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KEY PO INT S

l Concizumab was safe
and well tolerated in
HA and HAwI/HBwI,
including with
breakthrough bleed
treatment.

l Clinical proof of
concept in terms of
preventing bleeds was
demonstrated in 2
concizumab phase 2
trials across
hemophilia subtypes.

Results from the main parts (24 weeks) of 2 concizumab phase 2 trials are presented:
explorer4 in hemophilia A (HA) or B (HB) with inhibitors (HAwI/HBwI) and explorer5 in HA.
The trials aimed to evaluate the efficacy of daily subcutaneous concizumab prophylaxis
(evaluated as annualized bleeding rate [ABR] at last dose level), with secondary objectives
being safety and immunogenicity (assessed as number of adverse events [AEs] and anti-
drug antibodies [ADAs]). Patients received 0.15 mg/kg concizumab, with potential dose
escalation to 0.20 and 0.25mg/kg (if ‡3 spontaneous bleeding episodes within 12weeks of
concizumab treatment). Relevant pharmacokinetic/pharmacodynamic (PK/PD) parameters
were assessed. Thirty-six HA, 9 HAwI, and 8 HBwI patients were exposed to concizumab.
Most inhibitor patients (15 of 17; 88.2%) did not escalate the dose; all patients chose to
continue to the extension phase of the trials. Clinical proof of concept for prevention of
bleeding episodes was demonstrated in both trials. Estimated ABRs in HAwI and HBwI
were lower vs HA: 3.0 (95% confidence interval [CI], 1.7; 5.3) and 5.9 (95% CI, 4.2; 8.5) vs
7.0 (95% CI, 4.6; 10.7), respectively. PK/PD results were as expected, with no difference

between hemophilia subtypes for concizumab exposure, free tissue factor pathway inhibitor, thrombin generation,
prothrombin fragment 112, and D-dimers. Concizumab was safe and well tolerated (no severe AEs, AE-related
withdrawals, or thromboembolic events). Three patients had (very low to medium titer) ADA1 tests in each trial,
with no observed clinical effect. These results support further development of concizumab as a daily prophylactic
treatment in all hemophilia patients. These trials were registered at www.clinicaltrials.gov as #NCT03196284 and
#NCT03196297. (Blood. 2019;134(22):1973-1982)

Introduction
Patients with congenital hemophilia exhibit an increased bleeding
tendency as a result of deficiency/absence of coagulation factor
VIII (FVIII; hemophilia A [HA]) or factor IX (FIX; hemophilia B [HB])
activity.1 Prophylactic treatment with the missing coagulation
factor is the current recommended standard of care in hemophilia
to prevent fatal bleeding and bleeding-related complications.2

Current prophylactic regimens are associated with a significant
burden of care due to the need for frequent IV infusions.3-6 Even

with the advent of new, extended half-life FVIII and FIX prod-
ucts allowing for less frequent infusions, reconstitution and IV
administration are still required.7 Moreover, recent real-world
data have highlighted that a significant proportion of patients
do not achieve the desired outcomes with current therapies.8

Novel subcutaneous nonreplacement treatments are in clinical
development, with 1 (emicizumab [Hemlibra]; F. Hoffmann-La
Roche AG, Basel, Switzerland) recently approved for patients
with HA with inhibitors (HAwI) or without inhibitors.
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The development of antibodies (inhibitors) against exogenous
FVIII or FIX that render factor replacement therapy ineffective rep-
resents the most common and challenging treatment-associated
complication in people with hemophilia. Immune tolerance in-
duction (ITI) is the standard treatment for the management and
eradication of such inhibitors, but this procedure fails to achieve
tolerance in a substantial number of patients.9 Patientswith inhibitors
can be treated with bypassing agents (activated recombinant
factor VII [rFVIIa]; activated plasma-derived prothrombin complex
concentrate [pd-aPCC]); however, administration may be bur-
densome, response to treatment variable, and the efficacy profile
of these agents is generally inferior to replacement therapy.9,10

Patients with HAwI can also use emicizumab, although there may
be some thrombotic risk associated with pd-aPCC use to treat
breakthrough bleeding episodes.11 Historically, fewer HB with in-
hibitor (HBwI) patients have responded to ITI than HAwI patients
andmay develop unusual events related to FIX exposure, including
anaphylactoid reactions or nephrosis; their treatment options are
generally limited to on-demand rFVIIa/pd-aPCC treatment. In ad-
dition, a significant proportion of patients with inhibitors receive
delayed or suboptimal treatment and their management remains
a major challenge.12 Overall, unmet needs remain in hemophilia
patients for safe and effective therapeutic agents that can be ad-
ministered subcutaneously in the prophylactic setting.13,14

