Review

Clinical and Applied
Thrombosis/Hemostasis

Volume 31: |-14

© The Author(s) 2025

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/10760296251342968
journals.sagepub.com/home/cat

S Sage

Evaluating the Safety and Efficacy
of Concizumab in Hemophilia A/B
Patients: A Systematic Review

Erum Siddiqui, MBBS' (2, Maliha Khalid, MBBS' (), Muhammad Saad Khan,
MBBS' (0, Kanza Farhan, MBBS' (), Muhammad Mohsin Khan, MBBS'
and Aminath Waafira, MBBS?

Abstract

Background: Hemophilia A and B are X-linked recessive bleeding disorders caused by deficiencies of coagula-
tion factors VIl and IX, respectively. These conditions lead to spontaneous bleeding, joint damage, inhibitor de-
velopment, and the burden of frequent intravenous infusions. Concizumab, a monoclonal antibody targeting
tissue factor pathway inhibitor (TFPI), is a novel non-factor therapy that enhances thrombin generation. This
systematic review evaluates the efficacy and safety of concizumab prophylaxis in patients with hemophilia A
and B.

Methods: This systematic review was conducted in accordance with PRISMA guidelines. Randomized controlled
trials (RCTs) assessing the use of concizumab in hemophilia A or B were identified through a comprehensive
search of electronic databases. Outcomes of interest included annualized bleeding rate (ABR), thrombin gener-
ation, bleeding episodes, immunogenicity, and adverse events. The Cochrane Risk of Bias Tool 2.0 was used for
quality assessment.

Results: Five studies were included. Concizumab prophylaxis was associated with a notable reduction in ABR, with
reported decreases from 9.4 to 1.3 episodes/year and from 19.6 to 2.9 episodes/year in hemophilia A, and from 14.9 to
|.6 episodes/year in hemophilia B. Thrombin generation increased in a dose-dependent manner and stabilized by week
24. Across all studies, bleeding episodes were significantly reduced. Adverse events were primarily mild to moderate.
No thromboembolic events were reported.

Conclusion: Concizumab appears to be an effective and safe prophylactic treatment for patients with hemophilia A
and B, demonstrating consistent reductions in bleeding rates and enhanced thrombin generation. Further long-term
studies are warranted to establish its sustained safety and efficacy.
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adverse influence on morbidity, mortality, and quality of
life.? Patient outcomes have improved with the therapy ad-
vancements, but challenges still exist, especially in terms

Introduction

Hemophilia A and B are the X-linked recessive bleeding
disorders that are caused due to deficiencies in coagulation
factor VIII (FVII) and factor IX (FIX), respectively.l
Joints, muscles, and soft tissues are the important areas, af-
fected by prolonged bleeding episodes caused by deficien-
cies of these components, which reduce thrombin
production.? Lack of sufficient prophylaxis causes patients
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to suffer life-threatening bleeding events, progressive joint
deterioration (hemophilic arthropathy) and repeated spon-
taneous hemorrhages. All of these have a substantial
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of medication adherence, inhibitor development, and the
cost of frequent intravenous infusions.

Factor replacement therapy, which can be given both
as prophylactic to stop spontanecous hemorrhages and
on-demand during bleeding episodes, is the cornerstone of
conventional hemophilia management approaches.* The for-
mation of inhibitors, repeated intravenous infusions and high
costs are some of the limitations of factor replacement treat-
ment, even though it has greatly decreased bleeding-related
outcomes.™® About 30% of patients with severe hemophilia
A and 3%—5% of patients with hemophilia B acquire inhibi-
tors, which are alloantibodies that neutralize foreign clotting
factors.” By reducing the effectiveness of conventional factor
replacement therapy, the presence of inhibitors makes treat-
ment more difficult and calls for the use of bypassing drugs
like recombinant factor VIla (rFVIIa) or activated prothrom-
bin complex concentrate (PCC). However, these therapies
often have limitations, require high doses, and carry an in-
creased risk of thrombotic events. Consequently, there has
been growing interest in non-factor-based therapies that
can provide more effective and convenient alternatives for
hemophilia management.®’

