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Abstract

Introduction: Hemophilia A is an inherited bleeding disorder caused by a congenital
deficiency of factor VIII. It is characterized by a tendency for prolonged and excessive

bleeding, both spontaneous and trauma-induced. The treatment of hemophilia A involves the



use of factor VIII replacement therapy. In recent years, emicizumab-a modern, bispecific
monoclonal antibody- has gained significant attention as an alternative to traditional treatment

methods.

Materials and methods : A total of 30 articles were analyzed, sourced from publicly
available databases such as PubMed and Google Scholar. The selection focused on
publications addressing molecular structure, pharmacokinetics, and treatment efficacy. The

majority of the cited sources were published in English.

State of knowledge: In this article, we will discuss the mechanism of action of emicizumab,
its pharmacokinetics, and the benefits of its use in the treatment of hemophilia A, including a
comparison with traditional therapies. The results of clinical trials will also be presented,
confirming its efficacy, safety, and patient satisfaction, including in the context of treating
patients with FVIII inhibitors.The goal is to present the effectiveness, safety, mechanism of
action, and pharmacokinetic profile of emicizumab in bleeding prophylaxis for patients with

hemophilia A.

Conclusions: Emicizumab is a groundbreaking prophylactic treatment for hemophilia A,
effective both in patients with and without factor VIII inhibitors, by mimicking the function of
factor VIlla. Clinical trials HAVEN 14 demonstrated the drug’s high efficacy in reducing
bleeds and significantly lowering annual bleeding rates. Emicizumab has a favorable
pharmacokinetic profile, allowing for infrequent dosing and improving therapy comfort

compared to traditional treatment.

Key words: Hemophilia A; emicizumab; factor VIII; HAVEN trials; ABR; pharmacokinetics.
Introduction

Hemophilia A is a hereditary bleeding disorder characterized by a deficiency or a
substantial reduction in the activity of factor VIII within the coagulation cascade, resulting in
compromised hemostasis and a propensity for prolonged hemorrhage. This condition
predominantly affects males, while females typically serve as carriers of the genetic mutation.
In Poland, the prevalence of hemophilia A is approximately 7 cases per 100,000 individuals.
The gene responsible for the synthesis of factor VIII resides on the long arm of the X

chromosome. The most prevalent defect associated with the severe manifestation of



hemophilia A is a significant inversion and translocation of exons 1-22, which accounts for
roughly 45% of cases. Additional anomalies include point mutations, as well as both large and
small deletions. Consequently, these genetic alterations can lead to a complete inhibition of
factor VIII production, a marked reduction in its levels, or the synthesis of a dysfunctional
protein. In most women who are carriers, factor VIII activity is near the lower limit of normal.
Hemophilia may also occur in women due to abnormalities of the X chromosome, such as its
inactivation or mutations, or when a woman inherits the hemophilia gene from both parents. It
is believed that bleeding in hemophilia results from impaired activity of the intrinsic tenase
complex, in which activated factor VIII acts as a cofactor. Disruption of the activity of this
complex leads to abnormalities in the blood clotting process, resulting in a tendency toward
excessive bleeding. Treatment of hemophilia A involves administering preparations that
replace the missing factor VIII. Standard therapy, which uses recombinant factor VIII
(rFVIII), however, has its limitations, such as the need for frequent administration and the risk
of developing inhibitors. In recent years, emicizumab, a bispecific monoclonal antibody, has

gained increasing popularity as a modern alternative in the treatment of hemophilia A [1].

