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Preface

Recent advances in treatment allow many people with hemophilia to live a
life which is similar to that of the rest of the population. The basic treatment
of hemophilia consists of intravenous infusion of coagulation factor concen-
trates (CFCs), factor VIII in hemophilia A and factor IX in hemophilia B,
throughout the patient's life (so-called primary prophylaxis). The objective is
to avoid the repeated bleeding that patients present with when their hemosta-
sis is not controlled: the goal is to have zero bleeding in any anatomical area,
but especially in the joints (elbows, knees, ankles). A major problem is that
some hemophilia patients develop antibodies against CFCs (called inhibitors)
and then need another type of hematological treatment, such as immune toler-
ance induction (ITI) and by-passing agents [recombinant factor VII activated
(rFVIIa) and activated prothrombin complex concentrates (aPCCs)].

In practice, hemophilia is considered a hematologic disease that mainly
affects joints (elbows, knees, ankles) and muscles (iliopsoas, muscles of the
volar aspect of the forearm, gastrocnemius). Without hemostasis control,
repeated hemarthroses will soon lead to complications in the joints (initially
synovitis, progressing to chondral degeneration, contractures, and deformi-
ties), and in the muscles (hematomas that may lead to acute compartment
syndromes, pseudotumors, and compression of peripheral nerves).

The most important hematologic advances in recent years are the CFCs
with extended half-life (which allow intravenous infusions to be more infre-
quent than was previously necessary) and some drugs that are administered
subcutaneously (emicizumab, concizumab, etc.), which can even be used in
patients with inhibitors. Another important advance has been in Genetics, i.e.,
gene therapy applied to hemophilia. Although it is in its early stages, it opens
anew way to raise, with a single therapeutic action, the level of deficient fac-
tor sufficiently so that the patient does not need lifelong primary hematologic
prophylaxis.

Although hematologic treatment is the basis of hemophilia management, we
should not underestimate the importance of Physical and Rehabilitation
Medicine (PRM) to maintain a good musculoskeletal condition in these
patients, and of Orthopedic Surgery for those patients in whom nonsurgical
treatment [hematologic treatment, PRM, intraarticular injections of corticoste-
roids, hyaluronic acid or platelet-rich plasma (PRP), analgesics, and cyclooxy-



Vi

Preface

genase-2 (COX-2) inhibitors] fails, leaving the patient with severe, polyarticular
joint pain due to polyarthropathy. On the other hand, it is important to empha-
size the importance of the correct management of hemophilia carriers and the
great value of pharmacoeconomic studies (given the great economic burden
that hemophilia treatment places on health systems).

In this book, expert authors in the management of hemophilia have pre-
sented their knowledge and reviewed the recent literature on all of these
aspects, which are absolutely necessary for a comprehensive management of
the patient with hemophilia. I must recall the great importance of constant
coordination among all the specialists who treat these patients. Also, taking
into account the rarity of hemophilia, I recommend that this disease be treated
only in large centers specialized in it, but always in constant coordination
with the physicians (hematologists, orthopedic surgeons, rehabilitation spe-
cialists) of hospitals that, due to their size, cannot specialize in its treatment.

As editor and author of several chapters of the book, my objective has
been to concentrate in a single volume the most important topics related to
the current treatment of hemophilia from the only possible point of view: the
multidisciplinary one.

Madrid, Spain E. Carlos Rodriguez-Merchan
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Pathophysiology of Hemophilia

E. Carlos Rodriguez-Merchan
and Victor Jiménez-Yuste

1.1 Introduction

Classic hemophilia is caused by mutations in
either the factor VIII (FVIII) or factor IX (FIX)
genes, classified as hemophilia A and hemophilia
B, apiece. Both genes are located on the X chro-
mosome, causing the classic X-linked inheritance
of these conditions. Defects in other coagulation
factors produce very analogous clinical pheno-
types, although these conditions are by far less
frequent than the hemophilias and easily recog-
nized by laboratory testing for specific coagula-
tion factors [1].

1.2  Pathophysiology

of Hemoplhilia

The comprehensive incidence of hemophilia is
commonly estimated at between 1:5000 and
1:10,000 males [2]. Hemophilia A is due to miss-
ing or diminished FVIII procoagulant function,
caused by mutations in the FVIII gene. Other
congenital coagulation factor deficiencies can
exhibit an analogous picture of mild to severe
clinical bleeding. Nonetheless, the diagnosis of

E. C. Rodriguez-Merchan (D<)
Department of Orthopedic Surgery, La Paz University
Hospital, Madrid, Spain

V. Jiménez-Yuste
Department of Hematology, La Paz University
Hospital, Madrid, Spain

hemophilia A is usually easily confirmed by the
detection of an isolated scarcity of plasma FVIII
activity [3, 4]. Hemophilia A accounts for
approximately 75-80% of all hemophilia cases.
The severity of bleeding related to hemophilia A
can be precisely foreseen by the level of residual
FVIII or FIX activity in plasma. Factor levels of
<1% of normal are associated with severe hemo-
philia, 1-5% levels with moderate hemophilia,
and levels of 5-25% with only mild condition.
Around 70% of people with hemophilia are clas-
sified as severe [2].

Clinical symptoms of hemophilia B are almost
indistinguishable from that of hemophilia A,
although the two conditions can readily be distin-
guished by means of routine laboratory testing
and the determination of FVIII and FIX activity
[4,5]. Hemophilia B accounts for around 20-25%
of all hemophilia cases [2]. As for hemophilia A,
the severity of condition is intimately correlated
with the residual level of FIX activity.

Von Willebrand disease (VWD) is an
extremely usual inherited bleeding disorder with
incidence calculated to be as high as 1% in vari-
ous populations [6, 7]. As a consequence of the
dependence of FVIII stability in the circulation
on its association with VWF the diminished lev-
els of von Willebrand factor (VWF) in the major-
ity of VWD patients are also associated with a
decrease in plasma FVIII activity. Indeed, paral-
lel decrease of VWF [measured as either ristoce-
tin co-factor activity or VWF antigen (“FVIII

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 1
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related antigen”)] and FVIII activity to the range
of 20-50% of normal is the distinctive character-
istic of type 1 VWD [8, 9]. The type 2 N variant
of VWD can cause isolated deficiency of FVIII
activity in the presence of otherwise normal
VWE. Type 2 N VWD is due to mutations within
the FVIII binding domain of VWE, causing selec-
tive loss of this relevant function [10]. Type 2 N
VWEF otherwise shows normal platelet adhesive
function and bleeding in these patients seems to
be due solely to the diminished FVIII procoagu-
lant activity. Type 2 N VWD should be specifi-
cally considered in families with uncommon
patterns of hemophilia inheritance, including
affected females.

1.3  Pathophysiology
of Hemophilic Arthropathy
1.3.1 Joint Bleeding

Articular bleeding is the characteristic manifesta-
tion of hemophilia, but can also happen in the
context of VWD [11], as an adverse event of anti-
coagulant therapy [12], upon trauma [13] or
major joint surgery [14]. Irrespective the intrinsic
reason, joint bleeding can cause significant artic-
ular damage and further major morbidity. In
hemophilia, hemorrhages in the locomotive
apparatus account for 80% of all bleeds and most
usually the elbow, knee, and ankle are affected
[15]. Synovial joints are prone to unprovoked
hemorrhages because the synovial membrane is
well-vascularized. Mechanical stress is a relevant
factor as suggested by the beginning of articular
hemorrhage with weight bearing. Furthermore,
local hemostasis in an articulation differs from
other tissues [16, 17]. Commencement of the
coagulation cascade in articulations is restrained
and this lack of balance is even more reflected in
articular tissue of hemophilia patients [18].
Besides, there is a notable activation of the syno-
vial fibrinolytic system after joint bleeding [19].
It has been reported that articular hemorrhage in
hemophilic mice induces the expression of syno-
vial urokinase-type plasminogen activator (uPA);
besides, the levels of active uPA and plasmin are

augmented compared to healthy controls [20].
This hyperfibrinolysis causes a rapid degradation
of blood clots in a zone very vulnerable to
mechanical stress.

Basically, development of hemophilic arthrop-
athy is characterized by the following main pro-
cesses: synovitis, cartilage degeneration, bone
damage, and vascular development and angio-
genesis [21-23].

1.3.2 Synovitis

After an acute articular hemorrhage, it takes
around a week prior to the blood is eliminated
from the articular cavity by the synovial lining
cells [24]. Macrophages and other inflammatory
cells migrating to the articulation participate in
this elimination process. In case of recurrent
extravasations or ongoing hemorrhage, the quan-
tity of blood surpasses the synovial elimination
capacity. Erythrocyte-derived iron accumulates
as synovial hemosiderin deposits [25-27]. It has
been shown that macroscopically hemosiderotic
synovial membrane contains considerably more
inflammatory cytokines than normal tissue [25].
Nuclear factor kappa p (NF-kf)-associated sig-
naling pathways are essential in inflammation,
and also in a murine hemophilia model its upreg-
ulation has been shown. An articular hemorrhage
led to upregulation of several genes of the NF-kf
pathway and the irresponsive pro-inflammatory
cytokines like interleukin (IL)-1b, IL-6,
interferon-gamma (IFNy), and tumor necrosis
factor-alpha (TNFa) [28]. This is in line with
findings of the role of NF-kf in synovitis [29] and
cartilage degeneration in osteoarthritis [30] and
rheumatoid arthritis [31]. Besides, patients with
hemophilic arthropathy show high expression of
synovial levels of Receptor Activator of NF-kB
(RANK) [32]. The existence of iron turns the thin
synovium into a hypertrophic, villous membrane,
by means of induction of DNA-synthesis and cell
proliferation. Iron stimulates the amplification of
c-myc, a proto-oncogene associated with cell
proliferation [33], and mdm2, a protein that tar-
gets the p53 tumor suppressor gene, by that
means inhibiting synovial cell apoptosis [34].
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The inflamed and hypertrophic synovial mem-
brane has an augmented oxygen demand stimu-
lating the liberation of growth factors like
vascular-derived  endothelial —growth factor
(VEGF). VEGF causes neoangiogenesis, both
locally and systemically [35, 36]. Systemic
angiogenic factors liberated in response to articu-
lar hemorrhage can also cause hypervascularity
in otherwise unaffected articulations [37].The
combination of iron, inflammation, hypertrophy,
and neo-vascularization can cause a vicious
cycle. Articular hemorrhage causes synovitis
(hypertrophy of the synovial membrane), making
it more prone to mechanical damage and by
means of vascular remodeling more vulnerable to
subsequent hemorrhage. In this manner a so-
called target articulation can develop, which hap-
pens in around 25% of patients with severe
hemophilia. A target articulation is clinically
defined as a joint in which three or more unpro-
voked articular hemorrhages happen within a
consecutive 6-month period [38]. Over time,
repetitive articular hemorrhages cause chronic
synovitis and eventually the synovial membrane
turns into fibrotic.

1.3.3 Cartilage Degeneration

Cartilage degeneration after an articular hemor-
rhage is due to both synovial dependent and inde-
pendent mechanisms. First, synovitis creates an
invasive and destructive stratum (pannus) over
the cartilage surface [39]. Pannus tissue contains
aggressive macrophage- and fibroblast-like mes-
enchymal cells and other inflammatory cells that
liberate collagenolytic enzymes [40]. Additional
degradation of the cartilage matrix is caused by
synovial derived pro-inflammatory cytokines,
plasmin and matrix metalloproteinases (MMPs)
[41]. Pro-inflammatory cytokines produces carti-
lage degradation by means of MMPs and aggre-
canases. Plasmin makes a contribution to
cartilage degradation directly by causing proteo-
glycan liberation in human cartilage [42], or indi-
rectly by means of activation of pro-MMPs [43].
MMPs are endopeptidases implicated in the deg-
radation of extracellular matrix components, like

collagen and proteoglycans [44]. Besides, plas-
min is able to have an influence over cell signal-
ing by means of proteinase activated receptors
(PARs) resulting in synovitis and cartilage degra-
dation [45]. Upon articular hemorrhage an aug-
mented expression of PARs is encountered in
chondrocytes and synovial membrane. In addi-
tion to this synovial membrane-dependent mech-
anism, blood also has a direct detrimental effect
on cartilage. Cartilage is a rather inert tissue that
is made up of chondrocytes and extracellular
matrix. Chondrocytes synthesize cartilage matrix,
synovial fluid contributes nutrients as cartilage
has not blood supply. Blood exposure produces
both extracellular matrix degradation and chon-
drocyte apoptosis. Brief exposure to a small
amount of blood already causes lengthy and
unchangeable disturbances in matrix turnover
[46, 47], still present 10 weeks after initial blood
exposure [48]. These persistent disturbances in
matrix turnover are due to chondrocyte apoptosis
caused by oxidative stress. Synovial and blood
derived pro-inflammatory cytokines provoke the
creation of hydrogen peroxide by chondrocytes.
In the presence of erythrocyte-derived iron,
hydrogen peroxide is able to react according to
the Fenton reaction, producing very toxic
hydroxyl radicals and subsequent apoptosis of
chondrocytes [49].

1.3.4 Bone Damage

As the development of synovitis and cartilage
degeneration advances, the underlying bone
becomes damaged. Osseous changes are due to a
disturbed equilibrium in bone resorption and
bone formation, causing a reduction in bone min-
eral density (BMD) and osteoporosis [50, 51]. A
diminished BMD is encountered both in children
[52-54] and older hemophilic patients [S5-57],
and local osteoporosis is also a characteristic of
hemophilic arthropathy. Other osseous changes
in hemophilic patients are cyst formation, sub-
chondral sclerosis, osteophyte formation, and
epiphyseal enlargement [58]. While osseous
damage in hemophilic patients is considered a
late fact, both in hemophilic rats and mice exces-
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sive bone remodeling has been found as early as
2 weeks after induced articular hemorrhages [59,
60]. These severe osseous changes in animal
models might be an augmented reflection of the
human situation, caused by discrepancies in
matrix turnover rate, cartilage thickness, and
articular biomechanics [61]. The precise mecha-
nism by which articular hemorrhages cause osse-
ous damage is mostly unknown. It is not clear
whether osseous damage is an indirect or direct
consequence of articular hemorrhage. Acute
hemarthrosis and chronic hemophilic arthropathy
cause local disuse and generalized decrease in
physical activity. As such, it may negatively
affect BMD by reducing peak bone mass and
augmenting bone resorption [62]. Furthermore,
infection with hepatitis C virus (HCV) or human
immunodeficiency virus (HIV) and their thera-
pies may affect BMD negatively [63—65]. Local
changes in osseous turnover upon articular hem-
orrhage are hypothesized to be due to changes in
the RANK-Ligand (RANK-L)/RANK/osteopro-
tegerin (OPG)-pathway, a crucial pathway in
osseous resorption induced by swelling [66—69].
RANK-L is chiefly expressed on osteoblasts/
stromal cells and is synthesized by reactive lym-
phocytes and synovial cells [66]. By binding to
its receptor RANK, it stimulates osseous resorp-
tion by osteoclasts [23]. OPG acts as a decoy
receptor and competes with RANK for the bind-
ing to RANK-L. By averting the interaction
between RANK-L and RANK, OPG protects
bones from excessive resorption. In synovial tis-
sue of hemophilic patients with severe arthropa-
thy an augmented expression of RANK and
RANK-L and a reduced expression of OPG is
shown, which favors osteoclastic differentiation
and thus osseous resorption [32]. The doubt
remains whether articular injury is the primary
cause of osseous loss in hemophilia or a contrib-
uting factor. In FVIII deficient mice a reduction
in BMD was shown in spite of having experi-
enced articular hemorrhages [70]. Several molec-
ular mechanisms are hypothesized to directly
affect bone density in FVIII deficiency. A reduced
thrombin production [71] causes less thrombin
induced PAR-1-mediated proliferation of osteo-
blasts [72]. Furthermore, FVIII deficient mice

were more likely to have undetectable levels of
two crucial bone regulating cytokines, IL-1a and
interferon-b, thereby theoretically inducing osse-
ous resorption [73]. To sum up, articular hemor-
rhage causes iron deposition, swelling, synovial
proliferation, cartilage degradation, neoangio-
genesis, and fibrinolysis, making the articulation
prone to recurrent hemorrhages and as such
inducing a vicious cycle. Additionally, osseous
damage is due to a multifactorial process, of
which articular hemorrhage, amongst others, is a
major contributor.

1.3.5 Vascular Development
and Angiogenesis

Vascular development and angiogenesis are para-
mount to both physiologic [74] and pathologic
processes [75, 76]. Just as angiogenesis is needed
for tumor growth, angiogenesis is also likely to
be needed for the synovial membrane to expand
beyond several millimeters in size [77]. The
novel capillaries created throughout angiogenesis
are composed of endothelial cells and pericytes,
which are formed from differentiated intimal/
subintimal smooth muscle cells [78]. The influ-
ence of iron on blood vessels may be deduced
from experiments in which the intravenous
administration of iron at a concentration suffi-
cient to saturate transferrin causes hypervascular-
ity and subsequent expansion of the synovial
lining and subsynovial tissue [79]. Two hours
after administration, a four-fold increase in syno-
vial cell mitotic activity and pinocytosis by endo-
thelial cells was found. After 8-24 h, mature
collagen appeared between endothelial cells,
pericytes, and pericyte layers, and iron-containing
mononuclear cells. Evidence of the direct impact
of blood, particularly platelets, on vascular per-
meability was observed in an experiment in
which blood was directly injected into the articu-
lations of rats [80]. A remarkable augmentation
in the permeability of synovial venules was found
that persisted for up to 16 h.

Figure 1.1 summarizes the pathophysiology of
hemophilic arthropathy. Figure 1.2 shows the
blood constituents potentially responsible for
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Type A synoviocytes, after incorporating iron, produce
inflammatory cytokines (IL-1b, IL-6, TNFa) and chemokines
(CCL2, CXCL1) that cause migration of polymorphonuclear

cells and later, of monocytes and lymphocytes. The
subsequent inflammatory reaction promotes the six

consequences shown below.

Extracellular
matrix
degradation.

Inhibition of Expression Expression of
proteoglycan of MMP-1, COX-2 and
and collagen MMP-3, PGE2
type Il MMP-13, implicated in
(COL2) and development
synthesis by ADAMTS4 and
chondrocytes that have a preservation of
and cause crucial role inflammatory
apoptosis. in catabolic process.
articular
processes.

Neo- Liberation of
angiogenesis, T™ by
stimulating, inflammatory
both locally cells, TM
and binds, then
systemically, activates
the liberation protein C
of growth (PC) inducing
factors like factor V
vascular- (FVa) and
derived FVilla
endothelial degradation.
growth factor
(VEGF).

Fig. 1.1 Pathophysiology of hemophilic arthropathy (IL = interleukin; TNF = tumor necrosis factor-alpha; MMPs =
matrix metalloproteinases; COX-2 = cyclooxygenase 2; PGE2 = prostaglandin E2; TM = thrombomodulin)

Fig. 1.2 Blood
constituents potentially
responsible for hemo-
philic arthropathy (MMPs
= matrix metalloprotein-
ases; PG = proteoglycan;
IL = interleukin;

TNF = tumor necrosis
factor alpha;

MCP-1 = monocyte
chemoattractant
protein-1; VEGF = vascu-
lar endothelial growth
factor; PDGF = platelet
derived growth factor;
TIMP-1 = tissue inhibitor
of metalloproteinase-1)

PLASMA
COMPONENTS

* Enzymes (MMP-1,
MMP-3, MMP-13,
Thrombin,
Tryptase/chymase,
Elastase, Cathepsin, PG-
degrading activity).

* Cytokines and
chemokines (IL-1, IL-6,
TNFo, MCP-1).

*Growth factors (VEGF,
PDGF).

CELLULAR
COMPONENTS

* Erythrocytes
(hemoglobin, iron).

* Leukocytes.

* Monocytes/macrophage
(TIMP-1).

* CD3+ T cells, platelets
(growth factors).
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Fig.1.3 Joint ARTICULAR BONE SYNOVIAL BLOOD

components that are

potential targets in the CARTILAGE CELLS MEMBRANE VESSELS

development of *Chondrocytes *Osteoblasts *Fibroblasts . .

hemophilic arthropathy Endothelial

*Matrix * Osteoclasts *Synovial cells
macrophages *Smooth

muscle cells
*Pericytes

hemophilic arthropathy. Figure 1.3 shows the
joint components that are potential targets in the
development of hemophilic arthropathy.

1.4 Conclusions

Albeit the complex molecular mechanisms
underlying the abnormal synovial hypertrophy in
hemophilic  arthropathy are still poorly
comprehended, some studies have shown that a
variety of mediators may play a significant role in
blood-induced articular damage. Collectively,
such mediators are thought to trigger a synovial
over-reaction which, once commenced, may act
independently of the intra-articular hemorrhage.
Hemarthrosis causes intra-articular iron deposi-
tion, synovial proliferation and neoangiogenesis,
and cartilage and subchondral bone damage, trig-
gering a vicious cycle that causes severe arthrop-
athy. Albeit osseous damage may arise from a
multifactorial process in hemophilic patients,
articular hemorrhage appears to be an important
contributor. This complex scenario eventually
causes clinical manifestation of hemophilic
arthropathy.

Spontaneous articular hemorrhage and recur-
rent hemarthroses cause hemophilic arthropa-
thy—a debilitating condition with a significant
negative effect on mobility and quality of life.
Iron, cytokines, and angiogenic growth factors
play a crucial role in the beginning of the inflam-
matory process that implies the synovial tissue,
articular cartilage, and subchondral bone, with
early damages and molecular changes determin-
ing the maintenance of a chronic inflammatory
condition. Synovitis is one of the earliest adverse

events of intra-articular hemorrhage and is char-
acterized by synovial hypertrophy, migration of
inflammatory cells, and a high degree of neoan-
giogenesis with subsequent bleeding.

The pathogenic mechanisms and molecular
pathways by which blood in the articular cavity
produces articular cartilage and subchondral
bone destruction have yet to be fully clarified.
Both cytokines and matrix metalloproteinases
and hydroxyl radicals may cause chondrocyte
apoptosis. Members of the tumor necrosis factor
receptor superfamily (such as the molecular triad:
osteoprotegerin—OPG; receptor activator of
nuclear factor kB-RANK; RANK-Ligand—
RANKL) appear instead to play an important
role in the inflammatory process. These patho-
genic processes interact with each other and
eventually cause a fibrotic articulation and the
disabling condition typical of hemophilic
arthropathy.
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Genetics of Hemophilia A and B

Pedro A. Sanchez-Lara and Leonard A. Valentino

2.1 Introduction

Hemophilia is a rare inherited bleeding disorder
caused by a deficiency of coagulation factor (F)
VIII (FVIII) or factor IX (FIX), known as hemo-
philia A or B, respectively [1]. The prevalence
(per 100,000 males) is 17.1 cases for all severi-
ties of hemophilia A, and 3.8 for hemophilia B
[2]. Bleeding occurs most commonly in joints,
soft tissues, and muscles; it can be serious, caus-
ing debilitating pain and musculoskeletal com-
plications, resulting in morbidity, chronic
disability, or even death [3]. Acute and chronic
complications result in a major impact on
health-related quality of life (HRQoL) for peo-
ple with hemophilia (PWH) [4]. The mainstay
of treatment in PWH is intravenous factor
replacement therapy, for either prevention of
bleeding (prophylaxis) or its treatment on
demand [5]. Prophylaxis has been proven to
maintain joint status and function, but requires
maintenance therapy over a lifetime [6-9].
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2.2  History of Hemophilia

Instances of excessive or abnormal bleeding were
first recorded thousands of years ago, including
referred to in The Talmud dating back to the sec-
ond century AD [10]. It was written that if first
two boys of a mother died due to bleeding follow-
ing circumcision, then the third boy shall not
undergo the procedure [11]. Abu Khasim, a tenth-
century Arabian physician, described families
whose male children died from uncontrolled
bleeding after trauma, while a modern description
of hemophilia appeared only at the beginning of
the nineteenth century [12-14]. In 1803, John
Conrad Otto was the first North American to pub-
lish an article describing a recurrent bleeding dis-
order primarily affecting males in certain families
(tracing it back three generations) [15]. The
impact of X-linked recessive conditions on female
carriers wasn’t apparent until 1930, when
Schloessman was able to definitively show
protracted coagulation time in the blood from car-
rier females [16]. Hemophilia is often called the
“Royal Disease” due to descendants of Queen
Victoria of England and Empress of the Indies
being affected by the disease [17, 18]. Among her
descendants, possibly no one more infamous than
Tsarevich Alexi of Russia and heir to the Russian
crown until the Bolshevik Revolution was affected
by hemophilia [18]. Later, it was determined that
the form of hemophilia affecting the descendants
of Queen Victoria including Alexi was hemophilia
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B [19, 20] Unfortunately, because of the associa-
tion with a recurrence within royal families (and
potential for consanguinity), many within the
public and lay media naively mistake hemophilia
as an autosomal recessive condition, rather than
an X-linked recessive condition, perpetuating
sensationalized misinformation [21].

2.3  Types of Hemophilia

There are two major forms of hemophilia [1]:
hemophilia A, also known as classic hemophilia
[22] which is due to the deficiency of the activity
of FVIII and hemophilia B, due to the deficiency
of coagulation FIX, also known as Christmas dis-
ease, named after the first individual identified
with this form of the disease (5-year-old Stephan
Christmas [23, 24]). The two forms of hemophilia
have very similar clinical manifestations with fre-
quent signs of bruising and bleeding including
bleeding into the joints [5] and symptoms includ-
ing pain at the site of bleeding [25]. Despite these
similarities, they are caused by mutations in dif-
ferent genes, F8 in classic hemophilia and F9 in
hemophilia B [26]. Hemophilia A is six times
more common than hemophilia B with a preva-
lence of 1 in 5000 male live births compared to
1 in 30,000, respectively [27]. Although both
types of hemophilia are usually considered clini-
cally indistinguishable with negligible differences
in severity and outcomes, several studies chal-
lenge this concept, regarding severity of bleeding
tendency and risk of inhibitor development.

2.4  Inheritance of Hemophilia

Hemophilia A and B are inherited in an X-linked
recessive pattern since the F8 and F9 genes are
both located on long arm of the X chromosome.
In males, who have only one X chromosome, one
mutated copy of the gene is sufficient to cause the
disease. Females, having two X chromosomes,
are often silent carriers of a mutation, but can
present with a spectrum of clinical symptoms
when they have sufficiently reduced levels of

FVIII or FIX to result in bleeding manifestations.
This occurs in instances of extreme skewed inac-
tivation of the X chromosome, in females with
Turner Syndrome (45X) who carry a mutation on
the remaining single X chromosome, or when
both the maternal and paternal copies of the gene
carry a pathogenic mutation. Nonetheless, females
who carry one X chromosome with the mutated
F8or F9 gene can transmit the mutated gene copy
to half their children with a 1 in 2 chance (50%) of
a male offspring being affected with the disease
and half of the females or 1 in 2 chance of being
carriers of the disease-causing mutation [28].
Affected males will pass the mutation to all of
their daughters and none of their sons. Although
many de novo mutations occur in families, clues
in the family history of an X-linked recessive
bleeding disorder will show primarily affected
males who do not transmit the trait to their sons,
but their daughters may have affected sons.

Molecular Genetics
of Hemophilia A

2.5

The molecular location of the F§ gene was iden-
tified in 1986 and found to be located in the distal
part of chromosome Xq28 [29]. Its relative close
location (within 500 kb) to the glucose-6 phos-
phate dehydrogenase (G6PD) gene facilitated its
early physical mapping [30]. F§ is an extremely
large and complex gene (consisting of 180 kb and
26 exons) in comparison to F9 which is only
34 kb and 8 exons.

There are a wide spectrum of F§ mutations
identified in individuals with Hemophilia A, with
almost half of the severe cases found to carry the
intro 22 inversion (Fig. 2.1). Up to 30% newly
diagnosed simplex cases have no family history.
As many as 15% of probands with a single nucleo-
tide variant and no known family history of hemo-
philia A have somatic mosaicism for an F8
pathogenic variant [31]. A review of the CHAMP
Mutation Project database (available at CDC
Hemophilia Mutation Project (CHAMP &
CHBMP) https://www.cdc.gov/ncbddd/hemo-
philia/champs.html, accessed 27 June 2021 [32])
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Fig. 2.1 Characteristics
of hemophilia A
(adapted from Castaman
and Matino [27])

Intron 22 inversion (45%)

Table 2.1 Mutation types causing hemophilia A

Variant type No. %

Missense 1745 46.5%
Nonsense 416 11.1%
Frameshift 908 24.2%

Splice site change 320 8.5%
Large structural change 210 5.6%
Small structural change 86 2.3%

identified 3756 unique mutations of which 46.5%
were due to a missense mutation and 24.5% due to
a frameshift mutation (Table 2.1). Many of these
mutations resulted in the absence of FVIII activity
and severe hemophilia A. In approximately half of
hemophilia A patients, there is no detectable FVIII
activity and roughly 5% have normal levels of dys-
functional FVIII protein and are termed CRM-
positive (for Cross-Reacting Material-Positive).
The majority of genetic alterations that result in
CRM-positive hemophilia A are missense muta-
tions within the A2-domain [33]. The remaining
45% have a commensurate reduction of the FVIII
antigen and coagulant activity of the protein in the
plasma and are designated CRM-reduced. It was
found that almost all CRMx+/reduced mutations
(24/26) were due to missense events [34]. In a
1995 review [35] of more than 1000 people with
hemophilia, the disease-causing mutations
included point mutations (46%), inversions (42%),
deletions (8%), and unidentified mutations (4%)
among those individuals with severe disease and
91%, 0%, 0%, and 9%, respectively, of those with
non-severe disease.

Unknown (5%)

Large Deletion (3%) Splice Site (3%)

Intron 1 inversion (2%)

.__— Missense (15%)

Nonsense (10%)

Small deletion/
insertion (16%)

Among individuals with hemophilia A with-
out a family history of the disease, so-called spo-
radic mutations, point mutations occurred at a
rate five to tenfold-higher and inversions at a rate
more than tenfold-higher in male germ cells,
whereas deletions showed a more than fivefold-
higher mutation rate in female germ cells [36].

The F8 gene (https://www.ncbi.nlm.nih.gov/
gene/2157) is large, consisting of 26 exons that
code for a signal peptide and a 2332 amino acid
polypeptide with three different domains. Intron
22 of the human F'8 gene is hypomethylated on the
active X and methylated on the inactive
X. Mutations involving regions of intron 22 result-
ing in defective joining of exons 22 and 23 in the
mRNA were identified as a cause of severe hemo-
philia A [37]. These same investigators then
showed that exons 1-22 of the F§ mRNA had
become part of a hybrid mRNA, which were due
to inversions involving intron 22 repeated
sequences [38]. The mutation rate was very high
(approximately 4 x 10° per gene per gamete per
generation) and occurred 300 times more fre-
quently in male germ cells than females. Inversions
of introns 22 and 1 of the F'8§ gene are common and
lead to severe hemophilia A [39-42]. Although
deletions and nonsense mutations have been well
characterized as having an increased risk of devel-
oping inhibitors, it is important to note that some
individuals with mild hemophilia A (secondary to
a missense mutation) have gone on to develop
inhibitors, while this has never been reported in
patients with mild hemophilia B [43].
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Fig. 2.2 Characteristics
of hemophilia B
(adapted from Castaman
and Matino [27])

Nonsense (18%)

Molecular Genetics
of Hemophilia B

2.6

The molecular location of the F'9 gene was iden-
tified in 1982, and found to be located in the
proximal part (toward the centromere) of chro-
mosome Xq27.1 [44]. The cDNA consists of
1466 base pairs coding for human FIX, and
includes 11 and 18 base pairs at the 5" and 3’
ends, 138 base pairs coding for an amino-termi-
nal leader sequence, a stop codon, 48 base pairs
of noncoding sequence at the 3" end and 1248
base pairs that codes for the mature polypeptide
chain composed of 416 amino acids [44].

There are a wide spectrum of F9 mutations
identified in individuals with Hemophilia B includ-
ing gross genomic alterations (which accounting
for ~15% of cases) (Fig. 2.2). Approximately, half
of all affected males have no family history of
hemophilia B. Somatic variant has been reported in
less than 11% of families [31]. A review of the
CHAMP Mutation Project database (available at
CDC Hemophilia Mutation Project (CHAMP &
CHBMP) https://www.cdc.gov/ncbddd/hemo-
philia/champs.html, accessed 27 June 2021 [32])
identified over 1000 unique mutations in the F9
gene (Table 2.2). Nearly 60% of all disease-caus-
ing mutations in the F9 gene are missense muta-
tions followed by frameshift (16.1%) and splice
site change (9.4%) mutations. Almost one-third of
patients with hemophilia B are classified as CRM+
and can produce variable amounts of the FIX pro-

Large deletion (5%)

Small Deletion (10%) ‘

Promotor (1%)
Splice site (7%)

/

Table 2.2 Mutation types causing hemophilia B

——— Missense (58%)

Mutation type %
Frameshift 16.1
Large structure change (>50 bp) 2.9
Missense 58.1
Nonsense 8
Promoter 2.2
Small structural change (in-frame, <50 bp) 2
Splice site change 9.4
Synonymous 0.9

tein. There is a reduced prevalence of inhibitors in
individuals with hemophilia B possibly due to the
smaller protein size (less antigenic epitopes) and
higher prevalence of less severe mutations (less
stop codon or partial/whole gene deletions). The
relative contribution of the various mutation types
to hemophilia B disease severity is shown in
Table 2.3.

The FIX coagulant protein is a vitamin K
dependent serine protease, which belongs to pep-
tidase family S1. The mature protein is composed
of four domains: the Gla domain, two tandem
copies of the EGF domain, and a C-terminal
trypsin-like peptidase domain, which contains
the catalytic activity. It is synthesized as a zymo-
gen which is processed to remove the signal pep-
tide, glycosylated and then cleaved by FXIa or
FVIla to produce a two-chain form, where the
chains are linked by a disulfide bridge [45, 46].
When activated into FIXa, in the presence of cal-
cium ions, membrane phospholipids, and FVIII,
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Table 2.3 Mutation types and hemophilia B severity

Mutation Type Total Severe N (%) | Moderate N (%) | Mild N (%) Various severity N (%)
3’UTR 4 2(0.3) 3(0.9) 2(1) 2 (1.1)
Frameshift 138 115 (18.4) 25 (7.6) 3(1.5) 5(2.7)
Large structure change | 10 9(1.4) 1(0.3) 0(0) 0 (0)

(>50 bp)

Missense 568 342 (54.7) 229 (69.6) 169 (83.3) 129 (70.1)
Nonsense 77 74 (11.8) 17 (5.2) 3(1.5) 16 (8.7)
Promoter 18 7(1.1) 10 (3) 10 (4.9) 7(3.8)
Small structural 18 13 (2.1) 5(1.5) 1(0.5) 2(1.1)
change (in-frame,

<50 bp)

Splice site change 87 60 (9.6) 35 (10.6) 10 (4.9) 18 (9.8)
Synonymous 7 3(0.5) 4(1.2) 5(2.5) 52.7)

it hydrolyzes one arginine-isoleucine bond in FX
to form FXa. Analysis of the structure—function
relationships of FIX with cofactors and substrates
have been reviewed [47] and provide much infor-
mation on the molecular and biochemical basis
of hemophilia B. Amino acid substitutions at or
near the activation site lead to inactive FIX or to
a FIX protein with decreased enzymatic activity.
Release of the activation peptide is necessary for
optimal interaction of FIX with its cofactors and
substrates. Abnormalities in the calcium binding
region, whether Gla independent or dependent,
also decrease enzymatic activity. Other mutations
may affect the FIX heavy chain, probably at or
near the active site. Amino acid substitutions may
cause conformational changes in FIX protein that
interfere with other interactions, such as with
antithrombin, its natural inhibitor and FVIII.

2.7  Conclusions

Hemophilia is a rare inherited, bleeding disorder
caused by a deficiency of coagulation FVIII or
FIX. The deficient protein activity is due to a
mutation in the F8 or F9 genes, resulting in
hemophilia A or B, respectively. These genes are
present on the short arm of the X chromosome
and follow an X-linked recessive pattern of inher-
itance. There are many different mutations that
cause hemophilia, but most commonly due to
inversion of intron 22 in hemophilia A and mis-

sense mutations in hemophilia B; however, there
are multiple genetic mechanisms leading to dif-
ferent types of mutations. Genetic testing and
characterization of the causative mutation testing
will not usually result in a change in treatment,
but does have implications for genetic counseling
and prenatal testing, family counseling, and in
the prediction of alloantibody formation (inhibi-
tor). In the future, the introduction of precision
medicine principles may make it possible to use
this information to help guide clinical care. For
example, defining the specific underlying genetic
mutation may eventually have a role in determin-
ing eligibility of future novel therapies that are on
the horizon [48, 49].
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Inhibitors in Hemophilia A

Victor Jiménez-Yuste

3.1 Introduction

The development of inhibitory antibodies to fac-
tor VIII (FVIII) or factor IX (FIX) is currently the
most serious and important complication of
replacement therapy with clotting factor concen-
trates and is the biggest challenge in the manage-
ment of hemophilia patients [1]. Prospective
studies in previously untreated patients with
severe hemophilia A indicate that the cumulative
incidence is generally estimated at 25-44%,
although the prevalence is around 12% due to the
transient nature of these antibodies in some
patients [2-5]. Development of inhibitory anti-
bodies leads not only to a decrease in the quality
of life of patients, but also has important socio-
economic consequences due to the increased cost
of treatment [6].

3.2  Concept of Inhibitor

An inhibitor is generally defined as a high-affinity
immune globulin G (IgG) antibody of polyclonal
nature to the coagulation FVIII or FIX. They are
usually detected by laboratory techniques in the
follow-up of patients using screening techniques
or inhibitor-specific quantitative tests. An inhibi-
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tor may also be suspected in the event of an unex-
pected poor clinical response to replacement
therapy for a hemorrhagic episode.

Inhibitors are classified as high or low
responders based on their titer and demonstration
of anamnestic response after factor administra-
tion. The International Society on Thrombosis
and Hemostasis (ISTH) defines a high-responder
inhibitor as one with inhibitor levels greater than
5 Bethesda units and a rapid anamnestic response
after factor administration as opposed to a low-
responder inhibitor with less than 5 Bethesda
units and no anamnestic response, a definition
that has been maintained and ratified over time
[7, 8].

3.3 Etiopathogenesis

of Inhibitors

In relation to etiopathogenesis, there has been
much speculation as to what causes the develop-
ment of inhibitory antibodies. Factors related to
the ethnic origin of patients [9, 10], family his-
tory of inhibitor development [10—12] and mainly
related to the type of genetic alteration that con-
ditions hemophilia [13, 14] have been
implicated.

Molecular alterations at the FVIII gene level
have been shown to be the most important risk fac-
tor for inhibitor development [13, 15-17]. It is now
possible to stratify the different types of mutation at

19

E. C. Rodriguez-Merchan (ed.), Advances in Hemophilia Treatment,

https://doi.org/10.1007/978-3-030-93990-8_3

3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93990-8_3&domain=pdf
https://doi.org/10.1007/978-3-030-93990-8_3#DOI
mailto:vjimenezy@salud.madrid.org

20

V. Jiménez-Yuste

the FVIII gene level and their prevalence of inhibi-
tor development. Thus patients with large deletions
affecting more than one domain have a high risk of
inhibitor development (approximately 88%) which
is three times higher than the prevalence when only
a single domain is affected [18].

Nonsense mutations affecting the light chain
coding region have twice the risk of inhibitor
development as those affecting the heavy chain.
Intron 22 inversion represents a high-risk muta-
tion with a prevalence of inhibitor presence of
21%. This mutation is the most prevalent muta-
tion in patients who develop inhibitor, being
found in more than 60% of cases [18].

Small deletions or insertions differ in their
inhibitory risk. Those within the poly-A region
(exon 14, codons 1191-1194 and 1439-1441)
present a low risk due to gene sequence correc-
tion mechanisms. Other types of small deletions
or insertions that generally lead to stop codons
have a risk of approximately 20%.

Point mutations represent 15% of those found
in severe hemophilia and account for the majority
of mild-moderate cases. Being able to produce
non-functioning protein, but capable of produc-
ing immune tolerance, the prevalence of inhibitor
in this group is low (around 5%). Within this
group it is interesting to note that point mutations
at the level of the C1 and C2 domains present a
risk of inhibitor development of 10% compared
to 3% in mutations in other regions. This is
because these domains are crucially involved in
the binding of FVIII to von Willebrand factor
(VWF) and phospholipids and any changes in
these critical regions affect the immunogenicity
of the molecule. Finally, so-called splice-site
mutations represent a type of mutation with a low
risk of inhibitor development [18, 19].

The possible involvement of the HLA (human
leukocyte antigen) system has been known for
some time [20, 21], but more recently it has
become known what its relationship with genetic
alterations may be [22]. Other molecular altera-
tions described with a possible role in the devel-
opment of inhibitors include polymorphisms in
the promoter region of the gene encoding inter-
leukin-10, polymorphisms in the tumor necrosis
factor gene and in the CTLA-4 gene [23].

In addition to these genetic variables, different
treatment-related characteristics have been impli-
cated. Some studies suggest an increased risk in
patients treated with factor VIII at a very early
age compared to those who started treatment
later [24, 25]. On the other hand, a protective
effect of FVIII treatment in prophylaxis schemes
has been observed [26, 27], although further
studies are needed to corroborate this hypothesis
[28]. In this respect, the most interesting data
come from published data from the Canal study.
This study, in which several European centers
participated, firstly confirms the initial data
regarding the protective effect of prophylaxis
against inhibitor development and secondly clari-
fies the relationship between early initiation of
therapy and inhibitor development. The study
concludes that inhibitor development is more
related to the intensity of initial treatment than to
early treatment [29].

In relation to the type of factor used, the
SIPPET study has undoubtedly presented the
most conclusive results in this regard. The cumu-
lative incidence of all inhibitors was 26.8% in the
group of patients with plasma-derived concen-
trates and 44.5% in the recombinant group, with
the cumulative incidence of high-titer inhibitors
being 18.6% and 28.4% respectively. In the
regression model, factors of recombinant origin
were associated with an 87% increase in inhibitor
development, with the hazard ratio for high-titer
inhibitors being 1.69 [5].

3.4 Laboratory Diagnosis

of Inhibitors

In most cases, the appearance of an inhibitor in a
hemophilia patient is made clinically by observ-
ing a change in response to replacement therapy.
However, laboratory tests are needed to confirm
this suspicion.

There are several tests for the quantification of
FVIII inhibitors, generally the most widely used
is the Bethesda method, described in 1975 by
Carol Kasper [30]. Despite its standardization,
the test results depend on the cephalin reagent,
the source of phospholipids used, and the contact
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phase activating agent used. Intra-laboratory pre-
cision is generally good, but inter-laboratory
variation is important. In 1995, a modification of
the Bethesda test was described that improved
the specificity and efficiency of the assay for low
inhibitor titers [31].

