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Hemophilia: changes and new achievements 
in management and care

Introduction 

Hemophilia is a rare inherited bleeding disorder caused by 
deficiency or functional abnormality of either clotting factor 
VIII (FVIII), in hemophilia A (HA), or IX (FIX), in hemophil-
ia B (HB). HA is more common than HB, with a prevalence 
of one in 5,000-10,000 male live births compared with one in 
30,000, respectively. HA and HB are transmitted genetically 
as X-linked recessive disorders [1]. The severity of the disease 
is classified according to the plasma level of FVIII or FIX ac-
tivity, which is determined by the type of causative mutation 
in F8  or  F9. Although the bleeding phenotype may be rath-
er heterogeneous, severe disease is defined as a factor level 

< 1 IU/dL, moderate disease as 1-5 IU/dL, and mild disease 
as 6-40 IU/dL [2] (Table I). Severe hemophilia is characterized 
by spontaneous bleeding into joints or muscles at an early age 
and bleeding after minimal trauma, whereas in moderate or 
mild hemophilia bleeding predominantly occur after trauma or 
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ABSTRACT
Hemophilia treatment has changed significantly in recent years, progressively improving patients’ quality of life and of-
fering more promising therapeutic approaches, with the ambitious goal of achieving a “hemophilia-free mind.” Bleeding 
prevention through regular administration of a hemostatic agent (prophylaxis) represents the gold standard treatment to 
enable affected individuals to lead an active life, comparable to that of the general population. For replacement therapy, 
extended half-life FVIII and FIX concentrates have been developed, allowing an extension of the time between intrave-
nous administrations and improving adherence to treatment. These new clotting concentrates allow treatment person-
alization, making it possible to reduce the number of infusions or increase the protection, maintaining higher circulating 
levels of FVIII or FIX, based on the characteristics and needs of the individual patient. Advances in understanding of the 
underlying molecular mechanisms have led to the development of therapeutic strategies to promote or improve hemo-
stasis, through generation of thrombin without the need for FVIII or FIX. This represents a promising therapeutic option for 
patients with and without inhibitors. The molecules that form the basis of non-replacement therapy have the advantage 
of being administered subcutaneously, have a long half-life, are suitable for long-term prophylaxis, and provide constant 
protection. Only the humanized bispecific FVIII mimetic antibody emicizumab is already available in clinical practice. 
The other molecules are aimed at rebalancing hemostasis, by interacting with different physiological mechanisms of 
anticoagulation (monoclonal anti-TFPI antibodies and an RNA interference molecule able to decrease antithrombin tran-
scription). Finally, gene therapy, which aims to correct the genetic defect underlying hemophilia, represents one of the 
most promising frontiers.
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Table I Clinical classification of hemophilia A and B.

CLASSIFICATION FVIII OR FIX ACTIVITY CLINICAL MANIFESTATIONS

Severe <1 IU/dL Spontaneous bleeding from early infancy
Frequent spontaneous hemarthroses, soft-tissue and post-trauma or surgical bleeding

Moderate 1-5 IU/dL Bleeding mainly after trauma or surgery
Occasional spontaneous hemarthroses

Mild >5-40 IU/dL Bleeding after trauma or surgery
Rare spontaneous hemarthroses
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surgery. Recurrent joint bleeding leads to cartilage and bone 
destruction, resulting in hemophilic arthropathy, responsible 
for chronic pain, disability, and a negative impact on patients’ 
quality of life (QoL). In around half of children with severe he-
mophilia, joint bleeding first occurs during the first year of life 
[3], and 90% of patients experience at least one joint bleeding 
episode before the age of 4.5 years [4]. Eighty per cent of joint 
bleeding episodes involve the knees, elbows, and ankles [5], 
with multiple sites often becoming target joints. Joint bleeding 
with pain and associated functional limitations are also respon-
sible for reduced physical activity resulting in decreased bone 
mineralization and increased susceptibility to fractures. Deep 
muscles are also frequent target sites, where bleeding can po-
tentially impair function. Bleeding into the ilio-psoas muscles 
and retroperitoneal space can be life-threatening when a large 
volume of blood in the peritoneum is lost. In addition, femo-
ral nerve compression with permanent disability can occur if a 
compartment syndrome develops. Bleeding into a closed fas-
cial compartment can lead to compression of vital structures re-
sulting in a compartment syndrome characterized by ischemia, 
gangrene, flexion contractures, and neuropathy. Life-threaten-
ing bleeding, such as intra-cerebral [6], intra-abdominal, or gas-
trointestinal hemorrhages, may also occur.

