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Summary. Background: Vatreptacog alfa, a recombinant
factor VIIa (rFVIla) analog with three amino acid substi-
tutions and 99% identity to native FVIIa, was developed
to improve the treatment of hemophilic patients with
inhibitors. Objectives: To confirm the safety and assess
the efficacy of vatreptacog alfa in treating bleeding epi-
sodes in hemophilic patients with inhibitors. Patients and
methods: In this international, multicenter, randomized,
double-blind, active-controlled, crossover, confirmatory
phase III trial (adept™2) in patients with hemophilia A
or B and inhibitors, bleeds were randomized 3 :2 to
treatment with vatreptacog alfa (one to three doses at
80 g kg~') or rFVIIa (one to three doses at 90 pg kg™").
Treatment failures after three doses of trial product (TP)
were managed according to the local standard of care.
Results: In the 72 patients enrolled, 567 bleeds were trea-
ted with TP. Both vatreptacog alfa and rFVIIa gave 93%
effective bleeding control at 12 h. Vatreptacog alfa
was superior to rFVIIa in secondary efficacy outcomes,
including the number of doses used to treat a bleed and
sustained bleeding control 24-48 h after the first
dose. Eight patients (11%) developed antibodies against
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vatreptacog alfa, including four with cross-reactivity
against rFVIIa and one with an in vitro neutralizing effect
to vatreptacog alfa. Conclusions: This large randomized
controlled trial confirmed the well-established efficacy and
safety profile of rFVIIa, and showed that vatreptacog alfa
had similar or better efficacy than rFVIIa. However,
because of the development of anti-drug antibodies, a
positive benefit-risk profile is unlikely to be achieved with
vatreptacog alfa.

Keywords: antibodies; clinical trial, phase III; hemophilia;
inhibitors; recombinant factor VIla.

Introduction

The development of neutralizing antibodies (inhibitors)
against replacement coagulation factor VIII or FIX
remains an important clinical challenge in hemophilic
patients, with limited treatment options. Only two FVIII/
FIX bypassing agents, recombinant human activated
FVII (rFVIIa) (NovoSeven; Novo Nordisk A/S, Bags-
verd, Denmark) and plasma-derived activated prothrom-
bin complex concentrate (FEIBA VH; Baxter AG,
Vienna, Austria), are currently available. Despite their
well-established efficacy and safety profiles [1-5], the
hemostatic efficacy of bypassing agents is inferior to that
of FVIII or FIX replacement therapy in patients without
inhibitors.

Vatreptacog alfa is an activated recombinant human
FVII analog produced in a CHO cell line cultured in
serum-free media. It has 99% amino acid identity to
native FVIIa, with the only difference being three amino
acid substitutions (VI58D/E296V/M298Q) in the protease
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domain. These substitutions were introduced to increase
the tissue factor-independent enzymatic activity of vatrep-
tacog alfa when bound to activated platelets [6-9]. Vatr-
eptacog alfa was developed to improve treatment by
offering rapid and sustained resolution of bleeding epi-
sodes in hemophilic patients with inhibitors. A previous
phase 11 dose-escalation trial (adept™1) demonstrated
safety and preliminary efficacy for vatreptacog alfa in
hemophilic patients with inhibitors, with no anti-drug
antibodies being detected [10].

The aim of the adept™?2 trial was to assess the efficacy
and confirm the safety of vatreptacog alfa for treatment of
bleeds in hemophilic patients with inhibitors. Unexpect-
edly, this phase III trial, representing the largest of its kind
ever conducted in patients with inhibitors, demonstrated
the development of anti-vatreptacog alfa antibodies, indi-
cating that small sequence changes can significantly alter
the immunogenicity of rFVIIa compounds.

Methods and patients

The study protocol and all amendments were reviewed
and approved by the independent ethics committee or
institutional review board of each participating study site.
Subjects or their legally authorized representatives pro-
vided written informed consent for any study-related pro-
cedure. The trial was registered at ClinicalTrials.gov
(Registration Number: NCT 01392547).

