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1 | INTRODUCTION

Manco-Johnson et al* were the first to prospectively demonstrate
in a randomized study the superiority of prophylaxis over episodic
treatment in people with haemophilia. Since and even before this
landmark study, the many benefits and values of prophylaxis were
demonstrated through multiple prospective and retrospective anal-
yses.>!! In the modern era, prophylaxis is optimized through sev-
eral approaches, which include varying the dose, varying the dosing
frequencies and exploring alternative routes of administration. The
published approaches now include low-dose, intermediate-dose and
high-dose prophylaxis regimens depending on the expertise of the
treaters, cost of the product and the healthcare system in different
countries.

The evolving therapeutic landscape in haemophilia has in-
cluded registration of several extended half-life products and
non-factor haemostatic agents, some of which are now routinely
used for prophylaxis.>*'? These therapies have ushered in a
new prophylaxis era characterized by less burdensome prophy-
laxis dosing frequency, and low bleeding rates based, in part, on
improved compliance. Some novel therapeutic agents are now
administered subcutaneously with consequently improved pro-
phylaxis targets and therapeutic outcomes, especially in patients
with inhibitors.24>13:15

| Victor Blanchette? | Robert Klamroth®

Prophylaxis is the globally accepted standard of care for persons with haemophilia
and presents many advantages over episodic treatment. The prophylaxis benefits in-
clude bleed reduction, reduction in musculoskeletal complications and improvement
in the quality of life. The currently evolving novel therapies for the management of
haemophilia has ushered a new era characterized by improved prophylaxis targets
and outcomes. These redefined targets and outcomes have necessitated the need to
also redefine prophylaxis. In this state-of-the-art review, we redefine prophylaxis in
the modern era by revisiting its definition, presenting data to support higher trough
levels to achieve with prophylaxis and introducing steady-state haemostasis as a pos-

sible new target for prophylaxis.

modern era, novel therapies, prophylaxis, redefinition, steady-state, trough levels

It is therefore not surprising that prophylaxis is now the accepted
standard of care for all persons with severe haemophilia across geo-
graphic and economic sectors of the haemophilia community.* In this
review, we take a three-pronged approach in redefining prophylaxis in
the modern era in the light of all these advances. Dr Victor Blanchete
reviews factors defining successful prophylaxis in the changing para-
digm of evolving novel therapeutic tools and approaches. Therapies
with improved pharmacokinetic properties have enabled us to re-
define new targets arising from successful prophylaxis. Dr Robert
Klamroth revisits the impact of prophylaxis which aims for higher
trough levels. The recent arrival of non-factor haemostatic therapies
has allowed us to redefine other prophylaxis endpoints, including
targeting steady-state haemostasis as a new potential goal for pro-
phylaxis. Dr Johnny Mahlangu will explore the important role played
by steady-state haemostasis in prophylaxis and how prophylaxis was

achieved with several non-factor therapies and gene therapy.

2 | DEFINING SUCCESSFUL
PROPHYLAXIS: THE PARADIGM IS
SHIFTING

The Concise Oxford Dictionary defines prophylaxis as ‘preventive

treatment against disease’ and prophylaxis as ‘a medicine or course

Haemophilia. 2021;27(Suppl. 3):21-27.

wileyonlinelibrary.com/journal/hae

© 2020 John Wiley & Sons Ltd 21


www.wileyonlinelibrary.com/journal/hae
mailto:﻿
https://orcid.org/0000-0001-5781-7669
https://orcid.org/0000-0003-4194-8183
mailto:johnny.mahlangu@nhls.ac.za
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhae.14035&domain=pdf&date_stamp=2020-05-29

MAHLANGU ET AL.

2 | wiLEy— Haemophilia €1}

of action tending to prevent disease or other malfunction’.’” Success
is defined as ‘a favourable outcome or accomplishment of what was
aimed at’’” These definitions are important in the context of this re-
view which is aimed at defining successful prophylaxis in the setting
of a rapidly evolving therapeutic landscape for persons with severe
inherited bleeding disorders. Traditionally, prophylaxis in persons
with haemophilia (PWH) was defined as ‘the regular replacement
of the missing clotting factor given, in anticipation of, and with the
intent to, prevent bleeding in persons with haemophilia (PWH)'.*é
This conventional therapeutic protein replacement strategy was
pioneered by Professor Inga Marie Nilsson and her colleagues in the
Malmo Hemophilia Treatment Centre (HTC) in Sweden in the late
1950s and was adapted by Professor van Creveld and his colleagues
in the Netherlands beginning in the 1970s.27?! The musculoskeletal
(MSK) benefits of long-term prophylaxis started at an early age in
young boys with severe haemophilia A or B were striking with the
caveat that compliance with the prescribed prophylaxis regimen
was critical for a successful long-term outcome, and in some cases,
‘failure’ of prophylaxis may have been caused by subclinical bleed-
ing not appreciated by the affected individual or caregivers.?2 The
impressive results of primary prophylaxis reported by the Malmo
and van Creveld HTCs were confirmed in the landmark randomized,
controlled clinical trial (RCT) reported by Marilyn Manco-Johnson
et al* and alluded to earlier. The fact that long-term prophylaxis is
clearly superior to episodic ‘on-demand’ therapy is now well-estab-
lished, and studies have shown that some form of prophylaxis, even
low-dose prophylaxis, results in better outcomes than ‘on-demand’
therapy.?®

