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Abstract: Background. Regular treatment to prevent bleeding and consequent joint deterioration
(prophylaxis) is the standard of care for persons with severe hemophilia A, traditionally based on
intravenous infusions of the deficient clotting FVIII concentrates (CFCs). In recent years, extended
half-life (EHL) CFCs and the non-replacement agent emicizumab, subcutaneously administered, have
reduced the treatment burden. Methods. To compare and integrate the opinions on the different
therapies available, eight hemophilia specialists were involved in drafting items of interest and
relative statements through the Estimate-Talk-Estimate (ETE) method (“mini-Delphi”), in this way
reaching consensus. Results. Eighteen items were identified, then harmonized to 10, and a statement
was generated for each. These statements highlight the importance of personalized prophylaxis
regimens. CFCs, particularly EHL products, seem more suitable for this, despite the challenging
intravenous (i.v.) administration. Limited real-world experience, particularly in some clinical settings,
and the lack of evidence on long-term safety and efficacy of non-replacement agents, require careful
individual risk/benefit assessment and multidisciplinary data collection. Conclusions. The increased
treatment options extend the opportunities of personalized prophylaxis, the mainstay of modern
management of hemophilia. Close, long-term clinical and laboratory follow-up of patients using
newer therapeutic approaches by specialized hemophilia treatment centers is needed.

Keywords: hemophilia A; factor VIII concentrates; extended-half-life factor VIII concentrates;
emicizumab; non-replacement therapy; prophylaxis; mini-Delphi; consensus

1. Introduction

Hemophilia A is a rare X-linked coagulation disorder (1:5000 male live births) caused
by gene variants affecting the synthesis or function of factor VIII (FVIII), an essential
component of the intrinsic pathway of blood coagulation [1,2]. Residual FVIII plasma levels
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define severe, moderate or mild hemophilia (<1%, 1-5% and >5-40%, respectively), which
substantially correlates with the severity of bleeding tendency [2,3].

The treatment of hemophilia A is traditionally based on intravenous (i.v.) infusion of
the deficient clotting FVIII concentrates (CFCs; replacement therapy), usually performed by
the patients themselves or their caregivers in a home treatment setting [4], when bleeding
episodes occur (on demand) or to prevent them (prophylaxis). Long-term, regular prophy-
laxis with FVIII concentrates, aimed at preventing in particular bleeding into joints to avoid
or delay the development of hemophilic arthropathy, thus enabling an active lifestyle and
satisfactory quality of life, has been recognized since the 1990s as the standard of care in
patients with severe hemophilia A [5-7] and, more recently, even in those with moderate
forms with relevant bleeding manifestations [4,8]. Over more than half a century, clinical
studies, including randomized trials, documented the benefits of prophylaxis in preventing
bleeding and joint morbidity when started early in children, after no more than one major
joint bleed and before 3 years of age (primary prophylaxis), or after few bleedings (early
secondary prophylaxis), in the absence of signs of joint damage [8-11]. However, clear
advantages in reducing bleeding and its deleterious effects on joint status and quality of
life have been shown even in patients starting prophylaxis later in life, in adolescence and
adulthood [8,12,13]. However, the main downside is the need for high-frequency i.v. infu-
sions (usually three times per week), which lead to difficult implementation in children and
patients with poor venous access and, overall, adherence problems [14-17]. This issue may
be partially overcome with the use of extended half-life (EHL) concentrates, which increase
factor trough levels and permit less frequent—although still i.v.—dosing, thus reducing
prophylaxis burden and improving treatment adherence and personalization [18,19]. Dif-
ferent approaches based on alternative hemostatic agents to substitute for CFC have arisen
in the last few years [20]. These innovative products (i.e., non-factor replacement therapies)
act by mimicking FVIII in tenase complex formation, or inhibiting naturally occurring
anticoagulant proteins or inhibitors of activation of coagulation, thus enhancing thrombin
generation and rendering fibrin clots more resistant; importantly, their prolonged half-life
and subcutaneous (s.c.) administration route may play a crucial role for prophylaxis imple-
mentation and adherence, especially for patients with poor venous access [20,21]. To date,
emicizumab, a bispecific humanized monoclonal antibody mimetic of FVIII and able to
promote the activation of Factor X [22], is the only approved non-replacement treatment for
hemophilia A [23,24]. Prophylaxis with emicizumab has been shown to be safe and able to
prevent bleeds in patients with hemophilia A with and without inhibitors [24-27]. Clinical
experience is still limited in such a novel treatment, and data on its long-term safety and
efficacy are lacking [8,28,29].

The presence of well-established (CFCs) and novel and effective (EHL CFCs and
non-factor replacement therapies) products pose a great number of questions on which are
the best options and how to handle them in patients with different clinical features and
aims of treatment (according to age, lifestyle and physical activity, joint status, presence of
cardiovascular (CV) or other comorbidities). Moreover, specific issues should be considered,
including the management of intercurrent bleeding and invasive procedures, product
switch and the utility of pharmacokinetics studies, laboratory monitoring, and long-term
outcomes. In the frame of this evolving scenario, the present study aims to explore, compare
and integrate the opinions of Italian hemophilia specialists on (1) the different therapies
available today; (2) their current implementation in clinical practice in various settings,
from routine prophylaxis to emergency and surgery; and (3) relevant issues concerning
management and outcomes of patients on these different products.

2. Methods

The flowchart (Figure 1) offers an overview of the project workflow, with the use of
the Estimate-Talk-Estimate (ETE) method, or “mini-Delphi” [30,31].
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Figure 1. Project flowchart.