Concizumab is a novel monoclonal antibody that repre-
sents a significant advancement in hemophilia manage-
ment.'” It works by targeting tissue factor pathway
inhibitor (TFPI), a key regulator of coagulation that inhi-
bits factor Xa (FXa) and tissue factor-mediated thrombin
production. By selectively inhibiting TFPI, concizumab
restores thrombin production and enhances hemostatic
balance in hemophilia A and B patients irrespective of in-
hibitor status.''"'* Unlike conventional factor-based ther-
apies, concizumab doesn’t rely on FVIII or FIX
replacement, which makes it beneficial, particularly for pa-
tients with inhibitors. Moreover, its subcutaneous route of
administration provides a more convenient and less inva-
sive alternative to intravenous infusions, thus improving
treatment adherence and patient outcomes. "

Several clinical trials have evaluated the efficacy and
safety of concizumab. Phase 2 trials, including the explorer4
and explorer5S studies, demonstrated that concizumab
prophylaxis significantly reduced hemophilia A and B’s an-
nual bleeding rate (ABR).'® Given the concizumab promis-
ing yet developing role in hemophilia treatment, a careful
assessment of the current data is necessary for future research
and clinical practice. The purpose of this systematic review
(SR) is to evaluate the safety and effectiveness of concizu-
mab prophylaxis in patients with hemophilia A and B.

Methodology

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) criteria and registered with
PROSPERO (CRD420251014850) accessible at https:/
www.crd.york.ac.uk/PROSPERO/view/CRD420251014850

Data Sources and Search Strategy

This systematic review was conducted conclusively with the
Preferred Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines."* A comprehensive electronic search
of PubMed (Medline), ScienceDirect, EMBASE, Scopus,
and Cochrane Central databases was conducted from inception
to December 2024. The following search terms were used:
(“Concizumab” OR “Tissue Factor Pathway Inhibitor” OR
“TFPI”) AND (“Hemophilia” OR ‘“Hemophilia A” OR
“Hemophilia B” OR “Factor VIII Deficiency” OR “Factor
IX Deficiency” OR “Christmas Disease”). Two unbiased
authors (ES and MK) searched without limitations or conflicts
of interest. A search was conducted on “clinicaltrials.gov” for
relevant published or unpublished clinical trials. Furthermore,
we conducted a manual search of the reference lists of the in-
cluded research, as well as related meta-analyses and review ar-
ticles, to identify possibly relevant studies.

Study Selection

The eligibility criteria were randomized controlled trials
(RCTs) with a target population of males aged 12-85 with
hemophilia A or B, either with or without inhibitors. Eligible
participants had severe hemophilia A (FVIII <1%) or moder-
ate/severe hemophilia B (FIX <2%). They received concizu-
mab or control (placebo/ no prophylaxis) with a minimum
body weight of 25 kg and a BMI range of 18-30 kg/m?. All
males with low platelet count (<50,000-100,000/uL) or
fibrinogen levels below 2 g/L, renal impairment, hepatic
dysfunction or any other comorbidities were excluded.
Articles such as non-randomized trials, observational studies,
peer-reviewed commentaries, letters to the editor, and case re-
ports were also excluded.

Data Extraction and Quality Assessment

Duplicate studies were removed from the list through
Endnote Reference Library Software. All reviewers then
carefully assessed the remaining articles, and only those
that met the previously stated eligibility conditions were in-
cluded. All the articles were first screened based on the ab-
stract and title, followed by full text. A third reviewer was
consulted to resolve any disagreements regarding the results.
An online Microsoft Excel spreadsheet was created using
data from the completed RCTs for the baseline characteris-
tics and outcomes. Baseline parameters are as follows: age
range (years), weight (kg), BMI (kg-m2), ethnicity, FVIII le-
vel (%), historical annualized bleeding rate (ABR), moderate
hemophilia, severe hemophilia, number of positive inhibitor
tests, race. The following outcomes were included:

Primary Outcomes

Annualized bleeding rate (ABR), Bleeding episodes,
Thrombin Generation.
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Secondary Outcomes

Immunogenicity (Anti-Drug Antibodies (ADAs)/anti-
bodies against concizumab), Prothrombin Time (PT),
Activated Partial Thromboplastin Time (aPTT), D dimer,
prothrombin F1+2, TFPI Levels, safety outcomes, ad-
verse events like injection site reaction and patient-related
outcomes like pyrexia, musculoskeletal pain and upper re-
spiratory tract infection.