Aim of the Study

The aim of this work is to provide a detailed analysis of the properties of emicizumab,
a modern drug used in the prophylaxis of hemophilia A, including its chemical structure,
mechanism of action, pharmacokinetics, and clinical efficacy. The study aims to compare the
effectiveness and safety of emicizumab therapy with traditional treatment using recombinant
factor VIII, with particular emphasis on its impact on bleeding frequency, patient quality of
life, and the potential therapeutic benefits resulting from subcutaneous administration. In
addition, the objective is to assess the role of emicizumab in the modern approach to the
treatment of hemophilia A and its significance in improving the comfort and life expectancy

of affected individuals.
Review Methods

The study employed a literature review method focusing on scientific publications
concerning emicizumab and its use in the treatment of hemophilia A. Source materials were
searched in medical databases such as PubMed, Scopus, and Google Scholar, including

publications in both Polish and English. The criteria for selecting articles included their



relevance, scientific reliability, and relation to the topics of emicizumab’s structure,
mechanism of action, pharmacokinetics, and clinical efficacy. The analysis encompassed
clinical studies, systematic reviews, and expert guidelines. The collected information was
subjected to critical evaluation and synthesis to present a comprehensive overview of the

application of emicizumab in clinical practice.
State of knowledge

The unique structure of emicizumab results from its bispecific nature—meaning that it
possesses two different antigen-binding sites. One arm of the antibody is designed to bind
activated factor IX (FIXa), while the other binds factor X (FX) [2,3]. Emicizumab mimics the
function of factor VIII (FVIII). In the physiological coagulation cascade, activated factor VIII
(FVIIIa) acts as a cofactor by bringing FIXa and FX into proximity, enabling FIXa to activate
FX. Thanks to its bispecific structure, emicizumab plays a similar “bridging” role, linking
FIXa and FX and allowing the activation of factor X even in the absence or deficiency of
functional factor VIII [2,4,5]. Emicizumab is also a modified IgG4-class immunoglobulin.
While it is based on a human IgG4 framework, modifications were introduced in the Fc
region to limit potential interactions with other components of the immune system (effector

functions) and to prolong the drug’s half-life in the body [2,5-7].
The key structural features of the emicizumab molecule are as follows:

1. Bispecificity — unlike standard antibodies, which have two identical antigen-binding sites,
emicizumab possesses two different binding sites. One arm of the antibody binds
activated factor IX (FIXa), and the other binds factor X (FX) [2].

2.  Humanization and IgG4 type — the molecule has been ‘“humanized,” meaning its
structure was modified to resemble human antibodies as closely as possible (in this case
immunoglobulin G4), which reduces the risk of an immune response [8]. It is a
monoclonal antibody, meaning all its molecules are identical [9].

3. Lack of homology with factor VIII — emicizumab does not exhibit structural similarity or
amino acid sequence homology with factor VIII (FVIII). It acts by mimicking the
function of the missing or nonfunctional activated factor VIII (FVIIla) in the coagulation

cascade [8,10,11].



4. Mechanism of action related to its structure — due to its bispecific structure, emicizumab
functions as a molecular “bridge” simultaneously binding FIXa (the enzyme) and FX
(the substrate) on a phospholipid surface (e.g., activated platelets), thereby enabling FX
activation by FIXa even in the absence of FVIIIa [7,12].

5. Production technology — emicizumab is produced using recombinant DNA technology in
Chinese hamster ovary (CHO) cells [13].

6. Molecular weight — the approximate molecular weight of emicizumab is 145.6 kDa [13].

Pharmacokinetics

The pharmacokinetics of emicizumab include several key aspects that influence its
effectiveness and use in the treatment of hemophilia. After subcutaneous administration,
emicizumab is characterized by efficient absorption. As a monoclonal antibody, it
demonstrates high bioavailability when administered subcutaneously. The maximum plasma
concentration (Cmax) is reached within 1 to 3 days after administration [14]. The drug’s
absorption is dose-independent, meaning its bioavailability does not change with the amount

administered [11,15].

Following subcutaneous injection, emicizumab exhibits wide distribution throughout the body,
although it does not readily cross the blood—brain barrier. As a monoclonal antibody, it binds
to plasma proteins and circulating cells, and its distribution is primarily limited to the
intravascular and interstitial spaces [16]. The drug distributes mainly within body fluids,

including plasma, and in tissues where coagulation processes occur.