The natural history of hemophilia has changed profoundly 
in recent years due to advances in treatment and medical care. 
Historically, severe hemophilia has been associated with short 
life expectancy, with high mortality rates due to uncontrolled 
bleeding and complications, the condition being worse in pa-
tients who, as a complication of hemophilia treatment, devel-
op alloantibodies against FVIII or FIX, able to neutralize their 
clotting activity (inhibitors). The cumulative incidence of this 
complication, which usually arises within the first 10-15 days 
of exposure, appears to be 20-40% in HA, and less than 5-10% 
in HB. Management of the bleeding is difficult and involves the 
use of bypassing agents (recombinant [r-] activated factor VII or 
activated prothrombin complex concentrates), when the inhibi-
tory titer is high (>5 Bethesda Units/mL), with suboptimal effi-
cacy in bleeding management and prevention. Today, the aver-
age life expectancy of individuals with hemophilia has increased 
dramatically, becoming comparable to that of a healthy popula-
tion. QoL has also improved significantly, with fewer bleeding 
episodes, reduced joint damage, and greater independence, and 
most younger patients are able to lead more normal lives. People 
with hemophilia can attend school, hold jobs, and participate in 
sports and physical activities, all of which were once difficult 
or impossible. These improvements are due not only to the in-
creased availability of more advantageous therapeutic options, 
but also to the possibility of personalizing treatment. 

Prophylaxis treatment 

The mainstay of hemophilia treatment is replacement of 
missing clotting factors, administered either on demand or as 
prophylaxis, to prevent or reduce the risk of bleeding [1]. Proph-
ylaxis is the cornerstone of hemophilia management [7] and the 
World Federation of Hemophilia [8] strongly recommends long-
term prophylaxis for patients with severe clinical phenotypes. 

Prophylaxis should be individualized on the basis of not only 
bleeding phenotype, but also joint status, individual pharma-
cokinetics, patient self-assessment, and preference. Primary 
prophylaxis with regular infusions of factor concentrates, in-
itiated early, prior to the onset of joint disease and ideally be-
fore the age of 3, is the standard of care for pediatric patients. 
Guidelines on prophylactic treatment in adulthood are less 
clear, although the benefits seem to be indisputable, resulting in 
a significant reduction of bleeding episodes per year and better 
QoL [9,10]. Moreover, in elderly patients prophylaxis may be ad-
ministered with the aim of protecting against bleeding related 
to comorbidities or to therapies for their management, such as 
anti-platelet or anticoagulant treatments in cardiovascular dis-
ease [11], which is an emerging medical issue in this population, 
with a prevalence of 15% [12]. 

The current therapeutic options for prophylaxis are replace-
ment or non-replacement therapy and gene therapy (GT). 

Replacement therapy 

The etiological treatment of hemophilia involves replacing 
the missing blood clotting factor through intravenous infusion 
of clotting factor concentrates, so that the blood can clot prop-
erly. Plasma-derived or recombinant FVIII and FIX concen-
trates are widely available. The dosing of replacement therapy 
is based on several factors including age, lifestyle, circulating 
half-life (HL) of plasma FVIII and FIX, and the level of activ-
ity required to achieve adequate hemostasis or prophylaxis. In 
the case of endogenous FVIII and FIX, the circulating HL is 
8-12 and around 18 hours, respectively. Available r-FVIII and 
r-FIX concentrates can have either a standard (SHL) or an ex-
tended (EHL) HL. Different technologies are applied to extend 
HL, such as conjugation with polyethylene glycol and the pro-
duction, by genetic engineering, of fusion proteins containing 
FVIII and FIX linked to a long-lived plasma protein such as the 
Fc fragment of immunoglobulin (Ig)G or albumin, the latter, 
available for FIX only (Tables II and III). The HL of r-FIX can 
be extended considerably, even reaching 100 hours. Due to its 
greater size and the ceiling influence of endogenous von Wil-
lebrand factor (VWF), which is the FVIII carrier, the effect in 
r-FVIII products so far is only moderate, with the HL extended 
to about 15-18 hours.