Concizumab, a high-affinity, humanized, anti–tissue factor (TF)
pathway inhibitor (TFPI) monoclonal antibody, is in clinical de-
velopment for the subcutaneous treatment of patients with HA,
HB, HAwI, and HBwI. TFPI is a potent inhibitor of the coagulation
initiation phase, more specifically the activation of factor X (FX)
to FXa by the TF/FVIIa complex. TFPI first binds to and inhibits
FXa and subsequently binds to and inhibits TF/FVIIa, forming
a TF/FVIIa/FXa/TFPI complex.15,16 Therefore, concizumab pre-
vents both inhibition of FXa and inhibition of FVIIa/TF by TFPI,
thereby allowing generation of sufficient amounts of FXa to
ensure effective hemostasis in the absence of a functional
activated FIX/activated FVIII (FIXa/FVIIIa) complex in patients
with hemophilia.16-19 In a phase 1b trial, the pharmacodynamic
(PD) relationship between concizumab exposure, free TFPI, and
thrombin generation (TG) was confirmed.20

In this manuscript, we present results from the main parts
(24 weeks) of 2 phase 2 trials that assessed the efficacy and safety
of subcutaneous concizumab administration in patients with
HAwI/HBwI (explorer4) and in patients with severe HA without
inhibitors (explorer5). The studies also aimed to establish an op-
timal dose for the phase 3 concizumab trials. The designs of the
2 trials were sufficiently similar to allow evaluation of data across
the 2 studies, specifically in terms of comparison by hemophilia
subtype, and results are therefore presented together.

Materials and methods
Trial design
explorer4 (inhibitor trial) was amulticenter, open-label, randomized
controlled trial, conducted at 17 sites in 12 countries. explorer5
(noninhibitor trial) was a multicenter, single-arm, open-label
phase 2 trial, conducted at 26 sites in 11 countries. Both trials
were approved according to local regulations by the appro-
priate health authorities and by an independent ethics com-
mittee or institutional review board, as required, and conducted

in accordance with the Declaration of Helsinki and Interna-
tional Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use (ICH) Good Clinical Practice.
Written informed consent was obtained from all participants prior
to any trial-related activities.

The dosing regimen was selected based on phase 1 pharma-
cokinetic (PK)/PD results, with dosing commencing at the lowest
possible dose to ensure that two-thirds of patients would
achieve concizumab steady-state concentrations .100 ng/mL,
as it had been shown that the TG potential was reestablished to
within the normal range and there was a decrease in report-
ed bleeding episodes at those concentrations.21 Patients in
both trials were treated with daily subcutaneous injections of
0.15 mg/kg concizumab, with potential dose escalation to 0.20
and 0.25 mg/kg if they experienced $3 spontaneous bleeding
episodes within the preceding 12 weeks of concizumab treat-
ment (Figure 1). In the inhibitor trial, a loading dose of 0.5 mg/kg
concizumab was administered as the first dose. A loading dose
was not given in the noninhibitor trial. Cautious dose escalation
was implemented to allow for selection of a dose that was ef-
ficacious and safe for each patient. In the inhibitor trial, patients
were randomized 2:1 to prophylaxis with concizumab or on-
demand treatment with eptacog alfa activated (rFVIIa; NovoSeven;
dosed at the investigators’discretion). The loading dose, followed
by 1 week of concizumab dosing (0.15 mg/kg), was given to
ensure steady-state levels at the time of the first rFVIIa admin-
istration and to assess potential safety issues. Randomization was
performed using an interactive web-response system. Break-
through bleeding episodes occurring between the first admin-
istration of concizumab and the end-of-trial visit were treated
at home. Noninhibitor patients treated bleeding episodes with
nonmodified (standard half-life) FVIII (eitherNovoEight, providedby
Novo Nordisk, or another nonmodified FVIII product that was not
provided by NovoNordisk) at the discretion of the investigator, as
long as any given single dose did not exceed 50 IU/kg and in-
hibitor patients treated breakthrough bleeding episodes with
rFVIIa (#90 mg/kg at the investigators’ discretion; provided by
NovoNordisk). In retrospect, the omission of a loading dose in the
noninhibitor trial was recognized as a weakness in the trial
design, which will be addressed in the upcoming phase 3 trials
(in which a loading dose will be administered to all patients; see
also “Discussion”).

