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Abstract: Hemophilia A and B, caused by deficiencies of coagulation factors VIII or IX, result in impaired thrombin generation with 
consequent spontaneous or trauma-related bleeding, particularly hemarthroses. Although prophylactic factor replacement therapy 
remains the global standard of care for hemophilia, it has significant limitations, including intravenous administration, breakthrough 
bleeding, inhibitor development, and deteriorating arthropathy despite prophylaxis. Marstacimab, an IgG1 monoclonal antibody 
targeting tissue factor pathway inhibitor (TFPI), represents a novel non-factor approach. Marstacimab restores thrombin generation 
via the extrinsic pathway, bypassing intrinsic pathway deficiencies and offering prophylactic benefit independent of inhibitor status. 
Clinical evaluation across Phase 1b/2 and Phase 3 (BASIS) trials and ongoing extension studies has demonstrated robust efficacy. In 
Phase 3, marstacimab reduced annualized bleed rates by 91.6% compared with episodic treatment and was non-inferior to factor 
prophylaxis. Bleed control was sustained though zero-bleed outcomes were not uniformly achieved. Pharmacokinetic data support 
once-weekly fixed dosing independent of body weight, simplifying administration and potentially improving adherence. Across all 
studies, marstacimab demonstrated a favorable safety profile. Injection site reactions were the most common adverse events, while 
anti-drug antibodies, including neutralizing types, were transient and without clinical impact. Marstacimab, the first FDA-approved 
anti-TFPI antibody for prophylaxis in hemophilia A and B without inhibitors, addresses key unmet needs, particularly for hemophilia 
B patients lacking subcutaneous (SC) prophylaxis options. Its novel mechanism, ease of administration, and sustained efficacy position 
it as a significant therapeutic advance. Marstacimab‘s exact role in the hemophilia treatment armamentarium is yet to be established 
with the availability of coming real-world experience data. The long-term studies remain essential to fully demonstrate its role, 
especially in populations with inhibitors and in the context of evolving non-factor therapies. This review summarises currently 
available clinical data and contextualises these in light of other treatments in hemophilia.
Keywords: hemophilia A, hemophilia B, marstacimab, tissue factor pathway inhibitor, TFPI, non-factor therapy, subcutaneous 
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Introduction
Hemophilia is an X-linked genetic disorder caused by a deficiency or dysfunction of clotting factors VIII or IX, leading 
to hemophilia A or B. This deficiency impairs thrombin generation, resulting in spontaneous or trauma-related bleeding 
in tissues such as muscles, mucosa, and joints. Joint bleeding (hemarthroses) is a hallmark of the disease and can initiate 
a destructive cycle of inflammation and damage, underscoring the need for early and continuous prophylactic treatment.

Prophylactic factor replacement therapy, currently regarded as the global standard of care in managing hemophilia, 
can prevent this progressive and harmful cascade.1,2 The administration of factor replacement therapy is impeded by the 
necessity of intravenous delivery, the occurrence of breakthrough bleeding episodes, the potential for inhibitor develop
ment, and restricted access in resource-limited environments.3,4 The challenges of replacement therapies have led to the 
development of non-factor therapeutic modalities. Recent therapeutic innovations have encompassed FVIII mimetics,5,6 

anti-thrombin inhibitors (small interfering RNA (siRNA)),7,8 activated protein C inhibitors (anti-APC),9 and anti-tissue 
factor pathway inhibitors (anti-TFPI).10,11
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Concizumab and marstacimab are the two anti–tissue factor pathway inhibitors (anti-TFPIs) that have completed 
Phase 3 clinical evaluation. Although both agents share an identical mechanism of action—binding to the Kunitz-2 (K2) 
domain of TFPI—they exhibit distinct pharmacokinetic properties. These include differences in terminal half-life 
(1.6–8.2 days for concizumab versus 7–10 days for marstacimab) and systemic clearance (0.19 L/day for concizumab 
versus 0.019 L/day for marstacimab).10–12 These pharmacokinetic disparities translate into divergent dosing regimens, 
with concizumab requiring daily subcutaneous administration, in contrast to the once-weekly dosing schedule of 
marstacimab.

