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Despite current therapies, there remains an unmet need for treatment for patients with

hemophilia. The main parts of two phase 2 trials established clinical proof-of-concept for

once-daily, subcutaneous concizumab prophylaxis in patients with hemophilia A/B with

inhibitors (HAwI/HBwI; explorer4) and severe hemophilia A without inhibitors (HA;

explorer5). Here, we present results from extension parts of these trials, included to

evaluate longer term safety and efficacy. Both trials included main ($24 weeks) and

extension (52-102 weeks) parts, with patients receiving concizumab 0.15 mg/kg with

potential dose escalation to concizumab 0.20 or 0.25 mg/kg if they experienced $3

treated spontaneous bleeding episodes within 12 weeks. Endpoints included annualized

bleeding rate (ABR), adverse events (AEs), and occurrence of antidrug antibodies.

Thromboembolic events were AEs of special interest. Thirty-six patients with HA, 15 with

HAwI, and 10 with HBwI were exposed to concizumab. Estimated ABRs during the

main 1 extension parts at last dose level were 4.8 (95% confidence interval [CI], 3.2-7.2)

and 6.4 (95% CI, 4.1-9.9) in explorer4 and explorer5, respectively (spontaneous ABRs

were 1.8 [95% CI, 1.2-2.6] and 2.1 [95% CI, 1.3-3.3]). Most AEs were mild, with no deaths,

events leading to withdrawal, or thromboembolic events. Anti-drug antibodies developed

in 25% of patients and were low titer and transient, with no observed clinical effect in

most cases. Results of the main 1 extension parts of these trials were consistent with

results of the main parts. Ongoing phase 3 trials will further evaluate concizumab as a

once-daily, subcutaneous treatment across hemophilia subtypes. These trials were

registered at www.clinicaltrials.gov as #NCT03196284 and #NCT03196297.
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Key Points

� Concizumab efficacy
was maintained during
the extension parts of
phase 2 trials.

� Treatment was well
tolerated across
hemophilia subtypes
for a period of at least
76 weeks.
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Introduction

Current guidelines for the treatment of patients with hemophilia rec-
ommend replacement therapy with the coagulation factor that is
deficient (factor VIII [FVIII] in hemophilia A [HA] and factor IX [FIX]
in hemophilia B [HB]).1,2 However, the need for regular intravenous
infusions is a drawback of factor replacement therapy and repre-
sents a significant treatment burden that may affect patient adher-
ence.3 In addition, the efficacy of factor replacement therapy may
be suboptimal in some cases and can be associated with the devel-
opment of neutralizing antibodies (inhibitors), which remains a major
limitation of hemophilia therapy.4 Approximately 25% to 30% of
patients with severe HA2,5,6 and 1% to 10% with severe HB7-9

develop inhibitors, which can result in complete or partial inactiva-
tion of the infused replacement factor, leading to an increased bur-
den of disease for these patients.2,5 Novel treatment options are
particularly needed for patients with HB with inhibitors (HBwI): ana-
phylactic or severe allergic reactions to infused FIX occur in �50%
of these patients, and many exhibit a poor clinical response to
immune tolerance induction (a process of repeated regular dosing
of FIX that aims to induce tolerance in patients with inhibitors).2,10,11

Due to the ongoing unmet needs of patients with hemophilia, recent
research has focused on development of non-factor replacement ther-
apies. One alternative is the use of non-factor therapies to enhance
coagulation or target anticoagulation pathways.12,13 Several monoclo-
nal antibodies targeting coagulation pathways have been investigated
as treatment options for patients with hemophilia, including emicizu-
mab, a bispecific antibody for the treatment of HA (with and without
inhibitors) targeting activated factor IX (FIXa)/FIX and FX/activated
factor X (FXa),13 and BAY1093884, a monoclonal antibody targeting
tissue factor pathway inhibitor (TFPI).12 Although results have been
encouraging with some of these treatments, an important safety con-
sideration is the occurrence of thromboembolic events (TEs), with the
development of BAY1093884 terminated in 2019 after the occur-
rence of 3 TEs in 24 patients during a phase 2 trial.12,14

Concizumab is an anti-TFPI antibody for subcutaneous prophylaxis
across all hemophilia subtypes that acts independently from FVIII
and FIX by enhancing the initiation phase of coagulation through
increased FXa production, allowing sufficient thrombin generation
(TG) to prevent bleeds.15 The pharmacodynamic relationship
between concizumab exposure, free TFPI, and TG was previously
confirmed in a phase 1b trial.16 Two phase 2 trials were initiated to
evaluate the efficacy and safety of subcutaneous concizumab pro-
phylaxis in patients with HA with inhibitors (HAwI)/HBwI (explorer4)
and severe hemophilia A without inhibitors (HA; explorer5). Results
from the main part (at least 24 weeks of treatment) of both trials
showed that concizumab was well tolerated, with the potential to
provide prophylactic bleed protection regardless of hemophilia sub-
type.17 Here, we report the results from the main 1 extension parts
of these studies, which were included to assess the longer term effi-
cacy and safety of concizumab.

Methods

Trial design

Full details of the study design of explorer4 (clinicaltrials.gov identi-
fier #NCT03196284; inhibitor trial) and explorer5 (clinicaltrials.gov

identifier #NCT03196297; non-inhibitor trial) have previously been
reported by Shapiro et al.17 Briefly, both trials comprised a main
part (at least 24 weeks) in which clinical proof-of-concept was
established, and an extension part (52-102 weeks) to evaluate lon-
ger term efficacy and safety of concizumab (giving a total of $76
weeks of treatment). explorer4 was initiated on 10 August 2017
and completed on 31 January 2020, and explorer5 began on 16
August 2017 and was completed on 3 June 2020.

explorer4 was an open-label, multicenter, randomized controlled trial
conducted across 17 sites in 12 countries. Patients were random-
ized 2:1 to receive prophylaxis with concizumab or on-demand treat-
ment with eptacog alfa activated (recombinant activated factor VII
[rFVIIa]; NovoSevenVR [Novo Nordisk], dosed at the investigator’s
discretion) during the main part of the trial. All patients who received
rFVIIa during the main part were switched to daily concizumab treat-
ment during the extension part ($52 weeks). During the open-label,
multicenter, single-arm explorer5 trial (conducted across 26 sites in
11 countries), all patients received prophylactic treatment with con-
cizumab during the main and extension parts.