The recent explosion in novel therapeutic approaches for pre-
vention of bleeding in persons with inherited bleeding disorders,
in particular both inhibitor negative and inhibitor positive persons
with haemophilia A and B, has necessitated a review of the tradi-
tional definition of prophylaxis. In a recent review, Carcao et al?*
proposed that prophylaxis be defined as "the regular administration
of a haemostatic agent /agents, effectively and conveniently pre-
vent bleeding while allowing PWH to lead active lives". The new, and
exciting, prophylaxis therapeutic approaches involve the use of ex-
tended half-life products, non-factor replacement therapies as well
as gene therapy to prevent bleeds in persons with inherited bleeding

disorders.

2.1 | Extended half-life (EHL) clotting factor
concentrates (CFCs) for prophylaxis

The predicted extension in the half-life of infused EHL FVIII prod-
ucts is approximately 1.5-fold and that of the EHL FIX products as
great as 3-5-fold.?® The advantage of switching from a standard
half-life (SHL) to an EHL FVIII or IX clotting factor concentrate is
a clinically significant reduction in the frequency of regular infu-
sions required to achieve the desired trough FVIII/IX level, or a
higher trough level while maintaining the same frequency of infu-
sions. Both benefits can be achieved with some EHL FIX CFCs,

whereas only one of the two benefits is practically achievable with
current commercially available EHL FVIII CFCs.? Impressive ter-
minal half-life results with a novel EHL rFVIII concentrate (of the
order of 36-41 hours) that circumvents the tight VWF-FVIII asso-
ciation will impact on this limitation once this novel agent achieves

regulatory approval.?’

2.2 | New non-factor haemostatic agents targeted
at re-balancing haemostasis

Non-factor haemostatic agents include, but are not limited to: a) the
humanized bi-specific monoclonal antibody, emicizumab??; high-
affinity antitissue factor pathway inhibitors (anti-TFPI agents) such
as concizumab?®; and small RNA inhibitors such as Fitusiran that
silence the gene for antithrombin and result in decreased levels of
this natural anticoagulant.’® The advantage of these agents over
plasma-derived or recombinant haemostatic therapies is that they
can be administered subcutaneously with a frequency that varies
from once daily to once every four weeks. All of these agents have
shown impressive reductions in spontaneous bleeding episodes in
patients with haemophilia with or without inhibitors. Emicizumab is
now licensed by over eighty regulatory authorities around the world
for use in inhibitor negative and inhibitor positive persons with hae-
mophilia A, and the two other novel non-factor haemostatic thera-
pies are in advanced clinical trials.

Gene therapy is the ‘holy grail’ since it represents the possibility
of a life-long phenotypic cure for persons with haemophilia A and B.
As haemophilia is still transmissible using the current gene transfer
approach, it does not constitute a true cure. Clinical trials in ado-
lescents and adults are very encouraging, and this strategy is sure
to assume an increasingly important role in therapeutic options for
PWH in the years ahead.?’ Another potentially curative approach,
gene editing, is under active investigation for a number of severe
inherited haematologic disorders (eg sickle cell anaemia and thalas-
saemia) and is likely to enter the therapeutic landscape for severe
inherited bleeding disorders in the years ahead.°

2.3 | Optimal trough factor levels—a shift away
from the 1% threshold

The pioneering studies of prophylaxis in Sweden aimed to covert
boys with severe haemophilia to a moderate phenotype. In adher-
ent subjects, use of the gold standard ‘Malmo’ full dose prophy-
laxis regimen implemented at a very young age and targeted to
maintain circulating FVIII/IX trough levels of at least 1% was asso-

1.2° These observa-

ciated with annualized joint bleeding rates of <
tions were confirmed in the USA Joint Outcome RCT.! However,
very long-term studies (>20 years) of high-dose primary prophy-
laxis identified that excellent long-term MSK outcomes were not
achieved in all cases and that ankles were the index joints most af-

fected by arthropathy.®* The reason for such ‘failures’ are multifold
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and certainly include poor compliance with the prescribed proph-
ylaxis regimen,32 variations in pharmacokinetic profiles between
PWH following infusion of FVIII/IX,%® different activity profiles
between PWH across the age span of childhood to adulthood and
likely because a 1% trough level is simply not adequate to prevent
all bleeds in settings of trauma. This realization has led to a shift
towards higher target FVIII/IX trough levels. In general, it has been
noted that the higher the trough levels the less bleeding persons
with haemophilia will sustain up to a level of 10%-12% at which
point bleeding virtually never occurs.?* Of course, for very intense
physical activities higher peak FVIII/IX levels are required to pro-
tect against spontaneous bleeding.35

