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Relazioni	con	sogge9	portatori	di	
interessi	commerciali	in	campo	sanitario	

	
Ai	sensi	dell’art.	3.3	sul	Confli3o	di	Interessi,	pag.	17		
del	Regolamento	Applica=vo	dell’Accordo	Stato-Regione	
del	 5	 novembre	 2009,	 io	 so3oscri3o	 Do3.	 Marco	
Marie3a	 dichiaro	 che	 negli	 ul=mi	 due	 anni	 ho	 avuto	 i	
seguen=	 rappor=	 ricevendo	 compens	 individuali	 con	
soggeG	 portatori	 di	 interessi	 commerciali	 in	 campo	
sanitario:	

! Partecipazione	ad	Advisory	Board	per	l’	Azienda	
Novo-Nordisk	

! Relazioni	 a	 congressi	 per	 la	 di3a	 Kedrion,	
Orphan,	Novo-Nordisk,	Werfen		
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Haemophilia	treatment	

pre-1930	 1940	 1950	 1960	 1970	 1980	 1990	

ImmobilizaTon,	
ice,	rest,	analgesia	

Whole	blood		
transfusion	

Plasma	

Cryoprecipitate	

1970	
Limited	plasma-derived	
replacement	material	
Mainly	on-demand,		
in-hospital	treatment	

Early	crippling		
arthropathy	

Bleeding-related	deaths:		
47%	(NL)	

Life	expectancy:		
59	yrs	(Sweden)	
25	yrs	(Finland)	
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Low-purity	FVIII	
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Newer	
recombinant	
FVIII	products	

First	
recombinant	
FVIII	product	

2000	 2010	

Darby	et	al,	AIDS	2004	



Haemophilia	treatment	

2000	
Plasma-derived	and	

recombinant	concentrates	
largely	available	

Diffusion	of	prophylaxis	
Home	Treatment	

Minimal		joint	disease	in	
pa=ents	on	prophylaxis	
Bleeding-related	deaths:		

<10%	(NL)	

Life	expectancy:		
71	yrs	(Italy,	NL)	





All that is gold does not 
glitter, 

Not all those who wander 
are lost 

 
JRR Tolkien 

The Lord of the Rings 

All that glisters is not 
gold, 

Often have you heard 
that told 

 
 

William Shakespeare 
The Merchant of Venice 



"  	 Venous	 access:	 	 intravenous	 route	 of	
administra=on	

" 	 Infusion	 frequency:	 	half-life	FVIII	∼	12	hrs,	FIX	
∼20	hrs	

" 	Inhibitors	
" Costs	and	availability	of		concentrates	
" Barrier	to	highly		demanding	regimens:	

#  	Prophylaxis	
# 	Immune	tolerance	inducTon	
# 	Major	surgery	

	
Current	challenges		

for	treatment	of	hemophilia	
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Summary. Historically, the bleeding episodes in subjects
with coagulation disorders were treated with substitution
therapy, initially with whole blood and fresh frozen
plasma, and more recently with specific factor concen-
trate. Currently, patients with hemophilia have the possi-
bility of choosing different effective and safe treatments,
including novel extended half-life and alternative hemo-
static drugs. The availability of novel extended half-life
products could probably overcome current prophylaxis
limitations, particularly in hemophilia B patients, by
reducing the frequency of injections, achieving a higher
trough level, and improving the quality of life of the
patients. In addition, subcutaneous administration of
alternative therapeutics would simplify prophylaxis in
patients with hemophilia A and B with and without inhi-
bitors. Regarding von Willebrand disease, a recombinant
von Willebrand factor was recently developed to control
bleeding episodes in patients with this disease, in addition
to available von Willebrand factor/factor VIII concen-
trates. The management of patients affected by rare bleed-
ing disorders (RBDs) is still a challenge, owing to the
limited number of specific products, which are mainly
available only in countries with high resources. Some
improvements have recently been achieved by the produc-
tion of new recombinant factor (F) XIII A subunit-
derived and FX plasma-derived products for the treatment
of patients affected by FXIII and FX deficiency. In addi-
tion, the development of novel alternative therapeutics,
such as anti-tissue factor pathway inhibitor, ALN-AT3,
and ACE910, for patients with hemophilia might also
have a role in the treatment of patients affected by RBDs.

Keywords: disease management; hemophilia; inherited
blood coagulation disorders; innovative therapy; von
Willebrand disease.

Introduction

Rare diseases are life-threatening or chronically debilitat-
ing diseases with a prevalence of less than one per 2000
according to the European Union or one per 1250
according to the USA [1]. Only a few of the 5000 recog-
nized rare diseases have a prevalence approaching those
limits, with the remaining majority being even less com-
mon, such as inherited deficiencies of plasma proteins
involved in blood coagulation. Hemophilia A and B are
the most recognized and common hereditary hemorrhagic
disorders caused by deficiency or dysfunction of blood
coagulation factor (F) VIII or FIX, with prevalence rates
of approximately one in 5000 and one in 30 000 male live
births, respectively. Together with von Willebrand disease
(VWD), a defect of primary hemostasis with a prevalence
ranging from 1% to one in 10 000, these disorders consti-
tute 95–97% of all inherited deficiencies of coagulation
factors [2,3]. Rare bleeding disorders (RBDs), including
deficiency of fibrinogen, FII, FV, combined FV + FVIII,
FVII, FX, FXI, and FXIII, represent 3–5% of all
inherited coagulation disorders, with prevalence rates of
the presumably homozygous forms or compound
heterozygous forms in the general population ranging
from approximately one in 2 million for FII and FXIII
deficiencies to one in 500 000 for FVII deficiency [4].
The most recent annual global survey of the World
Federation of Hemophilia reports that > 287 000 people
are affected by a coagulation disorder across 106 coun-
tries in the world, with 62.2% having hemophilia A or B,
24.3% having VWD, and 13.5% having other bleeding
disorders [5].

Bleeding episodes can occur either spontaneously, or at
the time of trauma, or invasive procedures and surgery
[2–4]. Management decisions and the choice of therapy
commonly rely on type of clotting factor deficiency, sever-
ity of disease, type of bleeding episode, and minimal
residual activity in the patient’s plasma.
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remarkably longer than the standard rFIX half-life. The
times needed to reach 1% of FIX activity were 22 days
and 11.2 days, respectively, for N9-GP and rFIX–Fc
(Table 1) [19–21].

In 2014, the FDA approved the first bioengineered
rFIX with an EHL, produced with the Fc-fusion technol-
ogy (Alprolix), to treat bleeding in hemophilia B patients.