Patients

Male patients, > 12 years of age with congenital hemo-
philia A or B and inhibitors of FVIII or FIX, and who
had experienced at least five bleeds requiring hemostatic
drug treatment within the 12 months prior to trial entry,
were eligible for inclusion. Key exclusion criteria were as
follows: HIV positivity with a CD4 " count of < 200 x 10°
cells mL™', a low platelet count (< 50 000 uL™"), severe
liver (alanine transaminase level of > 3 times the upper
limit of normal) or known renal disease, coagulation disor-
ders other than congenital hemophilia, or any clinical signs
or known history of arterial thrombotic events or previous
deep vein thrombosis or pulmonary embolism.

Trial design and treatment

This was an international, multicenter, randomized,
double-blind, active-controlled, crossover, confirmatory
phase III trial conducted from July 2011 to August 2012.
The objective of the trial was to confirm the safety and to
assess the efficacy of vatreptacog alfa as compared with
rFVIIa in the treatment of acute bleeds in hemophilic
patients with inhibitors. Scheduled visits were performed
prior to initiation of home treatment, at 3-month inter-
vals thereafter, and at the end of the trial. During the
scheduled visits, safety was monitored with clinical and
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laboratory assessments, including screening for anti-drug
antibodies and assessment of rFVIIa activity 10 min
after a single dose administration of vatreptacog alfa
(recovery).

Trial treatment was primarily given in a home setting.
All bleeds, irrespective of location and severity, were trea-
ted. Each bleeding episode was randomized (3 :2) to
treatment with one to three doses of vatreptacog alfa at
80 pg kg~' or one to three doses of rFVIIa at 90 pg kg ™'
(which is the standard dose approved worldwide). Ran-
domization and assignment of dispensing unit number
were handled by the interactive voice/interactive web
response system; assignment to treatment was performed
at the scheduled visits. The initial dose of trial product
(TP) was to be administered as soon as the patient recog-
nized the symptoms of a bleed, and preferably within 2 h
of onset. Treatment with a second or third dose of TP
was indicated if assessment at 3 h or 6 h, respectively,
after the first TP administration revealed no improvement
or a worsening of bleeding symptoms. Alternative hemo-
static agents (other than TP) could be given according to
the local standard of care if the bleed could not be con-
trolled with up to three doses of TP. Any use of alterna-
tive hemostatic medication within 12 h after the first TP
administration was considered to be a treatment failure.

A total of 500 bleeds were planned to be treated with
TP, including 300 bleeds treated with vatreptacog alfa
and 200 treated with rFVIIa. In order to sufficiently eval-
uate the potential risk of anti-drug antibody development,
it was estimated that > 15 patients had to have > 10 days
of exposure to vatreptacog alfa.

Vatreptacog alfa and rFVIla were manufactured by
Novo Nordisk (Bagsverd, Denmark), and were provided
as a sterile freeze-dried powder in single-use vials of
2.0 mg and 2.3 mg, respectively, to be reconstituted with
2.1 mL of histidine solvent for intravenous injection.

Outcome measures

Patients used an electronic diary (eDiary) to report details
of the bleeding episodes and treatment outcome.

Efficacy assessments  Efficacy assessments were per-
formed at predose and up to 48 h after the initial dose of
TP, including evaluation of bleeding symptoms prior to
each administration of TP, at 1, 3, 6, and 9 h after the
first dose of TP, and prior to administration of additional
hemostatic medications (other than TP). Administration
of additional hemostatic medication was assessed at 1, 3,
6, 9, 12, 24, and 48 h after the initial dose. Pain was
assessed with a visual analog scale integrated in the eDiary.

The primary_efficacy endpoint_was_effective bleeding
control, defined as no_additional hemostatic_medication
(other than TP) given within 12 h after the first dose of
TP. Secondary efficacy endpoints included: evaluation of
effective and sustained bleeding control 24 h and 48 h
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after the initial dose (defined as no use of additional
hemostatic medication to treat the same bleed); number
of doses of TP given for each bleed; and change in
pain assessments over time (baseline pain immediately
prior to the initial dose and 1, 3, 6, and 9 h after the first
dose of TP).

