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To the Editor,

In practice, we evaluate the efficacy of haemostatic

therapies through a combination of clinical observation

(the acute response to bleeding and annualized bleed

rates) and the application of laboratory tests that inform

us of the activity (or antigen) levels of individual clotting

factors or provide a global assessment of haemostatic

activity (thromboelastography and rotational thromboe-

lastography or thrombin generation assays). While the

correlation between the clinical outcomes and laboratory

test results is usually positive and consistent, the recent

development of novel haemostatic agents with uncon-

ventional modes of action has challenged the paradigm of

laboratory testing for clinical assessment.

Nevertheless, in haemophilia care we have been accus-

tomed for a long time to consider the plasma activity levels

of factor VIII and factor IX (FIX) as being representative of

the haemostatic competency of the patient – that is levels

more than 50% would provide robust haemostatic support

and at levels progressively lower than this, an inadequate

haemostatic response is more likely. However, recent

studies concerning the haemostatic benefit of FIX have

called this assumption into question [1,2].

The central theme of this question concerns the ability of

FIX to bind reversibly to extravascular type IV collagen

[3,4], and the proposal from a series of preclinical studies

is that this extravascular FIX has the potential to support

haemostasis in the absence of measurable plasma FIX

activity. Thus, FIX has been shown to bind to type IV

collagen in the endothelial basement membrane and

provides haemostatic protection, that lasts much longer

than predicted by the FIX plasma half-life, and correlates

with the binding affinity of FIX for type IV collagen [5,6].

Since the endothelial basement membrane is exposed at

the time of vascular injury, FIX binding to type IV

collagen at this site enables an immediate response to

vessel injury, and as the binding of FIX is reversible, FIX

can also be released to support haemostasis at distant sites.

The preclinical studies evaluating this proposal can be

summarized as follows. When haemophilia B mice are

infused with 150 IU/kg of recombinant FIX (rFIX; Ben-

eFIX, Pfizer, New York, New York, USA) or the FIXFc

fusion protein (rFIXFc; Alprolix, Bioverativ, Waltham,

Massachusetts, USA), and their haemostatic efficacy is

assessed at 7 days postinfusion with the saphenous vein

bleeding model, the products are equivalent, even

though the terminal half-life of rFIXFc is significantly

longer than that of rFIX [2]. This equivalence of haemo-

static efficacy is proposed to be due to the contribution of

the extravascular pool of FIX that is saturated at this level

of FIX infusion as doses higher than 150 IU/kg provided

no additional haemostatic benefit [2].

The generation of a knock-in mouse model in which a

variant FIX with reduced collagen IV binding was inves-

tigated demonstrated a mild bleeding phenotype despite

documentation of normal in-vitro clotting activity [3].

Additional studies of this variant FIX confirmed that

the lack of collagen IV binding altered the haemostatic

properties of FIX.

In a presentation by Matino [7], haemophilia B mice were

treated with rFIX, rFIXFc or a rFIX with enhanced

collagen IV binding (K5R variant). The haemophilic

mice underwent 5 days of moderate treadmill exercise,

were then sacrificed and the number of muscle bleeds

were evaluated. rFIXFc was detected in the plasma at

day 5, while the K5R mutant FIX was not; however,

bleed protection was equally good for both rFIXFc and

the K5R variant. These studies suggest that an extra-

vascular source of FIX, likely the collagen IV bound

protein, was still contributing to the correction of haemo-

stasis at the 5-day time point.

Further indirect support for a haemostatic role of the

extravascular pool of FIX comes from the study of a

mouse model in which a cross-reactive material positive

(CRMþ) haemophilia B mouse model was generated and

compared with haemophilia B mice with a CRM�
mutation [4]. These studies showed that the infusion

of rFIX was less efficacious in the CRMþ as compared

with the CRM� mice. CRMþ FIX may occupy extra-

vascular space binding sites, and the inference of these

studies is that competitive binding to extravascular col-

lagen IV by dysfunctional FIX reduced the haemostatic

efficacy of the infused rFIX.

The introduction of extended half-life FIX products has

produced a significant benefit to the prophylactic man-

agement of haemophilia B patients. These concentrates

result in three-fold to five-fold extensions to the plasma

68

0957-5235 Copyright � 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

mailto:david.lillicrap@queensu.ca
http://dx.doi.org/ 


half-lives of FIX activity and the annualized bleed rates

with these products is similarly reduced [8–10]. How-

ever, while preliminary studies document a normal inter-

action with the extravascular tissues with the albumin

and Fc fusion proteins, there is some evidence that

PEGylation may interfere with this pattern of biodistri-

bution [2,11,12].

While the evidence that FIX binds reversibly to extra-

cellular collagen IV is strong, a question that remains

unanswered is how this source of FIX can achieve suffi-

cient access to local and distant anatomic sites to achieve

persistent haemostatic protection.

Against the background of these interesting and novel

biological observations, the importance of extravascular

FIX in the treatment of patients with haemophilia B is

unknown. We have no easy way of determining the levels

of extravascular FIX in patients, and assumptions based

upon the preclinical studies that have been reported

should be viewed with caution. Similarly, we cannot

currently demonstrate that the transfer of extravascular

FIX from a ‘depot’ bound to type IV collagen contributes

to local or distant haemostasis. Furthermore, as stated

above, we have several decades of evidence that the

association of plasma FIX activity levels correlates well

with clinical outcomes, and thus any proposal that low

plasma levels of FIX may be rescued by extravascular

FIX is speculative. Thus, in clinical practice, any assump-

tion that haemostatic efficacy can be sustained beyond

the time FIX is measurable through pharmacokinetic

analysis in plasma may result in an increased risk of

breakthrough bleeds and joint damage.

Recent studies indicate that further research into the

physiological relevance of extravascular FIX is warranted,

and attempts should be made to identify novel strategies

that could incorporate objective evaluation of this FIX

pool into the optimization of clinical care for haemophilia

B patients. In the meantime, the haemostatic control of

these patients should be managed with routine plasma

FIX activity assays and by clinical evaluation.
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To the Editor,

Long-term direct oral anticoagulants (DOACs), including

direct thrombin inhibitor dabigatran, should be preferred
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