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Abstract: In recent years, gene therapy and bio-engineered hemostatic molecules have revolutionized treatment for people with 
hemophilia. These innovative therapies aim to decrease treatment burden and improve patient quality of life. Additional novel 
therapies, including next-generation mimetics and agents that rebalance hemostasis, are currently being evaluated in clinical trials. 
Technological advances such as point-of-care musculoskeletal ultrasound and artificial intelligence may improve patient diagnostic and 
treatment outcomes. However, for the majority of patients with hemophilia worldwide, diagnosis and effective treatment are 
inaccessible. Achieving health equity for all hemophilia patients requires improved identification of barriers to optimal care, including 
socioeconomic status, race/ethnicity, gender, disease severity, inhibitor status, age, and use of Hemophilia Treatment Centers. Access 
to novel hemophilia therapies should be ensured for all patients. Approaches to improving equity include a decision-making partner
ship between the patient and clinician, stakeholder engagement, and pharmaceutical industry support. The development of novel 
hemophilia therapies should be leveraged with a patient-centered care approach to improve health equity for all patients.
Keywords: gene therapy, non-factor therapy, artificial intelligence, point-of-care musculoskeletal ultrasound, health equity

Introduction
Hemophilia A and B are X-linked bleeding disorders characterized by complete or partial deficiency of coagulation 
factor VIII (FVIII) or IX (FIX). Hemophilia severity is determined by residual plasma factor activity, and classified as 
severe (<1% of normal), moderate (1–5%), or mild (>5 - <40%).1–3 In the absence of prophylaxis, people with severe 
hemophilia (PwH) experience frequent spontaneous bleeding events (BEs) into joints and muscles. This results in a high 
risk of medical and socioeconomic morbidity, requiring significant resources for management, ultimately detracting from 
the patient’s quality of life (QoL).

Hemophilia treatment has progressed significantly since the 1950s, from fresh frozen plasma to the discovery of 
cryoprecipitate by Dr. Judith Graham Pool, which led to the development of the first FVIII concentrate.4 In the 1970s and 
1980s, 60–70% of PwH became infected with human immunodeficiency virus (HIV), hepatitis B, and hepatitis C due to 
the widespread use of pooled contaminated plasma-derived factor concentrates.5 Ryan White, an American teenager with 
hemophilia who contracted HIV from an FVIII infusion, became a national advocate for increased education about and 
de-stigmatization of people with HIV/acquired immunodeficiency syndrome (AIDS).6 The introduction of viral testing 
and inactivation procedures markedly improved the safety profile of these products.7

The cloning of the F9 gene in 1982 and the F8 gene in 1984 led to the development of recombinant standard half-life 
factor concentrates in the 1990s.8–11 Prophylaxis for people with severe hemophilia (infusing products regularly to 
maintain levels in the moderate hemophilia range) was a major advancement to reduce bleeding and improve patient QoL 
and is now considered the standard of care.12 Still, due to the short and variable half-life of FVIII and FIX concentrates, 
patients experienced breakthrough bleeding events due to inadequate trough levels. Pharmacokinetic-guided personalized 
prophylaxis has been used to optimize these treatment regimens.13 Extended half-life (EHL) factor concentrates, which 
have become available over the last decade, have improved pharmacokinetic profiles and decreased treatment burden.14 
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More recently, three adeno-associated virus (AAV) vector-mediated gene therapies received approval from the US Food 
and Drug Administration (FDA) for treating adults with moderate or severe hemophilia A (HA) and B (HB), with 
additional gene therapies currently in clinical trials.

Approximately 30% of people with severe HA and up to 10% of persons with severe HB develop antibodies directed 
against the replacement factor, termed inhibitors.15,16 Depending on the titer of the neutralizing antibody, FVIII and FIX 
concentrates may be rendered ineffective. Management of BEs in PwH with inhibitors requires repeated doses of recombinant 
activated factor VII (rFVIIa) or activated prothrombin complex concentrate (aPCC).17 Since becoming available in 2017, 
FVIII mimetic therapy with emicizumab has revolutionized prophylaxis for persons with hemophilia A (PwHA) with or 
without inhibitors.18,19 Ongoing clinical trials are evaluating new rebalancing agents for hemophilia regardless of inhibitor 
status. The mechanism of action of these agents involves decreasing the activity of the naturally occurring clotting factors that 
down-regulate coagulation. The agents currently under evaluation are all administered subcutaneously.

The development of novel therapeutics for treating hemophilia with and without inhibitors has been met with 
enthusiasm from both patients and providers. Beyond the one currently available novel agent, emicizumab 
(Hemlibra®, Hoffman-La Roche), for persons with hemophilia A with or without inhibitors, marstacimab (Pfizer), 
a low-affinity human IgG1 antibody that binds the K2 domain of TFPI, was approved in October 2024 by the FDA 
for prophylaxis in adult and adolescent patients (≥12 years of age) with hemophilia A or B without inhibitors.20 

Further novel therapeutics in the pipeline are in various stages of development. Once a full complement of these 
therapies becomes available, health metrics including life expectancy, annualized bleeding rate (ABR), joint health, 
and health-related QoL may be positively impacted.19,21–24 However, there are still many barriers that will limit 
access to these new therapies including socioeconomic status, race/ethnicity, gender, disease severity, inhibitor 
status, age, and access to hemophilia treatment centers (HTCs). In 2022, the World Federation of Hemophilia 
(WFH) estimated there are 830,895 cases of hemophilia globally (with 282,266 severe cases); a total of 271,359 
cases of hemophilia had been identified, suggesting that almost 70% of cases, most from low- and middle-income 
countries, are undiagnosed and untreated.21,25,26 To deliver on the promise of emerging hemophilia therapies, 
optimized and equitable access to care must be ensured worldwide, where all hemophilia patients have a fair 
opportunity to attain the highest level of possible health.

This review highlights the safety and efficacy of recently licensed hemophilia treatments and novel therapies currently 
in clinical trials or late-stage preclinical development. We also describe how currently available treatments have 
improved health equity in this population and the emerging challenges to ensure equity and optimize patient care with 
new treatments and technologies.

Replacement Therapies
Replacement therapy has been the mainstay of treatment for PwH for the control and prevention of bleeding events. 
Currently available FVIII and FIX replacement therapies used for prophylaxis and management of acute BEs provide 
many choices for patients and clinicians (Figure 1). Obstacles to effective prophylactic treatment may include frequent 
need for intravenous infusions, depending upon the product utilized, and socioeconomic factors related to the high cost of 
treatment, which can result in imperfect adherence.27 Recent advances in the extension of coagulation factor half-life 
have significantly reduced the treatment burden for many patients.

Standard Half-Life Products
Although the advent of recombinant FVIII and FIX concentrates greatly improved patient QoL, the typical infusion 
regimen of three times per week in HA (due to a half-life of 8–12 hours) remained burdensome for patients. Factor IX 
standard half-life (SHL) products have a half-life of 24 hours, with a typical infusion regimen of twice per week in HB.