2.4 | Redefinition of successful prophylaxis

If one accepts success as ‘a favourable outcome or accomplishment
of what was aimed at’ it becomes necessary to define a priori the
desired outcome(s) associated with any programme of short-, me-
dium- or long-term prophylaxis. As examples, the goal of life-long
prophylaxis introduced from a very early age in persons with se-
vere FXIII deficiency would be to prevent overt and even subclinical
spontaneous intra-cranial haemorrhage536; for severe VWD (type
3 and some type 2 variants), the goals might be to achieve better
control of recurrent severe epistaxis or menorrhagia not controlled
by standard medical strategies, or recurrent severe gastrointestinal
bleeding in some type 2 VWD variants.?”*® For PWH at risk for long-
term complications of MSK bleeding, the goals would include a clini-
cally significant reduction in spontaneous muscle/joint bleeds and
target joint bleeding with preservation of excellent functional MSK
status; these goals are now potentially achievable for PWH with and
without high-titre inhibitors using EHL FVIII/IX concentrates and/or
emicizumab. An interesting sub-group are elderly PWH who may in
addition to moderate/severe haemophilia have decreased coordina-
tion. Here, the scales may tip in favour of emicizumab prophylaxis
for haemophilia A cases because of the decreased burden of admin-
istration associated with a subcutaneously versus intravenously (1V)
administered haemostatic agent. Finally, there is a growing interest
in ‘hybrid’ prophylaxis regimens where, for example, in very young
boys with severe haemophilia A, prophylaxis could be initiated with
subcutaneously administered emicizumab in association with low-
dose intermittent IV administration of FVIII to identify the subset

of boys who will develop high-titre neutralizing inhibitors to FvIN.S?

3 | DOSING HIGHER TROUGH LEVELS:
PROPEL AND OTHER STUDIES

The original idea of prophylaxis was to convert the bleeding pattern
of patients with severe haemophilia to that of patients with moder-
ate disease, aiming for a factor trough level above 1%.' However, the
bleeding phenotype in individual patients is largely variable and not

always related to the clotting factor level.’

Haemophilia[C}] w1 LEY-

Modern prophylaxis regimens aim for FVIII or FIX trough levels
above 1%; such regimens have shown a 90% reduction of the fre-
quency of bleeding in comparison to on-demand treatment.%7-4!
To achieve the above, often, patients are treated with similar stan-
dard prophylaxis regimens. However, given interpatient variability in
bleeding phenotype, some persons with haemophilia still may ex-
perience bleeds, implying that the same regimen might not be ap-
propriate for all patients, and a personalized approach is needed.*?
Consequently, the focus has switched to adapt the replacement reg-
imen to the individual needs of the individual with haemophilia. For
this, much emphasis has been placed on individual subjects FVIII or
FIX pharmacokinetic (PK) profiles.43 Daily low-dose FVIII injections
to reduce overall FVIII prophylaxis consumption were attempted,
but patients reported a decrease in quality of life, and some of them
surprisingly also had an increase in bleeding tendency.**

Circulating factor levels are relevant (although not perfect) pre-
dictor of bleeding in patients with haemophilia and aiming for a
higher trough level to minimize bleeding further is a reasonable ap-

h.*> Retrospective data imply that the spontaneous ABR is zero

proac
when factor levels are above 10%-12%.%¢ A recent Delphi consensus
by a group of 11 international experts has defined a proposal for
different target factor levels for improved prevention of bleeds in
patients with haemophilia.***” Depending on age, physical activity,
bleeding phenotype and other factors, higher or lower factor levels
should be achieved. The choice of a specific target factor level is an
important aspect for the implementation of a tailored, personalized
regimen for each subject with haemophilia. With the introduction
of EHL factor concentrates in clinical care, higher trough levels are
easier to achieve, especially in patients with haemophilia B in com-
parison to SHL factor concentrates.

The PROPEL study was a phase 3, randomized, open-label, multi-
centre trial evaluating the impact of targeting higher trough levels in
severe haemophilia A patients.*® The study objective was to compare
the safety and efficacy of pharmacokinetic-guided prophylaxis with
the EHL FVIII rurioctocog alfa pegol (Adynovi/Adynovate) targeting
FVIIl trough levels of 1%-3% or 8%-12% in subjects with severe hae-
mophilia A. The hypothesis for the comparison was that higher FVIII
trough levels increase the proportion of subjects experiencing zero
bleeds. Previously treated patients with a FVIII baseline level < 1%,
12-65 years of age and a previous annualized bleeding rate (ABR) 22
during the 12 months before study entry were included. Subjects
with presence or a history of FVIII inhibitors were excluded.