The modified Cochrane Collaboration risk of bias tech-
nique was utilized to check the reliability of RCTs. Quality
assessment and risk of bias were independently assessed
using the Cochrane Risk of Bias Tool 2 tool on all included
RCTs by two investigators, and the results were matched.
Any discrepancies were resolved by team consensus.

Data Synthesis

We were unable to perform a meta-analysis of all primary
outcomes due to the unavailability of complete and con-
sistent data across the included studies. While thrombin
generation, annualized bleeding rate (ABR), and bleeding
episodes were reported in multiple trials, significant varia-
tions in study designs, outcome definitions, and data re-
porting methods limited the feasibility of statistical
pooling. Some studies lacked essential measures such as
standard deviations, confidence intervals, or numerical
outcome data, which are necessary for meta-analysis.
Additionally, differences in patient populations, including
the presence or absence of inhibitors, varying age ranges,
and heterogeneous dosing regimens, introduced clinical
heterogeneity that further constrained direct comparisons.
Given these limitations, we conducted a systematic review
of randomized controlled trials (RCTs) to qualitatively
synthesize the available evidence on the efficacy and
safety of concizumab. However, forest plots were gener-
ated for the visual display of safety outcomes by using
Review Manager (version 5.4. Copenhagen: Nordic
Cochrane Centre, The Cochrane Collaboration, 2014).
These outcomes were displayed as risk ratios (RR) with
a 95% confidence interval using the random effects model.

Results

Study Selection

First, 25,000 records were identified via database searches
like PubMed (Medline), ScienceDirect, EMBASE,
Scopus, and Cochrane Central). Of these, 24,480 records
remained after duplicate removal and were screened at the
title and abstract levels. This resulted in 24,468 records
being excluded, including review articles, abstracts, case
reports, and observational studies, with 12 full-text rando-
mised control trials remaining for eligibility evaluation.
Seven studies were excluded as being out of scope,

resulting in a final selection of 5 studies to be included
in the analysis. This stringent inclusion approach signifi-
cantly chose the most relevant and high-quality studies
for final review. The study selection steps are presented
in Figure 1.

Baseline Characteristics of Studies

The five articles included'®'>"'® were RCTs conducted on

individuals suffering from Hemophilia A or B. Table 1
(Baseline Characteristics) outlines the detailed characteris-
tics of the included studies and the results of each study.

Risk of Bias Assessment

The quality of individual studies was analyzed according
to the study design using the Cochrane Risk of Bias
Tool 2.0,' a checklist for analyzing the risk of bias in
studies. The results of the risk of bias assessment are pre-
sented in Figure 2.

Summary of Primary Outcomes and Key Findings
from Included Studies

See Table 2.

Reported Outcomes from All Included Studies
See Table 3.

Efficacy Outcomes

Annualized Bleeding Rate (ABR): The annualized bleeding
rate (ABR) was significantly reduced in patients receiving
concizumab prophylaxis across multiple studies. Tadashi
Matsushita (2023) reported a notable decline in spontan-
eous bleeding episodes, decreasing from 9.4 episodes per
year without prophylaxis to 1.3 episodes per year with
concizumab. Similarly, joint bleeding episodes were re-
duced from 9.1 to 1.4 episodes per year, while target joint
bleeding episodes dropped from 1.1 to 0.1 episodes per
year. P. Chowdary (2024) further demonstrated the effi-
cacy of concizumab in reducing ABR, with median
ABR decreasing to 2.9 (IQR 0.0-5.2) in hemophilia A pa-
tients and 1.6 (IQR 0.0-4.8) in hemophilia B patients, com-
pared to significantly higher rates in those without
prophylaxis (19.6 and 14.9, respectively). These findings
highlight the robust hemostatic efficacy of concizumab
in reducing bleeding frequency and improving clinical out-
comes in hemophilia patients. In the Explorer 4 inhibitor
trial, the estimated ABR was 4.5 (95% CI, 3.2; 6.4) in
the concizumab arm, significantly lower than 20.4 (95%
CI, 14.4; 29.1) in the rFVIla on-demand arm. In the
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Explorer 5 non-inhibitor trial, the estimated ABR was 7.0
(95% ClI, 4.6; 10.7) (Table 3).