The ETE is a method for reaching consensus within a selected group of experts. It
combines a nominal group activity restricting verbal interaction with face-to-face interaction
processes. Firstly, experts individually generated some points of interest (items) which,
in their opinion, deserved to be explored and discussed. A senior clinical epidemiologist
(GP) expert in gaining consensus among stakeholders (facilitator) harmonized these items,
which were then presented to the expert group. During the first meeting, harmonized items
were discussed face-to-face to reach an agreement between the facilitator’s work and the
experts’ opinions. Afterward, finalized items were used by clinicians to draft one statement
for every one item individually. This process resulted in a certain number of statements,
which were then harmonized by the facilitator. In the second and last face-to-face meeting,
the experts and the facilitator reviewed and further discussed the harmonized statements,
reaching a final version. Statements generated in this way expressed consensus among the
experts involved.

The expert panel comprised eight clinicians involved in the global care of hemophilia at
different Italian centers, with heterogeneous settings (only pediatric, mainly adults, both pe-
diatric and adult patients), healthcare organization (inpatient/outpatient, on-call and emer-
gency availability, general or specialized laboratories) and background expertise—namely
general and clinic hematology, internal medicine, pediatrics, oncology, and endocrinology—
in order to achieve a broader overview of the issues. Due to the nature of the consensus
technique, the panel sought the assistance of a facilitator to provide material preparation,
meeting facilitation, and scientific and methodological accuracy.

3. Results

According to the previously mentioned process, the eight hemophilia experts identified
18 points of interest regarding the treatment of severe hemophilia A patients without
inhibitors. These points were then harmonized through the assistance of the facilitator with
the generation of 10 final items. For each item, after the harmonization of individual drafts,
a statement was generated during a plenary session with the presence of all the members of
the expert panel. Table 1 shows the harmonized items with the final generated statements.

Table 1. Final items and statements.

Final Items

Final Statements

Implementation, personalization, =~ Regular long-term prophylaxis to prevent bleeding, preserve joint status, and ensure a

and adherence of prophylaxis in quality of life equal to peers without hemophilia is the treatment of choice in patients of
persons with severe (and moderate) all ages with severe hemophilia A or severe hemorrhagic phenotype. The type and
hemophilia regimen of treatment should be tailored to the patient’s needs and lifestyle.

It is essential to start primary prophylaxis early to prevent serious bleeding and the
onset of joint damage.

2 Early prophylaxis in children Although there is a lack of long-term evidence, the non-replacement product s.c.

administered can be used in case of poor venous access and/or other serious problems
affecting feasibility of prophylaxis with intravenous infusions of CFCs.
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Table 1. Cont.

Final Items

Final Statements

Prevention of arthropathy in
patients receiving non-replacement
therapies

If prophylaxis with non-replacement therapy is chosen, in the absence of long-term
evidence demonstrating its efficacy in preventing hemophilic arthropathy, standardized
prospective monitoring of the joint condition with suitable clinometric (clinical and
imaging) tools is appropriate.

Prophylaxis in patients with
concomitant cardiovascular risk
and antithrombotic therapy

In the presence of cardiovascular risk factors and/or comorbidities and indications for
antithrombotic therapy, it is necessary to establish prophylaxis with personalized
regimens of FVIII concentrates that balance hemorrhagic and thrombotic risk. There is
currently no evidence about the safe, optimal level of VIII in different clinical situations.

Management of intercurrent
bleeding and invasive procedures
during non-replacement therapy

Therapy with FVIII is mandatory in cases of intercurrent bleeding, invasive procedures
at high hemorrhagic risk, and/or major surgery in patients on prophylaxis with
non-replacement therapy.

Bleeding episodes and maneuvers at risk should be managed by hemophilia centers,
where appropriate clinical and laboratory assessments are available.

Long-term safety (replacement and
non-replacement therapies)

Long-term data support the safety of standard half-life FVIII concentrates, while there is
still no direct evidence regarding extended half-life concentrates, particularly for
pegylated products and non-replacement therapy.

An adequate clinical and laboratory follow-up is therefore considered appropriate.

Laboratory monitoring
(chromogenic assay, one-stage
assay)

Monitoring of FVIII levels with appropriate tests is essential for prophylaxis
personalization with CFCs and in the case of invasive procedures and surgery
management. Considering the heterogeneity of the FVIII CFCs available and the
discrepant results with the different “one-stage” reagents, as well as the interferences of
emicizumab, the chromogenic method should be considered the assay of choice for the
measurement of FVIIL. This particularly applies to cases of treatment with pegylated
CFCs and emicizumab. In the latter, bovine reagents should be used.

Product switch (standard half-life to
extended half-life) and role of age,
duration of the interval between
infusions and safety

Switching from a standard half-life FVIII concentrate to an extended half-life product
can allow adequate customization of the prophylaxis regimen, balancing the patient’s
protection needs with convenience and adherence to treatment, thanks to the possible
prolongation of the interval between infusions, according to the individual
pharmacokinetic response.

Criteria for the use of
non-replacement products

Prophylaxis with non-replacement products should be considered in patients with
severe hemophilia A with difficulties in implementing and managing i.v. treatment with
FVIII concentrates due to venous access problems, reduced adherence or other
situations that hinder the regularity of therapy.

10 Utility of the pharmacokinetic study

Evaluating the individual pharmacokinetic response to an FVIII concentrate is essential
for personalizing prophylaxis in relation to the specific therapeutic objectives,
particularly when deciding and implementing a product switch and optimizing
regimens, considering both the protection efficacy and convenience of treatment.

Abbreviations—CFC: clotting factor concentrate; FVIII: factor VIIL; i.v. intravenous.

4. Discussion

This consensus work reports the conclusions of an expert panel composed of eight
clinicians with various expertise, coming from different settings and healthcare organiza-
tions, focusing on treating severe hemophilia A patients without inhibitors. Addressing
this issue in such a fashion is of utmost importance nowadays, as the optimal care in
this setting requires comprehensive approaches provided by a multidisciplinary team of
specialists [8,32,33].

