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Current therapeutic approaches in the management of
hemophilia—a consensus view by the Romanian Society of
Hematology
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Abstract: Hemophilia A (HA) and hemophilia B (HB) are rare disorders, being caused by the total lack or
under-expression of two factors from the coagulation cascade coded by genes of the X chromosome. Thus,
in hemophilic patients, the blood does not clot properly. This results in spontaneous bleeding episodes after
an injury or surgical intervention. A patient-centered regimen is considered optimal. Age, pharmacokinetics,
bleeding phenotype, joint status, adherence, physical activity, personal goals are all factors that should
be considered when individualizing therapy. In the past 10 years, many innovations in the diagnostic and
treatment options were presented as being either approved or in development, thus helping clinicians to
improve the standard-of-care for patients with hemophilia. Recombinant factors still remain the standard
of care in hemophilia, however they pose a challenge to treatment adherence because they have short half-
life, which where the extended half-life (EHL) factors come with the solution, increasing the half-life to
96 hours. Gene therapies have a promising future with proven beneficial effects in clinical trials. We present
and critically analyze in the current manuscript the pros and cons of all the major discoveries in the diagnosis
and treatment of HA and HB, as well as identify key areas of hemophilia research where improvements are

needed.
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Introduction

During an injury or a surgical intervention, the prevention
of massive blood loss requires immediate actions to be
taken, while maintaining blood fluidity and restricting the
clotting process only to the site of vascular injury (prevention
of thrombosis). Therefore, a complex and dynamic
therapeutic approach, which includes an equilibrium of
procoagulants, anticoagulants, and fibrinolytic drugs enable
hemostasis without causing thrombosis (1). These drugs
include serine protease zymogens and protein cofactors
activated in a certain order and initiate the coagulation
cascade at the site of vascular damage (2-4).

Hemophilia A (HA) and hemophilia B (HB) are two
rare genetic disorders (1), caused by the total lack or the
under-expression of two factors from the coagulation
cascade coded by genes of the X chromosome (2). Thus,
in hemophilic patients the blood does not clot properly.
This results in spontaneous bleeding episodes bleeding
following an injury or surgical intervention, in comparison
with healthy individuals. Generally speaking, there are two
main types of hemophilia: HA, which is due to low levels
of factor VIII (FVIII), and HB, which is due to low levels
of factor IX (FIX) (3). Hemophilia (whether HA or HB) is
classified into 3 degrees of severity depending on the plasma
level of the respective factor. The categories are as follows:
severe (level of factor less than 1 TU/dL, <1% of normal),
moderate (level of factor 1-5 TU/dL, 1-5% of normal) and
mild (level of factor 5-40 IU/dL, 5-40% of normal) (3,4).
The coagulation cascade and the roles of FVIII and FIX are
illustrated in Figure 1.

The lack of any of these two factors, FVIII or FIX, leads
to spontaneous bleedings especially in the joints, that can
lead to hemophilic arthropathy, which reduces the mobility
of the joints thus significantly impacting the quality of life
of hemophilic patients (5-7). Patients that are treated with
primary prevention without signs of active bleedings, are
less likely to develop hemophilic arthropathy. On demand
treatment is where factor concentrate is infused when a
bleed occurs. Prophylaxis represents the infusion of clotting
factor concentrates to prevent bleeding. On the other
hand, patients who are treated with “on demand” factor
develop hemophilic arthropathy more often (7,8). Other,
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less frequent musculoskeletal complications in hemophilia
are involuntary muscle contractions, higher susceptibility to
fractures. and formation of pseudotumors in the soft tissue
and bones (7). Patients who develop allogenic inhibitors are
at an even higher risk category and their treatment poses
additional challenges (9-11).

In the past 10 years, we have seen many innovations in
the diagnostic and treatment options of hemophilia that
help, approved or in development, thus helping clinicians
to continuously improve the standard of care (12). In
the current review of literature, we present and critically
analyze the pros and cons of all the major discoveries in the
diagnosis and treatment of HA and HB, as well as identify
key areas of hemophilia research where improvements are
needed.

Diagnostic tools

Classical confirmation and classification tests, prognosis
assessment

To improve the quality of life for hemophilic patients, an
efficient diagnostic tool is the first important aspect.

Prothrombin time (PT) evaluates the extrinsic and
common pathways of coagulation. It measures the activity of
factors I, 11, V, VII, and X. To the platelet poor plasma (PPP),
calcium, and thromboplastin are added. Afterwards the time
to complete clot formation is measured (13). In hemophilia,
PT was normal levels (14). Thrombin time (T'T) represents
the time (seconds) in which the patient’s plasma clots after
adding thrombin and calcium ions. In hemophilia, TT is
also not modified (15).

Activated partial thromboplastin time (APTT) is a
functional test that assesses both the intrinsic and the
common pathways of the coagulation cascade (16). In
moderate and severe hemophilia, APTT is markedly
prolonged. Still, in mild cases, APTT can be within normal
limits. This test is also more sensitive to detect lack of
FVIII, than lack of FIX, which is why it is important to
also associate this test with a specific factor evaluation
analysis (15). It is worth mentioning that the APTT has
been shown to have statistically different results, depending
on the regents used (17).
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Figure 1 This cascade is initiated by the exposure of the extravascular protein Tissue Factor (TF) to blood, allowing the formation of
the TF-factor VIIa (FVIIa) complex. This complex is able to activate small amounts of FIXa and FXa before it is rapidly inhibited by TF

pathway inhibitor (TFPI). FXa promotes the generation of thrombin. Although no sufficient amounts of thrombin are produced to allow

fibrin formation, thrombin amplifies its own production by inducing a positive feedback loop via activation of FXI and the protein cofactors

FV and FVIIL This feedback activation is crucial for the formation of the FIXa/FVIIIa complex (also known as the tenase complex), which

is needed to generate adequate amounts of FXa and thrombin to permit fibrin formation. Now, it is known that the contact pathway (or

intrinsic pathway) is not needed for normal hemostasis in vivo.

A mixing study is performed to determine whenever the
elongation of APTT occurs in association with normal PT,
TT, and platelet count. Plasma from the patient is mixed
1:1 with a reference control plasma. The initial abnormal
test then is rechecked. If the APTT of the mix is completely
corrected, the patient has a deficiency of clotting factor (18).
If the mix does not correct the APTT values or the
correction is incomplete, the patient has developed clotting
factor inhibitors (19). Mixing studies can also be done with
the PT to investigate deficiencies of factor VII, X, and V.