The albumin fusion technology has also been investi-
gated as a method of half-life prolongation for rFIX.
Albumin is the most abundant protein found in human
plasma, and has a naturally long half-life of ~ 3 weeks. A
novel recombinant fusion protein linking FIX with albu-
min (rFIX-FP, Idelvion) showed a five-fold improvement,
with a half-life of 92 h (Table 1) [22]. rIX-FP has also
shown a marked improvement in pharmacokinetic profile
over currently marketed FIX products [23]. Data from
the phase III study indicate that rIX-FP is safe and effec-
tive for preventing and treating bleeding episodes in
patients with hemophilia B at dosing regimens of
40 IU kg!1 weekly and 75 IU kg!1 every 2 weeks [24].
At the beginning of 2016, the FDA approved Idelvion for
the treatment of hemophilia B patients, and, more
recently, the EMA also approved it.

Clinical implications (acute bleeding, prophylaxis, and

surgery)

In the on-demand setting, the efficacy of the new EHL
coagulation products seems to be comparable to that of
standard coagulation factors, and the impact of EHL
rFVIII is less remarkable than that of EHL rFIX products
in the management of acute bleeding (e.g. the increase in
dosing interval). More data are required in order to
develop accurate and evidence-based conclusions. Table 2
shows doses and frequencies of treatment for the control
of acute bleeding in patients with hemophilia A and B.

Starting from pharmacokinetic and data from phase III
clinical trials, a prophylactic regimen with EHL rFVIII
products may be considered, with dosing of 25–
65 IU kg!1 at 3–5-day intervals maintaining a safe trough

level [25]. More frequent or higher doses may be required
in children aged < 6 years because of increased clearance,
as for standard concentrates.

The extension of the half-life of rFVIII leads to a 30–
35% reduction in the frequency of injections. In particu-
lar, in a patient affected with severe hemophilia A who
receives two or three injections weekly of a standard
FVIII concentrates (156–182 infusions per year), injec-
tions with newer EHL drugs might be reduced to twice
weekly (102 per year) or one every 3 days or 5 days
[26,27]. This prophylactic schedule would probably main-
tain a higher trough level with a lower risk of bleeding.

For hemophilia B treatment, 50 IU kg!1 weekly or
100 IU kg!1 every 12–14 days of EHL rFIX agents can
achieve a safe trough level in absence of bleeding events
[28]. The good performance of EHL rFIX products could
considerably simplify the prophylactic regimens of
hemophilia B patients. For instance, in patients affected
with severe hemophilia B receiving two injections per
week (104 injections per year) of standard FIX concen-
trates, the use of EHL concentrates could allow the num-
ber of injections to be reduced to once every 1–3 weeks
(18–52 injections per year) [26,27]. Therefore, the fre-
quency of injections will be reduced by 50% with a factor
trough level being maintained well above 1%, making this
therapy less distressing to the patient and improving
adherence to treatment. A higher trough level could also
be achieved in adolescent patients with an active life, with
reduction of the intervals to once weekly.

One aim of using the EHL products could be to
achieve a higher trough level with an almost similar or a
slightly reduced number of injections for hemophilia A
patients, and a significant decrease in the number of injec-
tions, with presumably a higher trough level, for
hemophilia B patients. The real benefit of the use of EHL
products should be monitored by careful long-term obser-
vation, and treatment options and schedules could also
be individualized.

Subjects undergoing surgery should be treated accord-
ing to the type of procedure, with doses expected to

Table 2 Dose and frequency of treatment for the control of acute bleeding in patients with hemophilia A and B [16,20,29]

Type of bleeding

Dose (IU kg!1) Frequency of dosing (h)

rFVIII standard rFVIII EHL rFVIII standard rFVIII EHL

Minor/moderate 20–30 20–30 12–24 24–48
Major (life-threatening hemorrhages) 40–50 40–50 8–24 12–24

Type of bleeding

Dose (IU kg!1) Frequency of dosing (h)

rFIX standard rFIX EHL rFIX standard rFIX EHL

Minor/moderate 40–60 30–60 12–24 48
Major (life-threatening hemorrhages) 60–80 80–100 12 to 24 24 for the first 3 days,

and then every 48

EHL, extended half-life; rFIX, recombinant factor IX; rFVIII, recombinant factor VIII.
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ing diseases with a prevalence of less than one per 2000
according to the European Union or one per 1250
according to the USA [1]. Only a few of the 5000 recog-
nized rare diseases have a prevalence approaching those
limits, with the remaining majority being even less com-
mon, such as inherited deficiencies of plasma proteins
involved in blood coagulation. Hemophilia A and B are
the most recognized and common hereditary hemorrhagic
disorders caused by deficiency or dysfunction of blood
coagulation factor (F) VIII or FIX, with prevalence rates
of approximately one in 5000 and one in 30 000 male live
births, respectively. Together with von Willebrand disease
(VWD), a defect of primary hemostasis with a prevalence
ranging from 1% to one in 10 000, these disorders consti-
tute 95–97% of all inherited deficiencies of coagulation
factors [2,3]. Rare bleeding disorders (RBDs), including
deficiency of fibrinogen, FII, FV, combined FV + FVIII,
FVII, FX, FXI, and FXIII, represent 3–5% of all
inherited coagulation disorders, with prevalence rates of
the presumably homozygous forms or compound
heterozygous forms in the general population ranging
from approximately one in 2 million for FII and FXIII
deficiencies to one in 500 000 for FVII deficiency [4].
The most recent annual global survey of the World
Federation of Hemophilia reports that > 287 000 people
are affected by a coagulation disorder across 106 coun-
tries in the world, with 62.2% having hemophilia A or B,
24.3% having VWD, and 13.5% having other bleeding
disorders [5].

Bleeding episodes can occur either spontaneously, or at
the time of trauma, or invasive procedures and surgery
[2–4]. Management decisions and the choice of therapy
commonly rely on type of clotting factor deficiency, sever-
ity of disease, type of bleeding episode, and minimal
residual activity in the patient’s plasma.
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maintain acceptable therapeutic levels of FVIII or FIX
activity. Preoperative plasma levels of 60–80% for FIX
and of 80–100% for FVIII are recommended for patients
undergoing major surgery, and 50–80% of FIX and
FVIII for patients undergoing minor surgery [29]. Treat-
ment should be continued in the postoperative period to
maintain similar recommended levels for standard rFVIII
and rFIX (approximately 30–60% for FIX and 40–80%
for FVIII) for the following 1–3 days for minor surgery
and 10–14 days for major surgery. In all cases, the dose
and frequency of infusion may be adapted to the type of
surgical procedure, blood loss, and individual response to
treatment. Each subject undergoing a surgical procedure
should undergo pharmacokinetic assessment, if this has
not already been performed, and careful observation
should be ensured during the first 72 h for patients under-
going major surgery and during the first 24 h for those
undergoing minor surgery.