Safety assessments  Continuous surveillance of safety
data was performed during the trial by the Novo Nordisk
safety committee. The main safety endpoint was immuno-
genicity, i.e. the development of antibodies against vatr-
eptacog alfa and/or rFVIIa. Secondary safety endpoints
included adverse events (non-serious and serious), includ-
ing thromboembolic events, laboratory safety parameters
(hematology, coagulation-related parameters [prothrom-
bin time, activated partial thromboplastin time, and
clinical chemistry]), physical examination, and vital
signs. A central laboratory (Quest Diagnostics, Heston,
UK) was responsible for analyzing all standard labora-
tory safety test results, except for hematology results,
which were analyzed at local laboratories. Laboratory test
results outside the normal reference range were evaluated
for clinical relevance by the investigator. The recovery of
FVIla activity (as a potential indicator of formation of
neutralizing antibodies) was assessed 10 min after a single
dose administration of 80 pg kg~' vatreptacog alfa in a
non-bleeding state at each scheduled dose visit and at the
end-of-trial visit. Samples were analyzed by Novo Nor-
disk A/S (Malev, Denmark). Threshold values of FVIla
activity (< 25% of the first measurement 10 min after the
first vatreptacog alfa dose in a patient) were predefined
and implemented in a decision-tree for binding and
neutralizing antibody tests.

Testing for anti-drug antibodies Samples for anti-drug
antibody testing were taken prior to the first drug expo-
sure, at least every 3 months during the trial at each of
the scheduled visits (predose), and at least 1 month after
the last TP administration at the end of the study.

Assessment of binding antibodies  All study samples were
analyzed by a central laboratory (Celerion, Ziirich, Swit-
zerland) for antibodies binding to vatreptacog alfa and
rFVIIa in a validated radioimmunoassay (RIA), in which
samples were incubated with '*’I-labeled vatreptacog alfa
or rFVIIa. The specificity of the antibodies was analyzed in
a competition RIA in which a sample was incubated with
an excess of the unlabeled antigen of interest. Cut-points
were established on the basis of assay and intraindividual
variation, and a 0.1% false-positive rate. The sensitivity of
the assays was ~ 160 ng mL ™! anti-FVIIa and/or anti-vatr-
eptacog alfa antibodies. The antibody titer was defined as
the last dilution giving a result above the titration cut-point
(2 x assay cut-point). A titer of 1 was assigned to anti-
body-positive samples with a result above the assay cut-
point but below the titration cut-point.

Assessment of neutralizing antibodies  All samples that
tested positive for vatreptacog alfa-binding and/or
rFVIIa-binding antibodies were further characterized and
tested for neutralizing activity in in vitro neutralizing clot
assays that measured neutralization of vatreptacog alfa
or endogenous human FVIIa with an ACL Future instru-
ment (ILS Laboratories, Allerod, Denmark) in a central
laboratory at Novo Nordisk A/S (Malev, Denmark). For
detection of neutralization of vatreptacog alfa activity,
the pretreatment and trial samples were mixed with vatr-
eptacog alfa, and the time to clot formation after addi-
tion of soluble truncated recombinant tissue factor was
measured (STACLOT kit FVIIa-rTF; Diagnostica Stago,
Parsippany, NJ, USA). In parallel, the samples were ana-
lyzed for neutralizing activity against endogenous human
FVIla by initiating clot formation with full-length tissue
factor (thromboplastin), which leads to activation of
endogenous FVII to FVIIa. Samples with decreased clot
activity in the primary neutralizing assay were confirmed
for neutralizing antibodies with this same assay, but
including a heat inactivation (30 min at 60 °C) step to
minimize intraindividual variation. Cut-points in these
confirmatory analyses were established on the basis of in-
traindividual and interindividual variation, and a 0.1%
false-positive rate.

Statistical analysis

Data from all patients exposed to at least one dose of TP
were included in the safety analysis dataset. For the effi-
cacy full analysis set, data from all patients with at least
one efficacy evaluation postdose were included.