Prophylaxis regimens with SHL-FVIII and SHL-FIX are 
based on a dosing schedule determined by patient body weight, 
and two or three infusions per week are required to maintain 
protective factor trough levels > 1-2 IU/dL of the missing fac-
tor. The availability of EHL concentrates has made it possible 
to reduce infusion frequency, with the interval extended to 3-5 
days in HA and 7-14 days in HB. It has thus become easier to 
identify personalized prophylactic regimens in terms of dose, 
trough levels of 3-5 IU/dL, and infusion scheduling [13,14] (Ta-
bles II and III). 

Significant benefits for HA patients will probably become 
possible with efanesoctocog alfa, a novel r-FVIII product, not 
yet approved, that is coupled to VWF and thus independent of 
endogenous VWF [15]. Several modifications have been made 
to extend its plasma HL, giving three- to four-fold longer he-
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Table II Standard and extended half-life r-FVIII concentrates available in Italy, with recommended regimens for prophylaxis.

Table III Standard and extended half-life rFIX concentrates available in Italy, with recommended prophylaxis regimens.

PRODUCT CHARACTERISTIC PROPHYLAXIS REGIMEN ACCORDING TO DATA SHEET

 SHL FVIII concentrates

Octocog alfa (Recombinate®) First generation full-length r-FVIII 20-40 IU/kg at 2- to 3-day intervals

Octocog alfa (Advate®) Third generation full-length r-FVIII 20-40 IU/kg at 2- to 3-day intervals
< 6 years: 20-50 IU/kg 3-4 days per week

Moroctocog alfa (Refacto AF®) Second generation B domain-deleted r-FVIII 20-40 IU/kg at 2- to 3-day intervals

Octocog alfa (Kovaltry®) Full-length r-FVIII with superior 
glycosylation

20-40 IU/kg 2-3 times a week
< 6 years: 20-50 IU/kg 2-3 days per week or every other day

Turoctocog alfa (Novoeight®) B domain-truncated r-FVIII fully sulfated at 
Tyr1680

20-40 IU/kg every 2 days or 20-50 IU/kg 3 days a week
Adults and adolescents also: 40-60 IU/kg every 3 days or two days a week

Simoctocog alfa (Nuwiq®) B domain-deleted r-FVIII fully sulphated 
with preserved N-glycosylation.
Only r-FVIII produced by human cell line

20-40 IU/kg at 2- to 3-day intervals

Lonoctocog alfa (Afstyla®) Single-chain r-FVIII with stronger affinity 
to VWF

20-50 IU/kg 2-3 days per week
Pediatric patients: 30-50 IU/kg 2-3 days per week

EHL FVIII concentrates

Efmoroctocog alfa (Elocta®) Fusion protein with the Fc fragment of IgG1 
(r-FVIIIFc)

50 IU/kg at 3- to 5-day intervals
Dose can be adjusted in a range between 25 and 65 IU/kg 
Children under the age of 12 may need higher or more frequent doses

Rurioctocog alfa pegol (Adynovi®) Random PEGylation of r-FVIII
40-50 IU/kg twice a week at intervals of 3-4 days. Adjustments of doses and 
intervals between doses can be considered based on FVIII levels achieved and 
individual bleeding phenotype.

Damoctocog alfa pegol (Jivi®) Site-specific PEGylation

45-60 IU/kg every 5 days. Depending on the clinical characteristics of the patient, 
the dose could also be 60 IU/kg every 7 days or 30-40 IU/kg twice a week 
In overweight patients, the maximum prophylactic dose per infusion should not 
exceed 6,000 IU.

Turoctocog alfa pegol (Esperoct®) Single site-specific PEGylation of r-FVIII 
50 IU per kg of body weight every 4 days.
Dose adjustments and dose intervals can be considered based on factor VIII 
levels and individual bleeding tendency.

PRODUCT CHARACTERISTIC PROPHYLAXIS REGIMEN ACCORDING TO DATA SHEET

SHL-FIX concentrates

Nonacog alfa (Benefix®) Third-generation r-FIX
40 IU/kg every 3-4 days. 
In some cases, especially in younger patients, shorter or longer dosing intervals 
may be required.