Extended Half-Life Products
Research has focused on protein modifications to increase factor half-life (Table 1 and Table 2). Modifications to 
recombinant factor concentrates include conjugation to polyethylene glycol (PEGylation) or fusion to albumin or the Fc 
region of IgG1, which decreases the clearance of these products by liver-expressed scavenger receptors. Compared with 
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SHL products, EHL-FIX achieves a 4 to 6-fold increase in circulating half-life, while most EHL-FVIII have a 1.3 to 
1.7-fold increase in half-life.14 The tight FVIII and von Willebrand factor (VWF) complex stabilizes and safeguards 
FVIII against degradation and clearance and also creates a “ceiling effect” for FVIII half-life of 15–19 hours.29

Efanesoctocog Alfa 
Approved by the FDA in 2023 for prophylactic and on-demand treatment of adults and children with PwHA, 
efanesoctocog alfa (Altuviiio®, Sanofi) is the first EHL-FVIII to eliminate the VWF-imposed ceiling on FVIII half- 
life.22 Efanesoctocog alfa is a B domain-deleted, Fc-fusion recombinant FVIII protein with a VWF-stabilizing D′D3 
domain that prevents endogenous VWF binding.30 Efanesoctocog alfa also contains two hydrophilic polypeptides 
(XTENs) that extend half-life through steric hindrance. The half-life of efanesoctocog alfa is 3- to 4-fold longer than 
SHL-FVIII, with 40% FVIII activity remaining after 4 days and an expected trough level of 15% 7 days after infusion for 
adult subjects.31 For PwHA treated with efanesoctocog alfa, a validated one-stage clotting assay should be used to 

Figure 1 Procoagulant therapies: Available and investigational. Procoagulant hemophilia therapies including factor concentrates, gene therapy, cellular therapy, and gene 
editing can replace the missing coagulation factors FVIII and FIX in patients without inhibitors. For patients with inhibitors, recombinant FVIIa and activated prothrombin 
complex concentrates can bypass the missing coagulation factors for the treatment of acute bleeding events. Rebalancing agents and FVIIIa memetics can provide prophylaxis 
for hemophilia A patients with and without inhibitors. SuperVa, a variant of Factor Va resistant to APC, has been shown to enhance thrombin generation in preclinical 
bleeding models. This figure was adapted and updated with permission from: Lewandowska M, Nasr S, Shapiro AD. Therapeutic and technological advancements in 
haemophilia care: Quantum leaps forward. Haemophilia. 2022;28 Suppl 4:77–92. © 2022 John Wiley & Sons Ltd.102 

Abbreviations: HA, hemophilia A; I, inhibitor; AAV, adeno-associated virus; HB, hemophilia B; FVa, activated factor V; FVIIa, activated factor VII; FVIII, factor VIII; FVIIIa, 
activated factor VIII; FIX, factor IX; FIXa, activated factor IX; FXa, activated factor X. * indicates investigational therapies, ¥ indicates agents in preclinical development.

Table 1 FDA-Approved Therapeutics for Hemophilia A

Product Half-Life* Adults (h) Half-Life* Pediatrics (h)

Plasma-derived FVIII products:

Hemofil M 14.7 N/A

Alphanate 17.9 N/A

Humate P 12.2 N/A

Koate-DVI 16.1 N/A

(Continued)
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measure FVIII activity, as chromogenic or aPTT-based assays may overestimate FVIII activity by approximately 
2.5-fold.32

Non-Factor Therapies: FVIII Mimetics for PwHA
Humanized bispecific antibodies that simultaneously bind activated FIX (FIXa) and factor X (FX) were a transformative 
advance in care to provide effective prophylaxis for PwHA regardless of inhibitor status. FVIII mimetics are adminis
tered by subcutaneous injection and are used only for prophylaxis, with factor concentrates or bypassing agents required 
for the management of acute bleeding events. The major barrier to access non-factor therapies is cost,33 although for 
inhibitor patients, prophylaxis with the bispecific antibody emicizumab has been reported to be more cost-effective than 
bleed control with bypassing agents.34,35 Other barriers to non-factor therapies include adverse reactions such as 
headaches, arthralgia, pyrexia, and diarrhea,36 aversion to subcutaneous injections in some patients, and concern for 
thrombosis among inhibitor patients who use aPCC for breakthrough bleed treatment. In addition, FVIII mimetics are not 
effective for patients with hemophilia B.

Table 1 (Continued). 

Product Half-Life* Adults (h) Half-Life* Pediatrics (h)

Recombinant standard half-life FVIII products:

Advate 12 8.7–11.2

Kogenate FS 13.7–14.6 7.8–15.3

Kovaltry 14.2–14.4 9.6–12.2

Novoeight 10.8–12.0 7.7–10.0

Nuwiq 17.1 11.9–13.1

Recombinate 14.6 N/A

Xyntha 11.2–16.7 8.3

Recombinant extended half-life FVIII products:

Adynovate 13.4–14.7 11.8–12.4

Afstyla 14.2–14.3 10.2–10.4

Altuviiio 44.6–48.2 39.9–42.4

Eloctate 16.4–19.7 12.7–14.9

Esperoct 17.4–21.7 13.8–14.7

Jivi 17.9–18.6 N/A

Non-factor therapy:

Hemlibra Pediatric and adults: 26.9 ± 9.1 days

Notes: For the treatment of hemophilia A, plasma-derived, recombinant standard 
half-life, and recombinant extended half-life products are available for prophylaxis 
and management of acute bleeding events. FVIII mimetic therapy is available for 
prophylactic use only. *The half-life of each product was obtained from published 
data and provided as a reference. Head-to-head comparison studies were not 
performed. 
Abbreviations: FVIII, factor VIII; h, hour.
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Emicizumab
Emicizumab is currently the only FDA-approved humanized bispecific monoclonal antibody; it mimics the scaffold 
effect of FVIIIa in the tenase complex by bridging FIXa and FX. The FDA licensed emicizumab for prophylactic 
treatment in PwHA, with or without inhibitors for all age groups and severity levels.18,19 Emicizumab has revolutionized 
the treatment of PwHA by overcoming the need for intravenous access for administration, maintaining effectiveness even 
in the presence of inhibitors, and achieving stable hemostatic levels comparable to patients with mild hemophilia. 
Standard aPTT-based assays cannot assess FVIII activity in people taking emicizumab.37 Monitoring exogenous FVIII 
administration is performed utilizing a bovine substrate-based chromogenic assay rather than human components.

For hemophilia patients with inhibitors using emicizumab, the concurrent use of aPCC at ≥100 U/kg/day for 
≥24 hours to manage acute bleeding events is contraindicated due to the increased risk for thrombosis.38 In a Phase 3 
clinical trial, 5/109 patients with hemophilia and inhibitors receiving once weekly emicizumab experienced thrombosis 
or thrombotic microangiopathy adverse events when aPCC was used for acute bleed control.19 These events have not 
been reported with the concomitant use of rFVIIa.

An analysis of the HAVEN 1–4 clinical studies demonstrated that 3.5% of participants (14/398) developed antidrug 
antibodies against emicizumab; of these, 0.75% (3/394) were considered to have antidrug antibodies with neutralizing 
potential,39 associated with increased emicizumab clearance and risk of breakthrough bleeding events.40 The formation 
of anti-emicizumab antibodies may render this treatment ineffective for a small subset of patients.