This review evaluates emerging clinical data from marstacimab development studies, placing the findings in the 
context of the known limitations of factor replacement therapies. Critically analyzing the evidence aims to determine 
marstacimab’s potential role within the current therapeutic landscape for hemophilia A and B.

Marstacimab Mechanism of Action and Pharmacology
Mechanism of Action of Marstacimab
Marstacimab is an IgG1 monoclonal antibody designed to target the tissue factor pathway inhibitor (TFPI), a key 
regulator of the extrinsic pathway of blood coagulation. The physiologic role of TFPI is to inhibit the formation of the 
tenase activated Factor FVII-tissue factor ((FVIIa-TF)) and prothrombinase (Factor Xa-Factor Va) complexes.13,14 By 
binding to the TFPI via its K2 domain, marstacimab enables the formation of the tenase and prothrombinase complexes, 
resulting in downstream thrombin generation and consequent clot formation.15 This mechanism is particularly beneficial 
in hemophilia, where the intrinsic pathway is impaired by deficiency of FVIII or FIX, and the extrinsic pathway becomes 
crucial for clot formation.16 Administered subcutaneously at a fixed dose regardless of weight or age, marstacimab 
supports consistent thrombin generation and bleeding prevention in hemophilia A and B patients.17

Pharmacokinetic Profile of Marstacimab
When administered subcutaneously, marstacimab has a bioavailability of 71%.11,18 It has a terminal half-life of 7–10 days 
and 16–18 days when given intravenously and subcutaneously, respectively. Its time to maximum concentration is 
23–50 hours and reaches steady concentration by day 57. Marstacimab clearance is low at 0.019/L/hour and nonlinear 
due to target-mediated drug disposition.11,19,20

For bleed prevention, marstacimab is given at a fixed dosing regimen of 150 mg subcutaneously weekly, which is 
preceded by a single 300 mg loading dose.18 The dosing is independent of body weight. In a prefilled pen, this dosing 
approach simplifies dosing, reduces the risk of errors, and enhances patient compliance.18,21 In the event of recurrent 
breakthrough bleeds, the prophylaxis dose can be titrated to 300 mg SC weekly.18 Combining marstacimab with other 
hemostatic agents does not lead to excessive coagulation.22–24 Breakthrough bleeding during marstacimab prophylaxis is 
treated with the lowest dose expected to achieve hemostasis.

Pharmacodynamics
Peak thrombin concentrations did not exhibit any discernible trends based on weight, demonstrating similar median 
values and overall ranges of peak thrombin measurements across all weight classifications.25 Generally, the observed 
peak thrombin values remained within the normative physiological spectrum (90% confidence interval [CI] for pre-dose 
peak thrombin was 44–176 nM, as established in a phase 1 investigation involving healthy adult subjects),11 with no 
indication of pharmacological excess.22 This observation is presumably attributable to marstacimab concentrations within 
the Emax range of the exposure–response relationship.

Overview of Study Design, Endpoints, and Populations of Clinical Studies
The B7841001 (www.ClinicalTrials.gov) ID NCT02531815 study was a single ascending dose first-in-human Phase 1 
study assessing the safety, pharmacokinetic, and pharmacodynamic profiles of PF-06741086 in a cohort of 32 healthy 
volunteers.26 The administered dose spectrum ranged from 30 to 440 mg via intravenous administration. The adminis
tration of single doses of PF-06741086 across multiple dosing intervals demonstrated safety and tolerability within 
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a healthy adult male demographic. The safety, pharmacokinetic, and pharmacodynamic data from this study provided 
a robust rationale for advancing to a multiple-dose investigation in individuals diagnosed with hemophilia.26