The dosing regimen for both phase 2 studies was selected based
on pharmacokinetic/pharmacodynamic modeling of results from
phase 1 studies (further details regarding this selection have been
reported previously).17,18 Patients received daily subcutaneous
injections of concizumab 0.15 mg/kg, with potential dose escalation
to concizumab 0.20 or 0.25 mg/kg (Figure 1). In the explorer4 trial,
an initial loading dose of 0.5 mg/kg concizumab was administered,
whereas patients enrolled in explorer5 did not receive a loading
dose. After 1 week of concizumab dosing (0.15 mg/kg) in explorer4,
a dose of rFVIIa 90 mg/kg was administered to patients in a non-
bleeding state to assess the safety of coadministration of concizu-
mab and rFVIIa.

Dose escalation criteria were $3 treatment-requiring spontaneous
bleeding episodes within 12 weeks while receiving concizumab
treatment during the main and extension parts of both trials. Break-
through bleeding episodes requiring treatment were managed with
rFVIIa in explorer4 (provided there were no safety concerns after the
dose, delivered in a nonbleeding state as described earlier) and
with nonmodified FVIII in explorer5 (either NovoeightVR , provided by
Novo Nordisk, or another nonmodified FVIII product that was not
provided by Novo Nordisk).

The explorer4 and explorer5 trials were conducted in accordance
with the Declaration of Helsinki and International Conference on
Harmonisation Good Clinical Practice Guideline. Patients provided
written informed consent, and both trials were approved by an inde-
pendent ethics committee or institutional review board as required
according to local regulations. In addition, an independent external
data monitoring committee was established to review the accumu-
lating data at regular intervals to protect the safety of the patients.
All authors had access to the clinical trial data, which were analyzed
by Novo Nordisk.

Temporary clinical pause of concizumab treatment

during explorer5

On 16 March 2020, Novo Nordisk informed regulatory authorities
and investigators of the company’s decision to pause concizumab
treatment in ongoing clinical trials, which included explorer5 at the
time, due to reports of 5 nonfatal thrombotic serious adverse
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events (AEs) in 3 patients enrolled in the phase 3 trials explorer7
(patients with HAwI/HBwI; clinicaltrials.gov identifier #NCT04083781)
and explorer8 (patients with HA/HB; clinicaltrials.gov identifier
#NCT04082429) while receiving concizumab treatment (under a
schedule of administration different from that of explorer4 and
explorer5). These AEs were acute myocardial infarction in 1
patient with HA, a renal infarction in 1 patient with HBwI, and 3
TEs (deep venous thrombosis, pulmonary embolism, and superfi-
cial thrombosis of vein [left elbow region at site of FVIII injection])
in 1 patient with HA.19

Around the same time, the COVID-19 outbreak was declared a
global pandemic by the World Health Organization. Treatment with
concizumab was stopped in the remaining patients in explorer5 by
18 March 2020. The explorer4 trial had already been completed on
31 January 2020. Overall, the concizumab pause and the COVID-
19 pandemic did not affect the efficacy and safety endpoints in
the explorer5 trial as all patients had already completed at least
76 weeks of treatment with concizumab (the predefined time frame
for key endpoints).

Trial population

The study population of explorer4 comprised male patients with
HAwI/HBwI aged $18 years with a documented history of high-titer
($5 Bethesda units) inhibitors, and the explorer5 study included
male patients aged $18 years with severe HA (defined by FVIII
activity ,1%). Patients receiving on-demand treatment were eligible
if they had experienced $6 bleeding episodes in the 24 weeks
before screening (or 12 bleeding episodes during 52 weeks).

Exclusion criteria for both trials included diagnosis with a bleeding
disorder other than hemophilia, known or suspected hypersensitivity
to trial products or related products, major surgery within 1 month
before initiation of trial activities or planned surgical procedures dur-
ing the trial, history or high risk of thromboembolic disease, and sys-
temic inflammatory condition requiring systemic treatment. In
addition, patients with ongoing or planned immune tolerance induc-
tion therapy with FVIII or FIX were excluded from explorer4.
Further details of these criteria have been reported previously by
Shapiro et al.17

Objectives, endpoints, and assessments

The explorer4 and explorer5 trials were designed to assess the effi-
cacy and safety of once-daily subcutaneous concizumab in prevent-
ing bleeding episodes in patients with HAwI and HBwI (explorer4)
and patients with severe HA (explorer5), with extension parts
included to evaluate the longer term efficacy and safety of treatment
over a period of at least 76 weeks. The protocol was amended to
prolong the duration of the extension parts as needed to allow
patients to continue treatment in subsequent phase 3 trials. In addi-
tion, both trials assessed the immunogenicity of concizumab and
patient-reported outcomes.

The primary endpoint was number of treated bleeding episodes dur-
ing at least 24 weeks from treatment initiation (main part) and has
previously been described by Shapiro et al.17 Bleeding episodes
were evaluated according to World Federation of Hemophilia guid-
ance (based on cause [spontaneous, traumatic], location, and
severity).20 Secondary efficacy endpoints evaluated during the
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Figure 1. Study design for the phase 2 concizumab trials. (A) explorer4 (HAwI/HBwI). (B) explorer5 (HA). As shown in panel A, patients were randomized 2:1 to

receive either prophylaxis with concizumab or on-demand treatment with rFVIIa for 24 weeks (main part). Patients who received rFVIIa during the main part were switched to

concizumab prophylaxis during the extension part (56-94 weeks). As shown in panel B, all patients received concizumab prophylaxis during the main part (24 weeks) and

extension part (52-102 weeks). Dose escalation criteria throughout both trials were $3 treatment-requiring spontaneous bleeding episodes within the 12 weeks before

concizumab treatment during both the main and extension parts.
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Figure 2. Patient disposition in the phase 2 concizumab trials. (A) explorer4 (HAwI, HBwI). (B) explorer5 (HA).
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main 1 extension parts included number of treated bleeding epi-
sodes and number of spontaneous bleeding episodes during at
least 76 weeks of treatment. Secondary pharmacokinetic and phar-
macodynamic endpoints included concentration of concizumab, free
TFPI concentration, peak TG, and TG potential, all before last dose
administration at 76 weeks.