In the surgical setting, available data on EHL products
are limited to a few patients (23 with rFVIII–Fc and 15
with BAX855) [30,31]. The hemostatic response during
the perioperative period for these procedures was rated
by investigators/surgeons as excellent or good with both
products [30,31]. The dosing frequency adopted with
rFVIII–Fc is similar to that of standard rFVIII, which
requires a median total dose of 62.50 IU kg!1 on the day
of surgery and a median rFVIII–Fc dose per injection (in-
cluding a loading dose) of 58.31 IU kg!1 (range 45–
102 IU kg!1) for minor and major surgery (Table 3). In
contrast, rFIX–Fc allows a marked reduction in dosing
frequency for major surgical procedures, with an amount
of rFIX–Fc less than that observed in historical studies of
standard FIX products. The mean dose of rFIX–Fc on
the day of surgery (day 0) was 84.16 IU kg!1, the mean

dose on subsequent days (days 1–14) ranged from
49.12 IU kg!1 to 64.61 IU kg!1, and no subject was trea-
ted every day during the surgical period (days 0–14)
(Table 4) [32]. In studies with the standard FIX products,
subjects who underwent major surgical procedures
received continuous infusion with a mean dose
of 154 IU kg!1 daily, and the average dose on the day of
surgery was 254.9 IU kg!1, representing a combination of
continuous and bolus doses [33,34].

A surgical trial with N9-GP was also conducted in pre-
viously treated hemophilia B patients. All patients
received a preoperative bolus injection of 80 IU kg!1,
and subsequently a fixed dose of 40 IU kg!1 repeated at
the investigator’s discretion (Table 4) [35]. Again, periop-
erative consumption and number of injections were lower
than reported for any other FIX product [36]. A subanal-
ysis of phase III trials showed that a single dose of
rIX-FP was sufficient to maintain hemostasis during the
procedures. The median rIX-FP consumption in five
orthopedic surgical procedures was 87 IU kg!1 preopera-
tively (day 0), 51 IU kg!1 postoperatively (days 1–2), and
340 IU kg!1 overall (days 0–14), with a range of six to
seven injections (Table 4) [37].

The EHL rFVIII products might have a small impact
on dosing frequency during the first 48 h in the surgical
setting. In contrast, EHL rFIX products enable a marked
reduction in dosing frequency for major surgical proce-
dures. Additional clinical experience is needed to make a
clear recommendation.

Recombinant rFVIIa

The management of bleeding in hemophilic patients with
inhibitors requires bypassing agent therapies, such as

Table 3 Dose and frequency for standard and extended half-life
(EHL) products in the management of hemophilia A patients under-
going minor and major surgical procedures

Dose
(IU kg!1)

Frequency
(h)

Duration
of therapy
(days) References

rFVIII standard product
Minor 25–40 Every 12–24 1–3 [29]
Major
Preoperative 40–50 A single-dose injection
Postoperative 30–40 Every 8–24 1–7 [29]

FVIII EHL
Minor 62.50* Every 24 l [30]
Major
Preoperative
and
intraoperative

58.3† A single-dose injection

58.8‡ Every 24 7 [30]

rFVIII, recombinant factor VIII. *Median total dose required on the
day of surgery (range 23.38–188.68 IU kg!1). †Median rFVIII EHL
dose per injection. ‡Median total dose (including loading dose) of
58.8 IU kg!1 with a range of 50–102 IU kg!1 during the preopera-
tive and intraoperative periods.

Table 4 Dose and frequency for standard and extended half-life
(EHL) products in the management of hemophilia B patients under-
going minor and major surgery procedures
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Repeat as needed after 24–48 h
Major
Preoperative 84.16* A single-dose injection [32]
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maintain acceptable therapeutic levels of FVIII or FIX
activity. Preoperative plasma levels of 60–80% for FIX
and of 80–100% for FVIII are recommended for patients
undergoing major surgery, and 50–80% of FIX and
FVIII for patients undergoing minor surgery [29]. Treat-
ment should be continued in the postoperative period to
maintain similar recommended levels for standard rFVIII
and rFIX (approximately 30–60% for FIX and 40–80%
for FVIII) for the following 1–3 days for minor surgery
and 10–14 days for major surgery. In all cases, the dose
and frequency of infusion may be adapted to the type of
surgical procedure, blood loss, and individual response to
treatment. Each subject undergoing a surgical procedure
should undergo pharmacokinetic assessment, if this has
not already been performed, and careful observation
should be ensured during the first 72 h for patients under-
going major surgery and during the first 24 h for those
undergoing minor surgery.

In the surgical setting, available data on EHL products
are limited to a few patients (23 with rFVIII–Fc and 15
with BAX855) [30,31]. The hemostatic response during
the perioperative period for these procedures was rated
by investigators/surgeons as excellent or good with both
products [30,31]. The dosing frequency adopted with
rFVIII–Fc is similar to that of standard rFVIII, which
requires a median total dose of 62.50 IU kg!1 on the day
of surgery and a median rFVIII–Fc dose per injection (in-
cluding a loading dose) of 58.31 IU kg!1 (range 45–
102 IU kg!1) for minor and major surgery (Table 3). In
contrast, rFIX–Fc allows a marked reduction in dosing
frequency for major surgical procedures, with an amount
of rFIX–Fc less than that observed in historical studies of
standard FIX products. The mean dose of rFIX–Fc on
the day of surgery (day 0) was 84.16 IU kg!1, the mean

dose on subsequent days (days 1–14) ranged from
49.12 IU kg!1 to 64.61 IU kg!1, and no subject was trea-
ted every day during the surgical period (days 0–14)
(Table 4) [32]. In studies with the standard FIX products,
subjects who underwent major surgical procedures
received continuous infusion with a mean dose
of 154 IU kg!1 daily, and the average dose on the day of
surgery was 254.9 IU kg!1, representing a combination of
continuous and bolus doses [33,34].

A surgical trial with N9-GP was also conducted in pre-
viously treated hemophilia B patients. All patients
received a preoperative bolus injection of 80 IU kg!1,
and subsequently a fixed dose of 40 IU kg!1 repeated at
the investigator’s discretion (Table 4) [35]. Again, periop-
erative consumption and number of injections were lower
than reported for any other FIX product [36]. A subanal-
ysis of phase III trials showed that a single dose of
rIX-FP was sufficient to maintain hemostasis during the
procedures. The median rIX-FP consumption in five
orthopedic surgical procedures was 87 IU kg!1 preopera-
tively (day 0), 51 IU kg!1 postoperatively (days 1–2), and
340 IU kg!1 overall (days 0–14), with a range of six to
seven injections (Table 4) [37].