3.5 Management

The management of inhibitor patients is based
on eradication of the antibody through
immune tolerance (ITI) schemes and on the
control and prevention of bleeding episodes.
Prophylaxis in inhibitor patients has changed
dramatically with the recent approval of a new
drug, emicizumab, which has allowed prophy-
laxis of bleeding episodes in both adults and
children that had not been achieved by bypass
agents [32-34].

3.5.1 Prophylaxis in Inhibitor

Patients

The concept of prophylaxis stems from the obser-
vation that patients with moderate hemophilia
have fewer bleeds and less development of
arthropathy than patients with severe involve-
ment [35].

The concept of prophylaxis has recently been
reviewed in the new hemophilia treatment guide-
lines issued by the World Federation of Hemophilia
(WFH), suggesting a new definition [36]. While
the concept applies primarily to patients without
inhibitors, it could also be extrapolated to patients
with inhibitors. It suggests that prophylaxis is the
regular administration of a hemostatic agent(s)
with the aim of preventing bleeding in people with
hemophilia allowing them to maintain an active
life and achieve a quality of life similar to people
without hemophilia [36].

The main treatment for bleeding episodes are
inhibitor bypassing agents, that is to say, activated
prothrombin complex concentrates [aPCCs (factor
VIII inhibitor bypassing agent—FEIBA®; Takeda)];
and recombinant factor VII activated (rFVIla)
(NovoSeven®, Novo  Nordisk, Bagsvaerd,

Denmark). However, the hemostatic effect of both
agents is not as predictable and effective as replace-
ment therapy as with factor deficient, therefore
bleeding control is much more difficult in inhibitor
patients [37].

But undoubtedly the most important change
in the prophylaxis of hemophilia A inhibitor
patients has come after the introduction of emi-
cizumab into the therapeutic arsenal.
Emicizumab is a humanized bispecific monoclo-
nal antibody that substitutes the cofactor func-
tion of FVIIIa (activated factor VIII) by binding
to FIXa (activated factor IX) and FX in the
intrinsic tenase complex. It thus exerts its hemo-
static function by facilitating the conversion of
FX to FXa which goes on to activate thrombin at
a later step in the coagulation cascade.
Importantly, despite such favorable results in
prophylaxis, emicizumab is not a monotherapy
drug and requires bypassing agents for the treat-
ment of bleeding episodes and hemostatic cover-
age in cases of surgery. In these circumstances,
rFVIIa (rather than aPCC) is the recommended
bypassing agent; this aligns with the prescribing
information for emicizumab, which advises
against the use of aPCC as a first choice of
adjunctive therapy. Monitoring emicizumab
treatment is challenging and it is hoped that
ongoing research in this area will inform the best
alternatives. In addition, it will be especially
important to monitor patient-reported outcomes
in those treated with emicizumab with a focus on
bleeding frequency, joint status, pain, and physi-
cal activity levels.

3.5.2 Treatment of Bleeding
Episodes

The current situation in the management of
bleeding episodes in patients with hemophilia
and inhibitor, except for those with low titers and
high doses of FVIII, is based, as mentioned
above, on the use of so-called bypass agents. Two
agents are available in our setting, one is the
plasma-derived aPCC (FEIBA™, Takeda) [38]
and the other agent is rFVIIa (NovoSeven®,
Novo Nordisk A/S) [39].
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3.5.2.1 Activated Prothrombin

Complex Concentrate (aPCC,

FEIBA™)
The use of aPCC inhibitors in the treatment of
bleeding episodes in hemophilia patients dates
back more than three decades [40]. Interestingly,
the therapeutic background of aPCCs is based on
the experiences of clinical use of prothrombin
complex concentrates (PCCs) in the late 1950s.

PCCs are plasma-derived concentrates con-

taining the four factors that are dependent on vita-
min K for their hepatic synthesis, namely factor 11
(FII), factor VII (FVII), factor IX (FIX), and fac-
tor X (FX). Shortly after their introduction, they
were shown to be effective in the treatment of
patients with hemophilia A and inhibitor.

Mechanism of Action of FEIBA
FEIBA is composed of different vitamin
K-dependent coagulation factors obtained after
fractionation of human plasma and separation of
the cryoprecipitate. The components of FEIBA
are FII (prothrombin), FVII, FIX, FX, small
amounts of FIXa, FXa and thrombin, and larger
amounts of FVIIa [41-43] (Figs. 3.1 and 3.2).
Due to the complexity of its composition, the
mechanism of action of FEIBA has been difficult
to elucidate, and remains in some respects incom-
pletely defined. However, the most widely held

Fig.3.1 Active
components of FEIBA
(factor VIII inhibitor
bypassing agent)

Q
<
<
@]
0]
m
zZ
@)

Prothrombin

Factor VII

Factor IX

Factor X

Protein C

ACTIVATED FACTORS

Thrombin

Factor Vlla

Factor IXa

Factor Xa

view today has reverted to the concept that
FEIBA acts by increasing the activity of the pro-
thrombinase complex [43]. Thus, the mechanism
of action of FEIBA appears to involve the activity
of multiple procoagulant factors, but is primarily
related to increased prothrombinase activity at
the platelet surface (Fig. 3.3).

Clinical Efficacy of FEIBA
As defined, the primary indication for FEIBA is
in the acute treatment of bleeding episodes in
patients with hemophilia A or B with inhibitor.
The recommended dose depends on the type and
severity of the bleeding episode [44]. Single
doses vary in the range of 50-100 units per kg
and can be administered every 6—12 h. Because
of the possible thrombotic potential, it is recom-
mended not to exceed 200 units per kilo per day.
Several studies have shown that FEIBA offers
a hemostatic effectiveness of more than 80% in
different acute bleeding episodes [45—47].
FEIBA is a well-tolerated drug as described in
most studies. Most of the doubts reflected in the
literature over the years have been due to its pos-
sible thrombogenicity. Most thrombotic compli-
cations have been described in patients with risk
factors [48]. The rate of thrombotic events is low
and similar to that found with other bypass agents
[49, 50].

— 0.9-1.4 U/U FEIBA

I

0.0004-1.5 U/U FEIBA
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3.5.2.2 Recombinant Factor Vil
Activated (rFVIlla)

Background

The first evidence that rFVIIa could be a useful
agent in the treatment of hemophilia patients and
inhibitor arose firstly from the identification of
FVIIa as one of the clotting factors that under
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Fig. 3.2 (a) Thrombin generation under physiological
conditions; (b) in patients with hemophilia A

Fig.3.3 Mechanism of
action of FEIBA in
patients with hemophilia A

physiological conditions cannot be inactivated by
antithrombin in the circulation [51], and from the
observation of different studies that suggested
that the efficacy of aPCCs could be related to the
significant amount of FVII they contain [52].

It was later, however, that Hedner in collabo-
ration with several Swedish and American groups
were able to purify activated FVIla derived from
human plasma in 1981. The first doses of this
FVIla were administered to two hemophiliac
patients with inhibitor in 1981 with a promising
result [53, 54]. The development of a recombi-
nant factor VII was initiated at Novo Nordisk A/S
in June 1985 [54, 55]. The first patient treated
with rFVIIa was in 1988, as hemorrhagic prophy-
laxis in a surgical synovectomy and published in
Lancet the same year [56]. In 1989, the first clini-
cal trial was initiated with the aim of finding the
appropriate hemostatic dose [57].

Mechanism of Action

The initial idea underlying the use of rFVIIa as
an agent capable of circumventing the effect of
inhibitors was that FVIIa might be able to pro-
duce FX activation via the TF (tissue factor)/
FVIla complex in patients unable, because of the
inhibitor, to initiate FX activation by the intrinsic
pathway via the FIXa/FVIlla complex and thus
initiate coagulation without the need for FVIII
and FIX. In the light of the cellular model of the
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coagulation cascade, this hypothesis seemed
quite reasonable.

However, it was soon realized by different
research teams that this mechanism did not seem
at all as simple as initially speculated.

The cellular model of coagulation localizes
the hemostatic defect in hemophilia patients to
the specific generation of FXa on the platelet sur-
face (Fig. 3.4). It thus seems explicable why high
doses of rFVIIa may be effective in remedying
this defect.

Therefore, without being able to definitively
rule out a TF-dependent effect, the evidence we
currently have suggests that a platelet surface-
dependent mechanism is the major contributor to
the hemostatic effect of rFVIIa in hemophilia
patients.

Some aspects of the hemostatic activity of
rFVIIa at the platelet surface remain to be clari-
fied. Therefore, it can be concluded that platelets
and phospholipid composition play a pivotal role
in rFVIla activity and binding. Different varia-
tions in platelet characteristics may underlie the
variability found in the individual response to
rFVIIa in hemophilia patients with inhibitor [43].

Clinical Efficacy of rFVlla
As mentioned, the first description of the use of
rFVIIa was in a surgical knee synovectomy in a
patient with an inhibitor [56]. Subsequently, sev-
eral pharmacokinetic and dose-finding studies
were performed [57-59].

The overall efficacy of rFVIla is estimated to
be around 80-90%, depending on the study, the
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Fig. 3.4 Mechanism of hemostasis in a patient with
hemophilia A and recombinant factor VII activated
(rFVIla)

dose, the bleeding episode, the time of assess-
ment of the process, and some individual circum-
stances [40].

The recommended doses of rFVIla are
90-120 pg/kg every 2—3 days until resolution of
the hemorrhagic process is achieved. A study
conducted at home found that the mean number
of doses needed to control hemostasis was 2.2
doses; however, in this study an extra dose of
rFVIIa was added to consolidate hemostasis
with final results of 3.2 doses per hemorrhagic
episode [60].

Alternative dosing schedules have been
described in the medical literature, using doses
higher than 270-300 pg/kg body weight and
allowing a 6-h administration interval, with
increased patient acceptance. Theoretically, this
would be justified by the production of a greater
burst in thrombin production with a possible par-
allel increase in efficacy [61-63]. However, this
increase in efficacy related to the use of high-
dose rFVIIa has not been conclusively demon-
strated in prospective studies [64].

Prospective studies have compared the use of
a single dose of 270 pg/kg rFVIIa versus 2-3
standard doses of 90 pg/kg in the home treatment
of moderate hemarthrosis, showing a similar
response [64, 65].

3.5.2.3 Effectiveness Comparison:

FEIBA Versus rFVlla
Overall, as described, hemostatic responses to
FEIBA and rFVIIa are comparable, although
overall in the different papers they vary to some
degree [47, 66—68].

One of the studies that directly compared the
two agents was the FENOC study [69]. According
to its randomized, crossover design, enrolled
patients received either one dose of FEIBA
75-100 IU/kg (target dose 85 TU/kg) body weight
or two doses of rFVIIa 90-120 pg/kg (target dose
105 pg/kg) administered 2 h apart. The primary
endpoint for analysis was the assessment of
response at 6 h, although the patient was assessed
at 2, 6, 12, 24, 36, and 48 h.

At 6 h, FEIBA efficacy was 80.9% and rFVIla
efficacy 78.7%. At 12 h, FEIBA efficacy was
80.0% and rFVIla efficacy 84.4%. Although the
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efficacy of both agents was similar at all hours
tested, the predetermined criterion for equiva-
lence was not achieved as the confidence interval
of the efficacy percentages at 6 h (11.4-15.7)
slightly exceeded the established cut-off <15%.
Statistical criteria for equivalence may not have
been obtained due to a lack of statistical power,
with this being particularly evident at the 6-h
point [66, 69, 70]. However, assessments made at
earlier time points were more reliable than those
made later, primarily because there were no other
confounding factors such as underlying intra-
articular inflammation in the early assessments
[66, 69]. Another possible bias of the study could
be due to the fact that medication administration
was not masked and that a significant portion of
the patient cohort (approximately 20%) was lost
throughout the study.

Despite the finding that aPCC and rFVIla are
effective and safe in the treatment of bleeding
episodes in inhibitor patients, it has been shown
that some patients respond better to aPCC, while
others respond better to rFVIla. This is why both
agents are necessary in the overall management
of inhibitor patients.

The variability between different patients is
underpinned by individual-specific factors in the
response to bypassing agents that influence the
overall efficacy of these agents. Examples of these
individual characteristics that influence response
include factor binding to platelet surface phos-
pholipids, variations in platelet numbers, and the
existence of platelets with increased binding
capacity to these agents [68]. In addition, other
factors capable of influencing bleeding tendency,
such as natural anticoagulants and congenital pro-
thrombotic factors and coagulation factors that
can influence the process of hemostasis such as
prothrombin levels or levels of non-inactivated
FVIII, may contribute to this variability in
response to aPCC and rFVIla [66, 68].

Another important aspect is the response of
the same patient in different clinical situations in
which he or she responds differently to the same
agent [68]. Some authors have recently described
different cases of patients in these circumstances
[71, 72]. In the FENOC study [69], a total of 29
patients had discordant efficacy, where one agent

was effective and the other was not, especially in
the first 12 h. Although the study does not ana-
lyze this discordance, 19 patients responded bet-
ter to aPCC and 10 to rFVIIa [69].

Each of the agents has different mechanisms
of action and different pharmacokinetics, and
none is able to achieve complete normalization of
thrombin generation [73]. Given these different
patient responses to treatment, it iS necessary to
have more than one therapeutic alternative, which
is why both rFVIIa and FEIBA are essential in
the treatment of bleeding episodes in inhibitor
patients [66].

Therefore, early identification of treatment
failures is essential in order to change therapy
and optimize the treatment of this group of
patients.

3.6 Future

In recent years, research has revolutionized the
future management of patients with hemophilia
and inhibitors. The aim has been to search for
mechanisms of action that differ from those cur-
rently known and that allow effective hemostasis
[74]. As described above, the drug that has gained
recent approval for prophylaxis by the American
and European authorities is emicizumab [32, 75].

Another promising future approach in the
field of hemophilia with inhibitor that could also
be used in patients with hemophilia B and inhibi-
tor is the monoclonal antibody concizumab.
Concizumab (mAb 2021, Novo Nordisk), a
humanized IgG4 antibody with high affinity for
the K2 domain of TFPI, inhibits FXa binding and
prevents tissue factor pathway inhibitor (TFPI)
inhibition of the TF-FVIIa complex.

Alnylam Pharmaceuticals has developed an
RNA capable of interfering with the synthesis of
antithrombin (AT) by silencing its production by
hepatocytes. This ALN-AT3 has been shown in
animal models to decrease AT production in a
dose-dependent manner by up to 90% [76]. For a
period of time, trials were halted after the death
of a patient from cerebral thrombosis. After
detailed analysis of the data, the trial program
was restarted.
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3.7 Conclusions

The development of antibodies to FVIII and FIX is
the most important complication of the treatment
of hemophilia patients. This complication leads to
an increase in morbidity and mortality and an
increase in the financial resources spent on treat-
ment. Immune tolerance is the only proven method
of inhibitor eradication. However, immune toler-
ance may not be successful in all patients and is
resource intensive. Bypassing agents are the treat-
ment of choice in bleeding episodes. However,
their efficacy is not similar to replacement therapy
in the absence of inhibitor. Emicizumab is a new
molecule that has brought about a radical change
in the prophylaxis of patients with inhibitors. New
expectations are opening up for the treatment of
hemophilia patients with inhibitors with so-called
non-inhibitor therapies. It remains to be elucidated
who would be candidate patients for treatment
with non-substitution products, most likely serious
candidates being patients with failed ITI (no new
planned ITT), children with newly developed high-
titer inhibitor or adults with high-titer inhibitors
who have not undergone ITI (due to venous access
problems or reluctance to undergo ITI), older
adults and/or people with co-morbidities, and
finally patients with mild hemophilia and
inhibitors.

While these treatments offer great promise,
further research and publication of additional
data (including post-authorization phase IV phar-
macovigilance studies and real-world evidence in
larger populations for emicizumab treatment) is
required to assess expected and unexpected out-
comes, such as inhibitor development, risk of
thrombosis, and any other serious adverse effects.
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Immune Tolerance Induction
in Patients with Hemophilia A

M. Teresa Alvarez-Roman

4.1 Introduction

The treatment in patients with hemophilia and
inhibitor can be divided into two parts: preven-
tion and treatment of episodes hemorrhagic, and
eradication of the inhibitor through immune tol-
erance induction (ITI). Both treatments should be
carried out by a comprehensive hemophilia treat-
ment center [1]. Patients with FVIII inhibitors
typically have higher rates of hospitalization,
greater treatment costs, and higher mortality rates
than those without inhibitors [1, 2].

The origin of the current ITI takes place in a clini-
cal case reported by Brackmann et al. It was about a
patient in which it was possible to eliminate the
inhibitor with the administration of high doses of
FVIII, 100 TU/Kg every 12 h [3]. This gave rise to
the well-known ITT later as the Bonn protocol [4].
Subsequently, to this protocol others arose in which
there were fundamentally differences in the doses,
that have varied widely from less than 25 IU/kg three
times a week to more than 300 IU/kg daily [5-7].

Thus, ITI treatments aim to eliminate the
inhibitor permanently. Current treatments are
based on exposure to the factor trigger, the FVIII
or FIX, in a more or less intensive and continuous
way. This treatment is maintained until the patient
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becomes tolerant to the administered product or,
what is the same, until the incremental recovery
and half-life factor infused is normal.

The objective of this chapter is to review the
different immune tolerance schemes and their
results as well as to summarize the new recom-
mendations in this group of patients.

4.2 Immune Tolerance Induction
(IT1) in Patients with Severe
Hemophilia A

4.2.1 Definition and Objective of ITI

Immune tolerance treatment consists of the continu-
ous administration of factor with the aim of reach-
ing immune tolerance. Successful ITI is defined as
a persistently negative Bethesda titer, accompanied
by normal pharmacokinetics, including factor
recovery >66% and half-life >6 h for standard FVIII
concentrates (Table 4.1) [8]. Once successful ITI is
achieved, FVIII prophylaxis may be initiated or
resumed. There is consensus that failure of ITI is the
inability to achieve successful tolerance within
2-3 years of initiation of an ITI regimen [9].

Since the number of patients with hemophilia
and inhibitor is not very high, different registries
have been established to collect and analyze the
data. In Table 4.2, you can see the existing regis-
tries and their response rate, the overall response
rate was 50-80% [10-13].
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Table 4.1 Success criteria in patients treated with
immune tolerance induction (ITT)

Table 4.3 Prognostic factors to achieve immune toler-
ance induction (ITI). BU = Bethesda units

Success * Negative inhibitor titer (<0.6 BU)

* Normal FVIII in vivo recovery (>66%
of predicted FVIII concentration after
infusion)

* Normal FVIII half-life >6 h after a

72 h washout period

* Absence of anamnesis upon further
FVIII exposure

* Inhibitor titer <5 BU/mL

* FVIII recovery <66% of predicted
 FVIII half-life <6 h aftera 72 h
washout period

* Clinical response to FVIII

* No increase in the inhibitor titer >5SBU
over 6 months of on-demand therapy or
12 months of prophylaxis

Partial
response

* Failure to fulfill criteria for full/partial
success within 33 months

* <20% reduction in inhibitor titer for
any 6-month period during ITI after
first 3 months of treatment, which
implies that: 9 months is minimum
period for ITI and 33 months is
maximum duration of unsuccessful ITI
(although decision may be made to
continue)

Adapted from reference [8]. BU Bethesda units

Failure

Table 4.2 Immune tolerance induction (ITT) registries

N: 314 patients. Success:
52%

Mariani et al. [10]

N: 148 patients. Success:
72%

DiMichele et al. [11]

International immune
tolerance registry
(IITR)

North American
immune tolerance
registry

(NAITR)

German registry

N: 126. Success: 78.6%.
Partial success: 8.7%
failure: 12.7%

Lenk [12]

N: 38. Success: 68%.
Failure: 32%

Haya et al. [13]

Spanish registry

Despite this high percentage of success
obtained with immune tolerance treatments,
there are still several issues under debate,
such as its high cost, the time necessary to
achieve it, adequate venous access and what
to do with those patients in whom it fails. The
arrival of emicizumab has changed the way of
assessing the approach to ITI as will be dis-
cussed later.

Good Poor
prognosis | prognosis
Historical peak titer <200 BU >200 BU
Peak on ITI <100 BU >100 BU
Time inhibitor diagnosis | <5 years >5 years
To start
Interruption >2 weeks of | No Yes
ITI
Pre-ITT titer <10 BU >10 BU

4.2.2 Prognostic Factors to Achieve
Immune Tolerance

Historical peak titer >200BU, peak on ITI >100
BU, time inhibitor diagnosis to start ITI > 5 years,
and interruption >2 weeks of ITI, pre I'TT titer >10
BU are outlined as poor prognostic factors [9]. In
Table 4.3 we can see the predictors of successful
ITI outcome.

There is controversy in some of these factors,
for example, pre-ITT titer. For a long time, it was
expected to start ITI until the inhibitor titer fell
below 10 BU as data from registries published in
1990 and 2000 showed better results in this popu-
lation. From a compilation of the data of the
International Immune Tolerance Registry (IITR)
and North American Immune Tolerance Registry
(NAITR) it is shown that, in patients who start
treatment with a titer <10 BU/mL, success is
achieved in 85% of the cases and in a mean time
of 11 months, compared with 33% and 15 months
when the titer is >10 BU/mL. However, today ITI
is started immediately after the detection of the
inhibitor regardless of its titer because the sooner
the inhibitor is removed, lower risk of severe
bleeding or development of target joints; and
because in some studies they have shown better
results with early treatments [14—16].

Other factors have been implicated in the ITI
results; they have not been confirmed:

e Type of mutation that causes hemophilia.
Worse results have been obtained in patients
with large deletions [17].

e Ethnicity, recent publications have shown
worse results in reaching immune tolerance in
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patients of African American origin, 57.9%
versus 92% in other ethnicities [18].

4.2.3 Immune Tolerance Regimen

Table 4.4 shows principal therapeutic immune
tolerance regimens. There are two principal ther-
apeutic regimens “Bonn high-dose regimen” and
the “Van Creveld Dutch low-dose” regimen [4,
5]. Other option could be the Malmo ITI-protocol
which includes extracorporeal adsorption of the
antibody, a procedure that is not feasible in the
youngest children because the extracorporeal
blood volume will be too large [6].

Perhaps two of the most interesting classic
aspects of ITI are the dose to be administered and
the role of VWF-containing FVIII (pdFVIII/
VWEF concentrates). The optimal regimen, prod-
uct, or dose for ITI remains to be defined.

To analyze the benefit in the success of ITI of
using high doses to the detriment of low doses, a
meta-analysis of the results obtained by the
International Immunotolerance Registry (IITR)
and the North American Registry (NAITR) was
carried out [14]. In this meta-analysis, data from
278 patients were combined and success was
analyzed according to historical inhibitor titer,
pre-ITI titer, and dose of FVIII used during
ITI. In patients with low historical peak and low
pre-ITI (patients with good prognosis) the suc-
cess rate was not different in patients who
received low or high doses of FVIII [14]. The
IITR and NAITR meta-analysis laid the founda-

Table 4.4 Immune tolerance induction (ITT) protocols

Protocol | Dosage Reference
Bonn FVIII 100-150 IU/kg, twice [4]
protocol | daily and aPCC 50 U/kg/12 h if
high risk bleeds
Van FVIII 25 IU/kg every other day | [5]
Creveld
Protocol
Malmo FVIII high doses+ high doses [6]
of FVIII and cyclophosphamide
and immunoadsorption if
necessary

aPCC activated prothrombin complex concentrate

tions for the international ITI study (ITI-study),
which was the first prospective, randomized
study conducted in the field of ITI in patients
with hemophilia and inhibitor [19]. The main
objective of the study was to compare a low-dose
ITI regimen (50 IU FVIII/Kg three times a week)
versus a high-dose ITI regimen (200 IU FVIII/
day) in patients with hemophilia A and inhibitor.
The study was based on the non-inferiority
hypothesis, in which success in low-risk patients
was independent of the doses of FVIII used. Even
though the study was terminated early for reasons
of safety and efficacy, the fundamental conclu-
sions are that there were no differences in the
success of ITI between both arms (24 out of 58
patients in the low-dose arm achieved immune
tolerance vs 22 out of 57 patients in the high-dose
arm dose, P = 0.909); time to achieve negative
inhibitor detection (P = 0.027), normal recovery
(P =0.002), and tolerance (P = 0.116, no signifi-
cance) were shorter with high doses; the histori-
cal peak (P = 0.026) and the ITI titer (P = 0.002)
were inversely correlated with success; only the
ITI peak predicted success in multivariate analy-
sis and the subjects in schemes low-dose bled
more frequently than high-dose (odds ratio, 2.2;
P =0.0019) [19]. Therefore, it seems clear that in
patients with favorable prognostic factors, the
dose does not influence success, although it
clearly influences the time to achieve ITI and the
number of bleeds.

The meta-analysis of the IITR and NAITR
also provides us with useful information about
patients with a poor prognosis. Large differences
were observed in favor of high doses in patients
with unfavorable prognostic factors (historical
high inhibitor titers and/or high titers prior to ini-
tiation of ITI). These observations led to the con-
clusion that patients with unfavorable prognostic
factors should be treated with an immunotoler-
ance protocol based on the use of high doses of
FVIII [14].

This way, several groups were in favor of
using high doses of FVIII in hemophilic chil-
dren and adults with unfavorable prognostic
factors. The Bonn cohort (22 patients), most of
them adults, with a mean pre-ITI inhibitor of
89 BU and maximum titers of 11 to 5500
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obtained success rates of 95% and with a mean
ITI achievement of 14.5 months (4.1.-25.4).
On the other hand, the Frankfurt cohort with 21
pediatric patients (0.1-6 years) with median
pre-ITI inhibitor of 42 BU and median maxi-
mum titer of 105 BU obtained response rates of
82% and a median success rate of 4 months
(0.5-42) [20-22].

Different studies suggest that the presence of
von Willebrand factor (VWF) in FVIII concen-
trates can produce an increase in the ITI efficacy
rate both in primary immunotolerance and in res-
cue regimens. These results also suggest that it
may not be necessary to perform ITI with the
same product with which the patient developed
the inhibitor, as is generally recommended. It is
difficult to explain what the beneficial effect is
played by the VWF and different hypotheses
have been raised for this purpose. Under physio-
logical conditions, FVIII forms a complex with
VWE, the latter acting as a transporter in the cir-
culatory stream. VWF could mask certain FVIII
epitopes, especially the C2 domain and thus
block the binding of inhibitory antibodies and/or
lengthen the time that FVIII interacts with the
immune system, preventing its degradation. An
alternative theory is that components other than
VWEF found in low/intermediate purity concen-
trates, such as cytokines or other immunomodu-
latory proteins, were responsible for the observed
beneficial effect.

In recent years, different publications
derived from the results of the G-ITI have been
published [23-26]. In the study published by
Oldenburg et al., 60 patients who received a
single FVII/VWF concentrate (Fanhdi®,
Grifols) from different centers in Spain, Italy,
and Germany were retrospectively analyzed
[23]. The use of FVIII/VWF was both in pri-
mary and salvage ITI with success rates (com-
plete and partial) of 83%.

Until the advent of emicizumab, it was
accepted that patients with hemophilia and a
high inhibitor titer should undergo immuno-
tolerance treatments. However, with the
approval of emicizumab, which has a high
efficacy, easier and more convenient adminis-
tration for the subcutaneous patient and less

frequent (weekly, every 2 weeks or once a
month) it is debatable whether the eradication
of the inhibitor remains necessary in all cases
or even in any case [27].

4.2.4 Immune Tolerance in Patients
on Prophylaxis Regimen

with Emicizumab

Advocates of immune tolerance support that
patients receiving emicizumab require hemo-
static treatment with bypass agents for bleeding
control and surgery, and this can be dangerous
and difficult to monitor [28].

In one of the clinical trials with emicizumab,
serious adverse events (thrombosis and throm-
botic microangiopathy, TAM) were reported in
inhibitor patients who required treatment with
bypass agents. This occurred with the simulta-
neous use of emicizumab and activated pro-
thrombin complex concentrates (aPCC) at a
daily dose greater than 100 U/Kg for more than
1 day. Thrombotic/TMA events have not been
reported when rFVIIa or FVIII were co-admin-
istered with emicizumab; however, there are
patients with inhibitors who have a poor
response to rFVIIa and need to be rescued with
other hemostatic agents in case of bleeding.
Clearly, the safest and most effective approach
in emicizumab-treated patients requiring hemo-
stasis is to use replacement therapy with FVIII
concentrates, but this is only possible in the
absence of inhibitor. Inhibitor patients who are
not offered ITIs are likely to have to rely on the
use of bypass agents throughout life for the sce-
narios mentioned above, which would not be
the ideal treatment given their lower efficacy,
convenience, and safety. In addition, it is very
likely that despite emicizumab they have higher
morbidity and mortality and cannot benefit
from gene therapy [29].

Although most authors prefer to eradicate
inhibitors, several questions remain regarding
an optimal eradication strategy: Should
patients with inhibitors undergo multiple ITI
eradication attempts as has often been done in
the past? Should emicizumab be given at the
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same time as ITI to prevent bleeding? Will ITI
regimens change with the use of emicizumab?
ITI regimens using high/frequent doses of
FVIII (so-called high-dose ITIs) were associ-
ated with lower bleeding rates, but with a
higher cost and burden of treatment. With emi-
cizumab able to provide bleeding prophylaxis,
will there be greater adoption of lower dose/
lower frequency ITI regimens that are no lon-
ger hampered by higher bleeding rates? Will
the health system support the cost of ITI with
concomitant emicizumab? Will there remain
any role for prophylaxis with traditional bypass
agents using rFVIIa or aPCC? Can successful
ITI patients continue to receive emicizumab?
Do patients continuing emicizumab after
inhibitor eradication require regular exposure
to FVIII to maintain tolerance to FVIII? [30].
These uncertainties highlight the need to gen-
erate new evidence through well-conducted
studies to develop new consensus recommen-
dations based on data on ITI and the manage-
ment of inhibitors.

In the absence of current data-based recom-
mendations but recognizing that the scientific
community needs guidance to drive management
decisions, the Future Immunotolerance Treatment
Group (FIT) was established to address these
uncertainties. The group has proposed new algo-
rithms to perform ITI with and without concomi-
tant emicizumab [30]. Below are the main
conclusions and recommendations of the FIT
group regarding ITI:

e Eradication of inhibitors remains a desirable
goal.

e Since ITI is the only approach that currently
offers inhibitor eradication potential, all inhib-
itor patients should be offered at least one ITI
attempt.

e Emicizumab is only an option for inhibitor
patients who, for various reasons, must delay
or cannot/do not want to undergo ITL

e Where emicizumab is available, the addition
of immunosuppressive therapy to ITI is no
longer recommended.

e As patients with inhibitors are likely to
undergo fewer cycles of ITI in the future, the

choice of the initial course (source of FVIII
and ITI regimen) is likely to become increas-
ingly important.

e The ability to use emicizumab concomitantly
with FVIII during ITI to prevent bleeding may
influence the choice of ITI regimen.

Several studies have been initiated or will be
conducted soon to further explore the use of emi-
cizumab during ITI. An open-label trial in North
America is planned to examine the safety and
efficacy of concomitant use of prophylactic emi-
cizumab in conjunction with low-dose recombi-
nant FVIII (rFVIII). Part 1 will be to examine the
incidence of inhibitor development in previously
untreated patients (PUP) and minimally treated
patients (MTP) (the doses used of rFVIII, simoc-
tocog alfa (Nuwiq®) will be 25 TU / kg +5 TU and
the frequency will be every 1-2 weeks) while
part 2 will focus on children and young adults
<21 years with moderate/severe hemophilia A
(£2% FVIII) with inhibitor treated with the com-
bination of emicizumab and ITI with low doses
of rFVIII (ClinicalTrials.gov: NCT04030052).

A 5-year multicenter retrospective-prospective
observational ~ study called MOTIVATE
(ClinicalTrials.gov: NCT04023019) is being car-
ried out in centers in North America and Europe.
MOTIVATE aims to collect the efficacy and
safety of three different approaches in the man-
agement of patients with hemophilia A and inhib-
itor: (1) ITI without emicizumab; (2) ITI in
combination with emicizumab, and (3) emici-
zumab alone without any attempt at ITL. The pri-
mary endpoints are the success of the ITI and
bleeding rates. Recruitment started in March
2020 and the estimated inclusion is 120
participants.

Finally, a prospective European multicenter
clinical trial will aim to examine the safety of the
association between I'TI and emicizumab prophy-
laxis in patients (>3 kg and < 65 years) with
hemophilia A and inhibitor. The plan is for ITI to
begin at enrollment in patients already receiving
emicizumab or after a loading dose (3 mg/kg/
week for 4 weeks) in patients new to emicizumab.
Patients should receive primary or rescue ITI
with pdFVIII or rFVIII at a starting dose of
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50 1U/kg/TU/3 times weekly plus emicizumab
prophylaxis at any approved maintenance dose.
To evaluate the results after a successful ITI,
these patients will continue to be evaluated for an
additional 12 months, during which time they
will receive an emicizumab group, another emi-
cizumab with FVIII and finally another group
with FVIII alone, depending on the decision of
the investigator and the patient, the trial registra-
tion is still pending.

Regarding the concomitant use of emicizumab
with FVIII after ITL, there are three possible sce-
narios after ITI: non-tolerization, partial toleriza-
tion, and successful tolerization [31]. For patients
in whom ITT fails, treatment with emicizumab to
prevent bleeding should be considered the cur-
rent standard of treatment. If emicizumab is not
available, treatment with bypass agents on
demand or prophylactically may be considered.
For patients who are partially tolerated, FVIII
concentrates in doses higher than those used
standard can be used to prevent bleeding or, when
possible, emicizumab can be used to prevent
bleeding. The clinical scenario that, paradoxi-
cally, generates the most uncertainty is how to
proceed when the ITI is successful. Before the
availability of emicizumab, patients would con-
tinue with FVIII, but with a different purpose:
prevention of bleeding (prophylaxis) rather than
maintaining immune tolerance. However, with
the arrival of emicizumab, once tolerance is
reached, patients have the option of using FVIII
concentrates prophylactically or emicizumab.
Both strategies have limitations. Continuation of
FVIII indefinitely requires intravenous adminis-
trations generally 2-3 times per week with cur-
rent FVIII concentrates (perhaps once a week
with future FVIII concentrates), resulting in a
high treatment burden that often results in poor
adherence. And on the other hand, continuing
only with emicizumab after a successful ITI
although it can reduce the burden of treatment
and improve adherence, however, it can be much
more expensive than continuing with FVIII con-
centrates, and probably recurrence of the inhibi-
tor if not additional exposure to the factor is
provided. Inhibitor recurrence is known to be
approximately 29.7%.

To try to clarify whether continued FVIII ther-
apy is necessary to prevent inhibitor recurrence,
the PRIORITY (Prevention of Inhibitor
Recurrence Indefinite Recurrence),
NCT04621916, study was designed. This pro-
spective, multicenter clinical trial plans to ran-
domize inhibitor patients who achieve successful
ITI to receive emicizumab or emicizumab plus
FVIII weekly. The main inclusion criteria are
male patients aged <12 years with severe/moder-
ate hemophilia A (FVIII <2%) and a history of a
high-titer inhibitor (>5 BU/ml), who were suc-
cessfully tolerated during the previous year using
any FVIII concentrate, according to international
consensus recommendations for ITI. Eligible
patients must be currently receiving emicizumab
or be willing to receive it. The primary outcome
is the inhibitor recurrence rate at 96 weeks.
Laboratory tests include the genetic study of
FVIII, the measurement of the FVIII inhibitor
titers by a bovine chromogenic assay (since the
presence of emicizumab precludes the use of the
traditional inhibitor assay) and pharmacokinetic
studies (the activity of FVIII is measured before
infusion and 15-30 min, 6 and 24 h after infu-
sion) to assess FVIII half-life and FVIII recovery.
Tests are scheduled for results at 24 (intermedi-
ate), 48, and 96 weeks.

Immune Tolerance
in Patients with Mild or
Moderate Hemophilia

4.3

In non-severe hemophilia patients, the presence
of an inhibitor may exacerbate the bleeding phe-
notype dramatically. There are very limited data
on the optimal therapeutic approach to eradicate
inhibitors in these patients.

The largest study in mild patients has been
published by the INSIGHT group. It includes
2709 patients, of them 101 with hemophilia and
inhibitor. In 71% the inhibitor was eradicated, the
majority spontaneously, 51/73 and others after
treatment, 21/28. The treatments used for eradi-
cation were highly variable, including both
immune tolerance induction and immunosup-
pression. Sustained success (no inhibitor after
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rechallenging with factor VIII concentrate after
inhibitor disappearance) was achieved in 64%
(30/47) of those patients rechallenged with FVIII
concentrate. In conclusion, in non-severe HA
patients most inhibitors disappear spontaneously.
However, in 35% (25/72) of these patients an
anamnestic response still can occur when rechal-
lenged, thus disappearance in these patients does
not always equal sustained response. Treatment
for those requiring eradication must be decided
case by case, as one single approach is unlikely to
be appropriate for all [32]. Best results are
achieved in regimens that use immunosuppres-
sion, for example rituximab [33, 34]. This may be
because the inhibitor in the patient with mild
hemophilia A has a behavior more like that of the
autoantibodies of acquired hemophilia.

4.4  Conclusions

Since the advent of emicizumab, there have been
different opinions about whether immune toler-
ance remains the treatment of choice for patients
with severe hemophilia A who develop an inhibi-
tor. Probably in the coming years the best strat-
egy to follow with these patients will be defined,
the dose to be used, how to continue the treat-
ment after achieving tolerance, etc.

The therapeutic approach should be different
in patients with mild-moderate and inhibitory
hemophilia, who may benefit from immune sup-
pressive treatment.
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Hemophilia A: New Drugs

Monica Martin-Salces

5.1 Introduction

Hemophilia A is a rare, chronic, X linked dis-
eases characterized by a deficiency in factor VIII
(FVIID) resulting in an increased bleeding ten-
dency. The new drugs ranging from extended
half-life to non-factor products, product a signifi-
cant improvement in the quality of life of persons
with hemophilia.

These innovative treatments have the potential
to improve the level of care by decreasing the fre-
quency of infusion, increasing adherence, pro-
moting prophylaxis, offering alternatives to
patients with inhibitors and an easy route of
administration [1].

5.2 Extended Half-Life Factor
VIl Products
5.2.1 Efmoroctocog Alfa, rFVIIIFc

Efmoroctocog alfa is a recombinant fusion pro-
tein comprising a single molecule of B-domain-
deleted recombinant FVIII covalently fused to
the Fc domain of human immunoglobulin (Ig) G1
without a linker sequencer [2]. This molecule is
produced by human embryonic kidney 293 (HEK
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293) and was designed to increase FVIII half-life
through the IgG recycling mechanism mediated
by the neonatal Fc receptor in the endosomes of
endothelial cells [3].

The half-life of efmoroctocog alfa is about 1.5
times longer than that of conventional plasma-
derived FVIII (pd-rFVII) and of recombinant
FVIII (rFVIII) products [4]. It is approved for the
treatment and prophylaxis of bleeding in patients
with hemophilia A. Clinical trials and clinical
experience demonstrate that rEVIIIFc provides
effective prophylaxis for previously treated
patients with severe hemophilia A and is gener-
ally well tolerated. The safety and efficacy of
long-term treatment (up to 5.9 years) with
rFVIIIFc has been demonstrated in the phase III
ASPIRE extension study. The studies also
showed that rFVIIIFc can be used to manage
bleeding events and to maintain perioperative
hemostasis in patients with hemophilia A. Some
data suggest that rFVIIIFc prophylaxis might
also confer better joint protection than previous
rFVIII treatment, although further data are
needed to confirm these observations [5].

5.2.2 Rurioctocog Alfa Pegol,
BAX 855

BAX 855 or rurioctocog alfa pegol is a pegylated
molecule of full-length rFVIII produced in
Chinese hamster ovary (CHO) cells. It is manu-
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factured by attaching a polyethylene glycol
(PEG) molecule (with a molecular weight of
20 kDa) to the B-domain of FVIII [6].

BAX 855 retains all the physiological proper-
ties of FVIII except binding to low-density lipo-
protein receptor-related protein (LRP), which
helps clear them from circulation; clearing FVIII
from the kidneys occurs through interactions
with low-density LRP, primarily in the liver [6].
This gives the pegylated molecule a prolonged
half-life. In humans, the mean half-life is reported
to be 14.3 h, about 1.3—1.5 times that of standard
rFVIII molecules [7].

5.2.3 Damoctocog Alfa Pegol,
BAY94-9027

Damoctocog alfa pegol or BAY 94-9027 is a
B-domain-deleted (BDD) rFVIII that is site-
specifically conjugated with a 60-kDa branched
PEG at a cysteine that has been introduced into
the A3 domain (K1804C) to improve its pharma-
cokinetics [8].

In a phase 1 study in previously treated
patients with severe hemophilia A, BAY 94-9027
demonstrated decreased clearance, greater area
under the curve (AUC), and a longer half-life as
compared with standard half-life sucrose-
formulated rFVIII [9]. The efficacy and safety of
BAY 94-9027 as prophylactic and on-demand
treatment for patients with hemophilia A were
demonstrated in the multinational phase 2/3
PROTECT VIII study and its long-term exten-
sion [10, 11].

BAY 94-9027 has been approved for use in
previously treated adults and adolescents (aged
>12 years) with hemophilia A at dosing intervals
of up to every 5-7 days.

5.2.4 Turoctocog Alfa Pegol, NSGP

Turoctocog alfa pegol or N8-GP is a recombi-
nant human factor VIII product, synthesized in
CHO cells in a serum-free production environ-
ment, with a glycopegylation on the O-linked
glycan in the truncated B-domain [12]. The

turoctocog alfa pegol molecule is a polypeptide
containing a heavy chain and a light chain held
together by non-covalent interactions [12]. In
native FVIII these chains are connected by a
native B-domain, while turoctocog alfa pegol
has a truncated rFVIII containing 21 amino
acids of the native B-domain [12]. When turoc-
tocog alfa pegol is activated by thrombin, the
B-domain containing the 40-kDa PEG and the
a3-region are cleaved off, thus generating acti-
vated FVIII which is similar in structure to
native FVIIIa [13].

N8-GP is developed for prophylaxis and the
treatment of bleeds in hemophilia. The first in-
human clinical trial demonstrated that a single
dose of up to 75 [U/kg N8-GP was well tolerated
in patients with hemophilia A, with no safety
concerns [14].

The phase III trial demonstrates that N8-GP
has a good safety profile and is well tolerated in
previously treated adults and adolescents with
severe hemophilia A [15]. A prophylactic effect
with 50 IU/kg body weight every fourth day
dosing was demonstrated (40% of patients
experienced zero bleeds) and a satisfactory
hemostatic effect of N8-GP in the treatment of
breakthrough bleeds was confirmed [15].
Additionally, previous findings of an extended
half-life of N8-GP compared with standard
rFVIII products (mean terminal half-life of
N8-GP was 1.6-fold longer) were confirmed in
this trial [15].

5.2.5 FVII-VWF-XTEN, BIVV001

While the other extended half-life FVIII concen-
trates have been authorized in the last years,
FVIII-VWF-XTEN is at stage of -clinical
development.