The long-term effects of emicizumab use, in association with decreased exposure to FVIII concentrates, are unknown. 
In animal models, FVIII has been shown to play a role in maintaining bone mineral density.41 Emicizumab treatment 
does not impact levels of bone biomarkers,42,43 however, the effects of novel agents such as emicizumab on bone health 
may require long-term surveillance. In addition, studies are ongoing to determine the impact of delayed exposure to 
FVIII on the rate of inhibitor development in previously untreated patients.

Patients with severe hemophilia receiving non-factor replacement therapy (eg, emicizumab) have fewer BEs and are 
converted to a mild bleeding phenotype. Consequently, management problems such as decreased proficiency with self- 
infusion and difficulty recognizing BEs or injuries that may cause a bleed can result in delayed treatment and more 

Table 2 FDA-Approved Therapeutics for Hemophilia B

Product Half-Life* Adults (h) Half-Life* Pediatrics (h)

Plasma-derived FIX products:

AlphaNine SD 21 N/A

Mononine 22.6–25.3 N/A

Recombinant standard half-life FIX products:

Benefix 22.4–23.8 15.6–16.7

Rixubis 25.7 23.2–27.7

Ixinity 24 N/A

Recombinant extended half-life FIX products:

Alprolix 80.0–97.0 68.0–72.0

Idelvion 87.0–118.0 90.0–93.0

Rebinyn 83.0–89.4 69.6–76.3

Notes: For the treatment of hemophilia A, plasma-derived, recombinant standard half- 
life, and recombinant extended half-life products are available for prophylaxis and 
management of acute bleeding events. *The half-life of each product was obtained 
from published data and provided as a reference. Head-to-head comparison studies 
were not performed on these products. 
Abbreviations: FIX, factor IX; h, hour.
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advanced/severe bleeding events. HTCs must now adapt their approaches to improve patient education, facilitate 
communication using technology or AI, routinely evaluate self-infusion proficiency, and establish backup infusion 
plans involving external providers or facilities as required.

Next-Generation Mimetics
Two next-generation mimetic therapies are currently in clinical trials. Mim8 (denecimig, Novo Nordisk) exhibits a 15- 
fold increased potency compared with emicizumab in animal models.44 Preliminary phase 3 trial results involving 
254 hemophilia A patients with or without inhibitors using Mim8 prophylaxis administered once-weekly or once- 
monthly for 26 weeks were compared to episodic treatment or prophylaxis using factor concentrates during a 26-week 
run-in period.45 For subjects who previously treated on-demand, the mean ABR was 15.75 (95% CI: 10.7–23.2) 
compared to 0.45 (95% CI: 0.18–1.14) for once-weekly Mim8 and 0.20 (95% CI: 0.06–0.72) for once-monthly Mim8. 
For subjects who received pre-study factor prophylaxis, the mean ABR was 4.83 (95% CI: 3.59–6.51) compared with 
2.51 (95% CI: 1.42–4.42) for once-weekly Mim8, and 3.10 (95% CI: 2.23–4.29) compared to 1.78 (95% CI: 1.17–2.71) 
for once-monthly Mim8 prophylaxis. There were no reports of anti-drug antibodies or other safety concerns. NXT007 
(Hoffman-La Roche), another FVIIIa mimetic engineered and optimized based on emicizumab, is currently being 
evaluated in Phase 1 trials.46

Nonfactor Therapies: Rebalancing Agents
For hemophilia patients without access to prophylaxis, including hemophilia B patients with inhibitors and patients who 
do not respond adequately to existing therapies, there is a need for additional prophylactic agents. Novel prophylactic 
therapies that rebalance hemostasis by decreasing levels of endogenous inhibitors or down-regulators of coagulation can 
restore thrombin generation in the absence of FVIII or FIX and have been developed to meet these therapeutic gaps 
(Figure 2). Notably, for some of these new prophylactic therapies, efficacy is evaluated in comparison to usual therapy 
and/or episodic treatment. Additional research is needed to demonstrate product efficacy relative to the current standard 
of care with emicizumab or factor concentrate prophylaxis, which would help inform the selection of optimal prophy
lactic therapy for individual patients.

Figure 2 Anticoagulants and rebalancing agents. For hemophilia patients with inhibitors, rebalancing agents that inhibit the activity of activated protein C, protein S, or tissue 
factor pathway inhibitor or downregulate antithrombin levels are under investigation or in preclinical development. This figure was reproduced with permission from: 
Lewandowska M, Nasr S, Shapiro AD. Therapeutic and technological advancements in haemophilia care: Quantum leaps forward. Haemophilia. 2022;28 Suppl 4:77–92. © 
2022 John Wiley & Sons Ltd.102 

Abbreviations: APC, activated protein C; AT, antithrombin; TFPI, tissue factor pathway inhibitor, FVa, activated factor V; FVIIa, activated factor VII; FVIIIa, activated factor 
VIII; FIXa, activated factor IX; FXa, activated factor X, FXIa, activated factor XI. * indicates investigational therapies, ¥ indicates agents in preclinical development.
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Monoclonal Antibodies Against Tissue Factor Pathway Inhibitor
Tissue factor pathway inhibitor (TFPI) is a Kunitz-type serine protease inhibitor that binds tissue factor, factor VIIa, and 
factor X, thereby downregulating the generation of FXa by tissue factor and FVIIa.47 Monoclonal antibodies designed to 
inhibit TFPI increase tissue factor-dependent activation of FX and subsequent thrombin generation.

Concizumab 
Concizumab (Alhemo®, Novo Nordisk) is a high-affinity humanized IgG4 antibody that binds the K2 domain of TFPI; it 
is administered once daily by subcutaneous injection.48 In 2023, concizumab received regulatory approval in Canada, 
Australia, and Switzerland for the prophylactic treatment of adolescents and adults with hemophilia A or B and 
inhibitors,49 with approval in the U.S. following in December 2024. In Japan, concizumab is licensed for prophylaxis 
in adult and adolescent patients with hemophilia A and B with and without inhibitors. The safety and efficacy of 
concizumab were evaluated in 133 PwH and inhibitors aged >12 years (81 nonrandomized and 52 randomized).50 The 
trial was temporarily paused after three nonfatal thromboembolic events occurred in study participants; data analysis led 
to the development of a risk-mitigation strategy starting with a loading dose of 1.0 mg/kg, followed by 0.2 mg/kg daily 
which was potentially adjusted either up to 0.25 or downward to 0.15 mg/kg/day based upon the concizumab level at 
week 4.51 In addition, when other agents are required for concurrent treatment of breakthrough bleeding events, 
guidelines have been provided for use of the minimal effective dose.50 Since this strategy was implemented, no further 
thromboembolic events have occurred. For hemophilia patients with inhibitors, the estimated mean ABR was 1.7 (95% 
CI: 1.0–2.9) with concizumab versus 11.8 (95% CI: 7.0–19.9) in participants using on-demand factor replacement (rate 
ratio 0.14; 95% CI: 0.07–0.29; p < 0.001).50,52 For hemophilia A patients without inhibitors, the mean ABR during 
concizumab prophylaxis was 2.7 (inter-quartile ratio (IRQ): 1.6–4.6) compared with 19.3 (IQR 11.3–33.0) for patients 
not on prophylaxis. For hemophilia B patients without inhibitors, the mean ABR on concizumab prophylaxis was 3.1 
(IQR: 1.9–5.0) compared to 14.8 (IQR: 8.1–26.9) for patients not using prophylaxis.49

