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Abstract 

People with haemophilia (PWH) have an increased tendency to bleed, often into their joints, 
causing debilitating joint disease if left untreated. To reduce the incidence of bleeding events, 

PWH receive prophylactic replacement therapy with recombinant factor VIII (FVIII) or factor 
IX (FIX). Bleeding events in PWH are typically proportional to their plasma factor VIII or IX 

levels; however, in many PWH, bleeding tendency and the likelihood of developing 
arthropathy often varies independently of endogenous factor levels. Consequently, many 

PWH suffer repeated bleeding events before correct dosing of replacement factor can be 
established. Diagnostic approaches to define an individual’s bleeding tendency remain limited. 

Multiple modulators of bleeding phenotype in PWH have been proposed, including the type of 
disease-causing variant, age of onset of bleeding episodes, plasma modifiers of blood 

coagulation or clot fibrinolysis pathway activity, inter-individual differences in platelet reactivity 

and endothelial anticoagulant activity. In this review, we summarise current knowledge of 
established factors modulating bleeding tendency and discuss emerging concepts of 

additional biological elements that may contribute to variable bleeding tendency in PWH.  
Finally, we consider how variance in responses to new gene therapies may also necessitate 

consideration of patient-specific tailoring of treatment. Cumulatively, these studies highlight 
the need to re-consider the current ‘one size fits all’ approach to treatment regimens for PWH 

and consider therapies guided by the bleeding phenotype of each individual PWH at the onset 
of therapy. Further characterisation of the biological bases of bleeding heterogeneity in PWH, 

combined with the development of novel diagnostic assays to identify those factors that 
modulate bleeding risk in PWH, will be required to meet these aspirations.   

Keywords: Haemophilia, bleeding heterogeneity, coagulation, fibrinolysis, gene therapy 
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Introduction 

The biochemical and cellular response to vessel injury results in the formation of a haemostatic 
plug that prevents excessive blood loss1. This plug consists of platelets which are recruited to 

the site of injury. Here, they adhere to the newly exposed sub-endothelial surface and become 
activated, undergoing morphological changes that allow platelet aggregation1-3. Concurrently, 

endothelial disruption prompts tissue factor (TF) exposure and binding to activated factor VII 
(FVIIa) in the blood. This complex triggers a series of protease activation events that culminate 

in the generation of thrombin, which catalyses fibrin deposition around the platelet plug.  
Thrombin also catalyses FXIII activation and activated FXIII (FXIIIa) increases clot stability by 

cross-linking fibrin4,5. Clot growth is controlled by the actions of endogenous anticoagulants, 
including antithrombin (AT), which inhibits coagulation proteases, tissue factor pathway 

inhibitor (TFPI), which attenuates TF-driven initiation of blood coagulation and the protein C 

pathway, which dynamically controls the generation of thrombin4,6. 
 

Activation of the intrinsic pathway by thrombin is critical for the generation of sufficient 
thrombin for fibrin deposition. Factor VIII (FVIII) and factor IX (FIX) are activated as part of this 

pathway and form the the intrinsic tenase complex with factor X4,5. Haemophilia A (HA) is an 
X-linked bleeding disorder caused by mutations in the F8 gene that cause reduction of plasma 

FVIII levels and/or activity. Similarly, haemophilia B (HB) is caused by mutations in the F9 
gene that result in plasma FIX deficiency. Plasma from individuals with either HA or HB exhibit 

impaired intrinsic tenase complex activity, slowing thrombin generation and diminishing 
thrombin generation7. Individuals with either HA and HB have an elevated risk of bleeding, 

either spontaneously or following injury. This most commonly manifests as bleeding into 

‘target’ joints, leading to chronic synovitis and degenerative arthritis if left untreated. People 
with haemophilia (PWH) are categorised into ‘mild’ (5-40% of normal FVIII levels), ‘moderate’ 