The majority of FVIII in the circulation is
complexed with the glycoprotein von Willebrand
factor (VWF) which stabilizes and protects FVIII
from proteases and clearance receptors [16]. This
complex makes it difficult to extend the half-life
of infused FVIII beyond that of the half-life of
VWF which results in a ceiling effect on the
increase in FVIII half-life [17].
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An alternative approach to prolonging the
half-life of FVIII involves the addition of hydro-
philic protein polymers to the molecule through
XTEN technology [18]. A new, investigational
product, tFVIIIFc-VWF-XTEN, created by the
linkage of rFVIIIFc, XTEN polypeptides and the
D’D3 domain of VWE, is designed to circulate in
plasma independently of VWEF, thereby breaking
the VWF half-life ceiling [19].

Nonclinical studies have shown that the use of
BIVVO0O0L1 results in a half-life of FVIII that is
three to four times as long as that of rFVIIL In a
phase 1-2a open-label trial a single intravenous
injection of BIVVO0O1 resulted in high sustained
factor VIII activity levels, with a half-life that
was up to four times the half-life associated with
rFVIIL, an increase that could signal a new class
of FVIII replacement therapy with a weekly
treatment interval [19].

5.3 Non-replacement Therapy
Despite the progress made with the development of
extended plasma half-life coagulation factors,
unmet needs persist. In hemophilia A patients with-
out inhibitors, the reduction in the frequency of
intravenous injections was not considered satisfac-
tory and therapy still based on the need for a venous
access continued to be unattractive. Hemophilia A
patients with FVIII inhibitors remained poor candi-
dates for prophylaxis that could only be provided
by bypassing products such as activated prothrom-
bin complex concentrate (aPCC) and recombinant
activated factor VII (rFVIIa) that are very expen-
sive and difficult to administer on a regular preven-
tive basis. With these drawbacks in mind,
therapeutic approaches that were not based on the
replacement of the deficient factor were developed.
This took place in two main ways: for hemophilia
A, by mimicking the coagulant activity of FVIII;
and for both hemophilia A and hemophilia B, by
increasing defective thrombin formation through
the inhibition of the naturally occurring anticoagu-
lants (antithrombin and tissue factor pathway
inhibitor). For the moment, only the monoclonal
antibody emicizumab that mimics FVIII activity
has been approved.

5.3.1 Emicizumab

Emicizumab is a recombinant, monoclonal anti-
body that functions to bring activated factor IX
(FIXa) and factor X (FX) into an appropriate ste-
ric conformation to medicate the activation of FX
to FXa, thereby mimicking the cofactor function
of FVIIIa.

The HAVEN program of clinical trials pro-
vided evidence of the efficacy of emicizumab in
preventing bleeding in persons with hemophilia
with and without inhibitors. Administered subcu-
taneously, this drug reaches a steady state with a
long plasma half-life that allows well-spaced
dosing intervals of at least every week or even
every 2 or 4 weeks, at a dose of 1.5 mg/kg body
weight (BW) once weekly, 3 mg/kg once every
2 weeks, or 6 mg/kg BW once every 4 weeks
(with a loading dose of 3 mg/kg BW per week for
4 weeks in all cases). FVIII or bypass drug treat-
ment is also required for hemorrhages that occur
during this therapy.

Emicizumab has been initially approved for
routine prophylaxis of bleeding episodes in
patients with hemophilia A with FVIII inhibitors
[20]. The approval of emicizumab in this indica-
tion was based on the results of the HAVEN 1
study in adolescents/adults and the ongoing
HAVEN 2 study in pediatrics patients under
12 years of age [21]. Emicizumab prophylaxis,
when administered subcutaneously once weekly,
significantly reduced the number of bleeding epi-
sodes in patients with inhibitors. However, when
emicizumab was coadministered with high doses
of aPCC three patients in HAVEN 1 developed
thrombotic microangiopathy (TMA) and two
patients showed venous thromboembolism [20].
Subsequent to these events, risk mitigation has
included recommendations to use rFVIIa instead
of aPCC during emicizumab prophylaxis if pos-
sible; and, if this concentrate is still required for
effective hemostasis, to reduce daily dosing to
less than 100 IU/kg per day when repeated doses
are needed.

Following the results obtained in patients with
hemophilia A and inhibitors, emicizumab has
also been evaluated in hemophilia A patients
without inhibitors (HAVEN 3 study).
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In the HAVEN trials overall, 63-87% of
patients had no treated hemorrhages [1]. This fig-
ure rose to 82.4% with longer treatment periods
(121 to 144 weeks) [22]. Emicizumab was well
tolerated in the HAVEN trials, with a favorable
overall safety profile. The most common related
adverse events were injection site reactions (15—
31%). The development of antidrug antibodies
with neutralizing potential was rare (<1%) [22].

5.3.2 Concizumab

Concizumab is a humanized IgG4 antibody with
high affinity for the K2 domain of tissue factor
pathway inhibitor (TFPI), inhibits FXa binding
and prevents TFPI inhibition of the TF-FVIIa
complex [23]. Anti-TFPI monoclonal antibodies
restore thrombin generation by abolishing the
inhibitory effect of TFPI on the initiation of coag-
ulation [23]. On the basis of this mechanism of
action, concizumab is expected to be equally
effective in hemophilia A and B, regardless of
inhibitor status.

The ExplorerTM studies are a series of clini-
cal trials evaluating concizumab. In
ExplorerTM1, a phase 1 randomized study in 24
patients with severe hemophilia A or B and 28
healthy volunteers, increasing concentrations of
concizumab (0.5-9000 pg/kg intravenously or
50-3000 pg/kg subcutaneously) produced
detectable plasma levels of the monoclonal anti-
body for up to 43 days, with reductions in the
plasma concentrations and functional activity of
TFPI for 14 or more days after the dose of conci-
zumab had been administered. Hemophilia
patients showed similar D-dimer responses com-
pared with healthy volunteers when they received
an approximately 36-fold higher dose of conci-
zumab. No serious adverse events occurred and
no anti-concizumab antibodies developed [24].
In ExplorerTM2, a multicenter, open-label, mul-
tiple dosing phase 1 clinical trial, eight doses of
concizumab were given to four healthy males at
a dose of 250 pg/kg every other day. This regi-
men improved thrombin generation and it was
documented that the plasma levels of the anti-
body correlated directly with thrombin genera-

tion and inversely with TFPI levels. In the same
study, concizumab was added ex vivo to plasma
samples from 18 individuals with severe hemo-
philia A or B (with or without inhibitors) and
restored thrombin generation in these samples to
near normal level. In the ExplorerTM3 trial,
which was a placebo-controlled, multiple-dose,
dose-escalation study where concizumab was
administered subcutaneously, the authors
observed a dose-dependent decrease in conci-
zumab free total TFPI and procoagulant effect.
An analysis of the data from this phase 1, multi-
center, randomized, placebo-controlled, double-
blind  trial  investigating  the  safety,
pharmacokinetic (PK), and pharmacodynamics
(PD) of multiple doses (0.25, 0.5, 0.8 mg/kg
every 4 days) of concizumab administered sub-
cutaneously to hemophilia A patients did not
reveal serious adverse events or document the
development of antidrug antibodies, while con-
firming PK and PD relationships between the
concizumab dose and TFPI levels and thrombin
generation. In addition, a post-hoc analysis indi-
cated that exposure to concizumab concentra-
tions of at least 100 ng/mL once daily was most
effective in reducing the frequency of bleeding
episodes and thus better indicated for prophy-
laxis [25, 26]. ExplorerTM4 and ExplorerTM5
are both phase 2 trials evaluating the safety and
efficacy of prophylactic administration of conci-
zumab in hemophilia A and B patients with and
without inhibitors [27]. The trials aimed to eval-
uate the efficacy of daily subcutaneous conci-
zumab prophylaxis (evaluated as annualized
bleeding rate [ABR] at last dose level) with sec-
ondary objectives being safety and immunoge-
nicity (assessed as number of adverse events).
The starting dose in the trials is 0.15 mg/kg with
potential dose escalation to 0.20 and 0.25 mg/kg
(if >3 spontaneous bleeding episodes within
12 weeks of concizumab treatment). In the
inhibitor trial, the median ABR was 4.5 and 19.7
for concizumab and rFVIIa, respectively. In the
no inhibitors trials, when assessing each patient’s
last dose level, a total of 70 treated bleeding epi-
sodes in 23 patients (63.9%) were reported in the
main part of the trial, with a median ABR of 4.5.
Concizumab was safe and well tolerated. Three
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patients had very low to medium titer antibodies
drugs tests in each trial, with no observed clini-
cal effect.

The trials were paused in March 2020 due to
the occurrence of non-fatal thrombotic events in
three patients. In August 2020 clinical trials in
the concizumab phase 3 were resumed. New
safety measures and guidelines, based on analy-
sis of all available data, have been agreed.

5.3.3 Fitusiran

Fitusiran is an RNA interference therapeutic that
targets antithrombin (AT) in the liver and inter-
feres with AT translation by binding and degrad-
ing messenger RNA-AT, thereby silencing AT
gene expression and preventing AT synthesis.
The rationale for this strategy is that reduced
antithrombin levels improve thrombin generation
and promote hemostasis in hemophilia patients
with and without inhibitors. In both preclinical
and clinical studies, AT knockdown results in
dose-dependent AT lowering when fitusiran is
given weekly or monthly subcutaneously [28].

Preclinical trials showed a dose-dependent
lowering of antithrombin in different animal
models; in murine hemophilia models, anti-
thrombin reduction was associated with increased
thrombin generation and enhanced hemostasis.
Similar results were observed in the nonhuman
primates model [29].

The first study was a multicenter, interna-
tional, open-label, dose-escalation study involv-
ing healthy volunteers and participants with
hemophilia A or B [30]. The trial was conducted
in three subsequentially enrolled phases. In the
first phase (Part A), healthy volunteers received a
single dose of fitusiran or placebo in a random-
ized, single-blind study. In the next two open-
label phases, participants with hemophilia A or B
were assigned to receive one of several ascending
doses of fitusiran on a once-weekly basis (in Part
B) or once-monthly basis (Part C). In part A,
healthy male volunteers between the ages of 18
and 40 years with no history of venous thrombo-
embolism were randomly assigned in a 3:1 ratio
to receive a single subcutaneous injection of fitu-

siran (at a dose of 0.03 mg per kilogram of body
weight) or placebo. In Parts B and C, men
between the ages of 18 and 65 years who had
moderate or severe hemophilia A or B and who
had received previous prophylaxis were eligible
to participate in the study if the prophylactic fac-
tor had been discontinued at least 5 days before
the initiation of the study drug. In part B, three
cohorts of participants received three once-
weekly subcutaneous injections of fitusiran at
doses of 0.015, 0.045, or 0.075 mg per kilogram.
In part C, four cohorts of participants received
three once-monthly subcutaneous injections of
fitusiran at doses of 0.225, 0.45, 0.9, or 1.8 mg
per kilogram, and a fifth cohort received three
once-monthly subcutaneous injections of a fixed
dose of 80 mg. A total of four healthy volunteers
were enrolled in the first part, 12 in the second
phase, and 18 in the third group. The pharmaco-
kinetic and pharmacodynamic show that the peak
of fitusiran level was observed after 2 to 6 hours,
the mean elimination half-life ranged from 2.6 to
5.3 hours. The plasma level increased in a dose-
proportional manner. In a post-hoc analysis eval-
uating the effect of fitusiran in bleeding rates, the
authors observed a reduction of bleeding epi-
sodes concerning the preview period. All the
bleeding episodes were managed with factor VIII
or [X replacement. No thrombotic, severe adverse
events and antidrug antibodies were registered.
Nine of 25 enrolled patients in parts B or C had
adverse events that were considered to be related
to fitusiran. Monthly administration produces a
lowering of the level of antithrombin level by
70-90%.

Based on these results a phase 2 study was
conducted using subcutaneous administration of
fitusiran at a 50 and 80 mg once monthly in 14
inhibitor patients and 19 non-inhibitors patients
[28]. The overall median ABR in fitusiran treated
patients without inhibitor was 1 compared with
12 and 2 in on-demand and prophylaxis, respec-
tively. In the inhibitors patients, the median ABR
was 0 compared with 38 before the trials. All
breakthrough bleedings were successfully con-
trolled with replacement therapy or bypassing
agents without thromboembolic episodes but a
sinus vein thrombosis in a non-inhibitor hemo-
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philia A patient with concomitant administration
of fitusiran and clotting factor VIII was observed.
Following this SAE the fitusiran trial was sus-
pended and reopened after the introduction of
educational strategies for participants and
protocol-specific guidelines to treat breakthrough
bleeding.

Later the company paused dosing in all ongo-
ing fitusiran clinical studies on October 30 2020,
to assess reports of non-fatal thrombotic events in
patients participating in the phase 3 program.

5.4  Conclusions

The new drugs for the treatment of hemophilia A
include extended half-life (EHL) products and
non-factor products. Among the EHL products,
the following stand out: Efmoroctocog alfa,
rFVIIIFc; Rurioctocog alfa pegol, BAX 855;
Damoctocog  alfa  pegol, BAY94-9027;
Turoctocog alfa pegol, N8GP; and FVIII-VWF-
XTEN, BIVVO001l. Among the non-factor prod-
ucts, the following stand out: emicizumab,
concizumab, and fitusiran. These new drugs have
the potential to improve the level of care by
decreasing the frequency of infusion, increasing
adherence, promoting prophylaxis, offering alter-
natives to patients with inhibitors and an easy
route of administration.
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6.1 Introduction

Hemophilia B (HB), like hemophilia A is an
X-linked recessive genetic coagulation disorder
characterized by a deficit or absence of clotting
factor IX (FIX) [1]. The pathophysiology of this
disease is based on the insufficient generation of
thrombin by the IXa/VIIla complex in the intrin-
sic coagulation pathway, thus preventing proper
hemostasis.

HB is much less common than hemophilia A,
estimated at 15-20% of all hemophilia patients
with a prevalence of 5 cases per 100,000 males
[1,2].

The two forms of hemophilia have historically
been indistinguishable as the same disease, and it
was not until 1952 that hemophilia B was recog-
nized as a separate entity [3]. HB is treated using
replacement intravenous FIX concentrates to
elevate plasma FIX levels. Exogenous FIX
replacement therapy, including recombinant FIX
and plasma-derived (pd)FIX, can be adminis-
tered as prophylaxis or on-demand, in addition to
perioperative settings.

As in hemophilia A, the development of anti-
bodies to FIX is the most significant complication
of treatment in patients diagnosed with HB [4].
The development of this antibody results in the

V. Jiménez-Yuste (0<)

Department of Hematology, La Paz University
Hospital, Madrid, Spain

e-mail: vjimenezy @salud.madrid.org

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022

lack of efficacy of conventional FIX replacement
therapy, precludes access to safe and effective
standard treatment, especially prophylaxis in chil-
dren, and leads to more uncontrolled bleeds, which
has a decisive influence on increased morbidity
and mortality and causes an increase in the cost of
treatment [5]. In addition to these general consid-
erations, patients with HB and inhibitor present
special conditions due to the characteristics of the
antibody, such as the occurrence of allergic reac-
tions, leading to anaphylactic shock and the devel-
opment of the nephrotic syndrome [6].

6.2 Epidemiology

Inhibitor rates in patients with HB differ signifi-
cantly, with classic studies showing an incidence
of 1-5% in HB [7] than the much higher rates
occurring in hemophilia A [8].

In one review about inhibitors in hemophilia
B, a set of published series is analyzed in which
mostly retrospective data is referred [4]. Most
inhibitors develop in severe HB, which is another
difference compared to hemophilia A, where they
occur in all forms from mild to severe. Most stud-
ies reflect prevalence data ranging from 1% to
5% of patients with HB, which increases to over
10% in patients with severe HB [5].

A recently published prospective study ana-
lyzed 154 patients with previously untreated
patients (PUPs) with HB [9]. Fourteen patients
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were diagnosed with inhibitor; seven were classi-
fied as high titer and seven as low titers. The
median number of exposure days (ED) at the
time of inhibitor onset was 11 (IQR 6.5-36.5),
with a median age of 23.2 months (IQR 12.1-
37.1). The cumulative inhibitor incidence at 75
ED was 9.3% (95% CI 4.4-14.1) for all inhibi-
tors and 5% for high-titer inhibitors. Importantly,
in which there is no selection in the inclusion of
patients, this cohort were all treated with primary
prophylaxis, which allowed follow-up beyond
500 ED. Between 76 and 500 EDs, only one low-
titer inhibitor was diagnosed in 121 EDs. The
cumulative incidence of inhibitors in the 500 EDs
was 10.2% (95% CI 5.1-15.3) [9].

6.3  Pathophysiology
The development of inhibitors with hemophilia
patients is a complex and multifactorial process
in which there is an interplay between genetics,
exogenous treatment-related factors, and the
immune system’s role. While these factors are
not yet fully understood, they have been exten-
sively analyzed in hemophilia A. However, in
patients with HB, given the infrequency of the
pathology and the lower rate of inhibitors, they
have been much less extensively analyzed [7].
There have been some speculations as to why
the frequency is much lower than patients with
hemophilia A. On the one hand, it was speculated
that the homology of the FIX protein with other
vitamin K-dependent clotting factors might con-
fer some degree of immune tolerance following
administration of exogenous FIX [4]. Another
essential factor influencing inhibitor develop-
ment and its pharmacokinetics and clinical effi-
cacy is the presence or absence of Cross Reacting
Material (CRM) [10]. In the case of hemophilia
B, it has been observed that concerning the
genetic mutation, the proportion of patients with
non-functioning protein but able to create toler-
ance (CRMH+) is higher than in hemophilia A. It is
estimated that 60% of patients with severe HB
and 75% of all patients with HB are CRM+ [11].
Genetic alterations are another essential factor
in inhibitor development and could explain this

difference with hemophilia A. HB causing muta-
tions are low-risk mutations for inhibitor devel-
opment, and most inhibitors have null mutations
that produce a CRM—phenotype [4]. Thus, in
the Pednet series, among patients with inhibitor,
the most frequent mutations were nonsense muta-
tions in 7/14 (50.0%), four patients with low-titer
inhibitors and 3 with high-titer inhibitors, and
deletions with large structural changes in 5/14
(35.7%), 3 with low-risk inhibitors and 2 with
high-risk inhibitors [9]. The inhibitor risk for
deletions with large structural changes was
33.3% (11.8-61.6) and for nonsense mutations
26.9% (95% CI 11.6-47.8). For all other muta-
tions, the risk of inhibition was zero [9].

Despite improvements in inhibitor develop-
ment, immune responses to deficient factor and the
inhibitor risk associated with replacement therapy
in individual patients with hemophilia cannot be
fully predicted [12]. In addition, due to the low
incidence of FIX inhibitors versus FVIII inhibi-
tors, little comparative data is available on the risk
factors and immunological processes underlying
their development [7]. A predictive score has been
developed to estimate the risk of inhibitors in pre-
viously untreated patients with PUPs [13] to meet
the need for an accurate clinical prediction tool.
However, the data supporting the contribution of
each risk factor is still inconclusive, and the gener-
alized utility of the score has not been validated.
Efforts are underway to develop more accurate
inhibitor prediction methods [14].

6.4  Allergic and Anaphylactic

Reactions

The occurrence of allergic and anaphylactic reac-
tions after FIX infusion, which appear before or
concomitant with inhibitor development, is a
known phenomenon and appears exclusively in
patients with HB appearing in up to 60% of the
cases [7]. The exact mechanism by which these
allergic reactions occur is not clearly elucidated,
although several possible explanations have been
described [4, 7, 15]. The immune response to FIX
can be both immune globulin E (IgE)-mediated
and non-IgE-mediated. Immune globulin G (IgG)
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pre-existence in patients with HB and previous
anaphylaxis reactions results after FIX infusion
in the appearance of specific IgG inhibitors, lead-
ing to complete activation of anaphylatoxins with
mast cell mediators and complement activation
of the formation of transient IgG1 antibodies.

Another explanation for this potential mast
cell activation and IgE-mediated hypersensitivity
response is due to the intravascular and extravas-
cular localization of FIX, as most FIX resides
extravascular, in the subendothelial basement
membrane, it exerts vital functions for hemosta-
sis [16]. Another possible reason is that the
plasma concentration of FIX is much higher than
that of FVIII, and the dose required to achieve
effective plasma concentrations is much higher,
with this massive dose of FIX being sufficient to
trigger this allergic reaction. Although a higher
dose of FIX may be associated with the develop-
ment of inhibitors and an increased risk of
adverse events [17], this has also been observed
in some HB patients receiving low doses of
FIX. In addition, the high concentration of exog-
enous FIX infused with treatment is probably
involved in another immunological mechanism
of FIX inhibitors, which is the excessive forma-
tion of circulating immune complexes [4]. The
type of FIX product does not seem to play a role
in the induction of allergic reactions [18]. Data
from the International Society of Thrombosis and
Hemostasis ~ Scientific and  Standardization
Committee (ISTH-SSC) registry did not detect
any difference in anaphylactic and severe allergic
events after exposure to intermediate-purity or
high-purity FIX products (either recombinant or
plasma-derived) [4, 19].

Concerning renal involvement, nephrotic syn-
drome typically occurs during immunotolerance
therapy and can be a severe complication. It is
more frequent in patients with previous reactions
to FIX infusion (allergic phenotype) [20].
Nephrotic syndrome is often unresponsive to ste-
roids and requires discontinuation of immune tol-
erance  induction (ITI). Renal Dbiopsies
demonstrated membranous glomerulonephritis in
two patients, but immunohistochemical staining of
tissue obtained from a single renal biopsy showed
no association with FIX immune complexes [21].

6.5 Clinical and Laboratory

Follow-Up

Detection of the development of inhibitors
requires validated laboratory tests, such as the
Nijmegen-Bethesda tests. Any comprehensive
therapeutic management program needs to detect
emerging inhibitor activity early as possible to
direct appropriate medical treatment and con-
sider inhibitor eradication [22]. Screening should
be performed at least every three exposure days
(EDs) during the first 20 EDs, and more fre-
quently if there is any uncertainty due to allergic
reaction or poor response. After this initial period
of exposure to treatment, screening should be
performed every 3—6 months up to 150 EDs and
annually after that [2, 23]. Since the risk of inhib-
itor development is thought to be highest during
the first 50-75 EDs, the number of inhibitors
should be monitored [9]. EDs of patients starting
treatment who have not been treated previously
should be followed up to ensure that inhibitor
screening is properly performed. Logistically,
this may be more difficult to monitor in those
receiving on-demand treatment versus patients
on prophylaxis and in the case of exposures
administered in care settings far from the com-
prehensive hemophilia treatment center. In sum-
mary, proactive monitoring of all early treatment
exposures in a patient with previously untreated
HB should be prioritized to detect and appropri-
ately manage emerging inhibitors and their
complications.

6.6 Treatment

The primary goal in managing hemophilia B
patients with inhibitors is to treat or prevent
bleeding episodes and eradicate the inhibitor.
Most therapeutic recommendations are derived
from studies of patients with hemophilia A and
inhibitor.

The therapeutic approach to treat and/or pre-
vent bleeding in patients with FIX inhibitor
should be based on the severity of bleeding,
inhibitor titer, anamnestic response, and history
of allergic reactions.
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There are two therapeutic options for people
with inhibitors who experience spontaneous
bleeding, trauma or require surgery: activated
prothrombin complex concentrate (aPCC) or
recombinant factor VII activated (rFVIIa). aPCC
and rFVIla [24, 25] both bypass the functional
activity of FIX and have significantly improved
the management of acute bleeding and quality of
life in patients with chronic inhibitors, and have
demonstrated acceptable efficacy and safety in
those undergoing surgery and in the manage-
ment of severe bleeding episodes [4, 7, 26]. Note
that the most recent World Federation of
Hemophilia (WFH) guideline recommends that
in patients with high-responder inhibitors or
those with low-responder inhibitors who develop
allergic reactions or anaphylaxis, rFVIIa should
be the first choice to control bleeding, as aPCC
contains FIX and may stimulate an anamnestic
response including further anaphylaxis [2]. As
with inhibitor therapy in people with hemophilia
A (PwHA), ITI is used in people with hemo-
philia B (PwHB) who develop high-titer FIX
inhibitors, although there are some differences
focused on reducing the risks of adverse reac-
tions, which are more common in PwHB than in

PwHA and are associated with its low success
rate [27].

International prospective studies compiling
data on the management of patients with hemo-
philia B and inhibitor are needed; however, dif-
ferent recommendations have been published on
the management of bleeding in patients with HB
[4,7,23, 26, 28].

For patients without allergic reactions, low
inhibitor titer and good clinical response to FIX,
it is recommended to continue FIX at higher than
standard doses. For patients with high inhibitor
titer and no allergic reactions or who show inad-
equate response to FIX concentrates, initiation of
ITT is suggested. If there is a failure of ITI, initia-
tion of treatment with rFVIla is recommended. In
those patients with allergic reactions and reason-
able response to bypassing agents, the use of
bypassing agents is recommended. However, if
there is a severe haemorrhagic profile or failure to
bypass agents, IT] is recommended after desensi-
tisation with or without immunosuppressive
agents. Since the response to ITI is highly vari-
able in hemophilia B and is not without risk,
adequate monitoring is essential (Figs. 6.1 and
6.2) [28].

Infrequent hemorrhages and good
response to bypassing agent

rFVlla

Fig. 6.1 For hemophilia B patients without allergic reac-
tions, low inhibitor titer and good clinical response to fac-
tor IX (FIX), it is recommended to continue FIX at higher
than standard doses. For patients with high inhibitor titer
and no allergic reactions or who show inadequate response

Frequent bleeding and/or poor
response to bypass, surgery

Desensitization, ITI with
immunosuppression

Failure

to FIX concentrates, initiation of immune tolerance induc-
tion (ITI) is suggested. If there is a failure of ITI, initiation
of treatment with recombinant factor VII activated
(rFVIla) is recommended [28]
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High inhibitor titer >
5 BU/mL

ITI with/without
immunosuppression

Success or partial
success

Prophylaxis FIX

Fig. 6.2 In those hemophilia B patients with allergic
reactions and reasonable response to bypassing agents,
the use of bypassing agents is recommended. However,
if there is a severe hemorrhagic profile or failure to
bypass agents, immune tolerance induction (ITI) after

6.7 New Therapeutic
Approaches
6.7.1 Gene Therapy (GT)

By reducing or eradicating the need for exoge-
nous FIX for prolonged periods, TG by gene
addition offers the potential to reduce disease
burden for HB patients on single-dose GT [29].
Research efforts to date have focused on using a
recombinant adeno-associated virus (AAV) vec-
tor with a functional F9 gene cassette targeted
to the liver to allow endogenous expression of
FIX, replacing the otherwise missing or mutated
FIX [29].

Data from mouse models for genetic or
acquired diseases indicate that liver gene therapy
using AAV vectors for hepatocyte-restricted
transgene expression could prevent the formation
of pathological antibodies against the transgene
and eradicate pre-existing antibodies [30]. This
apparent induction of immune tolerance was spe-
cific to the transgene without causing a systemic

Low inhibitor titer < 5
BU/mL

Continued FIX

Disappearance
of inhibitor
Hemorrhage

Persistent
inhibitor

control

No bleeding
control

desensitization or using immunosuppressive agents is
recommended. Since the response to ITI is highly vari-
able in hemophilia B and is not without risk, adequate
monitoring is essential [28]. BU Bethesda units, IS
immunosuppression

decrease in host immune competence. The under-
lying mechanisms of immune tolerance in this
model involve complex and diverse pathways,
and some of these strategies could be “mim-
icked” by pharmacological or molecular modifi-
cations [30, 31]. Although many questions remain
to be answered before gene therapy can be said to
be an effective treatment for patients with an
inhibitor in the future, several studies point to the
theoretical possibility of GT as a treatment for
ITI [30].

6.7.2 Other Molecules

Since prophylaxis in patients with HB and inhibi-
tor has been little explored and the efficacy has
not been very satisfactory, other molecules are
being investigated. Recently there has been
increasing interest in non-factor treatments that
enhance coagulation irrespective of inhibitor
development, such as the FVIII-mimetic treat-
ment emicizumab, approved for the treatment of
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PwHA [32, 33]. New agents that “rebalance”
hemostasis, such as investigational agents
fitusiran, marstacimab, and concizumab [34-36]
may be utilized in hemophilia A or B regardless
of inhibitor status, and consequently may change
treatment decisions regarding the approach to
inhibitor management and/or the need to restore
tolerance to FIX in these patients, particularly if
complicated with severe anaphylaxis and/or ITI
failure. However, these agents remain investiga-
tional in late-stage clinical trials.

6.8  Conclusions

Inhibitors in HB are the most critical complica-
tion of HB treatment, as in hemophilia A. Their
incidence may be higher than classically esti-
mated in the light of data from prospective stud-
ies estimating a cumulative incidence of around
10%. FIX inhibitors have two distinguishing fea-
tures: anaphylactic reactions and renal damage.
Current treatment is based on the use of aPCC
and rFVIla for hemorrhagic episodes and surgi-
cal prophylaxis. However, patients with HB and
inhibitor are undoubtedly the group of patients
with the greatest unmet need at present and who
require adequate prophylactic treatment. The
data emerging from the results of the clinical tri-
als of the new molecules are exciting, opening
the door to a promising future in the prevention
of bleeding in patients with HB and inhibitor,
improving their quality of life and morbidity.
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7.1 Introduction

Hemophilia B is a rare congenital disease defined
by a deficiency of coagulation factor IX (FIX),
which is much less common than hemophilia A
[1]. In relation with its low incidence, there has
been a lack of research in terms of diagnosis and
treatment, and few evidence-based data exist.

The inhibitor frequency in hemophilia B is
also uncommon and involves significant enhance-
ment in both morbidity and mortality, with an
increased risk of major bleeding and frequent
development of anaphylactic reactions and
nephrotic syndrome [2, 3]. The previous are
unique complications of hemophilia B with
inhibitors, which can occur in up to 50% of cases
[4, 5], and further complicates the efforts to erad-
icate FIX inhibitors. These complications are
often temporally related: while severe allergies
against FIX concentrates are frequently found
before or after inhibitor development, those
patients with an allergic phenotype may also
develop a nephrotic syndrome with immune tol-
erance induction (ITI) [6].

As a result of poor outcome and high inci-
dence of adverse events with the treatment of
hemophilia B with inhibitor [7], the primary aim
should be to prevent severe hemorrhage and the
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development of inhibitors [2] instead of eradicat-
ing it once it is already established. ITI is still the
preferred strategy for antibody eradication, but
some patients do not tolerate it or are unrespon-
sive to ITI [8]. There is limited experience with
ITT in hemophilia B and the few published data
has registered poor successful rate [4, 5]. Indeed,
most recommendations derive from hemophilia
A evidence. The currently available guidelines
[6, 7, 9] suggest that initiating ITI may be justi-
fied in selected patients (high-titer inhibitors, fre-
quent bleeding, or poor response to bypass
agents), always with careful monitoring and
evaluation.

7.2  Epidemiology

The published rate of inhibitors against FIX is
between 1.5-3% of all patients with hemophilia
B and between 9-23% of severe cases, compared
with approximately 30-50% of patients in hemo-
philia A [2, 6]. Around 80% of the inhibitors are
of the high responding type, defined as a high-
titer antibody (>5 Bethesda Units (BU)) and a
strong response to antigen exposure [2].

Risk factors for inhibitor development are
multifactorial, including both genetic and non-
genetic influences. In contrast with hemophilia
A, few comparable data exist on host, treatment
and immunological variables related to FIX
inhibitors [2]. Hemophilia B genotype is the
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main recognized factor, wherein the highest risk
of inhibitor development is the presence of null
mutations, which are more prevalent in hemo-
philia A [1]. Most genetic disorders in hemo-
philia B are missense mutations, associated with
a less severe phenotype and a lower incidence of
inhibitors [6, 10, 11]. As a result, severe disease
is less common in hemophilia B (35%), in
contrast to hemophilia A (45%) [6, 12]. The
available evidence for non-genetic risk factors is
inconclusive for hemophilia B and should be the
object of further investigation.

Overall, ITI in hemophilia B is less effec-
tive, within a success rate of 31% according to
The North American Immune Tolerance
Registry (NAITR) [4]. This registry was initi-
ated to study ITI in Canada and the United
States including patients with hemophilia A
and B. In addition, adverse reactions to ther-
apy had been approximately 10 times higher
than in hemophilia A, including allergic reac-
tions in 30-60% and nephrotic syndrome in
20-30% [5, 7, 8, 13].

7.3  Immunology of FIX

Inhibitors

FIX is codified in gene F9, and is a vitamin
K-dependent clotting factor which has conserved
the amino acid sequence. This could be a reason
of FIX decreased immunogenicity, while there
are not contrasted trials to prove this theory [2].
FIX has a low molecular mass that may explain
its extracellular distribution and the potential for
mast cell activation and the IgE-mediated hyper-
sensitivity response [14]. Alternative immune
triggers proposed includes complement activa-
tion by the IgG1 antibody formation or immune
complex formation. The large gene deletions
have also been associated with a higher rate of
allergic reactions [14].

An inhibitor is a neutralizing polyclonal IgG
antibody with high affinity to FIX, which is
developed as consequence of exogenous FIX
infusion. It has been proven that the human anti-
FIX antibody is predominantly IgG4, and tran-
sient IgG1 subclass antibodies are also detected

in patients with allergic phenotype [15]. In addi-
tion, the FIX epitopes recognized by the IgG1
and IgG4 antibodies are known to include the
y-carboxyglutanic acid (GLA) and serine prote-
ase (SP) domains, which might inhibit the inter-
action between activated FIX with phospholipids
or with FVIII light chain [16]. This mechanism
may lead to decreased FX activation and could
account for the FIX inhibitory antibody response
[3, 17]. Accordingly, the identification of sub-
class antibodies has been suggested to predict
those patients at high risk of immunological
reaction.

7.4  Allergic Reactions,
Anaphylactic Reactions,

and Nephrotic Syndrome

One of the main complications of developing
inhibitors in hemophilia B is the appearance of
allergic reactions, which is more frequent in
patients with large gene deletions, even if they
can also appear in patients with nonsense muta-
tions. This suggests that the greater impairment
of FIX synthesis would be associated with a
higher risk of allergic/anaphylactic reactions.

The mechanism of appearance of this severe
complication remains unclear, various hypothe-
ses have been suggested to explain this adverse
event. The extracellular distribution of factor IX
protein could have a potential mast cell activa-
tion. Other hypotheses suggest that it could
appear due to an IgE-mediated hypersensitivity,
or due to complement activation by transient
IgG1 antibody formation. High amounts of exog-
enous FIX could also lead to the formation of
immune complexes [2, 18].

This reactions don’t strictly depend on the
number of exposure days, they can appear con-
currently with inhibitor detection or at any time
of treatment, or in some cases precede the inhibi-
tor detection [19]. It is also not related to the
source of FIX replacement used (plasma-derived/
recombinant) [3]. Due the risk of potentially life-
threatening reactions, it has been suggested a
close monitoring in the first exposures to FIX-
containing products.



7 Immune Tolerance Induction in Hemophilia B

55

Nephrotic syndrome often complicates ITI in
hemophilia B patients. It is more frequent in
patients who have presented allergic reactions to
FIX previously (allergic phenotype) [20]. It usu-
ally appears after 8-9 months from the beginning
of ITI with high doses of FIX (100-325 Ul/kg/
day). Patients present with sepsis-like symptoms,
with periorbital edema, hypoalbuminemia, and
proteinuria [2]. The response to standard therapy
with steroids is usually poor, forcing to stop ITI
treatment. The etiology of this process is not
clear; in two patients, renal biopsy showed mem-
branous glomerulonephritis, but immunohisto-
chemical staining of renal tissue didn’t
demonstrate association with FIX immune com-
plexes [20, 21].

7.5 Management of Patients
with Hemophilia B

with Inhibitors

The main goal in hemophilia B patients with
inhibitors is to treat/prevent bleedings and eradi-
cate the inhibitor [3].

7.5.1 Treatment and Prevention

of Bleedings

The therapeutic approach in these patients will
depend on the bleeding severity, inhibitor titer,
anamnestic response, and history of allergic phe-
notype [6].

In patients with low-titer inhibitors and no his-
tory of allergic reactions bleeding episodes can
usually be managed with treatment with high
doses of FIX concentrate. Patients with high-titer
inhibitor will require the administration of bypass-
ing agents to manage bleeding episodes. This
bypassing agents, recombinant activated factor
VII (rFVIla) and activated prothrombin complex
concentrate (APCC), have demonstrated high
efficacy rates of 80-90% in the treatment of
bleeding episodes in different studies. In the
FEIBA Novoseven® comparative study (FENOC)
which compared the efficacy of both products to
treat joint bleedings in patients with hemophilia A

and inhibitors, both showed similar efficacy [22].
Despite this, there are a 30% of patients who
respond better to one of them than to the other.

APCC contains FVIII and FIX, which can
lead to anamnestic responses or allergic reactions
in patients with inhibitor.

In cases of severe bleeding episodes which
cannot be managed with these agents, plasma-
pheresis or immunoadsorption could be an
option.

Prophylaxis with bypassing agents has been
shown to reduce bleeding episodes in these
patients and contributes to prevent the damage of
target joints, this is particularly important in chil-
dren who are undergoing ITI [8]. Prophylaxis
with bypassing agents has proven to be a good
option before or during ITI. The International
workshop on ITI, Spanish consensus guidelines,
and the UKHDO guidelines recommend the use
of rFVIIa prior to the initiation of ITI [2, 23, 24].
During ITI or for those patients who are not
undergoing ITI, the guidelines recommend pro-
phylactic use of either rFVIla or APCC [2, 23,
24].

In patients undergoing I'TI when inhibitor titer
decreases below 5 BU, it is recommended to stop
prophylaxis with bypassing agents, due to the
risk of thrombosis [25].

7.5.2 Immune Tolerance Induction

Treatment

The experience with ITI in hemophilia B is lim-
ited due to the low incidence of inhibitors; most
of the recommendations come from series of
cases or case reports and from extrapolation from
studies in hemophilia A patients.

ITT is less successful in hemophilia B with
inhibitors than in hemophilia A with inhibitors,
with a success rate of 31% after ITI using FIX
concentrates according to The North American
Immune Tolerance Registry (NAITR) [4].

Before considering initiating ITI in these
patients it must be considered the low success
rate, and the high risk of adverse reactions.

For patients with low-titer inhibitors, no aller-
gic symptoms and a good clinical response to
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FIX concentrates, the guidelines recommend
continuing treatment with FIX at a higher dose
than standard dose [7]. In case of non-allergic
patients with high-titer inhibitors or inadequate
response to FIX concentrates, ITI should be con-
sidered [6].

Cases of patients with inhibitors and anaphy-
lactic reactions to FIX concentrates who didn’t
response well to treatment with rFVIIa have been
published, these patients had received treatment
with FIX and hydrocortisone to control the ana-
phylactic reactions, FIX was increased gradually
in a stepwise manner, until therapeutic levels
were reached reducing the hydrocortisone doses
gradually with good results [26].

The classic protocol of ITI is the Malmé pro-
tocol which nowadays has been replaced by dif-
ferent immunosuppressive protocols. The Malmo
consists in administration of cyclophosphamide
intravenously the first 2 days (12—15 mg/kg), and
then orally (2-3 mg/kg body weight) for an addi-
tional 8—10 days. FIX is given daily to maintain
factor concentration at 40-100 UI/dL for about
2-3 weeks. From the fourth day after the start of
the treatment, IgG should be administered at dos-
ages of 0.4 g/kg bw for 5 days. In most cases, a
single dose of corticosteroids (50-150 mg) was
given at the start of treatment [27]. In cases with
high inhibitor titer, it could be necessary to
include immunoadsorption. With this protocol,
the Malmo centre reported success in 6 of 7
(86%) cases of severe hemophilia B. The limita-
tions of this protocol include the
cyclophosphamide-associated complications and
the technical difficulty of performing extracorpo-
real immunoadsorption in young children [28].

In patients with history of allergic reactions,
usually the first step of treatment consists in a
desensitization protocol to abolish these reac-
tions, increasing the dose of FIX concentrate
administered gradually, using slow intravenous
infusion of FIX, or eliminating the antibody from
bloodstream with plasmapheresis [29, 30].

Other reported cases showed some success in
the use of different immunosuppressive agents.
AntiCD20 has been employed in combination
with FIX with good response [31, 32], antiCD20
has also been used in combination with cortico-

steroids and immunoglobulins with success [28,
33].

Experience in ITI with mycophenolate has
been published in combination with dexametha-
sone and intravenous immunoglobulin and high
dose FIX replacement therapy, the complete
eradication of the inhibitor was reached in 1 of
the 2 patients included, but both patients bene-
fited from the ITI treatment and FIX replacement
therapy was tolerated without allergic reactions
[34]. Mycophenolate mofetil can induce apopto-
sis of activated T lymphocytes and suppressed
T-lymphocyte response to allogenetic cells and
other antigens and suppresses antibody responses.
Initially to avoid anaphylactic reactions and
inhibitor boost patients were treated with rFVIIa,
avoiding the use of FIX concentrates and the
appearing of bleeding episodes. After disappear-
ance of FIX inhibitor mycophenolate mofetil was
initiated, given twice daily adjusted by serum
trough levels (1.5-4.5 1g mL), dexamethasone
was given twice daily (2 x 12 mg/m?%day), and
intravenous immunoglobulins (IV 1G) (0.4 g/kg/
day x 4 days) repeated every 4 weeks. High doses
of FIX concentrate (50-100 Ul/kg) were admin-
istered daily. When FIX recovery reached normal
levels, dexamethasone and mycophenolate
mofetil were tapered until suspension. IV IG pro-
phylaxis was continued to counteract immuno-
suppression and minimize FIX replacement
therapy [34].

Beutel and colleagues reported their experi-
ence in an ll-year-old patient with history of
allergic reactions to FIX and to APCC, successful
inhibitor eradication was reached with a com-
bined immune modulating therapy and high dose
of FIX. He received on-demand treatment with
rFVIla but he suffered multiple joint and muscle
bleeds, although the inhibitor was undetectable at
this time. ITI was performed with a combination
of rituximab, mycophenolate mofetil, dexameth-
asone, intravenous immunoglobulins and high
dose FIX with success, inhibitor was eradicated,
and FIX half-life normalized. No allergic reac-
tions, nephrotic syndrome, or serious infections
were observed [35].

Cyclosporin A is an immunosuppressant
inhibiting calcineurin which activates interleu-
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kin-2 and inhibits T-cell function. Cross and col-
leagues reported a case of a severe hemophilia B
patient who developed an inhibitor at early age
and failed several ITI regimens. He received ITI
treatment with cyclosporine, increasing the level
of success. A relapse occurred when cyclosporin
was withdrawn after the onset of nephrotic syn-
drome. ITI was continued when cyclosporin was
reinitiated reaching normal recoveries and nega-
tive Bethesda assays. The patient experienced
relapses in recovery and rises in the inhibitor titer
after needing high amounts of FIX to manage
bleeds or in surgical interventions. These relapses
have been managed adjusting the dose of cyclo-
sporin A with success [36].