Prophylaxis (whether primary, secondary or tertiary) is currently the universally recog-
nized treatment of choice (statement 1) [4,8,34-36]; however, most available data arise from
studies with SHL FVIII CECs [8-13,37]; therefore, the rise of novel prophylaxis regimens
with EHL FVIII CFCs or non-replacement products requires careful and thoughtful assess-
ments due to a lack of clear guidelines and evidence, especially long-term [18,19,38-40]. In
this rapidly changing therapeutic landscape, the ETE method was applied to some topical
and still controversial issues. This approach was chosen because of its superiority in giving
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correct estimates in judgmental tasks [30]. Indeed, the experts sorted out their thoughts
based on the literature and their clinical experience, avoiding the influence of intragroup
and socio-emotional dynamics. The drafted items and statements represented a starting
point for identifying contents of greater shared interest in this area.

In agreement with the recently updated World Federation of Hemophilia (WFH) rec-
ommendations, the main topic of interest is the importance of tailored treatment, able to
consider the overall individual clinical needs (bleeding phenotype, joint status, lifestyle
and physical activity) and to ensure patients the best possible quality of life, substantially
comparable to non-coagulopathic population [8]. Indeed, despite these statements focusing
on different topics, virtually all converge on the importance of a personalized approach
to treatment. This is clearly shown in statements 1 (“The type and regimen of treatment
should be tailored to the patient’s needs and lifestyle”), 4 (“personalized regimens”), 7
(“prophylaxis personalization”), 8 (“customization of the prophylaxis regimen”), and 10
(“The evaluation of the individual pharmacokinetic response [ ... ] is essential for the
personalization of the prophylaxis regimen”). While not explicitly stated, other statements
address the issue of a tailored path of care, in the case of management problems (statements
3 and 9), lack of strong evidence regarding novel treatments (statements 4 and 6), and
bleeding or risk of bleeding (statement 5). The availability of multiple products with differ-
ent characteristics is helpful to individualize treatment choices. This approach should be
applied in all patients [8,34-36], particularly in those with additional needs. In this respect,
highlighting the importance of an early start of primary prophylaxis, the panel recognized
the facilitation provided by the subcutaneous administration of non-replacement treatment,
i.e., emicizumab, to date the only licensed product (statement 3). This choice can be crucial
in all patients with venous access problems, particularly very young children, in whom
effective prophylaxis could be started even earlier than usually done [8,38], thus enabling
protection from severe unless rare bleeding [41]. Another specific need regards the growing
number of hemophilic patients, in parallel with their increased life expectancy [42], with
thrombotic/cardiovascular risk/diseases requiring antithrombotic treatments. In these
cases, physicians should carefully adjust prophylaxis regimens to the enhanced bleeding
risk due to antiplatelet or anticoagulant drugs [43,44], on the other hand considering the un-
derlying cardiovascular risk, given the morbidity and mortality substantially comparable to
those of the general population and an increased prevalence of some risk factors, including
hypertension [45,46]. In such cases, as well in other patients with high protection needs, for
example, due to intense physical activities [47], the choice for FVIII CECs enables extensive
individualization of prophylaxis based on doses and, in particular, frequency of infusions
vs. the relatively fixed although sustained protection from non-replacement treatment.

According to the expert panel, the availability of EHL products further increased per-
sonalized treatment opportunities. Indeed, while showing the same efficacy in preventing
and treating bleeds, EHL products allow individualized prophylaxis regimens by reducing
infusion frequency, thus improving patients’ satisfaction and adherence to treatment, or
increasing protection and FVIII trough levels by maintaining more frequent administration
(statement 8) [18,19,48,49]. Although the reduction of infusions and treatment burden is
the most important need for patients and caregivers [50], higher protection, thanks to more
sustained FVIII through levels, should be addressed not only in patients with higher bleed-
ing risks but particularly in light of data showing the development of arthropathy even
in patients on well-conducted prophylaxis with standard products and target levels [17].
When switching from an SHL to an EHL product, patients need to be trained to adjust
treatment management and lifestyle to the new regimen and identify early the possible
changes in efficacy and safety. Therefore, patients and their caregivers should be prepared
for a phase of intensive clinical/laboratory monitoring, which is crucial to personalize and
optimize regimens and outcomes of prophylaxis [48,51]. An assessment of the individual
pharmacokinetic (PK) response should precede the switch (statement 10) [18], revealing the
advantages of the new product and providing information for individualized regimens.
Many studies have shown the utility of PK in hemophilia treatment due to the wide inter-
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individual variability in CFC PK; indeed, this approach is associated with better outcomes
compared to standard prophylaxis, even from the pharmacoeconomic perspective [52-55].

In patients on prophylaxis with emicizumab, in the case of intercurrent bleeding events
and minor or major invasive procedures, both standard (SHL) and EHL FVIII concentrates
can be used for the mandatory adjunctive treatment. Although real-world evidence is
being published [56,57], clinical experience in this setting is still limited; therefore, the
direct management or at least supervision of the hemophilia treatment centers (HTCs) is
advised (statement 5) [58]. In this regard, the monitoring of FVIII levels should be available
using the chromogenic assay, in this case with bovine reagents, insensible to emicizumab
(statement 7) [59]. Overall, the chromogenic method is increasingly considered the pre-
ferred assay for FVIII measurements, considering the discrepancies shown by one-stage
assays, particularly in patients on treatment with modified FVIII concentrates, including
EHL products [60-62]. Laboratory monitoring accuracy is crucial for personalizing prophy-
laxis regimens and optimizing treatment outcomes; in this respect, a continuous interaction
between clinicians and the laboratory team is needed.

