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Recombinant Activated Factor VII: The Controversial
Conundrum Regarding Its Off-Label Use

Keyvan Karkouti, MD, MSc, FRCPC,* and Jerrold H. Levy, MD, FAHAT

Nordisk A/S, Bagsveerd, Denmark) is a widely used

recombinant protein currently licensed for treating
bleeding episodes or preventing bleeding in surgical inter-
ventions or invasive procedures in patients with hemo-
philia A or B who have antibody inhibitors to factors VIII or
IX or in patients with congenital factor VII deficiency. Since
its original approval, rFVIla has also been extensively
reported and evaluated in a number of off-label uses. Over
recent years, the off-label use of rFVIla has turned out to be
an increasingly controversial issue. Initially, rFVIla was
thought to potentially represent a “universal hemostatic
agent” without serious safety issues." Controversy arose
after recent studies demonstrated that its efficacy varies
depending on the clinical setting and that it may increase
the risk of thromboembolic complications in some clinical
settings.>® Adding to the controversy was the observation
that clinicians are increasingly using the drug off-label to
treat life-threatening refractory bleeding after major surgery
or trauma,* a practice that has not been studied by random-
ized controlled trials and has recently been criticized in an
editorial as being unhelpful, dangerous, and costly.”

In this context, what then can we learn from the phase I
study published in this issue of the Journal?® Surprisingly, a
lot! Skolnick et al. reported a randomized, placebo-
controlled study that assessed the effect of low-dose rFVIla
on blood loss (using a punch biopsy-induced bleeding
model) in 40 healthy male volunteers who were treated
with, and responded to, oral clopidogrel (300 mg loading,
followed by 75 mg for 2 additional days). Importantly, to
obtain 40 responders to clopidogrel (defined liberally as a
>30% platelet inhibition as measured by VerifyNow®
[Accumetrics, San Diego, CA] after 3 days of therapy), the
investigators had to treat 104 patients, which means that
the nonresponse rate was 56%. This illustrates the wide
variability in responsiveness to clopidogrel that has often
been reported,” and highlights the need for individualized
transfusion management when patients who are on clopi-
dogrel therapy present for urgent surgery. More specifi-
cally, it clearly illustrates that the decision to preemptively
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transfuse platelets to patients receiving clopidogrel therapy
on the basis of the expectation of excessive blood loss is
inappropriate, because many of them may not have exces-
sive blood loss owing to variability of its effect.

In the 37 clopidogrel responders who were evaluated, 10
and 20 mcg/kg of rFVIla (n = 6 and 12, respectively)
significantly improved ex vivo measures of whole blood
clot dynamics, as measured by thromboelastography per-
formed about 3 hours after administration of rFVIIa. This,
by itself, does not necessarily translate into clinical benefit,
because the authors illustrated this in a previous study that
used the same human bleeding model to assess the effects
of rFVIIa in the setting of warfarin therapy.® In that study,
despite causing robust improvements in ex vivo measures
of clot dynamics, rFVIIa had no effect on blood loss or
bleeding duration in a human model of reversing warfarin
therapy,® which is not surprising because agents that
contain factors II, VII, IX, and X are more appropriate for
reversing the effects of warfarin.®'® In the current trial,
however, subjects who received 10 and 20 mcg/kg of
rFVIla had an approximately 50% reduction in blood loss
and 20% reduction in bleeding duration in comparison
with those who received placebo (although the difference
in bleeding duration did not reach the threshold of statis-
tical significance). These clinical data support other data
suggesting that rFVIla may be effective for reversing
thienopyridine-induced platelet dysfunction.!

The differing efficacy results of these 2 early-stage
volunteer studies are emblematic of what numerous clini-
cal and nonclinical trials have clearly illustrated in the last
decade, which is that rFVIla is not a universal hemostatic
agent. Rather, it is a drug that seems to improve clot formation
by enhancing the rate of thrombin generation on thrombin-
activated platelet surfaces, thereby increasing the activation of
platelets, thrombin-activatable fibrinolysis inhibitor, and fac-
tor XIIL'*> Thus, rather than being a universal hemostatic
agent, rFVIla is a potent but specific prohemostatic agent that
requires the presence of adequate amounts of hemostatic
substrates to be effective. In other words, it is a drug that
could potentially be considered to be a “clot-booster.”

Regarding rFVIIa as a clot booster rather than a universal
hemostatic agent has important practical implications for the
clinician. First, it highlights its potential safety risks. Just as we
would not consider using a fibrinolytic agent or clot buster
without considering its risk for bleeding complications, we
should not consider using a potent prohemostatic clot booster
without considering its risk for thromboembolic complica-
tions, which may outweigh its benefits in certain scenarios.
Second, it highlights the fact that rFVIla is not the correct
choice for all bleeding problems. In some scenarios, such as
the massively bleeding patient whose coagulation proteins
have been depleted, it will likely be ineffective as a sole
therapy, and in other scenarios, such as warfarin reversal, it
will likely not be the best treatment option.

