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Summary
The aim was to evaluate the efficacy and safety of two recom-
binant factor VIIa (rFVIIa) dose regimens for treating haemar-
throses in patients with congenital haemophilia A or B and in-
hibitors.This was a multicentre, randomised,cross-over,double-
blind trial. Patients were randomly allocated to treat a first joint
bleeding episode with one 270 µg/kg rFVIIa dose followed by
two doses of placebo at 3-hour intervals and a second joint
bleed with three single doses of 90 µg/kg rFVIIa at 3-hour inter-
vals,or vice versa. Efficacy was evaluated using a novel and robust
treatment response-rating scale based on patient-assessment of
pain and joint mobility. Outcome was rated at different time-
points, and an effective or ineffective treatment response was
determined. Treatment “preference” was defined as effective
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treatment with one regimen and ineffective with the other. Pa-
tients with equally effective or ineffective treatments had no
“preference”.Treatment was rated as effective for 65% of pa-
tients using the 270 µg/kg dose versus 70% for the 90 µg/kg × 3
regimen.An equal “preference” was noted for the two regimens
(21% for each; p=0.637); most patients (58%) had no “prefer-
ence”. 37/42 bleeding episodes (88%) were successfully treated
with rFVIIa; additional haemostatic medications were adminis-
tered for five episodes. No safety issues were identified.Admin-
istration of rFVIIa as a single 270 µg/kg dose to treat haemar-
throses in patients with haemophilia and inhibitors was at least
as efficacious and safe as the 90 µg/kg × 3 regimen.
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Introduction
Recombinant activated coagulation factor VII [rFVIIa (Novo-
Seven®), Novo Nordisk A/S, Bagsvaerd, Denmark] is currently a
first-line treatment of bleeding episodes in patients with con-
genital haemophilia A and B with inhibitors, and is used to treat
patients with acquired haemophilia (1–3). In Europe, rFVIIa
therapy has been approved for the treatment of patients with con-
genital FVII deficiency and those with Glanzmann’s thromb-
asthenia refractory to platelet transfusions as well.

Effective haemostasis may be obtained in up to 92% of mild
or moderate bleeding episodes following treatment with 90 µg/
kg rFVIIa intravenous (i.v.) injections every 2–3 hours. Nonethe-
less, an average of 2.2 injections is required to achieve haemos-
tasis in patients with haemophilia and inhibitors. It is well ac-
cepted that there is substantial interindividual variation in throm-
bin generation following rFVIIa administration (4): in some in-
dividuals 90–120 µg/kg rFVIIa may be the lower dose-limit
required to produce sufficient thrombin, while in others, this
dose may be below the “normal” lower dose-limit. The clearance
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rate of rFVIIa also varies (5–8). A preliminary trial in children
less than 15 years of age indicates that clearance may be 50%
higher in children compared with adults (9), suggesting that the
use of higher doses in paediatric patients could be justified. Re-
ducing the frequency of dosing by administering a single higher
rFVIIa dose may also be beneficial for patients with restricted
venous access, and may therefore be a more convenient alter-
native for some haemophilia patients with inhibitors.

Several reports suggest improved efficacy of rFVIIa when
given as a single dose of greater than 90 µg/kg (10–13). A spe-
cific high initial dose of 300 µg/kg rFVIIa has been shown to be
effective and safe for the treatment of haemarthrosis in patients
with haemophilia and inhibitors (14).

In the home setting, a single dose regimen provides the most
convenient way of managing a bleeding episode. Home treat-
ment also enables early intervention, which is closely related to
faster and more efficient haemostasis (15, 16) and a decrease in
the number of days spent in hospital (17).