Nonacog gamma (Rixubis®) Third-generation r-FIX Patients > 12 years: 40-60 IU/kg every 3-4 days 
Patients < 12 years: 40-80 IU/kg every 3-4 days

EHL-FIX concentrates

Albutrepenonacog alfa (Idelvion®) Fusion protein with albumin fusion (r-FIX-
FP)

Patients > 12 years: 35-50 IU/kg once a week. Some patients who show optimal 
control of the disease with once-weekly administration may, with a dose of up to 
75 IU/kg, switch to administration once every 10 or 14 days.
Patients <12 years: 35-50 IU/kg once a week
For patients > 18 years of age, further extension of the range of administration 
may be considered.

Eftrenonacog alfa (Alprolix®) Fusion protein with the Fc fragment of IgG1 
(r-FIXFc)

Patients > 12 years: 50 IU/kg once a week, adjusting the dose according to 
individual response, or 100 IU/kg once every 10 days, adjusting the interval 
according to individual response.
Patients < 12 years: 50-60 IU/kg every 7 days.
Some well-controlled patients with a once-every-10-day regimen may possibly 
be treated at intervals of 14 days or more.

Nonacog beta pegol (Refixia®) Site-specific glycoPEGylation of r-FIX
Not approved for patients < 12 years. 40 IU/kg body weight once a week.
Dose and interval adjustments may be considered based on FIX levels and 
individual bleeding tendency.
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mostatic control, and allowing high FVIII trough levels (of 
between 10 and 40 IU/dL) to be maintained with 50 IU/kg 
once-weekly administration [16]. 

 However, despite the significant improvements achieved, 
the management of long-term prophylaxis continues to pose 
several clinical challenges. The frequency of intravenous ad-
ministrations and the accessibility of suitable veins can still be 
particular issues, closely related to adherence and possible oc-
currence of breakthrough bleeding [17]. 

Non-replacement therapy 

Improved understanding of the underlying molecular mech-
anisms has enabled the development of therapeutic strategies 
that promote hemostasis by enhancing defective thrombin gen-
eration (TG) independently of FVIII or FIX. The new agents 
developed act by mimicking FVIIIa (emicizumab, mim8) or by 
inhibiting natural anticoagulant pathways (concizumab, fitu-
siran) [18]. Emicizumab and mim8 are humanized recombinant 
bispecific antibodies with specificity for activated FIX (FIXa) 
and factor X (FX) [19]. They act as a bridge between FIXa and 
FX, mimicking the activity of FVIII in vivo and generating FXa, 
required for the conversion of prothrombin to thrombin. Anoth-
er strategy to improve TG is reduction of antithrombin (AT) 
activity by using RNA interference, i.e., the natural process of 
gene silencing. The small interfering RNA fitusiran works by 
suppressing hepatic synthesis of AT [20]. It binds and degrades 
AT mRNA in hepatocytes, leading to posttranscriptional silenc-
ing of AT gene expression and hence prevention of AT synthesis. 
Reduction in AT levels leads to increased availability of throm-
bin, FXa, and FIXa. Another way to induce TG is by using the 
anti-TFPI humanized recombinant antibodies concizumab or 
marstacimab to inhibit the tissue factor (TF) pathway inhibitor 
(TFPI). TFPI is a multivalent Kunitz-type serine protease inhib-
itor that consists of three domains with different roles. Domain 
1 binds to the TF-FVIIa complex, domain 2 acts on activated 
FXa, and domain 3 interacts with protein S (PS). TFPI exerts 
its anticoagulant effects by inhibiting the TF-FVIIa complex as 
well as early forms of the prothrombinase complex [21]. TFPI 

inhibition leads to increased availability of the FVIIa/TF com-
plex, which produces a larger amount of FIXa and FXa, ulti-
mately increasing TG (Table IV). Advantages of these products 
are their subcutaneous route of administration and long HL, 
with the exception of concizumab, which is administered dai-
ly. These agents could improve compliance and protection and 
can be used in patients with and without inhibitors. Once the 
steady state is reached, constant protection is guaranteed, with-
out the typical peaks and troughs of replacement therapy. They 
represent optimal therapeutic options for long-term prophylaxis 
treatment, but the protection they confer is not absolute and as-
sociation with coagulation concentrates may be necessary.