Considering rFVIIa as a prohemostatic clot booster may
also help explain the discordance between the increasing
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off-label use of rFVIla to treat refractory bleeding after
major surgery or trauma in view of randomized clinical
trial data showing it to be ineffective and possibly harmful
in various other clinical settings.>®* When presented with a
patient who continues to bleed despite administration of all
available therapies, clinicians have only 2 choices: they can
keep administering the standard interventions that have
failed to work in that patient, or they can administer a
potent clot-booster like rFVIla. We believe that in the
setting of refractory blood loss, clinicians are justified in
choosing the latter course of action for several reasons.
First, it is clinically evident that patients with massive
refractory bleeding will have dismal outcomes unless the
blood loss is controlled in a timely manner."® Second,
persisting with standard interventions will likely not
achieve this goal and will unnecessarily expose patients to
the risks of these interventions. Third, the efficacy and
safety data from most randomized trials are not applicable
to this scenario because they did not study patients with
refractory blood loss. Fourth, even if the safety data from
randomized trials do apply, which indicate that rFVIla
doubles the risk of thrombotic complications,3 this risk is
likely dwarfed by the risk of allowing blood loss to
continue unabated. Fifth, there is an expanding body of
observational data,'* and some randomized trial data in
bleeding patients,'® that suggest that rFVIla is an effective
therapy for refractory blood loss. Sixth and perhaps most
important, this is a scenario for which additional applicable
data from placebo-controlled randomized trials will not be
forthcoming in the foreseeable future, primarily because of
feasibility issues (e.g., difficulty in obtaining informed
consent in a timely manner, ethical concern of administer-
ing a placebo to patients with refractory blood loss, and
lacking standardized alternative therapies), but also be-
cause further clinical development of rFVIIa or its analogs
by Novo Nordisk will be for licensed indications.®

Does this mean that the controversy surrounding the
off-label use of rFVIIa is unwarranted? Probably not, for it
is an expensive drug with the potential for serious adverse
responses that is increasingly being used off-label for
indications for which its risk—benefit profile has not been
fully elucidated. Nevertheless, we believe that blanket
criticisms of the off-label use of this drug are at best
unhelpful, and at worst harmful. At the same time, it would
also be harmful to use this drug outside of approved
indications without first fully considering its risk—benefit
profile in the specific setting where its use is being consid-
ered. In this regard, clinicians need to carefully scrutinize
data from randomized trials for applicability and data from
observational studies for selection bias (for or against the
drug). It would be most harmful if we resign ourselves to
the current state of knowledge about this drug specifically,
and refractory blood loss in general. New, potent, and
irreversible antiplatelet agents (e.g., clopidogrel, prasugrel)
and anticoagulant agents (e.g., dabigatran) are being intro-
duced into clinical practice, which will likely increase the
burden of refractory blood loss. We believe, therefore, that
clinical studies (randomized where possible, well-designed
observational where not) for patients who are at high risk
for refractory blood loss and may benefit from novel pro-
hemostatic therapies such as rFVIla are urgently needed.
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Reversal of Clopidogrel-induced Bleeding with rFVila in
Healthy Subjects: A Randomized, Placebo-Controlled,
Double-Blind, Exploratory Study

Brett E. Skolnick, PhD,* Magdy Shenouda, MD,T Naum M. Khutoryansky, PhD,* Anthony E. Pusateri, PhD,¥
Don Gabriel, MD, PhD,§ and Marcus E. Carr, MD, PhD, FACP*

BACKGROUND: Clopidogrel (Plavix®) therapy, although effective for minimizing risk of thrombotic
events, is also associated with potential bleeding risk. Recombinant activated FVII (rFVlia,
NovoSeven®) induces hemostasis in hemophilia patients with inhibitors (alloantibodies) and has
been proposed as potential treatment for mitigating clopidogrel therapy—mediated bleeding.
METHODS: In this single-center, randomized, placebo-controlled, double-blind, dose-escalation,
exploratory phase | trial, we assessed the safety and effects of rFVlla in reversing clopidogrel-
enhanced bleeding in an experimentally induced punch biopsy in healthy subjects. Efficacy
assessments included the reversal of bleeding characteristics (bleed duration [BD], the primary
end point and blood loss volume [BV] induced by punch biopsy, and thromboelastograph [TEG®]
parameters) with rFVlla or placebo after clopidogrel treatment.

RESULTS: A significant number of subjects (56%) had limited response to clopidogrel (defined as
=30% platelet aggregation inhibition) and were discontinued from study. The remaining subjects
continued and had 4 biopsies. Of 40 subjects randomized, 37 were evaluated for efficacy.
Clopidogrel treatment increased BD and BV compared with the baseline biopsy. Recombinant
FVlla (10 and 20 ug/kg) significantly mitigated the clopidogrel-induced effects on BV (P = 0.007
and P = 0.001, respectively). Early trial termination limited the evaluation of effects of higher
rFVila doses. Subgroup analyses of subjects biopsied by the same physician demonstrated
significant reduction of clopidogrel-induced BD with 20 ug/kg rFVila (P = 0.048). Ex vivo analysis
of rFVIla demonstrated clotting dynamics presented by parameters time to clot onset (TEG®-R)
and clot angle (TEG®-A) (P < 0.005).