A case of inhibitor-associated nephrotic syn-
drome in a hemophilia B patient which failed to a
previous ITI has been reported, who received
treatment with FIX concentrate as ITI and
received concomitantly 4 weekly doses of anti-
CD20 and ongoing immunosuppression with
mycophenolate mofetil resulting in the complete
resolution of the inhibitor and of the nephrotic
syndrome [37]. The inhibitor reappeared 7 years
later, the same ITI protocol reached the eradica-
tion of the inhibitor again [38].

In the NAITR 17 patients with hemophilia B
undergoing ITI were included (81% had high-
titer inhibitors). Sixteen (16/17) patients had con-
cluded the ITI at time of analysis. 47% of
inhibitor development occurred on high purity/
monoclonal FIX concentrates, and 14/17 (82%)
of the ITI reported involved the use of this source
of concentrates. The mean ITI dose of FIX was
100 Ul/kg/day (25-200). Factor was daily admin-
istered in most of the cases (15/17(88%)).
Immunosuppression was associated in 8 cases
(8/17(47%)) and plasmapheresis was used in 2
occasions. The mean period of treatment in sub-
jects who completed treatment was 11.6 months,
which was significantly less time in comparison
with patients included with hemophilia A. The
mean time to initiate ITI in this cohort was 44
months (1-227) after inhibitor diagnosis. ITI was
successful only in 31% (5/16) of the patients who
completed the course, with a mean dose of 100
Ul/kg/day of FIX (43-200), one of them with an
inhibitor-associated allergic phenotype. Four of

these 5 patients have maintained tolerance on
FIX regimens (25-100 Ul/kg/day). Highlights
the fact that 5 of the 11 patients who failed ITI
had a positive family history of inhibitors com-
pared with none of the successes [13].

Important adverse reactions occurred in 8 of
11 patients, including allergic reactions (4/11)
and venous access complications (9/11) much
more frequent in patients who failed ITI [13].

Regarding adverse events, 14 of them compli-
cated 65% (11/17) ITI regimens, which was 10
times higher than the reported in the hemophilia
A group, but there was no statistically relation-
ship between ITI factor dose and the adverse
event rate. Allergic reactions were more frequent
in this group (11/14(79%)) than in hemophilia A
and happened in the 10 patients that had pre-
sented them before, after development of inhibi-
tor. Three of them were severe and forced the
premature cessation of ITT [13].

Three patients ongoing ITI with a known
allergic diathesis developed nephrotic syndrome,
in one of them it forced to immediate suspension
of ITL. The symptoms that these three patients
presented were periorbital edema, proteinuria,
and hypoalbuminemia after 7-9 months of begin-
ning ITI being in that moment receiving 100 UI/
kg/day of FIX. All of them showed a decline in
inhibitor titer at the time of diagnosis of nephro-
sis, and had minimal response to steroids [13].

7.5.2.1 Outcome of Immune Tolerance
Induction

It is important to establish definitions of what is
considered a successful or failed ITL. The
International workshop on ITI published many of
these definitions. Recommended duration of an
ITT regimen should be of 9 months at least to a
maximum of 33 months, before considering it
successful or not. The UK Haemophilia Centre
Doctors’ Organization (UKHCDO) in their
guidelines on the management of inhibitors con-
sider defining tolerance and restoration of normal
FVIII pharmacokinetics is a FVIII elimination
half-life of >7 h after a 72-h wash-out period or
FVIII through levels >1% 48 h after a dose <50
Ul/kg (in a standard prophylaxis on alternate
days). There are no similar criteria proposed for
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defining tolerance in hemophilia B due to the
uncertainty of normal FIX half-life [8].

In the process of ITI it is important to take in
count psychosocial care for patients and caregiv-
ers, to maintain an attitude of hope for the future,
deal with feelings of guilt and ensure adequate
educational assistance. The term of “failed ITT”
could have negative connotations and it may bet-
ter to use the term of “unsuccessful ITT” [8].

7.5.2.2 Predictors of Outcome
of Immune Tolerance Induction

There are a lot of treatment-related and patient-
related factors that are predictive for ITI out-
come. Treatment-related factors that can
influence I'TI outcome are the inhibitor titer at I'TI
onset, the time between diagnosis and initiation
ITI, the historical peak inhibitor titer and peak
titer during ITI. Patients with <10 BU/mL of
inhibitor titer at ITI onset have more probability
of successful ITI and diminish the time taken to
achieve success [8]. Patient-related factors
include age at ITT start, ethnicity, and genotype.

7.7  Conclusions

Inhibitor development in patients with hemo-
philia B is a severe complication that represents
a challenge in hemophilia and involves signifi-
cant enhancement in both morbidity and mortal-
ity. Due to its low incidence, there has been a
lack of research in terms of diagnosis and treat-
ment, and few evidence-based data exist.
Development of allergic/anaphylactic reactions
and nephrotic syndrome supposes a serious com-
plication in these patients which difficults man-
agement. ITI is still the preferred strategy for
antibody eradication, but some patients do not
tolerate it or are unresponsive to ITIL. Overall, ITI
in hemophilia B is less effective, within a suc-
cess rate of 31%. There have been used different
protocols for ITI in hemophilia B employing dif-
ferent types of immunosuppressive therapies.
Nowadays new treatments as rebalancing thera-
pies or the gene therapy are going to displace ITI
treatment in patients with hemophilia B and
inhibitors.

7.6  Future Directions

Nowadays there are on development new thera-
peutics whose mechanism does not consist in
replacement therapies or bypassing agents, these
new therapies include the TFPI-targeting mono-
clonal antibodies and fitusiran (an RNAIi therapy
targeting AT) [39]. Both agents are administered
subcutaneously and should significantly reduce
treatment burden and bleeding episodes. Both are
currently on phase III in investigation trials, with
promising results. Fitusiran trials have recently
been stopped because of thrombotic complica-
tions but will be restarted soon.

Gene therapy is a promising landscape in
hemophilia B; it offers the potential for a cure for
patients with hemophilia by establishing continu-
ous expression of factor IX following the transfer
of a functional gene to replace the defective gene
in these patients with successful results pub-
lished, but it may not be suitable for all patients.
There is a need of more studies that confirm the
safety and efficacy of this therapy [40].
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Hemophilia B: New Drugs

Monica Martin-Salces

8.1 Introduction

Hemophilia B is a rare inherited bleeding disor-
der caused by reduced or absent levels of factor
IX (FIX). Hemophilia B can be treated with intra-
venous FIX replacement therapy, administered
on demand to reduce bleeding episodes and as
prophylaxis to prevent bleeding and joint destruc-
tion, with the aim of preserving normal musculo-
skeletal function.

Currently, prophylaxis is considered to be the
standard of care for hemophilia. Prophylaxis is
associated with a few challenges, such as need
for venous access, frequent FIX administrations,
variable pharmacokinetics, and increased initial
cost; however, prophylaxis is considered superior
to on-demand therapy as it prevents bleeding-
related complications, particularly hemophilic
arthropathy, in patients with severe disease [1].
Highly purified FIX concentrates [plasma-
derived FIX (pdFIX) and recombinant FIX
(rFIX)] are routinely used for the treatment of
hemophilia B. However, as pdFIX and rFIX have
a relatively short plasma half-life (¢1/2; typically
16-19 h), they require frequent administration
(2-3 times weekly) to maintain protective pro-
phylaxis FIX levels [2].
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Therefore, current development efforts have
focused on extending the #1/2 of rFIX by modify-
ing its physiological and pharmacokinetic prop-
erties with the aim of reducing treatment burden
and thereby potentially improving treatment
compliance and clinical outcomes. Approaches
to prolong the 71/2 have included covalent attach-
ment of a polyethylene glycol (PEG) molecule to
the rFIX activation peptide or protein fusion (fus-
ing human albumin or Ig to rFIX) [3].

Other therapeutic approaches that are not
based on substitution of the deficient factor are
currently being developed. In hemophilia B,
those treatments are based on increasing throm-
bin formation by inhibiting natural anticoagu-
lants such as antithrombin in the case of fitusiran
or the tissue factor pathway inhibitor in the case
of concizumab (see Chap. 5).

8.2 Extended Half-life (EHL)
Factor IX Products
8.2.1 Albutrepenonacog Alfa,

rFIX-FP

Albutrepenonacog alfa is a recombinant single-
chain protein obtained by the fusion of recombi-
nant human FIX with recombinant human
albumin connected by a short cleavable linker
peptide derived from the endogenous activation
peptide of native FIX [4]. rFIX-FP is produced

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 61
E. C. Rodriguez-Merchan (ed.), Advances in Hemophilia Treatment,

https://doi.org/10.1007/978-3-030-93990-8_8

8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93990-8_8&domain=pdf
https://doi.org/10.1007/978-3-030-93990-8_8#DOI

62

M. Martin-Salces

by Chinese hamster ovary (CHO) cells, trans-
fected with both the genes of recombinant human
FIX and human albumin.

Pharmacokinetic (PK), efficacy, and safety of
rIX-FP were evaluated in the frame of a large
clinical trial program referred to as PROLONG-
OFP. In a phase I, multicenter, dose-escalation
trial, the safety and pharmacokinetics of rIX-FP
were assessed in patients with hemophilia B. At a
dose of 25-75 IU/kg, rIX-FP was well tolerated:
no serious adverse events were reported and there
was no evidence of hypersensitivity or immuno-
genic reactions. PK analysis indicated enhanced
properties, including a fivefold increase in half-
life, 44% higher recovery, sevenfold greater area
under the curve, and sevenfold slower clearance,
compared with recombinant FIX. Trough levels
were maintained above 5% after 7 days when
rIX-FP was administered at 25 IU/kg and after 14
days when given at 50 IU/kg [5].

In a prospective phase II, open-label study
evaluated the safety and efficacy of rIX-FP for
the prevention of bleeding episodes during
weekly prophylaxis and assessed the hemostatic
efficacy for on-demand treatment of bleeding
episodes in previously treated patients with
hemophilia B. The study consisted of a 10-14-
day evaluation of rIX-FP PK, and an 11-month
safety and efficacy evaluation period with sub-
jects receiving weekly prophylaxis treatment.
Seventeen subjects participated in the study, 13
received weekly prophylaxis, and 4 received epi-
sodic treatment only. The mean and median
annualized spontaneous bleeding rate (AsBR)
was 1.25 and 1.13 respectively in the weekly pro-
phylaxis arm. All bleeding episodes were treated
with 1 or 2 injections of rIX-FP. Three prophy-
laxis subjects who were treated on demand prior
to study entry had >85% reduction in AsBR com-
pared to the bleeding rate prior to study entry [6].
The phase 3 study evaluated the PK, efficacy, and
safety of rIX-FP in 63 previously treated male
patients (12—61 years) with severe hemophilia B
(FIX activity <2%). The study included 2 groups:
group 1 patients received routine prophylaxis
once every 7 days for 26 weeks, followed by
either 7-, 10-, or 14-day prophylaxis regimen for
a mean of 50, 38, or 51 weeks, respectively;

group 2 patients received on-demand treatment
of bleeding episodes for 26 weeks and then
switched to a 7-day prophylaxis regimen for a
mean of 45 weeks. The mean terminal half-life of
rIX-FP was 102 h, 4.3-fold longer than previous
FIX treatment. There was 100% reduction in
median AsBR and 100% resolution of target
joints when subjects switched from on-demand
to prophylaxis treatment with rIX-FP. The median
AsBR was 0.00 for all prophylaxis regimens.
Overall, 98.6% of bleeding episodes were treated
successfully, including 93.6% that were treated
with a single injection. Patients maintained a
mean trough of 20 and 12 IU/dL FIX activity on
prophylaxis with rIX-FP 40 IU/kg weekly and 75
IU/kg every 2 weeks, respectively [7].

The pediatric trial by Kenet et al. [8] was a
prospective, nonrandomized, international, open-
label phase 3 study, with all patients assigned to
weekly prophylactic treatment. All patients par-
ticipated in the PK evaluation of 50 IU/kg rIX-FP
at study entry. Patients also participated in PK
evaluation of 50 IU/kg of previous FIX products
unless PK data were available in the medical
records. The patients were assigned a dose of
35-50 IU/kg rIX-FP for weekly prophylaxis, at
the investigator’s discretion. All 27 patients (FIX
activity <2%) were on weekly prophylactic treat-
ment for a mean of 62 weeks. The total median
ABR was 3.12 (range 0.91-5.91), the joint ABR
was 0.99 (range 0.00-2.33), and the spontaneous
ABR was 0.00 (range 0.00-0.91).

An international, multicenter extension study
evaluated rIX-FP in hemophilia B (FIX <2%)
patients previously enrolled in a phase III study
or who initiated rIX-FP prophylaxis following
surgery. The objective was to investigate the
long-term safety and efficacy of rIX-FP prophy-
laxis in adult previously treated patients (PTPs)
with hemophilia B. Male PTPs were treated with
a 7- (35-50 IU/kg), 10- or 14-day regimen (50—
75 TU/kg). Patients >18 years who were well-
controlled on a 14-day regimen for >6 months
could switch to a 21-day regimen (100 IU/kg). A
total of 59 patients (aged 13-63 years) partici-
pated in the study. Following a single dose of 100
IU/kg rIX-FP, in patients eligible for the 21-day
regimen, the mean terminal half-life was 143.2 h.
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Mean steady-state FIX trough activity levels
ranged from 22% with the 7-day regimen to 7.6%
with the 21-day regimen. Median (Q1, Q3) annu-
alized spontaneous bleeding rates were 0.00
(0.00, 1.67), 0.28 (0.00, 1.10), 0.37 (0.00, 1.68),
and 0.00 (0.00, 0.45) for the 7-, 10-, 14-, and
21-day regimens, respectively. Comparable effi-
cacy was demonstrated for both the 14- and
21-day regimens compared to the 7-day regimen.
Overall, 96.5% of bleeding episodes were treated
successfully with 1 to 2 rIX-FP infusions [9].

8.2.2 Nonacog Beta Pegol, N9-GP

NO-GP is a recombinant coagulation factor IX
derivative. It is produced without animal-derived
materials and with an attached 40 kDa polyethyl-
ene glycol (PEG) molecule for peptide activation
by a site-directed glycoPEGylation. Once acti-
vated, the activation molecule with PEG are
cleaved to leave the activated factor IX (FIXa) [10].

The first human dose trial in patients with
severe or moderate hemophilia B investigated the
safety and pharmacokinetic properties of a single
IV dose of N9-GP. Sixteen previously treated
patients received one dose of their previous FIX
product followed by one dose of N9-GP at the
same dose level (25, 50, or 100 U/kg). None of
the patients developed inhibitors. One patient
developed transient hypersensitivity symptoms
during administration of N9-GP and was
excluded from PK analyses. In the remaining 15
patients, N9-GP was well tolerated. The half-life
was 93 h, which was 5 times higher than the
patient’s previous product. The incremental
recovery of N9-GP was 94% and 20% higher
compared with recombinant and plasma-derived
products, respectively [11].

The source data of the first phase I was used to
developing a population PK model, based on a
linear two-compartment model, to describe the
PK behavior of N9-GP, pd- and rFIX concen-
trates on different prophylaxis regimens, 10 TU/
kg or 40 IU/kg once weekly. The first scheme
achieved a C,,, of 18 IU/dL and a trough of 4.2
IU/dL. In contrast, the second one achieved a
Chax of 72 TU/dL and a trough of 17 IU/dL [12].

The Paradigm TM3 trial was a multinational,
randomized, single-blind trial investigated the
safety and efficacy of N9-GP, in 74 previously
treated patients with hemophilia B (FIX activity
<2 TU/dL). Patients received prophylaxis for 52
weeks, randomized to either 10 IU/kg or 40 1U/
kg once weekly or to on-demand treatment of 28
weeks. Three hundred forty-five bleeding epi-
sodes were treated, with an estimated success
rate of 92.2%. The median annualized bleeding
rates (ABRs) were 1.04 in the 40 IU/kg prophy-
laxis group, 2.93 in the 10 IU/kg prophylaxis
group, and 15.58 in the on-demand treatment
group. In the 40 IU/kg group, 10 (66.7%) of 15
patients experienced no bleeding episodes into
target joints compared with 1 (7.7%) of 13
patients in the 10 IU/kg group [13].

In the Paradigm TMS trial, 25 children (aged
<12 years) with hemophilia B (FIX <2%) were
enrolled and treated. Patients were stratified by
age (0-6 years and 7-12 years), and received
once-weekly prophylaxis with 40 IU/kg N9-GP
for 50 exposure days. Forty-two bleeds in 15
patients were reported to have been treated; the
overall success rate was 92.9%, and most bleeds
(85.7%) resolved after one dose. The ABRs were
1.0 in the total population, 0.0 in the 0-6-year
group, and 2.0 in the 7—12-year group; the esti-
mated mean ABRs were 1.44 in the total popula-
tion, 0.87 in the 0—6-year group, and 1.88 in the
7—12-year group. For 22 patients who had previ-
ously been receiving prophylaxis, the estimated
mean ABR was 1.38 versus a historical ABR of
2.51. Estimated mean steady-state FIX trough
levels were 0.153 TU/ mL (0-6 years) and 0.190
IU/mL (7-12 years) [14].

8.2.3 Eftrenonacog Alfa, rFIXFc

Eftrenonacog alfa is a recombinant fusion protein
comprising human FIX covalently linked to the
constant region (Fc) domain of human IgG1. The
presence of the Fc domain extends the terminal
half-life of rFIXFc, permitting prolonged treat-
ment intervals [15].

In a phase I/1la trial, fourteen subjects received
a single dose of rFIXFc; 1 subject each received
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1, 5, 12.5, or 25 IU/kg, and 5 subjects each
received 50 or 100 IU/kg. Blood samples have
been collected up to 10 or even 14 days, and the
data were analyzed using the two-compartment
model. C,. (20.4, 47.5, and 98.5 IU/dL) and
AUC (766, 1700, and 4020 h x IU/dL) were pro-
portional to the injected doses, alfa distribution
half-life was 3.31 + 3.13 and 10.3 = 5.64 h, beta
elimination half-life 56.7 + 10.4 and 57.6 + 8.27
h, clearance 2.84 + 0.66 and 3.44 + 0.83 mL/h/
kg, volume of distribution 183 + 28 and 262 + 54
mL/kg. With baseline subtraction, mean activity
terminal 71/2 and mean residence time for rFIXFc
were 56.7 and 71.8 h, respectively. This is three-
fold longer than that reported for standard half-
life rFIX products. The incremental recovery of
rFIXFc was 0.93 TU/dL per IU/kg, similar to
plasma-derived FIX [16].

The phase 3 clinical trial was a nonrandom-
ized, open-label study of the safety, efficacy, and
pharmacokinetics of rFIXFc for prophylaxis,
treatment of bleeding, and perioperative hemo-
stasis in 123 previously treated male patients. All
participants were 12 years of age or older and had
severe hemophilia B. The study included four
treatment groups: group 1 received weekly dose-
adjusted prophylaxis (50 IU/kg of rFIXFc), group
2 received interval-adjusted prophylaxis (100 TU/
kg every 10 days), group 3 received treatment as
needed for bleeding episodes (20—100 IU/kg),
and group 4 received treatment in the periopera-
tive period. A total of 115 participants completed
the study. As compared with recombinant FIX,
rFIXFc exhibited a prolonged terminal half-life
(82.1 h). Prophylactic treatment significantly
reduced the annualized rate of bleeding in group
1 (by 83%) and group 2 (by 87%) as compared
with the rate in the group receiving episodic
treatment. Among the participants receiving pro-
phylaxis, 23.0% in group 1 and 42.3% in group 2
had no bleeding episodes during the study. The
median spontaneous ABR was 1.0 (range 0.0—
2.2) and 0.9 (range 0.0-2.3) for group 1 and
group 2, respectively. And the median joint ABR
was 1.0 (0.0-2.1) and 0.0 (range 0.0-1.7) for
group 1 and group 2, respectively. In group 2,
53.8% of participants had dosing intervals of 14
days or more during the last 3 months of the

study. In groups 1, 2, and 3, 90.4% of bleeding
episodes resolved after one injection. Hemostasis
was rated as excellent or good during all major
surgeries [17].

Kids B-LONG was a multicenter, open-label,
phase 3 study assessing the safety, efficacy, and
PK of rFIXFc in 30 previously treated pediatric
patients younger than 12 years with severe hemo-
philia B. All patients were initially given rFIXFc
prophylaxis (50-60 IU/kg) once per week with
adjustments to dose (<100 IU/kg per infusion) or
dosing frequency (up to two times per week) as
needed. Overall, rFIXFc exhibited a prolonged
half-life of 68.6 h. Ten patients (33%) reported
no bleeding, and 19 (63%) reported no joint
bleeding events during the study. The overall
median ABR was 2.0 (IQR 0.0-3.1). The median
ABR of patients younger than 6 years was 1.1
(0.0-2.9) and 2.1 (0.04.2) for patients aged
6-11 years. The median average prophylactic
dose of rFIXFc was 58.6 IU/kg (IQR 52.3-64.8)
per week. Throughout the study, 29 (97%) of 30
patients remained on once per week infusions
[18].

In the B-YOND extension study ninety-three
subjects from B-LONG and 27 from Kids
B-LONG were enrolled. Most subjects received
weekly prophylaxis (B-LONG: n = 51; Kids
B-LONG: n = 23). For subjects from B-LONG,
median (range) treatment duration was 4.0 (0.3—
5.4) years and for pediatric subjects were 2.6
(0.2-3.9) years. No inhibitors were observed and
the overall rFIXFc safety profile was consistent
with prior studies. Annualized bleed rates
remained low and extended-dosing intervals
were maintained for most subjects. The median
dosing interval for the individualized interval
prophylaxis group was approximately 14 days
for adults and adolescents (n = 31) and 10 days
for pediatric subjects (n =5) [19].

8.3  Conclusions

In hemophilia B, current development efforts
have focused on extending the #1/2 of recombi-
nant FIX by modifying its physiological and
pharmacokinetic properties with the aim of
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reducing treatment burden and thereby poten-
tially ameliorating treatment compliance and
clinical results. Approaches to prolong the 71/2
have included covalent attachment of a polyeth-
ylene glycol (PEG) molecule to the rFIX activa-
tion peptide or protein fusion (fusing human
albumin or Ig to rFIX). Among the extended half-
life factor IX products, the following stand out:
albutrepenonacog alfa, rFIX-FP; nonacog beta
pegol, N9-GP: and eftrenonacog alfa, rFIXFc.
Other therapeutic approaches that are not based
on substitution of the deficient factor are currently
being developed. In hemophilia B, those treat-
ments are based on augmenting thrombin forma-
tion by inhibiting natural anticoagulants such as
antithrombin in the case of fitusiran or the tissue
factor pathway inhibitor in the case of
concizumab.
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9.1 Introduction

and Epidemiology

Hemophilia A and B are X-linked bleeding disor-
ders that clinically affect more males than females
given the homozygosity of the inheritance. The
majority of female carriers are heterozygous for
hemophilia alleles and historically have not been
classified and treated as their male counterpart
due to the presumption that they have a milder
phenotype. The variability in the phenotype of
women with hemophilia can partially be
explained by the broad distribution of factor lev-
els. When compared to normal women (non-
hemophilia carriers) that have a mean FVIII/FIX
level of 100 IU/dL, carriers have a mean level
near to 50 IU/dL. This variability may be
explained in part by X-chromosome inactivation;
the type of genetic mutation does not seem to
influence factor levels.

The true prevalence of hemophilia carriers is
unknown but it is estimated that for every male
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with hemophilia, there are 3—5 hemophilia carri-
ers [1]. Approximately thirty percent of hemo-
philia carriers have low FVIII/FIX levels (<40
IU/dL), with the same proportion of carriers pre-
senting with bleeding symptoms. However, there
is a poor correlation between bleeding symptom-
atology and basal factor levels [2, 3].

In most reports describing bleeding symp-
toms in hemophilia carriers, pregnancy-related
complications, surgical procedures, and menor-
rhagia are prevalent and deserve special consid-
eration [4].

Reduced health-related quality of life
(HR-QOL) has been well described in males with
hemophilia, but data in female carriers is very
limited. In the few studies that have been pub-
lished, hemophilia carriers had poorer HR-QOL
scores due to menorrhagia, dysmenorrhea, joint
bleeding, pain, and general health [5-7].

Since 2011, The Community Counts program
collects de-identified data from 135 hemophilia
centers in the USA. From the total number of
patients, 6.1% of hemophilia A and 8.5% of
hemophilia B patients are females for a total of
1672 (6.7%) hemophilia carriers. The proportion
of severe and moderate is low, accounting for
0.48% and 1.4% respectively. On the other hand,
the number of mild female patients is significant
(16% for hemophilia A and 23.7% for hemo-
philia B) (https://www.cdc.gov/ncbddd/hemo-
philia/communitycounts/data-reports/2020-9/
table-2-factor.html).

67

E. C. Rodriguez-Merchan (ed.), Advances in Hemophilia Treatment,

https://doi.org/10.1007/978-3-030-93990-8_9

9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93990-8_9&domain=pdf
https://doi.org/10.1007/978-3-030-93990-8_9#DOI
https://www.cdc.gov/ncbddd/hemophilia/communitycounts/data-reports/2020-9/table-2-factor.html
https://www.cdc.gov/ncbddd/hemophilia/communitycounts/data-reports/2020-9/table-2-factor.html
https://www.cdc.gov/ncbddd/hemophilia/communitycounts/data-reports/2020-9/table-2-factor.html
mailto:miguel.escobar@uth.tmc.edu

68

M. A. Escobar et al.

9.1.1 Definition of a “Carrier”

A hemophilia carrier is defined as a female who
carries a mutated FVIII or FIX gene that causes
hemophilia A or hemophilia B. Since there is so
much variability among the symptoms hemo-
philia women report, and there is lack of correla-
tion with factor levels, a new nomenclature for
carriers has been defined for clinical care and
research studies.

The Thrombosis and Hemostasis ISTH
Scientific and Standardization Committees rec-
ommends that the term “hemophilia carrier” be
reserved for genetic counseling and terms such as
“symptomatic/asymptomatic hemophilia carrier”
and “women and girls with hemophilia” be used
in the clinical setting. This nomenclature is simi-
lar to the one used for males with hemophilia. It
differentiates five clinically relevant hemophilia
carrier phenotypes. Females with clotting factor
levels >40% without a bleeding phenotype are
often referred to as asymptomatic carriers, while
women and girls with a bleeding phenotype with
clotting factor levels >40% are considered to be
symptomatic carriers. Women and girls with lev-
els ranging from 5% to 40% may be referred to as
having mild hemophilia. Factor levels less than
5% may be noted in some women, and are thus
classified as having moderate hemophilia 1-5%
or having severe hemophilia <1%. This variabil-
ity is thought to be attributed to the lyonization
phenomenon (skewed X-chromosome inactiva-
tion pattern) [8] (Table 9.1).

Table 9.1 New definition for hemophilia carriers

Factor level of Hemophilia

A/B carrier Hemophilia carrier type

<1% ‘Woman/girl with severe
hemophilia

1-5% ‘Woman/girl with moderate
hemophilia

>5-40% ‘Woman/girl with mild
hemophilia

>40% with bleeding Symptomatic hemophilia

phenotype carrier

>40% without bleeding | Asymptomatic hemophilia

phenotype carrier

9.2 Symptoms
Hemophilia carriers have a broad variety of
bleeding symptoms, which are more prevalent
with clotting factor levels within the lower nor-
mal range. However, there is evidence that, even
despite normal factor VIII and factor IX levels,
hemophilia carriers can be at increased bleeding
risk. This includes prolonged skin bleeding,
heavy menstrual bleeding, oral bleeding, postpar-
tum hemorrhage, and excessive bleeding follow-
ing dental procedures and surgery (Table 9.2).
Olsson et al. evaluated a cohort of 126 carriers
of severe and moderate hemophilia and compared
it to 90 female controls. They found a high occur-
rence of bleeding symptoms in the carrier cohort
compared to the healthy controls. This bleeding
tendency was present not only in carriers with
clotting factor levels comparable to those in mild
hemophilia, but also in carriers with factor levels
within the normal range [9]. The bleeding score
(BAT) was significantly higher in the carriers
when compared to the controls but was weakly
correlated to FVIII levels in the carriers of hemo-
philia A. Thirty two percent of carriers reported
bleeding complications during surgery and 12%
of them required blood transfusion when com-
pared to 7% and 4% of controls, respectively.
Menorrhagia and postpartum bleeding were also
more common in the female carriers (Fig. 9.1).
Paroskie and colleagues performed a prospec-
tive cross-sectional study of bleeding phenotype,
comparing 44 hemophilia A carriers to 43 normal
women. Hemophilia carriers had higher bleeding
scores reporting increased cutaneous bruising,
postpartum hemorrhage, post-surgical bleeding,
atraumatic hemarthrosis, and menorrhagia when
compared to normal controls [10]. Plug et al. also
studied the effect of hemophilia A and B carrier-
ship in the Netherlands with comparison to nor-
mal women. Of a total of 274 carriers and 245
noncarriers, the median clotting factor level was
0.60 IU/mL (range, 0.05-2.19 IU/mL) and 1.02
IU/mL (range, 0.45-3.28 IU/mL), respectively.
Interestingly, 8% of the carriers reported joint
bleeds. Overall, carriers experience a higher risk
of prolonged bleeding after trauma and proce-
dures [2] (Fig. 9.2).
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Fig. 9.1 Hemorrhagic symptoms among hemophilia carriers and controls (adapted from Olsson et al. [9])
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Fig. 9.2 Bleeding symptoms according to clotting factor level in hemophilia carriers and noncarriers (adapted from
Plug et al. [2])
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9.2.1 Surgeries

A complex and chronic condition like hemophilia
requires specialized treatment throughout the
individual’s lifespan and can only be achieved in
a comprehensive care setting with access to a
multidisciplinary team of specialist. This is the
standard of care for our male patients with hemo-
philia, and the same recommendation should
apply to hemophilia carriers. For years many cli-
nicians have underestimated the bleeding risk of
carriers, especially during trauma and surgery,
putting them at increased risk of bleeding com-
plications. For this reason, preoperative planning
is crucial for a successful outcome [12].

In regard to treatment, hemophilia carriers
should be managed with the same medications
and dosing as male carriers when it comes to sur-
gical procedures (Table 9.3).

9.2.2 Pregnancy

Carriers of hemophilia remain at an increased
risk of bleeding during pregnancy and delivery
when compared to noncarriers, despite a natural
shift towards a procoagulant state in the hemo-
static balance that occurs during the course of a
pregnancy with the physiological increase of
many coagulation factors, including factor VIII,
von Willebrand factor, and to a lesser extent, fac-
tor IX. The increase in FVIII level is variable and
although it might be within normal range, levels
may still be insufficient in some women. In the
postpartum period, FVIII levels decrease by the
third day and return to basal levels between 7 and
21 days [4]. Factor IX levels during pregnancy
have minimal variation, which could pose an
increased risk of hemorrhagic complications in
hemophilia B carriers. Challenges with hemosta-
sis most often occur at time of delivery, third
stage of labor, and postpartum period, and not
typically during the antepartum period. Carriers
are not believed to be at an increased risk of preg-
nancy loss; however, establishment of care with a
Hemophilia Treatment Center early in pregnancy
is recommended for anticipatory guidance in the
event of spontaneous early pregnancy loss with

Table 9.3 Hemophilia carriers: management of preg-
nancy, delivery, and postpartum period

Stages of
pregnancy
Preconception

Management

* Counseled prior to pregnancy
regarding carrier status

» Causative mutation identified
through genetic testing

* Baseline clotting factor level
measured

Antepartum?® ¢ Determine sex of fetus by
ultrasound

* Delivery plan dictated by sex of
fetus

* Assess clotting factor level in 3rd
trimester (30-34 weeks), >80%

sufficient for delivery

* Male fetus—avoid instrumental
vaginal deliveries

* Female fetus—no restrictions
during delivery

* Unassisted vaginal delivery
recommended, emergency cesarean
if second stage of labor prolonged or
suspected fetal distress

« Factor concentrate for hemostatic
support indicated if FVIII/FIX levels
<50%. Targeted peak clotting factor
level at delivery 100%

* Option of neuraxial anesthesia with
factor levels >80%

* Factor concentrate for hemostatic
support indicated if FVIII/FIX levels
<50%. Targeted trough level >50%
for 3 days (vaginal delivery) and 5
days (cesarean delivery)
 Tranexamic acid 1300 mg po every
8 h for 7 days

* If minor bleeding symptoms occur, DDAVP may be
safely used in first and second trimester for FVIII carriers.
Aminocaproic acid and tranexamic acid are not recom-
mended for use during pregnancy

® DDAVP should be avoided at time of delivery, given risk
for hypotension in mother and hyponatremia in both
mother and infant

Delivery®

Postpartum

need for possible uterine evacuation, in which
hemostatic therapy may be indicated. Bleeding
risk associated with pregnancy in the general
population (non-hemophilia) varies between 6%
and 18%.

Nau et al. described a multicenter study look-
ing at complications during pregnancy and deliv-
ery in 104 hemophilia carriers. During the 5-year
study, 30% of women had bleeding events from a
total of 124 pregnancies and 117 deliveries.
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Sixteen percent of the deliveries had bleeding
complications during pregnancy or primary post-
partum or both, and cesarean section was the only
variable independently associated with bleeding
in this period. Eleven percent of the bleeding
occurred during secondary postpartum and low
basal factor level, cesarean section, and age
(younger women at higher risk) were indepen-
dently associated with bleeding. Low basal factor
level (<0.4 IU/mL) was also a risk factor for sec-
ondary postpartum bleeding [4].

In another study, Chi and collaborators review
the complications, management, and outcome of
pregnant hemophilia carriers over a 10-year period
following the development of multidisciplinary
guidelines in the United Kingdom. Fifty-three car-
riers (41 hemophilia A and 12 hemophilia B) were
included in the study. Interestingly, 8% of the
hemophilia A carriers and 50% of hemophilia B
carriers had factor levels <50 IU/dL at term, requir-
ing treatment with FVIII or FIX during labor and
delivery. Primary postpartum hemorrhage was
reported in 19% of the patients, two which occurred
after vaginal delivery complicated with retained
placenta and seven with cesarean section [13].

Overall, pregnant female carriers seem to have
a higher risk of bleeding complications when
compared to the general population. Delivery
should occur in a facility with appropriate labora-
tory, pharmacy, and transfusion services support,
as well as consulting Hematology service and
Neonatology. Clotting factor replacement and
other hemostatic agents must be available on-
site. Given the unpredictability of labor a sponta-
neous vaginal delivery cannot be guaranteed.
Therefore, discussion regarding alternative birth
plan such as cesarean delivery should be consid-
ered when an affected or potentially affected
infant is anticipated. Infants of hemophilia carri-
ers can be safely delivered vaginally, although
forceps and vacuum extraction should be avoided,
as well as fetal scalp electrode monitoring, as
invasive interventions increase the risk of intra-
cranial hemorrhage in affected infants.

Third stage of labor requires active manage-
ment to reduce blood loss and incidence of post-
partum hemorrhage. Following delivery, clotting
factors begin their return to baseline levels, pos-

sibly abruptly, therefore women who require
clotting factor replacement therapy should con-
tinue to receive prophylaxis 3—5 days postpar-
tum. Use of antifibrinolytic therapy is
recommended as delayed postpartum hemor-
rhage is not uncommon and may occur more than
two weeks following delivery (Table 9.3).

These are some guidelines for the obstetric
management of carriers with hemophilia (adapted
from [13]):

1. Establish care in a hemophilia treatment cen-
ter with multidisciplinary care.

2. Pre-pregnancy counseling.

3. Prenatal diagnosis and
determination.

4. Measure basal non-pregnant factor levels, at
I and III trimester and before any invasive
procedure.

5. If pre-labor factor level <50 IU/mL, adminis-
ter FVIII or FIX accordingly for delivery and
postpartum.

6. After delivery, check factor levels once a day
if non-pregnant baseline levels are <50 1U/
mL and administer FVII or FIX if
necessary.

7. Avoid invasive fetal monitoring techniques
and instrumental deliveries in affected male
fetuses or when fetal sex or coagulation sta-
tus, if male, is unknown.

8. Regional block or neuraxial anesthesia can
be allowed if factor level is normal.

9. Obtain umbilical cord sample to assess the
coagulation status of the newborn.

10. Consider a pediatric hematology consult.

11. Avoid intramuscular injection in affected
male infants or if coagulation status is
unknown. Can give oral vitamin K and sub-
cutaneous vaccinations.

12. Follow-up care with the hemophilia treat-
ment center.

fetal gender

9.2.3 Other Types of Bleeding

Joint bleeding in hemophilia males is the hall-
mark of the disease. However, in female carriers
hemarthrosis has been taken with skepticism
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among treaters despite published reports avail-
able since 1976 [14]. In the last decade, the num-
ber of studies describing joint bleeding in carriers
is more defined, although the true prevalence of
joint disease in carriers is unknown. Osooli et al.
conducted a retrospective study in 539 female
carriers from Sweden, where the main study out-
comes included joint diagnosis, joint surgery and
related hospital admissions. By the age of 60,
37% of the hemophilia A and B carriers with fac-
tor levels <40 IU/dL or unknown factor levels
had a diagnosis of joint disease compared to only
23% of carriers with a normal factor activity [15].
In the same cohort, similar observation was found
in patients requiring joint surgery, those with
lower levels were 10 times more likely of having
orthopedic surgery compared to normal women.
About 1.5% of the carriers underwent hip surgery
and 1.0% knee surgery. Sidonio and collaborators
reported a cross-sectional study looking at data
from the United States public health surveillance
project (Universal Data Collection System) from
1998 to 2011. A total of 148 carriers of hemo-
philia A or B and 303 female controls between
the ages of 2-69 years were compared. The mean
overall joint range of motion (ROM) was signifi-
cantly lower in carriers with FVIII levels <5%
compared to carriers with FVIII levels >40%.
Loss of ROM was seen as early as 2—-8 years of
age and more limited, with increasing hemophilia
severity. The authors suggest that these patients
may be having subclinical bleeding as early as
the pre-teen years [16].

9.3  Diagnosis

Similar to the diagnosis of males with hemo-
philia, assessment of baseline clotting factor is
pursued in women thought to be obligatory and
possible carriers. The expected mean clotting
factor level in carriers of hemophilia is 50% of
normal, consistent with exactly 50% suppression
of each X-chromosome. However, a wide range
in clotting Factor VIII or Factor IX levels can be
observed in hemophilia carriers, from <1% to
>150%, independent of disease severity within
the family. Clotting factor within normal limits

should not exclude the diagnosis of carriership.
Factor VIII clotting assay variability is often
noted with fluctuating estrogen levels, such as in
pregnancy or hormonal contraceptive use, as well
as in the setting of physical and mental stress,
exercise, and infections. Factor IX clotting assay
has less variability, with fluctuation typically
noted in the setting of liver impairment.
Increasing utilization of chromogenic clotting
Factor VIII and Factor IX has also suggested a
discrepancy between one-stage assay levels and
chromogenic. Suggesting a carrier’s baseline
level may be lower than initial laboratory assess-
ment, given that one-stage assay has demon-
strated a high intra-laboratory variation as
compared to chromogenic assays.

Given considerable clotting factor variability
in hemophilia carriers, with approximately only
one-third of hemophilia carriers manifesting defi-
cient Factor VIII or Factor IX levels [16], genetic
testing is now considered the standard for hemo-
philia carrier diagnosis. Diagnosis is made by
gene mutation analysis, identifying the specific
disease-causing variant in either the Factor VIII
or Factor IX gene, thereby providing the most
accurate method of carriership diagnosis.

Prior to the availability of DNA analysis in the
1980s, pedigree analysis and clotting Factor VIII
and Factor IX levels were applied for diagnosing
hemophilia carrier status. Pedigree analysis is
important in the detection of obligatory and
potential carriers, by identifying females that
would benefit from clotting factor studies and
bleeding symptom assessment. Family history
may also guide genetic testing options, such as
targeted-variant testing in instances where a spe-
cific mutation has been previously identified in
affected family members (Table 9.4).

Assessment of carrier status is often recom-
mended in early childhood prior to menarche to
allow establishment of care with a hemophilia
treatment center that can provide adequate treat-
ment and management of potential bleeding
symptoms. Therefore, assessing bleeding risk is
standard in all obligate or potential carriers. As
genotyping has become increasingly routine in
the diagnosis of hemophilia carriers, there is
interest in determining whether genotype influ-
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Table 9.4 Carrier detection

Obligatory carriers

Possible carriers

* Daughters of a male with
hemophilia

e Mothers of one son with
hemophilia and at least one
other family member with
hemophilia (brother,
maternal grandfather,
uncle, nephew, or cousin)

e Mothers of one son with
hemophilia and a family
member who is a carrier of
the hemophilia gene
(mother, sister, maternal
grandmother, aunt, niece,
or cousin)

¢ Mothers of two or more
sons with hemophilia

* All daughters of a
carrier

* Mothers of one son
with hemophilia who
have no other family
members who either
have or are carriers of
hemophilia

e Sisters, mothers,
maternal grandmothers,
aunts, nieces, and
female cousins of
carriers

Genetic testing

Factor VIII gene mutation previously identified in

family?

* Yes—perform targeted familial mutation testing
* No—determine clinical severity of affected family

member

— Unknown or Severe hemophilia A—intron 1
and 22 inversion mutation analysis
— Mild or moderate hemophilia A—factor VIII

next-generation sequencing

Factor IX gene mutation previously identified in

family?

* Yes—perform targeted familial mutation testing
* No—factor IX next-generation sequencing

— Recommend performing baseline clotting factor
levels both one-stage and chromogenic prior to or at
the time of genetic testing

ences the bleeding phenotype of -carriers.
Although new data is constantly emerging, thus
far the clinical phenotype of a carrier is not solely
determined by genotype or clotting factor levels.

9.4 Bleeding Tools:

The International Society
on Thrombosis

and Hemostasis (ISTH)-
Bleeding Assessment Tool

(BAT)

Hemophilia carriers were previously considered
to be clinically asymptomatic in terms of bleeding
symptoms; however, emerging studies have dem-
onstrated that despite a variability in clotting fac-

tor activity and no clear correlation between
genotype and phenotype, carriers do in fact
express a bleeding phenotype. Therefore, a dis-
tinctive bleeding history should guide treatment
and management, as severity of previous bleeding
symptoms correlates with the risk of future bleeds.

