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Prior to modern medical care, haemophilia was a lethal paediatric disease1 indeed, 

limitations in haemophilia care affected the political activity of the royal houses of Europe 

leading up to World War I in which multiple of Queen Victoria’s descendants inherited 

haemophilia B and publicly succumbed to complications at a young age.2 Fortunately, the 

advances in blood banking following World War II provided the first haemostatic treatments 

for people with haemophilia. As is comprehensively reviewed in this issue by Doctors 

Fassel and McGuinn3, haemophilia treatment has subsequently evolved from this early 

use of whole blood and large volume plasma transfusions to increasingly sophisticated 

biotechnologies with two new therapeutic categories of extended half-life (EHL) factor 

products and non-factor therapies (NFTs), both receiving regulatory approval within the last 

decade. As they outline, innovation in haemophilia continues unabated with several new 

(and hopefully improved) EHL factor products and NFTs advancing rapidly through clinical 

development. The authors also discuss the multiple ongoing haemophilia gene therapy trials 

in various phases of clinical development, ranging from proof-of-concept studies to pivotal 

licensing trials for both haemophilia A and B. With this expanding and diverse therapeutic 

armamentarium, both clinicians and patients have begun contemplating what a functional 

cure of haemophilia might look like.4

The pace of progress of novel drug development for haemophilia combines two strengths 

of the field: 1) a depth of understanding in the molecular basis of the disease including 

the biochemistry of coagulation that permits rational design of new therapies, and 2) 

an organised patient advocacy and physician provider network that fosters both basic 

research and clinical trials. These attributes are further amplified by advances in molecular 

therapeutics, especially gene therapy, in which haemophilia has long been a targeted 

disease.5 The rapidity of innovation may be fuelled, in part, by the high cost of current 
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therapies that likely incentivise pharmaceutical interest and research. Early data suggest that 

some new therapies for haemophilia may modestly reduce the cost of therapy.6 However 

to date, these novel therapies do not appear to have meaningfully decreased the treatment 

gap between patients in developed and developing countries, with most haemophilia patients 

worldwide continuing to have only limited or no access to haemostatic agents. Nonetheless, 

there is hope that new haemophilia therapeutics may decrease the market shares of some 

established drugs driving down pricing and expanding target markets and, consequently, 

treatment options for those patients that do not currently routinely have access to therapy.

As the authors review, how these new drugs will reshape haemophilia care and how 

best to implement them into clinical practice remain open questions, but there is 

considerable optimism. For example, the success of emicizumab, a bispecific antibody 

that indiscriminately binds factor IX (FIX)/activated coagulation FIX (FIXa) and FX/FXa 

mimicking FVIII’s function to co-localise the protein components of the intrinsic tenase,7,8 

for prophylaxis of severe haemophilia A with and without inhibitors9,10 has substantially 

‘de-medicalised’ severe haemophilia A care.11 In turn, the success of emicizumab has 

challenged the role of immune tolerance induction as a stalwart, standard of care for patients 

with haemophilia A with inhibitors and reduced care demands of haemophilia treatment 

centres.

The long-term success of the expansive repertoire of novel EHL factor products and NFTs 

recently licensed or in clinical development will be predicated on understanding their 

mechanistic basis and finding answers to outstanding questions emerging from clinical 

trials. For example, the development of NFTs have shown a series of thrombotic adverse 

events when combining the NFT under-study with other haemostatic therapies. Thrombotic 

complications were initially observed after emicizumab study participants were given 

multiple doses of activated prothrombin complex concentrate (aPCC) to treat break-through 

bleeding. Notably, emicizumab function is largely dependent on FIXa and infusion of 

exogenous sources of FIXa (present in aPCCs, wherein aPCC dosing is based on FIXa 

activity), at least in part, rationally explains this thrombotic complication of emicizumab 

that was perhaps predictable.8 A subsequent mitigation strategy recommended limiting 

concomitant administration of emicizumab and aPCC to <100 u/kg/day, which has been 

mostly successful, although thrombotic complications have continued to be reported even 

after licensure.12 Additionally, thrombotic complications were observed with concurrent 