The EHL rFVIII products might have a small impact
on dosing frequency during the first 48 h in the surgical
setting. In contrast, EHL rFIX products enable a marked
reduction in dosing frequency for major surgical proce-
dures. Additional clinical experience is needed to make a
clear recommendation.

Recombinant rFVIIa

The management of bleeding in hemophilic patients with
inhibitors requires bypassing agent therapies, such as

Table 3 Dose and frequency for standard and extended half-life
(EHL) products in the management of hemophilia A patients under-
going minor and major surgical procedures

Dose
(IU kg!1)

Frequency
(h)

Duration
of therapy
(days) References

rFVIII standard product
Minor 25–40 Every 12–24 1–3 [29]
Major
Preoperative 40–50 A single-dose injection
Postoperative 30–40 Every 8–24 1–7 [29]

FVIII EHL
Minor 62.50* Every 24 l [30]
Major
Preoperative
and
intraoperative

58.3† A single-dose injection

58.8‡ Every 24 7 [30]
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A surge in therapeutic clinical trials over recent years is paving the way for transformative treatment options for
patients with hemophilia. The introduction of recombinant factor concentrates in the early 1990s facilitated the
use of prophylactic replacement as standard care for hemophilia rather than on-demand treatment. This has
revolutionized health outcomes for hemophilia patients, enabling participation in physical activities and reducing
debilitating, chronic joint damage. Challenges of prophylactic factor infusion include the frequency of infusions
needed to maintain factor levels greater than 1%, patient adherence, reliable intravenous access, and
development of neutralizing alloantibodies (“inhibitors”). Novel therapeutics seek to improve upon current factor
concentrates by several different mechanisms: (1) extending the half-life of circulating exogenous factor protein,
(2) replacing the gene necessary for production of endogenous factor protein, (3) employing bispecific antibody
technology to mimic the coagulation function of factor VIII, (4) disrupting anticoagulant proteins, such as tissue
factor pathway inhibitor (TFPI) or antithrombin (AT3) with antibodies, aptamers, or RNA interference technology.
Emerging treatment options may reduce the frequency of (extended half-life products) or eliminate (gene
therapy) the need for scheduled factor concentrate infusions, or provide a subcutaneous administration option
(bispecific antibody, AT3, and TFPI targeting therapies). In addition, the nonfactor replacement strategies provide
a promising treatment option for patients with inhibitors, presently the greatest unmet medical need in
hemophilia. This review highlights current and recently completed clinical trials that are driving a paradigm shift
in our approach to hemophilia care for patients with and without inhibitors.
Am. J. Hematol. 91:1252–1260, 2016. VC 2016 Wiley Periodicals, Inc.

! Epidemiology
Factor VIII (FVIII) deficiency (Hemophilia A) and factor IX (FIX) deficiency (Hemophilia B) affect approximately 20,000 individuals in the U.S.
and over 400,000 individuals globally. The incidence of these X-linked bleeding disorders is estimated at 1 in 5,000 and 1 in 30,000 male births,
respectively, without racial or ethnic predilection [1]. Despite being rare diseases, Hemophilia A and B have a significant impact on patient health
outcomes and national health economies. Severe hemophilia (factor level <1%) typically presents in male infants with either spontaneous bleeding
events or excessive bleeding/bruising with mild trauma such as circumcision, vaccination, or learning to ambulate. This phenotype can also, rarely,
manifest in females as the result of Turner syndrome, skewed lionization, or compound heterozygous variants. In the absence of a family history
to prompt a diagnostic investigation, moderate disease (1–5%) or mild disease (5–50%) may only be diagnosed later in life following a hemostatic
challenge. The bleeding phenotype of “carriers” also warrants consideration. While many females may be asymptomatic, others will have factor
levels in the mild hemophilia range and may have clinically significant bleeding symptoms, such as heavy menstrual bleeding, post-procedure or
postpartum bleeding requiring treatment [2,3].

! Pathophysiology and Current Management of Hemophilia
FVIII is a glycoprotein that serves as a co-factor to amplify the rate of FX activation by FIXa (serine protease). The absence or reduction of

FVIII or FIX results in impaired thrombin generation and clot formation. Over 4,000 pathogenic variants in FVIII and FIX genes have been iden-
tified. The most common mutation in severe FVIII deficiency is intron 22 inversion; however, nonsense mutations, insertions/deletions, and other
variants also occur and result in absent or reduced functional protein. FIX deficiency more frequently results from point mutations (http://www.
factorviii-db.org, http://www.factorix.org) [4].

Without factor replacement, bleed events for patients with hemophilia may be life threatening or result in chronic disability from recur-
rent hemarthrosis and intramuscular bleeding [5]. Prophylactic factor concentrate replacement is now standard care for adult and
pediatric patients with severe hemophilia [6–8]. Unfortunately, in much of the world access to factor concentrates remains a primary barri-
er to care.
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"  EHL	 factor	 concentrates	 build	 on	 the	 familiar	
management	 strategies	 of	 conven=onal	 factor	
concentrates	

"  The	 challenges	of	 frequent	 IV	 infusions,	pa=ent	
adherence,	and	inhibitor	risk	remain.		

"  The	 degree	 to	 which	 the	 addi=on	 of	 these	
various	 moie=es	 increase,	 decrease,	 or	 have	 a	
neutral	effect	on	immunogenicity	remains	under	
inves=ga=on.		
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"  Interes=ngly,	 uptake	 of	 these	 products	 in	 the	
immediate	postlicensure	period	has	been	modest	

"  EHL	 products	 have	 accentuated	 the	 variability	 of	
pa=ent	half-life.		

"  The	 real-world	 impact	 of	 EHL	 products	 on	 health-
related	 quality	 of	 life	 and	 health	 economics	 are	 also	
under	inves=ga=on		

	



	
	

Da dove veniamo? Che siamo? Dove andiamo? 
 