The B7841003 (www.ClinicalTrials.gov) ID NCT02974855 was a Phase 1b/2, open-label, multiple-dose cohort study 
executed in participants with hemophilia A or B, both with and without the presence of inhibitors.11 Participants were 
allocated to four distinct cohorts, receiving escalating weekly dosages contingent upon their inhibitor status (those 
without inhibitors received: 300 mg, a singular 300 mg loading dose followed by weekly subsequent 150 mg doses, or 
450 mg; those with inhibitors received 300 mg. The endpoints were safety, efficacy, pharmacokinetics, and pharmaco
dynamics. Among the cohort of 26 participants comprising hemophilia A without inhibitor, n = 16 (61.5%); hemophilia 
A with inhibitor, n = 7 (26.9%); hemophilia B, n = 3 (11.5%), 24 completed the study. Marstacimab exhibited a dose- 
dependent exposure, attaining a steady-state concentration by day 57. Modifications in pharmacodynamic biomarkers 
were noted across all dosage cohorts. Overall, marstacimab demonstrated a favorable safety profile and was well 
tolerated by participants.11

The BASIS trial (NCT03938792) is an ongoing Phase 3, open-label, multinational study assessing marstacimab’s 
safety and efficacy in hemophilia A or B patients, with or without inhibitors. Data from the completed non-inhibitor 
cohort has been submitted to support marstacimab’s marketing authorization for that population.

The key eligibility criteria for the non-inhibitor cohort included hemophilia A or B without inhibitors who were on 
episodic (minimum of 6 bleeds in the preceding six months) or factor prophylaxis (minimum of 80% compliance with no 
history or current thromboembolism events or planned surgery. The study consisted of four periods: screening up to 45 
days, a six-month lead-in period, a twelve-month active treatment period, and a long-term extension period. A total of 
128 participants met eligibility criteria, and 116 have completed the active treatment phase.

Participants who completed the BASIS study were invited to the B7841007 (NCT05145127) study, an ongoing open- 
label extension. The Phase 1b/2 study results have been published, and the safety and efficacy results of both the BASIS 
and open-label extension have been presented at various congresses and are included in this analysis.

Safety of Marstacimab from Clinical Trials
Safety Endpoints
Marstacimab’s safety has been assessed in multiple studies, including phase 1b/2, phase 3, and long-term extensions, 
involving 144 participants (Table 1). Safety monitoring covered clinical and laboratory adverse events, including 
bleeding, hepatic issues, hypersensitivity, hypertension, thromboses, and injection site reactions. Immunogenicity was 
evaluated via anti-drug and neutralizing antibodies over 5.8–50 patient-years of exposure in the four studies.

Table 1 Key Safety Features of Marstacimab from Clinical Trials

B7841003 
(NCT02974855)11

B7841003 
(NCT02974855)17

B7841005 
(NCT03938792)27

B7841007 
(NCT05145127)27

Study phase Phase 1b/2 Phase 1b/2 

Long-term Follow-up

Phase 3 

Pivotal study

Phase 3 

Long-term extension

Number of participants, n 26 28 116 87

Total exposure, patient-years, 5.8 25.5 11.2 50.0

Adverse events, n 65 112 271 35

Serious adverse events, n 4 7 8 2

Injection site reactions, n 7 10 11 3

Thromboses, n 0 0 0 0

Anti-drug antibodies, n 0 0 23 0

Neutralizing antibodies, n 0 0 6 0
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Serious Adverse Events
Across the four studies in Table 1, 21 serious adverse events (SAEs) were reported, mostly mild (grade 1 or 2), all 
resolving without lasting effects. In the Phase 3 BASIS study and its extension, only one SAE—peripheral swelling— 
was considered related to marstacimab; the rest were unrelated. Of the 12 SAEs reported in various BASIS study phases, 
nine occurred during marstacimab exposure. Still, just one was treatment-related, and only one participant discontinued 
due to an unrelated, protocol-mandated surgical SAE.