The co-administration of replacement therapy for the treat-
ment of breakthrough bleeds or the management of post-trauma 
and surgery is one of the most important issues, as it could lead 
to excessive TG and increased prothrombotic risk [22] (Table V). 

Emicizumab (Hemlibra, Roche Genentech, South San 
Francisco, CA, USA) is currently the only biologic agent 
worldwide approved and available in clinical practice for rou-
tine prophylaxis in patients with and without inhibitors. It is ad-
ministered as a single subcutaneous injection weekly, or every 
two or four weeks. Clinical trials and real-world data have con-
sistently demonstrated a significant reduction in annual bleed-
ing rates and the resolution of more than 95% of target joints; 
many patients experienced zero bleeding episodes with a clear 
improvement in QoL [23-25]. All other molecules are at various 
advanced stages of study [26-28] and have shown excellent effi-
cacy, with significant reduction of bleeding and QoL improve-
ment. With regard to safety, rare thromboembolic events (TEs) 
have occurred with all molecules in the different clinical trials. 
TEs were never spontaneous but were associated with co-ad-
ministration of replacement therapy and the presence of other 
prothrombotic risk factors. A review of the treatment patterns 
with coagulation concentrates was necessary to mitigate this 
risk, indicating appropriate dosages and treatment durations. In 
addition, non-neutralizing anti-drug antibodies (ADAs) against 
concizumab and emicizumab have been reported. However, 
ADAs with neutralizing potential against emicizumab were ob-
served in < 1% of participants only, and none in those treated 
with the other agents. 

Hemophilia: changes and new achievements in management and care

Table IV Novel therapeutic approaches.

MECHANISM OF ACTION PRODUCT (GENERIC NAME) COMPANY TARGET POPULATION STATUS

Humanized bi-specific monoclonal 
antibody mimicking FVIII emicizumab Roche Genentech

Severe HA patients with and without 
inhibitors; moderate HA patients with 
severe bleeding phenotype

Approved 

Humanized bi-specific monoclonal 
antibody mimicking FVIII mim8 Novo Nordisk HA patients with and without inhibitors Phase 3 clinical trial

Humanized monoclonal antibody 
against TFPI concizumab Novo Nordisk HA and HB patients with and without 

inhibitors

Phase 3 clinical trial.
Approved in Canada for HB 
patients with inhibitors 

Humanized monoclonal antibody 
against TFPI marstacimab Pfizer HA and HB patients with and without 

inhibitors
Phase 3 clinical trial
Approved by EMA

siRNA against AT mRNA fitusiran Sanofi Genzyme HA and HB patients with and without 
inhibitors

Phase 3 clinical trial
Approved by FDA

Legenda: FVIII, factor VIII; TFPI, tissue factor pathway inhibitor; AT, antithrombin; HA, hemophilia A; HB, hemophilia B.
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Gene therapy

Hemophilia is an ideal candidate for GT, being a monogen-
ic disorder with a clearly defined phenotype and a wide thera-
peutic window. GT offers a potential cure that would provide 
optimal outcomes while alleviating the burden of treatment 
with a safe, one-time administration achieving predictable and 
durable levels of FVIII or FIX to prevent bleeding and the need 
for chronic treatments. GT involves the use of adeno-associat-
ed viruses (AAVs) as vectors to deliver the therapeutic FVIII or 
FIX gene to hepatocytes as target cells. 

The first successful results for HB were published in 2011. 
Ten patients with severe HB showed a dose-dependent expres-
sion of the FIX transgene of 2-11 IU/dL [29], which was main-
tained at 2-5 IU/dL after > 10 years. An important advance in 
GT for HB came with the introduction of the Padua variant 
of the FIX gene, which resulted in R338L amino acid change. 
This naturally occurring variant, originally reported in a family 
with inherited thrombophilia, produces a highly active form of 
FIX, with 5-8-fold enhanced activity compared with the wild-
type FIX.  In a phase-3 trial, 54 patients with severe HB were 
treated, achieving mean FIX activity of 39 IU/dL at six months 
and 36 IU/dL at 36 months [30]. 