The absence of long-term evidence is a major challenge in assessing novel hemophilia
treatments [8,20,58]. Therefore, if EHL or non-replacement products are used for prophy-
laxis, patients should undergo careful clinical and laboratory follow-up, possibly overseen
by experienced HTCs. Long-term data collection is relevant for safety issues, particularly
for pegylated products [63] and non-replacement therapy (statement 6) [28,29]. Moreover,
achieving evidence about the prevention of joint damage by non-replacement treatment
is highly needed to fully support the efficacy of prophylaxis (statement 3) [8,58]. With
this aim, monitoring joint health in patients on emicizumab prophylaxis is an essential
task [38]. The expert panel outlines the need for appropriate clinometric tools to be used on
a regular basis. Among clinical measurements, the Hemophilia Joint Health Score (HJHS)
is the most extensively studied, providing data about joint structure and function [64].
This information should be integrated with imaging to prevent and detect arthropathy
early. With this aim, scores based on the easily available and repeatable joint ultrasound
are increasingly adopted. Experienced personnel should perform these multidisciplinary
assessments to optimize reliability and standardize measurement procedures [65]. Overall,
clinicians should weigh these unanswered issues against the excellent results in preventing
bleeding and the undoubted advantages of the easier s.c. administration and prolonged
half-life with reduced dosing frequency, facilitating implementation and adherence to
treatment [8,28,29]. Individualized choices, taking into consideration not only clinical
issues but also patients’ self-assessment and preferences, are recommended by the recent
WFH guidelines, which update the definition of prophylaxis considering all therapeutic
products regularly administered to maintain hemostasis to prevent bleeding, joint dete-
rioration and impairment of quality of life. This includes emicizumab, for which further
research is needed, and other non-replacement agents, whose data are presently much
more limited [8].

This study has some limitations. Being a consensus work, it cannot produce empirical
data. Moreover, it is limited to Italian settings. Thus, statements could not align with
other countries’ scenarios, which can differ because of different regulations and resources.
Eventually, the process of statement drafting may result in statements being redundant or
clearly addressed in the literature.

5. Conclusions

Several newer (replacement and non-replacement) treatment products for hemophilia
A characterized by an extended half-life have been available in the last few years. These
innovative agents are potentially attractive, offering the advantage of reducing the fre-
quency of dosing and improving patients’ adherence to therapy. The increased treatment
options extend the opportunities of individualization of prophylaxis, which is the mainstay
of modern management of hemophilia. Treatment choices in the individual patient can
currently consider clinical needs in terms of protection from bleeding and even specific
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issues to facilitate treatment and adherence. In this perspective, CFCs, particularly EHL
products, seem more suitable for personalized prophylaxis regimens, although the i.v. ad-
ministration remains challenging in some patients, particularly young children. Regarding
non-replacement treatment, limited experience in some clinical settings and the lack of
evidence on long-term safety and impact in preserving joint status require careful indi-
vidual assessment of the possible advantages and disadvantages. Overall, a close clinical
and laboratory follow-up and multidisciplinary data collection during the use of all newer
therapeutic approaches are required to be performed at specialized HTCs with appropriate
tools and assays in the long term.

Author Contributions: Study conception and design: all authors. Methodology (meeting facilitation,
item and statement harmonization) and collection of data: G.P. Interpretation of data: all authors.
Manuscript drafting: A.C. and M.F. Manuscript revision: A.B., R.D.C.,, ACM,, R.CS, CS. and A.T.
Manuscript supervision A.C. and A.T. Approval to submit: all authors. All authors have read and
agreed to the published version of the manuscript.

Funding: The educational project (Continuing Medical Education n. 305944; 23.11.2020 and 10.02.2021)
from which this manuscript stems and the APC were funded with an unrestricted grant from
Bayer SpA.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No additional data outside of data presented in this manuscript
are available.

Acknowledgments: This study was conceived and developed in the frame of an expert meeting and
a subsequent educational project (virtual meetings) organized by SUMMEET srl (Varese, Italy) with
an unrestricted grant from Bayer SpA. Medical writing and editorial assistance were provided by
Fabio Perversi and Aashni Shah (Polistudium srl, Milan, Italy).

Conflicts of Interest: A.C. received fees as a consultant or advisory board member or invited speaker
by Bayer, Kedrion, Novo Nordisk, Roche, Sobi, Takeda and Werfen; M.F. received fees as a consultant
or invited speaker by Bayer, Kedrion, Novo Nordisk; A.B. received fees as a consultant or invited
speaker by Bayer, Novo Nordisk, Roche, Sobi and Takeda; R.D.C. received fees as a speaker at
educational meetings, symposia and advisory boards by Roche, Sobi, Sanofi, Bayer and Takeda;
A.CM. received fees as an advisory board member or invited speaker by Bayer, CSL Behring,
Kedrion, Novo Nordisk, Pfizer, Roche, Sobi and Takeda; R.C.S. received fees as an advisory board
member or invited speaker by Bayer, Roche and Sobi; C.S. received honoraria as a member of speaker
bureau or advisory boards by Takeda, Bayer, CSL Behring, NovoNordisk, Sobi, Roche, Biomarin,
Amgen and Novartis; A.T. received fees as an advisory board member from Bayer and Roche.

References

1.  Mannucci, PM.; Tuddenham, E.G.D. The hemophilias—From royal genes to gene therapy. N. Engl. . Med. 2001, 344, 1773-1779.
[CrossRef] [PubMed]

2. Peyvandi, F; Garagiola, I.; Young, G. The past and future of haemophilia: Diagnosis, treatments, and its complications. Lancet
2016, 388, 187-197. [CrossRef]

3. Blanchette, V.S.; Key, N.S.; Ljung, L.R.; Manco-Johnson, M.]J.; Van Den Berg, H.M.; Srivastava, A. Definitions in hemophilia:
Communication from the SSC of the ISTH. J. Thromb. Haemost. 2014, 12, 1935-1939. [CrossRef] [PubMed]

4. Rocino, A.; Coppola, A.; Franchini, M.; Castaman, G.; Santoro, C.; Zanon, E.; Santagostino, E.; Morfini, M. Italian Association of
Haemophilia Centres (AICE) Working Party. Principles of treatment and update of recommendations for the management of
haemophilia and congenital bleeding disorders in Italy. Blood Transfus. 2014, 12, 575-598. [PubMed]

5. Berntorp, E.; Boulyjenkov, V.; Brettler, D.; Chandy, M.; Jones, P.; Lee, C.; Lusher, J.; Mannucci, P.; Peak, I.; Rickard, K. Modern
treatment of haemophilia. Bull. World Health Organ. 1995, 73, 691-701.

