (tran-
sient ischemic attack, cerebral infarction; both in the
rFVIIa group) were also reported (Table 3).

Twenty-seven deaths occurred during the study; 11 in
the placebo group (9% mortality) and 16 in the rFVIla
group (13% mortality; Table2). The mortality rates
observed for this trial compared favorably with the mor-
tality of 15 to 30 percent reported to be associated with
initial UGI bleeding episodes.’”*

Noncirrhotic patients

Two randomized trials were conducted in parallel and
under the same protocol, one in 143 patients with severe
blunt trauma and the other in 134 patients with severe
penetrating trauma, to evaluate the efficacy and safety of
rFVIla (200 plus 100 plus 100 pug/kg) or placebo as an
adjunct to standard treatment of bleeding in noncirrhotic
patients with severe traumatic injury (Table 1).*

Severe traumatic injury—blunt trauma. For the
blunt trauma trial, estimated RBC transfusion (primary
efficacy endpoint) was significantly reduced by rFVIla
relative to placebo.*® The frequencies of AEs and serious
AEs were similar for placebo- and rFVIla-treated patients
(Table 2), and no apparent treatment-dependent pattern
in the types of AEs was observed.* Thrombotic AEs were
reported for 4 percent of patients on placebo (3 patients,
3 events) and 3 percent of patients on active treatment (2
patients, 2 events; Table 2). No significant difference in
the incidence of thrombotic AEs was found between pla-
cebo and rFVIIa (p > 0.99; Fig. 2). Of the 5 thrombotic AEs
recorded, 2 cases of pulmonary embolism and 1 subcla-
vian vein thrombosis (after central line placement) were
reported for the placebo group, whereas 1 jugular vein
thrombosis (after central line placement) and 1 arterial
limb thrombosis were reported in rFVIIa-treated
patients.

In total, 39 patients had an AE with a fatal outcome
(placebo, 22 deaths; rFVIla, 17 deaths) during the 30-day
trial period, with mortality rates comparable for placebo
(30%) and rFVIIa (25%; Table 2).

Severe traumatic injury—penetrating trauma. For
the penetrating trauma trial, no significant difference in
estimated RBC transfusion requirements (primary effi-
cacy endpoint) was found between treatment groups. No
notable differences in the incidence of overall AEs and
serious AEs were found between treatment groups
(Table 2), and a similar pattern of AEs was observed for
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placebo- and rFVIla-treated patients.*® No significant dif-
ference in the incidence of thrombotic AEs was found
between treatment groups (p > 0.99; Fig. 2). Thrombotic
AEs were reported for 5 percent of patients on placebo (3
patients, 3 events) and 6 percent of patients on active
treatment (4 patients, 4 events; Table 3). One cerebral inf-
arction and 1 deep vein thrombosis was observed for each
treatment group. In addition, a mesenteric vein thrombo-
sis was recorded in the placebo group and an intestinal
infarction (at the site of operation) and an event of phle-
bothrombosis was observed in the rFVIIa group (Table 3).
No difference was found in the mortality rate of placebo-
and rFVIla-treated patients during the 30-day trial period
(placebo, 28%; rFVIla, 24%; Table 2).*

For the blunt and penetrating trauma trials com-
bined, the proportion of patients with deep vein throm-
bosis (placebo, 0.7%; rFVIla, 0.7%) or pulmonary
embolism (placebo, 1.4%; rFVIla, 0.0%), which are the
most common thrombotic complications associated with
traumatic injury, was lower than incidences reported for
this patient group in the literature (6%, deep vein throm-
bosis;® 2%-22%, pulmonary embolism®).

DISCUSSION

Previously, assessment of the risk of thrombotic compli-
cations outside currently approved indications has been
difficult. Until recently, results from randomized, placebo-
controlled clinical trials were limited, and interpretation
of case reports and uncontrolled studies was hampered by
possible differences in definitions or methods of detection
as well as potential reporting bias.