Results from the main portions of both trials are presented here.
For the inhibitor trial, the results presented reflect data up to the
last scheduled visit prior to and including 19 September 2018.

For the noninhibitor trial, the results presented reflect the data
up to the last scheduled visit prior to and including 22 June 2018.
The duration of treatment of the main portion was at least
24 weeks for those receiving concizumab (ie, the cutoff date
occurred when the last patient had completed 24 weeks of
treatment). For inhibitor patients randomized to on-demand
treatment with rFVIIa, only data on the 24 weeks of on-demand
treatment were included in the main portion analysis. For both
trials, after 24 weeks, patients continued into the extension
portion.

Trial population
Male patients, aged $18 years old, with HAwI/HBwI and
documented history of high-titer ($5 Bethesda units) inhibitors
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(explorer4) or with severe HA (FVIII activity ,1%) without in-
hibitors (explorer5) were eligible to participate. HB patients without
inhibitors did not participate in the noninhibitor trial as the effect of
concizumab in this population is predicted to be similar to that
in HA patients without inhibitors, and in order to avoid delays in
recruitment and thereby completion of the trial (due to the limited
availability of these patients for participation in clinical trials). In-
hibitor patients who had been treated on demand with a minimum
of 6 bleeding episodes during the 24 weeks (or 12 bleeds during
52 weeks) prior to screening were eligible. Noninhibitor patients
who had previously been on prophylaxis or on-demand treatment
were eligible; on-demand patients were required to have had a
minimumof 6 bleeding episodes during the 24weeks (or 12 bleeds
during 52 weeks) prior to screening. Exclusion criteria are provided
in supplemental Methods (available on the Blood Web site).

Objectives, end points, and assessments
The primary objective (both trials) was to assess the efficacy
of once-daily, subcutaneous concizumab administration in pre-
venting bleeding episodes in patients withHAwI/HBwI (explorer4)
and in patients with severe HA without inhibitors (explorer5),
evaluated as the number of bleeding episodes during at least
24 weeks from treatment initiation. All bleeding episodes were
captured by patients in an electronic diary or by investigators in an
electronic case report form. Bleeding episodes were evaluated
based on cause (spontaneous, traumatic), location, and severity
according to World Federation of Hemophilia guidance.2

Secondary objectives (both trials) included the assessment
of concizumab safety and immunogenicity, evaluated as the

number of treatment-emergent adverse events (TEAEs) and the
occurrence of concizumab antidrug antibodies (ADAs) during at
least 24 weeks from treatment onset, respectively. In patients
with inhibitors, the safety of administering rFVIIa when exposed
to concizumab was also a secondary objective and was assessed
as the number of TEAEs within 24 hours of rFVIIa administration.
Dosing of rFVIIa in the first 4 inhibitor patients randomized to
the concizumab arm was staggered until the fourth randomized
patient had completed visit 3 (at which rFVIIa was administered
in a controlled setting) without safety concerns.

Assessment of concizumab ADAs was performed by specialized
laboratories with a bridging electrochemiluminescence assay
(binding ADA assay), using labeled concizumab for antibody
capture and detection. ADA1 samples were further characterized
for neutralizing activity using a modified TFPI functionality chro-
mogenic assay (see supplemental Methods for more details).

Safety assessments also comprised clinical laboratory tests, in-
cluding measurement of coagulation-related parameters such
as prothrombin fragment 112 (F112) and D-dimers,20 physical
examination, and vital signs. With the exception of hematology
and urinalysis samples, which were analyzed locally, all other
study laboratory analyses were performed by a central labora-
tory. In addition, prothrombin time, activated partial thrombo-
plastin time, and fibrinogen measurements were performed
locally at visit 3 in inhibitor patients.