Thrombin Generation: Across all studies, concizumab
demonstrated a dose-dependent increase in thrombin gener-
ation. Chowdary (2015) and Eichler (2018) observed con-
sistent increases with dosage increments. Matsushita
(2023) reported a rise in predose thrombin peak levels
from 13.5 nmol/L at baseline to 105.4 nmol/L at week 24,
which remained stable thereafter. Similarly, P. Chowdary
(2024) reported an increase from 23.2 nmol/L at baseline
to 81.1 nmol/L at week 24. In Explorer 4 and 5, concizumab
was associated with increased thrombin generation poten-
tial, as evidenced by increases in D-dimer and prothrombin
fragment 1 + 2 levels. (Table 3).

Bleeding Episodes: Chowdary (2015) observed 24
bleeds/bruises in 14 hemophilia patients (9 concizumab; 5
placebo). Eichler (2018) recorded 91 bleeding episodes
across 21 patients, with a dose-dependent reduction in
bleeding risk. Matsushita (2023) provided specific bleeding
rate reductions: spontaneous bleeding episodes decreased
from 9.4 to 1.3 episodes/year, joint bleeding episodes
from 9.1 to 1.4 episodes/year, and target joint bleeding epi-
sodes from 1.1 to 0.1 episodes/year. P. Chowdary (2024) re-
ported a median ABR reduction from 19.6 (IQR 17.3-30.4)
t0 2.9 (IQR 0.0-5.2) in hemophilia A patients and from 14.9
(IQR 3.3-22.1) to 1.6 (IQR 0.0-4.8) in hemophilia B pa-
tients. In Explorer 4, 47 treated bleeding episodes were re-
ported in the concizumab arm. In Explorer 5, a total of 70
treated bleeding episodes were reported. (Table 3).

Pharmacokinetics (PK)

Half-life of Concizumab: P.Chowdary (2015) reported a
half-life ranging from 31.1 to 74.2 h post-IV administra-
tion. Data for other studies were not reported (Table 3).

Maximum Plasma Concentration (Cmax): P.Chowdary
(2015) found a greater-than-dose-proportional increase in
Cmax, with 9000 pg/kg IV yielding 247 ng/mL and
3000 pg/kg SC yielding 16.7 ng/mL. Eichler (2018) re-
ported a non-linear dose-dependent increase in Cmax
across various doses (Table 3).

Steady-State Levels: Steady-state levels were achieved
before Day 42 in Eichler (2018). Other studies did not re-
port this outcome (Table 3).

Coagulation Parameters

Prothrombin  Time (PT) and Activated Partial
Thromboplastin Time (aPTT): No clinically significant
changes were observed in P.Chowdary (2015) and
Eichler (2018). Data were not reported in the later studies
(Table 3).

Endogenous Thrombin Potential (ETP): Eichler (2018)
noted a dose-dependent increase in thrombin generation,
with the highest dose (0.8 mg/kg) approaching normal

range values. Other studies did not report ETP values
(Table 3).

D-dimer and Prothrombin F1+ 2: Chowdary (2015)
and Eichler (2018) reported dose-dependent increases in
D-dimer and prothrombin F1+42 levels. Matsushita
(2023) confirmed that increased D-dimer levels correlated
with concizumab plasma concentrations.P. Chowdary
(2024) observed an increase in fibrin D-dimers in 8% of
patients. Explorers 4 and 5 also reported increased
D-dimer and prothrombin fragment 1+ 2 levels with con-
cizumab treatment, reflecting enhanced thrombin gener-
ation (Table 3).

