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Prophylaxis, defined, as the regular replacement of the missing clot-
ting factor given, in anticipation of, and with the intent to, prevent
bleeding in persons with haemophilia (PWH; without inhibitors) was
pioneered by a few European haemophilia treatment centres begin-
ning in the late 1950s.1% The initial objective of prophylaxis was to
convert a person with severe haemophilia (baseline factor [F] VIII/
IX level <0.01 IU/mL [1%]) to a bleeding phenotype in keeping with
moderate haemophilia by maintaining factor levels >1% at all times.

Traditional full dose prophylaxis, begun early in life, has been
associated with a >90% reduction in the rate of joint bleeding, an
annualized joint bleed rate of <1, and a significant reduction in joint
deterioration.* Longer term benefits include a reduction in muscu-
loskeletal pain, less patient disability and less need for orthopaedic
surgery, reduced hospitalization rates and length of hospital stays,
improved school and work attendance, and greater participation in
professional and leisure activities resulting in improved quality of life
(Qou).? Prophylaxis also protects from other forms of haemorrhage
(including intracranial haemorrhage).® Recognizing its benefits,
prophylaxis has become widely adopted, beginning first in more
affluent and more recently in less affluent countries, as the ideal way
of managing PWH.”8

Consensus definitions of prophylaxis have been developed
according to when it is commenced (Table 1a) and according to its

intensity (Table 1b). In addition, full time (or continuous prophylaxis)

has been defined as being on prophylaxis for a minimum of 45 wk/y.?
In general, these definitions of prophylaxis were focused on
preventing joint bleeds and maintaining musculoskeletal health.
Having prophylaxis regimens that vary in intensity fits with the
understanding that patients differ greatly with respect to their pro-
pensity to bleed as well as their pharmacokinetic handling of FVIII/
IX. Thus tailoring of prophylaxis to individual patients’ needs might
allow for more efficient allocation of therapy such that it will not
be “wasted” on patients that may not require as much replacement
haemostatic products and yet not be denied to patients who require
more. ! Tailoring of prophylaxis has consequently become widely
practiced over the last 10-20 years. Tailoring of prophylaxis to the
ability of a society to pay for it has also led to the development of low
dose prophylaxis regimens.!? These regimens have also been shown
to achieve considerable, albeit, smaller reductions in rates of joint
bleeding. ¥
Interventional studies on prophylaxis showing dramatic
reductions in bleeding rates probably led to an overinflated view
of what could be achieved with the clotting factor concentrates
(CFCs) that we have had and led to some in the haemophilia com-
munity advocating for a goal of “zero bleeds”. However standard
prophylaxis has relied on the frequent intravenous replacement of
costly but short-acting (standard half-life; SHL) CFCs and has been

burdensome for many patients and families, somewhat tempering
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TABLE 1 Current definitions of prophylaxis. (a) Prophylaxis defined according to when commenced (applies equally to haemophilia A and
B). (b) Prophylaxis defined according to its intensity (doses are with standard half-life clotting factor concentrates (SHL-CFC))

(a)

Prophylaxis started in the absence of documented joint disease, determined by physical examination and/or

imaging studies, and before the second clinically evident joint bleed and age 3 years

Prophylaxis started after two or more joint bleeds but before the onset of joint disease documented by physical

Prophylaxis started after the onset of joint disease documented by physical examination and plain radiographs of

the affected joints. Typically tertiary prophylaxis applies to prophylaxis commenced in adulthood

Primary
Secondary
examination and/or imaging studies
Tertiary
(b) Haemophilia A

High (or full) dose
Intermediate dose

Low dose

25-40 U FVIlI/kg/q2d (4000 U/kg/y)
15-25 U FVIII/kg/3%/wk (2000-4000 U/kg/y)
10 U FVIIl/kg/1-2x/wk (<2000 U/kg/y)

Haemophilia B

40-60 U FIX/kg/2x/wk (>4000 U/kg/y)
20-40 U FIX/kg/2x/wk (2000-4000 U/kg/y)
10-20 U FIX/kg/once/wk (<2000 U/kg/y)

1a) Taken from .... Taken from a recommendation from the F8, F9, and Rare Coagulation Subcommittee of the SSC of the ISTH.'°

CFC, clotting factor concentrates; SHL, standard half-life; U, units.

the benefits that have been obtained with prophylaxis. The short
half-life of SHL-CFC results in: (i) the need for frequent venepunc-
tures - this in young children often leads to the need for central ve-
nous access devices (CVADs) and in older children/adults to reduced
patient adherence®®; and (ji) to prophylaxis being a sinusoidal curve
of factor peaks (factor levels of 50%-80%) and troughs (factor levels
of 1%-3%) corresponding to times when patients can safely be more
active and times when they cannot. There has been an increasing
recognition that trough levels of 1%-3% are insufficient to prevent
all bleeds in all PWH."