The ISTH-BAT, originally designed for von
Willebrand disease (VWD) patients, has been
validated for use in hemophilia carriers [11], and
is endorsed by the ISTH and has been widely
accepted and used by the hemophilia community.
The ISTH-BAT is an expert-administered ques-
tionnaire, which covers both mucocutaneous and
musculoskeletal bleeding using a 0—4 scoring
system for each bleeding symptom. The overall
bleeding score (BS) is summative, and scores of
>4 for men and >6 for women are considered
positive or abnormal [17]. Alternatively, a Self-
BAT may be utilized with recent studies suggest-
ing correlating bleed scores between Self-BAT
and those generated from an expert-administered
BAT. Cutaneous bleeding, heavy menstrual
bleeding, and prolonged bleeding after invasive
procedures and childbirth are common findings
noted on ISTH-BAT assessment in hemophilia
carriers [11]. As with any assessment tool, there
are limitations of the ISTH-BAT, with inevitable
subjective bias influenced by symptom aware-
ness, barriers to healthcare, as well as cultural
and education backgrounds. Symptoms may be
unrecognized, as well as undertreated, thus low-
ering overall bleeding score.

ISTH-BAT should be performed prior to or at the
time of pursuing clotting factor assay and/or genetic
testing. ISTH-SCC Bleeding Assessment Tool can be
accessed: https://bleedingscore.certe.nl/

9.5 Treatment

Bleeding symptoms should be treated similarly
to males diagnosed with hemophilia and although
there is a wide range of clotting factor level vari-
ability noted in carriers, previous bleeding his-
tory established through the use of a standardized
bleeding assessment tool such as the ISTH-BAT
can assist with formulation of treatment strate-
gies. Bleeding symptom management is best
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Table 9.5 Management of bleeding symptoms

Types of bleeding

Gynecological and obstetrical bleeding

Other types of bleeding

* Heavy, prolonged menstrual bleeding
» Abnormal, irregular vaginal bleeding
* Hemorrhagic ovarian cyst

* Postpartum bleeding

* Easy bruising

« Epistaxis

¢ Bleeding from minor wounds

¢ Prolonged bleeding after tooth extraction

« Significant bleeding after trauma or surgery
* Bleeding into joints and muscles

Treatment

Hemostatic therapies

Route, dose, frequency

Antifibrinolytic agents

Minor bleeding symptoms

Oral

* Tranexamic acid 1300 mg po every 8 h

* Aminocaproic acid 100 mg/kg po every 6 h

Major bleeding symptoms (surgical prophylaxis)
Intravenous

e Tranexamic acid 10 mg/kg IV every 6-8 h for 5-7 days

* Aminocaproic acid 100 mg/kg IV every 4-6 h for 5-7 days

Hormonal therapies

* Combined hormonal contraceptives
* Progesterone only contraceptives
 Levonorgestrel releasing [TUD

Desmopressin
* Only indicated for hemophilia A
carriers
* DDAVP trial recommended

Minor bleeding symptoms

Intranasal

>50 kg: 150 mcg spray in each nostril daily for no more than 3
consecutive days

<50 kg: single 150 mcg spray daily for no more than 3 consecutive days
Major bleeding symptoms (Surgical prophylaxis)

Intravenous

0.3 meg/kg IV in 30-50 ml of NS over 30 min

* Hyponatremia may complicate repeated DDAVP dosing

Factor concentrates
1 IU/kg will increase FVIII level
approximately 2%
e 1 IU/kg will increase FIX level
approximately 0.8—1%

Minor bleeding symptoms
Hemophilia A carriers 25-50 [U/kg IV
Hemophilia B carriers 2040 [U/kg IV
Major bleeding symptoms
Hemophilia A carriers 50 IU/kg IV
Hemophilia B carriers 50-100 IU/kg IV
Surgical prophylaxis
Hemophilia A carriers 50 IU/kg IV
Hemophilia B carriers 80-100 IU/kg IV

provided by a Hemophilia Treatment Center care
team, as non-hemophilia specialists often under-
estimate severity of bleeding symptoms. Bleeding
in carriers can be grouped into two general cate-
gories: gynecological and obstetrical bleeding,
and other types of bleeding with severity of
symptoms dictating treatment (Table 9.5).

9.6 Conclusion

Hemophilia carrier status is a diagnosis that
requires a multidisciplinary team that can
develop a treatment plan and share management

of congenital bleeding disorder with both patient
and family. Women and young girls face spe-
cific challenges associated with reproduction
and menses that require a care team, all of whom
are knowledgeable in the management of
women with bleeding disorders. Appropriate
treatment strategies can effectively reduce
bleeding symptoms, thereby reducing overall
morbidity, hospitalizations, and mortality, as
well as improving quality of life. Similar to
males diagnosed with hemophilia, a carrier’s
care team should include a Hematologist, Nurse,
Social Worker, and Genetic Counselor. A physi-
cian specialized in physical and rehabilitation
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medicine and a physical therapist may be
required for carriers who may experience a mus-
culoskeletal bleed event. Comprehensive care
with a Hemophilia Treatment Center is recom-
mended for carriers at least once a year with
supportive services accessible as needed.
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10.1 Introduction

Hemophilia is a genetic disease characterized by
a deficit or absence of clotting factors due to
mutations occurring on chromosome X. The
main types of hemophilia are hemophilia A,
caused by a deficiency of factor VIII (FVIII) and
hemophilia B caused by a deficiency of Factor IX
(FIX). The characteristic phenotype in both
hemophilias is the bleeding tendency. The sever-
ity of bleeding manifestations in hemophilia gen-
erally correlates with the degree of the clotting
factor deficiency [1]:

* Severe hemophilia: clotting factor level is less
than 1%. It is usually characterized by sponta-
neous bleeding episodes.

* Moderate hemophilia: clotting activity factor
is between 1 and 5%. It is characterized by the
occurrence of spontaneous bleeding episodes
occasionally, and in cases of severe trauma or
surgery.

e Mild hemophilia: clotting factor level exceeds
5%. Bleeding is infrequent and typically
occurs only after injury, trauma, or surgery.
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Bleeding episodes can occur in any part of the
body but most often occur in the muscles and
joints such as knees, ankles, elbows, and hips.
Repeated bleeding in the joints causes, in the
medium and long term, highly disabling sequelae
known as hemophilic arthropathy. Hemophilic
arthropathy may significantly limit mobility and
generate severe deformities that sometimes
require minimally invasive surgical techniques
such as synoviorthesis or complex surgical tech-
niques such as the implantation of joint prosthe-
ses [2-4].

The therapeutic management of hemophilic
patients is complicated, especially if they suffer
from hemophilic arthropathy because the thera-
peutic options are limited. The optimal treatment
for patients with hemophilia is the prevention of
hemorrhagic episodes through prophylactic treat-
ment to avoid the appearance of joint and muscu-
lar sequelae. When joint health degenerates, the
administration of exogenous coagulation factor
does not solve mobility problems. In addition,
this therapeutic option involves a high economic
cost, due to the constant administration of high-
priced factor concentrates. Surgical techniques
have the advantage of being able to recover, at
least in part, the patient’s mobility, relieving pain
and stopping the constant bleeding from the
affected joint. However, in order to perform the
surgical technique, it is necessary to strictly con-
trol the patient’s perioperative and postoperative
hemostasis. This hemostatic control must be car-
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ried out by administering factor concentrates,
which has a high economic impact.

In this respect, the pharmacoeconomic analy-
sis of hemophilia treatments may be interesting,
mainly due to the high costs that the different
therapeutic options can entail, which are not
always affordable for healthcare systems.

10.2 Economic Evaluations
in Healthcare

Healthcare systems in different countries have
the need to cope with an ever-increasing health-
care demand with increasingly limited resources.
The economic evaluations of health interventions
are the essential tools for carrying out this work.

The economic evaluation studies are very
important although they can be very complex, as
they involve the quantification of each of the fac-
tors that may be affected by a particular
intervention.

However, there are other simpler studies that
may provide a closer view of the economic real-
ity of a health intervention, warning of possible
overspending.

Canada was one of the pioneering countries in
conducting health economic evaluations. The
Canadian Coordinating for Health Technology
Assessment (CCOHTA) draft “Guidelines for
economic evaluation of pharmaceuticals” that
describe the methodology of the different eco-
nomic evaluation models to encourage the appro-
priate use of health technology by influencing
decision-maker [5].

There are other national agencies that estab-
lish criteria for the selection and use of drugs
financed by national health systems. In Europe,
the main agencies are the British National
Institute for Health and Clinical Excellence
(NICE), the Scottish Medicines Consortium
(SMC), the Institut fiir Qualitit und im
Wirtschaftlichkeit Gesundheitswesen (IQWIG)
in Germany and Haute Authorité de Santé (HAS)
in France.

In Spain, there is no official agency that
includes economic evaluation to establish health
interventions such as financing by the National

Health System. However, the Spanish Ministry of
Health elaborated two publications that address
economic evaluations: “Methods for the eco-
nomic evaluation of new supplies,” published in
2003 and “Proposed guideline for economic eval-
uation of health technologies,” published in 2006
[6, 7].

A high percentage of the economic resources
in healthcare is the cost of medicines used in the
different pathologies. This fact and the absence
of Spanish agency to carry out the economic
evaluation has highlighted the fundamental role
of Pharmacy Services of Spanish medical centers
in the search for pharmacological efficiency
(greater therapeutic benefit at lower cost), using
the pharmacoeconomic as a toll. In this analysis,
therapeutic alternatives will be compared in
terms of costs and benefits [8].

10.3 Types of Economic
Evaluations

The term “economic evaluations” usually implies
the economic comparison of various therapeutic
alternatives. However, there are other types of
studies that, without comparing therapeutic alter-
natives, can improve the efficiency of pharmaco-
logical therapy such as the analysis of the
pharmaceutical bill and budget impact studies.
These evaluations are of great interest in pharma-
cological groups that have a high economic
impact on the pharmaceutical budget for treat-
ment of a small number of patients. This situation
occurs with the pharmacological treatment of
hemophiliac patients, whose annual cost per
patient can exceed 200,000 €, being even higher
if orthopedic surgery is performed. Consumption
of clotting factor concentrates implies more than
90% of the cost of surgery.

Budget impact analysis can be defined as a
quantitative estimate of the expected deviation in
healthcare expenditure for a healthcare interven-
tion [9, 10]. To determine the budgetary impact
must know the total number of patients undergo-
ing this health intervention or the total number of
health interventions. These estimates are useful
for decision-making and are the most valued by
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the Directors and Managers of healthcare
centers.

Complete economic evaluations include com-
parison of at least two alternatives and involve the
analysis of costs and the health consequences of
both. The choice of comparator is crucial to obtain
an incremental cost-effectiveness value. The com-
parator should be the best therapeutic alternative.
If the economic assessment is based on clinical
trials, the outcome variable would be efficacy and
if it is based on data obtained in routine clinical
practice, it would be the effectiveness.

A major concept in economics is opportunity
cost, in other words, the forgone benefit that
would have been derived by an option not cho-
sen. To properly evaluate opportunity costs, the
costs and benefits of every option available must
be considered and weighed against the others.
Cost information can be obtained from official
publications, analytical accounting of healthcare
facilities or market prices.

Economic evaluations approach costs in a com-
mon format, they differ in the way they approach
benefits. The main forms of economic evaluation
include cost-minimization analysis (CMA), cost—
benefit analysis (CBA), cost-effectiveness andlisis
(CEA), and cost—utility analysis (CUA) (Table 10.1).

CMA refers to the simple comparison of cost
between two interventions. This form of analysis
should only be used when the consequences
between two interventions are assumed to be the
same, which is unusual and therefore infrequently
used.

In CBA, the costs and benefits of an interven-
tion are valued in monetary terms. This type of
analysis is not useful in healthcare because it is
difficult to assign monetary values to health
outcomes.

CEA assesses the consequences of alternative
interventions using clinical outcomes in “natural
units.” In hemophilia, intermediate clinical out-
comes can be measured as the number of avoided
bleeding, or clinical outcomes such as years of
life gained in case of orthopedic surgery. This
type of economic evaluation should compare
incremental costs and effects, meaning the addi-
tional cost that one alternative imposes compared
to the additional benefit it delivers. It is expressed

as the “Incremental Cost-Effectiveness Ratio”
(ICER), which is calculated by dividing the
incremental cost of the new intervention by the
incremental change in effectiveness.

Costs, — Costs,
Effects, — Effects,

ICER =

A variant of the CEA is the CUA that consid-
ers the patient’s quality of life as an outcome in
addition to efficacy. In this economic evaluation,
the benefit is usually measured in quality-adjusted
life year (QALY). The interpretation of the results
is very similar to that of the CEA, and an incre-
mental analysis should be performed.

Table 10.2 shows an example of a cost—utility
analysis to compare the cost and effectiveness of
a new treatment. The scenario involves an adult
hemophiliac patient with advanced knee arthrop-
athy with an indication for total knee replace-
ment. The patient’s four alternatives are:

1. Keep the patient without treatment at zero
cost but without any QALY.

2. Maintain with prophylaxis replacement ther-
apy at an annual cost of €200,000 to correct
the bleeding from the injured joint. In this
case we assume that he would have 10 QALY
gained. The result would be an incremental
cost of €200,000 over the first assumption (no
treatment). Each QALY would cost €20,000.

3. Maintain the patient with on-demand replace-
ment therapy at a cost of €100,000 and 9
QALY gained. The results compared to pro-
phylaxis treatment would be a cost increase of
€100,000 with 1 QALY gained. The cost of
each QALY gained from prophylaxis treat-
ment versus demand would cost €100,000.

4. Perform knee prosthesis implantation with an
assumed cost of €300,000 but with 20 QALY
gained. The surgery versus prophylaxis
replacement therapy would mean an increase
of 10 QALY gained and a cost of €10,000 for
each QALY gained.

In this case, the most favorable option from
the pharmacoeconomic point of view would be
the implantation of a knee prosthesis.
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Table 10.1 Types of economic evaluation

Cost
Type of evaluation measurement Outcome measurement Focus
Cost-minimization Any currency Assumed or demonstrated Efficiency

analysis

equivalent effects

Cost—benefit analysis | Any currency Money

Most beneficial use of limited
resources

Cost-effectiveness Any currency

Usual clinical units (e.g., life-years

Least costly way to achieve an

analysis gained) objective
Cost-utility analysis Any currency Usual clinical units (QALY) Least costly way to achieve an
QALY gain

Table 10.2 Costs, outcomes, and cost-effectiveness of different treatment alternatives for a supposed adult hemo-
philiac patient with knee arthropathy who is a candidate for total knee prosthesis implantation

Bought alternatives Costs (€) | Results (QALY) |Rising costs | Increased QALY | ICER (€/QALY)
Without pretreatment 0 0 200,000 10 20.000
Replacement therapy 200,000 |10

prophylaxis

Replacement therapy demand 100,000 |9 100,000 1 100.000
Replacement therapy 200,000 |10

prophylaxis

Replacement therapy 200,000 |10 100,000 10 10.000
prophylaxis

Treatment of prosthetic implant | 300,000 |20

Cost-effectiveness studies alone are not valid
for decision-making, since it is not the same to
assume high costs in a context of economic pros-
perity as in situations of economic crisis.
Therefore, economic evaluations are not intended
to determine whether a treatment or technique
should be applied. Their sole purpose is to facili-
tate decision-making in the choice of an alterna-
tive in an efficient manner.

One issue to be taken into account in eco-
nomic evaluations is the temporal space. Costs
and benefits rarely occur at the same time. In this
regard, the introduction of a prophylactic treat-
ment or the implantation of a joint prosthesis in a
hemophilic patient involves an immediate
increase in cost, but a long-term benefit. This can
be an obstacle, since immediate benefits are usu-
ally preferred. Therefore, benefits and costs can-
not be separated from the time period in which
they occur.

The application of the so-called discount rate
in economic evaluation takes into account these
temporary circumstances, since costs and bene-
fits arising in the future are valued less. The dis-
count rate applied usually varies from country to
country, although it ranges between 3% and 5%.

This is of great importance when transferring the
results of a pharmacoeconomic study carried out
in one country to another country. These results
should be interpreted with caution.

The robustness of the results in economic
evaluation studies is supported by sensitivity
analyses. This type of analysis is necessary in
CEA, because the very nature of the studies
assumes values of variables that are not verified
in the analysis, creating uncertainties in the
results. To minimize these uncertainties, it is nec-
essary to accompany the results of the variables
involved with a range of estimates, keeping the
others constant. If, after incorporation of the dif-
ferent estimates, the conclusions do not change
substantially, the study can be considered very
reliable and solid conclusions.

10.4 Costs of Prophylaxis
in Hemophilia

The optimal treatment for hemophilia, and espe-
cially for severe hemophilia, is prophylaxis treat-
ment. This consists of frequent intravenous
administration of deficient clotting factor with
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the aim of achieving blood levels of factor always
above 1%. In patients at higher risk this mini-
mum value can be increased, for example, in
patients with advanced arthropathy or with high
levels of physical activity.

These frequent doses represent a high cost and
require careful individualization to provide ade-
quate care at the lowest cost.

The high cost of these treatments has limited
their widespread use, especially in countries with
fewer resources, and has represented a significant
percentage of the total pharmaceutical expendi-
ture of many hospital centers.

The budgetary impact of hemophilia prophy-
laxis treatment is influenced by several factors:

a. The number of patients susceptible to be
treated with this type of treatment. Centers
with many hemophilia patients on prophylaxis
must make a significant economic effort to
maintain these treatments adequately.

b. The age of the patients. Since treatment is
dosed by weight, the budgetary impact of
treatment of patients before adolescence is
lower and more affordable than the treatment
in adult patients.

It would be possible, in patients over
35-40 years of age and with low physical
activity, to readjust the dosing regimens by
spacing them out and thus reduce the cost of
treatment without increasing the risk for the
patient.

Analyses carried out in our center have
shown over the years that the cost per hemo-
philic patient in prophylaxis is minimal from 0
to 5 years of age and increases with age until
it reaches a maximum at 20 years of age. After
this age, the cost decreases slightly until
45-50 years of age and then is maintained.
Therefore, the distribution of patients to be
treated according to age is another important
parameter to consider in the distribution of
economic resources to maintain the prophy-
laxis treatment of patients with hemophilia.

c. The type of drug used. Patients treated with
recombinant drugs involve a greater economic
effort than those treated with plasma derivatives.

The cost differences between recombinant
and plasma treatments in children are small, but
care must be taken if starting with recombinant
treatments, since the differences between the
two options will be much greater as the child
Srows.

In recent years, new extended half-life recom-
binant therapies have emerged. These drugs
allow less frequent administrations as they
remain longer in the blood. A good optimization
of the dosage of these drugs, using pharmacoki-
netic tools, can reduce the costs of treatment with
recombinant drugs, although they will always
exceed the costs of plasma treatments.

A new prophylactic treatment for subcutane-
ous administration has recently become avail-
able. This new therapeutic option also involves a
high cost, although in adults with high doses of
recombinant treatments, this new therapeutic
option, administered weekly or fortnightly, can
lead to savings.

To optimize economic resources in the pro-
phylaxis treatment of patients with hemophilia,
an individualized analysis of each of the factors
analyzed in this section is necessary. In this way
the cost of hemophilia prophylaxis can be opti-
mized according to weight and age, type of drug,
pharmacokinetic adjustment, and adherence con-
trol. Considering these factors, we can improve
the efficiency of prophylaxis treatment of hemo-
philia patients, improving their musculoskeletal
health and quality of life.

10.5 Costs of Orthopedic Surgery
in Patients with Hemophilia

Most patients diagnosed with hemophilia who
undergo orthopedic surgery should be treated
throughout the surgical procedure with concen-
trated clotting factor to control its hemostasis.
The high cost of drugs used as concentrates of
clotting factors increases the total cost of the pro-
cess significantly. In this sense it can be assumed
that over 90% of the total cost of the intervention
is due to the drug therapy used. Thus, considering
only the costs of concentrates drugs used, one
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can obtain a fairly accurate estimate of the eco-
nomic realities involved in such interventions in
this group of patients.

Our experience, as a team that attends to the
processes of these patients, includes more than
100 surgical processes, which in the Spanish con-
text, have involved a total cost of more than 5
million euros in the last 10 years.

Among the surgeries performed are mainly:
minor surgery such as arthroscopy and major sur-
gery such as orthopedic knee or hip implants. The
cost of each of these surgeries can vary greatly
(Fig. 10.1).

These costs may vary depending on several
factors. These include: the severity of the coagu-
lopathy, the patient’s weight, the type of surgery,
and the type of medication used.

Depending on these factors, the cost of
arthroscopic surgery can be between 20,000 and
30,000 euros and that of major surgery between
40,000 and 50,000 euros. The implantation of a
hip prosthesis, in turn, is 2-3% more expensive
than that of a knee prosthesis.

These costs are estimates, include only the
perioperative period and do not consider postop-
erative hemostatic requirements such as those
necessary for the rehabilitation process.

10.6 Quality and Cost of Drug
Replacement Therapy Used
During Orthopedic Surgeries
in Patients with Hemophilia

The problems in the efficient use of drug thera-
pies can be classified into three categories: unde-
ruse, overuse, and inadequate use.

e Underuse can be defined as the omission of a
care intervention when it would have pro-
duced a clear benefit for the patient and pos-
sibly a subsequent cost saving.

* For example, not starting a prophylactic treat-
ment or not performing a surgical intervention
for the implantation of a joint prosthesis in a
hemophilic patient at a specified time can lead
to the need t o overuse other pharmacological
resources. In this sense, a patient without pro-
phylaxis who develops successive bleeds in a
target joint, would require high amounts of
coagulation factor to control them, which
would have a significant budgetary impact,
and a deterioration in the patient’s quality of
life. However, the introduction of prophylaxis
or the implantation of a hip or knee prosthesis,
at the appropriate time, could mean the

COSTS OF ORTHOPEDIC SURGERY IN
€ PATIENTS WITH HEMOPHILIA
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Fig. 10.1 Fee associated with each type of surgery, in the Spanish context. HRS hip replacements surgery, KRS knee
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absence or cessation of bleeding in that target
joint, and therefore a subsequent decrease in
the consumption of coagulation factor in that
patient. Although initially the prophylaxis or
surgery would suppose an important economic
expense, this could be amortized, in a reason-
able period and would manage to improve the
patient’s quality of life.

e In our center, in recent years, the number of
patients with prophylactic treatment has
increased and numerous surgeries have been
performed4, which initially meant a signifi-
cant increase in cost. But at present practically
all patients with prophylaxis or who have
undergone surgery have reduced their con-
sumption of coagulation factor very signifi-
cantly. This has meant an important economic
saving and a notable increase in the quality of
life of these patients.

e Overuse is defined as the utilization of phar-
macological resources in circumstances in
which the cost exceeds the potential benefits.
This increases the expenditure of economic
resources unnecessarily.

* In these situations and taking again the exam-
ple of orthopedic surgeries in hemophiliac
patients, the administration of coagulation
factors in continuous infusion during the post-
operative period can save money compared to
bolus administration, achieving adequate
plasma factor levels without fluctuations. In
this case, bolus administration is more costly
because to maintain adequate plasma levels it
requires administration with peaks exceeding
the desired concentration.

* Inappropriate use of drugs can produce avoid-
able undesirable effects in patients and lead to
increased costs. Poor adherence to treatment,
inadequate doses or type of factor can lead to
complications in patient management.

An example of this case may be the adminis-
tration of insufficient doses of clotting factor dur-
ing surgery. Due to the low factor coverage, the
injury would be more likely to bleed and become
complicated with an infection. This would require
further surgery to resolve it.

The economic evaluation of the different alter-
natives that may occur in each process, represented
by decision trees, allows us to take the most appro-
priate and cost-effective decision to achieve the
best results for the patient at the lowest cost.

The appropriate use of pharmacological thera-
pies requires close monitoring of patients, the
development of treatment protocols, and ade-
quate economic forecasting and evaluation.

e Analyze the short- and long-term benefits and
costs of pharmacological therapies.
e In surgeries is fundamental:

— Anticipate the pharmacological needs of
the surgery to make its provisioning.
Consider the increase in expenditure and
what it may mean if several surgeries coin-
cide in time.

— Consider the possibility of simultaneously
more than one surgical intervention on the
patient, under the same factor coverage.

— Careful monitoring of the patient, taking
advantage of pharmacokinetic information,
to maintain adequate factor concentrations
in the blood, avoiding peaks or insufficient
coverage (Fig. 10.2).

10.7 Economic Evaluations
as a Tool in Decision-Making

Decision-making by the professionals involved
in healthcare processes is usually complex and
subject to doubts, risks, and uncertainties.
These situations require the establishment of
systematic procedures that facilitate the finding
of the most convenient solution to the problem
posed.

Conceptually, decision-making in healthcare
refers to any process by which a health profes-
sional, a manager, or an institutional authority
adopts a particular solution to a specific problem,
choosing the most appropriate strategy from
among all the possibilities.

It is reasonable to accept that the logical
sequence to be adopted in the decision-making
process, within a context of limited information,
would be as follows:
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Plasma
Concentration

Fig. 10.2 Plasma factor
concentration during
continuous intravenous
infusion (red); plasma
factor concentration
after bolus
administration (black)

Toxic area: thrombosis

Therapeutic
Range

Subtherapeutic area: bleeding

a. Identification and definition of the problem.

b. Strategic search for alternative solutions.

c. Evaluation of the benefits and risks of each
one.

d. Selection of the most appropriate alternative.

The following case can serve as a model in the
use of economic evaluations for decision support
in patients with hemophilia who may develop
hemophilic arthropathy and be susceptible to
orthopedic surgeries.

If considering the case of patients with severe
hemophilia, we can decide on two therapeutic
options: the establishment of an on-demand treat-
ment when bleeding episodes occur, or the estab-
lishment of a prophylactic drug treatment.
Prophylactic treatment may involve a higher cost
in the short term; however, it may result in cost
savings and an increase in quality of life through-
out the patient’s life.

Identifying the problem: the appearance of
bleeding that develops arthropathy and eventu-
ally requires orthopedic surgery. We must con-
sider a therapeutic alternative such as prophylaxis,
which even though it may initially imply a higher
cost per patient, it will neutralize the appearance
of arthropathy and subsequent orthopedic surger-
ies, reducing the consumption of drugs used for
these procedures. Therefore, the most appropri-
ate solution would be the establishment of a pro-
phylaxis treatment to avoid the appearance of
arthropathies.

On the other hand, and analyzing the context
of an established arthropathy, we have two thera-
peutic options: maintenance with coagulation
factor replacement therapy or orthopedic surgery
for the implantation of a joint prosthesis. We rec-

ognize that lifelong maintenance with replace-
ment therapy for successive hemorrhagic
episodes in a target joint may involve a higher
cost than surgery for the implantation of a joint
prosthesis.

We identified the problem: those patients with
high consumption of coagulation factor due to
successive bleeding in a target joint susceptible
to prosthesis implantation. We must develop a
strategy that will allow us to find a solution that
can minimize the cost for these patients.

Among the solutions, orthopedic surgery for
the implantation of a prosthesis to replace the
bleeding joint could be considered. In this way,
the absence of bleeding in this joint would mean
a decrease in the cost of the patient’s medication.
With this decision, we would obtain the benefit
for the patient in relation to his mobility and
well-being, in addition to a reduction in the
administration of drugs due to the absence of
repeated bleeding in the replaced joint. However,
it would be necessary to assume a high cost in
this patient in a timely manner, to approach the
surgery that would have to be covered with coag-
ulation factor in an intensive way in the periop-
erative process. We would certainly be adopting a
decision that would allow us both to increase the
patient’s well-being in terms of morbidity and to
reduce the overall cost of the patient’s treatment
in the medium and long term, as the patient would
no longer require successive administrations of
coagulation factor. In this case, we would be
selecting the most due to the appropriate alterna-
tive to the problem posed.

Therefore, an economic evaluation would lead
us to adopt an appropriate decision to solve a
problem by analyzing possible alternatives, con-
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sidering the benefit to the patient at a lower over-
all cost.

10.8 Pharmacoeconomy
and Health Management
in the Pharmacological

Treatment of Hemophilia

Healthcare represents one of the basic pillars in
the social structure of developed countries.
Healthcare is one of the fundamental rights of
citizens, and therefore one of the priority com-
mitments to be addressed by governments
through healthcare managers at all levels:

a. Macro-management: ministries and depart-
ments of health.

b. Meso-management: hospital managers, drug
information centers and health technology
assessment agencies.

c. Micro-management: heads of services and
clinical units. Pharmacy and therapeutics
commissions, specialized care teams.

Public financing of healthcare is one of the
most representative achievements of the welfare
state. Its development has contributed to improv-
ing health and preventing disease. A very impor-
tant part of the cost of healthcare in these
pathologies is pharmacological therapy, which is
the essential basis for the healthcare of patients
with hemophilia. Prophylactic therapy with
coagulation drugs and orthopedic surgery have
reduced morbidity and mortality and improved
the quality of life of these patients.

Cost-of-illness studies aim to evaluate the
economic impact of healthcare. The results of
these studies, combined with epidemiological
studies of morbidity and mortality, constitute a
useful tool for determining the magnitude of the
cost of healthcare. For this reason, the results of
health technology and drug evaluations are con-
sidered very valuable information prior to the
analysis of therapeutic alternatives or available
health interventions, as in the case of prophylaxis
treatments or orthopedic surgery in patients with
hemophilia.

Economic evaluation of drugs identifies, ana-
lyzes and compares the costs, benefits, and risks
of pharmacological treatments. The cost-
effectiveness ratio allows different therapeutic
alternatives to be considered in order to achieve a
more efficient use of resources.

The drugs used in these treatments have a very
important economic impact on the public health
system, which is a cause for concern. A universal
public health system, which produces welfare
without obtaining economic benefits, is obliged
to minimize costs in order to ensure its survival.

10.9 Conclusions

Healthcare systems in different countries have
the need to cope with an ever-increasing health-
care demand with increasingly limited resources.
The pharmacoeconomic analysis of hemophilia
treatments is paramount, mainly due to the high
costs that the different therapeutic options can
entail, which are not always affordable for health-
care systems. There are national agencies that
establish criteria for the selection and use of
drugs financed by national health systems. A high
percentage of the economic resources in health-
care is the cost of medicines used in the different
pathologies. This fact and the absence of Spanish
agency to carry out the economic evaluation has
highlighted the fundamental role of Pharmacy
Derpartments of Spanish medical centers in the
search for pharmacological efficiency.
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11.1 Introduction

Before commencing therapy in a patient with
hemophilia, a global, systematic and complete
evaluation of the musculoskeletal (MSK) system
should be performed, and information gathered
as to the type of hemophilia the patient has and
any treatment that is being administered [1]. It is
important to approach the MSK system from a
holistic perspective, as these patients present
with polyarticular bleeds which may involve
other parts of the MSK system aside from that the
clinician may be focusing upon.

As the development of hemophilic arthropa-
thy is slow and progressive over time, it is essen-
tial to comprehensively analyze the MSK aspects
of the patient from an early age and to follow
them closely throughout life. Detecting and
avoiding adverse consequences of each bleeding
event is essential.

With the advent of modern hematologic pro-
phylaxis, the hemorrhagic profile of patients has
changed radically. Patients may suffer subclinical
hemarthrosis that may be undetectable with rou-
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tine physical or functional tests, but which none-
theless trigger the cascade of hemophilic
arthropathy. In this regard it will be possible to
detect indirect changes secondary to subclinical
bleeds, such as synovitis and articular cartilage
damage. These changes, in the early stages, are
basically asymptomatic; therefore, it is necessary
to make an evaluation aimed at their early detec-
tion, with sensitive methods such as ultrasonog-
raphy (US).

Early recognition of joint damage and disabil-
ity caused by hemophilia (i.e., in infancy) is
essential in order to optimize treatment and make
economically sound clinical decisions. Objective
evidence of short- and long-term sequelae of dis-
ease, and response to different treatment regi-
mens, is required to guide appropriate patient
care [2].

The aim of this chapter is to review joint
health assessment tools. In addition, the charac-
teristics of the outcome measures used in hemo-
philia from the perspective of both the health care
provider and the patient are reviewed [3].

11.2 Joint Health and Outcome
Assessment Tools
in Hemophilia

In patients with hemophilia, a detailed history,
clinical examination, instrumented tools, imag-
ing tests, assessment of disease-specific structure
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and function, and activity, participation, and
quality of life scores are important and should be
performed on a regular basis according to the
patient’s age and clinical status [4].

The assessment of joint health and treatment
outcomes is a complex task involving many fac-
tors. To include the full spectrum of potential
consequences of hemophilia, outcome assess-
ments should follow the International
Classification of Functioning, Disability and
Health (ICF) proposed by the World Health
Organization (WHO) [2, 5]. According to ICF,
disability and health assessment should focus on
the impact of the disease on body structures and
functions, activities, and participation. These
domains can be affected by individual contextual
factors, which represent a person’s circumstances
and background. Contextual factors include both
environmental factors (facilitating factors and
barriers to treatment) and personal factors (which
might include co-morbidities, disabilities, and
psychological factors) [6], as depicted in the
schematic in Fig. 11.1. The ratings for each of
these areas are described below. Table 11.1 sum-
marizes the most recommended scales for assess-
ing MSK problems in hemophilia.

11.2.1 Body Structure and Function

Body structure and function refers to changes in
anatomical structures and physiological func-
tions of systems. In hemophilia, this refers, for
example, to a clotting factor deficit or deficiency
or altered range of motion of the joints.

Fig. 11.1
Multidirectional model
adopted in the
international

11.2.1.1 Annual Joint Bleeding Rate
(AJBR)

The AJBR assesses the number of bleeding epi-
sodes over 12 months. Since bleeding rates in
patients on hematologic prophylaxis or those
with mild to moderate hemophilia are generally
low, it is advisable to collect bleeding data pro-
spectively, over a minimum of 12 months in order
to ascertain reliable annual bleeding rates.
Furthermore, it is recommended to distinguish
between major and minor bleeding, and between
spontaneous and posttraumatic bleeding [5].

However, AJBR is difficult to assess and has
limitations. Patient reports of bleeding, particu-
larly joint bleeding, are by nature subjective, as
pain and other joint symptoms may be more
reflective of pathologies other than bleeding
(such as osteoarthritis, injury, or inflammation).
For that reason, AJBR is an imperfect surrogate
measure of future joint deterioration, as it only
captures clinically recognized bleeding epi-
sodes and not subclinical bleeding, which may
occur despite intensive hematologic prophy-
laxis [3]. However, still in many centers, it is
the main parameter for making therapeutic
decisions, which can lead to incorrect decisions
[3,5].

Fortunately, we currently have simple tools
that allow accurate diagnosis of intra-articular
bleeding, such as US. US has been shown to be
sensitive to soft tissue changes (bleeding, effu-
sions, and synovial hyperplasia), even in those
hemarthroses with small volume or blood con-
centration [7]. Its systematic use when patients
present with symptoms suggestive of bleeding

Health condition
(Hemophilia)

classification of *
functioning, disability
and health (ICF)

T

Body function
and structure

v

- Participation

Contextual factors

(Environment/Personal)
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Table 11.1 Recommended scales for assessing musculoskeletal problems in hemophilia

Specific Generic
Bleeding Annual joint bleeding rate (AJBR)
Pain Multidimensional Hemophilia Pain Visual analog scale (VAS)

Questionnaire (MHPQ)
Can be scored through subscales within the
quality of life or physical examination tools.

Wong-Baker (FACES) scale
McGill Pain Questionnaire
Brief Pain Inventory (BPI)

Physical examination

Hemophilia Joint Health Score (HJHS)
Gilbert score

Colorado Physical Examination Score (CPES)
Petrini Joint Score (PJS)

Echography Hemophilia Early Arthropathy Detection with
Ultrasound (HEAD-US)

Radiology Pettersson scale
Arnold and Hilgartner scale

MRI IPSG compatible scale

Denver scale (progressive)
European scale (additive)

Activities and
participation

Functional Independence Score in Hemophilia
(FISH)

Hemophilia Activity List (HAL)

Pediatric version of HAL (PedHAL) for
children

Reported Outcomes, Burdens and Experiences
(PROBE)

Up and go test (UGT)

Canadian Occupational Performance
Measure (COPM)

McMaster Toronto Patient Disability
Questionnaire (MACTAR)

Health Assessment Questionnaire-
Disability Index (HAQ-DI)

Quality of life

Hemophilia Well-Being Index
Hemophilia-specific QoL questionnaire for
adults (HAEMO-QoL-A)

Reported Outcomes, Burdens and Experiences
(PROBE)

Outcomes-Kids Life Assessment Tool
(CHO-KLAT) for children

EuroQoL 5 Dimensions (EQ-5D)
Short Form-36 Health Survey
(SF-36)

Patient-reported
outcomes

Hemophilia Activity List (HAL)
Outcomes-Kids Life Assessment Tool
(CHO-KLAT)

Hemophilia-specific QoL questionnaire for
adults (HAEMO-QoL-A)

Reported Outcomes, Burdens and Experiences
(PROBE)

Comprehensive assessment tool of challenges
in hemophilia (CATCH)

5-level EuroQoL 5 Dimensions
(EQ-5D-5L)

Brief Pain Inventory v2 (BPI)
International Physical Activity
Questionnaire (IPAQ)

Short Form 36 Health Survey v2
(SE-36v2)

Patient-Reported Outcomes
Measurement Information System
(PROMIS)

QoL quality of life, IPSG International Prophylaxis Study Group

will help us to make a more accurate quantifica-
tion of the AJBR.

11.2.1.2 Pain Assessment

in Hemophilia
In hemophilia, pain is often underdiagnosed and
therefore undertreated. It is important to carefully
determine the cause of the pain in order to be able
to treat the cause. Pain should be assessed and
addressed in the context of a comprehensive care

setting. Although pain can be scored through sub-
scales within quality of life questionnaires or
physical examination instruments, the use of spe-
cific pain assessment tools is helpful to be able to
give more focused attention to this problem [8].
Hemophilia-related pain can be assessed using
unidimensional numerical or visual rating scales,
such as the visual analog scale (VAS), the Wong—
Baker FACES Scale, or multidimensional pain
questionnaires such as the generic McGill Pain
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Questionnaire or the Brief Pain Inventory (BPI),
or specific instruments such as the
Multidimensional Hemophilia Pain Questionnaire
(MHPQ) [2].

11.2.1.3 Physical Examination
Measurements

In hemophilia patients with arthropathy, physical
fitness, muscular strength, aerobic endurance,
bone mineralization, and balance are decreased
[9]. Hemophilia-specific physical examination
scales exist to measure these items, such as the
Gilbert scale for adults [10] (Table 11.2) and the
Hemophilia Joint Health Score (HJHS) for chil-
dren and young adults (Table 11.3) [11].

These tools include parameters such as swell-
ing, muscle hypotrophy, crepitus, joint deficit,
pain, strength, stability, and gait. But it is also
advisable to analyze other aspects that are not
reflected in these scales such as postural strength,
proprioceptive and balance status, support anom-
alies, lower limb length discrepancy, rotational
anomalies, spinal deformity, neurovascular sta-
tus, and bimanual ability. These assessments may
be especially necessary in children.

The Gilbert joint score, although widely used
in clinical and research studies, was never
designed for use in patients with minimal arthrop-
athy. It is an additive scale, collecting several
parameters to be assessed for each joint [10].

Subsequently, the HIHS was developed which
is more sensitive to changes in early joint func-
tion. The HITHS underwent formal reliability and
validation studies in children with hemophilia
aged 4-18 years [11]. Its current version (HJHS
2.1) consists of 8 items for elbows, knees, and
ankles, and another for gait, with a maximum
global score of 124.

On the other hand, when the patient presents
with joint signs and symptoms, these are not spe-
cific to hemarthrosis or arthropathy. This is due to
the demonstrated overlap of symptoms common
to both joint problems, such as pain, swelling,
deficits in mobility, and increased temperature,
among others [12]. Therefore, although pain is
often used as an indicator of increased bleeding,
it is not a reliable indicator as to the actual cause
of the painful episode [13].

Table 11.2 World federation of hemophilia physical
examination score (also called the Gilbert score)

Score
Swelling 0
None 2
Present (S)
Added after score if chronic synovitis is
present
Muscle atrophy 0
None or minimal (<1 c¢cm) 1
Present
Axial deformity (measured only at knee or 0
ankle) 1
Knee 2
Normal (0-7° valgus) 0
8-15° valgus or 0-5° varus 1
>15° valgus or >5° varus 2
Ankle
No deformity
Up to 10° valgus or up to 5° varus
>10° valgus or >5° varus
Crepitus on motion
None 1
Present
Range of motion 0
Loss of 10% of total FROM 1
Loss of 10-33% of total FROM 2
Loss of >33% of total FROM
Flexion contracture 0
Measured only at hip, knee, or ankle 2
<15° FFC
15° or greater FFC at hip or knee or equines
at ankle
Instability 0
None 1
Noted on examination but neither interferes 2
with function nor requires bracing
Instability that creates a functional deficit or
requires bracing

FROM full range of motion, FFC fixed flexion
contracture

Available at: http://www]1.wfh.org/docs/en/Publications/
Assessment_Tools/Gilbert_Score.pdf

11.2.1.4 Imaging Tests

In recent decades, the ability to assess soft tissue
changes has improved dramatically [5]. While
bleeding, pain, or physical status have classically
driven most clinical decisions in hemophilia care,
imaging offers a more accurate objective assess-
ment of joint structural findings that can be
directly compared at various times for individual
patients or between patients. The most commonly
used imaging tests in hemophilia are discussed
below.


http://www1.wfh.org/docs/en/Publications/Assessment_Tools/Gilbert_Score.pdf
http://www1.wfh.org/docs/en/Publications/Assessment_Tools/Gilbert_Score.pdf
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Table 11.3 Hemophilia joint health score 2.1 (HJHS)—summary score sheet

Score

Swelling 0
No 1
Mild 2
Moderate 3
Severe

Duration (swelling) 0
No or >6 months 1
>6 months

Muscle atrophy 0
None 1
Mild 2
Severe

Crepitus on motion 0
None 1
Mild 2
Severe

Flexion loss 0
<5° 1
5-10° 2
11-20° 3
>20°

Extension loss 0
<5° 1
5-10° 2
11-20° 3
>20°

Joint pain 0
No pain through active ROM 1
No pain through active ROM, only pain on gentle overpressure or palpation 2
Pain through active ROM

Strength 0
Holds test position against gravity with maximum resistance 1
Holds test position against gravity with moderate resistance 2
Holds test position against gravity with minimal resistance or against gravity 3
Able to partially complete ROM against or to move through ROM gravity eliminated 4
Trace or not muscle contraction

All these items should be evaluated for both elbows, knees, and ankles, with a maximum score per joint of 20 and

overall of 120

Global gait (walking, stairs, running, hopping in 1 leg) 0
All skills are within normal limits 1
One skill is not within normal limits 2
Two skills are not within normal limits 3
Three skills are not within normal limits 4
No skills are within normal limits

The maximum score for the assessment of the 6 joints plus gait is 124. For all items, if it cannot be scored, there is the

option of non-evaluable (NE)
ROM range of motion

Available at: http://www1.wth.org/docs/en/Publications/Assessment_Tools/HIHS_Summary_Score.pdf

Ultrasound

Currently, ultrasound tends to be the imaging
method of choice because it is fast, noninvasive
and accessible, and is ideal for early detection of
activity and damage in multiple joints, even in
asymptomatic patients [14].