Injection Site Reactions
Injection site reactions (ISRs) are among the most common side effects associated with marstacimab administration. 
During the four studies (Table 1), thirty participants experienced one ISR each. The overall frequency of ISRs in the 
marstacimab program is 11.5%. These were clinically recognised as pain, erythema or pruritus. Most ISRs were mild 
or moderate in severity, and all resolved and did not recur during the study. The ISRs are typically managed with 
simple interventions such as changing injection techniques or sites, and they rarely necessitate discontinuation of the 
drug.

The prevalence of ISRs with marstacimab is consistent with other biologics, where rates can range from 0.5% to 45%, 
depending on the specific agent and patient population.28 Moreover, the ISR prevalence in the marstacimab program is 
comparable to that documented in other subcutaneously administered haemostatic agents.5–8,29 The ISRs do not appear to 
compromise the drug’s effectiveness or lead to significant adverse outcomes.

Immunogenicity of Marstacimab
The prevalence of anti-drug antibodies (ADA) is 20%, with 23 ADA reported in 116 tested participants in the Phase 3 
study.27 Of these, only six were found to be neutralizing (NAB) in vitro. Their presence was inconsequential from 
a safety and efficacy perspective, as all NAB-positive participants continued to use marstacimab and did not have 
a change in their bleeding phenotype. However, the ADA and NAB are typically low-titer and transient, resolving in 
most participants by the end of the study.

The immunogenicity of marstacimab can be contextualized by comparing it to other monoclonal antibodies, where 
ADA formation is a common challenge leading to loss of efficacy. Strategies such as epitope analysis and deimmuniza
tion are employed to mitigate these risks.30 In the broader context of antibody-based therapies, the route of administration 
and the specific target can influence immunogenicity. However, marstacimab’s subcutaneous administration is generally 
associated with a lower risk compared to intravenous routes used in other therapies.31

Although marstacimab appears to have a favorable safety and efficacy profile, the potential for immunogenicity 
remains a critical consideration, as with all monoclonal antibody therapies. The absence of detailed ADA data in the 
studies suggests that further research may be needed to fully understand the immunogenicity profile of marstacimab. 
However, the current evidence indicates that any immunogenic response does not significantly compromise its clinical 
utility in hemophilia treatment.

Marstacimab Thrombogenicity
Thrombin generation assays (TGA) have demonstrated that marstacimab induces pro-coagulant responses, comparable to 
recombinant coagulation factors, without excessive thrombin generation.15,32 In all the clinical studies to date, marsta
cimab exposure has not been associated with thrombosis during the active treatment phase. A catheter-related thrombosis 
occurred in the study during the observation phase. This observation differentiates it from other anti-TFPIs and 
rebalancing agents, where this is common.6–8,10 The exact reason for this absence of thrombosis is poorly understood; 
however, the generation of thrombin within the physiologic range is the most plausible explanation.15 The inability of 
marstacimab to generate supraphysiological levels of thrombin may be related to the unique epitope binding sites on the 
K2 domain of TFPI. No deaths occurred during the four studies.23,27

https://doi.org/10.2147/BTT.S500480                                                                                                                                                                                                                                                                                                                                                                                                                                                              Biologics: Targets and Therapy 2025:19 382

Mahlangu                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Marstacimab Long-Term Safety Profile
Long-term extension studies of marstacimab, with treatment durations up to 28 months, have shown no new safety 
signals and a consistent adverse event profile. Most participants tolerated the drug well, with no clinically significant 
changes in labs or key biomarkers.27,32

Efficacy Profile of Marstacimab
Efficacy Endpoints
The marstacimab clinical program evaluated efficacy using annualised bleed rates (ABR) via a negative binomial 
regression model. It aimed to demonstrate superiority over episodic treatment and noninferiority to factor prophylaxis, 
with secondary endpoints covering bleed types, quality of life, and perioperative use.33,34