Secondary safety endpoints for both trials included number of
treatment-emergent AEs; occurrence of anti-drug antibodies
(ADAs); and change from baseline of D-dimer concentrations, pro-
thrombin fragment 112, and other coagulation parameters (includ-
ing fibrinogen, prothrombin time, activated partial thromboplastin
time, and antithrombin) during at least 76 weeks of treatment. ADA
assessment was conducted according to international guidelines
and recommendations using a bridging electrochemiluminescence
assay, with labeled concizumab used for antibody detection (assay
sensitivity was 1 ng/mL). Positive samples were additionally ana-
lyzed for neutralizing activity using a modified chromogenic assay
(full details previously described by Shapiro et al17). Additional
safety evaluations included physical examination and vital sign meas-
urements. TEs were considered as AEs of special interest, and AEs
requiring additional data collection included injection site reactions,
hypersensitivity type reactions (including anaphylactic reactions),
and medication errors.

Statistical analysis

The full analysis and safety analysis sets for both trials comprised all
patients dosed with concizumab. Data were analyzed by using SAS
version 9.4 (SAS Institute, Inc.), and efficacy results for the main 1

extension parts of the trials are presented for the last concizumab
dose level reached; that is, the individual last dose level (previous
dose levels disregarded), with the corresponding results for annual-
ized bleeding rates (ABRs) during the entire exposure period
reported in the supplemental Materials.

Details of the statistical analysis of the primary endpoint of both tri-
als have been reported previously.17 The supportive secondary effi-
cacy endpoints of number of bleeding episodes and number of
spontaneous bleeding episodes (during at least 76 weeks from
treatment onset) were estimated by using the same negative bino-
mial regression model as the primary endpoint (with log of exposure
time as offset) and by performing the same analyses as for the pri-
mary endpoint; one included only observations from the period on
the last dose level and one included the entire escalation pattern.
ABR according to hemophilia type was estimated as part of a post
hoc analysis based on a negative binomial regression with log of
exposure time as offset and hemophilia type as factor.

An additional post hoc analysis was performed to estimate the ABR
in patients who received on-demand treatment with rFVIIa during
the main part and concizumab treatment during the extension part
of explorer4, using a negative binomial regression with log of
exposure time as offset and treatment regimen as factor. The within-
subject correlation was estimated by a generalized estimating

equation analysis, with a working independence covariate structure
and using a robust estimator.

Results

Trial population and baseline characteristics

In the explorer4 trial, 26 patients were randomized in the main part,
with 17 patients receiving concizumab treatment and 9 patients
treated with rFVIIa on-demand (1 patient discontinued before the
end of the main part and did not enter the extension). The 25
patients who completed the main part and went on to enter the
extension part comprised the full analysis and safety analysis sets
(15 patients with HAwI and 10 patients with HBwI) (Figure 2).
Twenty-two patients completed the extension part, with one with-
drawing due to protocol-defined lack of efficacy on the last dose
level, one due to suspicion of no therapeutic effect due to normal
TFPI level with presence of ADAs (as discussed in the Immunoge-
nicity section), and one after withdrawal of consent.

Thirty-two patients with HA completed the main part of explorer5
and went on to enter the extension (4 patients withdrew during the
main part), 29 of whom completed both parts. The full analysis and
safety analysis sets included all 36 patients who were exposed to
concizumab during the trial. One patient who completed treatment
withdrew from the trial before the follow-up visit with no stated rea-
son, and 2 patients withdrew due to protocol-defined lack of effi-
cacy at last dose level.

Patient characteristics at baseline were similar in both trials, and full
details have been described previously.17 In brief, mean patient age
was 35.4 years in the explorer4 trial and 36.9 years in explorer5,
and mean time since diagnosis was 34.7 and 34.4 years in
explorer4 and explorer5, respectively.

Temporary clinical pause of concizumab treatment

and impact of COVID-19 on explorer5

When a pause of concizumab treatment during ongoing clinical tri-
als was implemented on 16 March 2020, thirteen patients enrolled
in explorer5 were still receiving treatment. These patients were
requested to discontinue treatment with concizumab and attend the
end-of-treatment visit (Visit 16) as soon as possible (as per proto-
col), with the last patient receiving a concizumab dose on 18 March
2020. Further details of the impact of the COVID-19 pandemic on
the explorer5 trial are provided in the supplemental Materials.

Longer term efficacy in the explorer4 and

explorer5 trials

Concizumab dose escalation and exposure during the
extension parts. During the extension part of explorer4, twelve
of 25 patients remained on a dose of concizumab 0.15 mg/kg
(7 patients with HAwI and 5 patients with HBwI) (Table 1). The con-
cizumab dose was escalated to 0.20 mg/kg for 6 patients with
HAwI and 3 patients with HBwI, and 2 patients with HAwI and 2
with HBwI were escalated to concizumab 0.25 mg/kg during the

Figure 2 (continued) *One patient withdrew consent after randomization. **Three patients withdrew in the extension phase (one due to lack of efficacy, one because of

suspicion of no therapeutic effect due to normal TFPI level with ADA, and one withdrawal of consent). ***Four patients withdrew before the end of the main part. †Two

patients discontinued due to lack of efficacy. ‡One patient withdrew consent in the extension part.
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extension part. In the explorer5 trial, 15 patients remained on their
original dose of concizumab 0.15 mg/kg, with 10 and 11 patients
escalating to concizumab 0.20 mg/kg and 0.25 mg/kg, respectively.
Details of patients with a dose escalation during the main parts of
both trials have been reported previously.17 The total cumulative
concizumab exposure time, including follow-up for patients during
the main 1 extension parts, was 71.9, 27.0, and 18.3 years for
patients with HA, HAwI, and HBwI (Table 2).