In addition, it allows differential diagnosis
with other intraarticular disorders [15]. The use
of imaging techniques, specifically ultrasound, is
recommended along with physical assessment of
synovial status after each reported bleeding event
until the situation is controlled [2].


http://www1.wfh.org/docs/en/Publications/Assessment_Tools/HJHS_Summary_Score.pdf
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POCUS is very useful for the diagnosis of
intraarticular bleeding, synovitis, or osteochon-
dral damage. This approach can be used in the
clinic and can be performed by hematologists
and other professionals caring for people with
hemophilia (PWH), making it an easy-to-use
imaging modality that allows for direct therapeu-
tic actions [16]. POCUS is of great value for
early detection of subclinical hemorrhage and
synovial proliferation as markers of activity, as
well as osteochondral damage [14, 17].

It is a user-dependent technique; therefore, the
development of standardized protocols improves
its reproducibility. There are new protocols to
systematize joint ultrasound scanning, which
reduce interobserver variability and are useful for
use by physicians who are not experts in radiodi-
agnosis. Hemophilia Early Arthropathy Detection
with Ultrasound (HEAD-US) is the most widely
used, with standardized interpretation of its
results (Table 11.4) [18]. It allows evaluation of
the elbow, knee, and ankle joints for early detec-
tion of synovitis or osteochondral damage. In
addition, it includes an additive scoring method
according to the damage patterns detected, with a
maximum score of 8 per joint [15]. Its high sensi-
tivity, specificity and positive predictive value for
detecting the presence of hemophilic arthropathy
(synovial proliferation and osteochondral dam-
age) in both adults and children, when compared
with magnetic resonance imaging (MRI), have
been published [19].

Therefore, US would be an ideal imaging test
to be used as a first joint screening. If necessary,
other tests can help in diagnosis, such as plain
radiography, MRI, computed tomography (CT)
scan, and electromyography.

Radiology

Radiography (conventional X-ray) was one of the
first imaging modalities used to evaluate hemo-
philic arthropathy. It allows detection of advanced
structural changes in the joints. To standardize the
evaluations, two scoring systems were developed;
one progressive [20] and one additive [21]. The
Pettersson score has been more widely used in
research as it has excellent reliability when used
by experienced radiologists (Table 11.5) [22].

Table 11.4 Hemophilia early arthropathy detection with
ultrasound (HEAD-US) scoring method

7]
[}
Q
=
[¢]

Absent/minimal
Mild/moderate

Severe

Normal

Echotexture abnormalities,
focal partial-/full-thickness
loss of the articular cartilage
involving <25% of the target
surface

Partial- /full-thickness loss of
the articular cartilage
involving <50% of the target
surface

Partial-/full-thickness loss of
the articular cartilage
involving >50% of the target
surface

Complete cartilage destruction
or absent visualization of the
articular cartilage on the target
bony surface

Normal

Mild irregularities of the
subchondral bone with/without
initial osteophytes around the
joint

Deranged subchondral bone
with/without erosions and
presence of prominent
osteophytes around the joint

Hypertrophic
synovium

Cartilage

PO N =O

Bone

NN = O

Elbow anterior aspect of the distal humeral epiphysis,
knee femoral trochlea, ankle anterior aspect of the talar
dome

Available at: Martinoli et al. [18]

However, in light of the evolution of other
imaging modalities, comparison of X-ray with
MRI and US imaging has shown that radiology is
not accurate enough to assess early pathologic
changes in joints, primarily affecting articular
cartilage and synovial membrane [23]. Therefore,
its usefulness would be reserved for adult patients
with advanced arthropathy, or when other skele-
tal evaluations, such as alignments, bone cysts,
fractures, deformities, etc., are desired.

Magnetic Resonance Imaging (MRI)

MRI is sensitive for the detection of early intraar-
ticular soft tissue changes, including synovial
hypertrophy, hemosiderin deposition, and early
osteochondral changes in people with MSK dis-
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Table 11.5 Radiological Pettersson score

w
o)
Q
=
a

Radiologic findings

Osteoporosis
Absent
Present
Enlargement of epiphysis
Absent
Present
Irregularity of subchondral surface
Absent
Slight
Pronounced
Narrowing of joint space
Absent
<50%
>50%
Subchondral cyst formation
Absent
1 cyst
>1 cyst
Erosions at joint margin
Absent
Present
Incongruence between joint surfaces
Absent
Slight
Pronounced
Deformity (angulation and/or displacement of
articulating bones)
Absent
Slight
Pronounced

N — ON— OO~ ON—~ON—O~O—~O

Possible joint score: 0—13 points for each joint (total pos-
sible score, 6 x 13 =78)
Available at: Pettersson et al. [21]

ease [23], so it is considered the gold standard in
the joint study of hemophilia. In addition, MRI
can assess response to treatment by capturing
changes in the joint over time after treatment has
been administered [24].

MRI scoring scales have also been developed
for hemophilia. Initially, as with plain radio-
graphs, a progressive scoring system [25] and an
additive scoring system [26] were described.
Subsequently, the International Prophylaxis
Study Group (IPSG) combined these systems
into a single MRI scoring system with good mea-
surement properties, which should be applied by
experienced radiologists (Table 11.6).

However, MRI has practical disadvantages,
such as high cost, limited availability, and the
need for sedation in young children, which limit
its use for research and evaluation of specific
clinical situations [5].

Table 11.6 IPSG MRI scale to assess hemophilic

arthropathy
Score
Soft tissue Effusion/hemarthrosis 1
changes Small 2
(maximum 9 Moderate 3
points) Large
Synovial hypertrophy 1
Small
Moderate 3
Large
Hemosiderin 1
Small
Moderate 3
Large
Osteochondral Surface erosions involving | 1
changes subchondral cortex or joint | 1
(maximum 8 margins 1
points) Any surface erosion 1
Half or more of the 1
articular surface eroded 1
in at least one bone 1
Subchondral cysts 1
At least one subchondral
cyst

Subchondral cysts in at
least two bones, or cystic
changes involving a third
or more of the articular
surface in at least one
bone

Cartilage degradation
Any loss of joint
cartilage height
Loss of half or more of
the total volume of joint
cartilage in at least one
bone
Full-thickness loss of
joint cartilage in at least
some area in at least one
bone
Full-thickness loss of
joint cartilage including
at least one half of the
joint surface in at least
one bone

IPSG International Prophylaxis Study Group, MRI mag-
netic resonance imaging

Lundin B, Babyn P, Doria AS, Kilcoyne R, Ljung R,
Miller S, et al. Compatible scales for progressive and
additive MRI assessments of haemophilic arthropathy.
Haemophilia 2005;11:109-115

The correlation for quantification of hemo-
philic arthropathy between US and MRI is high.
Therefore, with US being more readily available
and offering the possibility of analyzing multiple
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joints, it should be used to make an initial assess-
ment of the patient’s joint damage [27, 28].

11.2.2 Activities and Participation

It is undoubtedly essential to assess the extent to
which MSK health problems have an impact on
patients’ lives. Activities and participation are
very closely related, although they are defined
differently according to the ICF model. Activity
refers to an individual’s performance of an action
of instrumental activities of daily living (e.g.,
walking, eating, using the toilet). Participation
refers to an individual’s performance of activities
in the context of social interactions [2, 6].
Measures of activities and participation used in
hemophilia include both objective and self-
reported assessments [5].

Of interest is also the use of validated scales to
objectively assess the ability of PWH to perform
certain tasks. These include the Functional
Independence Score in Hemophilia (FISH) and
the Hemophilia Activities List (HAL) within the
specific ones. If we cannot apply these scales, we
will resort to generic scales.

The FISH is a specific instrument developed
to assess the ability of persons with hemophilia to
perform activities of daily living (Table 11.7)
[29]. It is the most widely studied validated mea-

Table 11.7 Functional independence score in hemo-
philia (FISH)

List of activities tested

Self-care Eating
Grooming
Bathing

Dressing

Transfers Chair transferring
Squatting
Walking
Climbing stairs
Running

Locomotion

Scores range from 1 to 4 for each activity depending on
the degree of independence: 1, unable to perform; 2,
requires the help of an assistant/aid; 3, able to perform the
activity without an aid but not like a healthy subject; 4,
able to perform the activity like other healthy subjects
Available at: http://www]1.wfh.org/docs/en/Publications/
AssessmentTools/FISHupdatedJan2017.pdf

sure of observed activities for people with hemo-
philia. The FISH includes eight activities in three
categories: self-care, transfers, and locomotion.
Each activity is scored according to the amount
of assistance needed to perform the task.

The HAL can identify problematic activities
for individuals with hemophilia (Table 11.8) [30].
It is the best-studied measure of self-reported
activities for adults and has been translated into
many languages. The questionnaire has seven
domains; it also generates three subscores (upper
extremity, basic lower extremity, and complex
lower extremity). The PedHAL is a version of the
HAL that has been validated for pediatric patients
[31]. The internal consistency and convergent
validity of the HAL were tested in several coun-
tries in Europe and America, and it is available in
many languages. However, being an instrument
developed in Western Europe, it may not apply as
well when used in other cultural settings [5].

Although FISH and HAL are the most widely
used, there are other instruments as well. The
reported outcomes, burdens and experiences
(PROBE) questionnaire also includes measures
that assess activities and participation, such as
school/education, employment, family life, and
impact on activities of daily living [2].

The Canadian Occupational Performance
Measure (COPM), the McMaster Toronto
Arthritis ~ Patient ~ Preference  Disability

Questionnaire (MACTAR), and the Health
Assessment Questionnaire (HAQ) are generic
instruments that have been used for daily assess-
ment of a person’s perception of changes in the

Table 11.8 Hemophilia activities list (HAL)

HAL domains
Lying/sitting/kneeling/standing
Functions of the legs
Functions of the arms
Use of transportation
Self-care
Household tasks
Leisure activities and sports

HAL components
Upper extremity
Basic lower extremity
Complex lower extremity

Available in multiple languages at: https://elearning.wfh.
org/resource/hemophilia-activities-list-hal/


http://www1.wfh.org/docs/en/Publications/AssessmentTools/FISHupdatedJan2017.pdf
http://www1.wfh.org/docs/en/Publications/AssessmentTools/FISHupdatedJan2017.pdf
https://elearning.wfh.org/resource/hemophilia-activities-list-hal/
https://elearning.wfh.org/resource/hemophilia-activities-list-hal/
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domains of activities and participation. They can
be used for target scaling [2]. Three-dimensional
gait analysis (3DGA) provides information on
functional performance but requires specialized
equipment. There is also some experience in
hemophilia with the 6-min walk (6MWT) and
50-m walk (50WT) tests [5].

Indirect “objective” assessment of activities
and participation is provided by recording work
participation and days missed from work or
school due to hemophilia. These parameters can
also be used for economic evaluations [32]. How
small differences in radiological and clinical
scores translate into patient function and quality
of life remains to be determined [29].

11.2.3 Health-Related Quality of Life
(HRQol)

HRQoL refers to an individual’s perception of his
or her life situation. It is therefore a subjective
parameter related to their goals, expectations,
standards, and concerns, which is self-reported or
reported by the family. Therefore, even more so
than in functional scores, HRQoL questionnaires
should be validated in the language and social
and cultural contexts in which they are to be
applied [2].

Multiple scales measuring quality of life in
PWH are available, including specific and generic
tools for adults and children. For adults with
hemophilia, the Hemophilia Wellbeing Index and
the hemophilia-specific quality of life question-
naire for adults with hemophilia (HAEMO-
QoL-A) have been widely used. The PROBE
questionnaire assesses HRQoL in addition to dis-
ease burden in persons with hemophilia. For chil-
dren with hemophilia, the Canadian Hemophilia
Outcomes-Kids Life Assessment Tool (CHO-
KLAT) has been widely used. The most widely
used generic tools for assessing HRQoL in hemo-
philia are the EuroQoL 5 Dimensions (EQ-5D)
[2, 3] and the Short-form-36 Health Survey (SF-
36) (Table 11.9) [2]. Given their global nature, it
is recommended to apply them in combination
with domain-specific assessments of ICF and not
in isolation.

Table 11.9 36-item short form survey instrument
(SF-36)

Eight domains described in SF-36
Physical functioning

Role limitations due to physical health problems

Role limitations due to personal or emotional
problems

Energy/fatigue
Emotional well-being
Social functioning

Pain
General health

Available at: https://clinmedjournals.org/articles/jmdt/
jmdt-2-023-figure-1.pdf

11.2.4 Patient-Reported Outcomes

Increasingly, and as in other subspecialities
within orthopedics, outcome measures are look-
ing to place more importance on patient satisfac-
tion versus clinician satisfaction with treatment
outcomes.

In light of new therapies, there is an evolution
toward “patient-centered” definition of health
status and outcomes. Patient-reported outcomes
(PROs) encompass unidimensional and multidi-
mensional measures of health status, treatment
adherence, treatment satisfaction, quality of life,
and other measures. PROs include disease-
specific instruments such as the HAL, HRQoL
measures such as CHO-KLAT, HAEMO-QoL-A,
burden of disease questionnaires such as PROBE
or the comprehensive assessment tool of chal-
lenges in hemophilia (CATCH). There are also
generic instruments such as the 5-level EuroQoL
5 Dimensions (EQ-5D-5L), Brief Pain Inventory
v2 (BPI), International Physical Activity
Questionnaire (IPAQ), Short Form 36 Health
Survey v2 (SF-36v2), or the Patient-Reported
Outcomes Measurement Information System
(PROMIS) [2].

These PRO instruments can provide evi-
dence of a treatment benefit from the patient’s
point of view [33]. One issue to consider with
PROs is that the questionnaires are dependent
on literacy and cultural issues, and beyond
simple translation, cultural adaptation is neces-
sary [5].


https://clinmedjournals.org/articles/jmdt/jmdt-2-023-figure-1.pdf
https://clinmedjournals.org/articles/jmdt/jmdt-2-023-figure-1.pdf
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11.2.5 Economic Factors

The health problems associated with hemophilia
can also be quantified in terms of costs and ben-
efits. Direct costs include disease care, represent-
ing hematological therapies. We know that in
patients with severe hemophilia, more than 90%
of the costs are related to this treatment [34]. To
which must be added the cost of other treatments,
health services, and surgical and medical sup-
plies. In addition, there are indirect costs gener-
ated by the loss of work productivity of adult
patients and parents of pediatric patients due to
the problems resulting from hemophilia.

11.2.6 Other Measures

In recent years, other methods have been sought
to assess the joint health of PWH. Among them
laboratory biomarkers are the most studied, as
they would offer a very simple assessment,
focused on blood analysis or other samples.
However, to date, although interesting from a sci-
entific point of view, they do not seem to provide
benefits from a practical point of view [35].

Moreover, current biomarkers are not accurate
enough to assess actual joint health, as they do
not measure exactly when joint damage and
bleeding occurred [36]. Furthermore, the current
literature does not clarify whether biomarkers
can detect cartilage destruction in the child with
suboptimal hematologic prophylaxis [35].

Some biomarkers have been implicated in dif-
ferent stages of hemophilic joint deterioration and
disease development; however, there is still a need
to quantify correlations between biomarkers and
physical and radiological examination [35, 37]. In
short, while potentially promising for the future,
biomarkers in hemophilia add little, if anything,
to our current diagnostic armamentarium.

11.3 Which Tools to Choose?

Standardized and validated assessments of hemo-
philia outcomes are essential for personalized
clinical management of the patient, as well as for
research into the optimization of new therapies.

When choosing instruments, it is very impor-
tant to consider the purpose of the assessment,
patient characteristics, and the environment.
The environment includes aspects such as
access to replacement therapy and the use of
prophylaxis. The age of the population and the
duration of follow-up should also be taken into
account [5].

The assessments mentioned in this chapter
should be done periodically. If possible, it is
recommended to evaluate every 6 months dur-
ing osteoarticular development in the pediatric
population and annually in adulthood.
Follow-up of musculoskeletal bleeding should
be done more closely, at shorter times, e.g.,
weekly. These serial assessments should be
made throughout the patient’s life. This will
provide us with the necessary data to better
direct hematologic, rehabilitation and orthope-
dic therapeutic strategies. In this way we will
also be able to measure the efficacy of the inter-
ventions performed.

When using a combination of different out-
come tools, it is important to combine profes-
sionally collected and patient-reported outcomes
(PROs), which can provide an objective basis for
comparison over time and with other patients [5].

To select the scale we need, it is useful to ask
the following questions: What information do I
need and what for? What is the best scale avail-
able? It is necessary to understand the informa-
tion it provides, its ease of administration and its
metric characteristics. In hemophilia the choice
will also depend on the objective of outcome
assessment, the setting, the patient’s age, the joint
status, and the duration of follow-up [5].

With several options available, the choice will
depend on the objective being pursued. For
example, measurement of HRQoL may help cli-
nicians determine the effectiveness of treatment
in terms of patient perception, but may not reflect
the intraarticular pathophysiologic changes fol-
lowing hemarthrosis.

The most appropriate scales are always those
that are valid, reliable, and sensitive and measure
the problem adequately. Whenever possible we
should use a scale that already exists and is
appropriate for our environment, which requires
cross-cultural validation.
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11.4 Future Perspectives

In the new era of hemophilia treatments with
long-acting coagulation factor concentrates,
gene therapy or bypassing agents, it is neces-
sary to evaluate whether traditional assessment
measures will be appropriate in the coming
decades to define the response to treatment in
patients with hemophilia. Researchers have
observed that several assessment methods that
have been used for many years require updat-
ing to accommodate joint damage that occurs
before the patient presents symptoms. In this
regard tools such as POCUS, which allows
early diagnosis of joint injuries in hemophilia,
is expanding [17].

We physicians continue to strive to optimize
treatment, which can only be achieved by pro-
spective evaluation of different treatment proto-
cols. International collaboration is mandatory to
enable research into optimal treatment strategies.
Standardization of outcome assessment measures
is critical. Details of both the treatment and the
outcome should be collected [5]. Defining a stan-
dardized core set of outcome assessment mea-
sures for specific clinical settings will allow
meaningful comparison across studies and reduce
heterogeneity in advancing knowledge and clini-
cal care of PWH.

11.5 Conclusions

It is important to have a basic set of tools to mea-
sure joint health in hemophilia in the clinical or
research setting. The assessment of joint health
and outcome measures in hemophilia should
include bleeding rate, assessment of body struc-
ture and function, activity levels and participa-
tion, in accordance with the ICF of the WHO. It
is recommended that MSK health assessment be
evaluated and documented at least annually and
preferably semi-annually in the pediatric age
group. As far as possible, valid, reliable and sen-
sitive scales should be used. The most recom-
mended scales for body structure and function
include the AJBR taken with sensitive methods,
the HJHS for children and adolescents, and US

or MRI as imaging tests. Hemarthroses and early
osteochondral changes in the joints are ade-
quately evaluated with the use of US and
MRI. Late joint changes can be evaluated on
plain radiographs. The most recommended
scales for activity and involvement levels should
be FISH and HAL. HRQoL can be assessed in
combination with the other ICF domains. In
addition, there is a growing focus on patient
feedback, so the use of PRO instruments is
increasing. With advances in hemophilia treat-
ments, it is foreseeable that updates to several of
the markers used so far will be required in the
coming years. This will require the joint collabo-
ration of the scientific community and hemo-
philia patients.
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12.1 Introduction

The current approach to managing hemophilia is
multidisciplinary, with both orthopedic and reha-
bilitation clinicians working with hematologists
in preventing and treating musculoskeletal
(MSK) lesions and maintaining the MSK system
in optimal condition. This involves the preven-
tion of bleeding and its consequences on the
MSK system, as well as working to maintain an
adequate physical condition to promote the
autonomy and independence of the patient [1].
Education and promotion of physical activity,
adjusted to the physical characteristics and age of
each patient, is important.

When bleeding or other MSK injuries inevita-
bly appear, they should be treated effectively and
early to avoid medium- and long-term sequelae,
thus shortening recovery periods and hospitaliza-
tions. The therapeutic objectives of Physical and
Rehabilitation Medicine in the case of MSK inju-
ries in patients with hemophilia are shown in
Table 12.1. Special attention should be paid to
the problems that patients present in their activi-

H. De la Corte-Rodriguez
Department of Physical and Rehabilitation Medicine,
La Paz University Hospital, Madrid, Spain

A.D. Liddle
MSK Lab, Imperial College, London, UK

E. C. Rodriguez-Merchan (D<)
Department of Orthopedic Surgery, La Paz University
Hospital, Madrid, Spain

ties of daily living (ADL) and in their social par-
ticipation, so that they maintain as much
independence and autonomy as possible.

The design of a rehabilitation-orthopedic
treatment program requires knowledge of the
hematologic condition, the cause of the injury,
the functional anatomy, the different methods of
treatment, and almost most importantly, the spe-
cific characteristics of each patient. This will
allow the treating clinician to develop a treatment
program adjusted not only to the clinical situa-
tion, but also to the personal and social situation
of each patient. Therefore, before indicating a
therapy in a patient, it is necessary to perform a
global, systematic and complete evaluation of the
MSK system, as well as to know the hematologic
treatment that the patient is undergoing [1].

This chapter will analyze the most frequent
MSK manifestations of hemophilia, as well as
the recommended non-surgical therapies, work-
ing always with a multidisciplinary approach.

12.2 Musculoskeletal (MSK)
Clinical Manifestations

In the MSK system, the vast majority of clinical
manifestations of hemophilia are the result of
episodes of bleeding. Recurrent hemarthroses
are the most frequent manifestations in hemo-
philia, causing chronic inflammation of the
synovial membrane as well as osteochondral
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Table 12.1 Objectives of rehabilitation treatment in
musculoskeletal injuries in patients with hemophilia

Pain relief

Restore tissue flexibility and joint range of motion

Prevent muscle atrophy and improve muscle power
and endurance

Recovery of proprioception and balance

Prevent sequelae and deformities
Improve manual skills

Maintain an adequate gait pattern
Reduce the frequency of joint bleeds

Encourage activities of daily living (ADL) and social
participation

In general, improving the quality of life

Table 12.2 Frequency of bleeding by location in

hemophilia
Approximate
Bleeding site frequency (%)
Hemarthrosis 70-80
More frequent in hinge joints:
ankles, knees, and elbows. Less
frequent in multiaxial joints:
shoulders, wrists, and hips
Muscles 10-20
Other locations 5-10
Central nervous system <5

damage leading to hemophilic arthropathy,
with biomechanical sequelae that affect the
patient’s mobility and functionality. As well as
the joints, bleeding can also occur within the
muscles and in other locations (Table 12.2).
Each of the hemorrhagic manifestations in the
musculoskeletal system, their initial approach,
useful imaging tests and non-surgical treatment
from the point of view of MSK Medicine are
mentioned below.

12.2.1 Hemarthrosis

Hemarthrosis is defined as the presence of free
intra-articular blood from the synovial mem-
brane. The most affected joints in which hemor-
rhages usually occur are the ankles, knees, and
elbows, although the possibility of their occur-
rence in other joints should not be forgotten. A
“target joint” is a joint which suffers three or
more hemarthroses in a 6-month period [2]. In

children with severe hemophilia and without
hematologic prophylactic treatment, the first
spontaneous episode of hemarthrosis usually
occurs before 2 years of age. If not adequately
treated, repeated hemarthroses lead to a dose-
dependent effect of blood on the intra-articular
tissues, leading to an inflammatory process
(chronic synovitis) and a degenerative process
(arthropathy) that will be irreversible [3].

When hemarthrosis is expected clinically,
confirmation can be made using physical exami-
nation and imaging tests. The joint presents as
inflamed, with pain, palpable swelling and loss of
function. Ultrasound is a useful tool to determine
the presence and extent of hemarthrosis, based on
its echogenic characteristics and sonopalpation.
It is also a very useful tool to follow up bleeding
until its resolution, as well as to rule out
rebleeding.

The goal of hemarthrosis treatment is to stop
the bleeding as soon as possible and to avoid its
sequelae. Most important in the treatment of
acute hemarthrosis is the administration of clot-
ting factor replacement. The most effective way
to administer the factor early is through home
programs that allow the patient to self-infuse the
factor from the first symptoms. In hemophilia
patients with inhibitors, other appropriate hemo-
statics should be used to provide hemostatic cov-
erage [4].

Hemophilia patients with hemarthrosis should
be managed using the PRICE (protection, rest,
ice, compression, and elevation) approach.
Complete rest is not recommended; instead,
patients are encouraged to mobilize the joint
within the limits of pain. In the acute setting, the
use of compressive bandaging and unloading of
the joint is advised until a medical check-up in
the following hours. The application of local cold
is controversial [5].

Whenever possible, in acute major hemar-
throsis or when infection is suspected, intra-
articular blood should be evacuated by
arthrocentesis (joint aspiration). This joint drain-
age should always be done under hemostatic
coverage and aseptic conditions, once it has been
verified with imaging that the bleeding is in the
liquid phase [6].
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Acute hemarthrosis can be extremely painful,
and prompt administration of effective analgesia
in addition to clotting factor concentrate
replacement is a key aspect of pain management
[4]. The use of anti-inflammatory drugs with a
safety profile and analgesics may be helpful (see
Sect. 12.2.6).

As soon as the pain ceases, the patient should
be encouraged to mobilize the joint, trying to
regain its natural range of motion. Active assisted
exercises should be indicated at the level of the
affected joint to avoid soft tissue retractions, as
well as in the adjacent joints. In addition, isomet-
ric exercises can generally be started early; they
allow joint rest to be respected and are effective
in avoiding reflex muscle inhibition secondary to
pain. These exercises should be performed in
short periods of time and serial repetitions at the
patient’s home and, if necessary, supervised in
the physiotherapy room. A dynamic orthosis can
be used to protect the joint and promote the
recovery of its joint balance. Subsequently, iso-
tonic concentric and eccentric muscle strengthen-
ing exercises (preferably in open kinetic chain)
and proprioceptive, balance and functional exer-
cises should be introduced [4]. Once the resolu-
tion of the bleeding is confirmed by imaging
tests, joint weight bearing, i.e., walking without
canes in case of hemarthrosis of the knee or
ankle, is authorized. Whether the patient would
benefit from other treatment techniques will be
assessed on an individual basis. Physical therapy
should be continued until joint function is
restored to the pre-hemorrhage state [1]. More on
the treatment of hemarthrosis can be read in
Chap. 14 of this book.

12.2.2 Chronic Synovitis

If hemarthroses have not been prevented, synovi-
tis usually appears in the first two decades of life.
With recurrent hemarthroses, the synovial mem-
brane becomes inflamed and undergoes hypertro-
phic changes, resulting in hypervascularization
that in turn increases the risk of rebleeding. In
addition, the inflammatory molecules released
(IL-1beta, TNF-alpha, IL-6, and RANK-L) have

a damaging effect on chondrocyte and subchon-
dral bone metabolism [7]. Therefore, early diag-
nosis of synovitis is essential to prevent
progression of damage and to make an adjust-
ment of hematological treatment as early as
possible.

In very hypertrophic synovitis, the appearance
on inspection is a swollen, inflamed and enlarged
joint. It is important not to confuse hemarthrosis
and synovitis; the differentiating clinical features
shown in Table 12.3 should be taken into account.

However, in its early stages, synovitis is usu-
ally asymptomatic and may go unnoticed. This is
also common when synovitis is mild, which is
often in patients treated with effective prophylac-
tic agents. Detection of synovial proliferation is
an important step in the suspicion of subclinical
joint bleeding in asymptomatic patients [8].
Detection of synovial proliferation should be
encouraged, as it is the best biomarker of sub-
clinical bleeding and a predictor of worsening
joint function and health. Fortunately, we now
have simple tools that allow accurate diagnosis of
synovitis such as ultrasonography (US) or mag-
netic resonance imaging (MRI). It is of great
value to add the sensitivity of point-of-care ultra-
sound for early detection of subclinical hemor-
rhages and synovial proliferation as markers of
disease activity [9].

When the synovial membrane becomes hyper-
trophied and hypervascular, the tendency to hem-
arthrosis increases, creating a vicious cycle.
Since synovitis is a reflection of inadequate
hemostasis, the initial treatment will be clotting
factor replacement therapy, which should be

Table 12.3 Differentiating clinical features between
hemarthrosis and synovitis

Hemarthrosis Synovitis

* Insidious onset

* Mild or absent pain

* Normal postural
attitude

« Solid content

* Normal joint mobility

* Mild muscular
insufficiency

* No immediate
response to treatment

¢ Acute onset

* Severe or moderate pain

* Antalgic attitude in
flexion

e Liquid content

 Absent or limited joint
mobility

* Loss of strength

* Immediate response to
substitutive treatment
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administered for at least 6-8 weeks on a prophy-
lactic or intermittent basis, with sufficient fre-
quency and dosage to prevent recurrent bleeding.
The use of selective COX-2 inhibitor anti-
inflammatory drugs may reduce pain and inflam-
mation. If a functional deficit in the joint is
associated, a program of physiotherapy and/or
occupational therapy may help to recover it [4]. If
after 3—-6 months of hematologic replacement
therapy synovitis persists or there are recurrent
hemarthroses, synoviorthesis is indicated.
Radiosynovectomy is of choice in this scenario.
More on this technique can be read in Chap. 15 of
this book.

12.2.3 Osteochondral Damage:
Hemophilic Arthropathy

The repeated exposure of joint structures to blood
produces histopathological changes that eventu-
ally deteriorate the joint. This damage begins
early, after only a small number of hemarthroses
[10]. Experimental studies show that cartilage
and subchondral bone are damaged by well-
defined pathophysiological mechanisms, related
to the presence of free blood in the joint [7].
Chondrocyte metabolism is altered by a dual
mechanism. On the one hand, through the inter-
action between inflammatory molecules and
metalloproteases; and on the other hand, by the
direct action of blood iron through redox reac-
tions and release of free radicals. This chondro-
cytic apoptosis will not be repairable. At the bone
level, the imbalance between osteoprotegerin and
RANK-L, in favor of the latter, causes it to bind
to its receptor, increasing the action of osteoclasts
and thus bone resorption [7]. All this would
explain why patients with hemophilia end up
developing osteochondral damage, known as
hemophilic arthropathy. Secondarily, loss of joint
mobility, muscle wasting, loss of proprioception,
malalignment, and deformity can also appear. In
the most severe cases, the structural changes gen-
erated by the arthropathy can end up damaging
the joint capsule, ligaments, nerves, and tendons.
The composite effect of this process in multiple
joints (ankles, knees, elbows most frequently)

generates major biomechanical disorders that
condition a greater or lesser degree of disability
[1]. We must not forget the chronic pain compo-
nent that this generates and that we must also
treat (see Sect. 12.2.6).

The early diagnosis of osteochondral damage
should be made before it becomes symptomatic,
with routine assessments using sensitive tech-
niques. Around 14% of hemophiliac patients
with no history of bleeding and normal physical
examination have subclinical joint damage
when assessed with US [11, 12]. Plain radiogra-
phy is useful for assessing established hemo-
philic arthropathy, as it can determine decreased
joint space, cysts, and bony erosions. However,
its sensitivity is poor for detecting early changes
in arthropathy, so its use is best suited to assess-
ment of adult patients with advanced joint dis-
ease [13]. MRI has great advantages over
radiography; these include better visualization
of all intra- and extra-articular elements, as well
as the absence of exposure to ionizing radiation.
However, the need to perform polyarticular
studies repeatedly decreases its practical
usefulness.

For the treatment of osteochondral damage,
a combination of regular replacement therapy
to reduce the frequency of bleeding and reha-
bilitation therapy is recommended. The goal of
rehabilitative treatment of hemophilic arthropa-
thy is generally to improve function and relieve
pain [1]. Treatment options will depend on the
stage of the disease, symptomatology, and
available resources. In addition to pain manage-
ment with different drugs, such as paracetamol,
metamizole, cox-2 inhibitors or opioids, we can
also resort to physical techniques such as trans-
cutaneous electrical nerve stimulation (TENS).
Physiotherapy sessions are useful to work on
tissue flexibility, joint mobility, muscle
strengthening, proprioception, and gait re-edu-
cation. Hydrokinesitherapy (water therapy) is
of great interest because it allows improve-
ments in flexibility and tone of large body
segments (very useful in hemophilic polyar-
thropathy) [14]. Functional exercises should
also be incorporated. Physical therapy can be
performed with or without factor coverage,
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depending on availability and the patient’s
response to therapy. Other modes of therapy
such as exercise therapy, manual therapy, mag-
net therapy, or electrotherapy have also been
used. Occupational therapy sessions are very
useful for training ADLs and upper limb man-
agement in case of elbow arthropathy. Home
and workplace adaptations to encourage par-
ticipation and facilitate ADLs are essential [1].

Intra-articular injections of hyaluronic acid
can be helpful with effect on pain and function
extending to more than 3 months [15]. Intra-
articular injections of corticosteroids have a
shorter effect over time and are also not routinely
recommended [16].

In order to unload the arthropathic joint, val-
gus knee orthoses may be useful in knees with
varus deformity and plantar orthoses with inter-
nal varus wedges may be useful in ankles with
hindfoot valgus. Gait aids can be introduced to
decrease the degree of stress on weight-bearing
joints. Many patients require a detailed report
from their rehabilitation physician detailing their
physical and functional condition in order to
request the degree of disability. Collaboration
with social workers is essential. If conservative
treatment fails, surgical treatment should be con-
sidered. In this case the orthopedic surgeon with
experience in the management of patients with
hemophilia will determine the most indicated
technique in each case [17].

12.2.4 Muscle Hematomas

Muscle hematomas represent the second most
common cause of bleeding in the musculoskele-
tal system in patients with hemophilia. The clini-
cal manifestation of hematoma depends on the
location and intensity of the bleeding, and is gen-
erally more insidious than hemarthrosis. It is
defined as an episode of muscle hemorrhage
determined clinically and/or by imaging studies,
generally associated with great functional limita-
tion. The clinical features usually include an
antalgic gait, local induration, and muscle pain
that is aggravated by muscle elongation. The
most critical sites are those where neurovascular

function may be compromised; bleeding in the
iliopsoas muscle may lead to femoral nerve
palsy; a hematoma in the gastrocnemius may
affect the posterior tibial nerve. In addition, they
can be complicated by acute compartment syn-
dromes, which would have serious functional
consequences if an emergency surgical fasciot-
omy is not performed.

Early identification and proper management
of muscle hematomas are critical to avoid perma-
nent contractures, rebleeding, and the formation
of hemophilic pseudotumors [18]. Iliopsoas mus-
cle hemorrhage has a special presentation; its
signs may include pain in the hypogastrium,
groin and/or lower lumbar area, pain with hip
extension and paresthesias in the medial thigh
area or other signs of nerve compression (such as
decreased patellar reflex and quadriceps motor
deficit). It is important to make a differential
diagnosis with other entities such as hip hemar-
throsis, avascular necrosis of the hip, and appen-
dicitis (if on the right side).

The diagnosis of muscular hematoma should
be confirmed with imaging techniques, among
which ultrasound has the advantage of immedi-
acy, capacity to determine the size, shape, loca-
tion and evolution. In less accessible locations, as
in the case of the iliopsoas muscle, MRI or com-
puted tomography (CT) scan may be necessary to
clarify the diagnosis.

Administration of clotting factor should be
initiated immediately, ideally at home when the
patient identifies the first signs of discomfort or
after the trauma and maintained until resolution
of the trauma. General measures to control
bleeding and pain include rest in a comfortable
position, and analgesic/anti-inflammatory treat-
ment. Close follow-up is important to ensure
that the hematoma is not complicated by com-
partment syndrome or neuropathy. In case of
clear blood collections, evacuation should be
considered in the acute phase, with ultrasound
guidance [19].

If the patient responds well to hematologic
treatment, rehabilitation treatment is then initi-
ated. Therapeutic ultrasound in pulsed form
could improve hematoma resorption, although
its efficacy has not been demonstrated.
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Kinesitherapy 1is particularly useful for the
recovery of articular range of motion by apply-
ing it in an assisted and progressive manner.
Physical therapy sessions should be done under
coagulation factor coverage, as long as the
bleeding is not resolved. Sometimes it is neces-
sary to resort to the use of soft traction or
dynamic orthoses, to avoid muscle shortening
and bring the limb to its natural alignment.
Imaging tests should verify the progressive
resorption of the bleeding. Gradual progressive
muscular exercises (isometric and isotonic exer-
cises, preferably concentric) can be introduced
to improve muscle activation, while respecting
pain. If the hematoma is accompanied by pare-
sis due to compressive neuropathy, a treatment
aimed at this lesion should be applied. These are
usually neurapraxias or axonotmesis due to
compression, in which case the long-term prog-
nosis is usually favorable.

12.2.5 Hemophilic Pseudotumor

It is a potentially serious condition for the
affected limb. It is more frequent in long bones
and pelvis. It is the result of inadequate manage-
ment of soft tissue bleeding, especially muscles
adjacent to the bone, which can be affected sec-
ondarily. Its diagnosis is made by clinical exami-
nation with the finding of tumor-like masses.
Radiographically a soft tissue mass can be seen
adjacent to bone destruction. A better assessment
can be made by CT scan or MRI.

If left untreated, the pseudotumor can reach
an enormous size capable of compressing neu-
rovascular structures and causing pathologic
fractures [18]. Its management will depend on
the site, size and speed of growth, as well as its
effects on adjacent structures. A 6-8-week
course of treatment with clotting factor is usu-
ally performed, with MRI monitoring, and if the
pseudotumor shrinks, 3 more cycles are repeated
[4]. In many cases surgery becomes necessary,
with the aim of resecting the pseudotumor. In
some cases, aspiration followed by fibrin injec-
tion, arterial embolization, or radiotherapy may
be effective.

12.2.6 Pain Management

Acute and chronic pain are common in people
with hemophilia (PWH), so it is essential to eval-
uate it properly to determine its cause and guide
the appropriate management. PWH may suffer
from different types of pain (neuropathic or noci-
ceptive) [20], so assessing its characteristics,
location, and intensity, among other parameters,
will help in its proper management.

Adequate treatment of pain improves joint
function, prevents immobility and increases qual-
ity of life. The approach should be multimodal
and establish a therapeutic plan agreed with the
patient, through shared decision making [21].

12.2.6.1 Painkillers

Ninety-five percent of pain syndromes are treat-
able with painkillers [22]. The World Health
Organization (WHO) analgesic ladder is still valid
and has been adapted for PWH [4]. It includes dif-
ferent drugs according to pain intensity, and rec-
ommends the use of adjuvant drugs (Table 12.4).
The analgesic prescription should be made accord-
ing to the intensity and type of pain, with the sim-
plest and most effective dosage and administration.
Pain, drug response, and side effects should be
evaluated periodically [21]. In PWH with mild/
moderate hepatic or renal insufficiency, dose and
dosage adjustment should be made. Rescue medi-
cation should be included and the intramuscular
route is not advised [4]. Due to opioids abuse cri-
ses, it has been published that minimally invasive
procedures could be considered in the third step,
leaving major opioids as a last option [23].

12.2.6.2 Minimally Invasive
Interventional Procedures

Intra-articular injections are useful for pain relief
in PWH. They should always be done with con-
trolled hemostasis and asepsis [21]. Hyaluronic
acid can relieve joint pain for 6-12 months.
Corticosteroids produce benefit for weeks,
although they are not routinely recommended.
Local anesthetics can be added. The efficacy of
platelet-rich plasma (PRP) and mesenchymal stem
cells (MSCs) in hemophilic arthropathy is still
under study [17]. In this context, in addition to
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Table 12.4 Painkillers recommended in hemophilia based on the World Health Organization (WHO) analgesic

ladder
Pain intensity Recommendation Painkillers
1 Mild pain Non-opioid Acetaminophen (paracetamol)
+ Adjuvant Metamizol
COX-2 inhibitors
2 Mild to moderate pain Weak opioid Tramadol
+ Non-opioid Codeine*
+ Adjuvant
3 Moderate to severe pain Strong opioid Morphine
+ Non-opioid Buprenorfine
+ Adjuvant Fentany]
Oxycodone (+naloxone)
Hidromorphone
Tapentadol

Adjuvants: steroids, antidepressants (amitriptyline, serotonin and norepinephrine reuptake inhibitor—SNRI), anticon-
vulsivants (gabapentine, pregabaline), duloxetine, lidocaine, capsaicine

Opioids from second and third steps cannot be associated

An approach using combinations of drugs that target different metabolic pathways may improve analgesia and reduce

side effects
* Avoid use of codeine in children under 12 years of age

intra-articular injections, nerve blocks or radiofre-
quency ablation are options to be considered, pro-
vided they are performed by pain specialists [23].

12.2.6.3 Physical Exercise

The physical, psychological, and socio-affective
benefits of physical exercise are multiple and
well known and can reduce pain through central
neurobiological mechanisms [24]. Although the
actual effects of physical exercise on chronic pain
in PWH are not fully known, we know that it is
fundamental in the optimal management of
hemophilia [25]. We should therefore recom-
mend physical exercise at moderate intensities
and avoiding contusion to prevent the risk of
bleeding [26]. Aquatic exercise may be more
analgesic than dry exercise [14]. Although there
is little experience in hemophilia, mind-body
therapies are recommended as complementary
techniques [4].

12.2.6.4 External Devices

Immobilization of the joint in a position of com-
fort may be useful in the early stages to relieve
the pain of joint or muscle bleeding, although this
period should end when the pain begins to sub-
side [4]. Other orthoses may be useful for chronic
pain due to hemophilic arthropathy, especially
when there is associated malalignment. Knee val-

gus orthoses seem to improve short-term pain in
patients with osteoarthritis, or custom-made
insoles seem to improve joint pain and ankle
function in hemophilic arthropathy of the ankle
when there is hindfoot malalignment. Athletic
footwear may provide better comfort and support
for the foot, and therefore may improve pain in
patients with ankle arthropathy. The use of
crutches, by reducing the load, can alleviate pain
in different joints of the lower limbs [27].

12.2.6.5 Other Modalities

For PWH with chronic pain, it is recommended
to add the use of complementary pain manage-
ment techniques. This requires a care team that
integrates all points of view [21]. These include
lifestyle changes and educational/psychological
approaches, and simple techniques such as medi-
tation, distraction, mindfulness, or music therapy
can be incorporated [4]. Some techniques such as
mindfulness have been shown to improve chronic
pain, depressive symptoms, and quality of life
[28]. Some other rehabilitation techniques such
as manual therapy, electrotherapy, and thermo-
therapy may be useful, although published stud-
ies are of low quality and their usefulness is
unclear [29]. People with persistent pain should
be referred to a specialized pain management
team for interventional techniques. When pain is
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disabling and not controlled by non-surgical ther-
apies, we should also consider the benefits of dif-
ferent orthopedic surgical techniques for pain
relief (see Chaps. 16, 17, and 18 of this book).
For patients with hemophilia and postoperative
pain, proportional pain management in coordina-
tion with the anesthesiologist or pain specialist is
advised. Management should be similar to that
used in patients without hemophilia, avoiding
nonsteroidal anti-inflammatory drugs (NSAIDs,
although selective cyclooxygenase-2 (COX-2)
inhibitors can be used) and the intramuscular
route for analgesic administration [4].