Marstacimab 
Marstacimab (Hympavzi®, Pfizer), a low-affinity human IgG1 antibody that binds the K2 domain of TFPI, is adminis
tered weekly by subcutaneous injection. Marstacimab was approved in October 2024 by the FDA and November 2024 in 
Europe for prophylaxis in adult and adolescent patients (≥12 years of age) with hemophilia A or B without inhibitors.20 

A Phase 2 clinical trial involving 20 severe HA and HB patients with and without inhibitors, aged >12 years that 
evaluated six treatment cohorts demonstrated that ABR decreased with marstacimab treatment (mean ABR range: 0–3.6; 
SD: 0–7.2; median ABR range: 0–2.0; 0–14.4) compared with pre-treatment ABR (mean ABR range: 14.0–22.0; SD: 
1.6–7.9; median ABR: 14.0–20.0; SD: 12.0–42.0).53 Preliminary analysis of a phase 3 clinical trial involving 128 adults 
and adolescents with HA or HB without inhibitors showed a mean ABR of 38 (95% CI: 31.0–46.5) during the 
observational phase where BEs were managed on-demand compared to a mean ABR of 3.18 (95% CI: 2.1–4.9) 
associated with marstacimab treatment (ratio estimate: 0.084; 95% CI: 0.059–0.119; p < 0.001).54 For patients who 
used prophylaxis during the observational phase, the mean ABR was 7.85 (95% CI: 5.1–10.6) compared with 5.08 (95% 
CI: 3.4–6.8) associated with marstacimab treatment (estimated difference: –2.8; 95% CI: –5.4, –0.2; p = 0.0376).55 No 
thromboembolic adverse events have been reported for patients receiving marstacimab.56

RNA-Interfering Therapeutics Targeting Antithrombin
Antithrombin is an endogenous anticoagulant that binds and inhibits the activity of thrombin, factor Xa, and factor IXa.57 

For hemophilia management, antithrombin production in the liver has been targeted using antisense oligonucleotide small 
interfering RNA (siRNA) therapeutic technologies that bind and lead to the degradation of antithrombin messenger 
RNAs.58 This silences antithrombin SERPINC1 gene expression and prevents the production of the antithrombin protein.

Fitusiran 
The siRNA fitusiran (Sanofi) has a short circulating half-life (3–5 hours); however, the mean rate of antithrombin 
recovery post-treatment is 10–15% per month, resulting in persistent decreased antithrombin expression for several 
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months after discontinuation. The efficacy of fitusiran has been described in a Phase 3 clinical study involving 57 patients 
>12 years old with severe hemophilia A or B and inhibitors treated with fitusiran once monthly compared to on-demand 
bypassing agents. Negative binomial model-based mean ABR was significantly lower in the fitusiran prophylaxis group 
(1.7; 95% CI: 1.0–2.7) than in the on-demand bypassing agents group (18.1; 95% CI: 10.6–30.8), corresponding to 
a 90.8% (95% CI: 80.8–95.6; p < 0.0001) reduction in ABR in favor of fitusiran prophylaxis.59 These results are 
consistent with the report that fitusiran reduced the ABR by 90% compared to on-demand factor concentrates in patients 
with severe hemophilia A and B without inhibitors.60

In 2017, a Phase 2 extension trial of fitusiran was halted after a patient death attributed to cerebral venous sinus 
thrombosis. The review revealed that the patient had been given clotting factor concentrates at a dose that exceeded 
guidelines for management of breakthrough bleeding events.61–63 Subsequently, in 2020, clinical development of fitusiran 
was voluntarily paused by the sponsor following four nonfatal thrombotic events among 259 clinical trial subjects who 
had received at least 1 dose of fitusiran.64 The study protocol was adjusted to target 15–35% residual antithrombin levels 
by reducing the initial fitusiran dose and adjusting subsequent doses according to antithrombin levels. Phase 3 clinical 
studies of these adjusted protocols are currently ongoing.

Modified Inhibitors of Activated Protein C
Activated protein C (APC) is a serine-protease that proteolytically inactivates FVa and FVIIIa thereby decreasing FXa 
and thrombin generation.

SR604 
SR604 is a monoclonal antibody in pre-clinical testing that inhibits the binding of APC to FVa and inhibits the 
anticoagulant function of APC in humanized hemophilic mice without interfering with cytoprotection or endothelial 
barrier function of protein C.65

SerpinPC 
SerpinPC (Centessa Pharmaceuticals) is a recombinant alpha 1 antitrypsin serine protease inhibitor modified to speci
fically inhibit APC. SerpinPC is administered by subcutaneous injection, with an estimated half-life of 99 hours (personal 
communication, Centessa Pharmaceuticals, February 12, 2024). Preliminary results from a Phase 2a trial with 20 male 
participants (16 hA, 4 hB) demonstrated a 96% reduction in median ABR during the pre-specified assessment period 
(1.0; interquartile range: 1.0–4.5) compared to the pre-exposure observation period of on-demand treatment (35.6; 
interquartile range: 29.8–40.4). No treatment-related serious adverse events were reported.66 In November 2024, 
Centessa Pharmaceuticals announced they had discontinued clinical development of SerpinPC.67

Monoclonal Antibody Against Protein S
Protein S functions as a cofactor for APC and TFPI. In mouse models of hemophilia, protein S deficiency increased 
thrombin generation and protected against bleeding, suggesting that protein S inhibition may have therapeutic efficacy in 
hemophilia.68

VGA039 
VGA039 (Vega Therapeutics) is a monoclonal antibody directed against protein S to inhibit cofactor activity for TFPI 
and APC. Preclinical in vitro studies performed in human von Willebrand disease (type 1, type 2A, type 2B, type 3), and 
FVII-, FVIII-, FIX-, FXI-, and FXIII-deficient plasmas showed that VGA039 increased thrombin generation in a dose- 
dependent manner,69 suggesting it may be effective in treating several inherited bleeding disorders. Currently, VGA039 is 
in phase 1 clinical trials involving healthy subjects and von Willebrand disease patients.