FVIII administration in study participants receiving fitusiran, a small interfering RNA 

(siRNA) that inhibits antithrombin translation. The study sponsor is continuing the clinical 

development of fitusiran but has decreased the degree of the targeted antithrombin knock 

down. Likewise, a mitigation strategy with revised recommendations on concomitant 

guidelines for break-through bleeding was also implemented during the clinical development 

of a concizumab, a monoclonal antibody targeting tissue factor pathway inhibitor to reduce 

pro-thrombotic concerns. The safe and effective implementation of haemostatic regimens 

with multiple drugs will likely continue to be a challenge for haemophilia care.

Thus, while an understanding of all molecular interactions novel agents engage will 

optimise clinical adaptation, a suggested minimum threshold may be an understanding of 

the molecular basis of function to evaluate pro-thrombotic risk. For example, extensive 
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preclinical studies and biochemical characterisation of the gain-of-function FIX variant 

Padua used in all currently enrolling haemophilia B gene therapy trials were reassuring of 

its safety at normal FIX activity levels,13,14 despite now a single report of a thrombotic 

complication in a gene therapy recipient with supratherapeutic FIX activity after vector 

administration and additional pro-thrombotic risk factors (obesity and renal failure).15 

Indeed, the demonstrated therapeutic advantage of using a gain-of-function transgene for 

haemophilia B gene therapy raises the question if a rationally designed gain-of-function 

FVIII mutation, of which there are multiple described, may similarly improve haemophilia 

A gene therapy efforts.16,17

Fassel and McGuinn also delineate the diverse gene therapy approaches in preclinical 

and clinical development for haemophilia A and B. Adeno-associated viral (AAV) vectors 

remain the most advanced, such that four vectors are now in phase III development and 

regulatory approvals are widely anticipated in the short term. Several alternative gene 

therapy strategies (e.g. cell-based therapies and in vivo gene-editing approaches) are also 

being investigated in phase I/II studies or progressing through preclinical development. 

Gene therapy has the potential to fundamentally alter haemophilia care with the goal 

that a single therapeutic administration may safely and predictably impart long-term 

phenotypic amelioration. However, all AAV vector recipients uniformly develop persistent, 

multi-serotype cross-reactive neutralising antibodies to AAV that currently likely prevent the 

efficacy of repeat AAV vector administration, regardless of serotype.18,19 Thus, potential 

AAV recipients, either clinical trial participants or patients post-licensure, need to recognise 

that they will likely only receive a single AAV gene therapy in their lifetime with the current 

state of science. These considerations create a scenario for ‘buyer’s remorse’ in gene therapy 

recipients that get an AAV product that is subsequently found to be substantially inferior 

to a newer AAV vector. It is critical, therefore, that all clinical trial results (irrespective of 

success) are published with sufficient details to inform patients and clinicians, as well as 

aid translational and basic work to understand the multiple unanswered questions that have 

emerged from clinical trials.20 Fassel and McGuinn identify several ongoing challenges for 

gene therapy in addition to the problems of the humoral immune response to AAV vector 

that include and span: potential for genotoxicity, long-term durability of expression that is of 

particular concern for haemophilia A, the role of immunomodulatory therapy, heterogeneity 

and, in some cases, unpredictable levels of transgene expression, lack of AAV neutralising 

antibody assay standardisation in which variable methods markedly affect results, and the 

role of gene therapy in the care patients with inhibitors for which preclinical studies support 

the ability of liver-directed gene transfer to induce tolerance.14,21

As is clear from Fassel and McGuinn’s review, the only constant in haemophilia care is 

that it will continue to advance. The breadth of new technologies currently in clinical 

development and in preclinical studies for the care of people with haemophilia will 

increasingly require physicians to thoughtfully and thoroughly understand the science 

behind these new treatment options. These novel therapeutics highlight the need for greater 

collaboration between scientists and clinicians to safely and efficiently incorporate these 

new therapies into clinical practice and work together to answer outstanding questions that 

have emerged from clinical trials.
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