Marstacimab Annualized Bleed Rates in the Phase 1b/2 Study
The Phase 1b/2 study compared the model-based ABR of marstacimab in 4 cohorts relative to the historical controls.11 

The four cohorts comprised 26 participants: 300 mg SC QW non-inhibitor (n = 7) in cohort 1(C1), 300 mg SC LD + 
150 mg SC QW non-inhibitor (n = 6) in cohort 2 (C2), 450 mg SC QW non-inhibitor (n = 6) in cohort C3, and 300 mg 
SC QW inhibitor (n = 7) in cohort 4 (C4).11

Compared to the control’s mean ABR of 27.6, the mean ABR on marstacimab in cohorts C1-C4 were 4.2, 1,5, 4.2, 
and 0.7 for cohorts C1, C2, C3, and C4, respectively. The relative reduction in ABR in cohorts C1, C2, C3, and C4 was 
85%, 95%, 85%, and 98%, respectively. The phase 1b/2 study reported a significant reduction in ABRs during treatment 
with marstacimab compared to both an external on-demand control group and pretreatment ABR levels (p < 0.0001).11 

This reduction was observed across all dose cohorts, demonstrating the efficacy of marstacimab in reducing bleeding 
episodes in hemophilia patients. In this study, marstacimab exposure increased dose-relatedly, with a steady-state 
concentration reached by day 57. This suggests that higher doses of marstacimab may lead to greater reductions in 
bleeding episodes.11

In a long-term follow-up study, marstacimab maintained its efficacy in reducing bleeding episodes over up to 365 
days, with mean and median on-study ABRs ranging from 0 to 3.6 and 0 to 2.5 bleeding episodes per participant 
per year, respectively.17

Marstacimab Bleed Rates in the Phase 3 Study
The Phase 3 BASIS study showed that marstacimab significantly reduced the annualized bleeding rate (ABR) by 91.6% in 
participants previously on episodic treatment, from 38 to 3.2 (P < 0.0001), demonstrating clear superiority. In those 
previously on prophylactic factor treatment, marstacimab reduced the ABR from 7.9 to 5.1, a 35.2% decrease. These 
findings support marstacimab’s superiority over on-demand therapy and non-inferiority to established factor prophylaxis.27

Marstacimab maintained low annualized bleeding rates (ABRs) in the open-label extension (OLE) study, with 
a model-based ABR of 2.9 in participants previously on episodic treatment and 2.3 in those on prior prophylaxis after 
an average of 7 months. Across successive six-month intervals, marstacimab progressively reduced mean model- 
estimated ABRs from 5.4 (0–6 months) to 3.6 (7–12 months) and 2.3 during the OLE.23,27 Subgroup analyses from 
the BASIS study showed low annualised bleed rates (ABRs) among participants on episodic treatment, with mean ABRs 
of 2.83 for joint bleeds, 2.44 for spontaneous bleeds, and 2.84 for target joint bleeds. Those previously on factor 
prophylaxis had slightly higher mean ABRs of 4.13, 3.78, and 2.51, respectively.27

Marstacimab Lowered the Mean Model-Estimate by 7–12 months, and the 
OLE
Impact of Marstacimab on Target Joints
The effect of marstacimab on target joint resolution remains unreported. In contrast, other anti-TFPI therapies like 
concizumab have shown a significant impact, with up to 86.3% target joint resolution.7,8,35,36 Knowledge of target joint 
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resolution is critical in understanding how to target specific molecular pathways in arthritis and may offer further insights 
and advancements in the treatment of joint-related complications in hemophilia.37

Zero Bleed Rates with Marstacimab Prophylaxis
In a Phase 1b/2 study, marstacimab demonstrated a mean and median on-study ABR ranging from 0 to 3.6 and 0 to 2.5 
bleeding episodes per participant per year, respectively.23 This indicates a substantial reduction in bleeding episodes but 
not a zero-bleed rate. In the Phase 3 BASIS study, 73.3% of participants experienced at least one bleeding event during 
the active treatment phase, indicating of the need for additional hemostatic agents.23,27