Effective bleeding control was analyzed with a logistic
regression model adjusting for treatment, type of bleed
(joint or non-joint), and baseline pain score. Patient effect
was included as a random variable to account for
repeated events via an exchangeable working matrix. The
primary test was a non-inferiority test of vatreptacog alfa
as compared with rFVIIa using a non-inferiority bound
for the log odds ratio corresponding to 15% on an abso-
lute scale. If non-inferiority was established, superiority
of vatreptacog alfa over rFVIla (null hypothesis: the
effect of vatreptacog alfa is equal or worse than the effect
of rFVIIa) was tested in the same model based on a one-
sided test at a 2.5% alpha level. In order to ensure an
adequate number of bleeding episodes to address the effi-
cacy endpoints, a total of 500 bleeds were planned to be
treated with TP. On the assumption of true success rates
of 97% for vatreptacog alfa and 90% for rFVIla, 300
bleeding episodes treated with vatreptacog alfa and 200
bleeding episodes treated with rFVIIa would give > 99%
power to demonstrate non-inferiority with a 15% non-
inferiority bound. The power for subsequently demon-
strating superiority was 90%, based on simulations with
the binomial distribution. The secondary efficacy end-
points were analyzed with a logistic regression model
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similar to that used for the primary analysis. Safety
endpoints were presented using summary/descriptive
statistics.

Results

Patient characteristics

Seventy-two hemophilic patients with inhibitors (age, 12—
71 years; mean, 30 years) were enrolled in the trial (66
hemophilia A; six hemophilia B), recruited from a total
of 46 centers in 18 countries in Africa, Asia, Europe,
North America, and South America. Of these, 69 patients
received TP for treatment of acute bleeds, and three
patients did not have any bleeds but were exposed to
vatreptacog alfa at the first scheduled dose visit. Details
of the flow of participants through each stage of the trial
are shown in Fig. 1.

Abnormal clinically significant baseline findings (as
judged by the investigator) in the musculoskeletal system
were reported in approximately half of the patients
(35/72), and reflected the underlying disease and the con-
sequences thereof, including muscle atrophy and arthrop-
athy as related to hemophilia.

Treatment of bleeds

The trial was conducted and completed according to the
study protocol.

Overall, 567 bleeds (including bleeds in joints or muco-
cutaneous, muscle, soft tissue or other sites) were treated
with TP in a total of 69 patients, including 340 bleeds
treated with vatreptacog alfa, and 227 bleeds treated with
rFVIIa. In individual patients, the total number of bleeds
treated with TP ranged from one to 42 (Fig. 2A). In
total, 57 patients had 1-16 bleeds treated with rFVIIa
and 67 patients had 1-26 bleeds treated with vatreptacog
alfa.

The proportion of target joint bleeds (defined as joints
with three or more bleeds in the past 6 months) was simi-
lar among bleeds treated with vatreptacog alfa (112/340;
33%) and those treated with rFVIIa (71/227; 31%). Over-
all, no clinically relevant differences (i.e. differences
judged to have an impact on the results and conclusions
of the trial) in bleeding episode characteristics (type,
severity, and bleeding site) were apparent between bleeds
treated with vatreptacog alfa and those treated with
rFVIla.

The majority of bleeds (94%) were treated at home,
and most bleeds were treated within the initial 2 h after
onset of bleeding, as recommended in the protocol. The
median time from onset of bleeding to the initial dose
was 0.4 h (mean, 1.3 h) for bleeds treated with vatrepta-
cog alfa and rFVIla. Late-treated bleeds (> 2 h)
responded as well to treatment with vatreptacog alfa or
rFVIla as early-treated bleeds.
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Evaluation of efficacy

Effective bleeding control For the majority of bleeds
(529/567; 93%), effective bleeding control was achieved
with one to three doses of TP, and 56 of 69 treated
patients (81.2%) had no treatment failures (Table 1). The
ability of vatreptacog alfa to induce effective bleeding
control (primary efficacy endpoint) was non-inferior to
that of rFVIIa. In subsequent testing for superiority of
the ability of vatreptacog alfa to induce effective bleeding
control, vatreptacog alfa was found to be not superior to
rFVIIa (P = 0.9703).