(1-<5% of normal FVIII levels) or ‘severe’ (<1% of normal FVIII levels) groups, based solely 
on their residual FVIII or FIX plasma levels. For individuals with severe haemophilia, 

prophylactic replacement of missing factor to raise plasma factor levels to those of ‘moderate’ 
HA or HB individuals has become the current standard of care for PWH. This approach is 

based on the premise that factor levels are directly proportional to bleeding tendency; 
however, it is now well-established that factor levels do not always match the clinical bleeding 

phenotype of PWH8. Despite the success of prophylactic factor replacement, ~10% of PWH 

exhibit sustained bleeding which does not correlate with their factor levels9,10. Similarly, factor 
levels do not predict the frequency or severity of bleeding events in people with severe 
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haemophilia (PWSH) who have a milder bleeding tendency and who do not require regular 

prophylactic factor infusion10,11.  
 

These studies demonstrate that other biological elements beyond FVIII or FIX levels 
significantly influence bleeding phenotype in PWH. Nevertheless, the underlying cause for this 

phenotypic heterogeneity is still poorly understood. In this review, we outline current 
knowledge on genetic, biochemical, cellular and clinical mechanisms that may influence 

bleeding phenotype independent of FVIII or FIX levels. Many potential mechanisms have been 
advanced to explain the underlying basis of bleeding heterogeneity in PWSH (Figure 1). In 

particular, the nature of the genetic disease causing variants that cause haemophilia can 
impact on phenotype12,13 and co-inheritance of prothrombotic polymorphisms can result in a 

rebalancing of haemostasis that may result in a milder bleeding tendency14,15. Additionally, 

differences in individual procoagulant, anti-coagulant and fibrinolytic pathway activities have 
also been postulated to influence bleeding rates11,16-18 (Figure 2).  

 

Age at first joint bleed as an indicator of subsequent bleeding tendency 

Despite having similar FVIII/FIX levels (<1%), there is significant variability in bleeding pattern 

within the PWSH population. In general, PWSH experience their first joint bleed at an earlier 
age than mild or moderate PWH19,20. However, age of first joint bleed in PWSH ranges from 3 

months up to 6 years20,21. Previous studies have shown an inverse correlation between age 
of onset of joint bleeding and bleeding severity, in that PWSH who experience their first joint 

bleed later in life experience fewer subsequent bleeds and have a reduced risk of orthopaedic 
complications21,22. Consequently, those individuals with later recorded bleeds have 

significantly lower prophylactic treatment requirements than those PWSH with bleeding events 
detected early in life21 and may possess additional biological determinants that mitigate their 

bleeding tendency. The point at which PWH begin prophylaxis can also impact on the severity 

of bleeding events and development of arthropathy later in life. PWH who receive a 
prophylactic treatment plan before or directly following their first joint bleed are significantly 

less likely to suffer from arthropathic complications19,23. In contrast, those PWH who began 
prophylactic treatment following several prior joint bleeds are much more likely to develop 

serious joint damage23-25. These studies emphasise the importance of early initiation of 
prophylactic treatment in PWSH to preserve joint health and minimise the number of annual 

bleeds experienced. 
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Differences in bleeding phenotype between people with HA and HB 

People with severe HB often present with a less intense bleeding phenotype than their HA 
counterparts and are reported to have a lower number of annual bleeds, less recombinant 

factor consumption and reduced likelihood of haemophilic arthropathy26,27. The molecular 
basis for this anomaly is unclear. One potential explanation may relate to differences in 

physiological processing and storage of FVIII and FIX. While FVIII is largely found only in the 
intravascular space after secretion, FIX is also stored in extravascular tissue. Currently, the 

mechanism(s) underlying FIX migration outside the vascaulature in the absence of injury 
remain to be determined, although FIX binding to collagen IV appears critical for extravascular 

storage. This is evidenced by the higher plasma levels and reduced extravascular FIX after 
administration of recombinant FIX variants with reduced collagen affinity to F9-deficient mice. 