Bleeding episodes. The estimated ABRs during the main 1
extension parts at the last dose level were 4.8 (95% confidence inter-
val [CI], 3.2-7.2) and 6.4 (95% CI, 4.1-9.9) in explorer4 and explorer5,
respectively (median ABR, 3.6 and 3.8). Details of the estimated ABR
over the entire exposure period are presented in supplemental Table
1. The estimated ABR at last dose level according to hemophilia type
in explorer4 was 3.8 (95% CI, 2.2-6.4) for HAwI and 6.2 (95% CI,
3.4-11.1) for HBwI (Figure 3). Estimated spontaneous ABR at the
last dose level was 1.8 (95% CI, 1.2-2.6) in explorer 4 and 2.1 (95%
CI, 1.3-3.3) in explorer5. In explorer4, spontaneous ABR was 1.6
(95% CI, 1.0-2.7) for patients with HAwI and 2.1 (95% CI, 1.2-3.7)
for patients with HBwI. Estimated joint ABR at last dose level was 3.2
(95% CI, 2.1-4.8) and 5.2 (95% CI, 3.1-8.9) in explorer4 and
explorer5 (with joint ABRs of 2.7 [95% CI, 1.6-4.6] and 3.8 [95% CI,
2.1-7.0] in patients with HAwI and HBwI in the explorer4 trial).

In patients who were switched from rFVIIa on-demand during the
main part to concizumab prophylaxis during the extension part of
explorer4 (n 5 8), estimated ABR at the last dose level decreased
from 18.6 (95% CI, 12.9-26.9) to a level comparable to that
observed in the overall population (4.9; 95% CI, 2.2-10.6) (supple-
mental Table 2). Similarly, estimated mean spontaneous and joint
bleed ABR decreased from 16.9 (95% CI, 11.2-25.5) to 2.5 (95%
CI, 1.0-6.2), and 13.8 (95% CI, 9.6-19.9) to 2.9 (95% CI, 1.1-7.7),
respectively, in these patients. Three of these patients experienced
zero bleeds on their last concizumab dose level (exposure time,
212, 115, and 303 days).21

Pharmacokinetics and pharmacodynamics. Similar levels
of concizumab exposure were observed in patients with and without
inhibitors during the main 1 extension parts of explorer4 and
explorer5, and levels of free TFPI were lowered with increasing con-
cizumab concentration (Figure 4A-B). TFPI levels were similarly
reduced in patients with HA, HAwI, and HBwI.

Mean peak TG potential was within the normal reference range
(26-147 nmol/L) for all 3 dose levels before last dose administration
at 76 weeks of concizumab treatment in both trials (supplemental

Table 3), with similar trends observed for other TG parameters
(endogenous thrombin potential, velocity index; data not shown).

Safety

Adverse events. The majority of AEs reported during the main 1
extension parts of explorer4 and explorer5 were mild, with no deaths
and no events leading to withdrawal from the trial (Table 2). There
were no TEs recorded during either trial, including after administration
of rFVIIa together with concizumab during the explorer4 trial. Fifteen
injection site reactions were reported in 4 patients (40%) with HBwI
and 3 reactions in 2 patients (13.3%) with HAwI during the main 1
extension parts of explorer4, and 25 injection site reactions were
reported in 14 patients (39%) during explorer5. The majority of these
were bruising, hematoma, or hemorrhage, with most occurring in
patients receiving a concizumab dose of 0.15 mg/kg (supplemental
Table 4).

No hypersensitivity reactions were observed during the main 1
extension parts of the explorer4 inhibitor trial. As previously reported
by Shapiro et al,17 three nonserious mild events of hypersensitivity
reactions were reported in 1 patient (on a dose of concizumab
0.15 mg/kg) during the main part of explorer5. This patient had previ-
ously experienced similar symptoms while receiving treatment with
another drug and recovered within the same day without requiring
treatment for these symptoms. Elevated D-dimer and prothrombin
fragment 112 levels were observed across all concizumab dose
levels, indicating the hemostatic effect of concizumab (Figure 4C-D).

A post hoc subanalysis of patients who switched from rFVIIa
on-demand during the main part of explorer4 to concizumab prophy-
laxis during the extension part showed that safety observations in
these patients were similar to those seen in the overall study
population.

Immunogenicity. Concizumab ADAs developed in 6 and 9
patients during the main 1 extension parts of explorer4 and
explorer5, respectively, with no apparent clinical effect in all but 1
patient from explorer4. Titers were low in 5 of the patients with
ADAs in explorer4 and dropped below detectable levels during the
course of the trial in 3 of these patients. Titers were also low in all 9
patients who developed ADAs during explorer5, with 7 patients
developing transient ADAs during the trial and 2 developing ADAs
at the end-of-trial visit (with no further follow-up in these patients, as
per protocol). One patient from explorer4 with initially low-titer ADAs
went on to develop a high titer with in vitro neutralizing activity after
experiencing severe trauma with a temporary pause in concizumab
treatment. This patient continued to receive concizumab, despite
free TFPI restoration, and reported 2 bleeding episodes over a
period of .7 months. The patient was eventually withdrawn from
the trial due to suspicion of no therapeutic effect with restoration of
free TFPI; however, the clinical effect of ADAs in this patient remains
inconclusive. Further details of the patient’s clinical course are pro-
vided in the supplemental Materials. For 1 patient who developed
ADAs during explorer5, a positive in vitro neutralizing result was
observed at 1 visit, with a negative result at all subsequent visits.22

Discussion

As previously reported, clinical proof-of-concept for once-daily sub-
cutaneous prophylaxis with concizumab across hemophilia subtypes
was established during the main parts of the phase 2 explorer4 and

Table 1. Concizumab dose escalation during the main 1
extension parts of explorer4 (HAwI, HBwI) and explorer5 (HA)

according to hemophilia subtype; full analysis set

Dose escalation* HA (n 5 36) HAwI (n 5 15) HBwI (n 5 10)

None, 0.15 mg /kg only 15 (41.7) 7 (46.7) 5 (50.0)

One, 0.15 and 0.20 mg/kg 10 (27.8) 6 (40.0) 3 (30.0)

Two, 0.15, 0.20, and 0.25 mg/kg 11 (30.6)† 2 (13.3) 2 (20.0)

*Data are presented as n (percentage of patients) with dose escalation.
†One HA patient with 2 escalations was later de-escalated to concizumab 0.15 mg/kg,

and one HA patient with 2 escalations was later de-escalated to concizumab 0.20 mg/kg
before a further escalation to concizumab 0.25 mg/kg.
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explorer5 trials.17 Results from the main 1 extension parts reported
here support the clinical proof-of-concept established in the main
parts of the trials and provide details of the longer term (at least 76
weeks) efficacy and safety with concizumab prophylaxis in patients
with HA, HAwI, and HBwI.