Chromogenic assay (a two-stage assay) is using the
activation of FX. In the first stage, FVII and FIX are added
to the patient’s plasma which activates FX. The activated
FX cleaves a chromogenic substrate generating color
whose intensity is correlated with the quantity of activated
FX. The levels obtained are then compared to a sample of
normal pooled plasma (20). Nowadays, many automated
coagulometers have already modules for chromogenic FVIII
assay (21). The test has a lower interlaboratory variability
and a higher precision rate. The chromogenic assay is also
not dependent on FVIII deficient plasma (22).

Genetic testing and prenatal characterization

As the diagnosis of hemophilia as early as possible is of
utmost importance, genetic testing is recommended many
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times in affected individuals. It is also essential to identify
women who might be carriers of a hemophilia-causing
mutation (23).

Inversion of intron 22 in the F8 gene is present in 40—
45% of severe cases of HA. As a result, a defective protein
is produced which does not have any immunological or
functional activity (24). Another common genetic mutation
is the inversion of intron 1, which is present in 4.8% of
patients with severe HA (25). First, these two inversions
are assessed by Southern blotting or polymerase chain
reaction (PCR) (25,26). If they are not present, a full DNA
sequencing of the F8 gene is recommended (24). Currently,
there are more than 2,500 unique variants of the F8
gene (27). 1% of severe cases of hemophilia type A and
3% of mild hemophilia type A cases have no mutations
identified in the F8 gene (28,29). In these cases, the role of
post-transcriptionally control through non-coding RINAs,
such as microRNAs is taken into consideration.

According to the European Association for Haemophilia
and Allied Disorders (EAHAD) database, there are 1,113
unique variants of the F9 gene (30). Missense mutations
comprise 58.4% of total mutations in the F9 gene, followed
by frameshift (15.4%), mutations of the splice site (7-9.4%),
and non-sense mutations (18-8.3%). A small percentage
of cases are caused also by the development of inhibitor
antibodies (31). In order to evaluate the type of F9 mutation
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Figure 2 Genetic testing can be done at different timepoint in conception.

PCR is used for common variants (32) and sequencing for
rare variants. The F9 gene sequencing can be performed
through Sanger sequencing (33) or next generation
sequencing (NGS) technologies (34).

Genetic counseling for prospective parents before
conception is important. The carrier status of the future
mother should be investigated if she has a history of frequent
bleedings or she is coming from a family with a history
of bleeding disorders. However, 50% of children with
HA are born in families without a history of this disease.
Preimplantation genetic testing is available to confirmed
carriers of an F8 gene mutation, who can resort to in vitro
fertilization to select a healthy embryo. This assessment is
performed by PCR with DNA extracted from 1-2 cells from
the embryo on the 3" day of development (35).

In the case of a male embryo, from maternal plasma, two
targets located on the Y chromosome are investigated: the
Testis-specific Y-encoded protein 1 (TSPY) and the Sex-
determining region Y protein (SRY) (36). At 11-14 weeks
of gestation, future parents have the option of chorionic
villus sampling (CVS), which is a transabdominal needle
biopsy with ultrasound (US) guidance (37). After 18 weeks,
there is the option of cordocentesis by aspirating fetal blood
from the umbilical cord to measure the levels of coagulation
factors. It has a greater risk for the fetus so is reserved
only for those countries in which genetic testing is not
possible (38). Measurement of FVIII from cord blood of
male babies with mothers who carry the hemophilia gene is
recommended immediately after birth. In this case there are
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no risks for the baby (5,39). A timetable illustration of when
genetic testing can take place is found in Figure 2.

People affected by hemophilia or having this disease
in the family consider that prenatal genetic counseling
is essential in allowing future parents to be informed. At
the same time, it is important for all future parents that
choose to do genetic testing to understand that hemophilia
is no longer a lethal childhood disease and people with
hemophilia can lead a long, good-quality life (40). There
are various reports regarding the decision of pregnancy
termination following a positive result of hemophilia
diagnosis in the embryo/fetus, from 82% (38) to 27% (41)
but the trend is downward, as the quality of life of
hemophilic patients is continuously improving (40).

It is worth mentioning that in 30-50% of hemophilia
cases are sporadic, meaning no family history (42). In
approximately 30% of sporadic cases (i.e., no known family
history of hemophilia), the variant (mutation) causing the
disease cannot be found in the mother. However, with
the conventional Sanger sequencing, carriership cannot
be conclusively ruled out since she may be a mosaic not

detected by this technique (39).

The role of ultrasonography in diagnosis and monitoring

Imaging and diagnostics offer an objective assessment of
joint structural outcome with earlier changes of hemophilic
arthropathy best assessed with either US or MR imaging.
Both to detect and quantify relevant biomarkers of disease
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activity and degenerative damages by using scoring scales of
increasing disease severity (43). With Doppler imaging, US
may detect synovial hyperemia, the intrasynovial detection
of signals of blood flow (44). In other chronic inflammatory
disorders such as rheumatoid arthritis, the use of Doppler
techniques is a mean to monitor disease activity (45).

Intrasynovial hyperemia assessed using Doppler
imaging is uncommonly described in hemophilic patients.
Rarely, a few blood flow signals are seen, suggesting mild
hypervascularity that may not be considered relevant
enough to redirect treatment and patient management (46).
Low volume blood flow signals in the synovium from tiny
intrasynovial vasculature and capillary circulation remain
beyond the threshold of sensitivity of the Doppler systems.
Also, a high variability in Doppler image interpretation
leads to the need for high-end machines as to obtain a
better performance and high interequipment variability (46).
Using of Doppler imaging as a key tool to better predict
the risk of hemorrhage and identify active disease seems
to be problematic. US is not able to provide an adequate
evaluation of the cartilage and subchondral bone, especially
at the level of the weight-bearing areas, due to difficulties
of access of the US beam. Medullary bone changes and
subchondral cysts are not revealed with this technique. If
we refer to the osteochondral surfaces exposed to the US
beam, this technique has proved able to detect subtle echo
textural changes, partial thickness losses through extensive
derangement of the cartilage, with spatial resolution higher
than surface-coiled MR imaging (47).

In Madrid, De la Corte-Rodriguez et a/. conclude
that point-of-care US (POC-US) used for patients with
hemophilia enhances diagnostic accuracy and targeted
treatments. POC-US should be investigated more fully
to enable its widespread application (48). The same
group, after properly understanding the POC-US, used
the Hemophilia Early Arthropathy Detection with
Ultrasound (HEAD-US) protocol to detect abnormal joints
without a previous history of hemarthrosis, for clinically
asymptomatic joints of hemophilic patients. They analyzed
almost 1,000 joints of routine practice over 3 years and
analyzed them based on history of hemarthrosis (HJHS 2.1)
and HEAD-US examinations. They showed that HEAD-
US is more suitable than hemarthrosis records. The HJHS
2.1 scale is appropriate to detect the early signs of joint
damage in patients with a hemophilia diagnosis (48). Thus,
they concluded that US is valuable for the diagnosis of
musculoskeletal diseases in haemophilia, being a fast, safe,
available, comparative, effective, real-time technique that
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can aid confirm the clinical examination (49).