6. Coppola, A.; Franchini, M.; Tagliaferri, A. Prophylaxis in people with hemophilia. Thromb. Haemost. 2009, 101, 674-681. [PubMed]

7. Richards, M.; Williams, M.; Chalmers, E.; Liesner, R.; Collins, P; Vidler, V.; Hanley, ]. A United Kingdom Haemophilia Centre

Doctors” Organization guideline approved by the British Committee for Standards in Haematology: Guideline on the use of
prophylactic factor VIII concentrate in children and adults with severe haemophilia A. Br. ]. Haematol. 2010, 149, 498-507.
[CrossRef]


http://doi.org/10.1056/NEJM200106073442307
http://www.ncbi.nlm.nih.gov/pubmed/11396445
http://doi.org/10.1016/S0140-6736(15)01123-X
http://doi.org/10.1111/jth.12672
http://www.ncbi.nlm.nih.gov/pubmed/25059285
http://www.ncbi.nlm.nih.gov/pubmed/25350962
http://www.ncbi.nlm.nih.gov/pubmed/19350110
http://doi.org/10.1111/j.1365-2141.2010.08139.x

J. Clin. Med. 2022, 11, 801 8 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Srivastava, A.; Santagostino, E.; Dougall, A.; Kitchen, S.; Sutherland, M.; Pipe, S.W.; Carcao, M.; Mahlangu, J.; Ragni, M.V,;
Windyga, J.; et al. WFH Guidelines for the Management of Hemophilia, 3rd edition. Haemophilia 2020, 26 (Suppl. 6), 1-158,
Erratum in: Haemophilia 2021, 27, 699. [CrossRef]

Manco-Johnson, M.].; Abshire, T.C.; Shapiro, A.D.; Riske, B.; Hacker, M.R.; Kilcoyne, R.; Ingram, J.D.; Manco-Johnson, M.L.; Funk,
S.; Jacobson, L.; et al. Prophylaxis versus episodic treatment to prevent joint disease in boys with severe hemophilia. N. Engl. J.
Med. 2007, 357, 535-544. [CrossRef]

Gringeri, A.; Lundin, B.; Mackensen, S.V.; Mantovani, L.; Mannucci, PM. A Randomized Clinical Trial of Prophylaxis in Children
with Hemophilia A (the ESPRIT Study). J. Thromb. Haemost. 2011, 9, 700-710. [CrossRef]

Coppola, A.; Tagliaferri, A.; Di Capua, M.; Franchini, M. Prophylaxis in children with hemophilia: Evidence-based achievements,
old and new challenges. Semin. Thromb. Hemost. 2012, 38, 79-94. [CrossRef] [PubMed]

Manco-Johnson, M.].; Kempton, C.L.; Reding, M.T.; Lissitchkov, T.; Goranov, S.; Gercheva, L.; Rusen, L.; Ghinea, M.; Uscatescu,
V.; Rescia, V.; et al. Randomized, Controlled, Parallel-Group Trial of Routine Prophylaxis Versus On-Demand Treatment with
rFVIII-FS in Adults with Severe Hemophilia A (SPINART). J. Thromb. Haemost 2013, 11, 1119-1127. [CrossRef] [PubMed]
Tagliaferri, A.; Feola, G.; Molinari, A.C.; Santoro, C.; Rivolta, G.F,; Cultrera, D.B.; Gagliano, F.; Zanon, E.; Mancuso, M.E.; Valdre,
L.; et al. Benefits of prophylaxis versus on-demand treatment in adolescents and adults with severe haemophilia A: The POTTER
study. Thromb. Haemost. 2015, 114, 35-45. [PubMed]

Hacker, M.R.; Geraghty, S.; Manco-Johnson, M. Barriers to compliance with prophylaxis therapy in haemophilia. Haemophilia
2001, 7, 392-396. [CrossRef]

Petrini, P. Identifying and overcoming barriers to prophylaxis in the management of haemophilia. Haemophilia 2007, 13 (Suppl. 2),
16-22. [CrossRef] [PubMed]

Nijdam, A.; Kurnik, K.; Liesner, R.; Ljung, R.; Nolan, B.; Petrini, P; Fischer, K.; PedNet Study Group. How to achieve full
prophylaxis in young boys with severe haemophilia A: Different regimens and their effect on early bleeding and venous access.
Haemophilia 2015, 21, 444-450. [CrossRef] [PubMed]

Oldenburg, J. Optimal treatment strategies for hemophilia: Achievements and limitations of current prophylactic regimens. Blood
2015, 125, 2038-2044. [CrossRef]

Collins, P.; Chalmers, E.; Chowdary, P.; Keeling, D.; Mathias, M.; O’donnell, J.; Pasi, K.J.; Rangarajan, S.; Thomas, A. The use of
enhanced half-life coagulation factor concentrates in routine clinical practice: Guidance from UKHCDO. Haemophilia 2016, 22,
487-498. [CrossRef]

Mannucci, PM. Benefits and limitations of extended plasma half-life factor VIII products in hemophilia A. Expert Opin. Investig.
Drugs 2020, 29, 303-309. [CrossRef]

Mannucci, PM.; Mancuso, M.E.; Santagostino, E.; Franchini, M. Innovative Pharmacological Therapies for the Hemophilias Not
Based on Deficient Factor Replacement. Semin. Thromb. Hemost. 2016, 42, 526-532. [CrossRef]

Castaman, G.; Linari, S. Current and emerging biologics for the treatment of hemophilia. Expert Opin. Biol. Ther. 2019, 19, 801-810.
[CrossRef] [PubMed]

Franchini, M.; Marano, G.; Pati, I.; Candura, F; Profili, S.; Veropalumbo, E.; Masiello, F; Catalano, L.; Piccinini, V.; Vaglio, S.; et al.
Emicizumab for the treatment of haemophilia A: A narrative review. Blood Transfus. 2019, 17, 223-228. [PubMed]

European Medicines Agency. Hemlibra. Available online: https://www.ema.europa.eu/en/medicines/human/epar/hemlibra
(accessed on 6 January 2022).