CONCLUSIONS: In this clinical study, rFVIla (10 and 20 ug/kg) reversed the effect of clopidogrel
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on blood loss. (Anesth Analg 2011;113:703-10)

Princeton, NJ) is an antiplatelet drug indicated for
acute coronary syndrome and peripheral artery
disease. In recent years, clopidogrel has become widely
used to minimize thrombosis risk after cardiovascular
stenting. As such, many patients remain on long-term
clopidogrel treatment. However, the use of clopidogrel
carries the risk of bleeding as a potential side effect in
patients with recent ischemic stroke, recent myocardial
infarction, or peripheral arterial disease (CAPRIE Trial)!
and in patients symptomatic of coronary artery disease
with evidence of ischemia (CREDO Trial).?
Recombinant activated FVII (rFVIIa) (NovoSeven®;
Novo Nordisk A/S, Bagsveerd, Denmark) is indicated for
the treatment of bleeding episodes in hemophilia A or B

( Tlopidogrel (Plavix®; Bristol-Myers Squibb Co.,
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patients with inhibitors (i.e., alloantibodies) to FVIII or FIX
and in patients with acquired hemophilia, the prevention of
bleeding in surgical interventions or invasive procedures in
hemophilia A or B patients with inhibitors to FVIII or FIX
and in patients with acquired hemophilia, and the treat-
ment of bleeding episodes in patients with congenital factor
VII deficiency and prevention of bleeding in surgical inter-
ventions or invasive procedures in patients with congenital
FVII deficiency.®> A number of published ex vivo and retro-
spective studies have reported the use of rFVIIa to mitigate
the bleeding associated with clopidogrel therapy.*™® Sev-
eral features make rFVIla a candidate for the mitigation
of antiplatelet-induced bleeding. These include rapid
action localized to the site of vascular injury,'*'" low
volume required for administration, allowing for rapid
infusion, and demonstrations of effectiveness with good
safety profiles.*”?

Data regarding bleed mitigation in clopidogrel-treated
animals'*'"® and in patients undergoing cardiac surgery'*
are contradictory and provide little insight as to the use of
rFVIIa in mitigating spontaneous or trauma-induced bleeds
in patients receiving clopidogrel therapy. The current study
was designed to assess the utility of rFVIIa, in vivo, to
mitigate bleeding induced via a punch biopsy bleeding
model in healthy volunteers treated with clopidogrel. The
punch biopsy model has been shown to produce wounds of
reproducible depths and widths to give measurable bleed-
ing duration (BD) and blood volume (BV)."> Previous
clinical trials using the punch biopsy technique to evaluate
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Reversal of Clopidogrel with rFVIla

rFVIla to mitigate bleeding provided BD sulfficiently pro-
longed to allow for the detection of treatment differences.'”
The results from the current study could provide additional
information regarding the use of rFVIIa for clopidogrel-
treated patients in instances where there is a need to
mitigate spontaneous or trauma-induced bleeds.

METHODS

This study was conducted from May 2008 to January 2009
in accordance with the Declaration of Helsinki.'® MDS
Pharma Services IRB reviewed and approved the study
conduct. Signed informed consent was obtained from each
subject. This was a single-center, randomized, placebo-
controlled, double-blind, dose-escalation, phase I study.

Study Population

Healthy male subjects answering advertisements were re-
cruited locally and paid for their participation in the study.
All subjects were between 18 and 45 years of age, had
normal platelet counts (150-352 X 10° cells/L), normal
coagulation screening assays (prothrombin time of 9.4-12
seconds, and activated partial thromboplastin time of
25.4-38.4 seconds), and met the strict cardiovascular crite-
ria [HDL-cholesterol =40 mg/dL, LDL-cholesterol <189
mg/dL, or apolipoprotein B 100 or lipoprotein(a) below the
90th percentile]. Subjects were withdrawn if there was
excessive bleeding at the initial biopsy (>25 minutes, n =
5). Subjects taking investigational drugs, oral anticoagulant
therapy, aspirin, or nonsteroidal antiinflammatory drugs
were also excluded.

Study Design

Novo Nordisk provided the randomization schedule. Sub-
jects were randomized (6:2 or 6:6) to receive either the trial
product (a single IV dose of rFVIla) or placebo. The
planned rFVIla dose tiers were 5, 10, 20, 40, and 80 ug/kg.
The punch biopsy was performed on the back of the thigh
(after local anesthetic with 2% lidocaine without epineph-
rine) to a subcutaneous depth of 4 to 6 mm using a
disposable punch biopsy instrument (Miltex Inc., York, PA)
with a diameter of 5 mm. Subjects underwent 4 biopsies:
before clopidogrel administration (biopsy Bx0), approxi-
mately 4 days after initiation of clopidogrel treatment
(biopsy Bx1), 2 hours and 13 minutes after administration
of the trial product (rFVIIa or placebo, biopsy Bx2), and
then 5 hours after trial product (approximately 2 half-lives
of rFVIla) (biopsy Bx3).