Treatment strategy

“On demand” versus prevention therapy

The lack of FVIII or FIX leads to spontaneous bleeding,
especially in the joints. This can further cause hemophilic
arthropathy (6). However, patients that are treated with
primary prevention without signs of active bleedings, are
less likely to acquire hemophilic arthropathy, unlike patients
who are treated using the “on demand” factor (7,8). Ideally,
in an acute bleeding episode, treatment should be initiated
as soon as possible (7,50). For the “on demand” treatment,
the quantity of factor needed depends on the type of
joint bleed and the characteristics of each therapy (51).
For recombinant FIX, 2-3 weekly administrations are
required (52), whereas 3—4 administrations per week are
recommended for recombinant FVIII (rFVIII) (53). For
prophylaxis therapy, 1 weekly administration of FIX (54)
and 1-2 doses/week in the case of FVIII are required (55).

There are three types of hemophilia prophylaxis: primary,
secondary, and tertiary, each with its recommendation and
purpose (1able I). Still, the current prophylaxis therapy has
limitations as it does not completely remove subclinical
bleedings (65,66), which in time can contribute to
osteoarthritis (66).

Strategies to improve prophylaxis therapy in bemophilia

Prophylactic treatment is the optimum therapy as it prevents
joint and muscle damage and allows the child or person with
hemophilia to have a normal quality of life (7able 2).

As follows, the age and the bleeding phenotype should
also be considered when it comes to dosage adjustment.
Firstly, younger patients have metabolized the factor faster
than the elderly, therefore they require more frequent
administration of factor. In addition, elderly patients tend
to be more inactive (72). Secondly, in the case of childhood
hemophilia the beginning of the prophylaxis treatment
should be initiated after the first episode of joint bleeding
or immediately after the age of 3, even in the absence of a
prior bleeding episode (73). If the initiation is postponed,
it could be necessary to engage a more intense regimen of
secondary prophylaxis to reduce the bleeding frequency, but
it will not stop or reverse the pre-existent joint damage (74).
Moreover, elderly patients often present with co-
morbidities, such as diabetes, hypertension, or ischemic

Ann Transl Med 2021;9(13):1091 | https://dx.doi.org/10.21037/atm-21-747



Page 6 of 22

Table 1 Types of prophylaxis therapy in hemophilia and their recommendations

Hotea et al. Management of hemophilia

Type of prophylaxis Primary

Secondary

Tertiary

Definition

Purpose

Reference

Regular continuous replacement
therapy started in the absence of
documented joint disease,
determined by physical examination
and/or imaging studies, and before
the second clinically evident joint
bleed and age 3 years

* Prophylaxis of life-threatening
bleedings

» Maintaining joint integrity

» Minimize bleeding episodes

* High quality of life

« Social status, educational

« Allows physical activities, sports

(56-58)

Regular continuous replacement
therapy started after two or more
joint bleeds but before the onset of
joint disease documented by
physical examination and/or
imaging studies

* Prophylaxis of life-threatening
bleedings

* Reduce bleeding frequency

* Prevent bleeding in the targeted
joints

* Reduce the arthropathy risk

* Maintaining the quality of life

» Social status, educational

« Allows physical activities, sports

(59-62)

Regular continuous replacement
therapy started after the onset of joint
disease documented by physical
examination and plain radiographs of
the affected joints

* Prophylaxis of life-threatening
bleedings

* Reduce bleeding frequency

* Reduce bleedings in the targeted
joints

* Reduce the aggravation of
arthropathy

* Pain control

* Reduces the bleedings associated
with other diseases

* Allows physiotherapy and orthopedic
surgery

* Improves the quality of life
* Improves social status and educational

(63,64)

Table 2 Factor dosing depending on the weight of the patient during prophylaxis therapy

Type of dosage Dosing Reference
High/full-dose . . .

(Malmo/Swedish) 25-40 |U/kg 3x/week or at 2 days, from the age 1-2, independently of bleeding history (67-69)
Intermediate-dose 12-25 IU/kg 2-3x/week, initiate after one hemarthrosis (68)
(Dutch)

Escalating-dose 50 IU/kg 1x/week, with escalating at 30 IU 2x/week, then 25 1U/kg at 2 days, depending on the bleeding 70,71)

(Canadian) frequency.

cardiomyopathy. In these situations, prophylaxis therapy
has many other goals than just preventing joint bleedings, it
also lowers the risk life-threatening complications cause be
a bleeding episode associated with a comorbidity (75).
Regarding the bleeding phenotype, patients with the
same level of factor can manifest different types of bleedings.
A total of 10-15% of patients with severe hemophilia tend
to have rare/mild types of bleedings. As follows the severity
of hemophilia is not strictly related to factor level but also
to the following aspects: type of genetic mutations (null or

© Annals of Translational Medicine. All rights reserved.

non-null) (42), the co-presence of a procoagulant mutation
(such as in the factor V) (76,77), genetic variations of the
inflammatory and immune response system (78). In all of
these cases, the factors dose might be too high for the needs
of the patient, because other aspects of bleeding phenotype
are ignored.

A study on patients between 3-66 years concluded that
the inter-individual variance is greater than the inter-
occasion variance thus body-weight and age give insufficient
information to properly assess PK and determine
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dosage (79). An interesting conclusion of a study done by
Bjorkman e al. was that in the PK difference in children
versus elderly also comes also from the fact that children
come for a blood sampling less frequent than elderly thus
this co-variance should also be considered (80).

Classically, coagulation factor concentrate regimens are
based on the notion that the PK characteristics of FVIII/
FIX products are roughly similar in all patients. Still, this
theoretical model is in validated by clinical observations.
Bjorkman et al. were the first to highlight the huge inter-
individual variability (2-4 times) concerning recovery
and half-life, as PK data can help clinicians to personalize
anti-hemophilic treatments particularly in two situations:
surgery and prophylaxis. PK is considered to be a non-
linear time process that results from either the increasing
or decreasing phase of drug concentrations. The drug
concentration at a single time-point should not be
considered in clinical practice. The drug concentration
variations over time can be summarized using different PK
parameters that are classified in two categories. The drug
distribution is described by the volume of distribution (Vd),
the drug elimination (either metabolism and/or excretion)
is defined by the elimination rate constant (ke), clearance
(Cl), and half-life (T%2). The second category corresponds
to the parameters used in specific situations, as is the case
for therapeutic drug monitoring. These parameters should
be easier to estimate, and they need to be correlated with
clinical events. The most used PK parameters in this
category are the maximum concentration (C,,,) and the
trough concentration (C,,). In special situations, more
complex parameters can be used, such as the area under
the curve (AUC), for anti-hemophilic or antimicrobial
agents. Web-based PK instruments are useful in helping the
collaboration between the patient and the clinician, using a
form a telemedicine, very useful in clinical scenarios as was
the case of 2020 SARS-CoV-2 lockdown.