Previous studies using a higher dose of rFVIIa did not report
any serious adverse events or thromboembolic complications
(14). However, a controlled trial was needed to accurately assess
the efficacy and safety of single doses of rFVIIa doses greater
than 90 µg/kg compared with the repeated dose regimen. We
conducted a randomised, double-blind, cross-over trial, to evalu-
ate the efficacy and safety of a single dose of 270 µg/kg rFVIIa
followed by two placebo doses versus three doses of 90 µg/kg
rFVIIa administered at 3-hourly intervals. The aim of the trial
was to demonstrate that a single dose of 270 µg/kg rFVIIa is at
least as effective and safe as the 90 µg/kg × 3 dose regimen.

Materials and methods
Trial design
This was a multicentre, randomised, cross-over, double-blind
trial (F7HAEM-1510) to compare the efficacy and safety of
treating haemarthroses in patients with haemophilia and in-
hibitors with two rFVIIa regimens in a home-treatment setting.
Eligible patients were symmetrically randomised to treat the first
joint bleed with three consecutive 90 µg/kg rFVIIa injections at
3-hourly intervals and a second episode with an injection of 270
µg/kg rFVIIa followed by two placebo injections at 3-hourly in-
tervals, or vice versa.

The selection of the repeated dose regimen was based on
good clinical practice. Key, et al. (17) reported that to achieve ad-
equate haemostasis an average of 2.2 doses of 90 µg/kg was
required, followed by administration of an additional dose to
maintain haemostasis. Based on these data, a regimen of three
consecutive doses of 90 µg/kg rFVIIa at 3-hourly intervals was
chosen. The decision to use a single dose of 270 µg/kg rFVIIa
was based on the fact that it is equivalent to the total dose admin-
istered using the triple dose regimen.

Two separate joint bleeding episodes per patient were treated
during the trial. Episodes of joint bleeding were treated with
rFVIIa, which was administered at home within 1 hour from the
onset of bleeding. Patients assessed each haemorrhagic event for
at least 9 hours after administration of the first injection and re-
corded the results in a patient diary. Patients attended the clinic

for a screening visit and for a follow-up visit within 7 days of
each bleeding episode.

The trial was conducted in accordance with the guidelines for
Good Clinical Practice and the Declaration of Helsinki (18) and
was approved by the local independent Ethics Committees of
participating institutions. A blinded Novo Nordisk Safety Com-
mittee performed ongoing safety surveillance. In addition, an in-
dependent blinded expert reviewed data on pain and joint mobil-
ity and judged the responses to treatment as positive or negative
based on a scoring system developed for this trial. This evalu-
ation was performed after the last patient had received the last
dose.

Patients
To be included in the trial, patients were required to: have a his-
tory of three or more haemarthroses during the preceding 12
months; have adequate venous access; and demonstrate, during
the screening visit, the appropriate techniques for reconstituting
and injecting the trial product. Patients also needed to be judged
as capable of assessing the haemorrhagic event. Patients on im-
mune tolerance therapy who developed break-through bleeding
could be included in the trial.

The exclusion criteria included: receipt of any investigational
drug within the 30 days prior to screening; joint bleeding within
7 days prior to screening; receipt of any treatment for bleeding
episodes within 5 days prior to screening; clinically relevant co-
agulation disorders other than congenital haemophilia A or B;
and a history of end-stage liver disease (Child-Turcotte classifi-
cation C). Patients were withdrawn from the trial 12 months after
randomisation if two bleeding episodes had not been reported
within this timeframe.

Drug preparation and administration
Recombinant FVIIa was administered i.v. by a slow 2-minute in-
jection. rFVIIa can not be diluted further than the prescribed re-
constitution volume, hence to maintain blinding, an equal total
volume/kg body weight of the trial product in an equal number of
syringes was supplied to all patients irrespective of treatment
group, by using concomitant placebo solution.

Efficacy and safety assessments
At the screening visit, information regarding the patient’s demo-
graphics, medical history, concomitant illnesses, and medication
was collected. In addition, the patient’s vital signs, weight and
height were measured and a full physical examination, including
joint mobility assessment and measurement of the elbow and
knee circumference at the midpoint of the joint at extension, was
performed. Blood and urine samples were taken and used for the
following analyses: complete blood count, blood chemistry, co-
agulation status (including coagulation factor levels and in-
hibitor status) and urinalysis.