Concizumab efficacy was maintained, with more patients having a
dose escalation during the extension parts of both trials, and esti-
mated ABRs at last concizumab dose level after at least 76 weeks
of treatment were comparable to those observed in the main parts
($24 weeks). As previously reported,17 during the main part of the
explorer4 trial, patients with HAwI and HBwI who received concizu-
mab treatment experienced reduced ABRs compared with historical

values, whereas those who received rFVIIa had ABRs similar to his-
torical levels. In addition, when these latter patients were switched
to concizumab prophylaxis during the extension part, ABR was sub-
stantially reduced, with a ratio of 0.26 (95% CI, 0.13-0.54). The
explorer4 trial included 10 patients with HBwI, representing a vul-
nerable, rare patient population with a particularly high level of
unmet needs. The results reported here are particularly important for
this group, for whom an adequate prophylactic treatment does not
currently exist.

Results from the main 1 extension parts showed that concizumab
prophylaxis was generally well tolerated in patients with and without
inhibitors, with no AEs leading to withdrawal, TEs, or deaths during

Table 2. Treatment-emergent AEs according to hemophilia subtype during the main 1 extension parts of explorer4 (HAwI, HBwI) and

explorer5 (HA); safety analysis set

Hemophilia subtype HA (n 5 36) HAwI (n 5 15) HBwI (n 5 10)

Cumulative concizumab exposure time,
including follow-up, y

71.9 27.0 18.3

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

All AEs 33 (91.7) 298 [4.1] 13 (86.7) 67 [2.5] 9 (90.0) 64 [3.5]

Serious AEs 5 (13.9) 5 [0.1] 0 5 (50.0) 9 [0.5]

Severe 4 (11.1) 4 [0.1] 0 2 (20.0) 4 [0.2]

Fatal 0 0 0

AEs leading to withdrawal 0 0 0

AESI (thromboembolic events) 0 0 0

Most frequent AEs by PT and SOC, ‡5%

Gastrointestinal disorders

Dental caries 3 (8.3) 6 [0.1] 0 1 (10.0) 2 [0.1]

Diarrhea 1 (2.8) 1 [0.0] 3 (20.0) 3 [0.1] 1 (10.0) 2 [0.1]

General disorders and administration site conditions

Injection site reactions* 14 (38.9) 25 [0.3] 2 (13.3) 3 [0.1] 4 (40.0) 15 [0.8]

Pyrexia 3 (8.3) 4 [0.1] 2 (13.3) 2 [0.1] 0

Infections and infestations

Gastrointestinal infection 3 (8.3) 3 [0.0] 1 (6.7) 1 [0.0] 0

Influenza 4 (11.1) 4 [0.1] 1 (6.7) 1 [0.0] 0

Nasopharyngitis 12 (33.3) 22 [0.3] 0 3 (30.0) 6 [0.3]

Pharyngitis 3 (8.3) 3 [0.0] 1 (6.7) 2 [0.1] 0

Rhinitis 2 (5.6) 2 [0.0] 2 (13.3) 2 [0.1] 0

Upper respiratory tract infection 5 (13.9) 7 [0.1] 2 (13.3) 4 [0.1] 2 (20.0) 4 [0.2]

Investigations

D-dimer level increased 9 (25.0) 12 [0.2] 1 (6.7) 1 [0.0] 1 (10.0) 1 [0.1]

Prothrombin fragments 112 increased 7 (19.4) 12 [0.2] 2 (13.3) 2 [0.1] 0

Musculoskeletal and connective tissue disorders

Arthralgia 4 (11.1) 6 [0.1] 3 (20.0) 3 [0.1] 0

Back pain 5 (13.9) 7 [0.1] 0 0

Nervous system disorders

Headache 8 (22.2) 12 [0.2] 1 (6.7) 1 [0.0] 1 (10.0) 1 [0.1]

Respiratory, thoracic, and mediastinal disorders

Cough 4 (11.1) 4 [0.1] 0 0

%, percentage of patients with adverse event. AESI, AE of special interest; E, number of AEs; PT, preferred term; R, rate calculated as the number of AEs per patient-years of
exposure; SOC, system organ class.
*Injection site reactions included injection site bruising, injection site hematoma and injection site hemorrhage.
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either trial. The majority of injection site reactions reported were
bruising, hemorrhages, and hematomas, and they mainly occurred in
patients on a dose of concizumab 0.15 mg/kg. Concizumab was
also well tolerated during the extension part in patients who
received rFVIIa on-demand during the main part of explorer4.

Although there were no TEs during explorer4 or explorer5, they
are an important safety consideration that must be kept in mind
for ongoing development of non-factor replacement therapies.
Development of the anti-TFPI monoclonal antibody
BAY1093884 was terminated after 3 TEs occurred in 24
patients who received at least 1 dose of treatment.14 This anti-
body targets the Kunitz 1 (K1) and K2 domains of TFPI,23

meaning there is no free K1 in TFPI bound to the antibody and
subsequently no TFPI inhibition of TF-FVIIa, resulting in a poten-
tially higher risk for TEs compared with antibodies that only
bind the K2 domain of TFPI. Three cases of thrombotic micro-
angiopathy and 7 TEs were reported during the HAVEN trials
with emicizumab treatment, with the thrombotic microangiopa-
thies and 2 of the TEs occurring in patients who had also been
exposed to activated prothrombin complex concentrate at
doses .100 U/kg per day.24,25 A phase 2 trial evaluating the
short interfering RNA conjugate fitusiran (which targets the
AT3 gene) was temporarily paused after a drug-related TE and
subsequent death. The clinical development program has since
been resumed with lower doses of fitusiran and reduced doses
of concomitant factor products for the treatment of break-
through bleeds.13,26 As discussed in the current article, conci-
zumab clinical development was paused after the occurrence
of TEs in 3 patients in the phase 3 trials; however, these trials
have since been restarted with risk mitigation in place.19

Development of ADAs (inhibitors) is a key limitation of factor
replacement therapy for patients with hemophilia. However, ADAs
can also be a limitation for non-factor replacement therapies.27,28 In

the explorer4 and explorer5 trials, longer term treatment with conci-
zumab exhibited an acceptable immunogenicity profile. Although
25% of patients developed ADAs during the main 1 extension
parts, the majority were low titer and transient with no observed clin-
ical effects, with the exception of 1 patient from explorer4. This
patient developed high-titer ADAs with in vitro neutralizing activity
after an event of severe trauma. The increase in the titer of ADAs in
this patient could potentially be explained by the hypothesis that
traumatic injuries can shift the balance of the immune system
towards pro-inflammatory and counter-inflammatory phenotypes29;
however, the clinical impact of ADAs for this patient remains incon-
clusive due to their complex clinical course.