The pharmacokinetic (PK) of factor VIII is given by
the response of the patient to the injection of factor VIII.
PK is determined by frequent doses, calculated half-life of
factor VIII, and the recovery test (81). PK analysis allows
the exploration of prophylactic doses and range adaptation
so that bleeding risks are kept to the minimum. 2-3 samples
are needed at different time points and are estimated to give
results similar to 9 or 11 measurements (82,83). Currently,
apps have been developed that can estimate the half-life
of a factor in the patient plasma, based on the population
pharmacokinetic data. Two examples of such apps are
myPKFiT (Baxter Healthcare Corporation)—(https://
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www.advate.com/mypkfit) and the Wapps-Hemo database
(https://www.wapps-hemo.org/).

Surgical interventions for the hemophilic patient

Doctors form other specialties have many difficulties in
managing hemophilic patients. For instance, the blood loss
during a surgery has to be minimized, while maintaining
blood fluidity and restricting the clotting to the site of
vascular injury.

The treatment of hemophilic arthropathy is challenging
also for the orthopedic department, as almost 80-90%
of the bleeding episodes occur in the musculoskeletal
system (84). These lesions include acute hemarthrosis (85),
chronic synovitis (86), hemophilic arthropathy (87), intra-
muscular bleedings (87), hemophilic pseudotumors (88) and
fractures (89).

In acute hemarthroses treatment should be administered
intensively, therapy named enhanced on-demand treatment,
until the resolution of symptoms. Ultrasonography is a
Propper diagnostic technique to assess the evolution of
acute hemarthrosis in hemophilia (90,91).

"The vicious circle of hemophilia arthropathy is presented
in Figure 3.

Inappropriate management of acute articular lesions
in the case of hemophilic patients can lead to chronic
destruction of the surrounding tissues, with a negative
impact on the patient’s quality of life (Figure 4). No matter
the musculoskeletal lesion, an important aspect is that the
management requires a multidisciplinary team consisting of
a hematologist, an anesthesiologist, an orthopedic surgeon,
a physical and rehabilitation medicine specialist, and a
physiotherapist, each providing an important contribution
to the patient’s final treatment outcome.

Hemophilic hemarthrosis is most frequently located in
the knee, elbow, and ankle joints (8). Some studies suggest
that the elbow and knee hemarthrosis are more frequent
in patients older than 30 years, while ankle hemarthrosis
occurs most likely in teenagers and young adults (92).

These lesions primarily require intravenous replacement
of the deficient factor, limb immobilization in a non-
circular splint or orthosis, non-weight-bearing after injury,
the elevation of the affected joint, cryotherapy, and pain
management drugs, such as nonsteroidal anti-inflammatory
drugs, paracetamol, and opioids. If needed, joint aspiration
can be performed in the case of severe hemarthrosis and
only after the deficient factor replacement therapy. Joint
aspiration is considered to be effective only if performed
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Figure 3 The cascade of events leading to hemophilic arthropathy. A. The acute bleeding in the joint space, results first in B. synovitis,

which is followed by C. destruction of articular cartilage, which ultimately results in permanent D. joint deformity. Secondly, A. Acute

bleeding causes E. Joint capsule distension, a condition which can also be the result of synovitis. The E. Joint capsule distension is followed

by F. reflex muscle inhibition and G. Extensor muscle atrophy. All of these events ultimately lead to the H. Loss of mobility in the respective

joint, which causes even more frequent episodes of acute bleedings.

Figure 4 Chronic synovitis (left) and articular cartilage destruction (right) seen in a 25-year-old patient with hemophilic arthropathy.

within the first 24 hours from bleeding episode onset
(8,93). Arthrocentesis must be carried out immediately after
diagnosis of acute hemarthrosis in liquid phase. Patients
must be infused with the deficient coagulation factor
and instructed to observe relative rest until resolution of
hemarthrosis (91).

Chronic synovitis is defined by the persistent
inflammation of the synovial membrane within a joint. In
the case of hemophilic patients, it is more often described
in knee, elbow, and ankle joints (94). Chronic synovitis
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develops following a hemophilic hemarthrosis, where
the synovial membrane is the main responsible for the
resorption of hematoma (8). In the case of a massive
hematoma, the synovial membrane becomes hypertrophic
and releases various enzymes, which further increase synovial
hypertrophy, producing articular cartilage destruction,
and the epiphyseal growth plate hypertrophy (95). All of
these changes explain the aspect of hemophilic arthropathy
consisting of cartilage degeneration and morphologic
bone changes. The management of chronic synovitis
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consists of radiosynovectomy (RS) (96) and arthroscopic
synovectomy. As RS has a very low complication rate
(<1%) compared to arthroscopic synovectomy, it is the first
treatment used for chronic synovitis (97). An arthroscopic
synovectomy is a minimally invasive surgical procedure
and consists of thorough debridement of the hypertrophic
synovial membrane within the joint. Proper preoperative
management by the hematologist is needed before the
surgery. Although arthroscopy of the lower limb is generally
performed with a spinal anesthesia, general anesthesia
is preferred in the case of hemophilic patients. Careful
consideration has to be taken as this surgical procedure in
hemophilic patients has a higher risk of infection.

Hemophilic arthropathy is also defined by the articular
cartilage destruction and bone changes following chronic
synovitis. The injury leads to a decreased range of motion,
pain during weight-bearing, and joint effusions (87).

Surgical options in these cases consist of arthroscopic
debridement, open synovectomy, arthrodesis, and total joint
replacements. The main risk for these surgical procedures
is represented by infections (98). Based on our experience,
the knee joint is the most frequently affected site of injury.
In the case of young patients, arthroscopic debridement
can offer pain relief and increase the range of motion. As a
result, the need for a total knee replacement is postponed.
Total knee replacement is a major elective procedure, with a
83-92% survival rate at ten years in the case of hemophilic
patients (90,99). The surgery is preferred to be performed
under general anesthesia, tourniquet use until wound
closure (100), capsule infiltration with a mixed solution,
and tranexamic acid injection following capsule closure
(101,102). Moreover, hemostasis equilibrium is needed to
prevent pseudoaneurysm postoperatively (103,104).