Extravascular compartmentalisation via collagen IV binding may significantly modulate FIX 

pharmacodynamics, resulting in prolonged FIX bioavailability compared to the exclusively 
intravascular FVIII28-30. These studies also suggest that measurement of plasma FIX levels in 

a laboratory setting account for an unknown percentage of available FIX and that 
uncharacterised tissue FIX levels may vary significantly between individual PWH. Pertinently, 

it has been shown that total FIX levels may be three-fold higher than that which can be 
measured in the plasma29. These differences in FVIII and FIX storage and processing may 

also contribute to the divergent rates of musculoskeletal complications between people with 
HA and HB. People with HA, in particular, are significantly more likely to undergo orthopaedic 

surgery as a result of haemophilic arthropathy compared to people with HB31. Interestingly, 
people with HA have higher ultrasound scores indicative of joint damage and significantly 

reduced levels of osteoprotegerin in their synovial fluid, a protective agent in haemophilic 

arthropathy32. Cumulatively, these studies demonstrate that people with severe HB are less 
likely to suffer from a severe bleeding tendency that HA, although the biology underpinning 

these clinical differences are still not fully understood. 
 

Inter-individual genetic differences that modify bleeding tendency in PWH 
The presence of null or non-null F8 or F9 mutations has been postulated to impact bleeding 

phenotype. Null mutations prevent protein synthesis, whereas non-null F8 mutations allow for 
the synthesis of low, but detectable factor levels. ~50% of severe HA PWH have inversions 

on intron 22 of the F8 gene 33,34. PWSH with F8 non-null mutations have been reported to 

exhibit a milder bleeding phenotype compared to PWH with F8 null mutations11,13. In contrast, 
non-null missense mutations are more prevalent in individuals with HB35,36, which may 
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contribute to the observed disparity between clinical presentation in people with severe HA 

and HB26,37,38. 
 

Other proposed modulators of bleeding tendency in PWH include co-inheritance of common 
prothrombotic gene variants, in particular factor V Leiden (FVL). FVL causes FVa proteolysis 

by activated protein C (APC) to be partially inhibited, causing impaired restriction of 
prothrombinase activity14,39. FVL heterozygosity occurs in ~5% of Caucasian populations and 

Individuals heterozygous for FVL have a 7-fold increased risk of venous thromboembolism, 
whereas individuals with homozygous FVL possess an ~25-fold increased VTE risk. 

Interestingly, PWH who co-inherit FVL heterozygosity exhibit a less intense bleeding 
phenotype than PWH without FVL, highlighting its potential role in re-balancing haemostasis 

in PWH14,40. This is supported by animal studies in which HA and HB mice with FVL exhibit 

less severe bleeding than those haemophilic mice without FVL41. Specifically, HA and HB mice 
that were either heterozygous or homozygous for FVL showed significantly reduced activated 

partial thromboplastin time (aPTT) and a corresponding increase in thrombin-antithrombin 
(TAT) levels. Following endothelial laser injury, these mice also exhibited enhanced local clot 

formation. Notably, co-inheritance of the prothrombin G20210A mutation, which results in 
increased plasma prothrombin levels, has also been reported to mediate a similar protective 

effect as FVL upon bleeding tendency in PWH8. Similarly, protein C deficiency in PWH leading 
to reduced bleeding phenotype has been reported, with correspondingly enhanced thrombin 

generation compared to other PWH42. Some studies have observed lower plasma levels of 
TFPI in severe HB compared to HA, suggesting it as another potential mechanism to explain 

the often less severe bleeding phenotype in individuals with severe HB compared to HA43. 

Furthermore, a potentially protective role of reduced plasma TFPI levels was also studied 
using a murine HA model, where co-deletion of TFPI and FVIII resulted in increased clot 

volume and reduced bleeding44. 
 

Although these ‘re-balancing’ prothrombotic mutations alone cannot account for phenotypic 
heterogeneity in all PWH, these studies underscore the potential value of efforts to utilise non-

factor therapies to re-balance haemostasis in PWH, in particular non-factor haemostatic 
agents that restore thrombin generation by inhibition of endogenous anticoagulant pathways45-

47. The observation that diminished TFPI activity can restore haemostasis in haemophilia 

prompted the design of numerous anti-bleeding therapeutics that inhibit TFPI activity, 
including an anti-TFPI aptamer (BAX499) and several anti-TFPI monoclonal antibodies45,48. 