Concizumab prophylaxis was associated with improvements in
patient-reported outcomes during explorer4 and explorer5, particu-
larly in clinically relevant domains such as physical function, vitality,
and bodily pain.30 Although improvements were observed in both
patient populations, margins of improvement were greater in
patients with inhibitors, which may reflect the lower quality of life at
baseline in these patients. A key consideration when assessing
improvements in quality of life in patients with hemophilia is the
impact of treatment on arthropathy.31 The improvements observed
in physical functioning domains during the phase 2 concizumab tri-
als may reflect a potential positive impact on arthropathy, and they
merit further investigation in future clinical trials.

Overall, the results presented here from the extension parts of
the phase 2 explorer4 and explorer5 trials were consistent with
main part results and provide support for the development of
concizumab as a once-daily, subcutaneous treatment across all
hemophilia subtypes. The ongoing explorer7 and explorer8
phase 3 clinical trials will provide further insight into the safety
and efficacy of concizumab as a treatment for patients with
hemophilia.
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Figure 3. ABRs (treated bleeding episodes on the last concizumab dose level) during the main 1 extension parts of the phase 2 concizumab trials

explorer4 (HAwI, HBwI) and explorer5 (HA) by hemophilia subtype; full analysis set. Least-squares mean estimates of ABR (95% CI) are shown. The ABR estimate

was based on a negative binomial regression with log of exposure time as offset and hemophilia type as factor (explorer4).

14 JUNE 2022 • VOLUME 6, NUMBER 11 LONG-TERM EFFICACY AND SAFETY OF CONCIZUMAB 3429

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/11/3422/1900431/advancesadv2021006403.pdf by guest on 04 M

ay 2024



Acknowledgments

The authors thank the patients, their families, and all trial investi-
gators for their participation and support in explorer4 and
explorer5, and also the external independent data monitoring
committee for their assistance with these studies.
These studies were funded by Novo Nordisk A/S. Medical

writing support, under the direction of the authors, was provided
by Ashfield MedComms GmbH (an Ashfield Health company)
and was funded by Novo Nordisk A/S.

Authorship

Contribution: All authors were investigators in either the explorer4 or
the explorer5 trial, recruited patients into the studies, analyzed and
interpreted the data, contributed to subsequent writing and review
of the manuscript, and approved the final version for submission.

Conflict-of-interest disclosure: A.D.S. has received research/grant
support from Agios, BioMarin, Bioverativ, Daiichi Sankyo,

Genentech/Roche, Glover Blood Therapeutics, Kedrion Biopharma,
Novartis, Novo Nordisk, Octapharma, Pfizer, ProMetic BioTherapeu-
tics, Sigilon, and Takeda; has acted as a consultant for Catalyst Bio-
Sciences, Genentech/Roche, Kedrion Biopharma, Novo Nordisk,
Pfizer, ProMetic BioTherapeutics, and Sigilon; and has participated
on the speakers bureau for Genentech/Roche and Novo Nordisk.
A.P.W. has acted as a consultant for BioMarin, Novo Nordisk, Shire,
UniQure, Spark, Sanofi, Takeda, and HEMA Biologics. G.B. has
received speaker fees from Novo Nordisk, Takeda, and BMS. G.C.
has acted as a speaker at satellite symposia and during scientific
meetings for Novo Nordisk, Bayer, Grifols, LFB, Roche, Sobi,
Takeda, Werfen, and Kedrion; has received research funding directly
to his institution from CSL Behring, Pfizer, and Sobi; and has partici-
pated in advisory board meetings (within the last 2 years) for Novo
Nordisk, Ablynx, Alexion, Bayer, Takeda, CSL Behring, Pfizer, Roche,
Sanofi, Sobi, and uniQure. G.Y. has received consulting fees from
ApcinteX, BioMarin, Genentech/Roche, Grifols, Novo Nordisk, Pfizer,
Rani, Sanofi Genzyme, Spark, and Takeda; and has received funds
for research support from Genentech/Roche, Grifols, and Takeda.

A B

C D

Co
nc

izu
m

ab
 in

 p
las

m
a

(n
g/

m
L)

 —
log

 sc
ale

0

HA 36 34 33 33 31 32 3228 2829 2926 26 26 22 6 1727 27 27

1214 14 15 15 15 1515 15 1515 1415 5 2 1415 12 9

8 10 10 10 10 10 1010 10 88 88 6 3 88 8 6

HAwl

HBwl

HA HAwl HBwl

0

Number of subjects at each visit
HA 36 3433333232 3228 2727 2925 25 22 21 6 1627 28 26

151415151515 1515 15 1515 1415 5 2 1415 12 9

1010101010 9 1010 10 99 89 6 3 89 8 6

HAwl

HBwl

Number of subjects at each visit

Nominal time relative to first concizumab dose (weeks)

10
20
50

100
200
500

1000
2000
4000

20 40 60 80 100 120

Pr
ot

hr
om

bin
 fr

ag
m

en
ts 

1 
+ 

2 
in 

pla
sm

a
(p

m
ol/

L)
 —

log
 sc

ale

Prothrom
bin fragm

ents 1 + 2 in plasm
a

(pm
ol/L) —log scale

BC

Concizumab in plasma (ng/mL) —log scale

100

500

1000

2000

10 100 1000 10000

100

500

1000

2000

D-
dim

er
 m

ea
su

re
m

en
t b

y F
EU

 m
et

ho
d

(n
g-

m
L)

 —
log

 sc
ale

D-dim
er m

easurem
ent by FEU m

ethod
(ng-m

L) —log scale

BC

Concizumab in plasma (ng/mL) —log scale

500

1000

2000

4000

10 100 1000 10000

500

1000

2000

4000

Fr
ee

 ti
ss

ue
 fa

ct
or

 in
hib

ito
r

in 
pla

sm
a 

(n
g/

m
L)

0
0

Nominal time relative to first concizumab dose (weeks)