Paul Gauguin, 1897 



Why	is	hemophilia	an	excellent	target	
for	gene	therapy	

" Single	gene	disorder	
" Small	 absolute	 amounts	 of	 cloGng	 factors	 in	
normal	plasma	(fVIII	50	ng/ml,	fIX	5	µg/ml)	

"  	 1/10	 of	 these	 values	 sufficient	 for	 normal	
hemostasis	

" Biologically	 ac=ve	 factors	 can	 be	 produced	 in	 a	
wide	variety	of	cells	

" Large	 animal	 models	 are	 available	 (hemophilic	
dogs)		
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use of prophylactic replacement as standard care for hemophilia rather than on-demand treatment. This has
revolutionized health outcomes for hemophilia patients, enabling participation in physical activities and reducing
debilitating, chronic joint damage. Challenges of prophylactic factor infusion include the frequency of infusions
needed to maintain factor levels greater than 1%, patient adherence, reliable intravenous access, and
development of neutralizing alloantibodies (“inhibitors”). Novel therapeutics seek to improve upon current factor
concentrates by several different mechanisms: (1) extending the half-life of circulating exogenous factor protein,
(2) replacing the gene necessary for production of endogenous factor protein, (3) employing bispecific antibody
technology to mimic the coagulation function of factor VIII, (4) disrupting anticoagulant proteins, such as tissue
factor pathway inhibitor (TFPI) or antithrombin (AT3) with antibodies, aptamers, or RNA interference technology.
Emerging treatment options may reduce the frequency of (extended half-life products) or eliminate (gene
therapy) the need for scheduled factor concentrate infusions, or provide a subcutaneous administration option
(bispecific antibody, AT3, and TFPI targeting therapies). In addition, the nonfactor replacement strategies provide
a promising treatment option for patients with inhibitors, presently the greatest unmet medical need in
hemophilia. This review highlights current and recently completed clinical trials that are driving a paradigm shift
in our approach to hemophilia care for patients with and without inhibitors.
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Factor VIII (FVIII) deficiency (Hemophilia A) and factor IX (FIX) deficiency (Hemophilia B) affect approximately 20,000 individuals in the U.S.
and over 400,000 individuals globally. The incidence of these X-linked bleeding disorders is estimated at 1 in 5,000 and 1 in 30,000 male births,
respectively, without racial or ethnic predilection [1]. Despite being rare diseases, Hemophilia A and B have a significant impact on patient health
outcomes and national health economies. Severe hemophilia (factor level <1%) typically presents in male infants with either spontaneous bleeding
events or excessive bleeding/bruising with mild trauma such as circumcision, vaccination, or learning to ambulate. This phenotype can also, rarely,
manifest in females as the result of Turner syndrome, skewed lionization, or compound heterozygous variants. In the absence of a family history
to prompt a diagnostic investigation, moderate disease (1–5%) or mild disease (5–50%) may only be diagnosed later in life following a hemostatic
challenge. The bleeding phenotype of “carriers” also warrants consideration. While many females may be asymptomatic, others will have factor
levels in the mild hemophilia range and may have clinically significant bleeding symptoms, such as heavy menstrual bleeding, post-procedure or
postpartum bleeding requiring treatment [2,3].

! Pathophysiology and Current Management of Hemophilia
FVIII is a glycoprotein that serves as a co-factor to amplify the rate of FX activation by FIXa (serine protease). The absence or reduction of

FVIII or FIX results in impaired thrombin generation and clot formation. Over 4,000 pathogenic variants in FVIII and FIX genes have been iden-
tified. The most common mutation in severe FVIII deficiency is intron 22 inversion; however, nonsense mutations, insertions/deletions, and other
variants also occur and result in absent or reduced functional protein. FIX deficiency more frequently results from point mutations (http://www.
factorviii-db.org, http://www.factorix.org) [4].

Without factor replacement, bleed events for patients with hemophilia may be life threatening or result in chronic disability from recur-
rent hemarthrosis and intramuscular bleeding [5]. Prophylactic factor concentrate replacement is now standard care for adult and
pediatric patients with severe hemophilia [6–8]. Unfortunately, in much of the world access to factor concentrates remains a primary barri-
er to care.
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"  Cell-based	 approach	 to	 gene	 therapy	 for	 hemophilia	
uses	 Len=viral	 vectors	 and	 several	 cell	 types	 :	 liver	
sinusoidal	 endothelial	 cells,	 stem	 cells	 derived	 from	
bone	 marrow,	 blood-outgrowth	 endothelial	 cells,	 and	
endothelial	progenitor	cells		

"  It	 requires	 cytoabla=ve	 agents	 to	 create	 a	 niche	 for	
hematopoie=c	stem	cells	transduced	ex	vivo	→	harm?		

"  Trials	only	in	in	murine	models	of	HA	with	inhibitors	
"  Use	of	platelet-specific	promoters	enables	expression	of	

FVIII	 within	 the	α-granules	 of	 platelets	→ delivery	 at	
the	site	of	hemosta=c	need	
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tified. The most common mutation in severe FVIII deficiency is intron 22 inversion; however, nonsense mutations, insertions/deletions, and other
variants also occur and result in absent or reduced functional protein. FIX deficiency more frequently results from point mutations (http://www.
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Without factor replacement, bleed events for patients with hemophilia may be life threatening or result in chronic disability from recur-
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Nonfactor	Replacement	Strategies:	
					“DisrupTve	Therapies”	

#  Emicizumab	
#  Concizumab	
#  APC-specific	serpin	

FVIII-specific	human	(CAR)	T-regulatory	cells	

	



●  a	humanized	bispecific	an=body	 to	 factor	 IXa	
(FIXa)	and	factor	X	(FX),	termed	hBS23	

	
●  restores	factor	=vity	in	model		
	#  ACE910	 (emicizumab)	 	 is	 a	

bispecific	Ab	to	FIXa	and	FX	that	
mimics	the	cofactor	func=on	of	
FVIII	

#  In	 non-human	 primate	 model:	
prolonged	 half-life	 and	 high	
subcutaneous	bioavailability	

(Lillicrap et al Nat Med 2012;18:1460-61)  
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"  Phase	 1,	 mul=center,	 randomized,	 double-blind,	
placebo	controlled	trial		
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An	alterna=ve	approach	to	hemophilia	treatment	selec=ve	inhibi=on	of	APC		
The	endogenous	inhibitors	of	APC	are	members	of	the	serpin	family:	protein	C	inhibitor	(PCI)	and	
a1-an=trypsin	(a1AT);	
however,	both	exhibit	poor	reac=vity	and	selec=vity	for	APC.We	mutated	residues	in	and	
around	the	scissile	P1-P19	bond	in	PCI	and	a1AT,	resul=ng	in	serpins	with	the	desired	
specificity	profile.	The	lead	candidate	was	shown	to	promote	thrombin	genera=on	in	vitro	
and	to	restore	fibrin	and	platelet	deposi=on	in	an	intravital	laser	injury	model	in	
hemophiliaBmice.	The	power	of	targe=ngAPCwas	further	demonstrated	by	the	complete	
normaliza=on	of	bleeding	ajer	a	severe	tail	
clip	injury	in	these	mice.	These	results	demonstrate	that	the	protein	C	an=coagulant	system	can	
be	successfully	targeted	by	
engineered	serpins	and	that	administra=on	of	such	agents	is	effec=ve	at	restoring	hemostasis	in	
vivo.	
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Key Points

• Generation and functional
analysis of FVIII-specific
human CAR Tregs.