The hemophilic elbow arthropathy is usually
treated with a radial head excision and extensive open
synovectomy (105). This procedure improves the range of
motion and reduces pain in most patients. Nevertheless, due
to radial head excision, a valgus deformity can occur, leading
to an ulnar nerve lesion. This can be prevented or treated
by an ulnar nerve release (106-109). Another surgical
option for elbow hemophilic arthropathy is total elbow
replacement. The downside of this procedure in hemophilic
patients is the high complication rate (of up to 85% by some
studies). Therefore, this type of surgery is not generally
indicated (90,110,111). Hemophilic ankle arthropathy can
be surgically treated by: (I) arthroscopic debridement of the
synovial hypertrophy and osteophytes (112,113); (II) total
ankle replacement (114,115); (III) arthrodesis (116). Total
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ankle replacement has good overall results, but long-term
data on a high number of patients are lacking. Therefore,
arthroscopic debridement and osteophytes removal is the
first-line treatment in hemophilic patients.

Treatment options
Plasma-derived concentrates

Plasma-derived concentrates are still used based on the
opinion that recombinant factor treatment raises the risk
of allogenic inhibitors development, in comparison with
plasma-derived concentrates. Both plasma and recombinnat
factors application poses the same risk of developing
inhibitors (117), which is in agreement with the official
Food and Drug Administration (FDA) and European
Medicines Agency (EMA) guidelines. However, there is still
a debate on this subject (118).

Recombinant factors

Nowadays the most often prescribed treatment for
hemophilia is the recombinant factor. The availability of
rFVIIT has grown exponentially in the past years, due to the
development of new forms of the factor (119). The third
generation of rFVIII does not use proteins for stabilization,
and it can either contain the full-length factor (Advate®,
Kovaltry®) or factor without B domain (Moroctocog alfa
(Xyntha®), Turoctocog alfa (Novoeight®)) (119). Regarding
FIX, recombinant FIX (rFIX) products have been developed
as well. Still, their properties are not substantially different
from the original recombinant versions (120). The most
used rFIX are BeneFIX (121,122) and Rixubis (123).

Extended balf-life (EHL) factors

The EHL factor, by decreasing the frequency of treatment
administration increase treatment adherence and patients’
compliance (5). rEVIIIFc (Eloctate) shows the deletion of a
single B domain of FVIII fused with a dimeric Fc. This new
feature allows it to stay in the bloodstream longer, hence
delaying liposomal degradation (119,124).

In order to extend half-lives, techniques like fusion to
protein conjugates, chemical modification (PEGylation),
and protein sequence modification are implemented.
With these techniques, it is possible to extend half-lives of
factor IX products 4- to 6-fold, while half-life extension of
factor VIII products is limited to 1.5- to 2-fold due to their
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interaction with von Willebrand factor. Methods to extend
half-lives include fusion to protein conjugates, chemical
modification, or protein sequence modification (125).
For Fc-Fused FVIII, a single molecule of a B-domain-
deleted rFVIII (human cell line) is covalently fused to
the Fc domain of IgG, (rFVIIIFc or efmoroctocog alfa).
Efmoroctocog alfa (marketed as Elocta® in Europe) has
been evaluated for safety, efficacy, and pharmacokinetics
in two pivotal phase 3 studies (55). Terminal half-life of
rFVIIIFc was extended 1.5-fold as compared to non-EHL
rFVIIL. Several PEGylated FVIII products have been
developed. They differ from each other by the PEGylation
sites and the molecule length of FVIIL. Rurioctacog alfa
pegol (Adynovi®) is created through controlled PEGylation
of a full-length, unmodified rFVIII (synthesized in Chinese
hamster ovary cells), in which approximately 60% of PEG
chains are localized at the B-domain. BAX855 was evaluated
in 138 PTPs with severe HA aged 12-65 years (126). For
Fc-Fused FIX, rFIX-Fc (eftrenonacog alfa; Alprolix®) was
the first EHL approved by a regulatory body (US FDA)
in March 2014. Eftrenonacog alfa is composed of a single
recombinant FIX molecule (human cell line) fused to the
dimeric Fc domain of IgG, (127). In the pharmacokinetics
subgroup rFIX-Fc exhibited a prolonged terminal half-
life of 82 hours, the half-life of conventional FIX being
17 hours.

Polyethylene glycol (PEG) is a larges synthetic molecule
that prolongs half-life by preventing proteolysis in the
blood or by reducing receptor clearance binding, as well
as low-density lipoproteins receptor-related protein 1
(LRP1) in FVIII, which is why the efficacy and safety
of PEGylated rFVIII are increasingly tested (128). For
instance, N8-GP (Turoctocog alfa pegol; Esperoct®) is
a glycoPEGylated rFVIII with increased safety upon
administration and 1.6-fold increase in half-life compared
to classical rFVIII, with up to 55 out of 186 patients
experienced no bleeding episodes over the course of a
treatment application of 5.4 years on average (129). There
are different types of PEGylated FVIII products, which
differ in size and methods used for the PEGylation (130).
However, there are still concerns regarding the use of
PEGylated biopharmaceuticals, one of them is related to
the immunogenicity of the PEG molecule. Previous testing
of anti-PEG IgM or IgG antibodies would be helpful to
lower the risk of an immune reaction (131). However,
PEGylated biotherapeutics can also accumulate in the body
and cause organ damage. In an animal study on monkeys,
it was proven that a twice per week administration of a
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PEGylated protein for 3 months, resulted in its vacuolar
accumulation in the macrophage residing in the kidney and
choroid plexus. The accumulation did not subside even
2 months post administration of the last dosage. The
160 mg/kg/week dose was enough to cause long-term tissue
damage (132). As follows, the EMA has still not approved
its use for children under the age of 12.

In the blood FVIII is bound to the von Willebrand factor
(VWFE) in a ratio of 1 molecule of FVIII to 50 molecules
of VWE. The VWF stabilizes the FVIII plasmatic
concentration and prolongs its half-life in circulation by
six-fold, up to 8-12 hours (133). A novel type of FVIII was
developed (rFVIIIFc-VWEF-XTEN (BIVV001)) that allows
the free circulation of rFVIII through a bound to the D'D3
domain of an exogenous VWE. The in vivo studies proved
a half-life in animals of up to 34 h (134). BIVV0OLI is also
an extended half-life rFVIII that through its independence
from VWEF has a 3 to 4 times increase in half-life in
comparison to other conventional FVIII molecules, as
proven in different animal models. BIVV0O1 has been
designed so that the D’D3 domain and polypeptide XTEN
inserts are removed during thrombin activation in the
coagulation cascade. BIVV001 demonstrated a half-life of
37 hours, a substantial increase from the 13 hours half-life
of conventional FVIII molecules (126).