All patients had a full PK assessment and were randomly as-
signed to one of the two treatment regimens independent from the
results of the PK-study, activity level and bleeding phenotype. The
first regimen targeted FVIII trough levels of 1%-3% and the second
regimen 8%-12%. The first 6 months served as an observation phase
and treatment adjustment period. The evaluation of the primary
endpoint (proportion of patients with an ABR of zero) took place in
the second 6 months of the study.

A total of 115 subjects were randomized, and 56 completed the
study in the FVIII trough 1%-3% arm and 50 in the FVIII trough 8%-

12% arm. In the full analysis set, the proportion of subjects in the



MAHLANGU ET AL.

% | wiLEy— Haemophilia €1}

FVIII trough 1%-3% arm who had a total ABR of zero was 42%, a
spontaneous ABR of zero was 60% and a spontaneous annualized
index joint bleed rate (AJBR) of zero was 65%. The proportion of
subjects in the FVIII trough 8%-12% arm who had a total ABR of zero
was 62%, a spontaneous ABR of zero 76% and a spontaneous AJBR
of zero was 85%. With PK-guided dosing, the targeted FVIII trough
levels were achieved in both groups. To maintain the desired FVIII
trough level, the median number of injections was 2.0 per week in
the FVIII trough 1%-3%-arm and 3.6 per week in the FVIII trough
8%-12%-arm. The median prophylactic dose per year was 3454 [U/
kg bodyweight in the FVIII trough 1%-3%-arm and more than double
that at 7490 IU/kg bodyweight in the FVIII trough 8%-12%-arm. The
need for more frequent injections for subjects in the FVIII trough
8%-12% arm resulted in a higher rate of dropouts in this treatment
arm in comparison to subjects in the FVIII trough 1%-3%-arm.

No thromboembolic events were observed in the study, and no
adverse events led to discontinuation of the study. One patient in
the FVIII trough 8%-12% arm tested positive for inhibitors in the
Bethesda assay (0.6 BU) at week 8 with no impact on pharmaco-
kinetics, and subsequent inhibitor tests did not confirm this result.

The PROPEL study provided for the first time the proof of con-
cept that patients with severe haemophilia A can benefit from ele-
vated FVIII activity levels because targeting FVIII trough levels of
8%-12% vs 1%-3% resulted in a consistently higher proportion of
patients with total ABR, spontaneous ABR and spontaneous AJBR
of zero. To reach this goal, more frequent intravenous injections per
week and larger consumption of FVIIl was necessary. Consequently,
adherence and cost are important factors to be considered in PK-

guided dosing aiming for higher trough levels. See above.

4 | TARGETING STEADY-STATE
HAEMOSTASIS

Clotting factor replacement therapy given proactively (to prevent
bleeds) in the management of haemophilia bleeds is characterized
by peaks and troughs of plasma factor levels.*’ While factor re-
placement therapy has been the backbone of haemophilia care for
decades, it has several shortcomings which include the high treat-
ment burden and suboptimum compliance,’®>! difficult to achieve
and maintain trough levels exposing patients to frequent break-
through bleeds and micro bleeds,! and the progression of haemo-

philic arthropathy despite access to treatment.>?

Currently, evolving
non-factor therapies, as well as gene therapy, aim to address these
challenges of replacement therapy peaks and troughs by targeting
steady-state haemostasis.

A steady-state is defined as ‘an unchanging condition, system or
physical process that remains the same even after transformation
or <:hange’.53 In persons with haemophilia, targeting steady-state
haemostasis requires finding a balance between procoagulant and
anticoagulant haemostatic activity able to achieve a steady-state
despite haemostatic challenges. This would result in patients liv-

ing a life free of the fear of bleeding, even if they are exposed to

haemostatic challenges. While there are many benefits of achieving
steady-state haemostasis, there is no consensus on what the steady-
state haemostasis target or targets should be. Opinions of some pa-
tients, healthcare providers and funders seem to converge towards
achieving a steady state in which haemostatic function is normal or
near normal. Achieving normal haemostasis in a person with hae-
mophilia requires critical risk-benefit evaluation. Steady-state hae-
mostasis is influenced by multiple factors, which include the type
of prohaemostatic agent used, route of administration, dose, dosing
frequency, and individual patient pharmacokinetic and pharmacody-
namic profiles and as well as targeted therapeutic outcomes.

The value of intravenous administration of prohaemostatic
agents aimed at achieving steady-state haemostasis appears to be
limited by factors including the agent's intrinsic biological properties
(half-life, clearance, etc) and their role in haemostasis. Upon intrave-
nous administration, many prohaemostatic agents have limited intra-
venous life spans, which impose a high treatment burden when used
prophylactically. The possible advantage of intravenous infusion of
prohaemostatic agents is in the administration of the loading dose,
thereby shortening the time to reach the steady state.>*

Subcutaneous administration of prohaemostatic agents is cur-
rently extensively explored as a way of establishing and maintaining
steady-state haemostasis. Many programmes are exploring subcuta-
neous administration of both clotting factors (factor FVIII and factor
FIX) and non-factor therapeutic agents. The non-factor therapies ex-
plored in humans include factor VIII mimetic (emicizumab), anti-TFPI
(concizumab) and antithrombin(fitusiran) therapy programmes.