Effective and sustained bleeding control ~ For the majority
of bleeds, effective and sustained bleeding control with no
need for alternative hemostatic medication 24-48 h after
initiation of treatment with TP was achieved with per-
protocol treatment, including 90.8% and 83.5% of bleeds
treated with vatreptacog alfa, and 86.2% and 76.2% of
bleeds treated with rFVIla, respectively (Table 1). Vatr-
eptacog alfa was superior to rFVIIa in obtaining sus-
tained bleeding control at 24 h and 48 h after the first TP
administration (P = 0.0223 and P = 0.0102, respectively).

Number of doses of TP administered per bleeding epi-
sode  The mean number of doses administered to control
bleeding within 9 h after the first TP administration was
statistically significantly lower for vatreptacog alfa (2.42
doses) than for rFVIIa (2.52 doses; P = 0.0304; Table 1).

Change in pain assessments over time Analysis of the
subgroup of bleeding episodes for which baseline pain
was recorded showed a significantly greater difference
(reduction) in pain assessment over time for vatreptacog
alfa at 6 h (P =0.0042) and 9 h (P = 0.0399) after the
initial dose than for rFVIIa, whereas no significant differ-
ences were seen at 1 h (P =0.9759) or 3 h (P = 0.1397).

All primary and secondary efficacy evaluations were
further analyzed according to the following subgroups:
location of bleed (joint bleed [subdivided further into tar-
get joint bleed and non-target joint bleed], mucocutane-
ous, muscle, soft tissue and other); cause of bleed
(traumatic or spontaneous); early (<2 h from onset to
treatment) vs. late (> 2 h from onset to treatment) treat-
ment of bleeds; home treatment vs. hospital treatment;
baseline pain assessment; and age group (adolescent,
adult). This analysis did not indicate any relevant differ-
ences in primary and secondary efficacy outcome mea-
sures for any subgroup, and comparisons of vatreptacog
alfa to rFVIIa in terms of efficacy was consistent across
all subgroups analyzed.

Evaluation of safety

Overall, both vatreptacog alfa and rFVIIa were well toler-
ated, with a low frequency of adverse events (AEs). Most
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Assessed for eligibility (n = 80)

Excluded (n = 8)

Not meeting inclusion criteria
(n=3)

e Meeting exclusion criterion
(n=2)

Trial completed before patient
attended for initial trial product
administration (n = 3)

Safety analysis set

Received initial dose of
vatreptocog alfa (n = 72)

Excluded (n=3)
No bleeds treated with trial

product (n = 3)

Full analysis set

Received randomized treatment
for acute bleeds (n = 69)

!

Bleeds randomized to treatment
(n =583 bleeds)

Excluded (n = 16 bleeds)

e Not randomized (same
treatment as used for previous
bleed) (n = 6 bleeds)

® Bleed treated with both trial
products (n = 4 bleeds)

e Trial product used could not
be identified (n = 6 bleeds)

v
Randomization of bleeds (3 : 2)
Allocated to vatreptacog alfa Allocated to rFVlla (n = 227 bleeds)
(n =340 bleeds) e Received allocated intervention
e Received allocated intervention (n = 57 patients)
(n = 67 patients)

Follow-up

Withdrawal from trial (n = 8)
e Adverse event reported during or after treatment with rFVila

(AVF thrombus: fatal retroperitoneal hemorrhage) (n = 2)

Meeting withdrawal criterion (elevated creatinine; surgery;

initiation of bleeding prophylaxis regimen) (n = 3)

® Non-compliance with protocol/eDiary (n = 2)

® |nability to comply with trial product administration
procedure (n=1)

Fig. 1. CONSORT diagram showing the flow of participants through each stage of the trial. AVF, arteriovenous fistula; eDiary, electronic
diary; rFVIIa, recombinant factor VIla.
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Fig. 2. The number of bleeding episodes treated per patient and
exposure days to vatreptacog alfa. (A) Distribution of the number of
bleeding episodes treated per patient. Of 69 patients with treatment
requiring bleeds, 30 patients had < 5 bleeds, 18 patients had 6-9
bleeds, and 21 patients had > 10 bleeds treated with trial product dur-
ing the trial. (B) Distribution of vatreptacog alfa exposure days (EDs)
per patient. Seventeen patients had > 10 vatreptacog alfa EDs.