Three EHL FIX proteins have been approved in recent
years: recombinant factor IX (Alprolix), extended half-
life factor IX (Idelvion) and glycoPEGylated recombinant
factor IX (Rebinyn/Refixia). These three products have
very different PK profiles due to the specific extravasal
distribution of each one.

Alprolix (rFIXFc) compromises of a single FIX molecule
bound to a dimeric Fc and uses the FcRn pathway to
increase the time it remains in the bloodstream thus
extending its half-life clearance to 82 hours (135). Idelvion
(rIX-FP) is a rFIX conjugated with recombinant albumin
but uses the same pathway to increase the time it remains
in the bloodstream. It has a half-life mean of 91.4 hours
(55,136). The glycoPEGylated FIX (N9-GP; Rebinyn/
Refixia) is a compound of rFIX associated with a PEG
molecule of 40 KDa. This molecule was designed so that
the PEG part will be removed only through the enzymatic
activity of FIX (1). However, with these drugs, there are
concerns about the accumulation of PEG throughout time,
especially during long-term administrations of a PEGylated
drug. A clinical trial concluded that there is an initial
increase in PEG level in the blood and afterward it reaches
a plateau, remaining at the same concentration even after

Ann Transl Med 2021;9(13):1091 | https://dx.doi.org/10.21037/atm-21-747



Annals of Translational Medicine, Vol 9, No 13 July 2021

6.5 years. Children under the age of 7 accumulate PEG at a
slower rate (137,138).

Bypass agents

Patients who develop inhibitors, because of the substitute
factor treatment (much more common in HA >30% then
HB <3%) are harder to be therapeutically managed. Two
therapeutic options are available for patients with inhibitors.
FEIBA, an activated prothrombin complex concentrate,
meaning a plasma product, and FVIIa recombinant (rFVIla)
which bypass the role of the complex that activates FX.
FEIBA is a drug accomplished from plasma, containing a
mixture of activated and non-activated FX, FIX, FVII, and
prothrombin (139). Recombinant factor VIla (rFVIIa),
known as eptacog alfa (Novo-Seven®) is indicated for
bleeding episodes and peri-operative management of HA or
HB with inhibitors, congenital Factor VII (FVII) deficiency,
and Glanzmann‘s thrombasthenia refractory to platelet
transfusions, with or without antibodies to platelets and
for the treatment of bleeding episodes and peri-operative
management in adults with acquired hemophilia (140,141).
The understanding of the coagulation cascade explains
why no bypass agent can generate hemostasis as efficiently
as substitute therapy with factor VIII and factor IX. Factor
VII and factor IX have important roles in the propagation
phase of coagulation (at the surface of the activated platelet).
During this time, the majority of FXa and thrombin is
generated. This cannot be substituted by other proteins.

FVIIIa mimetics

Another therapeutic approach for HA is to replace the
cofactor function of FVIIIa with an antibody that would
serve as a bridge between FIXa and FX. Emicizumab has
the man advantage of being administered subcutaneous,
much more easily tolerated by patients. Importantly, these
antibodies would not react with antibodies against FVIII,
therefore they could be used as a prophylactic treatment
in patients with HA who developed inhibitors and do not
respond to induction of immune tolerance treatment.
The biggest challenge of this approach is that FVIII has
evolved greatly, over millions of years, with specific protein-
phospholipid interactions that are regulated positively and
negatively, therefore it is difficult to mimic the multiple
functions of FVIIIa by an exogenous antibody (142).

The most advanced mimetic FVIII antibody is
emicizumab, approved in 2017 by the FDA for the
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treatment of patients with HA with inhibitors based on
the results of the HAVEN 1 study (61) and HAVEN 2
ongoing phase III study in pediatric patients with HA in
inhibitors (143). Emicizumab can only be used for patients
with HA. Emicizumab is a humanized IgG4 antibody that
binds to FIXa on one side and FX on the other side. As
follows, emicizumab binds FIXa to FX, but also binds FIX
to FXa, therefore it is a tetraspecific antibody. However,
binding to the FIX zymogen may sequester the FIXa
antibody, and binding to FXa may delay the assembly of
the prothrombin-FXa-FVa complex. This may explain why
emicizumab cannot fully support FVIII function (144).
Patients in clinical trials with emicizumab, also needed
FVIII substitution in acute bleeding episodes. Still, the
results of the HAVEN 1 study demonstrate a significant
decrease in acute bleeding episodes per year, from 28.3 per
year in the placebo arm to 5.5 per year in the arm with
patients prophylactically treated with emicizumab. Still,
there were five reported serious side effects involving
thrombosis, all occurring in patients to whom FEIBA was
used concomitantly with emicizumab during acute episodes.
Two of them were thromboembolic events and the other
three were diagnosed as thrombotic microangiopathies
(TMA). Signs of TMA include thrombocytopenia,
autoimmune hemolytic anemia, and renal failure. In one
patient with TMA, the bleeding could not be controlled,
and was pronounced dead (61).

HAVEN 3 clinical trial was published by Mahlangu
et al. (145) and randomly assigned 152 patients in a 2:2:1
ratio, who had been receiving episodic treatment with
factor VIII to receive a subcutaneous maintenance dose
of emicizumab. Emicizumab prophylaxis administered
subcutaneously once weekly, or every 2 weeks is associated
with a significantly lower bleeding rate than no prophylaxis
among persons with HA without inhibitors. More than
half the participants who received prophylaxis had no
treated bleeding events. In an intraindividual comparison,
emicizumab therapy led to a significantly lower bleeding
rate than previous factor VIII prophylaxis.

In the HAVEN 4 study, evaluating emicizumab once
every 4 weeks in patients with hemophilia with or without
inhibitors, a clinical control of active bleeding episodes
was reported. No thromboembolic or TMA events were
reported. Five deaths have been reported in patients with
emicizumab treated outside of the clinical trials as well as a
report of anti-emicizumab antibody development (146).

When looking at all HAVEN 1-4 studies, with data from
401 pediatric and adult HA patients with/without factor
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VIII inhibitors enrolled, as well as a 970.3 patient-years of
exposure, emicizumab prophylaxis maintained low bleed
rates in HA patients of all ages and remains well tolerated,
with no new safety concerns identified (147).