Recombinant Bypassing Agents
Bypassing agents are required for the management of acute bleeding events in hemophilia inhibitor patients (Table 3). Unlike 
FVIII and FIX concentrates, the half-life of bypassing agents has not been associated with hemostatic efficacy. Prior to 2020, 
only two bypassing agents were available, a plasma-derived aPCC (FEIBA®, Takeda), licensed in 1986, and eptacog alfa 
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(NovoSeven®, Novo Nordisk), a rFVIIa licensed in 1999.70 In a single randomized comparative study, the overall efficacy of 
aPCC and eptacog alfa were found to be similar, despite variable inter- and intra-patient responses.17 For patients who treated 
with two doses of eptacog alfa (90–120 mcg/kg), efficacy at the 12-hour time point was 84.4%.17 The single-dose efficacy of 
eptacog alfa (90–270 mcg/kg) has been reported between 10% and 59%.71–73 In a study evaluating different dose ranges of 
eptacog alpha (<100, 100–150, 150–200 and >200 mcg/kg) the reported bleeding cessation rate was 84% for the three lower 
dose groups, and 97% for the highest dose group (P < 0.001).74

Eptacog beta (Sevenfact®, HEMA Biologics, LLC and LFB SA) is a bypassing agent licensed by the FDA in 2020 
and EMA, UK, and Mexico in 2022 to treat and control BEs in adolescent and adult PwH and inhibitors. In Phase 3 
clinical trials, eptacog beta was used at two initial dose regimens, resulting in a 12-hour primary endpoint efficacy rate of 
82% and 91%, depending on the initial dose.75,76 A single 225 mcg/kg dose of eptacog beta was demonstrated to control 
84% of BEs, nearing efficacy observed with single doses of factor replacement therapy observed in non-inhibitor 
patients. Eptacog alfa and eptacog beta are not biosimilars, a designation that requires products to have no clinically 
meaningful differences in safety, purity, and potency.77

Gene Therapy
To date, one FVIII gene therapy, valoctocogene roxaparvovec (Roctavian®, BioMarin) and two FIX gene therapies, 
etranacogene dezaparvovec (Hemgenix®, CSL Behring), and fidanacogene elaparvovec (Beqvez®, Pfizer) have been 
approved in the US and conditionally approved in Europe for the treatment of hemophilia A and B, respectively. The FIX 
gene therapies etranacogene dezaparvovec and fidanacogene elaparvovec are also approved in Canada. Hemophilia gene 
therapy offers the promise of a single-dose infusion resulting in enduring factor expression, obviating the need for repeat 
treatment. However, barriers to access include age, pre-existing immunity to AAV, factor-specific inhibitors, cost, and the 
requirement for a dedicated setting to administer treatment where personnel and equipment are immediately available to 
treat potential infusion reactions, and the need for dedicated follow-up post-infusion to ensure that immune-mediated 
responses do not result in transgene loss.78,79

FDA-Approved Gene Therapies
Valoctocogene roxaparvovec is the first gene therapy product licensed by the FDA for treating adults with severe HA 
without inhibitors. Valoctocogene roxaparvovec is an AAV serotype 5 (AAV5) vector that contains the B-domain deleted 
human F8 gene administered as a single infusion of 6 × 1013 vector genomes per kilogram (vg/kg).80 A Phase 3 clinical 
trial evaluated efficacy and safety in 134 adult males with severe HA. Exclusion criteria included anti-AAV5 capsid 
antibodies, pre-existing liver fibrosis, excessive alcohol consumption, and the presence of FVIII inhibitors. Clinically 
meaningful improvements were observed in the mean ABR which decreased from 5.4 (SD: 6.9) with prior prophylaxis to 
2.6 (SD: 6.2) after gene therapy (mean difference: −2.8; 95% CI: −4.3, −1.2).78 The mean FVIII activity level at the end 
of the first year was 43.6%. The durability of the treatment in an extension of the phase 3 study showed that the mean 

Table 3 FDA-Approved Bypassing Agents for the Treatment of Bleeding Events in Hemophilia Patients

Product Mode and Frequency of Administration

Plasma-derived

FEIBA (aPCC) Intravenous 50–100 units/kg every 6–12 h

Recombinant FVIIa

NovoSeven (eptacog alfa) Intravenous, 90 mcg/kg every 2 h

Sevenfact (eptacog beta) Intravenous, 225 mcg/kg IDR followed after 9 h by 75 mcg/kg q3h if needed, or 75 mcg/kg q3h

Notes: For the management of bleeding events in hemophilia patients with inhibitors, there is one human plasma-derived activated complex 
concentrate (FEIBA) and two recombinant factor VII products (eptacog alfa and eptacog beta), licensed in the US. For bypassing agents, there is no 
evidence that half-life affects hemostatic efficacy and was not included in this table. 
Abbreviations: aPCC, activated prothrombin complex concentrate, FVIIa, activated factor VII; h, hour; IDR, initial dose regimen.
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FVIII level decreased to 29.7% at year 3 (n = 132) and a mean of 22% at year 4 (n = 17).81 Overall, 4.5% (6/134) 
subjects had no response to the study product, while FVIII:C declined to <3% for 17.2% (23/134) subjects during 
a follow-up period of up to 4.3 years.82 A 7-year extension study of the phase 1/2 cohort found that participants who had 
received the 6 × 1013 vector infusion had mean FVIII:C levels of 16.2 IU/dL (n = 5), corresponding to mild hemophilia.83 

Regression analyses estimated that the rate of change in FVIII activity was −0.001 in the last year. During year 7, the 
mean ABR was 0.9, a 96% reduction from baseline (mean ABR: 17.6). Two participants resumed prophylaxis in year 7.

Etranacogene dezaparvovec is the first gene therapy product approved by the FDA for the treatment of adult 
patients with hemophilia B without inhibitors who are receiving FIX prophylaxis or have a history of life-threatening 
or repeated serious bleeding.84 Etranacogene dezaparvovec is an AAV5 vector containing the Padua variant (FIX- 
R338L) of the F9 gene.85–88 Padua is a naturally occurring missense mutation that increases the specific activity of 
FIX up to 8-fold.89 Treatment is administered as a single infusion of 2 × 1013 vg/kg. Efficacy and safety were 
described in 54 males with FIX <2 IU/dL.79 The trial did not exclude participants with pre-existing antibodies to 
AAV5. The mean ABR decreased from 4.1 (95% CI: 3.2–5.4) during the 6-month lead-in period of FIX prophylaxis to 
1.9 (95% CI: 1.0–3.4) during months 7–18 after treatment, for a rate ratio of 0.46 (95% CI: 0.26–0.81), demonstrating 
noninferiority of etranacogene dezaparvovec compared with FIX prophylaxis.79 The stability of factor activity was 
maintained, with a mean FIX activity of 41.5% at 1 year and 38.6% 3 years post-treatment.90 Two of 54 patients had 
FIX activity <5 IU/dL at month 18 and required prophylaxis.79 One patient received only 10% of the infused gene 
therapy product dose due to an infusion reaction, and no FIX expression was observed for another patient whose day- 
of-dosing anti-AAV titer was high (3212).

Fidanacogene elaparvovec was approved by the FDA in 2024 for treating hemophilia B patients who currently use 
FIX prophylaxis, or have experienced life-threatening bleeding or repeated, serious spontaneous bleeding episodes. 
Fidanacogene elaparvovec uses a F9 Padua transgene and a bioengineered capsid. Phase 3 trial evaluation of 
fidanacogene elaparvovec efficacy and safety has been reported. Forty-five adult males with FIX ≤2% were treated 
with a single low-dose vector infusion (5 × 1011 vg/kg) of fidanacogene elaparvovec.91,92 The mean ABR decreased 
from 4.4 during the six-month lead-in period of FIX prophylaxis to 1.3 between week 12 and month 15 post- 
fidanacogene elaparvovec, demonstrating non-inferiority. Mean factor levels 12- and 24 months post-treatment were 
25.3% and 26.6% respectively. Durability was assessed in a multi-year follow-up of 14 Phase 1/2a study participants; 
the mean ABR 6 years post-gene therapy was 0.3 (SD: 0.66) and the mean FIX activity was 27.6%.93 Several 
additional gene therapy trials are underway (Table 4).