Treatment

All subjects received clopidogrel treatment orally with an
initial 300-mg loading dose on day 1, followed by daily
75-mg doses of clopidogrel for 2 additional days. Two
hours after Bx1, trial product (rFVIIa or placebo) was
administered IV. There were no delays in performing the
biopsies. Study subjects and all clinical staff involved in
assessing outcomes were blinded. To maintain blinding,
subjects were dosed based on their weights and given an
equal weight-based volume of rFVIIa or placebo. The
unblinded pharmacist prepared the trial product. Clopi-
dogrel (clopidogrel bisulfate, Plavix®) was provided as
75-mg tablets for oral administration. Recombinant FVIIa
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and placebo were provided as identical freeze-dried pow-
der in single-use vials (4.8 mg) to be reconstituted with
sterile water for injection (USP) to be administered as a
slow IV bolus injection. The reconstituted vials have a pH
of approximately 6.0 and consist of sodium chloride (2.3
mg/mL), calcium chloride dehydrate (1.5 mg/mL), glycyl-
glycine (1.3 mg/mL), polysorbate 80 (0.1 mg/mL), and
mannitol (25 mg/mL). The rFVIla vials also have 0.6
mg/mL rFVIla.

Assessment of Clopidogrel Effects on

Platelet Inhibition

Platelet inhibition (PI) in subjects treated with clopidogrel
was assessed using the VerifyNow® P2Y12 assay (Accu-
metrics®, San Diego, CA)."” Based on previous studies, the
PI cutoff adopted in this study was a 20% PI at approxi-
mately 16 hours after the 300-mg initial loading dose of
clopidogrel (day 1), and was set at 30% after a minimum of
2 additional days of 75 mg clopidogrel (day 3).'7'®

Assessment of Clopidogrel and rFVlila Effects

BD and BV were evaluated after each biopsy as described
previously.'® In addition to in vivo bleeding evaluations,
thromboelastography (TEG®) provided ex vivo sequential
coagulation profiles of whole blood coagulation.'®?® The
primary end point was the punch biopsy—induced BD after
trial product administration (biopsy Bx2). Secondary end
points included BV and clot dynamics assessed by TEG®.

Assessment of Safety

Safety was continuously monitored during the study, and
blinded safety data (i.e., adverse events/serious adverse
events, electrocardiograms, and safety laboratory values)
were evaluated before dose escalation. Safety variables
were assessed in the phase I unit that conducted the trial.
As part of the discharge from the phase I unit, an electro-
cardiogram, troponin I measurement, and assessment of
adverse events were performed. Subjects returned to the
phase I unit after 8 to 15 days for suture removal and
adverse event and vital sign assessment.

During the course of the study, there was a change in the
physician performing the biopsies. Therefore, post hoc
analyses included using the physician as a covariate in
analyses for BD and BV, as well as an analysis of subjects
biopsied only by the first physician. Analyses of TEG®
parameters included TEG® values at Bx1 as a covariate.
No adjustment for changes in physician was made
because blood sampling is not influenced by biopsy
technique. Duration of rFVIIa effects (as reflected by
biopsy 3) was to be evaluated only if the preplanned
analyses were significant.

Statistical Analyses

The null hypothesis for the primary end point was that BD
at Bx2 after rFVIla treatment was more than or equal to
placebo and the alternative hypothesis was that BD after
rFVIla treatment was less than that after placebo. All
subjects who received clopidogrel and trial product or
placebo were included in the safety analyses. All random-
ized subjects who underwent biopsies 1 and 2 were in-
cluded in the intent-to-treat (ITT) analysis.
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Figure 1. CONSORT (Consolidated Stan-
dards of Reporting Trials) flow diagram.
rFVila = recombinant activated FVII.
ITT = intentto-treat.

Allocated to and received
intervention (rFVIla) (n=27)

Completed trial (n=27)

Analyzed (n=24, ITT) ¥
3 subjects in 40 meg/kg dosc
group were excluded due to
small sample size