AEs were rated as mild non-serious events, and were
judged by the investigator as unlikely to be related to TP.
Except for immunogenicity, no safety signals were
revealed by any of the general safety assessments, and no
clinically relevant changes (i.e. changes judged to have an
impact on the results and conclusions of the trial) were
apparent in the safety parameters tested.

Among the 340 bleeds treated with vatreptacog alfa, a
total of 40 AEs were reported during 31 bleeds (9.0%),
including three serious AEs (SAEs) (dental caries, telangi-
ectasia, and hematoma) evaluated as being not related to
TP administration. Among the 227 bleeds treated with
rFVIla, 11 AEs were reported in association with 11 bleeds
(4.8%), including four SAEs (fatal retroperitoneal hemor-
rhage, small intestinal obstruction, pyelonephritis, and
rectal abscess) evaluated as not being related to TP admin-
istration, and one SAE evaluated as being possibly related
to TP administration. This latter event occurred in a 53-
year-old male with several comorbidities and an arteriove-
nous fistula (AVF) implanted as a venous access several
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years prior to enrollment in the trial. The patient suffered
from a bleed in the palm of his hand, and treated himself,
via the AVF, with three doses of TP. Approximately 20 h
after the initial TP administration, the patient continued
treatment with commercial rFVIIa and tranexamic acid via
the same AVF. Shortly thereafter, a thrombus of the AVF
was diagnosed, and the patient was withdrawn from the
trial. No other signs or symptoms indicating thromboem-
bolic events were reported in any patient during the trial.

Immunogenicity

A main secondary objective of the trial was to evaluate
the immunogenicity of vatreptacog alfa (formation of
anti-drug antibodies). Among 72 patients exposed, the
number of vatreptacog alfa exposure days (EDs) ranged
from 1 to 28, with a total of 17 patients who had
> 10 EDs (Fig. 2B). The total number of vatreptacog alfa
doses administered in individual patients ranged from one
to 80.

Binding antibodies specific for vatreptacog alfa were
detected in eight patients (11%; age range, 14-72 years).
On the basis of medical history, including evaluation of
concomitant diseases and comedications, no medical con-
dition judged to possibly predispose to the development of
an anti-vatreptacog alfa immune response could be identi-
fied in any of the anti-drug antibody-positive patients.
Baseline demographics, medical history, and baseline
safety assessments did not reveal any differences between
patients with or without anti-drug antibodies.

In seven of eight patients, the anti-drug antibodies
developed after < 10 vatreptacog alfa EDs, and in one
patient between visit sampling performed at 14 and
28 EDs. In four of eight patients, anti-vatreptacog alfa
antibodies developed low-titer cross-reactivity against
rFVIIa (Table 2). In one of the patients with cross-react-
ing binding antibodies, in vitro neutralizing activity
against vatreptacog alfa was observed in a single blood
sample at day 250 after the first vatreptacog alfa expo-
sure, and after the patient had completed treatment with
TP. No indication of reduced recovery of FVIIa activity
10 min postdose was seen in any of the patients with
anti-drug antibodies. Tests for neutralizing activity
against endogenous FVIIa gave negative results for all
patients at all visits.

One patient with negative test results for anti-vatrepta-
cog alfa antibodies had negative results (just below the
assay cut-point) for rFVIIa-binding antibodies at the time
of inclusion and during the trial, and low-titer positive
results (just above the assay cut-point) for anti-rFVIla
binding antibodies in one sample collected at the end of
the trial.