Table 4 Approved and Investigational Hemophilia Gene Therapy Products

Sponsor Product Transgene Vector Status

Hemophilia A - Licensed

BioMarin Valoctocogene 

roxaparvovec 
(Roctavian)

BDD FVIII AAV5 Approved in US, conditionally 

approved in EU

Hemophilia A - Ongoing and completed investigational studies

ASC Therapeutics ASC618 BDD FVIII AAV8 Phase 1/2

Bayer BAY 2599023 BDD FVIII AAVhu37 Phase 1/2

Christian Medical College, Vellore, 

India

CD68-ET3 CD68-ET3-FVIII Lentivirus- 

transduced CD34 

+PBSC

Phase 1

(Continued)
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Gene Therapy Safety Considerations
There are several safety considerations associated with hemophilia gene therapy. Increased alanine aminotransferase 
(ALT) levels that often correspond with a reduction or loss of transgene expression have been observed in 
hemophilia AAV gene therapy 4–12 weeks post-treatment. For valoctocogene roxaparvovec, over 80% of the 
study participants developed liver function test abnormalities requiring the use of steroids (median treatment 
duration 35 weeks) and/or other immunosuppressive medications (median treatment duration 26 weeks).78,80,94 

16.7% of subjects who received etranacogene dezaparvovec required steroid treatment for abnormal liver function 
tests for a mean duration of 81.4 days,79 while 53.3% of patients treated with fidanacogene elaparvovec experienced 
elevated ALT levels, and 62.2% of patients received ≥1 corticosteroid dose, with a mean treatment duration of 107.5 
days.92

In addition, the potential genotoxic risk of vector integration into the hepatocyte genome is currently unknown.95 

Preclinical studies in AAV-canine FVIII-treated hemophilia A dogs have demonstrated that although the majority of the 
vector is retained in episomal form, a small proportion may be integrated. Integrated vectors did not preferentially associate 
with cancer-related genes or dysregulated cancer-associated gene expression, and histopathological evaluation of canine 
livers more than 10 years post-gene therapy did not show evidence of malignant tumors.96–98 In liver biopsy samples from 
human subjects 2.6–4.1 years post-treatment with valoctocogene roxaparvovec, no evidence of dysplasia, architectural 

Table 4 (Continued). 

Sponsor Product Transgene Vector Status

Medical College of Wisconsin Pleightlet (MUT6) BDD FVIII Lentivirus- 

transduced CD34 
+PBSC

Phase 1

Sangamo Therapeutics/Pfizer Giroctogene 
fitelparvovec (SB-525)

BDD FVIII AAV2/6 Phase 3

Shenzhen Geno-Immune Medical 
Institute

YUVA-GT-F801 FVIII Lentivirus Phase 1

University College, London AAV-HLP-hFVIII-V3 HLP-FVIII-V3 AAV8 Phase 1/2

Hemophilia B - Licensed

UniQure/CSL Behring Etranacogene 

dezaparvovec 

(Hemgenix)

FIX-Padua AAV5 Approved in US and Canada, 

conditionally approved in EU

Pfizer/Spark Fidanacogene 

elaparvovec (SPK- 
9001)

FIX-Padua AAV-Spark100 Approved in US and Canada, 

conditionally approved in E.U.

Hemophilia B - Ongoing and completed investigational studies

Baxalta/Shire BAX 335 (AskBio009) FIX-Padua AAV8 Phase 1/2

Institute of Hematology & Blood 

Diseases Hospital

BBM-H901 FIX-Padua recombinant AAV Phase 3

University College London/St. Jude 

Children’s Research Hospital

scAAV2/8-LP1-hFIXco FIX AAV8 Phase 1/2

Notes: To date, three gene therapy products are approved in the US and conditionally approved in the EU for adults with severe hemophilia A and B. Additional FVIII and 
FIX gene therapy products, with adeno-associated viral and lentiviral vectors, as well as gene-editing for hemophilia B, are currently under investigation. 
Abbreviations: BDD, B-domain deleted; AAV, adeno-associated virus; US, United States, EU; European Union; hu, human; PBSC, peripheral blood stem cells; HLP, hybrid 
liver promoter; scAAV, self-complementary AAV.
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distortion, fibrosis, chronic inflammation, or endoplasmic reticulum stress was observed in transgene-expressing 
hepatocytes.99

Gene Therapy Preparedness
Successful and safe treatment of PwH with gene therapy requires multistakeholder participation. The plan 
proposed by the Medical and Scientific Advisory Council (MASAC) of the National Bleeding Disorders 
Foundation (NBDF) encompasses education/institutional training, establishing criteria for patient eligibility, insur
ance authorization and support, procurement and administration, and patient monitoring and follow-up.100 Short- 
and long-term monitoring is essential to ensure patient safety and durability of transgene expression. Implementing 
shared decision-making strategies and consideration of individual patient goals will advance the delivery of 
patient-centered care. To aid in patient education and empower informed decisions, the World Federation of 
Hemophilia created a digital Shared Decision-Making tool (sdm.wfh.org).101

New Technologies
Technological innovations increasingly contribute to the ability to improve the QoL for PwH (Figure 3). Such advance
ments include large databases, smartphone applications for remote data collection, telehealth technology to improve 
access to care, and artificial intelligence (AI) to improve patient and healthcare provider education.102 Adapting patient 
and clinician practice to incorporate the use of such technological advancements in both clinical and home settings has 
the potential to improve patient quality of care and overall experience.103

Many HTCs across North America and Europe have adopted point-of-care musculoskeletal ultrasound (POC- 
MSKUS). Patient self-imaging of hemophilic joints using mobile ultrasound devices with teleguidance, remote expert- 
directed real-time feedback, has shown promising results requiring further investigation.104 This technology may 
expedite the diagnosis and treatment of BEs, decrease the need for travel to an HTC for evaluation, optimize the 
utilization of costly therapies, and increase patient autonomy.

Challenges in Ensuring Equitable Care
Inequitable access to hemophilia care for underserved populations can result in a higher burden of disease. The 
promotion of health equity within the hemophilia population requires the identification of barriers to optimal care, and 

Figure 3 Evolution of treatment for hemophilia. Since the discovery of fresh frozen plasma in the 1950s, hemophilia treatment has progressed from the use of 
cryoprecipitate in the 1970s and recombinant factor concentrates in the 1990s. Recent developments including extended half-life factor concentrates, FVIII mimetics, 
rebalancing agents, and gene therapies provide novel options for the management of hemophilia A and B. Implementation of new technologies and a shared decision-making 
relationship between hemophilia care providers and their patients will enhance the provision of patient-centered care. 
Abbreviations: PK, pharmacokinetic; POC-MSKUS, point-of-care musculoskeletal ultrasound; AI, artificial intelligence; AAV, adeno-associated virus; T1/2, half-life.
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recognizing bias that may influence the quality of care. Inequity in hemophilia care is intersectional, with underserved 
patients often facing multiple barriers to treatment.