12.2.7 Osteoporosis

Lower bone mineral density (BMD) has been
demonstrated in people with hemophilia. The
direct effects of intra-articular blood derivatives
on bone remodeling and inactivity associated with
polyarthropathy are associated with lower BMD
[30]. In addition to good hemostatic coverage to
prevent hemarthroses, weight-bearing activities
that promote the development and maintenance of
good bone quality should be encouraged. This is
especially important in younger patients, so that
during growth they build bone mass and reduce
the risk of subsequent osteoporosis. All patients
with hemophilia should be encouraged to engage
in regular physical activity and to have adequate
calcium and vitamin D intake. When low BMD is
suspected, accurate diagnosis should be made by
bone densitometry. Osteoporosis increases the
risk of fragility fractures. To avoid this increased
risk of fracture in patients with hemophilia and
osteoporosis, treatment with calcium and vitamin
D supplements as well as bisphosphonates should
be considered [31].

12.2.8 Age-Related Musculoskeletal
(MSK) Comorbidities

Due to improvements in hemophilia treatment
and care, the life expectancy of people with
hemophilia has approached that of the general
population. Although arthropathy remains the

main comorbidity, with increasing age, other
orthopedic comorbidities such as osteoarthritis,
sarcopenia, muscle weakness, and gait and bal-
ance disturbances are superimposed. This leads
to an increased risk of falls and fractures [32].

It appears that age-related effects on the MSK
system can be reduced by exercise. Multi-
component programs, including weight-bearing
exercise, gait and balance training, functional
tasks, muscle strengthening, and three-dimensional
exercise, performed two to three times per week
for at least 12 weeks, appear to be most effective in
the older person [33]. It also appears that orthope-
dic surgery in this group of patients is safe and
effective, with outcomes close to those of the gen-
eral population. However, establishing whether
exercise programs and orthopedic surgery offer
good results in older people with hemophilia is a
priority for future research [32].

12.3 Conclusions

Knowledge of the MSK and functional manifesta-
tions of hemophilia is essential when applying an
adequate and individualized treatment. Acute
MSK hemorrhages should be treated with on-
demand administration of the deficient factor until
adequate levels are reached to stop the bleeding
event. The role of MSK Medicine includes the
prevention, diagnosis, and treatment of MSK
bleeds and their consequences, as well as the
management of pain and related biomechanical
disorders. The ultimate goal in the management
of hemophilia is to prevent the development of
disability and impairment of quality of life often
associated with hemophilia. In patients with
hemophilia, physical activity should be promoted
to achieve better joint protection, and impact and
collision activities should be avoided.
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13.1 Introduction

About 90% of bleeds in hemophilia happen in the
joints (hemarthroses), mainly the knees, ankles,
and elbows. Such hemarthroses cause severe dis-
ability and reduced health-related quality of life
(HRQoL) to hemophilic patients [1-3]. When
hemarthroses are frequent, the synovium will be
unable to reabsorb all the intra-articular blood.
Then it will become hypertrophic, causing
chronic hemophilic synovitis [4—-10]. Therefore,
it is paramount not only to avoid acute joint
bleeds, but also to manage them as efficiently as
possible. Intra-articular bleeding also causes car-
tilage damage (chondrocyte apoptosis). Such
damage will destroy the joint eventually (hemo-
philic arthropathy) [11].

Primary hematologic prophylaxis from the age
of two to the end of skeletal maturity is the gold
standard of current treatment of hemophilia. Such
prophylaxis will decrease the frequency of joint
hemorrhages in hemophilic patients [12, 13].
However, problems may be caused by the perma-
nent intravenous infusion of factor concentrates.
Two bypassing agents, FEIBA, factor eight inhibi-
tor bypassing agent (Baxter AG, Vienna, Austria)
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and NovoSeven [recombinant factor VIla (rFVIIa),
NovoNordisk, Denmark] are available for prophy-
laxis in people with hemophilia (PWH) who have
developed inhibitors (antibodies against factor VIII
and IX that make patients not to respond to intrave-
nous infusion of factor VIII or factor IX (FVIII or
FIX) [14].

The early management of intra-articular
bleeding will prevent cartilage and joint destruc-
tion [15]. Unfortunately, most developing coun-
tries have limited resources and only use
on-demand treatment, which consists of the
administration of the deficient coagulation factor
when a joint bleed occurs. The aim of this chapter
is to review the current management of acute
hemarthroses in PWH.

13.2 Clinical Manifestations
of Acute Bleeding

The typical symptoms of joint bleed are pain,
swelling, and limited range of motion. Intra-
articular blood causes cartilage cell apoptosis and
also hemophilic synovitis. It seems that one or
more of the many components of blood are
responsible for the inflammatory and synovial/
vascular cell proliferation response associated
with recurrent intra-articular bleeds [16]. The
exact mechanisms related to blood-induced joint
disease are not known yet. It is likely that iron
deposition in the synovium induces an inflamma-
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Fig. 13.1 Clinical view of acute bleeding in the knee
joint (arrow)

tory response that causes not only immune sys-
tem activation but also stimulates angiogenesis.
This process will lead to cartilage destruction.
Three cellular regulators (p53, p21, and TRAIL)
that are important for iron metabolism seem to be
induced in the synovium [17].

Acute bleeding is usually felt by the hemo-
philic patient as a burning sensation in the joint.
Hemarthrosis develops within a few hours; in
clinical examination the joint is inflamed, tense,
warm, and the skin becomes red (Fig. 13.1). The
affected joint is always held in an antalgic flexion
position, and the range of motion is very limited
(Fig. 13.2).

Ideally, the clinical diagnosis of hemarthrosis
must be confirmed by means of ultrasonography
(US), and hematologic treatment must be contin-
ued until full disappearance of blood into the joint
[18, 19] (Fig. 13.3). This can be confirmed by a
new US performed 1-2 weeks later. Otherwise,
there will be a tendency to recurrent hemarthroses,
chronic synovitis, and joint degeneration [11].

An experimental study showed that hemar-
throsis induces synovial urokinase-type plasmin-
ogen activator (uPA) expression and results in an
increase in synovial plasmin levels, making the
joint more vulnerable to recurrent bleedings [20].
Another report demonstrated alterations in mono-
cyte/macrophage polarization following hemar-
throsis resulting in a blood monocyte M1
phenotype and a combined M1-M2 monocyte/

Fig. 13.2 Clinical view of knee flexion contracture
(circle)

Fig. 13.3 Confirmation of acute articular bleeding (star)
by means of ultrasonography (US)

macrophage phenotype in the joint [21]. A third
experimental study showed detrimental effects of
the blood on the overall cartilage function under
loading. That is why non-weight bearing (rest)
and early joint aspiration were recommended
[22]. Finally, this has been proved that more than
two to three bleeding into the same joint may
cause irreversible joint damage that will compro-
mise HRQoL [23].

13.3 Treatment of Acute
Hemarthrosis

13.3.1 Hematologic Treatment
On-demand therapy with a plasma-derived or

recombinant FVIII or FIX concentrate is the first-
line treatment for acute bleeding episodes in
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hemophilic patients [1, 3, 13]. Dosing ranges
from 20 to 40 IU/kg administered until bleeding
stops. Infusion of FVIII 40 IU/kg at the time of
joint hemorrhage and 20 IU/kg at 24 and 72 h
after the first dose is recommended. Then we
must continue infusions of 20 IU/kg every other
day, until joint pain and impairment of mobility
had completely resolved. US is very important in
acute hemarthroses. US can identify the presence
of blood in the joints and confirm its complete
disappearance [18].

In patients with inhibitors, bypassing agents
must be used [24]. Smejkal et al. found that the
median cumulative dose of FEIBA per bleeding
episode was 205 U kg=!. Although bleeding
stopped in 97% of events, re-bleeding occurred in
5% of events within 48 h after cessation of bleed-
ing [25]. Regarding rFVIla, the recommended
dose is 90 mcg kg~! [26].

A study evaluated and compared one to three
doses of vatreptacog alfa at 5, 10, 20, 40, and 80
lg kg~! with one to three doses of rFVIIa at 90 Ig
kg! in the treatment of acute joint bleeds in
PWH with inhibitors [27]. 98% of bleeds were
controlled within 9 h of the initial dose in a com-
bined evaluation of 20-80 Ig kg~! vatreptacog
alfa.

After the administration of the appropriate
hematologic treatment, pain will rapidly dimin-
ish, although inflammation and limitation of
range of motion commonly disappear more
slowly.

13.3.2 Rest and Splinting

In lower limb bleeding episodes bed rest for one
day is recommended. In the following 3-5 days,
weight-bearing is contraindicated. Crutches must
be used when ambulating and elevation when sit-
ting. For the knee a compressive bandage is ade-
quate. For the ankle, a short-leg posterior plaster
splint is recommended. For the upper limb, usu-
ally a sling (for the shoulder) or a long-arm pos-
terior plaster splint (for the elbow) will provide
sufficient rest. Lifting and carrying heavy items
is contraindicated until the bleeding has resolved
(3-5 days).

13.3.3 Ice

Ice therapy could help to relieve pain and reduce
the extent of bleeding, although its current role
in hemophilia ~ remains controversial.
Experimental cooling of blood and/or tissue can
significantly impair coagulation and prolong
bleeding [28].

13.3.4 Analgesia

For pain, analgesic medication should be admin-
istered, including paracetamol in mild pain, met-
amizole for more intense pain, and in a few
precise patients, soft opioids such as codeine or
tramadol [29]. In the circumstance of intolerable
pain we should use morphine hydrochloride
either by continual infusion or a patient-
controlled analgesia (PCA) pump, determined by
the age, mental condition, and grade of obser-
vance of the patient. Epidural blocks utilizing
bupivacaine and fentanyl may be very efficacious
as well [29].

13.3.5 Joint Aspiration
(Arthrocentesis)

In cases of severe bleeding arthrocentesis may
relieve the patient’s pain and speed up rehabilita-
tion. There is a great deal of controversy on the
role of arthrocentesis in  hemophilia.
Arthrocentesis should be performed in major
hemarthrosis (very tense and painful joints)
(Fig. 13.4). Joint aspiration should always be
done under factor coverage and in aseptic condi-
tions. In immunodepressed patients, septic arthri-
tis can mimic hemarthrosis [30].

It is important to emphasize that while arthro-
centesis of the elbow, knee, and ankle (Fig. 13.5)
are quite simple procedures that can be done at
the outpatient clinic, both shoulder and hip joint
aspirations require sedation and radiographic
control by an image intensifier, that is to say, they
are surgical procedures done in an operating
room, with an anesthesiologist and by an ortho-
pedic surgeon [31].
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Fig. 13.4 Joint aspiration (arrow) of acute knee hemar-
throsis guided by ultrasonography (US)

Our study published in 2019 showed that early
aspiration of an acute hemarthrosis, combined
with appropriate hematologic treatment, may
result in a shorter time to recovery as compared
with conventional treatment (without joint aspi-
ration) [19]. Indeed, aspiration reduced the num-
ber of days during which the joint was exposed to
blood; the number of days of additional hemato-
logic therapy; the number of days of pain and
decreased joint range of motion; and the number
of days away from school/work. Moreover, joint
aspiration proved to be a safe procedure with no
short- or long-term complications. We consider
that arthrocentesis, performed under hemostatic
cover and in aseptic conditions, can safely and
effectively contribute to faster recovery in
patients with hemophilia following an acute
hemarthrosis.

Fig. 13.5 (a—c) Joint aspiration technique: Sites for nee-
dle insertion into the intra-articular space for the different
joints. (a) Elbow: at the center of the triangle (star) formed
by the olecranon (green circle), the lateral epicondyle (red
circle), and the radial head (blue circle). (b) Knee: 2 cm

proximal and 2 cm lateral to the superolateral angle of the
patella (star). (¢) Ankle: at the depression (star) that lies
between the anterior tibial tendon (line) and the medial
malleolus (circle). The heel is marked with an arrow



13 Management of Acute Hemarthrosis in Hemophilia (Including Joint Aspiration) 115

13.3.6 Arterial Embolization

Arterial embolization must be taken into account
in recurrent massive bleeds. To avoid recurrent
articular bleeds. This way, consumption of factor
concentrate can decrease to one-third of the
amount consumed before embolization [32-35].

To sum up, diagnosis and treatment of intra-
articular hemorrhages must be carried out as
early as possible. Treatment must be adminis-
tered intensively (enhanced on-demand treat-
ment) until the resolution of symptoms. Joint
aspiration plays an important role in acute and
profuse hemarthroses. US is paramount to assess
the evolution of acute hemarthroses in hemo-
philic patients [36].

13.4 Conclusions

Treatment of acute hemarthroses is a combina-
tion of adequate factor replacement, joint aspira-
tion, rest, ice therapy, analgesia, and physical
medicine and rehabilitation. The objectives of
treatment are to avoid recurrent hemarthroses and
muscular atrophy and maintain an adequate artic-
ular range of motion. The joints treated with joint
aspiration exhibit a significantly faster resolution
of bleeding (fewer days). The joints treated with
joint aspiration require fewer days of hematolog-
ical treatment. In joints treated with joint aspira-
tion faster achievement of functional recovery
and resumption of school/work are observed.
Joint aspiration under hemostatic cover and in
strictly aseptic conditions is the most effective
and safest route to recovery in hemophilic
patients with acute hemarthrosis.
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14.1 Introduction

Hemophilic arthropathy takes place due to
repeated hemorrhages into articulations leading
to swelling, destruction of cartilage and bone,
and development of osteoarthritis [1]. Although
prophylactic replacement therapy helps in pre-
cluding arthropathy, it is not at all times appropri-
ate (due to patient’s lack of adherence) or
affordable [2-8]. Early primary prophylaxis is
the only approach for precluding arthropathy in
hemophilia patients without inhibitors, admitting
that it is not invariably totally effective in eluding
joint complications [2-5].

In children with inhibitors, bypassing agents
(aPCCs and/or rFVIIa) prophylaxis is also
advised to hinder musculoskeletal impairment
[2-5, 9]. Consequently, early primary prophy-
laxis is the gold standard of management of
hemophilia to preclude articular damage due to
the effect of blood on the synovium and the
chondrocytes.

Hemarthrosis produces chondrocyte apoptosis
and synovitis leading to a vicious cycle of
synovitis-hemarthrosis-synovitis. Such a cycle
must be ruptured as soon as possible to arrest or
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decelerate the development of hemophilic
arthropathy. The hypertrophic synovial mem-
brane can be palpated as a solid tissue in clinical
examination.

Extirpation of the hypertrophic synovium can
be carried out by means of radioactive materials
[10-23]. The objective is to decrease the risk of
chronic synovitis and repeated hemarthroses that
in the end will cause joint degeneration (hemo-
philic arthropathy) (Fig. 14.1).

Hemophilia is a polyarticular illness (affect-
ing principally ankles, knees, and elbows).
Accordingly, therapeutic indications must take
into consideration that we always treat a multiar-
ticular problem. Ratification of diagnosis must be
achieved by means of magnetic resonance imag-
ing (MRI) and/or ultrasonography (US) [24-28].
The aim of this chapter is to review the contem-
porary role of radiosynovectomy (RS) in the
management of chronic hemophilic synovitis,
both in patients with inhibitors and patients with-
out inhibitors.

14.2 Indications

for Radiosynovectomy

RS consists of the extirpation of the hypertrophic
synovial membrane by means of the intraarticu-
lar injection of a radioactive material. Our indica-
tions for RS are the following [16-21]: (1) Two
or more incidents of hemarthrosis in the preceding
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Fig. 14.1 Severe degree of chronic synovitis in a young
hemophilia patient (arrow)

Fig. 14.2 Magnetic resonance imaging (MRI) image
showing severe synovitis of the ankle (arrow)

6 months; synovitis must be proved by MRI
(Fig. 14.2) and/or US (Fig. 14.3). (2) A new RS
must be carried out in patients with two or more
incidents of hemarthrosis in the subsequent
6 months. RS must only be performed in a hemo-
philia treatment center setting.

MRI (which is the gold standard) and/or US
may augment our early discovery of synovial
hypertrophy. RS can be carried out at any age.
According to Doria et al. [29], although MRI

Fig. 14.3 Ultrasonography (US) longitudinal view of a
hemophilic elbow with joint effusion (square) and severe
synovial thickening (arrow)

is the gold standard, US is extremely sensitive
(>92%) for evaluating synovial hypertrophy.
MRI can be carried out every 6—12 months
whereas US can be performed as many times
as required (from once a week to once a
month).

In a study Sierra-Aisa et al. [30] compared the
outcomes of US imaging for the diagnosis of
musculoskeletal injuries in hemophilia patients
with scores obtained utilizing MRI. Sierra-Aisa
et al. concluded that US is valuable in identifying
hemarthroses, synovitis and articular erosions,
with results equivalent to those of MRI.

When RS needs to be redone, the technique is
equal to that carried out for the first injection. The
outcome parameters must be taken 6 months fol-
lowing each RS and then every 6 months till the
end of the follow-up. The most significant out-
come parameters are the number of hemarthroses
per month (diminution in joint bleeding), factor
consumption, and the clinical result (range of
motion of the affected articulation).

For us arthroscopic synovectomy is the
second-line therapy being advised after the fail-
ure of three RSs with 6-month intervals. In a
report 28 (6.3%) articulations ultimately required
arthroscopic synovectomy or total knee arthro-
plasty (TKA) [21]. It is important to underline
that RS is tremendously cost-effective. The cost
per RS injection in the USA is about $2500 USD,
while a surgical synovectomy has a cost estima-
tion of $25,000 USD [21].
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14.3 Radiosynovectomy
in Patients with Inhibitors

Prophylaxis with bypassing agents has demon-
strated its efficacy in many publications. So far
aPCC has been utilized in 110 patients and
rFVIIa in 29. Both bypassing agents have
exhibited diminution of bleeding incidence and
amelioration of QoL [31-48].

When repeated hemarthroses cannot be con-
trolled in patients with inhibitors by means of
prophylaxis with bypassing agents, a RS should
be advised. In 1982 Rivard et al. [49] reported
four patients (6 RSs) aged 13 to 17 years.
Subjective and objective improvement was
encountered in all the patients. During a follow-
up period of 22 to 34 weeks the number of bleed-
ing episodes per year ranged from 1 to 5, a
significant decrease.

In five patients under the age of 15 with hemo-
philia and inhibitors, 13 joints underwent RS
(radioactive gold) [50]. Of the 13 joints treated, a
bleeding-free interval of more than 6 months was
achieved in nine of which six remained free from
hemarthroses for more than a year.

In nine patients with hemophilia and factor
inhibitor, 19 articulations were managed with RS
utilizing radioactive gold by Lofqvist et al. [51].
Ages ranged from 3 to 40 years. RS was carried
out when the antibody titer was low (<10
Bethesda units), thus making hemostasis feasible
by factor administration for 2 to 4 days. On five
occasions, RS was carried out at the same time
with tolerance induction according to the Malmo
protocol. A bleeding-free interval of more than
6 months was achieved in 11 articulations, six of
which remained bleeding free for more than a
year. At long run follow-up (range,
18-182 months) five articulations were rated
good, one joint was fair, and 11 articulations
were poor. The outcomes were worse to those for
patients with hemophilia without inhibitor.

In 2007, Rodriguez-Merchdan et al. [52]
reported that prophylaxis is paramount to try to
elude the development of hemophilic synovitis.
The best management for synovitis in patients
with inhibitors is RS (rhenium-186 for ankle and
elbows, yttrium-90 for knees). With both treat-

ments (prophylaxis and RS), the development of
severe  hemophilic  arthropathy can be
postponed.

According to Pasta et al. [53], in hemophilia
patients with inhibitors, a more severe grade of
synovitis is commonly seen owing to the fact that
management is more problematic in this setting.
For them, the first treatment alternative of
repeated hemarthroses and/or chronic synovitis is
represented by chemical synovectomy (several
weekly injections) and RS, with a success rate of
about 80% for both. Nevertheless, RS should be
preferred in inhibitor patients because it makes it
feasible to achieve full synovial fibrosis com-
monly in one session, without the need for
repeated injections, thus diminishing the risk of

bleeding complications and concentrate
consumption.
14.4 Technique

of Radiosynovectomy

Figure 14.4 shows the procedure for ankle
RS. Technetium-99 scintigraphy is carried out
following the technique to demonstrate the nor-
mal distribution of the radioactive material into
the articulation.

RS should be carried out under factor cover-
age to elude the risk of re-bleeding during the

Fig. 14.4 Radiosynovectomy (RS) of the ankle with
Rhenium-186 (arrow). The needle must be then with-
drawn very slowly while at the same time injecting an
anti-inflammatory drug
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technique. Our protocol is the following [16-21]:
In hemophilia A patients, we attain factor cover-
age by means of the intravenous infusion of
50 Ul/kg of factor VIII every 24 h for 4 days,
starting 30 min prior to the technique. In patients
with hemophilia B, we infuse factor IX at a dose
of 60 Ul/kg every 24 h for 4 days, also starting
30 min prior to the RS. In patients with inhibitors
we utilize aPCCs (75 Ul/kg every 12 h for 4 days)
or rFVIIa (90 pg/kg every 2 h for 1 day). An
informed consent is needed.

The principal radioactive materials utilized in
the literature and their characteristics are
yttrium-90, rhenium-186, and phosphorus-32.
All of them emit beta radiation and their thera-
peutic penetration powers (TPP) in millimeters
are 2.8 mm, 1 mm, and 2.2 mm, apiece. For the
knee we utilize yttrium-90 at a dose of 185
Megabecquerels (MBq). Rhenium-186 is utilized
for elbows (56-74 MBq) and ankles (74 MBq). A
little amount of technetium-99 is added to carry
out joint scintigraphy following the technique (to
check the correct distribution of the radioactive
material into the articulation) (Fig. 14.5)
[16-21].

We do not utilize local anesthetic. A common
needle is enough. Once the articulation has been
entered all the liquid content (blood or synovial
fluid) is aspirated, and only then the radioactive
material is injected. The needle should be retired
very slowly as at the same time injecting an anti-
inflammatory drug (e.g. betamethasone) in order

° |

Fig. 14.5 Joint scintigraphy following radiosynovec-
tomy to check the correct distribution of the radioactive
material into the articulation (circles)

to elude the risk of radioactive burn of the needle
track or even worse, a contiguous skin burn.

14.5 Effect of the Radioactive
Material on the Synovium

The diameter of the colloid particle is between 2
and 5 pm, which is small enough to be phagocy-
tized, but big enough not to enter bloodstream via
capillary fenestrations [54]. Immediately after
the injection, most of the radiocolloid is phago-
cytized by type 2 synoviocytes (synovial macro-
phages) and captured in the external cell layers of
the synovial membrane.

High energy p-radiation induces water hydro-
lysis, production of reactive oxygen species, and
cell apoptosis due to oxidative stress. Emission of
radiation continues for several weeks. In time,
this leads to necrosis and subsequent fibrosis of
the synovial membrane, and, clinically, reduction
of inflammation symptoms. B-radiation has very
limited tissue penetration, depositing more than
90% of energy within 10 mm from the point of
origin, thus affecting almost exclusively the joint
cavity.

Most of the radiation is absorbed by the
synovium, synovial fluid, superficial layers of
cartilage, and articular capsule. Subchondral
bone and other paraarticular tissues, in turn,
receive negligible doses of radiation [54].

14.6 Efficacy
of Radiosynovectomy

In the literature, between 40% and 85% of joints
accomplish good clinical results; 30 to 80% of
articulations show a diminution in articular
bleeding; and between 35% and 85% of patients
show a diminution in factor consumption; that is
to say, the number of hemarthroses per month
diminish from 3 to 6 on average prior to the tech-
nique to 1 following the technique [10-22]. In a
38-year period (1976-2013), we have carried out
500 RSs in 443 articulations of 345 patients with
hemophilia diagnosed with chronic synovitis
[21]. The mean patient age was 23 years (range,
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6-53). The mean follow-up was 18 years (range:
6 months-38 years). The RS was performed with
either yttrium-90 or rhenium-186. We carried out
1 to 3 injections (RS-1, RS-2, RS-3), with a
6-month interval between them. Bleeding inci-
dence diminished 64% on average. In another
study we observed that mean reduction of joint
bleeding following RS was 68% when RS-1 was
utilized, 62% with RS-2, and 61% with RS-3
[17]. Synovial size (clinical, imaging) dimin-
ished 31%. World Federation of Hemophilia
(WFH) clinical score ameliorated 19%. WFH
radiological score did not ameliorate [15, 17]. In
one of our studies we observed that the knee
needed more injections than the elbow or the
ankle and that the more severe hypertrophic
synovitis needed a higher number of RS tech-
niques [16]. In another study we encountered that
RS is efficacious in all patient groups, indepen-
dently of the existence of circulating inhibitor
antibody, the type of articulation involved, the
grade of synovitis and the existence of radio-
graphic findings of articular degeneration
(arthropathy) [18]. In our group we have also
observed that each consecutive RS behaves inde-
pendently [19]. In another report we encountered
that the parameters studied ameliorated to an
equal degree in joints with articular degeneration
in simple radiography (ADSR) and without
ADSR. No articulation without ADSR needed
RS-3; this was the only difference our study
encountered between articulations without ADSR
and those with ADSR at the time of the RS [20].

In 2001, Silva et al. [10] analyzed 130 RSs uti-
lizing phosphorus 32 with an average follow-up
of 36 months. For primary techniques, excellent
and good results (hemarthrosis reduction from
75% to 100%) were achieved in 79% of cases at
6 months to 8 years. For repeat techniques a com-
bination of excellent and good results was
achieved in 62.4% of cases at 6 months to 3 years.
Regression analysis demonstrated no correlation
between outcomes and age or grade of arthropa-
thy. Radiation was well contained within the
articulation. No complications were reported.

In another study published by Siegel et al. [11]
in 2001, 125 RSs in 81 patients were performed.
Two- to 10-year follow-up by age and articula-

tion included joint bleeding and quality-of-life
evaluation. Besides, a relative cost comparison,
scintigraphic imaging, and assessment of bio-
distribution of the radionuclide were done. Of
125 techniques, 54% resulted in complete cessa-
tion of bleeding into the treated articulation fol-
lowing the technique, and 73% of patients
experienced improved motion of the treated joint.
Of patients 18 years old and younger, 79% had a
greater than 75% diminution in bleeding rate, and
of patients older than 40 years, only 56% had a
similar reduction. Seventy-nine percent of
patients analyzed had a significant amelioration
in QoL attributable to the treated joint. No evi-
dence of significant leakage was found.

The outcomes of RS with Yttrium-90 in 163
articulations were reported by Heim et al. [12] in
2001. The median age at the time of the initial
technique was between 11 and 15 years and the
median follow-up period 11 years. Over 80% of
the patients with hemophilia experienced a dimi-
nution in the number of hemarthroses and 15%
stopped bleeding altogether in the injected joint.

In 2007, Mortazavi et al. [13] published the
treatments outcomes of RS with phosphorus-32.
Forty-six patients were followed for an average
of 31 months. The mean age of patients at the
time of RS was 16 years. There were three repeat
injections. In latest follow-up, 77% of patients
reported at least a 50% diminution in bleeding
frequency after treatment. The need for anti-
hemophilic factor consumption decreased by
about 74% post-RS. In most of the treated articu-
lations, the ROM remained stable or ameliorated.
A trend was encountered for the number of hem-
arthrosis to augment following a period of con-
siderable amelioration. RS utilizing
phosphorus-32 effectively diminished the intraar-
ticular bleeding frequency and factor concentrate
use.

In 2009, Calegaro et al. [14] assessed the effi-
ciency of RS with 153-Sm-HA (Samarium-153
hydroxyapatite) in hemophilic arthropathy.
Thirty-one patients (30 males) with ages ranging
from 8 to 34 years (average age 20.6 years) were
managed with fixed intraarticular dose of
185 MBq and divided into two groups: infantile-
juvenile (13 patients with up to 18 years of age,
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an average age of 12 years and arthropathy evolu-
tion of 7 years) and adult (18 patients older than
18 years, an average age of 24 years and arthrop-
athy evolution of 18 years). The outcomes were
classified as: 1, good (remission from 70% to
100% of manifestations); 2, moderate (remission
from 40% to 69%); and 3, poor (remission from
0% to 39%). Seventy-eight articulations were
analyzed: 15 knees, 36 elbows, 24 ankles, 1
shoulder, and 2 hips. No significant difference in
the RS result between groups was found. The
outcomes were good for 75% of elbows, 87.5%
of ankles, and 40% of knees; the reduction in
hemarthrosis and use of the coagulation factor
was, respectively, 78% and 80% for elbows, 82%
and 85% for ankles, and 30% and 35% for knees.
Four cases of reactional synovitis were found in
the 31 patients. The use of 153 Sm-HA in the
management of the hemophilic arthropathy was
efficacious for intermediate-size articulations
(elbows and ankles), but less effective for knees.
Besides, this treatment showed an excellent
safety profile and accessible cost.

In 2010, Cho et al. [15] analyzed clinical out-
comes and radiologic assessment of RS using
Holmium-166-chitosan complex in hemophilic
arthropathy. From 2001 to 2003, 58 RSs were
carried out in 53 hemophiliacs. The average age
at procedure was 13 years. Holmium-166-
chitosan complex was injected in 31 ankle
joints, 19 elbow joints, and 8 knee joints.
Average follow-up was 33 months since pri-
mary technique. The ROM of each joint, fre-
quency of intraarticular bleeding and factor
dose utilized were analyzed for clinical evalua-
tion. There was no significant amelioration of
ROM in affected articulations. Following RS,
the average frequency of bleeding of the elbow
decreased from 3.76 to 0.47 times per month,
the knee from 5.87 to 1.12 times per month, and
the ankle from 3.62 to 0.73 times per month,
respectively. After RS, the average coagulation
factor dose injected was significantly dimin-
ished to 779.3 units per month from 2814.8 units
per month prior to RS.

In 2014, Turkmen et al. [22] analyzed their
10-year experience with yttrium-90 RS. Eighty-
two knee joints of 67 patients with hemophilic

synovitis were treated with yttrium-90 RS. The
mean age was 16 years (range: 5-39 years). The
mean follow-up was 39 months (range:
12-95 months). Failure of treatment represented
re-bleeding after a RS was utilized as an endpoint
in patient time to progression (TTP) analysis.
The median TTP was calculated as 72 months in
Kaplan—-Meier analysis. The 1-, 3-, and 5-year
survival rates were 89%, 73%, and 63%, respec-
tively. Longer TTP was obvious in patients who
have greater reduction in bleeding rate within
6 months after RS [22].

In 2016 Rodriguez-Merchan and De la Corte-
Rodriguez found that yttrium-90 RS and rhe-
nium-186 RS were equally effective in reducing
the number of hemarthroses and the size of the
synovium in ankles and elbows in the short-run
(6 months) [55]. This year Zhang et al. reported
that phosphorus-32 was effective in the short-run
[56]. In 2017 Wang et al. published that RS with
phosphorus-32 colloid on 6 hemophilic synovitis
was a safe and effective procedure [57]. Patients
with inhibitors suffer more hemarthroses (in fre-
quency and intensity). Therefore, they experience
greater range of motion (ROM) restriction, more
mobility handicaps, more severe orthopedic
problems, and worse quality-of-life (QoL)
[58-61].

14.7 Complications
of Radiosynovectomy

Our rate of complications is 1%. The complica-
tions that we have observed are the following
[16-21]: (1) Small cutaneous burns cured in
1-2 weeks just by cleaning the wound. They hap-
pen when the isotope is accidentally injected out
of the articulation; (2) infection (septic arthritis)
which needs surgical treatment (arthrotomy and
joint debridement) together with intravenous
antibiotic treatment; and (3) inflammatory reac-
tion after RSs resolved by means of rest and
NSAIDS (nonsteroidal anti-inflammatory drugs).
We especially advise cyclooxigenase-2 (COX-2)
inhibitor inhibitors. Moreover, COX-2 inhibitors
entail a lower risk of gastrointestinal complica-
tions than traditional NSAIDs [62].
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14.8 Safety of Radiosynovectomy

Many pediatric patients with hemophilia who
might benefit from RS for the control of synovi-
tis do not undergo the technique since there is
controversy in the literature regarding the safety
of radiation exposure after two cases of acute
lymphocytic leukemia in children with hemo-
philia treated with phosphorus-32 RS were
reported [63].

In 2007 Turkmen et al. [64] investigated the
genotoxic effect on the peripheral blood lympho-
cytes potentially induced by yttrium-90 in chil-
dren who were undergoing RS for hemophilic
synovitis, using chromosomal aberration analysis
and the micronuclei assay for detecting chromo-
somal aberrations, as well as the sister chromatid
exchanges technique for assessed DNA damage.
The findings of this study indicated that high
radiation doses were not obtained by peripheral
lymphocytes of children who undergo yttrium-90
RS and, consequently, they contradict a high can-
cer risk.

No increase in the risk of cancer has been
found by Infante-Rivard et al. [65]. Besides, they
encounter no dose—response relationship with the
amount of isotope injected or number of RSs.
The study of Infante-Rivard et al. provided some
indication for the safety of RS but homogenous
diagnostic groups of younger hemophilic patients
receiving RS require more evaluation.

Children undergoing knee RS receive a radia-
tion dose of about 0.74 millisieverts-mSv (90
megabecquerels-MBq) and elbow and ankle RSs
a dose of around 0.32 mSv (30-40 MBq). The
radiation dose from natural sources is about
2 mSv and the advised limit for patients (apart
from natural sources) is 1 mSv per year. The life-
time cancer risk augments about 0.5% per
100 mSv per year [66—68].

14.9 Conclusions

The indication for radiosynovectomy (RS) is the
presence of repeated hemarthroses associated
with synovitis (confirmed clinically and by imag-
ing techniques) that cannot be controlled by

means of hematological treatment. RS can be
carried out at any age, ideally in teenagers (>13—
14 years). Intraarticular injection in a very young
child may be difficult because it needs patient co-
operation and this may require general anesthe-
sia. RS is our first alternative for treatment of
chronic synovitis. We recommend yttrium-90 for
the knees and rhenium-186 for elbows and ankles
(1 to 3 injections with 6-month interval). The
technique is highly cost-effective in comparison
to arthroscopic synovectomy (that must be the
second option). Surgery must be indicated after
the failure of three RSs with 6-month intervals.
RS is an efficacious minimally invasive proce-
dure for management of recurrent hemarthroses
due to chronic synovitis in hemophilic
articulations.

No increase in the risk of cancer has been pub-
lished and the dose of radiation utilized in RS is
minimal. In hemophilic patients with recurrent
hemarthrosis, RS should be performed under fac-
tor coverage as soon as possible, once the exis-
tence of synovitis has been confirmed by
ultrasonography (US). In relation to this topic it
is necessary to remember that an acute hemar-
throsis must be treated immediately by intense
hematological treatment and arthrocentesis
(evacuation of the articular blood). Also, that
synovitis usually presents as a hard joint inflam-
mation on palpation, little or nothing painful.

RS should really be considered as a useful
adjunctive procedure to the primary intervention,
which is intensive replacement therapy. Its role is
to control synovitis due to recurrent hemarthro-
ses in order to get a decrease in the intensity and
frequency of such hemarthroses. It is well-known
that effective prophylaxis is even becoming more
feasible for inhibitor patients, with the recent and
anticipated introduction of new treatments such
as bispecific antibodies and antagonists to natural
anticoagulants. However, prophylaxis is not
100% effective even in patients treated in special-
ized hemophilia centers, like ours.

A potential limitation to the use of RS in
developing countries is access to radionuclides.
This problem should not exist in specialized
hemophilia centers of developed countries that
usually have Departments of Nuclear Medicine.
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We hope that as childhood and adult prophylaxis
is more universal this technique may become
unnecessary in the long run (although we are
afraid that it will take many years to be achieved
all over the world).
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15.1 Introduction
Open or arthroscopic surgical knee and ankle
debridement in the treatment of hemophilic
arthropathy has been reported to give the patient
years of life without pain [1-4]. Other authors,
however, have reported that arthroscopic knee
debridement (AKD) and arthroscopic ankle
debridement (AAK) have a limited benefit for
undiscriminated  degenerative  osteoarthritis
(mechanical or inflammatory causes) [5].
According to Ogilvie-Harris and Sekyi-Otu
arthroscopic ankle debridement (AAD) can offer
relief to about two-thirds of patients with ankle
osteoarthritis, but the degree of improvement is
limited [6]. Fitzgibbons stated that AAD should
only be used in patients with minimal to no
degenerative ankle osteoarthritis [7]. Some
authors have reported that arthroscopically
treated impingement ankles have an excellent
prognosis, while osteoarthritic ankles had a less
favored prognosis, with a high percentage requir-
ing further surgery [8]. Other authors, however,
have reported that lesions associated with ankle
osteoarthritis, such as impinging osteophytes and
loose bodies, can be treated effectively with
arthroscopy [9].
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In the later stages of ankle hemophilic arthrop-
athy AAD can help to improve the joint function,
even in the presence of articular cartilage damage
(loose pieces of cartilage or anterior osteophytes)
[10-12].

The purpose of this chapter is to describe the
results of AKD and AAD with the aim of deter-
mining whether it is possible to delay TKR and
ankle fusion or total ankle replacement (TAR) for
painful moderate hemophilic arthropathy of the
knee and ankle in adult patients.

15.2 Arthroscopic Knee
Debridement

In al4-year period (1998-2011) 27 patients (27
knees) affected with severe hemophilia A (less
than 1% of coagulation factor VIII) were treated
by AKD because of knee joint involvement
(hemophilic arthropathy) [13]. No patient devel-
oped an inhibitor against the deficient coagula-
tion factor. Their average age at operation was
28.6 years (range 26-39 years) and the average
follow-up 7.5 years (range 2—14 years).
Indications for AKD (inclusion criteria) were:
more than 90° of knee flexion, flexion deformity
<30°, good axial alignment of the knee, good
patellar alignment, and pain >60 points in a visual
analogue scale (0-no pain to 100 points). The
axial alignment of the knee was assessed before
surgery by means of long-length standing AP
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radiographs; more than 5° of varus or more than
10° of valgus was considered as malalignment in
this study. In order to get bleeding control, sec-
ondary hematological prophylaxis was given for
3 months before operation. If there was increas-
ing pain and disability and this conservative treat-
ment failed, an AKD was indicated despite
radiological involvement [13].

Each patient was admitted to hospital for
4 days and given factor VIII as summarized in
Table 15.1. All the procedures were performed
under general anesthesia. At operation, menisci
tears were trimmed to a stable rim. Using a ther-
mal ablation device on a low-intensity setting, we
brushed the surface to remove the inflamed por-
tion of the synovium (that was always inflamed
and hypertrophic). Infrapatellar plica and supra-
patellar plica were also removed. Chondroplasty
was performed as needed, and loose bodies were
removed. Anterior osteophytes often blocked full
knee extension, so they were removed with a burr
or shaver. That means that all components of the
arthroscopic debridement procedure were per-
formed in a combined fashion at surgery. Portals
used were anteromedial and anterolateral. A tour-
niquet was used with tourniquet time being
64.5 min on average (range 55-75 min) [13].

The patients were mobilized on the second
day after operation and were allowed partial
weight-bearing (two crutches). On the third week
after operation patients were allowed full weight-
bearing. Rehabilitation (physiotherapy) was
started on the second day after operation and then
given during a 3-month period under hematologi-
cal secondary prophylaxis. The principal goals of
the rehabilitation program included the mainte-
nance of joint volume and the prevention of scar
reformation while preserving joint mobility.

Table 15.1 Recommended plasma factor trough levels
and duration of administration in patients with hemophilia
A undergoing arthroscopic knee debridement (AKD) and
arthroscopic ankle debridement (AAD) [13, 14]

Level (IU/dl) Duration (days)
Preoperative 80-100
Postoperative 60-80 1-3
40-60 4-6
30-50 7-14

Regaining strength was a secondary goal. The
rehabilitation program excluded exercises that
elicit significant pain, and postoperative regi-
mens are specifically tailored to each patient. Full
activity was resumed after 12 weeks [13].

We assessed the clinical outcome before sur-
gery and at the time of latest follow-up using the
Knee Society Score (KSS), pain (100 points
maximum—excellent, 0 points minimum—worst
result) and function (100 points maximum—
excellent, 0 points minimum—worst result), and
the range of motion (ROM) in degrees.
Radiographic assessment was undertaken before
operation and at follow-up as recommended by
the World Federation of Hemophilia (WFH),
with the minimum score of 0 (normal joint) and a
maximum of 13 points (fully deteriorated joint)
[15]. All patients had between 4 and 7 points (4.5
on average). That means that arthroscopic
debridement was performed only for patients
with moderate radiographic changes. Statistical
analysis was conducted using the SPSS 11 pro-
gram. All comparisons between variables at the
end follow-up were made by means of McNemar
test. A value of p < 0.05 was considered statisti-
cally significant [13].

Mean length of follow-up was 7.5 years
(range: 2—14 years). Knee Society pain scores
improved from 39 preoperatively to 66 postoper-
atively (p < 0.05), and function scores improved
from 36 to 52 (p < 0.05). ROM improved on aver-
age from —15° of extension and 90° of flexion
before surgery to —5° of extension and 110° of
flexion at the last follow-up (p = 0.03).
Radiographic deterioration was 2.8 on average
(range 3-5). There were two cases (7.4%) of
postoperative hemarthrosis resolved by means of
joint aspiration. Only one patient (3.7%) required
a TKR after 12.5 years [13].

The efficacy of AKD is a controversial topic in
current literature. A report published by the
Cochrane Library on AKD in osteoarthritis in
2008 stated that the procedure has no benefit for
undiscriminated osteoarthritis (mechanical or
inflammatory causes) [5]. However, a recent sys-
tematic review of the literature showed that AKD
results in an excellent or good outcome in
approximately 60% of patients in approximately
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5 years [16]. Another recent report found that
most patients with knee osteoarthritis associated
with unstable cartilage or meniscal injuries
reported good-to-excellent symptomatic results
at the short- and mid-term follow-ups [17]. It has
been reported that in hemophilia, open surgical
knee debridement gives years of life without pain
[1,2].

TKR is an operation frequently needed by
hemophilia patients which greatly improves their
quality of life. TKR, however, carries a higher
risk of bleeding and infection for hemophiliacs
than it does for osteoarthritis sufferers. The life
span of TKA in hemophilic patients is shorter
than in patients with osteoarthritis because of the
increased infection rate [14].

AKD does not jeopardize the possibility of
subsequent surgery and can delay the need for
TKR. Although our series is small, the results
suggest that AKD should be considered as worth-
while treatment which may give the patient years
of life without intense pain. In conclusion, AKD
should be considered in the adult hemophiliac to
delay TKR.

15.3 Arthroscopic Ankle
Debridement

In a 12-year period (2000-2011) 23 patients (24
ankles) affected with hemophilic arthropathy
were treated by AAD [18]. Twenty-two were suf-
fering from hemophilia A (deficit of factor VIII)
and one had hemophilia B (deficit of factor IX).
No patient developed an inhibitor against the
deficient coagulation factor. Their average age at
operation was 25.3 years (range 21 to 36 years)
and the average follow-up 5.4 years (range
2-14 years). All were severely affected, with a
level of factor VIII <1%. Inclusion criteria were:
pain >6 points (VAS-visual analogue scale from
0 to 10 points), more than 90° of ankle motion,
and good axial alignment of the ankle (increased
varus or valgus angulation was a contraindication
for AAD) (Fig. 15.1).