The development of an agent for HA GT has proved to be 
an additional challenge. Whereas hepatocytes are the physio-
logical site of FIX synthesis, the sinusoidal endothelial cells 
are the main site of FVIII synthesis in the liver. The first suc-

cessful results in HA were published in 2017 [31]. Six out of 
seven treated patients showed sustained normalization of FVIII 
activity over a period of one year (mean, 93 IU/dL ± 48), lead-
ing to stabilization of hemostasis as well as a comparatively 
sharp reduction in annual factor VIII use. Subsequent declin-
ing expression of FVIII over a period of up to six years was 
demonstrated [32]. 

A common GT side effect is increased liver enzymes, due 
to an unpredictable T cell-induced immune response to trans-
duced hepatocytes [33], with possible reduction or loss of ther-
apeutic effect. This occurs more frequently in HA (89%) [34] 
than in HB (17%) [30]. In 2022, the European Medicines Agency 
(EMA) granted conditional marketing authorization to valoc-
tocogene roxaparvovec (AAV5-hFVIII-SQ), an AAV5 GT to 
treat HA, and the US Food and Drug Administration approved 
etranacogene dezaparvovec-drlb (AAV5-FIX Padua) to treat 
HB; this was also granted conditional marketing authorization 
by the EMA in early 2023. 

Conclusion

Current treatments for hemophilia allow more effective 
prophylaxis regimens, reducing bleeding events and making it 
possible for patients to lead more active and independent lives 
with an overall improvement in QoL. 

With better management of the disease, life expectancy 

Linari S. et al.
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Table V Comparison between replacement therapy and non-replacement therapy in hemophilia.

REPLACEMENT THERAPY NON-REPLACEMENT THERAPY

Mechanism Designed to provide the missing clotting factor (FVIII for HA, FIX for HB) 
into the bloodstream.

Designed to achieve hemostasis through different mechanisms, by 
targeting other parts of the coagulation cascade or by rebalancing the 
pro-clotting and anti-clotting factors in the blood.

Drugs

Standard half-life (SHL) factor concentrates: Require more frequent 
infusions as they are cleared from the body relatively quickly.
Extended half-life (EHL) factor concentrates: Modified to stay in the 
body longer, allowing for less frequent infusions (e.g., once or twice a 
week, or even less frequently in HB).

Bispecific antibodies (e.g., emicizumab): These antibodies mimic the 
function of FVIII by bringing together Factor IXa and Factor X, allowing 
the clotting process to proceed.
Rebalancing agents: These therapies aim to shift the balance 
towards clotting by inhibiting natural anticoagulants: fitusiran (inhibits 
antithrombin) and concizumab (inhibits tissue factor pathway inhibitor 
- TFPI). Those therapies are in various stages of development or 
approval.

Administration Intravenous Subcutaneous

Pharmacokinetic Characteristic peaks (high hemostatic protection) and troughs (low 
protection with risk of bleeding). At the steady state constant protection, but not absolute

Indications Long-term prophylaxis and on–demand treatment Long-term prophylaxis 

PROS

Directly addresses the deficiency: Provides the exact missing 
protein, allowing the blood clotting cascade to function more normally. 
Established efficacy: cornerstone of hemophilia treatment for 
decades, with a well-understood safety and efficacy profile.
Can be used for both prophylaxis and on-demand treatment: Effective 
for preventing bleeds and for stopping active bleeds.

Reduced treatment burden: Subcutaneous administration and less 
frequent dosing significantly improve convenience and quality of life 
for patients.
Effective in patients with inhibitors to traditional factor replacement, 
offering a crucial alternative.
Novel mechanisms: Offers new ways to achieve bleeding control, 
potentially leading to better outcomes for some patients.

CONS

Intravenous administration: Requires regular intravenous infusions, 
which can be burdensome for patients, especially children.
Short half-life (for SHL): Requires frequent infusions to maintain 
protective factor levels.
Inhibitor development: Some patients, particularly those with severe 
hemophilia, can develop antibodies against the infused factor, 
rendering the replacement therapy ineffective. 

Not suitable for acute bleeds: designed for prophylaxis and may 
not be effective for immediately stopping active bleeding episodes. 
Patients may still need clotting factor replacement.
Newer therapies, less long-term data: As these therapies are newer, 
long-term safety and efficacy data are still accumulating compared to 
decades of experience with replacement therapy.
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has also significantly increased, becoming closer to that of the 
general population. The next ambitious goals can therefore be 
identified as ensuring a hemophilia free-mind [35] and offering a 
potential cure through GT.