Gender Equity
Women and girls with hemophilia have historically been overlooked due to the X-linked nature of hemophilia 
inheritance, which is often presumed them to be asymptomatic.105 Updated nomenclature has been devised to highlight 
clinically relevant bleeding experienced by these patients.2 A study of a surveillance database of 139 US-based HTCs 
reported that 17.9% of mild, 1.4% of moderate, and 0.5% of severe hemophilia patients are female,28 although these 
numbers are likely to be underestimated, at least in part due to decreased rates of diagnosis compared with male 
counterparts. There is also increasing recognition that a subset of hemophilia carriers with factor levels ≥40% may 
present with a bleeding phenotype.2 Women with hemophilia are often excluded from clinical trials, and therefore the 
evidence of efficacy and safety of new therapeutics is incomplete in this population. The European Hemophilia 
Consortium and the European Association for Hemophilia and Allied Disorders (EAHAD) have described the principles 
of care for women and girls with inherited bleeding disorders, including women and girls with hemophilia, including 
timely diagnosis, provision of family-centered care, education and care for heavy menstrual bleeding, comprehensive 
management of pregnancy including pre-conception counseling, prenatal diagnostics, and post-partum management, and 
inclusion in registries and clinical research.106

Current hemophilia diagnostic guidelines and nomenclature are based on gender-binary categorizations1,2 and do not 
incorporate language inclusive of transgender, non-binary, and inter-sex patients.107 As the prevalence of individuals who 
identify as transgender or non-binary is increasing, particularly among children and adolescents, there is also an 
increased risk of marginalization, misgendering, and stigmatization of these patients, which can contribute to suboptimal 
care.107 For transgender patients, there is a paucity of data on hemophilia management during gender-affirming hormonal 
therapy or surgery.105,108 Increased research, awareness, use of gender-neutral language in hemophilia, and expert 
consensus on diagnostic and management strategies could reduce barriers to care and promote more inclusive, patient- 
centered treatment.

Race/Ethnicity
Disparities in access to and efficacy of hemophilia treatments have been documented in association with patient race or 
ethnicity, with Black, Hispanic, and other minority populations experiencing less favorable outcomes. Race and ethnicity 
have been shown to negatively influence access to home therapy and prophylaxis treatment.109,110 Black and Hispanic 
hemophilia A patients have a higher incidence of inhibitors than White patients;111 mechanisms underlying these 
observations are the subject of ongoing investigation. Notably, non-Hispanic Black and Hispanic patients are signifi
cantly less likely to receive ITI than White patients.112,113 There are currently conflicting reports on the success rate of 
ITI between different racial/ethnic groups.114,115 Non-White hemophilia patients have higher chronic pain levels116 and 
lower QoL than White patients,117 and life expectancy for non-Hispanic Black patients (56 years) is significantly lower 
than for non-Hispanic White patients (68 years).118 Disparities in hemophilia care outcomes can also be complicated by 
factors such as delayed diagnosis, socioeconomic status, access to HTCs, insurance, sick leave, as well as educational, 
and language barriers, all contributing to systemic inequity. Racial and ethnic minority groups are under-represented in 
hemophilia research and interventional clinical trials, leading to significant knowledge gaps relating to efficacy and safety 
within differing populations for new therapies.119

Access to HTCs and Hematologists
HTCs provide multidisciplinary integrated care for patients, including individualized treatment planning, specialized 
laboratory testing, patient education, psychosocial care, and surveillance to identify emerging issues. The care provided 
by HTCs has been shown to reduce patient mortality by 40% and decrease healthcare resource utilization and cost of 
care.120 A report from the Indiana Hemophilia Surveillance System found that patients cared for by the IHTC had 
a higher rate of prophylaxis and self-infusion and a reduction in the use of emergency departments.121 The long-term 
sustainability of HTCs is essential for optimal patient care.
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There is currently a shortage of adult classical hematologists who dedicate their careers to these rare disorders.122 

Physicians require increased clinical experience with new agents, and expertise in specialized coagulation laboratory 
assays and pharmacokinetics to effectively administer and manage current and newly emerging therapeutics. Medical 
organizations have dedicated significant resources to address these gaps. The American Society of Hematology 
introduced a Hematology-Focused Fellowship Training Program, to allow physicians to combine comprehensive 
classical hematology training with career-enhancing education with the goal of creating 50 new adult classical hematol
ogists by 2030. The Partners Physician Academy, a U.S.-based, bleeding disorders-focused educational program 
delivered by hematology experts, is also working to address this gap. The program’s goal is to support and accelerate 
the career advancement of physicians in fellowship or those early in their career, for leadership as part of the Hemophilia 
Treatment Center (HTC) network.

Inhibitor Status
Hemophilia inhibitor patients have an increased risk of orthopedic complications and mortality as well as reduced QoL of 
life compared to non-inhibitor patients.123–125 To date, ITI is the only successful method for inhibitor eradication; 
however, this process is costly and burdensome to the patient, requiring frequent repeated exposures to replacement 
products. In FVIII deficiency, ITI outcomes show variable average success rates (63–91%) depending on the protocol 
used.126 Inhibitor patients have access to fewer therapies for prophylaxis and for acute bleed management than non- 
inhibitor patients, and the cost of these treatments may be up to 3-fold higher than for non-inhibitor patients.123 For 
hemophilia A inhibitor patients who have not undergone successful ITI, emicizumab is an effective option for 
prophylaxis.19 In 2023, concizumab was approved in Canada, Australia, and Japan for prophylactic treatment of 
adolescents and adults >12 years with hemophilia B and inhibitors.127 FDA approval of non-factor therapies is eagerly 
awaited for this patient population. Hemophilia B patients with anaphylaxis to FIX are limited to rFVIIa use only, as 
aPCC contains trace amounts of plasma-derived FIX. Clinical development of additional bypassing rFVIIa agents has 
been hampered by issues related to product efficacy and immunogenicity.71,128,129

Mild and Moderate Hemophilia
While hemophilia severity is currently classified based on factor levels, there is phenotypic heterogeneity where some mild 
or moderate patients present with spontaneous bleeding events similar to those observed in severe hemophilia.130,131 

Patients with moderate hemophilia report a substantial disease burden including joint impairment, chronic pain, and 
disability-related unemployment, which may limit lifestyle choices such as participation in sports and other physical 
activities.132 Prophylaxis is currently the standard of care for severe hemophilia to reduce bleed frequency and prevent 
arthropathy, however, patients with mild and moderate hemophilia, who may benefit from prophylaxis, are less likely to be 
offered this treatment. Mild/moderate hemophilia patients are also less likely to be included in interventional clinical trials. 
A focus group report has described a set of parameters for identifying mild and moderate patients who may be eligible for 
prophylaxis based on early onset of spontaneous bleeding, ABR, and evidence of early joint disease.130 Incorporating the 
clinical assessment of patient bleeding phenotype could strengthen the current disease severity classification system and 
improve outcomes for these patients, including increasing their ability to engage in physical activity.130