Concizumab concentration prior to the last dose administra-
tion at 24 weeks was a supportive secondary PK end point.20

Screen
part

2 weeks

Main part
24 weeks

Extension part
>52 weeks

0.25 mg/kg concizumab

0.20 mg/kg concizumab

0.15 mg/kg concizumab

Follow-up part
8 weeks

A

B 0.25 mg/kg concizumab

0.25 mg/kg concizumab

0.20 mg/kg concizumab

0.20 mg/kg concizumab

0.15 mg/kg concizumab

Loading dose
(0.5 mg/kg)

0.15 mg/kg concizumabrFVIIa on-demand

Screen
part

2–4 weeks

Main part
24 weeks

Extension part
>52 weeks

Follow-up part
8 weeks

R

Loading dose
(0.5 mg/kg)

Figure 1. Study design for the phase 2 concizumab
trials. (A) explorer5 (HA without inhibitors) and (B) ex-
plorer4 (HAwI/HBwI). Dose-escalation criteria: if a patient
experienced $3 spontaneous bleeding episodes within
the preceding 12 weeks of treatment with concizumab,
the patient could be escalated to the next dose level. In
explorer4, after completion of the main part, patients in
the rFVIIa arm continuing on to the extension part of the
trial were switched to daily prophylactic subcutaneous
treatment with concizumab 0.15 mg/kg, with potential
dose escalation as appropriate. ↑, Dose escalate to the
next dose level, based on the dose-escalation criteria.
R, randomization.
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Supportive secondary PD end points included the measurement
of peak TG potential and free TFPI (plasma TFPI not bound to
concizumab).20

Statistical analysis
Data were analyzed using SAS version 9.4 software. The sam-
ple size determined aimed to achieve an acceptably narrow
95% confidence interval (CI) for the annualized bleeding rate
(ABR) in the noninhibitor trial and for the difference (in terms of
ABR) between treatment arms in the inhibitor trial.

The full analysis set and the safety analysis set consisted of all
dosed patients. All patients were included in both analysis sets.

The primary efficacy end point (ABR) in the primary analysis was
evaluated at the last dose level reached for a patient; hence, only
observations from the period during which patients were on their
last dose level at the time of analysis were included in the
analysis. Comparisons were made using a negative binomial
model with log of exposure time at last dose level as offset. The
2-week run-in period for patients on 0.15 mg/kg concizumab at
the time of analysis was excluded. In the inhibitor trial, the
regimen (concizumab vs on demand) was a factor in the model,
and proof of concept was concluded if the 95% CI of the
treatment ratio was,1. In the noninhibitor trial, proof of concept
was concluded if the 95% CI of the estimated ABR was,12. The
value of 12 bleeds per year conservatively reflects a 50% re-
duction from the bleeding rate during on-demand treatment.

PK/PD end points were evaluated on the last concizumab dose
level for patients having 0.15 mg/kg as the last dose level and
presented by hemophilia type. Coagulation-related laboratory
parameters were evaluated on last dose level and presented by
hemophilia type. Safety end points are reported according to
the actual dose level the patients were administering when they
experienced the adverse event (AE)/at time of measurement. All
other data are presented using descriptive statistics.

Results
Trial population and baseline characteristics
A total of 36 noninhibitor patients were enrolled and 32 com-
pleted the main portion (2 patients withdrew their consent;
1 withdrew from treatment; 1 withdrew as he experienced a lack
of efficacy [there was no evidence of ADAs up to the time of
withdrawal in these patients; see also supplemental Figure 1]). A
total of 26 inhibitor patients were randomized to either concizumab
(n5 17) or rFVIIa (n5 9), and 25 completed themain portion of the
trial (1 patient in the rFVIIa arm withdrew his consent) (supplemental
Figure 1). Baseline characteristics for inhibitor patients by treat-
ment arm are shown in supplemental Table 1. Baseline charac-
teristics for the patients who received concizumab in both trials
are shown in Table 1 by hemophilia type. HA, HAwI, and HBwI
patients had comparable baseline characteristics.

In the 12 months prior to screening, the majority of HA patients
reported being on prophylactic treatment and had a lower
bleeding rate than the HA patients who were being treated on
demand (Table 1). All patients with inhibitors who received
concizumabwere treated on demand during the 12months prior
to screening, with 1 HAwI and 1 HBwI patient also reporting

receiving prophylactic treatment during a short portion of that
period. The highest on-demand mean ABRs prior to study ini-
tiation were reported among HBwI patients.

Efficacy in the explorer4 (inhibitor) and explorer5
(noninhibitor) trials
Concizumab dose escalation Among HA patients, 21 (58.3%)
remained on the initial concizumab dose (0.15 mg/kg), whereas
7 (19.4%) escalated to the 0.20 mg/kg and 8 (22.2%) to the
0.25 mg/kg dose levels. Among inhibitor patients, most (15 of
17; 88.2%) of those randomized to concizumab maintained the
0.15 mg/kg dose, whereas 2 (2 of 17; 11.8%) escalated to
0.20 mg/kg (Table 2).