Mahlangu, J.; Oldenburg, J.; Paz-Priel, I; Negrier, C.; Niggli, M.; Mancuso, M.E.; Schmitt, C.; Jiménez-Yuste, V.; Kempton, C.;
Dhalluin, C.; et al. Emicizumab prophylaxis in patients who have hemophilia A without inhibitors. New Engl. . Med. 2018, 379,
811-822. [CrossRef] [PubMed]

Oldenburg, J.; Mahlangu, J.N.; Kim, B.; Schmitt, C.; Callaghan, M.U.; Young, G.; Santagostino, E.; Kruse-Jarres, R.; Negrier, C.;
Kessler, C.; et al. Emicizumab prophylaxis in hemophilia A with inhibitors. New Engl. J. Med. 2017, 377, 809-818. [CrossRef]
Pipe, S.W.; Shima, M.; Lehle, M.; Shapiro, A.; Chebon, S.; Fukutake, K.; Key, N.S.; Portron, A.; Schmitt, C.; Podolak-Dawidziak,
M.; et al. Efficacy, safety, and pharmacokinetics of emicizumab prophylaxis given every 4 weeks in people with haemophilia A
(HAVEN 4): A multicentre, open-label, non-randomised phase 3 study. Lancet Haematol. 2019, 6, €295-305. [CrossRef]

Shima, M.; Nogami, K.; Nagami, S.; Yoshida, S.; Yoneyama, K.; Ishiguro, A.; Suzuki, T.; Taki, M. A multicentre, open-label study
of emicizumab given every 2 or 4 weeks in children with severe haemophilia A without inhibitors. Haemophilia 2019, 25, 979-987.
[CrossRef]

Cafuir, L.; Kruse-Jarres, R.; Mancuso, M.E.; Kempton, C.L. Emicizumab for hemophilia A without inhibitors. Expert Rev. Hematol.
2019, 12, 1-10. [CrossRef]

Rodriguez-Merchan, E.C.; Valentino, L.A. Emicizumab: Review of the literature and critical appraisal. Haemophilia 2019, 25, 11-20.
[CrossRef]

Gustafson, D.H.; Shukla, R.K; Delbecq, A.; Walster, G.W. A comparative study of differences in subjective likelihood estimates
made by individuals, interacting groups, Delphi groups, and nominal groups. Organ. Behav. Hum. Perform. 1973, 9, 280-291.
[CrossRef]

Gallego, D.; Bueno, S. Exploring the application of the Delphi method as a forecasting tool in Information Systems and
Technologies research. Technol. Anal. Strateg. Manag. 2014, 26, 987-999. [CrossRef]


http://doi.org/10.1111/hae.14046
http://doi.org/10.1056/NEJMoa067659
http://doi.org/10.1111/j.1538-7836.2011.04214.x
http://doi.org/10.1055/s-0031-1300954
http://www.ncbi.nlm.nih.gov/pubmed/22314606
http://doi.org/10.1111/jth.12202
http://www.ncbi.nlm.nih.gov/pubmed/23528101
http://www.ncbi.nlm.nih.gov/pubmed/25855376
http://doi.org/10.1046/j.1365-2516.2001.00534.x
http://doi.org/10.1111/j.1365-2516.2007.01501.x
http://www.ncbi.nlm.nih.gov/pubmed/17685919
http://doi.org/10.1111/hae.12613
http://www.ncbi.nlm.nih.gov/pubmed/25582494
http://doi.org/10.1182/blood-2015-01-528414
http://doi.org/10.1111/hae.13013
http://doi.org/10.1080/13543784.2020.1723547
http://doi.org/10.1055/s-0036-1571310
http://doi.org/10.1080/14712598.2019.1614163
http://www.ncbi.nlm.nih.gov/pubmed/31039049
http://www.ncbi.nlm.nih.gov/pubmed/31246563
https://www.ema.europa.eu/en/medicines/human/epar/hemlibra
http://doi.org/10.1056/NEJMoa1803550
http://www.ncbi.nlm.nih.gov/pubmed/30157389
http://doi.org/10.1056/NEJMoa1703068
http://doi.org/10.1016/S2352-3026(19)30054-7
http://doi.org/10.1111/hae.13848
http://doi.org/10.1080/17474086.2019.1624519
http://doi.org/10.1111/hae.13641
http://doi.org/10.1016/0030-5073(73)90052-4
http://doi.org/10.1080/09537325.2014.941348

J. Clin. Med. 2022, 11, 801 90f 10

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Colvin, B.T.; Astermark, J.; Fischer, K.; Gringeri, A ; Lassila, R.; Schramm, W.; Thomas, A.; Ingerslev, J.; Inter Disciplinary Working
Group. European principles of haemophilia care. Haemophilia 2008, 14, 361-374. [CrossRef] [PubMed]

Pai, M.; Key, N.S.; Skinner, M.; Curtis, R.; Feinstein, M.; Kessler, C.; Lane, S.J.; Makris, M.; Riker, E.; Santesso, N.; et al.
NHF-McMaster Guideline on Care Models for Haemophilia Management. Haemophilia 2016, 22 (Suppl. 3), 6-16. [CrossRef]
[PubMed]

Ljung, R.; Gretenkort Andersson, N. The current status of prophylactic replacement therapy in children and adults with
haemophilia. Br. . Haematol. 2015, 169, 777-786. [CrossRef]

Rayment, R.; Chalmers, E.; Forsyth, K.; Gooding, R.; Kelly, A.M.; Shapiro, S.; Talks, K.; Tunstall, O.; Biss, T.; British Society for
Haematology. Guidelines on the use of prophylactic factor replacement for children and adults with Haemophilia A and B. Br. J.
Haematol. 2020, 190, 684-695. [CrossRef] [PubMed]