Emicizumab does not undergo classical hepatic metabolism typical of many other drugs. As a
monoclonal antibody, it is metabolized mainly through the reticuloendothelial system (RES),
which includes cells in the liver, spleen, and bone marrow [8,11]. Within these organs, which
are rich in macrophages, phagocytosis, degradation, and clearance of antibodies take place.
Monoclonal antibodies such as emicizumab are broken down through proteolytic processes, in
which proteolytic enzymes digest the molecule into smaller fragments that are subsequently
eliminated from the body. This process is slower than the metabolism of synthetic drugs,

contributing to the longer half-life of emicizumab.



As a result, emicizumab provides prolonged activity, allowing dosing every few weeks—
unlike other hemophilia therapies, which require more frequent administration. It is also
worth noting that because the RES is responsible for eliminating foreign proteins such as
monoclonal antibodies, emicizumab does not rely on hepatic enzymes. This minimizes the
risk of drug—drug interactions and makes emicizumab therapy safer and less susceptible to

typical pharmacokinetic interactions seen with drugs metabolized in the liver [14,18].

The half-life of emicizumab ranges from 30 to 40 days [17]. This relatively long half-life
means the drug remains in the body for an extended period once administered. Consequently,
patients using emicizumab can receive it at longer intervals—most commonly once weekly, or

even every few weeks, depending on the treatment regimen [8,11].

Effectiveness of Emicizumab

The effectiveness of emicizumab has been confirmed in several randomized phase 111
clinical trials (including HAVEN 1, HAVEN 2, HAVEN 3, and HAVEN 4), as well as in
numerous observational analyses based on real-world clinical practice data. Key parameters
used to assess the drug’s efficacy include: the number of bleeding episodes requiring medical
intervention, improvements in health-related quality of life, reductions in the need for other

coagulation factors, and the overall safety profile of the therapy.

The HAVEN 1 study evaluated the effectiveness of emicizumab in adults and adolescents
with hemophilia A and with inhibitors to factor VIII. Participants were divided into two
groups: one received prophylactic emicizumab at a dose of 1.5 mg/kg once weekly, and the
control group was treated on demand with bypassing agents (e.g., activated prothrombin
complex concentrate [aPCC] or recombinant activated factor VII [rFVIla]). In the
emicizumab group, the median annualized bleeding rate (ABR) was 2.9, compared with 23.3
in the control group——corresponding to an approximately 87% reduction in treated bleeding
episodes. Importantly, 63% of patients receiving emicizumab experienced no bleeding

episodes requiring treatment during the study [11].

The HAVEN 2 study focused on pediatric patients with hemophilia A and factor VIII
inhibitors. Emicizumab demonstrated high effectiveness in this population: 77% of

participants experienced no treated bleeding episodes during the observation period, and the



median ABR was 0.3 [18]. Caregivers reported a clear improvement in the children’s quality
of life and a significant reduction in psychological burden associated with frequent

intravenous infusions.

The HAVEN 3 study assessed the effectiveness of emicizumab in patients with hemophilia A
without inhibitors. Prophylactic regimens (1.5 mg/kg weekly or 3 mg/kg every two weeks)
resulted in a marked reduction in ABR compared with on-demand treatment. Median ABR
values were 1.5 and 1.3 in the weekly and biweekly dosing groups, respectively, compared
with 38.2 in the group without prophylaxis [8]. Additionally, 55% of those receiving

prophylactic emicizumab experienced no bleeding episodes requiring treatment.

The HAVEN 4 study evaluated the effectiveness of once-monthly administration of
emicizumab (6 mg/kg) in patients with hemophilia A, both with and without inhibitors. In this
cohort, 56% of patients experienced no bleeding episodes, and the median ABR was 0,

confirming the high efficacy of the drug even with extended dosing intervals [19].

Emicizumab demonstrates its therapeutic value not only in controlled clinical trial settings but
also in everyday clinical practice, further solidifying its credibility as an effective prophylactic
agent. Its use leads to significant clinical improvement in patients with severe hemophilia A,
as reflected in the reduction of annualized bleeding rates (ABR) and the increased proportion
of patients who remain bleed-free after transitioning from factor VIII-based therapy to

emicizumab prophylaxis [20].