Fibrinogen: No significant changes in fibrinogen levels
were observed in Eichler (2018) and Matsushita (2023)
(Table 3).

TFPI Data

A dose-dependent decrease in free TFPI levels was consist-
ently observed across all studies. Matsushita (2023) reported
areduction from 88.3 ng/mL (baseline) to 10.7 ng/mL (week
24), while P. Chowdary (2024) recorded a decrease from
84.8 ng/mL to 11.4 ng/mL at week 24. Similarly, Explorer
4 and 5 studies found that free TFPI levels were reduced
with increasing concizumab exposure (Table 3).

Immunogenicity

Anti-Drug Antibodies (ADAs): P.Chowdary (2015) and
Eichler (2018) detected no anti-concizumab antibodies.
Matsushita (2023) found ADAs in 26% of concizumab-
treated patients, mostly low titer, with no impact on bleed-
ing patterns or pharmacokinetics. P. Chowdary (2024) re-
ported low-titer ADAs in 14% of hemophilia A and 9% of
hemophilia B patients, with no significant impact on out-
comes. In both Explorer 4 and 5, three patients tested posi-
tive for ADAs, but these were low to medium titers and
showed no clinical impact. (Table 3).

Safety Outcomes

Adverse Events (AEs): Chowdary (2015) reported mild
(75%), moderate (22%), and severe (3%) AEs, none re-
lated to concizumab. Eichler (2018) observed 52 mild
and 2 moderate AEs. Matsushita (2023) found AEs in
63% of concizumab-treated patients, while Prof. Pratima
Chowdary (2024) reported SARS-CoV-2 infections
(13%), upper respiratory tract infections (7%), and
injection-site reactions. In both Explorer 4 and 5, concizu-
mab was reported to be safe and well tolerated, with most
AEs being mild and unrelated to treatment (Table 3).
Serious Adverse Events (SAEs): No SAEs related to
concizumab were reported by P.Chowdary (2015) and
Eichler (2018). Matsushita (2023) reported SAEs in 11%
of concizumab-treated patients, whereas P. Chowdary
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(2024) recorded SAEs in 9% of patients (22 events). In
Explorer 4, one SAE (central venous catheter removal)
was reported, but it was not related to concizumab.
(Table 3).

Thromboembolic Events: None of the studies reported
thromboembolic events.

Safety Analysis

Risk of Injection Site Reaction with Concizumab Versus
Control. Figure 3 shows a forest plot evaluating the risk
of injection site reactions in patients receiving
Concizumab compared to a control group. The pooled
RR wusing a random-effects model is 1.96 (95% CI:
0.15-25.45, p=.61), indicating no statistically significant
difference between the groups. H. Eichler (2018) reported
an RR of 0.67 (95% CI: 0.07-6.11), while T. Matsushita
(2023) reported an RR of 7.65 (95% CI: 0.45-128.67).
The heterogeneity analysis shows moderate variability
(I>=52%), though the Chi test (p =.15) does not indicate
significant heterogeneity. The wide confidence intervals
and the pooled estimate crossing the null line (RR=1)
suggest substantial uncertainty in the effect estimate.
With an overall Z-test of 0.52 (p=.61), the results do
not provide statistically significant evidence that concizu-
mab increases the risk of injection site reactions.

Risk of Musculoskeletal Pain with Concizumab Versus
Control. Figure 4 shows a forest plot assessing the risk
of musculoskeletal pain in patients receiving concizumab
compared to a control group. The pooled RR using a
random-effects model is 1.83 (95% CI: 0.21-15.63, p=
.58), indicating no statistically significant difference be-
tween the groups. H. Eichler (2018) reported an RR of
1.11 (95% CI: 0.05-24.07), while T. Matsushita (2023) re-
ported an RR of 2.94 (95% CI: 0.15-58.24). The hetero-
geneity analysis shows no observed variability (I>=0%),
suggesting consistency between studies, and the Chi? test
(p=.65) further supports this finding. With an overall
Z-test of 0.55 (p = .58), the results do not provide statistic-
ally significant evidence that concizumab increases the
risk of musculoskeletal pain.