Efforts to achieve steady haemostatic state through subcutane-
ous administration of clotting FVIIl have been unsuccessful to date®
mainly because of the highly immunogenic nature of FVIII when
given subcutaneously. Consequently, one programme of subcuta-
neous administration of FVIII was stopped in the phase 2/3 stage
of development.® Proof of concept of subcutaneous administration

56-58 and

of FIX has now been established in the preclinical models,
several studies are currently underway.

Emicizumab has completed three Phase 3 studies in which it is
given subcutaneously.z""5 An emicizumab steady-state maintenance
plasma level of 45-50 pg/mL was targeted weekly, every two weeks
and every four weeks dosing at 1.5, 3 and 6 mg/kg, respectively. All
maintenance doses were preceded by a subcutaneous loading dose
of 1.5 mg/kg weekly for four weeks. The PK profiles of the various
dosing regimens are remarkably similar and consistent across dosing
frequency and age. The achieved haemostatic target was associated
with very low bleed rates, low clotting factor consumption, resolu-
tion of target joints and improvement in the quality of life of subjects
receiving emicizumab.

In a Phase 1 RNAI targeting antithrombin programme, steady-
state antithrombin reduction was achieved with a once-monthly
subcutaneous injection.15 This approach is currently being explored
in an ongoing Phase 2/3 study.

Several TFPI-targeting molecules have been investigated over
the years, four of which (concizumab, BAY 1093884, marstacimab
and MG1113) are subcutaneous anti-TFPI antibodies that have
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entered clinical trials including both haemophilia A and B patients
with and without inhibitors. A phase 2 BAY 1093884 trial has
now been terminated due to serious adverse events. A Phase 1
concizumab study demonstrated that giving a single injection of
anti-TFPI subcutaneously at a dose of up to 9000 ug/kg resulted
in a steady-state anti-TFPI level.* The steady-state concizumab
was not achieved with a single intravenous injection. The Phase 3
programme is currently underway in exploring the subcutaneous
injection.

Several Phase 1/2 gene therapy programmes for FVIII and FIX
have been reported in the last decade.’”%? In the multiple-dose
programmes, there is a clear dose-dependent target factor level
achieved. While gene therapy has the potential for cure, there is an
overall wide variability of factor levels achieved post-transgene in-
fusion. This makes targeting steady haemostasis difficult to achieve
with the current AAV-based gene therapies. Despite the variability
of expression, most subjects do achieve a steady-state factor level,
which is protective. All gene therapy participants to date have expe-
rienced fewer bleeds, reduction in factor consumption and improved
quality of life. Without understanding the reasons for the variable
factor expression in gene therapy, targeting steady-state haemo-
philia in this setting may prove elusive.

Despite the apparent variability in the target haemostatic levels
achieved, many studies demonstrate that there are merits in estab-
lishing and maintaining steady-state haemostasis. The benefits of
targeted steady-state haemostasis include reductions in treatment
burden, factor consumption, haemophilia disease burden and im-
provement in patient quality of life. Compared to replacement ther-
apies, achieving steady-state haemostasis eliminates spontaneous
breakthrough bleeds, reduces microbleeds and increases the num-
ber of patients achieving zero bleeds.

5 | CONCLUSION

Therapeutic advances in haemophilia care dictate that prophylaxis
be redefined to align with modern era evolving therapies. This defi-
nition should include what constitutes successful prophylaxis, the
impact of higher trough levels on prophylaxis outcomes and setting
steady-state haemostasis as a possible target for long-term prophy-

laxis of persons with moderate/severe haemophilia.

ACKNOWLEDGEMENT
The authors would like to thank Manuel Carcao for his suggestions

during the preparation of this manuscript.

DISCLOSURES

JM reports receiving research grants from Biomarin, Baxalta,
Catalyst Biosciences, CSL, Norvatis, Novo Nordisk, Pfizer, Roche,
Sanofi, Spark, Roche, Unique, advisory board from Biomarin,
Baxalta, Catalyst Biosciences, CSL, Norvatis, Novo Nordisk, Pfizer,
Roche, Sanofi, Spark, Roche, Unique and speaker bureau for ISTH,
Novo Nordisk, Pfizer, Roche, Sanofi, Takeda, and WFH. RK received

Haemophilia[C}] w1 LEY- -2

research grants and honoria from Bayer, Biomarin, Catalyst, CSL
Behring, Novo Nordisk, Octopharma, Pfizer, Roche, Sanofi, Takeda.
VB is the chair of the not-for-profit International Prophylaxis Study
Group, personal fees from Advisory Board-Amgen, Bayer, Novo
Nordisk, Pfizer, Roche, Shire, grants from Sanofi, Takeda, non-fi-
nancial support from DSMB for Octapharma, Takeda, outside the
submitted work.