Bleeding episodes In the inhibitor trial, when assessing each
patient’s last dose level, 47 treated bleeding episodes in 15 pa-
tients (88%) were reported in the concizumab prophylaxis arm
in themain part of the trial, with an estimated ABR of 4.5 (95%CI,
3.2; 6.4) vs 20.4 (95% CI, 14.4; 29.1) in the rFVIIa on-demand arm
(median ABR, 4.5 and 19.7 for concizumab and rFVIIa, respec-
tively) (Figure 2A). The ABR ratio between the 2 treatment arms
was 0.22 (95% CI, 0.13; 0.36), and as it was ,1, clinical proof of
concept was demonstrated. The proportion of spontaneous and
traumatic bleeds in the concizumab arm was similar (51% vs
49%), and the estimated spontaneous ABR was 2.3 (95% CI, 1.4;
3.6). Most bleeds (72%) occurred in joints, and the estimated
joint ABR was 3.2 (2.2; 4.7). None of the bleeds were charac-
terized as severe.

In the noninhibitor trial, when assessing each patient’s last dose
level, a total of 70 treated bleeding episodes in 23 patients
(63.9%) were reported in the main part of the trial, with an es-
timated ABR of 7.0 (95% CI, 4.6; 10.7) and a median ABR of
4.5 (Figure 2B). Clinical proof of concept was also demonstrated
for this trial, as the 95% CI for the ABR was ,12. There was a
lower proportion of spontaneous vs traumatic bleeds (37% vs
61%), and the estimated spontaneous ABR was 2.5 (95% CI, 1.5;
4.3). Most bleeds (63%) occurred in joints, and the estimated
joint ABR was 4.9 (95% CI, 2.8; 8.5). A total of 3 bleeding epi-
sodes were assessed as severe.

Across the 2 trials, HA patients had the highest ABR estimate, as
well as the highest joint ABR estimate of the 3 subtypes, with
overlapping CIs (Figure 2C). The spontaneous ABR estimate was
similar across the 3 hemophilia subtypes (Figure 2C).

ABRs for inhibitor patients randomized to receive rFVIIa on
demand were comparable to historical ABRs. In contrast, in-
hibitor patients randomized to concizumab prophylaxis expe-
rienced reduced ABRs compared with historical values. Similarly,
noninhibitor patients who escalated to higher concizumab doses
in general treated fewer bleeding episodes per time on each
dose level (supplemental Figure 2). However, it is not possible
to determine to which extent this observation was simply due to
uneven distribution of bleeds over time or a result of increased
concizumab exposure.

PK and PD Concizumab exposure was measured as the con-
centration in plasma over time. Concizumab concentration varied
considerably among patients at the same dose level in each trial,
as measured at week 24 (Table 3). Similar levels of concizumab
exposure were observed in all 3 patient populations (Figure 3A).
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Because only 2 inhibitor patients escalated to 0.20 mg/kg
concizumab (and none to 0.25 mg/kg), comparisons across
hemophilia subtypes are shown for the patients who remained
on 0.15 mg/kg concizumab (Figure 3A-C).

Overall, increasing concizumab exposure was associated with
lower free TFPI and normalized TG potential. Corresponding to
the increase in concizumab exposure, free TFPI was reduced
to a similar extent across the different hemophilia subtypes
when comparing patients exposed to 0.15 mg/kg concizumab
(Figure 3B).

Peak TG potential at 24 weeks was within the normal reference
range. Although peak TG potential was normalized across all
3 hemophilia subtypes, HBwI patients had lower levels of TG
compared with HA and HAwI patients (Figure 3C), however,
this is likely due to the effect of endogenous FIX in the TG assay
that was used. Concizumab exposure was associated with in-
creased TG potential (Figure 3D) and elevated F112 (Figure 3E)
and D-dimers (Figure 3F), reflecting the hemostatic activity of
TFPI inhibition. D-dimers seemed to increase with increasing
concizumab concentration (baseline2week 24 mean change,
348.1 ng/mL [noninhibitor trial] and 265 ng/mL [inhibitor trial]
in the concizumab arm); however, elevated baseline D-dimer
levels were measured in both arms in the inhibitor trial. F112
was shown to increase with increasing concizumab plasma
concentration (baseline2week 24 mean change, 271 pmol/L
[noninhibitor trial] and 155 pmol/L [inhibitor trial] in the
concizumab arm). F112 increases were, as expected, not ob-
served with on-demand rFVIIa treatment. D-dimer and F112
levels fluctuated for the majority of patients during both trials.
No significant changes in fibrinogen level or platelet counts were
observed.