No objective, versatile methods for continuously evaluating
haemarthroses are available for daily clinical use. To date, clini-
cal assessment of the range of joint movement and the patient’s
perception of pain have been used to determine any improvement
in joint bleeding. In this study, efficacy was evaluated using two
methods: i) the percentage of patients for whom haemostatic
control was achieved without the need for additional haemostatic
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agents; and ii) the use of a novel and robust global treatment-re-
sponse rating tool.

The primary efficacy endpoint was the global treatment re-
sponse outcome, based on patient self-assessment of pain and
joint mobility. The outcome was determined as effective or inef-
fective using the scoring system shown in Table 1. Pain and mo-
bility were assessed at 1, 3, 6, and 9 hours after the first injection
and were classified as positive or negative based on predefined
criteria (Table 1). A total of eight scores were therefore obtained:
one score for pain and one score for mobility at each of the
4 timepoints investigated. The global response to treatment was
defined as effective if the patient had a total of six or more posi-
tive scores for each bleeding episode, and ineffective if the pa-
tient had five or less positive scores, or if the patient received ad-
ditional haemostatic medication to control the joint bleeding epi-
sode within 9 hours of the first dose of rFVIIa.

Difference in outcome between the two dose regimens was
also investigated for each patient. Treatment “preference” was
defined as having effective treatment with one regimen and inef-
fective treatment with the other. Patients with equally effective or
ineffective treatments were scored as having no ”preference”.

Safety was assessed by recording any adverse events that oc-
curred between the first trial injection and up to 7 days after each
episode of joint bleeding.

Statistical analyses
The sample size calculation was based on a one-sided exact sign
test of equality of paired proportions. With 80% statistical power
and a 5% significance level, we calculated that 24 patients would
be required to detect a 30% difference between treatment
regimens with respect to the proportion of effective treatments.
This calculation was based on an assumed proportion of discor-
dant pairs of 33%.

The efficacy analysis was predetermined to be based on only
those patients who were randomised and received rFVIIa for two
episodes of joint bleeding, thereby enabling intrapatient com-
parison of the two dose regimens. Safety analyses included all re-
randomised patients dosed with rFVIIa.

The aim of the trial was to demonstrate that a single dose of
270 µg/kg rFVIIa is at least as effective and safe as the 90 µg/kg
× 3 regimen. The statistical method used to fulfil this aim was to
test if the 90 µg/kg × 3 dose regimen is superior to the 270 µg/
kg single dose. The null hypothesis of no difference in treatment
“preference” between the two dose regimens was tested against
the alternative hypothesis: superiority of the 90 µg/kg × 3
regimen over the 270 µg/kg dose. If the hypothesis was rejected,
the 270 µg/kg dose regimen was regarded as at least as effective
as the 90 µg/kg × 3 dose regimen. This test of superiority, based
on “preference” was performed as a one-sided exact sign test,
also referenced as an exact version of McNemar’s test, with a 5%
significance level.

Results
Patient demographics
A total of 24 patients from six countries were screened for eligi-
bility and all were included in the trial and randomised to treat-
ment. Two patients were withdrawn, as they did not experience
any haemarthroses within 1 year of randomisation; 22 patients
therefore received rFVIIa and comprised the safety analysis
population. As one patient had treated an apparent bleeding epi-
sode with no concurrent pain, impaired joint mobility, or joint
swelling symptoms, this patient was excluded from the efficacy
analyses prior to unblinding. A further two patients experienced
only one haemarthrosis within the 12-month enrolment period
and so did not contribute to the efficacy analysis as they did not
complete the cross-over trial.

Baseline characteristics were similar between the treatment
groups in terms of age, ethnicity, and body mass index (Table 2).
The distribution of haemophilia A and B patients was similar be-
tween the two treatment sequences, with only one haemophilia B
patient enrolled.