Collins, PW.; Obaiji, S.G.; Roberts, H.; Gorsani, D.; Rayment, R. Clinical phenotype of severe and moderate haemophilia: Who
should receive prophylaxis and what is the target trough level? Haemophilia 2021, 27, 192-198. [CrossRef]

Khawaji, M.; Astermark, J.; Berntorp, E. Lifelong prophylaxis in a large cohort of adult patients with severe haemophilia: A
beneficial effect on orthopaedic outcome and quality of life. Eur. . Haematol. 2012, 88, 329-335. [CrossRef]

Young, G. Management of children with hemophilia A: How emicizumab has changed the landscape. . Thromb. Haemost. 2021,
19, 1629-1637. [CrossRef]

Pierce, G.F,; Hart, D.P.; Kaczmarek, R.; WFH Coagulation Product Safety, Supply, and Access (CPSSA) Committee of the World
Federation of Hemophilia (WFH). Safety and efficacy of emicizumab and other novel agents in newborns and infants. Haemophilia
2019, 25, e334-e335. [CrossRef]

Tomeo, F.; Mariz, S.; Brunetta, A.L.; Stoyanova-Beninska, V.; Penttila, K.; Magrelli, A. Haemophilia, state of the art and new
therapeutic opportunities, a regulatory perspective. Br. J. Clin. Pharmacol. 2021, 87, 4183-4196. [CrossRef]

Zanon, E.; Pasca, S. Intracranial haemorrhage in children and adults with haemophilia A and B: A literature review of the last 20
years. Blood Transfus. 2019, 17, 378-384.

Tagliaferri, A.; Rivolta, G.F,; Iorio, A.; Oliovecchio, E.; Mancuso, M.E.; Morfini, M.; Rocino, A.; Mazzucconi, M.G.; Franchini,
M.; Italian Association of Hemophilia Centers. Mortality and causes of death in Italian persons with haemophilia, 1990-2007.
Haemophilia 2010, 16, 437-446. [CrossRef] [PubMed]

Coppola, A.; Tagliaferri, A.; Franchini, M. The management of cardiovascular disease in patients with hemophilia. Semin. Thromb.
Hemost. 2010, 36, 91-102. [CrossRef] [PubMed]

Martin, K.; Key, N.S. How I treat patients with inherited bleeding disorders who need anticoagulant therapy. Blood 2016, 128,
178-184. [CrossRef] [PubMed]

Limjoco, J.; Thornburg, C.D. Risk factors for cardiovascular disease in children and young adults with haemophilia. Haemophilia
2018, 24, 747-754. [CrossRef] [PubMed]

Sousos, N.; Gavriilaki, E.; Vakalopoulou, S.; Garipidou, V. Understanding cardiovascular risk in hemophilia: A step towards
prevention and management. Thromb. Res. 2016, 140, 14-21. [CrossRef]

Martin, A.P.; Burke, T.; Asghar, S.; Noone, D.; Pedra, G.; O’'Hara, J. Understanding minimum and ideal factor levels for
participation in physical activities by people with haemophilia: An expert elicitation exercise. Haemophilia 2020, 26, 711-717.
[CrossRef]

Jiménez-Yuste, V.; Auerswald, G.; Benson, G.; Lambert, T.; Morfini, M.; Remor, E.; Salek, S.Z. Achieving and maintaining an
optimal trough level for prophylaxis in haemophilia: The past, the present and the future. Blood Transfus. 2014, 12, 314-319.
[CrossRef]

Lambert, T.; Benson, G.; Dolan, G.; Hermans, C.; Jiménez-Yuste, V.; Ljung, R.; Morfini, M.; Zupanéié—éalek, S.; Santagostino, E.
Practical aspects of extended half-life products for the treatment of haemophilia. Ther. Adv. Hematol. 2018, 9, 295-308. [CrossRef]
Furlan, R.; Krishnan, S.; Vietri, J. Patient and parent preferences for characteristics of prophylactic treatment in hemophilia. Patient
Pref. Adher. 2015, 9, 1687-1694.

Escobar, M.; Santagostino, E.; Mancuso, M.E.; Coppens, M.; Balasa, V.; Taylor, ].A.; Iorio, A.; Negrier, C. Switching patients in the
age of long-acting recombinant products? Expert Rev. Hematol. 2019, 12 (Suppl. 1), 1-13. [CrossRef]

Iorio, A.; Edginton, A.N.; Blanchette, V.; Blatny, J.; Boban, A.; Cnossen, M.; Collins, P.; Croteau, S.E.; Fischer, K.; Hart, D.P,; et al.
Performing and interpreting individual pharmacokinetic profiles in patients with Hemophilia A or B: Rationale and general
considerations. Res. Pract. Thromb. Haemost. 2018, 2, 535-548. [CrossRef] [PubMed]

Lissitchkov, T.; Rusen, L.; Georgiev, P.; Windyga, ].; Klamroth, R.; Gercheva, L.; Nemes, L.; Tiede, A.; Bichler, J.; Knaub, S.; et al.
PK-guided personalized prophylaxis with Nuwiq® (human-cl thFVIII) in adults with severe haemophilia A. Haemophilia 2017, 23,
697-704. [CrossRef] [PubMed]

Pasca, S.; Milan, M.; Sarolo, L.; Zanon, E. PK-driven prophylaxis versus standard prophylaxis: When a tailored treatment may
be a real and achievable cost-saving approach in children with severe hemophilia A. Thromb Res. 2017, 157, 58-63. [CrossRef]
[PubMed]