The HAVEN data was confirmed in Japan, in the open-
label study (HOHOEMI) study, evaluating the safety and
efficacy of emicizumab in pediatric patients younger than
12 years with severe haemophilia A without factor
VIII (FVIII) inhibitors, confirmed that emicizumab
administration with four loading doses of 3 mg/kg every
week followed by maintenance doses of 3 mg/kg every
2 weeks or 6 mg/kg every 4 weeks was efficacious and safe
in pediatric patients with severe haemophilia A without
inhibitors (148).

In the HAVEN 1 trial, thrombotic angiopathy was
associated with higher FEIBA dosing, this recommendation
preventing this complication is all future studies.
Oldenburg et 4l. concluded that TMA or thrombosis was
reported only in patients having received high cumulative
doses of activated prothrombin complex concentrate
for breakthrough bleeding while receiving emicizumab
prophylaxis. Thus, the limiting use of FEIBA in patients
who have bleeding events while receiving emicizumab

prophylaxis (149).

Inbibiting antithrombotic pathways—introducing the RNA
interference (RNAi)-based therapy

Many groups and companies are exploring alternative
therapies to achieve hemostasis, focusing on coagulation
inhibitors. By inhibiting the negative regulators of the
coagulation cascade, the thrombin produced should
increase, generating enough thrombin to stop the bleeding
(9,150). This approach has been lately combined with
another approach, RNA interference (RNAI) therapy.

RNAI is a molecular mechanism that has gained a
lot of popularity in the last decade, with application in a
great variety of human conditions. RNAi means that the
exogenous introduction in the cell of an RNA sequence
that has highly specific complementarity with an mRINA of
a gene. Following mRNA-RNAI interaction, the mRNA
is degraded and translation into protein no longer takes
place (151).

RNAI is beginning to be applied also in hemophilia. A
target of RNAI often tested is the antithrombin gene, more
precisely the Antithrombin III (ATIII). Fitusiran is based
on the RNAi technology. The drug contains an RNAi that
binds to and degrades the ATTII mRNA thus the ATTII

© Annals of Translational Medicine. All rights reserved.

Hotea et al. Management of hemophilia

protein level decreases and the coagulation is re-balanced.
The antithrombin is a glycoprotein able to bind to FIXa,
FX, or thrombin and lower the circulating thrombin level.
The therapy is currently in clinical trial testing. Up till
now, an inhibition of 70% to 89% of antithrombin was
reported (152). The sponsor (Alnylam) recently reported
data from the phase II study of the open-label extension
trial, which showed a significant reduction in the median
number of bleeding seen in patients with hemophilia
compared to their old regimens’ treatment (150). During
acute bleeding, patients taking Fitusiran needed a much
lower dose of conventional products. The patients from
the clinical trial used much lower doses of the conventional
factor to treat acute bleedings, regardless of the product
used. However, standard doses of treatment for acute
bleeding episodes could result in the generation of excess
thrombin with thromboembolic complications (153). The
reported side effects were generally mild. However, the
trial had some drawbacks in 2017, in the initial phase as one
of the patients died from a blood clot that led to a massive
brain bleeding. Another serious adverse reaction was a rise
in liver enzymes.

Fitusiran can be used for both HA and HB.

Another approach is the inhibition of Activated Protein
C (APC), which normally cleaves FVIIIa and FVa. In
patients with HA and HB, the ability of APC to maintain
the prothrombin-FVa-FXa complex is much more relevant.
SerpinPC is an engineered serpin that specifically inhibits
APC (activated protein C) (154). SerpinPC inhibits APC,
thus allowing a higher stability of the prothrombin-FVa-
FXa complex that generates for a longer period of time
plasma thrombin for patients with HA and HB. In a mouse
model, SerpinPC was also able to stop episodes of acute
bleedings (155,156).

A trend towards decreasing bleeding tendency was
observed and this preventative effect is being studied in
phase II clinical trials, with additional data gathered to
improve our understanding of the therapeutic window and
potential for thrombosis (157).

Gene therapies

Since the original DNA cloning of FVIII and FIX, many
people have proposed the use of gene therapy to replace
missing factors in patients with HA and HB. After years of
sporadic advances, there is considerable progress toward
producing a factor in a vector that contains the replacement
gene (158-160). Most clinical trials have focused on in
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Table 3 List of clinical trials using gene replacement therapy in hemophilia A and hemophilia B. Abbreviations: F8- factor VIII gene, F9- factor

IX gene, AAV-adeno-associated virus

Inserted gene Name Company Phase Period Vector used Identification code

F8 Valoctogene roxaparvovec BOM-270; BioMarin I} 2015-2024 AAV5 NCT02576795
(AAV5-hFVIII-SQ)
SPK-8011 Spark Therapeutics I/lla 2017-2020 rAAV NCT03003533
SB-525 Sangamo and Pfizer I/lla 2017-2024 AAV2/6 NCT03061201
SHP654 Shire I/lla 2018-2024 AAV8 NCT03370172

F9 SPK-90001 Spark Therapeutics and Pfizer 171 2017-2026 AAV NCT03307980
AMT-060 uniQure Wl 2015-2021 AAV5 NCT02396342
AMT-061 uniQure n 2018-2024 AAV5 NCT03569891
sCAAV2/8-LP1-hFIXco UCL and SJCRH Il 2010-2032 SCAAV2 NCT00979238
FLT180a Freeline Therapeutics | 2017-2021 AAVS3 NCT03369444
SB-FIX Sangamo Wl 2016-2021 AAV2/6 NCT02695160

vivo gene transfer using vectors based on different adeno-
associated virus (AAV) serotypes, although in some preclinical
trials lentivirus vectors have also been used (161). AAV
vectors have been proven in numerous studies to be safe
and efficient in delivering the therapeutic gene. AAV have a
simple structure, are not associated with any disease, and do
not integrate in the genome. They have a single-stranded
DNA genome and cannot infects the host in the absence of a
co-infection (162). All the identified ongoing clinical trials on
gene therapies in HA are presented in Zable 3.

The most advanced clinical trial for FVIII gene therapy
has been reported by BioMarin. Named valoctocogene
roxaparvovec (BMN 270). It uses high doses of AAV and
initially a wide range of factor activity was reported in the
phase I/I1a study. One patient developed a 12% of factor
VIII from normal, 4 patients developed 50% from normal,
and 2 patients had a peak of 250% from normal. All patients
received prophylactic corticosteroids to prevent an anti-
capsid immune response, but some still had hepatocytolysis
syndromes, but no loss of gene expression (163-165).
The level of FVIII in the cohort with high dose AAV, at
104 weeks showed a decrease in the level of factor VIII,
the highest being 150% of normal, and the median is 77%
at 52 weeks. It should be noted that all patients with AAV
antibodies were excluded from these clinical trials (163-165).