Risk of Pyrexia with Concizumab Versus Control. Figure 5
shows a forest plot assessing the risk of pyrexia (fever)
in patients receiving concizumab compared to a control
group. The pooled RR using a random-effects model is
1.13 (95% CI: 0.18-7.29, p=.89), indicating no statistic-
ally significant difference between the groups. H. Eichler
(2018) reported an RR of 1.11 (95% CI: 0.05-24.07),
while T. Matsushita (2023) reported an RR of 1.15 (95%
CI: 0.11-11.87). The heterogeneity analysis shows no ob-
served variability (I2=0%), suggesting consistency be-
tween studies, and the Chi? test (p =.98) further supports
this finding. The wide confidence intervals and the pooled

estimate crossing the null line (RR = 1) indicate substantial
uncertainty in the effect estimate. With an overall Z-test of
0.13 (p=.89), the results do not provide statistically sig-
nificant evidence that concizumab increases the risk of
pyrexia.

Risk of Upper Respiratory Tract Infection with Concizumab
Versus Control. Supplementary Figure 1 shows a forest
plot assessing the risk of upper respiratory tract infection
(URTI) in patients receiving concizumab compared to a
control group. The pooled RR using a random-effects
model is 1.38 (95% CI: 0.22-8.54, p=.73), indicating no
statistically ~ significant  difference  between  the
groups. H. Eichler (2018) reported an RR of 1.84 (95%
CI: 0.10-33.82), while T. Matsushita (2023) reported an
RR of 1.15 (95% CI: 0.11-11.87). The heterogeneity ana-
lysis shows no observed variability (I2=0%), suggesting
consistency between studies, and the Chi? test (p=.80)
further supports this finding. With an overall Z-test of
0.35 (p =.73), the results do not provide statistically signifi-
cant evidence that Concizumab increases the risk of URTIL.

Discussion

This systematic review provides a comprehensive assess-
ment of the efficacy and safety of concizumab prophylaxis
in patients with hemophilia A and B, with or without inhi-
bitors. Concizumab serves as a novel and promising ther-
apy for hemophilia treatment by shifting away from
traditional factor replacement and it instead targets an al-
ternative pathway of coagulation regulation. It is a mono-
clonal antibody that inhibits tissue factor pathway inhibitor
(TFPI) which is a natural anticoagulant protein that regu-
lates thrombin production by suppressing factor-Xa
(FXa).'® In hemophilia patients, insufficient thrombin pro-
duction due to FVIII or FIX deficiency results in inad-
equate clot formation, which leads to excessive bleeding.
By inhibiting TFPI, concizumab restores thrombin produc-
tion, thereby protecting hemostasis and reducing the fre-
quency of bleeding episodes.”® This mechanism of
action makes concizumab particularly effective for pa-
tients with inhibitors, as its efficacy is independent of
FVIII or FIX levels. Additionally, concizumab is adminis-
tered subcutaneously, thus offering a more convenient and
less invasive alternative option to intravenous factor re-
placement therapy, which requires frequent infusions and
often central venous access. The availability of a subcuta-
neous therapy would improve treatment adherence, which
is a major concern in long-term hemophilia management,
particularly in younger patients or those with venous ac-
cess issues.

The findings from this systematic review indicate that
concizumab significantly reduces the annualized bleeding
rate (ABR) and overall bleeding episodes across multiple
randomized controlled trials (RCTs).">'® This aligns
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Table 2. Primary Outcomes and Key Findings of Included Studies.

Study Population Intervention Comparator Primary Outcome  Key Findings
P. Chowdary et al 28 healthy Single-dose IV/SC Placebo Safety No serious AEs related to
2015 volunteers, concizumab concizumab were
24 (loading dose of reported. 75% mild, 22%
hemophilia 1-0 mg/kg followed moderate, 3% severe (none

A/B patients by a daily dose of related to concizumab) AEs

0-2 mg/kg from day were reported, Mild

2) injection-site reactions, No
dose-dependent AE

pattern observed.