BAX499 was shown to increase clot formation in a non-human primate model of HA, as 
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observed by a shortening of time to clot in thromboelastography experiments48. Despite 

promising results in pre-clinical in vivo studies, BAX499 caused a paradoxical increase in 
bleeding in treated individuals, resulting in its withdrawal49. Concizumab, a humanized 

monoclonal antibody against TFPI, promoted increased thrombin generation in haemophilic 
plasma and decreased bleeding in PWH45,50 but a recent phase III trial was paused by Novo 

Nordisk due to the occurrence of thrombotic events in several PWH treated with concizumab. 
A number of other additional anti-TFPI antibodies, namely PF-06741086 and BAY-1093884, 

are currently in early stages of clinical development51,52. 
 

The completion of the Human Genome Project in 2003 provided researchers with powerful 
research tools to identify genetic variants that contribute to disease. Genome-wide association 

studies (GWAS) involve screening genomes of large patient cohorts for genetic variations 

which are common across disease groups, in order to identify deleterious or protective gene 
variants. There are currently no GWAS reported for HA, largely due to the requirement for 

large patient cohort sizes of >1000 patients. In contrast, GWAS have successfully identified 
novel genes proposed to modulate factors that contribute to other bleeding disorders, such as 

low von Willebrand factor levels (VWF) levels in people with von Willebrand disease (VWD)53. 
This study suggests a GWAS on a large cohort of PWH to identify novel genes that determine 

bleeding phenotype in severe PWH would be of significant value. An alternative approach to 
achieving this goal is whole-exome sequencing (WES), which examines only genomic protein 

coding regions and can be performed on much smaller patient cohorts54,55. An exemplar study 
carried out on PWH with anti-FVIII inhibitors to identify genetic contributors to risk of inhibitor 

development successfully identified a number of immunoregulatory genes that were 

associated with inhibitor development in PWH. Similar strategies to delineate the genetic 
bases for bleeding phenotype variability in PWH have the potential to identify novel loci for 

further investigation. 
 

Subtle, cumulative variation(s) within biochemical and cellular haemostatic pathways may also 
contribute to bleeding phenotype variability in PWH. Various studies have utilised assays to 

evaluate global haemostatic activity as a method to predict bleeding risk. The most well-
established of these assays is calibrated automated thrombinography, or thrombin generation 

assays (TGAs). One kinetic parameter measured during standard TGAs, the endogenous 

thrombin potential (ETP), correlates well with FVIII/FIX levels56-58. Notably, however, plasma 
from PWH with the same F8 or F9 mutation often exhibit significantly different TGA results, 

further reinforcing the notion that plasma FVIII/FIX levels are not always reliable predictors of 
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clinical bleeding phenotype56,59. Furthermore, although conceived as a global measure of 

blood coagulation capacity, the TGA is also unable to accurately characterise other aspects 
of haemostatic pathways whose activity is largely dependent upon endothelial cell function for 

normal activity, such as the protein C and TFPI anticoagulant pathways60. 
 

Inter-individual differences in fibrinolytic activity as a potential source of bleeding 

variability 
Recent studies have alluded to a potentially important role for variable fibrinolytic activity in 

determining bleeding phenotype in PWH8. The fibrinolytic pathway consists broadly of two 
main stages; (1) plasmin generation and (2) the degradation of fibrin by plasmin. Plasminogen 

activation to plasmin is mediated by tissue plasminogen activator (tPA) or urokinase 
plasminogen activator (uPA)61. Fibrin helps facilitate its own degradation by binding tPA and 

plasminogen on its surface, leading to plasmin generation in close proximity to the clot62. Fibrin 
degradation products (FDPs) are released following plasmin-mediated fibrin degradation. 