Efficacy
Using the global treatment response tool, 13/20 (65%) patients
scored treatment with the single 270 µg/kg dose as effective
compared with 14/20 (70%) for the 90 µg/kg × 3 dose regimen
(Table 3). An equal “preference” with respect to the global treat-
ment response was noted for the two dose regimens (270 µg/kg:

Table 1: Global response scoring system.

Time after first
injection

Pain Mobility

More No difference Less More No difference Less

1 h N P P P P N

3 h N P P P P N

6 h N N P P N N

9 h N N P P N N

N: negative; P: positive; ≥ 6P: global treatment effective; < 6P: global treatment ineffective.
For the primary efficacy analysis, pain was defined as negative if pain had increased (‘more’) at any of
the timepoints, or not changed (‘no difference’) after 6 or 9 hours. Pain received a positive score
when assessed as ‘less’ at any of the time points, or when assessed as ‘no difference’ after 1 or 3
hours. Mobility was defined as positive when ‘more’ mobility was observed at any of the time
points, or when it was characterised as no different after 1 or 3 hours. Mobility received a negative
score when assessed as ‘less’ at any of the time points, or when assessed as ‘no difference’ after 6 or
9 hours.

Table 2: Patient baseline characteristics.

90 × 3/270 µg/kg
rFVIIa regimen
n=12

270/90 × 3 µg/kg
rFVIIa regimen
n=10

Total
n=22

Age (years)
Mean (SD)
Range

29.9 (12.7)
10 – 60

24.5 (15.0)
06 – 59

27.5 (13.7)
06 – 60

Ethnic group (N (%))
White
NA

11 (92)
01 ( 8)

09 (90)
01 (10)

20 (91)
02 ( 9)

Weight (kg)
Mean (SD)
Range

67.5 (13.0)
38.9 – 90.0

56.5 (22.1)
17.9 – 82.0

61.5 (17.9)
17.9 – 90.0

Height (m)
Mean (SD)
Range

01.7 (0.1)
01.5 – 1.8

01.6 (0.2)
01.1 – 1.8

01.7 (0.2)
01.1 – 1.8

BMI (kg/m2)
Mean (SD)
Range

22.7 (3.5)
18.2 – 28.5

20.4 (4.8)
13.7 – 25.4

21.7 (4.2)
13.7 – 28.5

NA: Native American.
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21%; 90 µg/kg × 3: 21%), and for the majority of patients (58%)
there was no “preference”. There was no statistically significant
difference in the “preference” for the 270 µg/kg versus the 90 µg/
kg × 3 dose regimen (p=0.637).

A total of 37/42 (88.1%) bleeding episodes were successfully
controlled per protocol (without the need for additional haemos-
tatic agents): 19/21 (90.5%) were successfully treated with the
270 µg/kg dose, and 18/21 (85.7%) with the 90 µg/kg × 3
regimen. Five patients, with one bleeding episode each, received
additional haemostatic agents to control or maintain haemostasis
within 48 hours of the first rFVIIa dose. Two patients received
additional haemostatic medication after treatment with the 270
µg/kg dose, and three patients after the 90 µg/kg × 3 dose
regimen (Table 4).

Safety
There were no withdrawals due to adverse events, deaths, serious
adverse events, thromboembolic adverse events, or adverse
events evaluated by the investigators as possibly or probably re-
lated to rFVIIa.

A total of 16 adverse events were reported by nine patients:
seven events reported by six patients treated with the 270 µg/kg
dose, and nine events reported by six patients receiving the
90 µg/kg × 3 regimen (Table 5). Eleven of the events were mild
in severity, four were moderate and one was severe. Three haem-
orrhagic events, occurring 24 hours to 7 days after the first dose
of rFVIIa was administered, were reported as adverse events, but
these were not in the joints evaluated in the trial. No rebleeding
events were reported. There was no apparent pattern in the dis-
tribution of adverse events between the two dose regimens.