• Specific regulation of FVIII
responses by engineered
human CAR Tregs.

Replacement therapy with factor VIII (FVIII) is used in patients with hemophilia A for

treatment of bleeding episodes or for prophylaxis. A common and serious problem with

this therapy is the patient’s immune response to FVIII, because of a lack of tolerance,

leading to the formation of inhibitory antibodies. Development of tolerogenic therapies,

other than standard immune tolerance induction (ITI), is an unmet goal. We previously

generatedengineeredantigen-specific regulatoryTcells (Tregs), createdby transduction

of a recombinantT-cell receptor (TCR) isolated fromahemophiliaAsubject’sT-cell clone.

The resultingengineeredTcellssuppressedbothT-andB-cell effector responses toFVIII.

In this study, we have engineered an FVIII-specific chimeric antigen receptor (ANS8CAR)

using a FVIII-specific scFv derived from a synthetic phage display library. Transduced ANS8 CAR T cells specific for the A2 domain

proliferated in response to FVIII and ANS8 CAR Tregs were able to suppress the proliferation of FVIII-specific T-effector cells with

specificity for a different FVIII domain in vitro. These data suggest that engineered cells are able to promote bystander suppression.

Importantly, ANS8 CAR-transduced Tregs also were able to suppress the recall antibody response of murine splenocytes from FVIII

knockout mice to FVIII in vitro and in vivo. In conclusion, CAR-transduced Tregs are a promising approach for future tolerogenic

treatment of hemophilia A patients with inhibitors. (Blood. 2017;129(2):238-245)

Introduction

Hemophilia A is an X-linked disorder, in which mutations in the
coagulationFactorVIII (FVIII) gene lead to a loss ofFVIII function and
can result in serious bleeding episodes. Although these episodes can be
treated with recombinant or plasma-derived FVIII protein, unfortu-
nately,;25% of hemophilia A patients produce inhibitory anti-FVIII
antibodies (inhibitors).1,2 Typically, these patients are treated with
repeated high doses of FVIII in a protocol termed immune tolerance
induction (ITI), a process that is expensive, time-consuming and not
entirely effective. The development of effective tolerogenic therapies to
prevent, as well as reverse, inhibitor formation is clearly needed.

Recently, regulatoryTcells (Tregs) have beenproposed as a potential
clinical therapy for a variety of adverse immune disorders, ranging from
autoimmune diseases to the development of antidrug antibodies, such as
inhibitor formation to FVIII. Treg therapies have already been applied in
clinical studies for prevention of graft-versus-host disease (GVHD).3,4

However, polyclonal Tregs encompass many specificities and could
potentially be globally immunosuppressive. For example, results of a
GVHD study suggest an increase in viral reactivation up to 30 days after
adoptive transfer of umbilical cord–derived polyclonal Tregs.5 Thus, the
use of antigen-specific Tregs seems to be preferable for the next
generation of Treg therapeutic approaches. Previously, we developed an
approach to render expanded polyclonal Tregs “specific” by transducing
them with a T-cell receptor (TCR) containing the variable genes from a

T-cell clone derived from a hemophilia A patient.6 These Tregs were
highly effective at suppressing both T- and B-cell responses to FVIII.
However, TCR-transduced cells remain MHC-restricted. In contrast,
chimeric antigen receptors (CARs) containing a single chain variable
fragment (scFv) as the binding domain are not major histocompatibility
complex (MHC)-restricted and have been used to specifically direct the
lytic functionofCD81Tcells against target cells formore thanadecade.7

Most recently,CARshavealsobeenapplied tocreate alloantigen-specific
Tregs that prevented xenogeneic GVHD in a mouse model.8

Thus, as an alternative to a FVIII-C2-peptide-specific TCR (called
17195 TCR),6 we have now used a CAR containing a scFv isolated
from a phage library9 (termed ANS8 CAR) that recognizes the A2
domain of FVIII. In this report, we characterize these FVIII-specific
CAR Tregs and demonstrate their ability to inhibit T- and B-cell
responses to FVIII in vitro and in vivo.

Methods

Human blood samples and cells

Humanblood samples fromhealthy, anonymousmale donors ranging from20 to
70 years of age were obtained with written consent from the Department of
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"  In	 this	 study,	 an	 FVIII-specific	 chimeric	 an=gen	 receptor	 (ANS8	
CAR)	 was	 engineered	 using	 a	 FVIII-specific	 scFv	 derived	 from	 a	
synthe=c	phage	display	library.		

"  Transduced	 ANS8	 CAR	 T	 cells	 specific	 for	 the	 A2	 domain	
proliferated	in	response	to	FVIII	and	ANS8	CAR	Tregs	were	able	to	
suppress	 the	 prolifera=on	 of	 FVIII-specific	 T	 effector	 cells	 with	
specificity	for	a	different	FVIII	domain	in	vitro.		

"  These	 data	 suggest	 that	 engineered	 cells	 are	 able	 to	 promote	
bystander	suppression		

"  Importantly,	 ANS8	 CAR-transduced	 Tregs	 also	 were	 able	 to	
suppress	the	recall	an=body	response	of	murine	splenocytes	from	
FVIII	knockout	mice	to	FVIII	in	vitro	and	in	vivo.		

"  In	 conclusion,	 CAR-transduced	 Tregs	 are	 a	 promising	 approach	
for	 future	 tolerogenic	 treatment	 of	 hemophilia	A	 pa:ents	with	
inhibitors.	
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Key Points

• Generation and functional
analysis of FVIII-specific
human CAR Tregs.

• Specific regulation of FVIII
responses by engineered
human CAR Tregs.

Replacement therapy with factor VIII (FVIII) is used in patients with hemophilia A for

treatment of bleeding episodes or for prophylaxis. A common and serious problem with

this therapy is the patient’s immune response to FVIII, because of a lack of tolerance,

leading to the formation of inhibitory antibodies. Development of tolerogenic therapies,

other than standard immune tolerance induction (ITI), is an unmet goal. We previously

generatedengineeredantigen-specific regulatoryTcells (Tregs), createdby transduction

of a recombinantT-cell receptor (TCR) isolated fromahemophiliaAsubject’sT-cell clone.

The resultingengineeredTcellssuppressedbothT-andB-cell effector responses toFVIII.