References

1.	 Berntorp E, Shapiro AD. Modern haemophilia care. Lancet. 2012;379 
(9824):1447-56.

2.	 Blanchette VS, Key NS, Ljung LR, Manco-Johnson MJ, van den Berg 
HM, Srivastava A; Subcommittee on Factor VIII, Factor IX and Rare 
Coagulation Disorders of the Scientific and Standardization Commit-
tee of the International Society on Thrombosis and Hemostasis. Defi-
nitions in hemophilia: communication from the SSC of the ISTH. J 
Thromb Haemost. 2014;12(11):1935-9.

3.	 Pollmann H, Richter H, Ringkamp H, Jürgens H. When are children di-
agnosed as having severe haemophilia and when do they start to bleed? 
A 10-year single-centre PUP study. Eur J Pediatr. 1999;158:S166-70.

4.	 Fischer K, Van Der Bom JG, Mauser-Bunschoten EP, et al. The effects 
of postponing prophylactic treatment on long-term outcome in patients 
with severe hemophilia. Blood. 2002;99(7):2337-41. 

5.	 Pergantou H, Matsinos G, Papadopoulos A, Platokouki H, Aronis S. 
Comparative study of validity of clinical, X-ray and magnetic reso-
nance imaging scores in evaluation and management of haemophilic 
arthropathy in children. Haemophilia. 2006;12(3):241-7.

6.	 Zanon E, Pasca S. Intracranial haemorrhage in children and adults 
with haemophilia A and B: a literature review of the last 20 years. 
Blood Transfus. 2019;17(5):378-84.

7.	 Manco-Johnson MJ, Abshire TC, Shapiro AD, et al. Prophylaxis ver-
sus episodic treatment to prevent joint disease in boys with severe 
hemophilia. N Engl J Med. 2007;357(6):535-44.

8.	 Srivastava A, Santagostino E, Dougall A, et al.; WFH Guidelines 
for the Management of Hemophilia panelists and co-authors. WFH 
Guidelines for the Management of Hemophilia, 3rd edition. Haemo-
philia. 2020;26 Suppl 6:1-158. 

9.	 Manco-Johnson MJ, Kempton CL, Reding MT, et al. Randomized, 
controlled, parallel-group trial of routine prophylaxis vs. on-de-
mand treatment with sucrose-formulated recombinant factor VIII in 
adults with severe hemophilia A (SPINART). J Thromb Haemost. 
2013;11(6):1119-27.

10.	 Tagliaferri A, Feola G, Molinari AC, et al.; POTTER Study Group. 
Benefits of prophylaxis versus on-demand treatment in adolescents 
and adults with severe haemophilia A: the POTTER study. Thromb 
Haemost. 2015;114(1):35-45.

11.	 Schutgens REG, Jimenez-Yuste V, Escobar M, et al. Antithrombotic 
treatment in patients with hemophilia: an EHA-ISTH-EAHAD-ESO 
clinical practice guidance. Hemasphere. 2023;7(6):e900. 

12.	 Sood SL, Cheng D, Ragni M, et al. A cross-sectional analysis of car-
diovascular disease in the hemophilia population. Blood Adv. 2018; 
2(11):1325-33.

13.	 Collins PW. Personalized prophylaxis. Haemophilia. 2012;18 Suppl 
4:131-5.

14.	 Carcao M. Changing paradigm of prophylaxis with longer acting fac-
tor concentrates. Haemophilia. 2014;20 Suppl 4:99-105.

15.	 ALTUVIIIO- antihemophilic factor (recombinant), fc-vwf-xten fusion 
protein ehtl. Bioverativ Therapeutics Inc. Available at: https://dailymed.
nlm.nih.gov/dailymed/drugInfo.cfm?setid=01411972-df40-4ccf-88f0 
-d3220e5abda9. Accessed July 16, 2024.

16.	 von Drygalski A, Chowdary P, Kulkarni R, et al. XTEND-1 Trial 
Group. Efanesoctocog alfa prophylaxis for patients with severe hemo-
philia A. N Engl J Med. 2023;388(4):310-8.