Cleavage of fibrin exposes carboxy-terminal lysine residues which tPA and plasminogen can 

bind to, to promote further plasmin generation and clot degradation61,63. Fibrinolysis is 

regulated by proteases inhibitors that include plasminogen activator inhibitor 1 (PAI-1), a2-

antiplasmin (a2-AP) and thrombin-activated fibrinolysis inhibitor (TAFI)61,64-66. 
 

Whereas global assays to detect functional defects in blood coagulation caused by 

haemophilia are well-established, these assays are unable to characterise concurrent 
alterations in fibrinolytic activity. Previous studies have indicated that hypofibrinolytic PWH 

may exhibit diminished bleeding tendency compared to other PWH. One previous study 
reported elevated tPA concentrations in a group of PWH compared to another PWH cohort 

with milder bleeding tendency67, suggesting one determinant of clinical bleeding phenotype 
may be influenced by a lower threshold for plasminogen activation, a key step in fibrinolysis. 

Currently, no studies have investigated the role played by uPA in modulating individual 
bleeding phenotypes. The balance between tPA and PAI-1 levels in PWH is not well 

characterized, but it is conceivable that the regulatory relationship between these two 
components may become destabilised during a bleeding event. The role of PAI-1 in PWH 

remains unclear, but it has been shown in VWD that low levels of PAI-1 are associated with 

an increase in severity of clinical bleeding phenotype68 and it remains to be determined 

whether this is also the case in PWH. a2-AP deficiency results in accelerated fibrinolysis and 

excessive bleeding69; however, whether a2-AP levels vary between individual PWH has yet to 

be fully investigated. In contrast, a recent study in which mice deficient in both plasminogen 
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and FVIII (Plg-/-/F8-/-) were generated found that these mice retained their bleeding phenotype 

and deficiency in plasminogen did not counter-balance defective haemostasis caused by FVIII 
deficiency in these mice70.  

 
TAFI, an important inhibitor of the fibrinolysis pathway, is activated to TAFIa by thrombin. 

Thrombin bound to its receptor thrombomodulin (TM) accelerates TAFI activation 1250-fold 
compared to thrombin alone71.  Reduced thrombin generation in PWH results in less TAFI 

being activated by the thrombin-TM complex, impairing down-regulation of fibrinolytic 
activity67,72. Plasma TAFIa levels have been shown to be correlated with FVIII activity and 

TAFIa levels correspond well to bleeding phenotype, with decreased TAFIa resulting in a more 
intense bleeding pattern in PWH73. Pre-clinical studies have demonstrated that decreased clot 

lysis can be achieved by administering soluble TM to HA mice, which enhanced TAFI 

activation and thus downregulated fibrinolytic activity74,75. Conversely, APC generated by 
soluble TM is considered profibrinolytic due to its attenuation of thrombin generation and in 

turn reduced TAFI activation76. Moreover, APC has the capacity to degrade PAI-1 which would 
result in enhanced plasminogen activation77. Evidently, further examination of the cumulative 

activity of fibrinolytic enzymes and inhibitors is required to enhance our understanding of the 
contribution of altered fibrinolysis in determining phenotypic heterogeneity in PWH.  

 
Cellular basis of bleeding phenotype variability in PWH? 

Differences in platelet function between PWH may play a role in phenotypic heterogeneity. In 
1973, Walsh et al reported that PWSH with a mild bleeding phenotype had elevated platelet 

activity compared to other PWSH78. A number of studies have demonstrated the importance 

of platelet activity for robust thrombin generation79,80, with the influence of platelets most 
prevalent at very low levels of FVIII or FIX in PWSH81. Additionally, studies have investigated 

specific roles for altered platelet activation and aggregation in modulating bleeding tendency, 
but there exists conflicting information as to whether inter-individual differences in platelet 

activity contribute to variable bleeding tendency in PWH18,82,83. 
 