Safety
AEs Overall, concizumab treatment was safe and well tolerated
across all 3 dose levels in both trials. AE rates were low, with no
severe AEs reported, no AE-related withdrawals, no thrombo-
embolic events, and no deaths (Table 4). The majority of AEs in

the concizumab arms were mild, unlikely related to concizumab
and were resolved by the analysis cutoff date. There was
1 serious AE (SAE) (central venous catheter removal) reported in
1 inhibitor patient (6%) in the 0.15 mg/kg concizumab arm
(Table 4), which was not assessed as possibly or probably related
to concizumab. No AEs were reported within 24 hours following
coadministration of concizumab and rFVIIa in inhibitor patients,
and no safety issues were identified in association with the
treatment of breakthrough bleeding episodes with rFVIIa.
Similarly, there were no safety issues reported with the use of
FVIII to treat breakthrough bleeding in noninhibitor patients.

Among the most frequently reported AEs in HA patients were
nasopharyngitis (0.7 events per patient-years of exposure [PYE]);
injection site bruising, hematoma, or hemorrhage (0.5, 0.3, or
0.4 events per PYE, respectively); and upper respiratory tract
infection (0.1 events per PYE) (Table 4). There was 1 patient
with injection site hematoma (0.2 events per PYE) and 1 with
upper respiratory tract infection (0.3 events per PYE) among
HAwI patients. Nasopharyngitis, injection site hematoma, and
injection site hemorrhage (0.5, 0.9, and 0.9 events per PYE,
respectively) were reported most frequently among HBwI pa-
tients (Table 4). All injection site reactions were mild, with the
exception of 1 hemorrhage event and 1 event of ecchymosis,
which were of moderate severity; both had resolved by the time
of database lock.

Table 1. Patient baseline characteristics, and treatment and bleed history, by hemophilia type

HA HAwI HBwI

Patients, N* 36 9 8

Mean age at baseline (SD), y 36.9 (12.9) 38.0 (12.1) 29.8 (8.5)

Mean body weight (SD), kg 77.0 (20.4) 75.3 (13.8) 67.1 (10.2)

Mean time from diagnosis (SD), y 34.4 (12.1) 37.4 (12.8) 29.0 (8.5)

Patients on prophylaxis, n 31 1 1
Prophylaxis mean ABR (min; max) 5.2 (0; 52) 8.6 0.0

Patients treated on demand, n 10 9 8
On-demand mean ABR (min; max)† 17.5 (4; 47) 17.2 (6; 39) 34.3 (6; 120)
On-demand median ABR 10 18 24

Patient baseline characteristics and treatment and bleed history by hemophilia type in explorer4 (HAwI, HBwI) and explorer5 (HAwI) (concizumab-treated patients only; full analysis set).

max, maximum; min, minimum; SD, standard deviation.

*Patients were permitted to be treated with .1 treatment regimen during the 12 months prior to screening.

†During the treatment regimen.

Table 2. Concizumab dose escalation by hemophilia type

HA HAwI HBwI

N 36 9 8

Dose escalation, n (%)
None: 0.15 mg/kg only 21 (58.3) 8 (88.9) 7 (87.5)
One: 0.15 and 0.20 mg/kg 7 (19.4) 1 (11.1) 1 (12.5)
Two: 0.15, 0.20, and 0.25 mg/kg 8 (22.2) 0 (0.0) 0 (0.0)

Concizumab dose escalation by hemophilia type in explorer4 (HAwI/HBwI) and explorer5
(HAwI) (concizumab-treated patients only; full analysis set).
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Immunogenicity Three patients in each of the 2 trials had
positive ADA tests, with titers that were very low (1-16 in the
noninhibitor trial) or medium (1-128 in the inhibitor trial), con-
sidering that the assay sensitivity is ,1 ng/mL. One of the
3 noninhibitor patients and 2 of the 3 inhibitor patients had
ADAs that were found to be neutralizing in vitro on 1 occasion,
but not in any subsequent measurements. No apparent signif-
icant changes in bleeding pattern, PK/PD parameters, AEs, or
laboratory coagulation-related parameters were observed in as-
sociation with antibody development when compared with pa-
tients without ADAs.