ORCID

Johnny N. Mahlangu https://orcid.org/0000-0001-5781-7669
Robert Klamroth https://orcid.org/0000-0003-4194-8183
REFERENCES

1. Manco-Johnson MJ, Abshire TC, Shapiro AD, et al. Prophylaxis ver-
sus episodic treatment to prevent joint disease in boys with severe
hemophilia. N Engl J Med. 2007;357(6):535-544.

2. Young G, Liesner RI, Chang T, et al. A multicenter, open-label phase
3 study of emicizumab prophylaxis in children with hemophilia A
with inhibitors. Blood. 2019;134(24):2127-2138.

3. Weyand AC, Dorfman AL, Shavit JA, et al. Emicizumab prophy-
laxis to facilitate anticoagulant therapy for the management of
intra-atrial thrombosis in severe haemophilia with an inhibitor.
Haemophilia. 2019;25(3):e203-e205.

4. Mahlangu J, Oldenburg J, Paz-Priel |, et al. Emicizumab prophylaxis
in patients who have hemophilia A without inhibitors. N Engl J Med.
2018;379(9):811-822.

5. Oldenburg J, Mahlangu JN, Kim B, et al. Emicizumab prophylaxis in
hemophilia A with inhibitors. N Engl J Med. 2017;377(9):809-818.

6. lorio A, Krishnan S, Myrén K-J, et al. Continuous prophylaxis with
recombinant factor IX Fc fusion protein and conventional recombi-
nant factor IX products: comparisons of efficacy and weekly factor
consumption. J Med Econ. 2017;20(4):337-344.

7. Henry N, Jovanovic J, Schlueter M, et al. a Cost-utility analysis of
life-long prophylaxis with recombinant factor VIIIFc vs recombinant
factor VIII for the management of severe hemophilia A in Sweden. J
Med Econ. 2018;21(4):318-325.

8. Berntorp E, Andersson NG. Prophylaxis for hemophilia in the era
of extended half-life factor VllIl/factor IX products. Semin Thromb
Hemost. 2016;42(5):518-525.

9. Carcao M. Changing the paradigm of prophylaxis with longer-acting
factor concentrates. Haemophilia. 2014;20(Suppl 4):99-105.

10. Khair K, Gibson F, Meerabeau L. The benefits of prophylaxis: views
of adolescents with severe haemophilia. Haemophilia. 2012;18(3):e2
86-€289.

11. Wu R, Luke K-H, Poon M-C, et al. Low dose secondary prophylaxis
reduces joint bleeding in severe and moderate haemophilic chil-
dren: a pilot study in China. Haemophilia. 2011;17(1):70-74.

12. Oldenburg J, Levy GG. Emicizumab prophylaxis in hemophilia A
with inhibitors. N Engl J Med. 2017;377(22):2194-2195.

13. Callaghan MU, Negrier C, Young G, et al. Use of bypassing agents
prior to and post bypassing agent dosing guidance during emici-
zumab prophylaxis. Presented at the British Society for Haematology
(BSH). Liverpool; 2018.

14. Chowdary P, Lethagen S, Friedrich U, et al. Safety and pharmaco-
kinetics of anti-TFPI antibody (concizumab) in healthy volunteers
and patients with hemophilia: a randomized first human dose trial. J
Thromb Haemost. 2015;13(5):743-754.

15. Pasi KJ, Rangarajan S, Georgiev P, et al. Targeting of anti-
thrombin in hemophilia A or B with RNAi therapy. N Engl J Med.
2017;377(9):819-828.

16. Srivastava A, Brewer AK, Mauser-Bunschoten EP, et al. Guidelines
for the management of hemophilia. Haemophilia. 2013;19(1):E1-E47.


https://orcid.org/0000-0001-5781-7669
https://orcid.org/0000-0001-5781-7669
https://orcid.org/0000-0003-4194-8183
https://orcid.org/0000-0003-4194-8183

% | wiLEy— Haemophilia €1}

17.

18.
19.
20.

21.

22.
23.
24.
25.

26.

27.
28.

29.

30.
31.

32.
33.
34.

35.
36.

37.

MAHLANGU ET AL.

Sykes JB. The Concise Oxford Dictionary of Current English, 7th ed.
Oxford, UK: Oxford University Press; 1982.

Berntorp E, Astermark J, Bjorkman S, et al. Consensus perspec-
tives on prophylactic therapy for haemophilia: summary statement.
Haemophilia. 2003;9(Suppl 1):1-4.