The endothelium is a critical interface between blood and the surrounding tissues84 and is 
central to regulation of the coagulation cascade, inflammation and tissue repair85. There is 

significant heterogeneity in endothelial cell populations within vascular beds in different tissues 

within the body85. When vascular injury occurs, endothelial cells (ECs) become activated to 
release pro-coagulant, pro-thrombotic mediators84. The EC surface acts as a platform on 

which thrombin and TM assemble to activate protein C to APC and inhibit clot formation. 
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Interestingly, gene mutations that diminish endothelial surface TM expression are associated 

with increased bleeding tendency and could accentuate bleeding if co-inherited in affected 
PWH. TM-associated coagulopathy (TM-AC) is a recently recognised bleeding disorder 

caused by a mutation (p.Cys537Stop) in the THBD gene which results in shedding of soluble 
TM (sTM) from the endothelium into the circulation86-88. Consequently, high plasma sTM levels 

in these patients results in significantly increased APC generation leading to greatly reduced 
thrombin generation and disruption to clot formation. Additionally, this elevated plasma sTM 

can also mediate increased activation of TAFI resulting in delayed fibrinolysis despite a 
decrease in thrombin generation86. Given the distinct effects this p.Cys537Stop mutation can 

have on both the coagulation and fibrinolysis pathways, co-inheritance of a THBD gene 
mutation in a PWH could profoundly impact on their bleeding phenotype, although to date, 

there have been no reported cases of co-inheritance of the p.Cys537Stop mutation in PWH. 

Given the breadth of contributions made by the endothelial cell surface to regulation of clot 
size, fibrinolysis and tissue repair, it is feasible that inter-individual differences in endothelial 

cell expression patterns could impact on bleeding phenotype in PWH, however, there remains 
little research on the impact of differences in endothelial cell behaviour in PWH, and a dearth 

of convenient assays in which to investigate their role in modulating bleeding phenotype in 
PWH. 

The future: variable inter-individual responses to gene therapy in PWH 
Gene therapy offers the possibility of long-term correction of haemophilia in PWH from a 

single, one-off treatment. Adeno-associated viral (AAV) vectors encoding either FIX or FVIII 
cDNA have been used to deliver functional F8 or F9 genes for hepatic transgene expression89. 

Initial clinical trials demonstrated that a single intravenous infusion of AAV vector resulted in 

a prolonged and sustained increase in FVIII or FIX expression, that was still observed 1-year 
post-administration90-92. This resulted in the majority of treated participants discontinuing their 

prophylactic factor replacement, with no adverse effect on their annual bleed rate. One 
multicentre 5 year follow up study on HA participants showed that even 5 years post infusion, 

significantly increased plasma FVIII levels remained and almost all of the PWH had ceased 
routine clotting factor replacement injections93. Notably, clear differences between treated 

PWH were observed. A number of participants in this study continued to express FVIII at low 
levels, despite receiving the same dose as other participants. Furthermore, differences in 

inter-individual response in relation to gene therapy side effects have emerged, perhaps the 

most challenging of which is that ~40% of the general population have pre-existing immunity 
against AAV viral capsids94. The nature and extent of the immune response to AAV depends 
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on a number of factors including the dosage used for the infusion and the AAV serotype. In 

order to circumvent this issue, a short treatment with immunosuppressive steroids can be 
administered to encourage immune tolerance to the AAV capsid and lower doses of gene 

therapy used to prevent hepatotoxicity95,96. This potential increase in hepatoxicity means that 
current liver directed gene therapy would not be suitable for any PWH diagnosed with 

hepatitis, precluding them from this treatment approach97. Gene therapy is rightly perceived 
as as transformative therapy for long-lasting resolution of HA and HB bleeding, but there 

remains a requirement for better understanding of the determinants of inter-individual 
responses to gene therapy in PWH. Additionally, given the evidence presented above that 

other mechanisms independent of FVIII/FIX may be responsible for determining bleeding 
phenotype, gene therapy aimed at normalising deficient factor levels may not represent a 

definitive solution for all PWH.  