Discussion
The phase 2 concizumab trials sought to assess the efficacy and
safety of daily subcutaneous concizumab prophylaxis. A conser-
vative concizumab dose escalation was chosen in the phase 2
trials due to a trend for a decrease in fibrinogen observed at the
highest dose level in the phase 1b explorer3 trial.20 The studies
included a heterogeneous group of hemophilia patients in terms
of their treatment regimens and experiences prior to partici-
pating in the trials and results should be viewed in this context.
Overall, concizumab was safe, and clinical proof of concept was
demonstrated for both trials, indicating concizumab’s potential
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Figure 2. ABRs. ABRs (bleeding episodes on last dose level) during the main part in (A) explorer4 (HAwI/HBwI), (B) explorer5 (HA without inhibitors), and (C) by hemophilia type
in explorer4 and explorer5 (HA, HAwI, HBwI). ABRs were calculated based on a negative binomial regression model with log of exposure time in the main part of the trials as
offset and treatment arm as factor. (A) Bleed reduction for treatment with rFVIIa vs concizumab was 78%, 88%, and 79% for all treated bleeds and for spontaneous and joint
bleeds, respectively; ***P, .001. (B) Observations from the 2-week run-in are not included. In explorer4, there was 1 medication error in which a patient unintentionally received
5 3 15 mg/kg concizumab.

Table 3. Concizumab plasma concentrations

explorer4 explorer5

Concizumab dose, mg/kg 0.15 0.20 0.15 0.20 0.25

N 15 2 18 4 6

Mean, ng/mL (SD) 350.6 (316.8) 517.5 (309.0) 195.2 (147.0) 374.4 (644.0) 2640.8 (4085.6)

CV (%) 90.4 60.0 75.3 172.0 154.7

Min; max 85.8; 1126 299; 736 66.5; 538 26.9; 1340 280; 10 794

Concizumab plasma concentrations (nanograms per milliliter) prior to the last dose administration at 24 weeks in explorer4 (HAwI/HBwI) and explorer5 (HA without inhibitors), at each
dose level.

CV, coefficient of variation. See Table 1 for expansion of other abbreviations.
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to exert prophylactic bleed protection across different hemo-
philia subtypes.

Mean ABRs were comparable to those observed during factor
treatment in patients with and without inhibitors. Results from

the inhibitor trial also confirmed a statistically significant
(P, .001) and clinically relevant reduction in ABR compared with
on-demand treatment (Figure 2A), and inhibitor patients ran-
domized to concizumab prophylaxis showed a reduction in ABR
compared with their historical ABRs (supplemental Figure 2A).
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Figure 3. Mean plots. Mean plots of (A) concizumab plasma concentration vs time; (B) free TFPI vs time; (C) peak TG potential vs time; (D) peak TG potential vs concizumab plasma
concentration; (E) PF112 vs concizumab plasma concentration; and (F) D-dimers vs concizumab plasma concentration by hemophilia type for patients with last dose level of concizumab
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More HA patients escalated to the higher concizumab doses and
their ABR estimate was higher compared with HAwI and HBwI
patients, with overlapping CIs. A few HA patients in the non-
inhibitor trial had very high historical ABRs despite being on
prophylaxis prior to study initiation (Table 1). It is conceivable
that such patients may require concizumab levels higher than
those to which they were exposed early in the trial, which did
not include a concizumab loading dose (unlike the inhibitor trial)
and did not allow a continuation of FVIII prophylaxis during the
period prior to reaching concizumab levels predicted to be
efficacious. In addition, because patients treated on demand in
general bleed more frequently than those on prophylaxis, some
of the patients in this group may have been able to better
differentiate bleeding from pain or other symptoms associated
with hemophilia than patients on prophylaxis. Consistent with
this explanation, patients historically treated on demand in the
noninhibitor trial exhibited a reduced bleeding rate. Importantly,
all patients who completed the main parts of both trials chose to
continue on to the extension, potentially reflecting a perceived
prophylactic effect afforded by concizumab, as well as the re-
duced treatment burden associated with subcutaneous admin-
istration.22 This supports the assumption that avoiding the need
for IV administration can potentially lead to better adherence, in
turn allowing more patients to receive prophylactic treatment,
and therefore contributing to improved outcomes.23

Treatment with concizumab in both phase 2 trials was associated
with a favorable safety profile. There were no AE-related with-
drawals, no deaths, and no thromboembolic events; most AEs
were mild and unlikely related to concizumab. In addition, there
were no safety issues related to concomitant use of rFVIIa or FVIII
to treat breakthrough bleeds. With the exception of 2 moderate
injection site reactions, all were mild and had recovered at
database lock. Overall, no difference in AEs or laboratory safety

markers was observed between HA, HAwI, and HBwI patients
in the 2 trials.