No clinical manifestations of the antibodies were seen
in any of the anti-drug antibody-positive patients, and
all of these patients responded well to treatment with
vatreptacog alfa and/or rFVIIa.
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Table 1 Main efficacy results*

Number of bleeding episodes (%)

Vatreptacog alfa rFVIla
80 pg kg 90 pg kg

Primary endpoint — effective bleeding control
Additional hemostatic agents given within 12 h (P = 0.9703)

Bleeding episodes 340 (100.0) 227 (100.0)
Yes 22 (6.5) 16 (7.0)
No 318 (93.5) 211 (93.0)

Secondary endpoint — sustained bleeding control*
Additional hemostatic agents given within 24 h (P = 0.0223)

Bleeding episodes® 337 (100.0) 225 (100.0)
Yes 31(9.2) 31 (13.8)
No 306 (90.8) 194 (86.2)
Additional hemostatic agents given within 48 h (P = 0.0102)
Bleeding episodest 321 (100.0) 214 (100.0)
Yes 53 (16.5) 51 (23.8)
No 268 (83.5) 163 (76.2)

Secondary endpoint — number of doses of trial product given per
bleed

Bleeding episodes 340 (100.0) 227 (100.0)

Bleeds treated 51 (15.0) 23 (10.1)
with one dose

Bleeds treated 94 (27.6) 62 (27.3)
with two doses

Bleeds treated 195 (57.4) 142 (62.6)
with three doses

Mean (SD), P = 0.0304 2.42 (0.74) 2.52(0.67)

rFVIla, recombinant factor VIIa; SD, standard deviation. *The
P-values provided are for statistical tests performed for superiority
of vatreptacog alfa over rFVIIa. fIf a patient was treated for a new
bleed in another location within 24-48 h, it was not possible to eval-
uate whether the effect of the original treatment was sustained over
24-48 h, as the new treatment would help to ensure that the effect
was sustained. Secondary endpoints covering sustained bleeding con-
trol were therefore analyzed and summarized only for bleeds
that were not followed by a new bleed at a different location within
24-48 h after the first trial product administration.

Discussion

Several approaches to improve treatment outcomes in
hemophilic patients with inhibitors have been explored,
including the administration of rFVIIa via alternative

Table 2 Overview of anti-vatreptacog alfa antibody development

routes (e.g. subcutaneous injection) [11,12], and the devel-
opment of modified rFVIIa molecules with improved
therapeutic characteristics. Strategies have focused on
extending the rFVIIa plasma half-life by PEGylation or
protein fusion technology [13-17], and/or increasing the
potency and rate of onset of hemostatic action of rFVIIla
through rational and targeted protein modification
[6,7,18-20].

Here, we report the results of a large, randomized, con-
trolled phase III trial (adept™2), conducted with the goal
of confirming the safety and assessing the efficacy of vatr-
eptacog alfa in the treatment of bleeds in hemophilic
patients with inhibitors.

In this randomized controlled trial, both vatreptacog
alfa_and rFVIla showed a high efficacy. of 93%. in _con-
trolling bleeding at 12 h. Both drugs were highly effective
in controlling bleeding episodes of all types (including
joint, mucocutaneous, muscle, soft tissue and other

bleeds). The observed clinical efficacy of rFVIIa was con-
sistent with data from published clinical trials and experi-
ence [1-5.10,21-24]. a finding that supports the choice of
rFVIla as an active control in the trial design. Vatrepta-
cog_alfa showed significantly better sustained bleeding
control (2448 h after the initial dose) and pain relief (6 h
and 9 h after the initial dose) than rFVIla, and fewer
doses were required to control bleeds.

In the current trial, both rFVIIa and vatreptacog alfa
were well tolerated, with a relatively low frequency of
AEs (4.8% and 9.0%, respectively), and no clinical or
laboratory safety signals were revealed by any of the gen-
eral safety assessments.