Fischer K, Steen Carlsson K, Petrini P, et al. Intermediate-dose ver-
sus high-dose prophylaxis for severe hemophilia: comparing out-
come and costs since the 1970s. Blood. 2013;122(7):1129-1136.
Nilsson IM, Berntorp E, Lofqvist T, et al. Twenty-five years' expe-
rience of prophylactic treatment in severe haemophilia A and B. J
Intern Med. 1992;232(1):25-32.

Van Creveld S. Prophylaxis of joint hemorrhages in hemophilia. Acta
Haematol. 1969:41(4):206-214.

Lofqgvist T, Nilsson IM, Berntorp E, et al. Haemophilia prophy-
laxis in young patients-a long-term follow-up. J Intern Med.
1997;241(5):395-400.

Wu R, Luke KH. The benefit of low dose prophylaxis in the
treatment of hemophilia: a focus on China. Expert Rev Hematol.
2017;10(11):995-1004.

Carcao M, Lambert T, Leissinger C, et al. Prophylaxis re-visited: the
potential impact of novel factor and non-factor therapies on pro-
phylaxis. Haemophilia. 2018;24(6):845-848.

Mahlangu J, Young G, Hermans C, et al. Defining extended
half-life rFVIII-A critical review of the evidence. Haemophilia.
2018;24(3):348-358.

Hermans C, Mahlangu J, Booth J, et al. Pharmacokinetic modelling
and validation of the half-life extension needed to reduce the bur-
den of infusions compared with standard factor VIII. Haemophilia.
2018;24(3):376-384.

Yee A, Gildersleeve RD, Gu S, et al. A von Willebrand factor frag-
ment containing the D'D3 domains is sufficient to stabilize coagu-
lation factor VIII in mice. Blood. 2014;124(3):445-452.

Shapiro AD, Angchaisuksiri P, Astermark J, et al. Subcutaneous conci-
zumab prophylaxis in hemophilia A and hemophilia A/B with inhibitors:
phase 2 trial results. Blood. 2019;134(22):1973-1982.

Nathwani AC. Gene therapy for hemophilia. Hematol Am Soc
Hematol Educ Program. 2019;2019(1):1-8.

Magrin E, Miccio A, Cavazzana M. Lentiviral and genome-editing
strategies for the treatment of beta-hemoglobinopathies. Blood.
2019;134(15):1203-1213.

Oldenburg J. Optimal treatment strategies for hemophilia: achieve-
ments and limitations of current prophylactic regimens. Blood.
2015;125(13):2038-2044.

Dover S, Blanchette VS, Wrathall D, et al. Hemophilia prophylaxis
adherence and bleeding using a tailored, frequency-escalated ap-
proach: the Canadian hemophilia primary prophylaxis study. Res
Pract Thromb Haemost. 2020;4(2):318-325.

Collins PW, Bjérkman S, Fischer K, et al. Factor VIII requirement to
maintain a target plasma level in the prophylactic treatment of se-
vere hemophilia A: influences of variance in pharmacokinetics and
treatment regimens. J Thromb Haemost. 2010;8(2):269-275.

Collins PW, Blanchette VS, Fischer K, et al. Break-through bleed-
ing in relation to predicted factor VIl levels in patients receiving
prophylactic treatment for severe hemophilia A. J Thromb Haemost.
2009;7(3):413-420.

Broderick CR, Herbert RD, Latimer J, et al. Association between
physical activity and risk of bleeding in children with hemophilia.
JAMA. 2012;308(14):1452-1459.

Bouttefroy S, Meunier S, Milien V, et al. Congenital factor XIII defi-
ciency: a comprehensive overview of the FranceCoag cohort. Br J
Haematol. 2020;188(2):317-320.

Batsuli G, Zimowski KL, Tickle K, et al. Immune tolerance induction
in paediatric patients with haemophilia A and inhibitors receiving
emicizumab prophylaxis. Haemophilia. 2019;25(5):789-796.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Saccullo G, Makris M. Prophylaxis in von Willebrand disease: com-
ing of age? Semin Thromb Hemost. 2016;42(5):498-506.

lorio A, Marchesini E, Marcucci M, et al. Clotting factor concentrates
given to prevent bleeding and bleeding-related complications in people
with hemophilia A or B. Cochrane Database Syst Rev. 2011;9:CD003429.
Gringeri A, Lundin B, Von mackensen S, et al. A randomized clin-
ical trial of prophylaxis in children with hemophilia A (the ESPRIT
Study). J Thromb Haemost. 2011;9(4):700-710.

Valentino LA, Mamonov V, Hellmann A, et al. A randomized com-
parison of two prophylaxis regimens and a paired comparison of
on-demand and prophylaxis treatments in hemophilia A manage-
ment. J Thromb Haemost. 2012;10(3):359-367.

Collins PW, Percy CL. Advances in the understanding of acquired
haemophilia A: implications for clinical practice. Br J Haematol.
2010;148(2):183-194.