Table 1: Comparison of HAVEN 14 Studies on Emicizumab

Study Population | FVIII Emicizuma | ABR % of Comparato
inhibitors | b dosing (emicizum | patients T group
regimen ab) with no
bleeding
HAVEN 1 | Adultsand | Yes 1.5mg/kg |29 63% On-
adolescent once demand
s>12y weekly treatment
(aPCC,
rFVIla)




HAVEN 2 | Children Yes 1.5mg/kg |0.3 77% No
<12y once comparator
weekly group
(open-
label)
HAVEN 3 | Adults and | No 1.5mg/kg | 1.5 55-56% FVIII
adolescent once prophylaxi
s>12y weekly or S or on-
3 mg/kg demand
every 2 treatment
weeks
HAVEN 4 | Adults>18 | Yes or No | 6 mg/kg 24 56% No
y once (median comparator
monthly ABR =0) p
group
(open-label
design)

Emicizumab vs. rFVIII Replacement Therapy

Emicizumab is characterized by a low annualized bleeding rate (ABR) compared to
replacement therapy with standard or extended half-life recombinant factor VIII (rFVIII). In
the HAVEN 14 studies, the calculated mean ABR for treated bleeding episodes generally
decreased over consecutive 24-week treatment periods. The median ABR for treated bleeds
remained at 0 throughout the study period. In the final study period (weeks 121-144), 97.6%
of patients treated with emicizumab reported <3 treated bleeding episodes, and 82.4%

experienced no bleeds requiring intervention.

The effectiveness of emicizumab in reducing ABR was similar in patients both with and
without factor VIII inhibitors. Across all studies, the proportion of participants who
experienced no spontaneous bleeds remained above 91%. In the last 24-week period, 90.0%
of patients had no bleeds in the joints requiring treatment. Throughout HAVEN 1-4, the
modeled ABR for all bleeds was 2.6 (95% CI: 2.2-3.1). The mean ABR for all bleeds—

including untreated bleeds and those treated with clotting factor concentrates—decreased with



each 24-week treatment period. The median ABR for all bleeds was 0 in each analyzed period.
The proportion of participants experiencing no bleeds increased with each study phase.
Between weeks 121 and 144, 74.1% of participants had no bleeding, and 97.6% reported <3
bleeds. The median number of bleeds in the 24 weeks before study entry was 8.0 (IQR: 5.0—
15.0) [21].

According to HAVEN 14, the half-life of emicizumab is approximately 30 days [22], which
is advantageous compared to rFVIII with a standard half-life (8—12 hours) or extended half-
life (mean 18.8 hours) [23]. The emicizumab dosing regimen was initially developed based on
pharmacokinetic and population efficacy models, aiming to rapidly achieve and maintain
therapeutic drug levels [24]. Thanks to its long half-life, emicizumab can be administered as

follows: 1.5 mg/kg weekly, 3 mg/kg every two weeks, or 6 mg/kg every four weeks.

In studies, consistent with pharmacokinetic modeling, average trough concentrations of
emicizumab >50 pug/mL were achieved by the end of the loading dose phase in HAVEN 14
and maintained throughout the observation period (up to 3.5 years). These levels provided

sustained therapeutic effect for most participants [25].

Emicizumab is administered subcutaneously, which is more patient-friendly. Less frequent
dosing and a less invasive route of administration improve adherence. Subcutaneous
injections are particularly important in prophylaxis for children with hemophilia A, for whom
intravenous access can be traumatic, and in older adults, where intravenous access 1is
challenging. Subcutaneous administration also allows for stable drug concentrations over
longer periods [26]. The procedure does not require medical personnel and can be performed

at home.