The development and introduction of new haemostatic
therapies in haemophilia are forcing us to revisit the concepts and
definitions of prophylaxis. These new therapies (some already in
clinical use and others still in development) include extended
half-life (EHL) intravenously administered CFCs, subcutaneously
administered CFCs,'® FVIII mimetics (Emicizumab) and non-factor
drugs that inhibit natural endogenous anticoagulants (antithrom-
bin [AT], tissue factor pathway inhibitor [TFPI] and activated pro-
tein C [APC])."

Many of these agents (particularly non-factor therapies) do not
fit with the current concept of prophylaxis as they do not replace
the missing coagulation factor, are administered subcutaneously,
and in some cases given as infrequently as once or twice monthly.
Additionally, many of these agents will eliminate the peak and trough
curves of protection that we now see with SHL-CFC prophylactic
regimens.

Aspirations and expectations of what will be possible with
prophylaxis with these new agents are changing. EHL-CFCs allow
for less frequent infusions of FVIII/IX, attaining higher trough
FVIII/1X levels, or both. This is particularly the case with EHL-FIXs
- their half-life extension of 3-5 fold over SHL FIXs permits pa-
tients to receive factor once every 7-14 days and still, in the case
of some of these EHL-FIXs, maintain FIX trough levels of >10% to
20%.*%1 More modest reductions in frequency of administration

or modest increases in factor trough levels (likely not both) may
be accomplished with EHL-FVIIIs. FVIIIl mimetics and non-factor
therapies can similarly be given subcutaneously and very infre-
guently and yet achieve good/excellent bleed protection.

Extended half-life-CFCs, particularly FIX-EHLs, as well as FVIII
mimetics may make it easier to start patients at an earlier age on
prophylaxis without the need for CVADs. This may cause a reeval-
uation of what constitutes primary prophylaxis (see Table 1a) as
perhaps we will start prophylaxis without waiting for any joint
bleeds to occur, and before the age of 1 year of age. EHL-CFCs,
as well as FVIII mimetics and non-factor therapies, may allow for
more convenient dosing days/times (which might improve adher-
ence) and might lead to increased uptake of prophylaxis among
patients not currently on prophylaxis (eg those with moderate
haemophilia). Better prophylactic coverage should permit greater
level of sports participation (potentially including some sports
involving vigorous physical activity that have traditionally been
discouraged).?° All of these developments are transforming the
concepts of prophylactic intensity. No longer can one refer to full
dose prophylaxis as prophylaxis that results in factor trough lev-
els of 1%-3%.

With the steady advance of modified clotting factors as well as ef-
fective subcutaneous non-factor drugs and promising gene therapies
currently in clinical trials,?! it seems that improved clinical outcomes
are within reach for our patients: extremely low bleed rates, full or near
full prevention of haemophilic arthropathy, fewer restrictions in activi-
ties and improved QOL. Whether this will be on the basis of achieving
much higher factor trough levels through EHL-CFCs, or through sub-
cutaneously administered CFCs or by means of non-factor therapies
or using a combination of both is still to be determined.

With these changes, new definitions for prophylaxis are re-
quired. Modern prophylaxis definitions will need to be inclusive of
a wide variety of haemostatic agents with diverse mechanisms of
action, and modes of administration.
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We propose the following as a new definition of prophylaxis: the
regular administration of a haemostatic agent/agents that safely,
effectively and conveniently prevent bleeding while allowing PWH
to lead active lives.

Prophylaxis in the future will create new challenges:

e How to assess the pharmacodynamic effects of, and pharmaco-
kinetics of new therapies - it will be more complex than simply
measuring FVIII or FIX levels!

e How to assess the intensity of prophylaxis with non-factor
replacement therapies especially given current challenges in
monitoring such therapies???

o How to treat breakthrough bleeds in patients on prophylaxis with
new therapies, particularly non-factor therapies?

e How best to monitor short and long-term clinical outcomes and
adverse events?

e How do we approach inhibitor development (traditionally the
greatest threat to managing haemophilia patients) and inhibitor
eradication in the face of new therapies?

e How best to select a haemostatic therapy, or a combination of

therapies tailored to an individual patient?

The development of new therapies for haemophilia will likely
have considerable economic ramifications. Traditionally when new
therapies are introduced they tend to be more expensive then
available “older therapies”. This may limit the willingness of coun-
tries/societies to pay for these newer therapies. However, the
price of “older therapies” often tends to drop in such scenarios.
This may lead to the increased uptake of traditional prophylaxis
with SHL factor concentrates where their reduced price may make
traditional prophylaxis much more affordable.

Prophylaxis has come a long way from the initial observations
of Inga Marie Nilsson and her colleagues beginning in the 1950s.
Prophylaxis up until now has been limited by the therapies available
(ie CFCs intravenously administered, with short half-lives that create
peaks and troughs in factor levels and protection). Excitingly prophy-
laxis appears to be poised for a dramatic change that will more effec-
tively reduce bleeding risks. As the haemophilia community moves
into these new treatment paradigms much work will be needed to

optimize this transformation of care.
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