The planned sample size allowed up to 108 subjects
based on an adaptive study design that accommodated
incremental progression of rFVIIa dose based on the results
of the interim analyses and safety review. The design
involved systematic evaluation at each rFVIla dose tier and
accommodated small initial sample sizes while allowing
rapid determination of the optimally effective rFVIIa dose,
compared with a more conventional study design. The
study started with 8 subjects (6 rFVIla and 2 placebo) in the
5 ng/kg dose tier and was planned to progress in ascend-
ing dose tiers to 80 ug/kg. It was planned that statistical
comparisons should start at the first dose where the nor-
malization of the clopidogrel-induced BD was assessed or
at the highest dose (80 pg/kg) if there was no normaliza-
tion at lower doses. Normalization (ratio of BD at Bx2 to BD
at initial biopsy =1.1) was not achieved at any completed
dose tier in this study. The statistical inferential compari-
sons of the 3 rFVIIa dose groups (5, 10, and 20 ug/kg) with
placebo for the BD and blood loss were performed using a
generalized linear model with the logarithmic link and the
v distribution for errors. This approach is preferable for
data with constant coefficient of variation (CV).?' The
assumption of constant CV is approximately satisfied for
BD and blood loss data in the different dose groups of the
trial. The model for BD and blood loss at Bx2 included
adjustments for logarithmically transformed baseline val-
ues (at Bx1) of the dependent variable as a covariate and
investigator as a fixed factor. The statistical analysis for
repeated TEG® data was based on a mixed-effect model
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| Assessed for eligibility (n=223)

Excludod (v=106)
Not satisfying inclusion/exclusi

= 11, ! i
®=117) Excluded (n=13)
= Hemoglobin lower than 11g/dL (n=2)

= Blood chemistry levels out of normal range
(n=2)

Platelet count out of normal range (n=5)
Bascline bleeding exceeded 25 min (n=2)
Adverse event (=1)

LI I

Dosed with Withdrew consent (n=1)
clopidogrel (n=104)

Tested for platelet

inhibition (n=103) Excluded (n=64)
- Failed platelet inhibition screening (n=58)
= Bascline bleeding ded 25 min (n=3)
- Non-compliance with protocol (n=1)
- Post clopidogrel blccding ded 60 min

Randomization (n=1)
(n=40) -~ Swudy was cancelled (n=1)

All d 10 and received
intervention (placebo) (n=13)

| Allocation I

Completed trial (n=13)

IAluJyze:i (n=13,1TT)

with subject as a random effect. This model allows for the
accounting of correlations between data for different time
points.

RESULTS

This study was terminated to align with the sponsor’s
(Novo Nordisk A/S) decision to only pursue the develop-
ment of rFVIIa within the licensed indications. At the time
the study was stopped, only 3 subjects were enrolled in the
40 pg/kg dose tier, and no subjects in the 80 ug/kg dose
tier. The results of the 40 ug/kg dose tier were not included
in the analyses because of the small sample size, although
no apparent differences were noted in safety variables.
Efficacy end points for each rFVIla dose tier (5, 10, and 20
ng/kg rFVIla) were tested separately with no estimation of
the « level inflation because of multiplicity of testing, which
is often the case for exploratory analyses. Therefore, these
results should be interpreted with caution.

Subject Disposition

Subject disposition is presented in Figure 1. One hundred
seventeen subjects fulfilled the screening criteria and were
enrolled in the study. Of the 104 subjects who received
clopidogrel, 56% (58 of 103) did not meet the initial PI cutoff
level of 30% on day 3, and were therefore removed from the
study. The safety analysis set comprised 40 subjects who
received trial product (rFVIla or placebo).
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Table 1. Demographics and Medical History of

Clopidogrel Nonresponders and Responders

Clopidogrel Clopidogrel
nonresponders responders?
Total no. of randomized subjects, n 58 37
Age, mean (SD), y 32.5(7.7) 28.1 (6.8)*
Weight, mean (SD), kg 82.7 (14.4) 77.4(9.1)
Body mass index, mean (SD), kg/m? 26.8 (3.8) 25.1 (2.7)*
Ethnicity, n (%)

Caucasian 54 (93.1) 36 (97.3)
Asian 4 (6.9) 1(2.7)
Total no. of subjects with illness/ 19 (32.8) 12 (32.4)

surgery in medical history, n (%)°

Surgical and medical procedures® 16 (27.6) 9 (24.3)
Fractures 3(5.2) 1(2.7)
Deafness unilateral — 1(2.7)
Blindness unilateral — 1(2.7)
Seasonal allergy 2(3.4 2 (5.4)
Drug hypersensitivity 1.7 —
Infections 1(1.7 3(11.1)
Radial tunnel syndrome — 1(2.7)
Coma (past) 1(1.7) —
Dysuria — 1(2.7)
Epistaxis — 1(2.7)
Ex-tobacco user 1(1.7) —

2 Clopidogrel-treated subjects who were withdrawn for reasons other than
clopidogrel nonresponse were excluded from this table.

b Subjects reporting >1 illness or surgery are recorded only once in the total
within each category.

¢ Surgical and medical procedures included appendectomy, chondroplasty,
ear tube insertion, hernia repair, peripheral nerve decompression, suture
insertion, and tonsillectomy in clopidogrel responders; arthroscopic surgery,
bone, limb, maxillofacial, bunion, tendon, or venous operations, hip surgery,
wrist surgery, renal surgery, keratomileusis, liposuction, muscle reattach-
ment, patellectomy, and rotator cuff repair in clopidogrel nonresponders; and
endodontic procedures and wisdom teeth removal in both clopidogrel re-
sponders and nonresponders.

* Significantly different from the clopidogrel nonresponder group (P < 0.05).