In the HAVEN 3 study, a patient satisfaction analysis compared intravenous rFVIII
prophylaxis with subcutaneous emicizumab. Sixty-three participants who previously received
rFVII prophylaxis were switched to emicizumab. They completed the 15-point
Subcutaneous/Intravenous Hemophilia Injection Satisfaction Questionnaire (SQ-ISHI), rating
satisfaction from 0 (“not at all satisfied”) to 10 (“completely satisfied”). Before emicizumab,
mean overall satisfaction with rFVIII prophylaxis was 6.9 (95% CI: 6.2-7.7). After 21/25

weeks of emicizumab therapy, participants reported less difficulty, lower impact on daily life,

10



fewer worries and burdens, greater confidence, and higher overall satisfaction. Mean overall

satisfaction increased to 8.8 (95% CI: 8.4-9.3).

The highest proportion of patients reported significant improvements (>2 points) in treatment
impact on travel (50%), time burden (48%), inconvenience, and satisfaction with “life
spontaneity” (46%). Fifty-five out of 60 respondents (92%) indicated they were “much more”
or “far more” satisfied with hemophilia treatment. No participant reported decreased
satisfaction; only 2 individuals (3%) noted no change. These SQ-ISHI results demonstrate that
patients treated with emicizumab were more satisfied across all assessed areas than during

prior intravenous rFVIII prophylaxis [27].

Development of anti-emicizumab antibodies is rare. Binding antibodies developed in 5% of
patients, but only >1% resulted in neutralization, leading to prophylaxis failure. This is a
substantial improvement compared to rFVIII, where up to 30% of patients may develop

inhibitors, a major clinical concern [16,22].

Due to its mechanism of action, emicizumab is first-line therapy for bleeding prophylaxis in
patients with hemophilia A and factor VIII inhibitors. HAVEN 14 studies showed
comparable efficacy regardless of inhibitor status, making the drug suitable for adults and

children [21].

Emicizumab should not be used for acute bleeds, as concomitant administration of aPCC
(activated prothrombin complex concentrate) increases thrombotic risk. This risk has not been
observed with combined rFVIII and aPCC treatment [26,28]. In the initial HAVEN 1 study,
five patients with inhibitors experienced thrombotic events (TE), including three cases of
thrombotic microangiopathy (TMA) when acute bleeds were treated with high cumulative
doses of aPCC (>100 U/kg/24h) for >24 hours. TMA resolved after discontinuing aPCC.
Additionally, 37 thrombotic events unrelated to aPCC were reported, mostly associated with
>1 cardiovascular risk factor (e.g., myocardial infarction, coronary disease, hypertension,
hypercholesterolemia, smoking, advanced age) or other prothrombotic conditions (e.g., sepsis,
infection, trauma, hepatitis C). Seventeen events (45.9%) occurred in patients with FVIII

inhibitors.
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During a two-year follow-up, no new thrombotic or TMA events occurred after implementing
aPCC restrictions [29]. In total, four thrombotic events were fatal: two myocardial infarctions
in patients with multiple comorbidities and two cases of disseminated intravascular
coagulation (DIC) in patients >70 years old with pneumonia. Of events with reported
outcomes, 20 of 31 (64.5%) were fully resolved or improving at the time of analysis [30]. In
most cases, prophylactic emicizumab was not interrupted due to thrombotic events. Overall,

the benefit-risk profile of emicizumab remained favorable and unchanged after the study.
Conclusions

Emicizumab represents a breakthrough in prophylactic treatment of hemophilia A,
both in patients with and without factor VIII inhibitors. Its unique mechanism, based on a
bispecific antibody structure, effectively mimics the function of factor VIlIa, providing bleed
control independent of inhibitor presence. Data from the HAVEN 1-4 clinical trials clearly
demonstrate the high efficacy of emicizumab in reducing bleeding episodes, reflected in
significantly lower annualized bleeding rates (ABR). A high proportion of patients—over
80% —experienced no bleeding episodes, highlighting the drug’s exceptional long-term

prophylactic effectiveness.

Emicizumab also exhibits a favorable pharmacokinetic profile, with high bioavailability after
subcutaneous administration and a long half-life (3040 days), enabling infrequent dosing
(weekly, every two weeks, or every four weeks). Patient-reported outcomes confirm a
substantial improvement in treatment convenience and satisfaction compared to previous

intravenous rFVIII prophylaxis.
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