In this study, we have engineered an FVIII-specific chimeric antigen receptor (ANS8CAR)

using a FVIII-specific scFv derived from a synthetic phage display library. Transduced ANS8 CAR T cells specific for the A2 domain

proliferated in response to FVIII and ANS8 CAR Tregs were able to suppress the proliferation of FVIII-specific T-effector cells with

specificity for a different FVIII domain in vitro. These data suggest that engineered cells are able to promote bystander suppression.

Importantly, ANS8 CAR-transduced Tregs also were able to suppress the recall antibody response of murine splenocytes from FVIII

knockout mice to FVIII in vitro and in vivo. In conclusion, CAR-transduced Tregs are a promising approach for future tolerogenic

treatment of hemophilia A patients with inhibitors. (Blood. 2017;129(2):238-245)

Introduction

Hemophilia A is an X-linked disorder, in which mutations in the
coagulationFactorVIII (FVIII) gene lead to a loss ofFVIII function and
can result in serious bleeding episodes. Although these episodes can be
treated with recombinant or plasma-derived FVIII protein, unfortu-
nately,;25% of hemophilia A patients produce inhibitory anti-FVIII
antibodies (inhibitors).1,2 Typically, these patients are treated with
repeated high doses of FVIII in a protocol termed immune tolerance
induction (ITI), a process that is expensive, time-consuming and not
entirely effective. The development of effective tolerogenic therapies to
prevent, as well as reverse, inhibitor formation is clearly needed.

Recently, regulatoryTcells (Tregs) have beenproposed as a potential
clinical therapy for a variety of adverse immune disorders, ranging from
autoimmune diseases to the development of antidrug antibodies, such as
inhibitor formation to FVIII. Treg therapies have already been applied in
clinical studies for prevention of graft-versus-host disease (GVHD).3,4

However, polyclonal Tregs encompass many specificities and could
potentially be globally immunosuppressive. For example, results of a
GVHD study suggest an increase in viral reactivation up to 30 days after
adoptive transfer of umbilical cord–derived polyclonal Tregs.5 Thus, the
use of antigen-specific Tregs seems to be preferable for the next
generation of Treg therapeutic approaches. Previously, we developed an
approach to render expanded polyclonal Tregs “specific” by transducing
them with a T-cell receptor (TCR) containing the variable genes from a

T-cell clone derived from a hemophilia A patient.6 These Tregs were
highly effective at suppressing both T- and B-cell responses to FVIII.
However, TCR-transduced cells remain MHC-restricted. In contrast,
chimeric antigen receptors (CARs) containing a single chain variable
fragment (scFv) as the binding domain are not major histocompatibility
complex (MHC)-restricted and have been used to specifically direct the
lytic functionofCD81Tcells against target cells formore thanadecade.7

Most recently,CARshavealsobeenapplied tocreate alloantigen-specific
Tregs that prevented xenogeneic GVHD in a mouse model.8

Thus, as an alternative to a FVIII-C2-peptide-specific TCR (called
17195 TCR),6 we have now used a CAR containing a scFv isolated
from a phage library9 (termed ANS8 CAR) that recognizes the A2
domain of FVIII. In this report, we characterize these FVIII-specific
CAR Tregs and demonstrate their ability to inhibit T- and B-cell
responses to FVIII in vitro and in vivo.

Methods

Human blood samples and cells

Humanblood samples fromhealthy, anonymousmale donors ranging from20 to
70 years of age were obtained with written consent from the Department of
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2weeks after adoptive transfer (data not shown).The results of this in vivo
experiment are in agreementwith our previous6 andcurrent studies,which
demonstrated effective suppression of FVIII-specific memory responses
by both types of antigen-specific of Tregs in vitro. However, rechallenge
withFVIII atday56resulted ina lossof tolerance in theANS8CARgroup
as the anti-FVIII antibody development reached the levels of the control
Ob2F3 TCR mice. Anti-FVIII antibody levels in the 17195 TCR group
increased as well. However, they remained significantly lower 1 week
after the rechallenge, suggesting a different mechanism of action between
ANS8 CAR and 17195 TCR Tregs (Figure 5B). Interestingly, all groups
developed comparable amounts of anti-TNP antibody levels when the
micewere rechallenged at day 56with TNP-SRBC, suggesting that Treg-
treatedmicewerenot nonspecifically suppressed (supplemental Figure 3).

Discussion

Although polyclonal regulatory T-cell populations have been used in
clinical trials to prevent GVHD and treat type I diabetes,5,15-17 these
polyclonal Tregs could potentially be immunosuppressive. Instead, we
previously proposed that the use of engineered antigen-specific Tregs
would be preferable for future therapeutic strategies in hemophilia A
patientswith inhibitors because theywouldbemore efficacious, bearing
a lower risk of global immunosuppression. We previously demon-
strated that humanTregs could be engineered to be specific for FVIII by
transducing themwith aTCR recognizing aFVIIIC2domain peptide in
the context of HLA DR1.6 These Tregs (17195 TCR) inhibited the
proliferation and cytokine production by C2-specific effector cells, as
well as the production of FVIII-specific antibodies of murine FVIII-

specific memory B cells in vitro. Herein, we demonstrate that human
Tregs can be rendered specific for FVIII as well as by transducing them
with a chimeric antigen receptor (CAR), calledANS8CAR, containing
a FVIII A2 domain–specific single-chain variable fragment (scFv)
isolated from a phage display library. As opposed to TCR-transduced
Tregs, the ANS8 CARTregs are notMHC-restricted and thus could be
used to treat any patient regardless of the MHC background.

ANS8 CAR T-effector cells proliferated in response to a FVIII-
specific stimulus, and FVIII-specific stimulation of ANS8 CAR Tregs
led to the induction of the Treg activation markers surface LAP and
glycoprotein A repetitions predominant (GARP). In addition, Foxp3
expression was increased in FVIII-stimulated ANS8 CAR-expressing
Tregs.Thus, as already shownforTregs transducedwith aFVIII-specific
TCR,6 the regulatory phenotype of CAR-transduced Tregs seems to be
stabilized by the antigen-specific stimulation, which is important for in
vitro generation of Treg numbers sufficient for therapeutic approaches.

ANS8 CAR Tregs recognizing an epitope in the FVIII A2 domain
suppressed C2-specific T-effector cell proliferation in the presence of
FVIII as well as proliferation of T-effector cells specific for the MBP in
thepresenceofMBPandFVIII. Inaddition,ANS8CARTregsprevented
antibody formationof restimulatedFVIII-specific splenocytes against the
whole FVIII molecule in vitro. This demonstrates bystander suppression
and suggests that one could use a single CAR Treg population to
completely suppress FVIII inhibitor formation. Bystander suppression
has alreadybeen reported for Tregs.18 Thus,ANS8CARTregs share this
suppressive function with regular Tregs expressing antigen-specific
TCRs. As stated before, this bystander suppression is essential for
tolerance induction against whole proteins. Conversely, bystander
suppression might be one reason for global immunosuppressive side
effects ofTreg therapies. Therefore, reducing the number of transfused
Tregs by the use of more efficacious antigen-specific cell populations
is of high interest for the generation of safer Treg therapeutic strategies.