Table 2. Percentage Platelet Inhibition on Day 3

Day 1 Day 3

n Mean (SD) n Mean (SD)
Total subjects 46 44.0 (18.1) 46 58.9 (20.3)
Nonresponders? 3 25.3(3.1)
Randomized population 40 45.4 (17.8) 40° 60.1 (18.1)

2 Percentage platelet inhibition cutoff level for clopidogrel nonresponders on
day 3 was <30%.

b Of the 103 subjects treated with clopidogrel and tested for platelet
inhibition, 63 subjects were withdrawn (58 clopidogrel nonresponders and 5
who met other withdrawal criteria).

Demographics

Demographics and baseline characteristics of the clopi-
dogrel nonresponders and clopidogrel responders are
presented in Table 1. The mean age of the clopidogrel
nonresponders (32.5 years) was older than the mean age of
the clopidogrel responders (28.1 years) (P < 0.05). The
mean body mass index of the clopidogrel nonresponders
(26.8 kg/m?) was higher than the mean body mass index of
the clopidogrel responders (25.1 kg/m?) (P < 0.05). All
other demographic and baseline characteristics are pre-
sented in Table 1.

Effect of Clopidogrel on PI

Of the 103 subjects who received the 300-mg clopidogrel
initial loading dose on day 1, 55 did not reach the initial PI
cutoff level of 20% and 2 subjects were withdrawn from the
study because of excessive bleeding at Bx0. In the total
population of subjects (1 = 46), mean = SD PI levels
increased from 44.0% = 18.1% after the 300-mg loading
dose on day 1 to 58.9% * 20.3% on day 3 after a minimum
of 2 additional maintenance doses of 75 mg clopidogrel
(Table 2). Three subjects from the total subject population
did not meet the PI cutoff level of 30% on day 3 and 3
subjects were withdrawn from the study because of non-
compliance with the investigator’s instructions or excessive
bleeding (i.e., BD [Bx1] >60 minutes) The mean * SD PI
level for the randomized population on day 3 (n = 40) was
60.1% = 18.1%. Total clopidogrel exposure ranged from 450
to 525 mg in the randomized subjects, dependent on
whether subjects received a third 75-mg dose.

Effect of rFVila on Bleeding Characteristics

After clopidogrel treatment, BD increased from 10.7 *+ 4.8
minutes to 32.3 = 15.8 minutes (the mean difference was
statistically significant; P < 0.001) and BV increased from
50 = 4.8 mL to 17.7 = 18.8 mL (P < 0.001). Treatment with
rFVIla had no significant effect on BD compared with
placebo (Table 3, Fig. 2). However, BV was significantly
reduced with the 10 and 20 ug/kg rFVIla doses compared
with placebo (Table 3, Fig. 2).

The mean values and variation in the measurements for
BD and BV were higher for the second physician perform-
ing the biopsies. Subjects in the 5 and 10 ug/kg rFVIla
treatment groups were biopsied only by the first physician.

Tab_le 3. Effect of rFVIla and Placebo Treatment on Bleeding Duration and Blood Loss After Platelet

Post-clopidogrel

Post-rFVlla or placebo

Ratio of means at Bx2

n (Bx1) mean? (CV) treatment (Bx2) mean”® (CV) (rFVlla vs placebo) (95% Cl) P value

Bleeding duration (min)

Placebo 13 30.7 (0.4) 30.4 (0.3)

5 ug/kg rFVlla 6 40.3 (0.4) 36.9 (0.4) 1.22 (0.88, 1.70) 0.255

10 ng/kg rFVila 6 26.1 (0.4) 24.0 (0.3) 0.81 (0.58, 1.12) 0.145

20 pg/kg riVlla 12 29.2 (0.4) 25.1 (0.3) 0.83 (0.66, 1.06) 0.106
Blood loss (mL)

Placebo 13 15.9 (0.7) 23.2 (0.5)

5 ug/kg rFVila 6 28.1 (0.8) 18.9 (0.6) 0.81 (0.45, 1.48) 0.501

10 ng/kg rFVila 6 11.3 (0.8) 10.3 (0.6) 0.44 (0.25, 0.80) 0.007

20 pg/kg riVlla 12 15.6 (0.8) 11.6 (0.6) 0.50 (0.33, 0.76) 0.001

Cl = confidence interval; CV = coefficient of variance; rFVlla = recombinant activated FVII.

2 Mean: geometric mean, adjusted for surgeon.

b Mean: geometric mean, adjusted for baseline (Bx1) value and surgeon, based on a generalized linear model with logarithmic link and vy distribution.
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Figure 2. Ratio of means comparison (recombinant activated FVII
versus placebo) of bleed duration and blood loss at the second
biopsy for (A) all subjects and (B) subjects biopsied by physician 1.
*Significant difference from placebo (P < 0.05).

The treatment groups had smaller standard deviations for
BD (3.6 and 6.6 minutes) and BV (8.7 and 5.6 mL). The
subjects in the placebo and 20 ug/kg rFVIla groups were
biopsied either by the first or second physician and had

larger standard deviations for BD (16.8 and 19.7 minutes)
and BV (12.0 and 30.4 mL).