Valentino LA, Pipe SW, Collins PW, et al. Association of peak factor
VIII levels and area under the curve with bleeding in patients with
haemophilia A on every third day pharmacokinetic-guided prophy-
laxis. Haemophilia. 2016;22(4):514-520.

Lindvall K, Astermark J, Bjorkman S, et al. Daily dosing prophylaxis
for haemophilia: a randomized crossover pilot study evaluating fea-
sibility and efficacy. Haemophilia. 2012;18(6):855-859.

lorio A, Iserman E, Blanchette V, et al. Target plasma factor levels
for personalized treatment in haemophilia: a Delphi consensus
statement. Haemophilia. 2017;23(3):e170-e179.

Den uijl IEM, Fischer K, Van der bom JG, et al. Analysis of low fre-
quency bleeding data: the association of joint bleeds according to
baseline FVIII activity levels. Haemophilia. 2011;17(1):41-44.

lorio A, Krishnan S, Myrén KJ, et al. Indirect comparisons of efficacy
and weekly factor consumption during continuous prophylaxis with
recombinant factor VIII Fc fusion protein and conventional recom-
binant factor VIl products. Haemophilia. 2017;23(3):408-416.
Klamroth R, Windyga J, Radulescu V. PK-guided rurioctocog alfa
pegol prophylaxis in patients with severe hemophilia A targeting
two FVIII trough levels: results from the phase 3 PROPEL Study.
Presented at ISTH; 2019.

Arruda VR, Doshi BS, Samelson-Jones BJ. Novel approaches
to hemophilia therapy: successes and challenges. Blood.
2017;130(21):2251-2256.

De moerloose P, Urbancik W, Van den berg HM, et al. A survey of
adherence to haemophilia therapy in six European countries: re-
sults and recommendations. Haemophilia. 2008;14(5):931-938.
Petrini P. Identifying and overcoming barriers to prophylaxis in the
management of haemophilia. Haemophilia. 2007;13(Suppl 2):16-22.
Marijke van den Berg H. Preventing bleeds by treatment: a new era
for haemophilia changing the paradigm. Haemophilia. 2016;22(Suppl
5):9-13.

Steady-state dictionary definition. https://www.yourdictionary.
com/steady-state. Accessed January 20, 2020.

Mahlangu JN, Andreeva TA, Macfarlane DE, et al. Recombinant
B-domain-deleted porcine sequence factor VIII (r-pFVIII) for the
treatment of bleeding in patients with congenital haemophilia A
and inhibitors. Haemophilia. 2017;23(1):33-41.

Klamroth R, Feistritzer C, Friedrich U, et al. Pharmacokinetics, im-
munogenicity, safety, and preliminary efficacy of subcutaneous
turoctocog alfa pegol in previously treated patients with severe
hemophilia A (alleviate 1). J Thromb Haemost. 2020;18(2):341-351.
Brooks AR, Sim D, Gritzan U, et al. Glycoengineered factor IX vari-
ants with improved pharmacokinetics and subcutaneous efficacy. J
Thromb Haemost. 2013;11(9):1699-1706.

Russell KE, Olsen EHN, Raymer RA, et al. Reduced bleed-
ing events with subcutaneous administration of recombinant
human factor IX in immune-tolerant hemophilia B dogs. Blood.
2003;102(13):4393-4398.


https://www.yourdictionary.com/steady-state
https://www.yourdictionary.com/steady-state

MAHLANGU ET AL.

58.

59.

60.

61.

McCarthy K, Stewart P, Sigman J, et al. Pharmacokinetics of re-
combinant factor IX after intravenous and subcutaneous admin-
istration in dogs and cynomolgus monkeys. Thromb Haemost.
2002;87(5):824-830.

Rangarajan S, Walsh L, Lester W, et al. AAV5-factor VIII gene trans-
fer in severe hemophilia A. N Engl J Med. 2017;377(26):2519-2530.
Nathwani AC, Tuddenham EGD, Rangarajan S, et al. Adenovirus-
associated virus vector-mediated gene transfer in hemophilia B. N
Engl J Med. 2011;365(25):2357-2365.

Miesbach W, Meijer K, Coppens M, et al. Gene therapy with ade-
no-associated virus vector 5-human factor IX in adults with hemo-
philia B. Blood. 2018;131(9):1022-1031.

Haemophilia[C}] w1 LEY- 7

62. Pasi KJ, Rangarajan S, Mitchell N, et al. Multiyear follow-up of
AAV5-hFVIII-SQ gene therapy for hemophilia A. N Engl J Med.
2020;382(1):29-40.

How to cite this article: Mahlangu JN, Blanchette V, Klamroth
R. Redefining prophylaxis in the modern era. Haemophilia.
2021;27(Suppl. 3):21-27. https://doi.org/10.1111/hae.14035



https://doi.org/10.1111/hae.14035