H. Eichler et al 24 hemophilia  Multiple SC Placebo Safety No serious AEs related to

2018 A patients concizumab doses concizumab were
without (0.25, 0.5 and reported, 56 adverse
inhibitors 0.8 mg kgl, once events (AEs) were

every 4 days) reported in 19 of 24
patients. majority of AEs
were mild (54 events), with
only 2 moderate events.
Common AEs included
headache, nasopharyngitis
(common cold), and
injection site erythema.

T. Matsushita et al 148 hemophilia Concizumab No Annualized Rate of Annualized bleeding rate was
2023 A/B patients prophylaxis (SC) prophylaxis Treated, significantly lower in the

without (loading dose of Spontaneous & concizumab group (1.7
inhibitors 1.0 mg per Traumatic episodes vs | |.8 episodes in
kilogram of body Bleeding no prophylaxis group, Rate
weight, followed by Episodes Ratio=0.14, p<.001)
0.2 mg per
kilogram daily)
P. Chowdary et al 133 hemophilia Concizumab No Annualized Concizumab significantly
2024 A/B patients prophylaxis (SC) prophylaxis Bleeding Rate reduced bleeding versus no

with (50-3000 (ABR) prophylaxis.

inhibitors micrograms kg-1) Haemophilia A: 86%
reduction (ABR ratio 0.14,
p<.0001).
Haemophilia B: 79%
reduction (ABR ratio 0.21,
p<.0001)

Amy D. Shapiro 26 hemophilia  Daily subcutaneous On-demand Annualized Estimated ABR: HAwl: 3.0
et al 2021 A/B patients concizumab treatment Bleeding Rate (95% ClI, 1.7; 5.3), HBwI:
(Explorer 4 with (0.15 mg/kg, with rFVlla (ABR) at last 5.9 (95% Cl, 4.2; 8.5), HA:
(Inhibitor Trial) inhibitors potential escalation dose level 7.0 (95% Cl, 4.6; 10.7). -

to 0.20 and Concizumab was safe and

0.25 mg/kg) well tolerated, with no
severe AEs or
thromboembolic events
reported.

Amy D. Shapiro 36 hemophilia  Daily subcutaneous no control Annualized Estimated ABR: 7.0 (95% Cl,
et al 2021 A patients concizumab group Bleeding Rate 4.6; 10.7) - Concizumab
(Explorer 5 without (0.15 mg/kg, (ABR) at last was safe and well tolerated,
(Non- Inhibitor inhibitors potential escalation dose level with no severe AEs or

Trial)

to 0.20 and

0.25 mg/kg)

thromboembolic events
reported. - Most patients
(63.9%) reported treated
bleeding episodes.
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Concizumab Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
(B) H. Eichler 2018 2 18 1 6 55.7% 0.67[0.07,6.11] 2018
(C) T. Matsushita 2023 6 33 0 19  44.3% 7.65[0.45,128.67) 2023 L
Total (95% CI) 51 25 100.0% 1.96 [0.15, 25.45] —*'
Total events 8 1
ity: P . Chi*= = = :P= + + + +
Heterogeneity: Tau —-1.79, Chi*=2.07,df=1 (P=0.15); F=52% 0.01 o1 10 100
Test for overall effect: Z= 0.52 (P = 0.61) Concizumab control
Figure 3. Forest Plot of Injection Site Reaction.
Concizumab Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
(B) H. Eichler 2018 1 18 0 6 48.4% 1.11 [0.05, 24.07) 2018
(C) T. Matsushita 2023 2 33 0 19 51.6% 2.94[0.15,58.24] 2023 ]
Total (95% CI) 51 25 100.0% 1.83[0.21, 15.63] —*—
Total events 3 0
Heterogeneity: Tau®= 0.00; Chi*= 0.20, df=1 (P = 0.65); IF= 0% 0402 U'L1 140 5%
Test for overall effect: Z= 0.55 (P = 0.58) : .Concizumab Control
Figure 4. Forest Plot of Musculoskeletal Pain.
Concizumab Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
(B) H. Eichler 2018 1 18 0 6 36.4% 1.11 [0.05, 24.07) 2018
(C) T. Matsushita 2023 2 33 i 19 63.6% 1.15([0.11,11.87) 2023
Total (95% CI) 51 25 100.0% 1.13[0.18, 7.29]
Total events 3 1
ity: == - Chi*= = = R= + + t + +
Heterogeneity: Tau 5 0.00; Chi*=0.00, df=1 (P =0.98); F=0% 005 02 7 5 20
Test for overall effect: Z=0.13 (P = 0.89) Concizumab  control