Two non-treatment emergent serious adverse events were re-
ported. One patient documented severe cholelithiasis more than
7 days after the first bleeding episode. Another patient reported
a moderate respiratory tract infection before the first bleeding
episode (pre-treatment). Investigators assessed both events as
unlikely to be related to rFVIIa.

There were no clinically relevant changes in safety labora-
tory parameters when comparing end-of-trial and baseline valu-
es; no abnormal laboratory parameters reported after rFVIIa ad-
ministration were found to be clinically relevant as judged by the
investigators. There were no clinically relevant changes in co-
agulation-related parameters when comparing values at end-of-
trial and baseline, and no indication of a systemic activation of
coagulation, or consumption of coagulation factors in the rFVIIa
treated patients (data not shown).

Discussion
Recombinant FVIIa has been used to control bleeding episodes
in patients with haemophilia and inhibitors against FVIII or FIX.
rFVIIa is thought to enhance thrombin generation on activated
platelet surfaces found at the site of injury and the increase in
thrombin leads to formation of a stable fibrin clot (19). Using
higher than normally administered doses of rFVIIa, greater
amounts of thrombin, liberated during the initial phase of clot
formation (20), may induce a more stable haemostatic plug that
is more resistant to fibrinolysis. Based on this concept, recent
case studies have indicated safe and effective treatment of hae-

mophilia patients with inhibitors with a single high dose of
rFVIIa, instead of the standard dose regimen of repeated
90 µg/kg injections (12). Using this approach, the reported suc-
cess rate, when defined as achievement of haemostasis following
a single bolus injection, has exceeded 80% with no safety issues
or thromboembolic complications (10, 13).

Table 3: Global treatment response (effective/ineffective) and
“preference”.

90 × 3/270 µg/kg rFVIIa
regimen
n=11

270/90 × 3 µg/kg rFVIIa
regimen
n=10

Total
n=21

90 µg/kg × 3
n
Effective
Ineffective

11
07 (64%)
04 (36%)

09
07 (78%)
02 (22%)

20
14 (70%)
06 (30%)

270 µg/kg
n
Effective
Ineffective

10
06 (60%)
04 (40%)

10
07 (70%)
03 (30%)

20
13 (65%)
07 (35%)

Preference
n
90 µg/kg × 3
No preference
270 µg/kg

10
02 (20%)
06 (60%)
02 (20%)

09
02 (22%)
05 (56%)
02 (22%)

19a

04 (21%)
11 (58%)
04 (21%)
p=0.637b

aTwo patients experienced only one haemarthrosis during the trial; bp-value for the exact version of
McNemar’s test of preference.

Table 4: Additional haemostatic treatment.

Bleeding episode Joint affected Additional haemo-
static product ad-
ministered and
time from start of
trial product to ad-
ministration of ad-
ditional haemo-
static treatment

Global treatment
response

1st (270 µg/kg) Right ankle rFVIIa, 46 hours Effective

2nd (270 µg/kg) Left knee FEIBA, ∼14 hours Ineffective

1st (90 µg/kg ´ 3) Left knee (target joint) FEIBA, > 3.5 hoursa Ineffective

1st (90 µg/kg ´ 3) Left elbow FEIBA, ∼24 hours Effective

1st (90 µg/kg ´ 3) Left wrist FEIBA, ∼25 hours Ineffective
aStart time on FEIBA treatment not available.

Table 5: All treatment emergent adverse events.