In this review of 13 controlled clinical trials, compris-
ing 1178 patients with coagulopathy because of anticoag-
ulant therapy, cirrhosis, or severe traumatic injury (the
trauma patients typically developed dilutional coagulop-
athy complicated by acidosis and hypothermia), throm-
botic AEs were reported for 5.3 percent (23/430) of
placebo-treated patients and 6.0 percent (45/748) of
patients on active treatment.

For the 6 trials with a placebo treatment arm (and
with reported cases of thrombotic AEs), no significant dif-
ference was found between placebo and rFVIla with
respect to the incidence of thrombotic AEs, either on an
individual trial basis or from a logistic regression analysis
of these trial populations combined (p = 0.57; Fig. 2). Fur-
ther, for trials with more than one active treatment arm,
no association between rFVIla dose and the incidence of
thrombotic events was apparent, although this was not
formally tested due to the low number of events observed.
Because the trials in these analyses were randomized and
double-blinded, underlying factors that could potentially
predispose to thrombotic complications were expected to
be more or less evenly distributed across treatment groups
within an individual trial, therefore minimizing the need
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to adjust for specific baseline characteristics. Indeed,
owing to the low number of thrombotic AEs reported
for individual trials, such analyses are unlikely to be
meaningful.

For many of the reported thrombotic AEs, the long
interval between administration of the last dose of rFVIIa
(which has a t,,, of approximately 2 to 3 hours in patients
with hemophilia®®) and the actual event makes a causal
relationship less likely, although a potential lag from time
of onset to clinical recognition of the thrombotic event
remains possible. For placebo- and rFVIla-treated
patients alike, it cannot be excluded that the underlying
medical condition of the patient—or in the case of OLT,
the intervention—may have contributed to the thrombo-
sis, which in some cases may have been present before the
patient received the trial product.

The mortality rates and incidences of specific throm-
botic events (both for placebo- and rFVIIa-treated
patients) noted for the clinical trials summarized here
were similar to and did not exceed those of prior reports
for the clinical settings studied. It is recognized, however,
that because of variations between studies in trial popu-
lations and the methods used to detect thrombosis, it is
difficult to make direct comparisons.

For a number of the clinical areas studied, the optimal
dose (or dosing regimen) of rFVIIa remains to be defined.
At the evaluated individual doses of up to 200 ug per kg
(severe traumatic injury), 120 ug per kg (OLT), or 100 ug
per kg (UGI bleeding), however, rFVIla was not associated
with an increased risk of thrombotic complications.

It should be noted, however, that although the studies
summarized in this article did not detect a greater inci-
dence of thrombotic events in rFVIla-treated coagulo-
pathic patients, we cannot infer that no increased risks
were present. None of the described studies were designed
or powered to detect a difference in the incidence of spe-
cific thrombotic AEs between treatment groups. More-
over, because most trials had enrollment criteria designed
to exclude patients with conditions (e.g., atherosclerotic
cardiovascular disease, history of thromboembolism)
known to carry a possible risk of thrombotic complica-
tions, the selected patient groups of these studies were
unlikely to fully reflect those in the general population.
Finally, the present conclusions are limited to the coagu-
lopathic patient population included in the studies pre-
sented. A recent study in patients with intracerebral
hemorrhage, who are typically noncoagulopathic and eld-
erly, showed an increased risk of thrombotic events fol-
lowing rFVIIa administration, although the clinical benefit
clearly outweighed the risk.*

In summary, based on reported AEs from 13 clinical
trials of patients with coagulopathy due to anticoagulant
therapy, cirrhosis, or severe traumatic injury, no signifi-
cant association was found between exposure to rFVIla
and the incidence of thrombotic events. An important



determinant for the safety profile reported here is likely to
be the specific mechanism of action of rFVIIla, shown in
experimental studies to be localized to the site of vascular
injury where TF is exposed.
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