25

ULN

ULN

LLOQ

LLOQ

ULN

LLOQ

LLOQ

LLN50

75

100

125

20 40 60 80 100 120

HA HAwl HBwl

HA HAwl HBwl HA HAwl HBwl

Figure 4. Plots by hemophilia subtype of (A) concizumab plasma concentration (geometric mean) vs time; (B) free TFPI plasma concentration (mean) vs time;

(C) prothrombin fragments 112 vs concizumab plasma concentration; and (D) D-dimers vs concizumab plasma concentration in the main 1 extension parts of

the phase 2 concizumab trials explorer4 (HAwI, HBwI) and explorer5 (HA). All data from visit 16 were allocated to 118 weeks (HAwI and HBwI) or 126 weeks (HA) after

first concizumab dose (panels A and B). Data below the lower limit of quantification (LLOQ) were included as LLOQ/2 in the calculations. Horizontal dashed lines in panel A

indicate a concizumab exposure level between 200 and 4000 ng/mL. Baseline values for panels C and D were assigned to Visit 9 (last treatment during main part) for the

on-demand treatment arm in explorer4. BC, baseline concizumab; FEU, fibrinogen-equivalent units; LLN, lower limit of normal; ULN, upper limit of normal.

3430 SHAPIRO et al 14 JUNE 2022 • VOLUME 6, NUMBER 11

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/11/3422/1900431/advancesadv2021006403.pdf by guest on 04 M

ay 2024



H.E. has received research support or funding from Bayer Vital, CSL
Behring, Sobi, and Pfizer; and has acted as a consultant for Bayer
Vital, Biotest, CSL Behring, Roche, Sobi, Novo Nordisk, and Pfizer.
J.A. has received research grants from Sobi, CSL Behring, Takeda/
Shire, and Bayer; and has received speaker fees and acted as a
consultant for Octapharma, Novo Nordisk, Pfizer, Bayer, Sobi,
Sanofi, CSL Behring, Takeda/Shire, BioMarin, UniQure, and Spark
Therapeutics. J.O. has received research support/acted as an investi-
gator for Bayer, Biotest, CSL Behring, Octapharma, Pfizer, Sobi and
Takeda; and acted as a consultant, speaker, or advisory board mem-
ber for/received honoraria from Bayer, Biogen Idec, BioMarin, Biot-
est, Chugai, CSL Behring, Freeline, Grifols, Novo Nordisk,
Octapharma, Pfizer, Roche, Sanofi, Sparks, Sobi, and Takeda. K.K.
has participated in advisory board meetings for Novo Nordisk,
Takeda, Roche, Bayer, CSL Behring, and Pfizer. L.H.P. has received
funding for attending congresses and meetings from Bayer, Novo
Nordisk, Pfizer, and Sobi. P.A. has received research funding from
Novo Nordisk for clinical trials in hemophilia. P.C. has served on advi-
sory boards for Bayer, Boehringer Ingelheim, CSL Behring, Chugai,
Freeline, Novo Nordisk, Pfizer, Roche, Sanofi, Spark, Sobi, and

Takeda; and received research funding from Bayer, CSL Behring,
Freeline, Novo Nordisk, Pfizer, Sobi, and Takeda. S.Z.-S. has
received reimbursement for attending symposia/congresses and hon-
oraria from Baxter, Bayer, Novo Nordisk, Octapharma, Roche, Sobi,
and Takeda. T.M. has served on advisory boards for Takeda, Bayer,
Novo Nordisk, Chugai, and Pfizer; received educational and investi-
gational support from Chugai and Novo Nordisk; and received hono-
raria from Takeda, Bayer, Sanofi, Chugai, CSL Behring, JB, KM
Biologics, Kirin, Novo Nordisk, Octapharma, and Sysmex. V.J.-Y. has
received reimbursement for attending symposia/congresses and/or
honoraria for speaking or consulting, and/or research funding from
Takeda, Bayer, CSL Behring, Grifols, Novo Nordisk, Sobi, Roche,
Octapharma, and Pfizer.

ORCID profiles: J.A., 0000-0001-8500-2483; V.J.-Y., 0000-
0003-3937-3499; A.P.W., 0000-0003-3967-4873; G.Y., 0000-
0001-6013-1254; S.Z.-S., 0000-0002-6244-2336.

Correspondence: Amy D. Shapiro, Indiana Hemophilia &
Thrombosis Center, 8326 Naab Rd, Indianapolis, IN 46260;
e-mail: ashapiro@IHTC.org.

References

1. Kloosterman F, Zwagemaker AF, Abdi A, Gouw S, Castaman G, Fijnvandraat K. Hemophilia management: huge impact of a tiny difference. Res
Pract Thromb Haemost. 2020;4(3):377-385.

2. Srivastava A, Santagostino E, Dougall A, et al. WFH guidelines for the management of hemophilia, 3rd edition. Haemophilia. 2020;26(suppl 6):
1-158.

3. Thornburg CD, Duncan NA. Treatment adherence in hemophilia. Patient Prefer Adherence. 2017;11:1677-1686.

4. Berntorp E, Dolan G, Hay C, et al. European retrospective study of real-life haemophilia treatment. Haemophilia. 2017;23(1):105-114.

5. van den Berg HM, Fischer K, Carcao M, et al; PedNet Study Group. Timing of inhibitor development in more than 1000 previously untreated
patients with severe hemophilia A. Blood. 2019;134(3):317-320.

6. Wight J, Paisley S. The epidemiology of inhibitors in haemophilia A: a systematic review. Haemophilia. 2003;9(4):418-435.

7. Giangrande PLF, Hermans C, O’Mahony B, et al; European Haemophilia Consortium (EHC) and the European Association for Haemophilia and
Allied Disorders (EAHAD). European principles of inhibitor management in patients with haemophilia. Orphanet J Rare Dis. 2018;13(1):66.

8. Male C, Andersson NG, Rafowicz A, et al. Inhibitor incidence in an unselected cohort of previously untreated patients with severe haemophilia B:
a PedNet study. Haematologica. 2021;106(1):123-129.

9. Puetz J, Soucie JM, Kempton CL, Monahan PE; Hemophilia Treatment Center Network (HTCN) Investigators. Prevalent inhibitors in haemophilia
B subjects enrolled in the Universal Data Collection database. Haemophilia. 2014;20(1):25-31.