Although not as crucial as the development of inhibitors with
factor replacement therapy, the development of ADAs repre-
sents a significant complication for new therapies, as recently
highlighted.24,25 In the concizumab phase 2 trials, a total of
6 patients had positive ADA tests, and 3 among them had an-
tibodies that were neutralizing in vitro (at a single time point in
each patient). Importantly, antibody development was not as-
sociated with a change in clinical status or observed concizumab
efficacy in these patients.

The PK/PD results were as expected, consistent with phase 1
results20 and reflective of the hemostatic activity of TFPI inhi-
bition, with no notable difference observed for concizumab
exposure, free TFPI, TG, F112, and D-dimers between HA,
HAwI, and HBwI patients, allowing extrapolation of these results
to all patient subgroups. The lower TG potential observed in
HBwI patients compared with HA and HAwI patients (Figure 3C-
D) can be explained by the effect of endogenous FIX in the
TG assay that was used (calibrated automated thrombogram;
Thrombinoscope BV, Maastricht, the Netherlands). The influ-
ence of other factors on D-dimer levels (eg, infection or bleeding
episodes) cannot be excluded, as this is a nonspecific thrombosis
marker, and the elevated baseline D-dimer levels observed in
the noninhibitor trial should be taken into consideration when
assessing their increase following concizumab exposure. As
previously noted, there were no thromboembolic events.

The concizumab phase 2 trial results have contributed important
information, which will be applied to the design of 2 confir-
matory phase 3 trials to determine optimal prophylactic efficacy
without compromising safety. The proposed dosing regimen for

Table 4. Summary of TEAEs by hemophilia type

HA concizumab
(N 5 36)

HAwI concizumab
(N 5 9)

HBwI concizumab
(N 5 8)

HAwI/HBwI
rFVIIa on demand

(N 5 9)

n (%) E [R] n (%) E [R] n (%) E [R] n (%) E [R]

Exposure time, y 17.2 6.1 5.6 3.9

All AEs 29 (80.6) 130 [7.6] 7 (77.8) 20 [3.3] 6 (75.0) 23 [4.1] 7 (77.8) 18 [4.7]
Serious AEs 0 0 1 (12.5) 1 [0.2] 3 (33.3) 4 [1.0]
Severe 0 0 0 0
Fatal 0 0 0 0
AEs leading to withdrawal 0 0 0 0

Most frequent AEs, ‡5%
General disorders and administration site

conditions
Injection site bruising 5 (13.9) 8 [0.5] 0 0 0
Injection site hematoma 4 (11.1) 5 [0.3] 1 (11.1) 1 [0.2] 2 (25.0) 5 [0.9] 0
Injection site hemorrhage 3 (8.3) 6 [0.4] 0 1 (12.5) 5 [0.9] 0

Infections and infestations
Nasopharyngitis 9 (25.0) 12 [0.7] 0 3 (37.5) 3 [0.5] 0
Upper respiratory tract infection 2 (5.6) 2 [0.1] 1 (11.1) 2 [0.3] 0 1 (11.1) 1 [0.3]

Summary of TEAEs by hemophilia type in patients who received concizumab during explorer4 (HAwI/HBwI) and explorer5 (HA without inhibitors) (safety analysis set).

%, percentage of patients with adverse event; E, number of AEs; R, rate calculated as the number of AEs per patient-years of exposure.
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the phase 3 trials will include a loading dose on the first day,
which will serve to increase exposure during the initial trial period
and reach steady-state levels faster, followed by a maintenance
dosewith the highest dose used in the phase 2 trials (0.25mg/kg),
administered as daily, subcutaneous injections from the second
day onward. Results from both phase 2 trials presented here
show that a maintenance dose of 0.15 mg/kg is suboptimal for
some patients, as few (13%) experienced zero bleeds. When
the ABR for each patient in the phase 2 trials was calculated
based on their final dose levels, the 0.25 mg/kg dose appeared
to provide the most optimal efficacy while maintaining safety
(supplemental Figure 2), therefore, this will be the dose used in
the planned phase 3 trials.

In conclusion, phase 2 trial results support the use of concizumab
as a safe and well-tolerated subcutaneously administered pro-
phylactic therapy in all patients with hemophilia, regardless of
inhibitor status, and including patients with HBwI who represent
a vulnerable and particularly rare patient population, and for
whom the use of a novel agent could significantly improve care.
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