90 µg/kg × 3 rFVIIa
n=21

270 µg/kg rFVIIa
n=21

N E N E

All adverse events 6 9 6 7

Arthralgia
Joint crepitation
Haemorrhage
Nausea
Inflammation
Pain
Bronchitis viral
Headache
Tongue biting
Pruritus
Subcutaneous nodule

1
1
2
1
0
1
1
1
0
0
1

1
1
2
1
0
1
1
1
0
0
1

3
0
1
0
1
0
0
0
1
1
0

3
0
1
0
1
0
0
0
1
1
0

N: Number of patients with adverse event; E: Number of adverse events.
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In the double-blind, randomised, cross-over trial described, a
single 270 µg/kg bolus injection was as effective at achieving
haemostasis, increasing joint mobility, and controlling pain as
the 90 µg/kg × 3 rFVIIa dose regimen. 88.1% of bleeding epi-
sodes were successfully treated per protocol. Bleeding was con-
trolled in 90.5% of episodes treated with the 270 µg/kg dose, and
85.7% treated with the 90 µg/kg × 3 regimen. This was, however,
a small study with only 20 bleeds per treatment arm so further in-
vestigations are warranted. Furthermore, it is recognized that
some patients may achieve haemostasis with only one or two
doses of 90 µg/kg or any dosing up to 270 µg/kg, and this could
not be assessed in the current study.

Since our study was designed for home treatment, no labora-
tory measures were applied in order to assess potential differ-
ences of patients’ individual thrombin generation. For the pur-
pose of this trial and to identify potential differences between
two seemingly efficacious treatment arms, a stringent scoring
system was designed and applied, called the global treatment-
response rating tool. This system combines subjective pain relief
scores and joint mobility measurements and allowed these two
endpoints to be evaluated at sequential timepoints. So that a rig-
orous analysis could be performed, we predefined treatment as
globally effective when at least six out of eight scores were posi-
tive. The results obtained using the global scoring system show
comparable efficacy (65% and 70%) for both treatment
regimens.

The global success rate obtained using this unique method of
evaluation is lower than previously reported efficacy rates (1, 3,
10). However, other trials defined successful haemostasis ac-
cording to a patient’s subjective response, while we aimed to
standardise definitions of effective haemostasis in haemophilia
patients by combining subjective pain relief with joint mobility
measurements. Joint mobility in haemophilia patients may not
improve within the first hours following acute haemarthrosis
(21), and pain relief is not always concurrent with improvement
in mobility and may also be confounded by the successful use of
analgesia, which could mean that an improvement in pain is not
possible (22). The combined evaluation of pain and mobility at a
given timepoint may, therefore, have led to the slightly reduced
efficacy rate observed. In addition, our definition of effective
treatment was more stringent than definitions used in other
studies. Had effective treatment in our study been defined as
more positive than negative responses, the overall rate of effi-
cacy for both treatment regimens would have been increased to
the levels reported in the mega-dose studies (10) and the HRS

Registry (11). Despite the efficacy rates observed, we found
similar efficacy outcomes for both of the treatment regimens
tested.

In concordance with previous reports addressing the safety
of high-dose rFVIIa treatment for joint bleeding in patients with
haemophilia and inhibitors (10, 11, 13), the overall safety profile
of rFVIIa was good for both treatment regimens. None of the ad-
verse events occurring after administration of the trial product
were serious and the adverse events were equally distributed be-
tween the two treatment regimens. Investigators judged all ad-
verse events observed during the trial as unlikely to be related to
rFVIIa. No thromboembolic events were reported and no clinical
or laboratory signs of disseminated intravascular coagulation
were reported.

In summary, administration of rFVIIa as a single 270 µg/kg
dose to patients with haemophilia and inhibitors in the home set-
ting for the treatment of haemarthrosis was found to be as least as
efficacious and safe compared with administering three single
doses of 90 µg/kg at 3-hourly intervals. This could have import-
ant implications for patients, their carers and clinicians since
therapy consisting of a single dose could facilitate home treat-
ment, which enables early intervention, and be of special benefit
to children or other inhibitor patients with restricted venous ac-
cess. This trial also emphasises the need for a commonly ac-
cepted standard efficacy evaluation of haemophilia treatments.
Future trials addressing similar issues should use monitoring
systems that will serve as biomarkers for treatment efficacy and
help evaluate and standardise the efficacy endpoints.
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