Achieving zero bleeds in hemophilia is linked to improved quality of life, reduced joint damage, and better overall 
health outcomes. This preventive approach enables greater daily activity and alleviates the psychological stress asso
ciated with bleeding risk.1,36,38,39

The Potential Place of Marstacimab in the Hemophilia Treatment 
Armamentarium
Marstacimab represents a significant advancement in hemophilia treatment, offering a novel, non-factor approach 
for patients with hemophilia A or B without inhibitors. It is the first FDA-approved anti-tissue factor pathway 
inhibitor (TFPI) antibody for non-inhibitor hemophilia prophylaxis. It provides an alternative to traditional factor 
replacement therapies, particularly benefiting those with hemophilia B, who previously lacked subcutaneous 
prophylactic options.

Marstacimab introduces a novel mechanism in the prophylactic treatment of hemophilia A and B. Targeting the 
extrinsic coagulation pathway provides an alternative to conventional factor replacement therapies, aiming to reduce or 
prevent bleeding episodes. Marstacimab can address several unmet needs of replacement therapies, including the 
intravenous route of administration, inconsistent hemostatic cover due to peaks and troughs, and high immunogenicity 
of replacement therapy.40

Marstacimab has demonstrated robust efficacy across phase 1, 2, and pivotal phase 3 trials.11,23,27 The BASIS Phase 3 
study reported statistically significant reductions in annualized bleeding rates (ABR) compared to both on-demand and 
routine prophylaxis regimens. Safety data reveal marstacimab to be generally well tolerated. No thromboembolic events 
were observed, and common adverse events included mild injection site reactions and transient anti-drug antibodies, 
which typically resolved.22,25,27

Administered subcutaneously once weekly with a fixed dose independent of body weight, marstacimab simplifies 
treatment logistics and minimizes dosing error.18 A loading dose is followed by maintenance therapy, maintaining 
therapeutic concentrations across weight categories without compromising safety.25 Marstacimab offers a valuable non- 
factor-based approach, particularly for patients with inhibitors against factor VIII or IX. Its efficacy in reducing bleeding 
frequency and improving quality of life complements treatments like emicizumab and fitusiran. At the same time, its 
distinct mechanism and convenient administration provide unique benefits in select patient populations.19,41

Marstacimab enriches the hemophilia treatment armamentarium, particularly for severe hemophilia A or B patients 
without inhibitors. As with all therapies, individualized treatment plans remain essential.42 While traditional factor 
replacement retains its foundational role, marstacimab represents a significant step forward. Ongoing studies will clarify 
its long-term utility, especially in patients with inhibitors.32,43

Conclusion
Marstacimab represents a major advance in the prophylactic management of hemophilia A and B, offering the first FDA- 
approved anti-TFPI antibody for patients without inhibitors. Its subcutaneous administration, fixed-dose regimen, and 
demonstrated efficacy in reducing annualized bleeding rates address key limitations of traditional factor replacement 
therapies, including venous access challenges, variable pharmacokinetics, and immunogenicity. Across early- and late- 
phase clinical trials, marstacimab has shown a favorable safety profile, with no thrombotic events during the active 
treatment phase and manageable injection site reactions. Although immunogenicity warrants continued surveillance, 

https://doi.org/10.2147/BTT.S500480                                                                                                                                                                                                                                                                                                                                                                                                                                                              Biologics: Targets and Therapy 2025:19 384

Mahlangu                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



current data indicate no clinically meaningful impact on efficacy or safety. While zero bleed rates remain aspirational, 
marstacimab significantly reduces bleeding frequency. Positioned alongside other rebalancing agents, it expands non- 
factor therapeutic options and offers value to hemophilia B patients previously underserved by the absence of sub
cutaneous prophylaxis. Further long-term and real-world data will be critical to defining marstacimab’s full therapeutic 
role, including its utility in inhibitor populations and impact on joint health outcomes.
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