 
Conclusions 

Categorisation of PWH based on their endogenous factor levels often correlates well with their 
bleeding tendency and their likelihood to develop bleeding-related joint disease. Nevertheless, 

there remains a significant number of PWH who exhibit bleeding phenotypes that poorly 
correlate with their factor levels. Despite this, there exists a limited understanding of the 

biological basis of what dictates inter-individual variability in bleeding tendency in PWH. Time 
of first bleeding event or timing of administration of first prophylactic factor replacement 

appears to correlate well with subsequent development of bleeding frequency. Moreover, co-
inheritance of prothrombotic gene mutations in PWH appears to aid in re-balancing 

haemostasis and therefore reduces bleeding tendency in these individuals. In addition, the 

potential role for variation in haemostatic pathways intertwined with thrombin generation, such 
as fibrinolysis, to nudge haemostasis either towards or away from balance, is increasingly 

apparent. Outstanding questions, however, remain as to whether cell-specific differences in 
either the vasculature or in circulating haemostatic or immune cells might impact upon 

bleeding phenotype, and large-scale genomic characterisation of PWH is likely to yield 
deeper, unexpected insights as to factors that modulate the bleeding phenotype of an 

individual with haemophilia. Enhanced understanding of the factors that modulate bleeding 
phenotype in PWH would have tangible benefits for the treatment of PWH and may accelerate 

the generation of diagnostic assays to enable a more granular insight into the bleeding 

tendency of PWH than is currently available. Characterisation of these biological parameters 
is likely to represent a critical step in enabling tailored treatments for PWH that prevent the 

occurrence of repeated bleeding events. 
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Figure 1: Determinants of bleeding heterogeneity in PWH. In addition to their endogenous 
factor levels, a number of factors have been shown to impact on the phenotypic heterogeneity 
in PWH. Those with less severe bleeding phenotypes will, in general, have a non-null 
causative mutation, low number of annual bleeds, have a lower requirement for factor 
replacement therapy, will experience their first joint bleed at an older age and will have minimal 
joint damage. PWH that start prophylactic replacement therapy at a young age have been 
shown to exhibit a less severe bleeding phenotype. Additionally, people with haemophilia B 
often have less intense bleeding phenotypes than those individuals with haemophilia A, 
although the biological mechanisms underlying this discrepancy remain incompletely 
understood. 
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Figure 2: Variation of coagulation and fibrinolysis pathways that may contribute to 
bleeding heterogeneity between PWH.  Co-inheritance of mutations in other coagulation 
proteins are associated with reduced bleeding tendency in PWH. Prothrombin G20210A 
mutation, Factor V Leiden and Protein C (PC) deficiency all allow for more robust clot 
formation, either through promotion of thrombin generation or by inhibition of anticoagulant 
pathways. As a consequence, pharmacological targeting of anticoagulant activated PC (APC) 
and Tissue Factor Pathway Inhibitor (TFPI) has been postulated to reduce bleeding in PWH. 
Soluble Thrombomodulin (sTM) administration promotes clot formation through activation of 
TAFI and downregulation of the fibrinolytic pathway while low levels of plasma TAFI correlates 
with severe bleeding in PWH. Elevated tissue Plasminogen Activator (tPA) has been observed 
in PWH however current knowledge on the role of PAI-1 in mitigating bleeding tendency in 
PWH remains unclear. It is also possible that inter-individual differences in unknown factors 
that control cellular activation and functions in platelets and endothelial cells could also 
contribute to the bleeding heterogeneity observed in PWH, although this currently remains 
largely unexplored.  
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Table 1: Biological factors which may influences severity of bleeding phenotype in PWH 

Factor influencing bleeding phenotype References 

Age at first joint bleed 21,22 

Age to begin prophylactic factor 
replacement 

23,25 

Differences in severity between HA and 
HB 

26,27 

Null versus non-null mutation 11,33,35 

Co-inheritance of a prothrombotic 
mutation 

8, 40 - 44 

Inter-individual differences in fibrinolysis 68, 74, 77 

Inter-individual differences in cellular 

function 

81, 86 

Heterogeneity in response to gene 
therapy 

94, 96 

 