Croteau, S.E.; Wheeler, A.P.; Khan, O.; Haley, KM.; Borst, A.J.; Lattimore, S.; Yeung, C.H.T.; Iorio, A. Pharmacokinetic-tailored
approach to hemophilia prophylaxis: Medical decision making and outcomes. Res. Pract. Thromb. Haemost. 2020, 4, 326-333.
[CrossRef] [PubMed]


http://doi.org/10.1111/j.1365-2516.2007.01625.x
http://www.ncbi.nlm.nih.gov/pubmed/18248408
http://doi.org/10.1111/hae.13008
http://www.ncbi.nlm.nih.gov/pubmed/27348396
http://doi.org/10.1111/bjh.13365
http://doi.org/10.1111/bjh.16704
http://www.ncbi.nlm.nih.gov/pubmed/32390158
http://doi.org/10.1111/hae.14201
http://doi.org/10.1111/j.1600-0609.2012.01750.x
http://doi.org/10.1111/jth.15342
http://doi.org/10.1111/hae.13822
http://doi.org/10.1111/bcp.14838
http://doi.org/10.1111/j.1365-2516.2009.02188.x
http://www.ncbi.nlm.nih.gov/pubmed/20148978
http://doi.org/10.1055/s-0030-1248728
http://www.ncbi.nlm.nih.gov/pubmed/20391300
http://doi.org/10.1182/blood-2015-12-635094
http://www.ncbi.nlm.nih.gov/pubmed/27106121
http://doi.org/10.1111/hae.13585
http://www.ncbi.nlm.nih.gov/pubmed/30004151
http://doi.org/10.1016/j.thromres.2016.02.001
http://doi.org/10.1111/hae.13985
http://doi.org/10.2450/2014.0298-13
http://doi.org/10.1177/2040620718796429
http://doi.org/10.1080/17474086.2018.1564032
http://doi.org/10.1002/rth2.12106
http://www.ncbi.nlm.nih.gov/pubmed/30046759
http://doi.org/10.1111/hae.13251
http://www.ncbi.nlm.nih.gov/pubmed/28452151
http://doi.org/10.1016/j.thromres.2017.07.003
http://www.ncbi.nlm.nih.gov/pubmed/28692842
http://doi.org/10.1002/rth2.12305
http://www.ncbi.nlm.nih.gov/pubmed/32110764

J. Clin. Med. 2022, 11, 801 10 of 10

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Barg, A.A.; Avishai, E.; Budnik, I.; Levy-Mendelovich, S.; Barazani, T.B.; Kenet, G.; Livnat, T. Emicizumab prophylaxis among
infants and toddlers with severe hemophilia A and inhibitors—a single center cohort. Pediatr. Blood Cancer 2019, 66, e27886.
[CrossRef]

McCary, I.; Guelcher, C.; Kuhn, J.; Butler, R.; Massey, G.; Guerrera, M.E,; Ballester, L.; Raffini, L. Real-world use of emicizumab in
patients with haemophilia A: Bleeding outcomes and surgical procedures. Haemophilia 2020, 26, 631-636. [CrossRef]

Coppola, A.; Castaman, G.; Santoro, R.C.; Mancuso, M.E.; Franchini, M.; Marino, R.; Rivolta, G.F,; Santoro, C.; Zanon, E,;
Sciacovelli, L.; et al. Management of patients with severe haemophilia a without inhibitors on prophylaxis with emicizumab:
AICE recommendations with focus on emergency in collaboration with SIBioC, SIMEU, SIMEUP, SIPMeL and SISET. Haemophilia
2020, 26, 937-945. [CrossRef]

Bowyer, A.E.; Lowe, A.E.; Tiefenbacher, S. Laboratory issues in gene therapy and emicizumab. Haemophilia 2021, 27 (Suppl. 3),
142-147. [CrossRef]

Amiral, J.; Seghatchian, J. Usefulness of chromogenic assays for potency assignment and recovery of plasma-derived FVIII
and FIX concentrates or their recombinant long acting therapeutic equivalents with potential application in treated pediatric
hemophiliac patients. Transfus. Apher. Sci. 2018, 57, 363-369. [CrossRef]

Farrugia, A. Guide for the Assessment of Clotting Factor Concentrates; World Federation of Hemophilia: Montreal, QC, Canada, 2017.
Available online: https://wwwl.wfh.org/publication/files/pdf-1271.pdf. (accessed on 6 January 2022).

Tripodi, A.; Santoro, R.C.; Testa, S.; Molinari, A.C.; Bernardini, S.; Golato, M.; Lippi, G.; Ageno, W.; Santagostino, E. Position
paper on laboratory testing for patients with haemophilia. A consensus document from SISET, AICE, SIBioC and SIPMeL. Blood
Transfus. 2019, 17, 229-236.

Baumann, A. PEGylated biologics in haemophilia treatment: Current understanding of their long-term safety. Haemophilia 2020,
26, el1-e13. [CrossRef] [PubMed]

Gouw, S.C.; Timmer, M.A ; Srivastava, A.; de Kleijn, P; Hilliard, P.; Peters, M.; Blanchette, V.; Fischer, K. Measurement of joint
health in persons with haemophilia: A systematic review of the measurement properties of haemophilia-specific instruments.
Hemophilia 2019, 25, e1-e10. [CrossRef] [PubMed]

Seuser, A.; Djambas Khayat, C.; Negrier, C.; Sabbour, A.; Heijnen, L. Evaluation of early musculoskeletal disease in patients with
haemophilia: Results from an expert consensus. Blood Coagul Fibrinolysis. 2018, 29, 509-520. [CrossRef] [PubMed]


http://doi.org/10.1002/pbc.27886
http://doi.org/10.1111/hae.14005
http://doi.org/10.1111/hae.14172
http://doi.org/10.1111/hae.13976
http://doi.org/10.1016/j.transci.2018.05.020
https://www1.wfh.org/publication/files/pdf-1271.pdf.
http://doi.org/10.1111/hae.13875
http://www.ncbi.nlm.nih.gov/pubmed/31742794
http://doi.org/10.1111/hae.13631
http://www.ncbi.nlm.nih.gov/pubmed/30427100
http://doi.org/10.1097/MBC.0000000000000767
http://www.ncbi.nlm.nih.gov/pubmed/30020119

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