17.	 Castaman G, Linari S. Prophylactic versus on-demand treatments for 
hemophilia: advantages and drawbacks. Expert Rev Hematol. 2018; 
11(7):567-76.

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

19.	 Shima M, Hanabusa H, Taki M, et al. Factor VIII-mimetic function of 
humanized bispecific antibody in hemophilia A. N Engl J Med. 2016; 
374(21):2044-53.

20.	 Ragni MV. Targeting antithrombin to treat hemophilia. N Engl J Med. 
2015;373(4):389-91.

21.	 Mast AE. Tissue factor pathway inhibitor: multiple anticoagulant activ-
ities for a single protein. Arterioscler Thromb Vasc Biol. 2016;36(1):9-
14.

22.	 Tiede A. Thromboembolic risks of non-factor replacement therapies in 
hemophilia. Hamostaseologie. 2017;37(4):307-10.

23.	 Callaghan MU, Negrier C, Paz-Priel I, et al. Long-term outcomes with 
emicizumab prophylaxis for hemophilia A with or without FVIII in-
hibitors from the HAVEN 1-4 studies. Blood. 2021;137(16):2231-42. 

24.	 Pipe SW, Collins P, Dhalluin C, et al. Emicizumab prophylaxis in in-
fants with hemophilia A (HAVEN 7): primary analysis of a phase 3b 
open-label trial. Blood. 2024;143(14):1355-64.

25.	 Barg AA, Budnik I, Avishai E, et al. Emicizumab prophylaxis: pro-
spective longitudinal real-world follow-up and monitoring. Haemo-
philia. 2021;27(3):383-91.

26.	 Young G, Srivastava A, Kavakli K, et al. Efficacy and safety of fitusir-
an prophylaxis in people with haemophilia A or haemophilia B with 
inhibitors (ATLAS-INH): a multicentre, open-label, randomised phase 
3 trial. Lancet. 2023;401(10386):1427-37.

27.	 Matsushita T, Shapiro A, Abraham A, et al.; explorer7 Investigators. 
Phase 3 trial of concizumab in hemophilia with inhibitors. N Engl J 
Med. 2023;389(9):783-94.

28.	 Mahlangu J, Luis Lamas J, Cristobal Morales J, et al. Long-term safety 
and efficacy of the anti-tissue factor pathway inhibitor marstacimab 
in participants with severe haemophilia: phase II study results. Br J 
Haematol. 2023;200(2):240-8.

29.	 Nathwani AC, Tuddenham EG, Rangarajan S, et al. Adenovirus-asso-
ciated virus vector-mediated gene transfer in hemophilia B. N Engl J 
Med. 2011;365(25):2357-65.

30.	 Pipe S, van der Valk P, Verhamme P, et al. Long-term bleeding protec-
tion, sustained FIX activity, reduction of FIX consumption and safety 
of hemophilia B gene therapy: results from the HOPE-B trial 3 years 
after administration of a single dose of etranacogene dezaparvovec in 
adult patients with severe or moderately severe hemophilia B. Blood. 
2023;142 Supplement 1:1055-7. Special Issue: 65th ASH Annual 
Meeting Abstracts 2023, December 9-12.

31.	 Rangarajan S, Walsh L, Lester W, et al. AAV5-factor VIII gene trans-
fer in severe hemophilia A. N Engl J Med. 2017;377(26):2519-30.

32.	 Pasi KJ, Laffan M, Rangarajan S, et al. Persistence of haemostatic re-
sponse following gene therapy with valoctocogene roxaparvovec in 
severe haemophilia A. Haemophilia. 2021;27(6):947-56.

33.	 Leebeek FWG, Miesbach W. Gene therapy for hemophilia: a re-
view on clinical benefit, limitations, and remaining issues. Blood. 
2021;138(11):923-31.

34.	 Ozelo MC, Mahlangu J, Pasi KJ, et al. Valoctocogene roxaparvovec 
gene therapy for hemophilia A. N Engl J Med. 2022;386(11):1013-25.

35.	 Hermans C, Pierce GF. Towards achieving a haemophilia-free mind. 
Haemophilia. 2023;29(4):951-53.

Hemophilia: changes and new achievements in management and care

Int J Bone Frag. 2025; 5(2):66-71