The well-established safety profile of rFVIIa was con-
firmed in the adept™2 trial. rFVIla has an amino
acid sequence identical to that of endogenous FVIIa, and
its risk of immunogenicity is very low. Throughout
> 18 years of clinical use, no documented case of develop-
ment of inhibitors (neutralizing antibodies) against
rFVIIa has been reported in hemophilic patients with
inhibitors. In contrast, in the current study, eight of 72
patients (11%) developed vatreptacog alfa-binding anti-
bodies, revealing a strong immunogenicity safety signal

Vatreptacog alfa-binding

Peak anti-vatreptacog

rFVIla-binding

Vatreptacog alfa-neutralizing

FVIla-neutralizing

Patient antibody alfa antibody titer antibody antibody antibody
A Positive 16 Negative Negative Negative
B Positive 4 Negative Negative Negative
C Positive 4 Negative Negative Negative
D Positive 1 Negative Negative Negative
E Positive 256 Positive Negative Negative
F Positive 256 Positive Negative Negative
G Positive 64 Positive Negative Negative
H Positive 64 Positive Positive* Negative

A sample was considered to be antibody-positive if it provided a result above the predefined cut-point in the specific assay (binding or neutral-
izing antibody assay). *An in vitro neutralizing effect was detected in one sample; subsequent samples tested negative.
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not seen in previous phases of vatreptacog alfa clinical
development. In seven of the eight patients, the anti-vatr-
eptacog alfa antibodies developed after < 10 EDs. In four
patients, the anti-vatreptacog alfa antibodies had low-titer
cross-reactivity with rFVIIa, and one of these patients
tested positive for anti-drug antibodies with in vitro neu-
tralizing activity against vatreptacog alfa. This latter
patient was not exposed further to vatreptacog alfa after
detection of the neutralizing antibody activity, so it is not
known whether the titer of the neutralizing activity would
have increased further after additional exposures.

The development of anti-drug antibodies is a recog-
nized risk of novel recombinant protein therapeutics [25].
Nevertheless, the strong immunogenicity of vatreptacog
alfa was unexpected, for several reasons: (i) vatreptacog
alfa contains only three amino acid substitutions and has
99% identity with rFVIIa, which has been shown to have
very low immunogenicity; (ii) no immunogenic risks were
identified during the non-clinical development of vatrepta-
cog alfa [26]; and (iii) no anti-drug antibodies were
detected in the completed phase I and II clinical trials
[10,27]. We note that the majority of the 45 patients
enrolled in the phase II trial were exposed to vatreptacog
alfa only once [10]. The overall exposure to vatreptacog
alfa was thus markedly higher in the phase III trial, but
was still relatively limited, as 52 patients had < 10 EDs.
We therefore hypothesize that this difference in exposures
led to the different immunogenicity evaluations obtained
in the two trials. These findings also suggest that future
trials evaluating rFVIIa variants should contain a suffi-
ciently large number of patients and exposures to reliably
evaluate clinical immunogenicity profiles.

Given the proven safety and efficacy of rFVIIa, and
the anticipated risks associated with anti-drug antibody
development following vatreptacog alfa treatment, Novo
Nordisk decided to discontinue the vatreptacog alfa
development program. This decision was based on the
potential risk that continued treatment with vatreptacog
alfa might have resulted in the formation of antibodies
that would not only prevent further treatment with vatr-
eptacog alfa, but also influence the efficacy of future
treatment with rFVIla, and, in a worst-case scenario,
might cross-react with endogenous FVIla. Interestingly,
the clinical development of another sequence-modified
rFVIIa, BAY 86-6150, which contains six amino acid
changes as compared with native FVIIa [19,20], was
recently terminated by the sponsor because of the devel-
opment of neutralizing anti-drug antibodies [28]. The
challenges associated with the clinical development of
new rFVIla products, especially sequence-modified ana-
logs, may be substantial. It will be essential to provide
strong and direct evidence in sufficiently powered ran-
domized controlled trials that rFVIIa variants are safe —
mainly in terms of immunogenic and thrombogenic risks
— and are capable of providing better treatment outcomes
than the original rFVIIa.
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