In an attempt to account for the influence of the vari-
ability between physicians, analyses of rFVIla effects on BD
and BV incorporated adjustment for physician. In addition,
the statistical analysis model used for BD and BV performs
satisfactorily even for large changes in standard deviation if
the CV is approximately constant across treatment groups.
In these analyses, monotonicity was observed for the effect
of rFVIla dose on BD and BV, although this was only
significantly different from placebo for blood loss in the 10
ng/kg (P = 0.007) and 20 ug/kg (P = 0.001) dose groups
(Table 3). However, a separate analysis for physician 1,
who was completely responsible for the 5 and 10 ug/kg
dose groups, can be useful. The effects of rFVIIa on BV in
subjects biopsied by physician 1 were significant for the 10
and 20 pg/kg dose groups for physician 1 (P = 0.006 and
P = 0.013, respectively) (Table 4). The effect of rFVIla on BD
was significant only in the 20 ug/kg dose group for
physician 1 (P = 0.048) (Table 4).

Effect of rFVlia on Clot Dynamics

Clot dynamics were assessed using TEG®. A longitudinal
approach was performed using a mixed-effect model.
Treatment with rFVIla significantly decreased time to clot
onset (R) and increased the clot angle (A), compared with
placebo (P < 0.005 for all dose groups) (Fig. 3). The effects
of rFVIla on any parameter of clot dynamics were not
observed 3 hours after Bx2 or 1 hour after Bx3. No
significant differences were observed in other TEG® param-
eters across treatment groups.

Safety
The adverse events reported in this study were burning

sensation (placebo, n = 3), suture-related complications
(placebo, n = 2), eczema (40 pg/kg rFVIIa, n = 2), catheter
site hemorrhage (20 ug/kg rFVIla, n = 1), vessel puncture
at site of hematoma (20 ug/kg rFVIla, n = 1), postproce-
dural complication (10 ng/kg rFVIIa, n = 1), dizziness (20
wng/kg rFVIla, n = 1), headache (placebo, n = 1), agitation
(20 wg/kg rFVIla, n = 1), ecchymosis (placebo, n = 1),
erythema (40 pug/kg rFVIla, n = 1), and rash (placebo, n =
1). All adverse events were graded as mild or moderate in

Table 4. Effect of rFVlla and Placebo Treatment on Bleeding Duration and Blood Loss After Platelet

Inhibition with Clopidogrel in Analyses of Subjects Biopsied by Physician 1

Post-clopidogrel

Post-rFVlla or placebo

Ratio of means at Bx2

n (Bx1) mean? (CV) treatment (Bx2) mean” (CV) (rFVlla vs placebo) (95% Cl) P value

Bleeding duration (min)

Placebo 5 27.2 (0.3) 20.0 (0.3)

5 ug/kg rFVila 6 30.8 (0.3) 23.3(0.4) 1.16 (0.78, 1.76) 0.477

10 ng/kg rFVila 6 19.9 (0.3) 13.8 (0.4) 0.69 (0.45, 1.04) 0.078

20 pg/kg riVlla 5 18.8 (0.3) 12.7 (0.4) 0.63 (0.40, 0.99) 0.048
Blood loss (mL)

Placebo 5 15.0 (0.6) 15.8 (0.6)

5 ug/kg rFVila 6 20.2 (0.6) 12.7 (0.6) 0.80 (0.42, 1.53) 0.501

10 ng/kg rFVila 6 8.1 (0.6) 6.0 (0.6) 0.38 (0.19, 0.76) 0.006

20 pg/kg riVlla 5 7.7 (0.6) 6.4 (0.6) 0.40 (0.20, 0.82) 0.013

Cl = confidence interval; CV = coefficient of variance; rFVlla = recombinant activated FVII.

2 Mean: geometric mean.

b Mean: geometric mean, adjusted for baseline (Bx1) value based on a generalized linear model with logarithmic link and vy distribution.
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Figure 3. Thromboelastograph (TEG®) parameters in placebo or
recombinant activated FVII (rFVila)-treated subjects over time. A,
TEG®-R = time to clot onset B, TEG®-A = clot angle. Data points were
missing for 3 randomized subjects (1 in placebo and 2 in 20 ug/kg
rFVila treatment groups) because of issues pertaining to
equipment/supplies, staff, or samples. *Significant difference from
placebo (P < 0.05).

severity and were related to the biopsy procedure. No
thromboembolic complications were reported.