Figure 5. Forest Plot of Pyrexia.

result in a significant reduction in annualized bleeding
rates and an increased proportion of patients achieving
zero bleeds. Furthermore, improvements in health-related
quality of life were also noted, albeit with a higher inci-
dence of non-serious adverse events such as injection
site reactions.*” These findings highlight the growing evi-
dence base supporting multiple non-factor therapies be-
yond concizumab, underscoring the importance of
considering the broader therapeutic landscape when evalu-
ating bleeding prophylaxis in hemophilia

Despite the strengths of this systematic review, certain
limitations must be acknowledged. One of the primary
challenges encountered was the inability to conduct a
meta-analysis of all primary outcomes due to inconsisten-
cies in data reporting across studies. Several trials lacked
critical statistical parameters such as standard deviations
and confidence intervals, which are necessary for quantita-
tive synthesis. Additionally, heterogeneity in study

designs, including differences in dosing regimens, patient
populations (with vs without inhibitors), and inclusion cri-
teria, introduced challenges in directly comparing results
across studies. While our qualitative synthesis provides
valuable insights, future trials should focus on standar-
dized reporting of key outcomes to facilitate more robust
meta-analyses. Another limitation is the relatively short
follow-up duration in the included studies, which restricts
the ability to assess long-term safety and efficacy. While
no thromboembolic events were reported in the studies
analyzed, the long-term effects of sustained TFPI inhib-
ition remain unknown. Further research is needed to evalu-
ate whether prolonged use of concizumab could lead to
unexpected coagulation abnormalities or immune re-
sponses. In addition, although our search strategy was
comprehensive, this review was limited to published
RCTs, raising the possibility of publication bias. Studies
with negative or neutral findings may be underrepresented,
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potentially skewing the overall interpretation of concizu-
mab’s benefits and risks. Future systematic reviews should
consider incorporating real-world data and registry-based
studies to provide a more comprehensive assessment of
concizumab’s clinical impact.

Given the promising efficacy and safety profile demon-
strated in this review, future research should focus on ex-
panding the understanding of concizumab’s role in routine
clinical practice. Specifically, large-scale, real-world stud-
ies are needed to assess treatment adherence, patient-
reported outcomes, and cost-effectiveness compared to
traditional factor replacement and other emerging therap-
ies. Additionally, studies evaluating concizumab’s effi-
cacy in pediatric populations and patients with milder
forms of hemophilia will be essential to determine its
full therapeutic potential.

Conclusion

Concizumab represents a transformative advancement in
hemophilia management, offering an effective and conveni-
ent alternative to traditional factor replacement therapy. Its
ability to significantly reduce bleeding episodes across
hemophilia A and B, regardless of inhibitor status, under-
scores its broad clinical applicability. The subcutaneous ad-
ministration of concizumab enhances treatment adherence,
addressing a major limitation of frequent intravenous infu-
sions. Furthermore, its favorable safety profile, with no re-
ported thromboembolic events, strengthens its potential as
a viable long-term treatment option. While challenges re-
main, including the need for long-term safety data and real-
world effectiveness studies, concizumab holds promise in re-
shaping the treatment landscape for hemophilia. Future re-
search should focus on expanding its indications, assessing
its impact in pediatric and mild hemophilia populations,
and conducting comparative studies with existing therapies.
With continued investigation, concizumab can emerge as a
cornerstone therapy in modern haemophilia care, improving
patient outcomes and quality of life worldwide.
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