Although significant progress has been made in the
area of gene therapy based on viral vectors, there are still
major hurdles that impair the wide-scale clinical application
of this technology. Research in gene therapy has a huge
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potential clinical impact in all areas of medicine, not only
in hematology. Still, the technology has its limitation,
especially related to target accessibility. AAV is now the
vector of choice for most gene therapy options, as it
was proven to be safe and well-tolerated in most clinical
and preclinical settings it was investigated (146). New
technology and novel genome editing options arises from
the biology of bacteria that holds the promise of achieving
precise modifications in the genome with simplicity and
versatility that surpasses previous genome editing methods.
This new technique, commonly named CRISPR/Cas9,
which has brought Emmanuel Charpentier and Jennifer
Doudna the 2020 Nobel Prize in Chemistry, has led to a
rapid expansion of the biomedical field (158).

The latest advancements in gene therapy are focusing
on human artificial chromosomes (HACs), which mimic
the human chromosomes in terms of gene transcription
regulation, allow the insertion of a large construct, contain
epitopes of viral origin that prevent insertion into the
host genome and allow independence of duplication and
transcription (166). They also contain either a-satellite
sequences or (with a synthetic a-satellite sequence and
a tetracycline repressor (tetR) binding site, that permits
the independent interaction with the kinetochore (167).
Recently these advancements have moved from into the
gene therapy of HA. Ponomartsev et 4/, proposed this
year the use of alphoidtetO-HAC vector containing the
F8 gene for the treatment of HA. The induced pluripotent
cells (iPSC) from FVII" mice fibroblasts were transfected
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with the alphoidtetO-HAC-FVIII with the help of reverse
microcell-mediated chromosome transfer (MMCT) from
CHO cells. The iPSC cells showed stable expression of the
F8 gene and the vector remained independent. However,
the production process is still very complicated, the induced
HAC loses its integrity in the following generations of cells,
and the FVIII sdill has a low level of production (168).

Therapy of pain

Pain is of key important for patients with hemophilia.
Spontaneous joint bleeds cause the accumulation of
intraarticular blood, resulting in swelling, impaired
mobility, and severe acute pain (169). Repeated
hemarthrosis progressively contribute to irreversible joint
degeneration and later development of chronic hemophilic
arthropathy, characterized by joint deformity, disability,
and chronic pain (170). Pain in haemophilia can be either
acute (hemarthrosis) or chronic (hemophilic arthropathy),
or occur concurrently, thereby posing unique challenges to
pain assessment and management. Pain is yet suboptimally
treated, underlining the need to address this concern within
the hemophilia comprehensive care setting. Though it is
consensual that a thorough pain assessment is the basis
for optimal pain management, the lack of specific and
validated pain tools for hemophilia is also acknowledged,
in spite of the abundance of disease-specific questionnaires
for other painful conditions (171). Haemophilia-related
pain has been assessed using distinct measures, from
unidimensional Visual or Numerical Rating Scales (172), to
multidimensional pain questionnaires like the McGill Pain
Questionnaire (173) or the Brief Pain Inventory (174).

Efficient pain therapy is important to increase the
quality of life in patients. For hemarthrosis, the following
five steps are efficient to properly manage acute pain, as
according to Rodriguez-Merchan et /. (175): intravenous
infusion of FVIII/FIX, within 2 hours from the beginning
of joint bleeding, till a plasma level not <30-50% of the
insufficient factor is attained, short-run repose of the painful
articulation, local cryotherapy, joint aspiration of blood, and
analgesic medication. The main step is substitution therapy
with the insufficient coagulation.

Substitution therapy is of choice, preferably in the first 2 hours
after the pain started. The aim is to achieve corrective
coagulation factor levels of 30-50 IU dL. After replacement
therapy is achieved, rest is of crucial importance.
Cryotherapy may reduce swelling and decrease pain by its
vasoconstricting effect, but arthrocentesis (joint aspiration)
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should be carried out in 2 days to preclude long-run joint
impairment (176). When there is doubt as to whether
hemarthrosis is present, ultrasonography is the next step
for a good clinical diagnosis. The choosing of a particular
analgesic treatment will be determined by the severity
of pain and on the peculiarities of the patient (177,178).
For stronger pain, metamizole is an option. In particular
cases, soft opioids such as codeine or tramadol may be
employed. For atrocious pain, the optimal medication must
be morphine hydrochloride, either continuous infusion
or a PCA pump, based on the age, mental condition, and
grade of acceptance of the patient. Epidural blocks with
bupivacaine and fentanyl may be very effective.

For chronic pain, reported recommendations are
separated over the ability of acetaminophen and non-
steroidal anti-inflammatory medications (NSAIDs) as first-
line pharmacologic treatment of osteoarthritis. Tramadol
is more frequently used for the treatment of osteoarthritis.
Thus, in contrast to NSAIDs, tramadol does not cause
gastrointestinal bleeding or renal complications, and does
not cause injury to the articular cartilage (179). Opioids can
be a good alternative if patients with knee osteoarthritis
have intense pain or if other analgesic medication is
contraindicated. Still, the data related to their efficacy and
security are inconsistent (180-183). Fransen et a/. (181)
stated that land-based therapeutic exercise is beneficial for
people with osteoarthritis in terms of reduced joint pain for
at least two six months.

Conclusions

In conclusion, a highly specific and accurate diagnosis
is essential for the optimal and efficient management of
both HA and HB. Musculoskeletal complications are
the most common manifestation and the main cause of
the discomfort, poor quality of life, physical and mental
disability. Prompt treatment of each bleeding episode can
prevent joint degradation and the need for orthopedic
interventions. Standard prophylaxis based on body weight
should give way to cost-effective personalized therapy.
Age, pharmacokinetics, bleeding phenotype, joint status,
adherence, physical activity, personal goals are all factors
that should be considered when individualizing therapy. For
patients with/without factor VIII inhibitors, emicizumab
prophylaxis maintains low bleed rates in HA patients of
all ages and remains well tolerated, with no new safety
concerns identified. Alternative therapies are also of good
practical use, improving the quality of life in patients with
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HA and rare bleeding disorders.

A patient-centered regimen is considered optimal.
Recombinant factors still remain the standard of care in
hemophilia, however they pose a challenge to treatment
adherence because they have short half-life, which where
the extended half-life factors come with the solution,
increasing the half-life to 96 hours. Gene therapies have a
promising future with proven beneficial effects in clinical
trials, however, a better vector must be found since AAV
has the major threat to transduce the hepatocytes and cause
hepatocytolysis syndromes.
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