DISCUSSION

Clopidogrel Response

Because platelet response to clopidogrel (i.e., inhibition of
platelet aggregation by clopidogrel) is highly variable,**
with poor response rates occurring in as many as 40% to
60% of patients,* >’ it was critical to include reliable PI
screening to exclude subjects nonresponsive to clopidogrel.
In the current study, 56% of subjects failed to demonstrate
an antiplatelet effect measured as PI. Previous studies
report that up to 60% of clopidogrel-treated subjects exhibit
a poor clopidogrel response, a poor response being arbi-
trarily defined as less than 30% to 40% inhibition of platelet
aggregation.”®>” Furthermore, the variability (20.3% SD) in
PIin those subjects who met the cutoff levels was similar to
the variability reported from secondary post hoc analyses
of clopidogrel-treated subjects by Serebruany et al.*® (20.8%

708 www.anesthesia-analgesia.org

SD). Factors such as age (older than 55 years),”” increased
body weight,***’ and conditions that increase platelet
reactivity, including diabetes,”*° acute coronary syn-
drome, and acute stroke®' may affect response to clopi-
dogrel. It is more likely that other factors affected subject
response to clopidogrel because most subjects in this study
did not have any of these characteristics that affect response
to clopidogrel. Factors that influence the absorption and
biotransformation of clopidogrel and/or variability in the
P2Y,, adenosine diphosphate receptor affecting platelet
activation and aggregation®* may explain the clopidogrel
response pattern. Furthermore, there are several other
mechanisms and pathways for platelet aggregation (e.g.,
activation of platelet aggregation by thromboxane A2).%33*
Therefore, targeting activation of the P2Y12 adenosine
diphosphate-receptor pathway alone may not sufficiently
attenuate the entire aggregation process.

Bleeding Characteristics

The punch biopsy model has advantages over the original
Ivy and Simplate bleeding tests. The Ivy method has
limited use in the clinic because of its poor correlation with
actual patient bleeding.®> When healthy volunteers were
treated with acetylsalicylic acid, bleeding times did not
significantly increase using the Simplate bleeding test (P >
0.05).>° The punch biopsy model produced significantly
longer BD and BV in healthy volunteers after anticoagulant
therapy.'® For these reasons, the punch biopsy model was
deemed a suitable model to investigate the ability of rFVIla
to mitigate the effects of clopidogrel on BD and BV. The
reasons for the limited ability of the punch biopsy model to
demonstrate an effect of rFVIla on mitigating drug-induced
(warfarin'® or clopidogrel) coagulopathies measured by BD
remain unclear. Other than the inter-investigator variability
that was specific to this study, the nature of the injury
(capillary effects), the interaction of the local anesthetic
with rFVIIa at the area of injury, or simply the limited
effects of rFVIla in such a small vessel bleeding model are
possible explanations.

The effects of rFVIIa on BV, unlike BD, were consistent
with the ex vivo time to clot onset (TEG®-R) and clot angle
(TEG®-A) results (Fig. 3). These results are similar to the
previously reported findings in which rFVIIa corrected the
effect of warfarin on all ex vivo TEG® parameters,'® and
suggest that time to clot formation affects BV but not BD.

Limitations of the Study
Dual therapy with aspirin and clopidogrel is the common
practice for inhibition of platelet aggregation for preventing
cardiovascular events.** This study might have benefited
from the use of dual antiplatelet drugs and/or increased
loading/maintenance dose®**”® to allow a larger propor-
tion of subjects to achieve the PI cutoff levels and possibly
a more uniform clopidogrel response. However, the per-
centage of subjects who did not respond to clopidogrel
treatment (56%) was similar to that reported in a previous
study that used dual therapy with aspirin.'®

A signal on BV for the 10 and 20 pg/kg rFVIla dose
groups and for BD in the 20 ug/kg rFVIIa dose group, for
the initial physician, clearly underscores the impact of
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technical skill in this bleeding model. The premature ter-
mination of the study restricted enrollment of subjects in
the 40 pg/kg dose group and did not allow for the
investigation of the 80 pg/kg dose group, a dose that is
within the trial product label. Even though a signal showed
an rFVIla effect for BV in the 10 and 20 ug/kg rFVIla dose
groups as compared with placebo, the results for BD at
these doses were not convincing.

Despite these noted limitations of the punch biopsy
model, rFVIIa mitigated the effects of clopidogrel-induced
bleeding on BV. It is possible that the inhibition of platelet
aggregation was compensated by rFVIla-mediated en-
hancement of thrombin generation and thrombin-mediated
activation of platelet aggregation,®*>® which was reflected
more in the BV measurements than in BD. As such, the
results of this study cannot be extrapolated to clinical
hemorrhages because the effectiveness of rFVIla to mitigate
clopidogrel-associated bleeding has not been tested.

CONCLUSIONS

This exploratory study was designed to investigate the
effect of escalating doses of rFVIIa in clopidogrel-mediated
bleeding in a punch biopsy model. Despite study limita-
tions, rFVIIa (10 and 20 ug/kg) significantly mitigated
clopidogrel-induced effects on BV. Furthermore, in sub-
group analyses of subjects, 20 ug/kg rFVIla showed a
significant reduction of clopidogrel-induced BD as well as
on BV. The clinical enhancement of coagulation by rFVIla
was also reflected in ex vivo clotting parameters (TEG®-R
and TEG®-A). 5§
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