Age
As a result of advancements in hemophilia care, PwH now enjoy a near-normal life expectancy.21 However, as 
hemophilia patients age they are subject to chronic pain and disability associated with suboptimal treatment in early 
life including joint arthropathy, osteoporosis, and viral illness, as well as age-related comorbidities such as cancer and 
cardiovascular disease.133 The incidence of cardiovascular disease among aging PwH is rising, affecting up to 15% of 
patients in the U.S.,134 presenting management challenges to clinicians who must navigate a delicate balance to ensure 
that patients receive adequate hemostatic control while reducing the risk of thrombotic conditions such as venous 
thromboembolism, arterial thrombosis, and atrial fibrillation. There is limited research on the optimal management of this 
growing population. A 2023 international expert-opinion-based guidance document on managing PwH requiring antith
rombotic therapy addresses the complex management of these patients.135
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Resource-Limited Countries
There is a high cost to hemophilia therapies, recombinant clotting factor concentrates, bypassing agents, non-factor 
therapies, and gene therapy.123,136 Approximately 15% of hemophilia patients, located in mostly high-income coun
tries, have access to effective treatment, while 10–15% of patients located in high-middle-income regions have access 
to treatments that are inadequate for high-quality care.137 The remaining 70–75% of hemophilia patients, located in 
low-to-middle-income regions, have very limited or no access to diagnosis and treatment,25 resulting in high rates of 
morbidity and mortality. For example, in 2020, only 12.3% of FVIII concentrates were allocated to treating hemophilia 
patients residing in low- and lower-middle-income countries, which represent 63% of the global hemophilia 
population.138,139 Transfusion of blood and blood products, including fresh frozen plasma and cryoprecipitate, remain 
the mainstay of bleed management for many of these patients.140 Transfusion-acquired infections are high due to the 
incidence of hepatitis B and C, HIV, malaria, and syphilis in these populations, largely as a result of inadequate 
bloodborne pathogen screening and limited use of viral inactivation technologies.140 Additional challenges include the 
lack of healthcare infrastructure such as diagnostic laboratories; only 6.3% of patients in low-and-middle-income 
countries are estimated to have received a hemophilia diagnosis.21,25,141 Patients in resource-limited nations may also 
lack awareness of bleeding disorders, access to clinicians trained in hemophilia management, HTCs, and laboratories 
for coagulation monitoring.141

The WFH, which includes 147 national member organizations, has a mandate to ensure treatment for patients 
worldwide.142 The WFH World Bleeding Disorder Registry collects standardized clinical data on patients with 
hemophilia,143 allowing for improved research and advocacy on treatment needs in resource-limited areas. In addition, 
the WFH Twinning program creates partnerships between emerging and established HTCs to provide training and 
improve diagnosis and clinical management. In 1996, the WFH began the Humanitarian Aid Program (HAP) to provide 
hemophilia products donated by pharmaceutical manufacturers for the management of life-threatening bleeding in 
patients from resource-limited regions.137,144 Donations of EHL factor concentrates and emicizumab from industry 
partners have enabled WFH HAP to provide prophylactic care.139,144 More recently, donations were made by the 
manufacturer of eptacog beta to provide access to rFVIIa therapy to patients in low-income countries, a long-standing 
goal of WFH HAP (personal communication with Program Director). Future commitments from the sponsors of novel 
hemophilia therapies are essential for the maintenance and expansion of these programs. Ultimately, WFH HAP aims to 
enable recipient countries to independently and sustainably manage inherited bleeding disorders, including 
hemophilia.137

Conclusions
A new treatment paradigm for the management of hemophilia has been described by a panel of hemophilia care 
providers, patient advocates, and health economists.145 This set of milestones links outcomes with factor deficiency 
correction to sustain life, minimize joint impairment, prevent spontaneous bleeding, achieve normal mobility, sustain 
minor and major surgery or trauma, and achieve normal hemostasis or functional cure. Attainment of such goals will 
ensure improved QoL, allowing patients to participate in activities such as work and family life without restriction or 
dependence on specialized care. The ultimate goal in care, as described by Krumb and Hermans, is a “hemophilia-free 
mind” where patients are free of the psychological burden and constant thoughts of their disease.146

Emerging non-factor hemophilia treatments may reduce the frequency or burden of dosing, allowing for subcutaneous 
administration with decreased peaks and troughs between doses. In addition, gene therapies may provide sustained factor 
expression after a single dose. Together with new technologies that enhance and optimize treatment for acute bleeding 
events, these advancements represent significant progress toward achieving a “hemophilia-free mind”.146 However, 
similar to existing products, new and emerging therapies and technologies will likely be inaccessible to most hemophilia 
patients worldwide. Several measures can be implemented to ensure that all patients have an equitable opportunity for 
optimal care.

As the landscape of hemophilia treatment evolves, the art of medicine and the patient-physician partnership must 
adapt. Provider education on the current and historical inequity of hemophilia treatment, and improved recognition of 
unconscious or implicit bias that may lead to a negative evaluation of patients may improve care and begin to address 
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health disparities.109,147 Ensuring diverse racial and ethnic representation among healthcare workers and hemophilia 
advocacy organizations will improve patient-clinician communication, healthcare outcomes, and patient 
experiences.109,148 Patients must be educated on their treatment options, and a shared decision making partnership 
with their hemophilia care team should guide the selection of treatments and regimens that best control disease and meet 
the patient’s health goals.

Hemophilia stakeholders, including patients, healthcare providers, and funders of treatment (government and insur
ance companies) must advocate for equitable access to these new therapies. Mahlangu et al describe the stakeholder 
responsibilities in ensuring the availability, acceptability, and affordability of these treatments for all patients, including 
education, fundraising, and prioritizing policies aimed at price reduction and equitable distribution of treatment.141 

Stakeholders can also guide future research directed at improving equitable access to care. A multi-stakeholder 
consultation process involving the US inherited bleeding disorder community, recently described by the National 
Bleeding Disorders Foundation, identified key future research priorities including health services research to optimize 
efficiency and effectiveness of healthcare delivery, diversity and inclusion research to improve care for underserved 
populations, and implementation sciences to better translate research findings into real-world practice.149,150

Industry partners can help improve equitable access to novel therapies. Post-marketing studies and future clinical 
trials must consider equity and diversity in their design. Implementation of variable pricing strategies to improve 
affordability in low-and-middle-income regions,146 and participation in humanitarian aid programs, such as WFH 
HAP, will help ensure the distribution of these products to patients otherwise unable to access treatment. Industry 
sponsors can also support patient and clinician educational initiatives, and research aimed at improving care for 
underserved populations.

This is an inspirational time, as decades of research and development in hemophilia care culminate in advancements 
that fulfill the promise of reducing treatment burden and bleeding events. Ensuring accessibility of these treatments is an 
important step towards health equity for all hemophilia patients, enabling the attainment of physical and mental well- 
being free from the burden of their disease and its treatment.
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