10. Chitlur M, Warrier I, Rajpurkar M, Lusher JM. Inhibitors in factor IX deficiency a report of the ISTH-SSC international FIX inhibitor registry
(1997-2006). Haemophilia. 2009;15(5):1027-1031.

11. Kempton CL, Meeks SL. Toward optimal therapy for inhibitors in hemophilia. Blood. 2014;124(23):3365-3372.

12. Butterfield JSS, Hege KM, Herzog RW, Kaczmarek R. A molecular revolution in the treatment of hemophilia. Mol Ther. 2020;28(4):997-1015.

13. Nogami K, Shima M. New therapies using nonfactor products for patients with hemophilia and inhibitors. Blood. 2019;133(5):399-406.

14. ClinicalTrials.gov. Multiple Escalating Dose Study of BAY1093884 in Adults With Hemophilia A or B With or Without Inhibitors (NCT03597022).
Available at: https://clinicaltrials.gov/ct2/show/NCT03597022. Accessed 15 September 2021.

15. Hilden I, Lauritzen B, Sørensen BB, et al. Hemostatic effect of a monoclonal antibody mAb 2021 blocking the interaction between FXa and TFPI in
a rabbit hemophilia model. Blood. 2012;119(24):5871-5878.

16. Eichler H, Angchaisuksiri P, Kavakli K, et al. A randomized trial of safety, pharmacokinetics and pharmacodynamics of concizumab in people with
hemophilia A. J Thromb Haemost. 2018;16(11):2184-2195.

17. Shapiro AD, Angchaisuksiri P, Astermark J, et al. Subcutaneous concizumab prophylaxis in hemophilia A and hemophilia A/B with inhibitors: phase
2 trial results. Blood. 2019;134(22):1973-1982.

18. Eichler H, Angchaisuksiri P, Kavakli K, et al. Concizumab restores thrombin generation potential in patients with haemophilia: pharmacokinetic/
pharmacodynamic modelling results of concizumab phase 1/1b data. Haemophilia. 2019;25(1):60-66.

19. Seremetis SV, Cepo K, Skovgaard Rasmussen J, et al. Risk mitigation strategy for concizumab clinical trials after pause due to non-fatal thrombotic
events. Blood. 2020;136(suppl 1):40.

14 JUNE 2022 • VOLUME 6, NUMBER 11 LONG-TERM EFFICACY AND SAFETY OF CONCIZUMAB 3431

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/11/3422/1900431/advancesadv2021006403.pdf by guest on 04 M

ay 2024

https://orcid.org/0000-0001-8500-2483
https://orcid.org/0000-0003-3937-3499
https://orcid.org/0000-0003-3937-3499
https://orcid.org/0000-0003-3967-4873
https://orcid.org/0000-0001-6013-1254
https://orcid.org/0000-0001-6013-1254
https://orcid.org/0000-0002-6244-2336
mailto:ashapiro@IHTC.org


20. Srivastava A, Brewer AK, Mauser-Bunschoten EP, et al; Treatment Guidelines Working Group on Behalf of the World Federation of Hemophilia.
Guidelines for the management of hemophilia. Haemophilia. 2013;19(1):e1-e47.

21. Shapiro AD, Cepo K, Tønder SM, Young G, Jim�enez-Yuste V. Safety and efficacy of concizumab prophylaxis following a switch from rFVIIa
on-demand treatment: sub-analysis results from the phase 2 explorer4 trial in patients with hemophilia A or B with inhibitors. Res Pract Thromb
Haemost. 2021;5(suppl 2), PB 0503.

22. Hummelshøj Landsy L, Castaman G, Cepo K, Lenting PJ, Oldenburg J. Immunogenicity in the concizumab phase 2 clinical trials: clinical impact of
anti-drug antibodies. Res Pract Thromb Haemost. 2021;5(suppl 2):e12591, OC32.3.

23. Yegneswaran S, Evans V, Jiang X, et al. BAY 1093884 binds to the Kunitz 1 and 2 domain interface of tissue factor pathway inhibitor and inhibits
its function. Res Pract Thromb Haemost. 2017;1(suppl 1):146 (PB 892).

24. Makris M, Iorio A, Lenting PJ. Emicizumab and thrombosis: the story so far. J Thromb Haemost. 2019;17(8):1269-1272.

25. Oldenburg J, Mahlangu JN, Kim B, et al. Emicizumab prophylaxis in hemophilia A with inhibitors. N Engl J Med. 2017;377(9):809-818.

26. World Federation of Hemophilia. Alnylam suspends fitusiran dosing due to thrombotic event in phase 2 open-label extension study. Available at:
https://news.wfh.org/alnylam-suspends-fitusiran-dosing-due-thrombotic-event-phase-2-open-label-extension-study/. Accessed 15 September 2021.

27. World Federation of Hemophilia. First case of an anti-drug antibody reported in Hemlibra trial. Available at: https://news.wfh.org/firstcase-anti-drug-
antibody-reported-hemlibratrial/. Accessed 15 September 2021.

28. Mahlangu J, Paz P, Hardtke M, Aswad F, Schroeder J. TRUST trial: BAY 86-6150 use in haemophilia with inhibitors and assessment for
immunogenicity. Haemophilia. 2016;22(6):873-879.

29. Stoecklein VM, Osuka A, Lederer JA. Trauma equals danger—damage control by the immune system. J Leukoc Biol. 2012;92(3):539-551.

30. Lee XY, Cepo K, Porstmann T. Concizumab subcutaneous prophylaxis improves health-related quality-of-life measures in patients with congenital
hemophilia with inhibitors: phase 2 trial results. Blood. 2019;134(suppl 1):2419.

31. Lobet S, Hermans C, Lambert C. Optimal management of hemophilic arthropathy and hematomas. J Blood Med. 2014;5:207-218.

3432 SHAPIRO et al 14 JUNE 2022 • VOLUME 6, NUMBER 11

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/6/11/3422/1900431/advancesadv2021006403.pdf by guest on 04 M

ay 2024

https://news.wfh.org/firstcase-anti-drug-antibody-reported-hemlibratrial/
https://news.wfh.org/firstcase-anti-drug-antibody-reported-hemlibratrial/

	TF1
	TF2
	TF3
	TF4