A postulated scheme of ANS8 CAR Treg interactions is given in
Figure 6. After activation, ANS8 CAR Tregs suppress T-effector cells
in the local milieu (eg, by IL-2 consumption and possibly by secretion
of inhibitory cytokines like transforming growth factor-b). Interest-
ingly, ANS8 CAR Tregs were optimally activated when FVIII was
presented on PBMCs, suggesting that either signals provided by the
loaded PBMCs (acting as antigen-presenting cells) or immobilization
of FVIII are important to effectively deliver CAR-mediated pro-
liferation signals, as opposed tominimal activationbyFVIII in solution.
This is an important feature because it suggests thatCARTregs function
best in the local milieu where an immune response is occurring, rather
than in the bloodstream where their effect would be diluted.

A recent study has shown that the anti-FVIII antibody response
could be effectively mitigated with in vitro expanded, autologous
polyclonal mouse Tregs.19 Our in vivo data clearly show that both
the FVIII-specific CAR and TCR-engineered Tregs were suppres-
sive compared with the nonspecific Ob2F3 TCR Tregs, in terms of
suppression of anti-FVIII antibody development. Direct dose response
comparisons between polyclonal Tregs and engineered FVIII-specific
Tregs have not been done in vivo, although the latter should be more
effective based on in vitro data. Adoptively transferred human Tregs
were not detectable in any group of the mice as analyzed by FACS at
day 14 (data not shown), because they were probably rejected by the
immunocompetent animals. However, their suppressive effect lasted
for at least 8 weeks, suggesting that the tolerance to FVIII was induced
rather early after adoptive transfer of FVIII-specific CAR or TCR-
engineered human Tregs. The in vivo suppression by engineered TCR
Tregs was specific, because no significant difference was seen in the
level of anti-TNP antibody after the challenge with unrelated antigen at
day 56. In addition, the transferred Tregs might activate endogenous
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Figure 6. Model of FVIII-specific human CAR Treg function. Cartoon depicting

suppressive function of FVIII-specific CAR-engineered human Tregs to FVIII-specific
TCR-engineered T-effector cells or antibody-producing B cells in response to FVIII.
FVIII-loaded APCs might bring T-effector cells and Tregs into close proximity. Thus,

activated Tregs can inhibit T-effector cell activation in this local milieu (eg, by IL-2
consumption). Inhibition of T-effector cells also leads to prevention of FVIII inhibitor

formation as costimulatory signals of T-effector cells are essential for B-cell
activation. In addition, activated Tregs might influence B cells directly by still
unknown mechanisms.
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Ed il mare concederà a ogni uomo nuove speranze,  
come il sonno porta i sogni.                  

Cristoforo Colombo  

ORIGINAL ARTICLE

WFH: Closing the global gap – achieving optimal care

MARK W. SKINNER
World Federation of Hemophilia, Washington, DC, USA

Summary. For 50 years, the World Federation of
Hemophilia (WFH) has been working globally to close
the gap in care and to achieve Treatment for All
patients, men and women, with haemophilia and other
inherited bleeding disorders, regardless of where they
might live. The WFH estimates that more than one in
1000 men and women has a bleeding disorder equating
to 6,900,000 worldwide. To close the gap in care
between developed and developing nations a continued
focus on the successful strategies deployed heretofore
will be required. However, in response to the rapid
advances in treatment and emerging therapeutic
advances on the horizon it will also require fresh
approaches and renewed strategic thinking. It is difficult
to predict what each therapeutic advance on the horizon
will mean for the future, but there is no doubt that we
are in a golden age of research and development, which
has the prospect of revolutionizing treatment once
again. An improved understanding of ‘‘optimal’’ treat-
ment is fundamental to the continued evolution of
global care. The challenges of answering government
and payer demands for evidence-based medicine, and
cost justification for the introduction and enhancement
of treatment, are ever-present and growing. To sustain
and improve care it is critical to build the body of
outcome data for individual patients, within haemo-
philia treatment centers (HTCs), nationally, regionally
and globally. Emerging therapeutic advances (longer

half-life therapies and gene transfer) should not be
justified or brought to market based only on the notion
that they will be economically more affordable,
although that may be the case, but rather more
importantly that they will be therapeutically more
advantageous. Improvements in treatment adherence,
reductions in bleeding frequency (including microhem-
orrhages), better management of trough levels, and
improved health outcomes (including quality of life)
should be the foremost considerations. As part of a new
WFH strategic plan (2012–2014) the WFH has identi-
fied several key initiatives for particular emphasis –
continuation of the Global Alliance for Progress (GAP)
program, a new initiative to address underserved
countries and regions (The Cornerstone Initiative),
enhancing health outcomes research and analysis, and
a new research mentorship program. Despite our
progress to date in closing the global gap in care, our
work is not complete. Too many patients remain
undiagnosed and too few receive adequate treatment.
This paper will also discuss historical, present and
future challenges and opportunities to close the gap in
care and achieve Treatment for All.

Keywords: global alliance for progress, health outcomes
analysis, optimal care, WFH development model, WFH
global survey, World federation of hemophilia

The WFH is the cornerstone of global development. For
50 years, the WFH has been working globally to close
the gap in care and to achieve Treatment for All
patients, men and women, with haemophilia and other
inherited bleeding disorders, regardless of where they
might live.

As WFH marks its 50th anniversary, it is appropriate
to reflect on the many accomplishments, milestones and

lessons learned. To close the gap in care between
developed and developing nations a continued focus on
the successful strategies deployed heretofore will be
required. However, in response to the rapid advances in
treatment and emerging therapeutic advances on the
horizon it will also require fresh approaches and
renewed strategic thinking.

Each year we have moved one step closer to achieving
our collective vision of Treatment for All. Over the past
five decades of the WFH’s history, there has been
tremendous progress in our understanding of bleeding
disorders, improvement of treatment, and enhancement
of access bringing hope to patients and their families
throughout the world. Nonetheless, despite our pro-
gress to date in closing the global gap in care, our work
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Looking	just	at	people	with	haemophilia,	we	es:mate	only	
about	25%	worldwide	receive	at	least	minimally	adequate	
treatment.	The	percentage	is	far	lower	for	those	with	VWD	
and	the	other	bleeding	disorders.		
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