Medical treatment, including secondary
hematological prophylaxis and rehabilitation
(physiotherapy), was given for 3 months before

operation. If there was increasing pain and dis-
ability and this conservative treatment failed, the
possibilities considered were AAD, ankle fusion,
or TAR. We preferred not to consider ankle fusion
or TAR without attempting AAD.

Radiographic assessment was undertaken
before operation and at follow-up as recom-
mended by the Orthopedic Advisory Committee
of the World Federation of Hemophilia, with the
minimum score of 0 and a maximum of 13 points
[15]. All patients had >7 points. Each patient was
admitted to hospital for 4 days and given factor
VIII or IX as summarized in Table 15.1.

All the procedures were performed under gen-
eral anesthesia. At operation, arthroscopic syno-
vectomy, debridement, removal of loose bodies,
and resection of anterior osteophytes were car-
ried out.

The patients were mobilized on the second
day after operation and were allowed partial
weight-bearing (two crutches). On the third
week after operation patients were allowed full
weight-bearing. Rehabilitation (physiotherapy)
was started on the second day after operation
and then given during a 6-week period under
hematological secondary prophylaxis. The prin-
cipal goals of the rehabilitation program
included the maintenance of joint volume and
the prevention of scar reformation while pre-
serving joint mobility. Regaining strength was a
secondary goal. The rehabilitation program
excluded exercises that elicit significant pain,
and postoperative regimens are specifically tai-
lored to each patient. Full activity was resumed
after 8 or 10 weeks.

The American Orthopedic Foot and Ankle
Society (AOFAS) Ankle-Hindfoot Scale was
used evaluation [19]; an excellent result scored
85-100 points, good 70-84, fair 60-74, and
poor less than 60. The average score in our
patients was 35.4 before and 79.2 after opera-
tion. The average range pain score was 6.6
(range 6-9) before and 2.3 (range 1-3) after
operation.

Clinical results in patients were excellent in
13 (54.2%), good in 9 (37.5%), and fair in 2
(8.3%). Radiographic deterioration was 1.7 on
average (range 1-3). There were two cases



130

E. C. Rodriguez-Merchan et al.

Fig. 15.1 Radiographs showing hemophilic arthropathy
before arthroscopic ankle debridement (AAD) and 7 years
later: (a) Anteroposterior preoperative view. (b)
Preoperative lateral radiograph of the ankle. Note the
anterior osteophyte (arrow) to be removed. (c)

Anteroposterior view 7 years after operation. (d) Lateral
radiograph 7 years after AAD. Note that the anterior
osteophyte was removed in a satisfactory way (arrow).
The clinical result was excellent
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(8.3%) of postoperative hemarthrosis resolved by
means of joint aspiration. Three patients (12.5%)
required an ankle fusion.

The efficacy of AAD is a controversial topic in
current literature. In a report AAD offered relief
to approximately two-thirds of patients with
ankle osteoarthritis, but the degree of improve-
ment was limited [6]. Some authors have stated
that AAD should only be used on those patients
with minimal to no degenerative osteoarthritis
[7]. Hassouna et al. reported that arthroscopically
treated impingement ankles have an excellent
prognosis, while osteoarthritic ankles had a less
favored prognosis, with a high percentage requir-
ing further surgical procedures [8]. Other authors
have reported that lesions associated with ankle
osteoarthritis, such as impinging osteophytes and
loose bodies, can be treated effectively with
arthroscopy [9].

Regarding ankle hemophilic arthropathy,
some authors have reported that advanced ankle
hemophilic arthropathy AAD can help to improve
the joint function, even in the presence of articu-
lar cartilage damage [10-12].

Ankle fusion and TAR are surgical proce-
dures frequently needed by hemophiliacs which
greatly improve their quality of life. TAR, how-
ever, carries a higher risk of bleeding and infec-
tion for hemophiliacs than it does for
osteoarthritis patients. The life span of TAR in
hemophilic patients is shorter than in patients
with osteoarthritis because of the higher risk of
infection [20].

AAD does not jeopardize the possibility of
subsequent surgery and can delay the need for
ankle fusion or TAR. Our results suggest that
AAD should be considered as worthwhile treat-
ment which may give the patient years of life
without pain [18].

In conclusion, when advanced ankle hemo-
philic arthropathy is present, AAD appears to be
an effective method and is an alternative to ankle
fusion or TAR, but when AAD fails to relieve
pain ankle fusion or TAR must be considered.
However, we have shown that the benefits of
AAD are lasting.

15.4 Conclusions

In hemophilia, AKD gives years of life without
pain. AKD does not jeopardize the possibility of
subsequent surgery and can delay the need for
TKR. AKD should be considered as worthwhile
treatment which may give the patient years of life
without intense pain.

Regarding ankle hemophilic arthropathy,
some authors have reported that AAD can help to
improve the joint function, even in the presence
of articular cartilage damage. AAD does not
jeopardize the possibility of subsequent surgery
and can delay the need for ankle fusion or
TAR. Our results suggest that AAD should be
considered as worthwhile treatment which may
give the patient years of life without pain.

In conclusion, when advanced knee and ankle
hemophilic arthropathy is present, AKD and
AAD appear to be an effective method and are an
alternative to TKR and ankle fusion or TAR, but
when AKD and AAD fail to relieve pain TKR,
ankle fusion or TAR must be considered.
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16.1 Introduction

About 90% of bleeding episodes in hemophilic
patients occur within the musculoskeletal system
and, of these, 80% occur with the joints (mainly
elbows, knees, and ankles). Planning and under-
taking elective orthopedic surgery in hemophilic
patients is most effective with the involvement of
an experienced multidisciplinary team at a spe-
cialized hemophilia treatment center [1]. The
team at least requires a hematologist, whose
function is to control hemostasis, an orthopedic
surgeon, and a physical medicine and rehabilita-
tion physician. At all stages the patient should be
informed to ensure that their expectations and
functional goals are realistic and can be accom-
plished. The planning phase should ensure that
surgery proceeds without complication, but the
surgical team should be ready to handle unantici-
pated problems. Postoperative rehabilitation
should begin soon after surgery, with attention
paid to treatment of hemostasis and pain. Surgery
in patients with inhibitor requires even more
careful preparation [1]. The orthopedic complica-
tions of hemophilia are patient-specific and treat-
ment protocols often need to be altered to suit the
individual.
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16.2 Total Knee Arthroplasty

Reported results of primary total knee arthro-
plasty (TKA) in hemophilia are satisfactory [2—
6]. The reported rate of survival after TKA at
10 years is between 83% and 92% [7-9].
However, the high risk of infection (7% on aver-
age) is a concern [2-6].

In a meta-analysis reported in 2016 by Moore
et al., a total of 336 TKAs in 254 hemophilic
patients were analyzed with mean follow-up of
6.3 years [10]. Statistically significant ROM
improvements were found with 9.72° improve-
ment of flexion contracture, and 15.69°increase
into flexion. Knee scores showed statistically sig-
nificant improvements: clinically, 37.9 point
increase and functionally, 13.50 point increase.
Moore et al. concluded that TKA was an effective
procedure for improving ROM and decreasing
functional deficits resulting from hemophilic
arthropathy. Knee score data showed TKA
improves overall function. However, a 31.5%
complication rate was calculated with 106
reported in 336 TKAs [10].

It is paramount today to use a multimodal
blood loss prevention approach (MBLPA) includ-
ing intraarticular tranexamic acid (TXA) in pri-
mary and revision TKA for patients with
hemophilia (Figs. 16.1 and 16.2).

In a reported study, a MBLPA-TXA in TKA
for hemophilic patients was effective, with a zero
transfusion rate (compared with 40% in the
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Fig. 16.1 Total knee arthroplasty (TKA) in a patient with
inhibitor: (a) Anteroposterior preoperative radiograph; (b)
lateral preoperative view; (¢) anteroposterior postopera-

non-MBLPA-TXA group) [7]. The MBLPA-TXA
group had less postoperative blood loss than the
non-MBLPA-TXA group. The MBLPA-TXA

tive radiograph; (d) lateral postoperative view. The result
was excellent

group included the following: (a) Tourniquet with
100 mmHg above systolic pressure, released after
skin closure; (b) Surgical blood saving protocol,
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Fig. 16.2 Aseptic loosening of a primary total knee
arthroplasty (TKA) 18 years after implantation that
required revision arthroplasty with a CCK (constrained

including: femoral canal obturation with bone
graft and intraarticular infiltration of posterior
capsule, medial and lateral capsule, and liga-
ments, before closure, of 80 cc saline with adren-
alin 300 mcg, morphic chloride 10 mg, tobramycin
100 mg, betamethasone sodium phosphate 6 mg,
betamethasone acetate 6 mg, and ropivacaine
200 mg; (c) An intraarticular injection of a combi-
nation of TXA (25 mL, 2500 mg) and sodium
chloride (10 mL, 18 mg) [7].

In the non-MBLPA-TXA group, the standard
procedure was used, without any particular blood
saving technique (tourniquet with 350 mmHg,

condylar knee) implant: (a) Anteroposterior preoperative
view; (b) anteroposterior postoperative radiograph. The
result was excellent

released before skin closure for electrocoagula-
tion of bleeding; no limits or treatment to preop-
erative hemoglobin; no femoral canal obturation,
24-48 h vacuum drain, opened with skin closure,
no intraarticular infiltration; and no TXA admin-
istration) [7].

The reported rate of survival after TKA at
10 years is between 83% and 92% [8, 9, 11, 12].
Late periprosthetic infections are a major con-
cern, and precautions aimed to avoid hematoge-
nous spread of infections during factor
concentrate infusions should be strongly encour-
aged (Fig. 16.3).



136

E. C. Rodriguez-Merchan et al.

Pseudoaneurysms after TKA may happen
(Fig. 16.4). In hemophilia, the most common
cause of a hemarthrosis following TKA is the
development of a pseudoaneurysm [13—17]. This
complication is due to unrecognized injury of the
periarticular vessels. Failure to diagnose and treat
it may lead to subsequent recurrence of bleeding.
Following aspiration of the hemarthrosis via
arthrocentesis the existence of a pseudoaneurysm
must be suspected. A CT angiogram and a digital
subtraction arteriography must be performed to
confirm the diagnosis. An arterial embolization
of the pseudoaneurysm must then be performed
immediately using a helical microcoil [15].

16.3 Total Hip Arthroplasty

In 2008 our study on total hip arthroplasty (THA)
in hemophilia showed significant improvement in
function (Figs. 16.5 and 16.6). The incidence of
aseptic loosening and significant infection remains
a cause for concern and long-term follow-up must
continue [18]. This suggests that the improve-
ments in knowledge of arthroplasty fixation tech-
niques and antibiotic prophylaxis are giving rise to
a reduction in significant complications for hemo-
philia sufferers requiring THA. Following consid-
eration of the risks and benefits, with age,
functional demands, life expectancy and concur-
rent immunological compromise and all factors,
the patient with disabling hip arthropathy may
very well benefit from hip replacement.

In 2017 Strauss et al. reported that THA in
hemophilic patients leads to a significant increase
of function, reduction of pain, and a high satis-
faction. They stated that due to the relatively high
complication rate (6% infections and 10% asep-
tic loosening) compared to patients without
hemophilia, an individual assessment of the risk—
benefit ratio from surgical and hematological
point of view is needed [19].

In 2019 Wang et al. found that hemophilia
patients have higher rates of postoperative trans-
fusion, hospital costs, and increased length of
stay than patients without hemophilia [20]. There
was an appreciable clinical difference in 1-year
infection rates following THA (8.11% versus
3.38%). Other postoperative complications and
mortality rates were comparable. Patients with
hemophilia should be counseled that infection
rate may be as high as 8% following THA.

16.4 Total Elbow Arthroplasty

The scant data regarding results of total elbow
arthroplasty (TEA) for hemophilic arthropathy
are limited to small case series and case reports.
It has been published that while pain alleviation
and patient satisfaction are promising, variable
results with significant complications and infec-
tion rates may discourage routine use of TEA for
hemophilic arthropathy of the elbow [21]. The
rate of reported complications is between 12.5%
and 85% [8, 22-24]. The rate of reported revi-
sions is between 12.5% and 37.5% [25, 26].
While patients with severe hemophilic
arthropathy of the elbow are likely to make gains
in terms of pain control and range of motion fol-
lowing TEA, there is insufficient data to routinely
recommend its use. Complication and infection
rates are concerning, and the lack of survival
analysis data makes it difficult to quantify the
benefit to the patient in light of the risks and
resources involved in the procedure [21].

16.5 Total Ankle Arthroplasty

While patients with severe hemophilic arthropa-
thy of the ankle are likely to improve pain and
range of motion after total ankle arthroplasty
(TAA), there is insufficient information to rou-
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Fig. 16.3 Two-stage
revision total knee
arthroplasty (TKA) in a
periprosthetic infection:
(a) Anteroposterior view
of the knee before TKA;
(b) lateral radiograph of
the knee prior to TKA;
(¢) anteroposterior view
of the knee after TKA;
(d) lateral view of the
knee after TKA; (e)
articulated spacer
implanted in the first
stage of the two-stage
revision arthroplasty
performed
(anteroposterior view);
(f) lateral radiograph of
the articulated spacer;
(g) anteroposterior view
of the revised implant
(constrained condylar
knee, CCK design) after
the second stage of the
two-stage revision
arthroplasty; (h) lateral
radiograph of the revised
implant (CCK design)
after the second stage of
the two-stage revision
arthroplasty. The result
was excellent
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Fig. 16.3 (continued)
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Fig. 16.4 Pscudoaneurysm after primary total knee
arthroplasty (TKA) with a constrained condylar knee
(CCK) design due to severe varus deformity and muscular
atrophy: (a) Anteroposterior view of the knee before
TKA; (b) lateral radiograph prior to TKA; (¢) severe post-

operative hemarthroses 5 days after surgery was treated
with joint aspiration; (d) angiogram demonstrated the
existence of an arterial pseudoaneurysm (arrow); (e) arte-
rial embolization (arrow) solved the problem
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Fig. 16.4 (continued)

tinely advise its use. Complication and infection
rates are concerning, and the absence of survival
analysis information makes it hard to quantify the

profit to the patient in light of the dangers and
resources implicated in the procedure [27]. A
study found a total rate of intraoperative and
postoperative complications of 33% [28]. In
other report the predicted implant survival of
TAA was 94% at 5, 85% at 10, and 70% at
15 years, respectively [29].

16.6 Conclusions

Reported results of primary THA and TKA in
hemophilia are satisfactory. It is paramount
today to use a multimodal blood loss preven-
tion approach (MBLPA) including intraarticu-
lar tranexamic acid (TXA) in primary and
revision TKA for patients with hemophilia.
While patients with severe hemophilic arthrop-
athy of the elbow and ankle are likely to make
gains in terms of pain control and range of
motion following TEA and TAA, there is insuf-
ficient data to routinely recommend its use.
Complication and infection rates are concern-
ing, and the lack of survival analysis data
makes it difficult to quantify the benefit to the
patient in light of the risks and resources
involved in the procedure.
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Fig. 16.5 Total hip arthroplasty (THA) in a patient with hemophilia: (a) Anteroposterior preoperative radiograph; (b)
intraoperative view; (¢) anteroposterior postoperative radiograph. The result was excellent
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Fig. 16.6 Total hip arthroplasty (THA) in a patient with  intraoperative view of the acetabular components; (d)
hemophilia: (a) Anteroposterior preoperative radiograph; — anteroposterior postoperative radiograph The result was
(b) intraoperative view of the artificial femoral head; (¢)  excellent
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17.1 Introduction

Ninety percent of bleeds in hemophilic patients
occur in the musculoskeletal system (80% in
joints, 10% in muscles). The role of the orthope-
dic surgeon is to use invasive and/or surgical
methods to treat the musculoskeletal disorders
suffered by persons with hemophilia within the
context of a multidisciplinary team (hematolo-
gists, rehabilitators, physical therapists, nurses,
etc.) [1, 2].

A multidisciplinary team makes it possible to
safely carry out surgical procedures in persons
with hemophilia, even those with inhibitors or
infected with the HIV or HCV viruses. Persons
with hemophilia have a higher bleeding and
infection risk than the rest of patients, i.e. a higher
risk of complications and poor results.
Institutional support is essential given the high
cost associated with the treatment of hemophilia.
Close cooperation of the orthopedic surgeon with
other specialists makes it possible to significantly
improve the quality of life of persons with
hemophilia.
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17.2 Orthopedic Surgery
of Complications of Intra-
Articular Bleeds

The orthopedic complications of hemophilia are
patient-specific and treatment protocols often
need to be altered to suit the individual.

17.2.1 Excision of the Radial Head
and Partial Open
Synovectomy

Excision of the radial head and partial open syno-
vectomy is a consistently reliable operation that
appears to prolong the functional life of the elbow
joint (Fig. 17.1). With proper selection it dramati-
cally reduces the rate of hemarthroses, improves
forearm rotation by 20° to 60°, decreases pain,
improves function, and does not cause a problem
with elbow instability [3, 4].

17.2.2 Surgical Ulnar Nerve Release
In some cases of valgus deformity, ulnar nerve

involvement may occur. In this case, surgical
ulnar nerve release should be indicated [1].
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Fig. 17.1 Severe painful elbow hemophilic arthropathy
with marked limitation of pronation-supination: (a) pre-
operative anteroposterior view showing radial head hyper-

17.2.3 Ankle Distraction

In 2012 by van Meegeren et al. analyzed three
patients with hemophilic ankle arthropathy
(one patient with severe hemophilia A, one
patient with moderate hemophilia B, one
patient with mild hemophilia A) by means of
joint distraction using an Ilizarov external fix-
ator [5]. Clinical outcomes (function, partici-
pation, and pain) were assessed retrospectively
with three questionnaires: the hemophilia
activities list, impact on participation and
autonomy, and the van Valburg questionnaire.
Structural changes on radiographs were blinded
and were evaluated using the Pettersson score,
ankle images digital analysis (AIDA), and an
MRI score. All the patients were satisfied with
the clinical outcome of the procedure at the
follow-up between 26 and 48 months follow-
up. They reported significant improvements in
self-perceived functional health, participation
in society, autonomy, and pain. Partial ankle

trophy (arrow); (b) postoperative radiograph after removal
of the hypertrophic radial head (arrow)

motion was preserved in the three patients. The
Pettersson score remained the same in one
patient and slightly increased in the other two
patients, and joint space width measured by
AIDA and the MRI score increased in all three
patients. This study suggested that ankle joint
distraction could be a promising surgical pro-
cedure for ankle HA.

For Nguyen et al. [6], positive predictors of
ankle survival in patients without hemophilia
included a better Ankle Osteoarthritis Scale
(AOS) score at 2 years, older age at surgery, and
fixed distraction. Radiographs and advanced
imaging revealed progression of ankle OA at the
time of final follow-up. Adding ankle motion to
ankle joint distraction showed an early and sus-
tained beneficial effect on the outcome [6]. In
OA, a minimum of 5.8 mm of distraction gap
must be achieved because 5 mm of radiographic
joint space, as recommended historically, would
not prevent contact of the joint surfaces during
weight-bearing activities [7].
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In conclusion, between 73% and 91% of
patients without hemophilia with severe OA of
the ankle obtained a clinical benefit from ankle
joint distraction, with a minimum 5.8 mm dis-
traction gap. Adding ankle motion to distraction
showed an early and sustained beneficial effect
on the outcome, although ankle function follow-
ing joint distraction declines over time. In hemo-
philia, the only reported study to date (three
cases) suggests that ankle joint distraction is a
promising surgical procedure for ankle HA.

17.2.4 Ankle Fusion

Hindfoot arthrodesis in patients with hemophilic
ankle arthropathy provides a high fusion rate with
few complications (Fig. 17.2). In a study
arthroscopic tibiotalar fusion did not result in
shorter hospital stays [8]. Revision surgery for the
hemophilic hindfoot is successful and fusion of
the entire hindfoot can be achieved without com-
plications. In conclusion, we believe that hindfoot
(tibiotalar and/or subtalar) arthrodesis in hemo-
philic arthropathy is a successful procedure with
comparable outcomes to that of non-hemophiliac
populations. The fusion rate of arthroscopic ankle
fusion is less promising compared to other meth-
ods (minimally access surgery and classical open
surgery) and does not afford the benefits of short
hospital stays. Minimal access surgery has been
shown to provide good outcomes for hemophilic
patients and has fewer complications and shorter
hospital stays than open and arthroscopic tech-
niques. Revision surgery for the hemophilic ankle
is successful and fusion of the entire hemophilic
hindfoot can be achieved without complications if
indicated [8].

17.2.5 Surgical Lenghtening
of the Achilles Tendon
Associated with a Posterior
Open Capsulotomy

A common deformity associated with tibiotalar
and subtalar arthropathy is fixed plantar flexion
that can be alleviated by means of the surgical

lenghtening of the Achilles tendon associated
with a posterior open capsulotomy [9].

17.3 Orthopedic Surgery
of Complications
of Intramuscular Bleeds

In the majority of cases, bleeds within the mus-
cles are caused by trauma. They are very often
associated with direct trauma and the pathology
becomes quite evident due to the swelling; pain,
local warmth, and bruising that typically appear
in the overlying skin. The vast majority of these
muscle bleeds resolve spontaneously with ade-
quate factor coverage, leaving no functional loss.
It is, however, necessary to examine the patient
carefully to ensure that there is no danger to vas-
cular element or neural compromise. Diagnostic
US and/or CT scan is paramount to confirm diag-
nosis [10-12].

The most common and most serious of muscle
bleeds occurs in the iliopsoas muscle (Fig. 17.3).
Right lower quadrant abdominal pain has mim-
icked the symptomatology of an acute appendici-
tis. Compression of the femoral nerve may
present as an area of reduced sensation in the
anterios aspect of the thigh. Attempts to extend
the hip joint cause severe pain and force the
patient into hyperlordosis of the lumbar spine. As
it is difficult clinically to differentiate between a
bleed into the iliopsoas muscle and an intra-
articular hemorrhage into the hip joint, one must
rely on objective testing. US and/or CT scan is
able to differentiate between the largely extended
joint capsule with intra-articular hemorrhage and
the bleed that is situated within the muscle fibers.
The iliopsoas muscle hematoma takes a long time
to improve even under hematologcal prophylaxis,
and then flexion contracture of the hip joint may
persist for weeks. Secondary hemorrhages into
the same area are common and hence, prophylac-
tic factor replacement must be continued.
Whereas coxhemarthrosis is a problem costing
days of extra treatment, an ilipsoas hematoma
may require weeks until full disappearance is
achieved (to be confirmed with US and/or CT
scan) [1].



148 E. C. Rodriguez-Merchan et al.

Fig. 17.2 Ankle fusion by means of a retrograde locked ~ view; (b) lateral radiograph; (c) postoperative anteropos-
intramedullary nail in a case of severe painful ankle terior view; (d) lateral postoperative radiograph
hemophilic arthropathy: (a) Preoperative anteroposterior
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Fig. 17.3 lliopsoas hematoma confirmed with ultraso-
nography (US)

17.3.1 Compartment Syndromes

Compartment syndromes (Volkmann’s contrac-
ture of the hand and foot) have been reported as a
result of such bleeding incidences within the
closed compartments of the forearm and leg [13].
Compartment syndromes (forearm, leg) are sur-
gical emergencies.

17.3.2 Hemophilic Pseudotumors

The pseudotumor is basically an encapsulated
hematoma. A thick fibrous capsule surrounds a
hematoma in varying degrees of organization;
calcification and ossification may be seen within
it.

The management of the patient with a hemo-
philic pseudotumor is complex and with a high
rate of potential complications. There are a num-
ber of therapeutic alternatives for this dangerous
condition: embolization, radiation, percutaneous
management, surgical removal and exeresis and
filling of the dead cavity (Fig. 17.4) [14].

Proximal pseudotumors occur in the proximal
skeleton, especially around the femur and pelvis.
They appear to originate in the soft tissue, erode
bone secondarily from outside, and develop
slowly over many years. An iliopsoas muscle

hematoma may develop a pelvic pseudotumor.
Proximal pseudotumors occur in adults and do
not respond to conservative treatment. The large
proximal pseudotumors in the adults should be
removed surgically as soon as they are diagnosed.
Distal pseudotumors ocurring distal to the wrist
and ankle appear to be secondary to intraosseous
hemorrhage and develop rapidly. They are seen
mainly in children and adolescents [14].

Distal pseudotumors should be treated primar-
ily with long-term factor replacement and immo-
bilization. In childen, surgical removal or even
amputation is indicated when conservative treat-
ment fails to prevent progression. Percutaneous
evacuation should be considered in inoperable
advanced pseudotumors. Evacuation is carried
out with a large trocar under image intensifier
control; the cavity is filled with different quanti-
ties of fibrin seal or cancellous bone, depending
on the size of the pseudotumor [15].

It is hoped that with the advent of widespread
maintenance therapy, pseudotumors will be less
common in the future. It is important that they are
diagnosed early, and prevention of muscular
hematomas is key to reducing their incidence.
Untreated, proximal pseudotumors will ulti-
mately destroy soft tissues, erode bone, and may
produce neurovascular complications. Surgical
excision is the treatment of choice but, like all
orthopedic procedures in hemophilic patients,
should only be carried out in major hemophilia
centers by a multidisciplinary surgical team.

17.4 Fractures

In hemophilic patients the fracture can occur any-
where in the long bones but are more prevalent
near the joints or in the diaphysis of the long
bone. The lower limbs bones, especially femur,
are the commonest site of fracture (Figs. 17.5 and
17.6). Fracture hematomas tend to be large in
volume and may be the cause of acute compart-
ment syndrome [12, 16].

Poor musculature, osteoporosis, and hemo-
philic changes in the bone may predispose hemo-
philic patients to risk of fractures. In patients
with hemophilia the fracture can occur after a
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Fig. 17.4 Hemophilic pseudotumor (bone cyst) in proxi-
mal tibia (arrow) treated by means of evacuation and fill-
ing with cancellous bone taken from the Bone Bank: (a)

trivial trauma especially if associated factors of
hemophilic arthropathy, muscle wasting, and
osteoporosis render the bone more fragile and
prone to fracture [17].

The goal of modern fracture treatment must
be to obtain an optimal outcome with the
patient’s return to full activity as soon as possi-
ble. Today, internal fixation is indicated in most
displaced fractures in the adult, whereas external
fixation remains the best choice for initial stabi-
lization with severe soft tissue injuries. If a frac-
ture is correctly treated in a hemophilic patient it
will progress to consolidation in a similar time

Preoperative anteroporterior radiograph; (b) cancellous
bone used during surgery to fill the cyst; (¢) postoperative
anteroposterior radiograph

frame to those occurring in the general popula-
tion [12, 16].

17.5 Conclusions

Hemophilia left untreated or treated on demand
(only when a hemarthrosis occurs) destroys the
joints at a very young age. Primary hematologi-
cal prophylaxis, currently the gold standard for
the management of hemophilia, is not completely
efficacious. Moreover, it is only available for
25-30% of patients worldwide. Advances in
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Fig. 17.5 Nondisplaced femoral neck fracture treated
with three percutaneous cannulated screws: (a)
Preoperative anteroposterior radiograph showing the frac-

hematology, combined with the advances in
orthopedic surgery have made it possible to ame-
liorate the musculoskeletal complications of
hemophilia through orthopedic surgical proce-
dures. These procedures are safe, even in the
most complex cases, such as patients with inhibi-
tor. The risk of bleeding in surgical procedures is
higher for patients with hemophilia than for the
general population and there is also a greater risk
of infection. Both these factors augment the risk
of a poor result. Whatever the surgical technique,
appropriate surgical hemostasis must be achieved
by intravenous infusion of concentrate of the

ture (arrows); (b) Immediate postoperative view; (c)
Postoperative radiograph 1 year later showing bone heal-
ing of the fracture

deficient factor (factor VIII or factor IX), at the
correct doses (ideally for 10—14 days). In patients
with inhibitor hemostasis can be achieved with
the intravenous infusion of aPCCs and/or rFVIIa.
Surgical orthopedic procedures that are usually
needed by hemophilic patients include joint aspi-
ration, synovectomy (radiosynovectomy or
arthroscopic), arthroscopic joint debridement,
Achilles tendon lengthening, removal of ankle
osteophytes, arthrodesis of the ankle, TKR,
resection or percutaneous treatment of pseudotu-
mors, fasciotomy for compartment syndrome,
and neurolysis of the ulnar nerve.
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Fig.17.6 Displaced subtrochanteric fracture treated with
anterograde locked reconstruction nail: (a) Preoperative
anteroposterior radiograph; note previous severe hemo-
philic arthropathy of the hip (circle) and the fracture site

(arrow); (b) postoperative view of the proximal part of the
femur; (c¢) postoperative radiograph of the distal part of
the femur; (d) postoperative radiograph 6 months later
showing consolidation of the fracture (arrow)
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18.1 Introduction

18.1.1 History of Gene Therapy

The promise of successful treatment with genetic
medicines could positively affect millions of
lives globally [1]. With the initiation of the human
genome project three decades ago, there was only
a dreamers hope and speculation for any form of
genetic intervention. Today, there are now thou-
sands of gene therapy clinical trials registered
and underway worldwide. When comparing a
2019 search on the clinicaltrials.gov site to a
2021 search today, there were 3836 “gene ther-
apy” trials in 2019 vs 4887 today, Of these, 966
were recruiting vs 1125 today and there were 35
“gene trials,” “recruiting” in ‘“hemophilia” in
2019 vs 51 studies today. In one generation,
advanced technologies have matured enough to
bring hope to many people living with genetic
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disorders, patient advocacy groups, and to moti-
vate healthcare researchers from all types of aca-
demic centers and private industries. With several
genetic therapies already approved for clinical
use in the USA and Europe, academic health cen-
ters, governments, and biopharmaceutical com-
panies are heavily investing their resources into
genetic therapy research and development [2, 3].

Gene therapy is typically divided into two
main categories: direct in vivo cellular manipu-
lation within the host to a target tissue or ex-
vivo genetically engineered stem cells and
re-introducing them back to the patient. A thera-
peutic method can be categorized as gene edit-
ing (either replacing the original defective gene
or targeting a specific known mutation) or gene
transfer (delivery of a manipulated viral vector
vehicle that either integrates or stays outside the
host DNA).

18.1.2 Gene Editing

One of the two mainstays of gene therapy is gene
editing. Early methods of gene editing included
transcription activator-like effector nucleases
(TALENS) and zinc finger nucleases (ZFNs) co-
opting the biology of prokaryotic organism
nucleases by engineering nonspecific nucleases
that are fused to sequence-specific DNA binding
domains [4]. These repurposed genome editing
tools share one of the central dogmas to genetic
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editing: to inducing double stranded DNA breaks
(DSBs) in order to tap into the cell’s innate DNA
repair mechanisms. When these repair mecha-
nisms are activated, efficient edits to the genome
can take place [5]. These breaks can be nonspe-
cific and have the risk of disrupting an important
gene or induce a second unanticipated effect.
There has been much more media coverage and
excitement surrounding the discovery and repur-
posing of a more specific bacterial immune
defense mechanism against foreign genetic ele-
ments known as clustered regularly interspaced
short palindromic repeats (CRISPR) and the
adaptative prokaryotic immune system (CRISPR-
Cas). The discovery of a more precise genomic
editing tool has not only spurred new areas of
medical research, but has taken the public by
storm and has made “CRISPR” a household
name [6].

CRISPRs were first discovered in
Escherichia coli in 1987; however, the full clin-
ical significance of the discovery was not real-
ized at that time because of the lack of
understanding of the information coded within
the DNA sequence [7]. Over the next decade
CRISPRs were discovered in archaea and bac-
terial genomes, specifically Haloferax mediter-
ranei [8]. Throughout these discoveries several
genes were recognized next to CRISPRs and

were named CRISPR-associated genes [9]. To
date, there are now six different types of
CRISPR systems that are discussed below.
Over the last two decades, it has been demon-
strated that CRISPRs are transcribed into RNA,
which is next cleaved and loaded into CRISPR-
Cas proteins, and the RNA—protein complex is
sufficient for RNA-guided dsDNA endonucle-
ase activity [10, 11], which is a vital step in
genome editing [12]. Table 18.1 (adapted from
[12]) depicts available monogenic diseases that
have been found to have therapies via CRISPR-
Cas utilization.

Types of CRISPR/Cas systems: According to
the structure and function of Cas protein, the
CRISPR/Cas systems can be categorized into
either class I or class II. Both class I class II are
further subdivided into six types (type I-VI) [17].
Class I includes type I, III, and IV, and class II
includes type II, V, and VI [18]. Type L, II, and V
systems recognize and cleave DNA, type VI can
edit RNA, and type III edits both DNA and
RNA. The effect of type IV system on DNA or
RNA is still unknown [19]. Since the structures
of type II and V systems are relatively simple,
they have been widely used in bacteria. The
development of endogenous type I and III sys-
tems has expanded the use of CRISPR/Cas tech-
nology in bacteria [20].

Table 18.1 Available monogenic diseases that have been encountered to have therapies via CRISPR-Cas utilization

Monogenic
disease Target Animal model Delivery system Strategy References
Leber CEP290 HuCEP290 IVS26 KI Adeno-associated Non-homologous [13]
congenital mouse eye virus (AAV); end joining
amaurosis (subretinal injection) (NHEJ) mediated
type 10 aberrant splicing
(LCA10)
Duchenne Dmd mdx mice muscle AAYV; intramuscular NHEJ mediated [14]
muscular injection mutant exon 23
dystrophy skipping
(DMD)
Sickle cell BCLIIA CD34+ human Ribonucleoprotein NHEJ mediated [15]
disease (SCD) | erythroid hematopoietic stem/ (RNP); electroporation | enhancer
enhancer progenitor cells disruption
(HSPCs) from sickle
cell disease patient
Genetic Tmcl Beethoven (Bth) mouse | AAV; inner ear NHEJ mediated [16]
deafness ear injections mutant Tmc allele
disruption
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18.1.3 Gene Transfer

An alternative therapeutic approach to gene ther-
apy besides direct gene editing as described
above is gene transfer. Gene transfer focuses on
the avoidance of insertional mutagenesis which is
the principal method of gene editing. Optimal
vectors for gene delivery should target specific
cell types, be biochemically efficient, have little
or no geno-and cytotoxicity, and should not trig-
ger an immune response. Two main drawbacks to
gene transfer methods are a dilutional effect and
the fact that affected cells are prone to epigenetic
changes [21].

Gene transfer is dependent upon utilization of
viral vectors to deliver the desired therapeutic
gene to desired target tissue in the body. There
are both integrating and non-integrating vectors
that accomplish this task. In the case of integrat-
ing vectors, viral DNA translocates into the
nucleus and integrates into the host genome. The
genetic material of non-integrating vectors, in
contrast, remains in the cytoplasm in an episomal
form [22].

Major benefits to non-integrating vectors share
areduced risk of genotoxicity and can be retained
for long periods of time in post-mitotic tissues. A
drawback is that, unless they have been geneti-
cally engineered for specific replication and seg-
regation, they will dilute progressively in
proliferating cells. Take the monogenic disease,
hemophilia A as an example. Imagine a vector
transferring a gene that can be transcribed into
functional factor VIII protein. Initially this would
be an effective therapy for someone without much
functional factor VIII of their own. However, after
several generations of cell division, there could
eventually be a negligible amount of the trans-
ferred gene to transcribe functional factor VIII
[21]. Moreover, this principle highlights the prob-
lems that arise when considering genetic treat-
ments for children. Consider non-integrating
vectors delivering a therapeutic gene to a liver to
help produce adequate factor VIII or factor IX; the
liver is still dividing in children, therefore a pro-
found dilutional effect will take place—rendering
the therapy ineffective in children over time as the
liver grows.

To get around the aforementioned dilutional
effect, researchers are working on ways to
bypass the limitations of a single dose adminis-
tration and repeatedly administer the non-inte-
grating vectors to keep the proteins levels at a
therapeutic level. However, with a solution to
one problem comes an entirely new problem—
unwanted immune responses [21].

18.1.4 Immunogenicity

Both innate and adaptive immune responses can
affect the safety and efficacy of AAV vector-
mediated gene transfer in humans [23, 24].
Immune responses directed towards gene vec-
tors, transgene product, or both limit the efficacy
and safety of gene therapy [25, 26]. After admin-
istration of the vector or vector-transduced cells,
a primary immune response against the vector
envelopes or capsid proteins can occur [27]; in
this case, it can limit re-administration of the
same vector or cell product, but it should not
affect the efficacy and safety of the procedure, as
vector-derived antigens (Ags) are not maintained
in the recipient. Indeed, viral vectors often lack
viral genes, thus viral proteins are not actively
produced by virally transduced cells. On the con-
trary, immune reactivity against vector compo-
nents pre-existing to vector administration (such
as following exposure to the virus that is being
transposed) may inactivate the vector, inhibiting
transduction, and/or attack transduced cells while
still exposing vector-derived Ags, as described in
some studies using adeno-associated virus (AAV)
derived vectors [21, 28, 29]. Going back to our
initial example of transferring a gene that codes
for factor VIII using an AAV vector in people
with hemophilia A, we see the potential
for reduced efficacy due to either a dilutional
effect or a significant immunogenetic response.
Adenoviruses are common culprits of mild viral
illness, therefore many already have pre-formed
antibodies against adenoviruses [21, 30].
Recent discoveries have been made by A. Li
et al. [31], which could alleviate many of the
problems outlined above. Their research focused
on the need for only transient need of CRISPR-
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Cas9 upon gene transfer. They report a self-
deleting AAV-CRISPR system that introduces
insertion and deletion mutations into AAV epi-
somes. They demonstrate that this system dra-
matically reduces the level of Staphylococcus
aureus Cas9 protein, often greater than 79%,
while achieving high rates of on-target editing in
the liver. Off-target mutagenesis was not observed
for the self-deleting Cas9 guide RNA at any of
the predicted potential off-target sites examined.
This system is efficient and versatile, as demon-
strated by robust knockdown of liver-expressed
proteins in vivo. This self-deleting AAV-CRISPR
system is an important proof of concept that will
help enable translation of liver-directed genome
editing in humans [31]. Table 18.2 shows the
properties of non-integrating gene therapy vec-
tors [21]. Table 18.2 shows the properties of non-
integrating gene therapy vectors (adapted from

[21D).

18.1.5 History of Gene Therapy
in Hemophilia

The evolution of hemophilia treatment has under-
gone a massive shift over the past 60+ years. In
the 1960s, with the discovery of fractionation of
plasma came the first uses of factor VIII and fac-
tor IX as replacement therapies. The next major
development was the genetic cloning of the F8
and F9 genes. By utilizing recombinant DNA
technology, scientists were able to develop a ther-
apeutic approach where factor VIII and IX were
injected into people. The major drawback with
this therapeutic approach has been the short
half-lives of these molecules in circulation.
Fortunately, by adding IgG, albumin, or PEG, we
have seen extended half-lives of these factors in
circulation [32]. Next came the development of a
unique therapy using the monoclonal antibody,
emicizumab, which effectively binds to factors
IXa and X at the same time, which in turn func-
tions as an activated factor VIIIa does by activat-
ing factor X [33-35]. Although extending
half-lives of factor therapy and monoclonal anti-
body therapy have proved to be an improvement
when compared to treatment before their time,

people with hemophilia (PWH) and families
throughout the global community are looking for
a permanent solution. Current hemophilia treat-
ments are far from perfect and carry a stigma and
risk of chronic disease; with factor levels peaks
and troughs risking major joint disease from
acute bleeds or chronic subclinical microdamage.
Current therapies have made an impact on the
disease process of hemophilia, but all treatments
still tether a patient (and their family) to a life-
time of monitoring, medications and need to have
emergency plans for even the simplest of activi-
ties. These are certain to impact life choices and
quality of life. Genetic therapies as the technol-
ogy have the potential to mature as a viable treat-
ment option and change the global morbidity and
mortality of hemophilia, much like how factor
VIII and IX were initially used with the discov-
ery of fractionation of plasma.

When considering gene therapy in hemophilia
there are two guiding principles: (1) clotting fac-
tors are almost exclusively synthesized in the
liver, making it the desired target for genetic
manipulation. (2) Even a mild increase in circu-
lating factor levels can drastically improve a
patient’s disease severity. Below, we examine the
specific studies highlighting the evolution of
genetic therapy in both hemophilia A and hemo-
philia B.

18.2 Genetic Therapy
in Hemophilia A

In a recent 2020 study, 15 adult men with severe
hemophilia A were treated with the factor VIII
construct valoctocogene roxaparvovec (valrox).
This study showed phenotypical improvements in
terms of bleeding rates and increases in factor VIII
activity [36]. Interestingly, the efficacy of this
treatment proved to be dose-dependent. Increased
vector dose showed both an increase in factor levels
and decreased bleeding events (median of O/year).
With these encouraging results also came an aware-
ness of risks and limitations, including one partici-
pant with increased liver function tests and fever,
myalgia, and headache. There were no deaths,
thromboses, inhibitor development, or persistent
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elevations in liver function tests [36]. This study
utilized the genetic transfer method using an AAV
virus and a non-integrating vector which keeps the
genetic carrier in an episomal form in the hepato-
cyte cytoplasm as outlined [37].

Studies that led up to this study included lim-
ited numbers of subjects who were treated with
other gene therapy. These studies utilized retrovi-
ral and non-viral genetic vectors. Overall, these
methods were also effective and encouraging. No
serious adverse reactions were reported. Viral
shedding was monitored closely and one patient
who was treated with the retroviral vector had
transient detection of the retrovirus in his semen
(detected by PCR) [38, 39].

18.3 Genetic Therapy
in Hemophilia B

A series of genetic transfer studies have been
used for increase in factor IX activity. Research
took advantage of a missense mutation in the F'9
gene which allowed for around 8—12x increase in
factor IX activity [40—46].

One study selected 10 men with hemophilia B
and a baseline factor IX activity level of less than
2% (severe disease). All participants were treated
with a single-stranded AAV construct with liver
tropism and liver-specific regulatory elements
(AAV SPK-9001) expressing factor IX. These
PWH displayed a mean steady-state factor IX
expression level of 33.7% (range, 14-81%) and a
reduction in mean annualized bleeding rate from
11.1 to 0.4 events per year [45, 47]. A hallmark of
this study was that low doses of vector were given
relative to studies that took place in the past, in
hopes to limit a host immunogenic response.
Fortunately for this study, there were no serious
adverse events and no evidence of inhibitor
development. Two individuals who had transient
increases in liver function tests were treated with
a course of glucocorticoids.

Results from a subsequent study showed
reduced bleeding and increased factor IX activity
levels (mean factor IX activity of 31% at 6 weeks
and 47% at 26 weeks) via utilization of etranaco-
gene dezaparvovec (AMT-061) as the gene ther-

apy. This study was limited to three men with
severe hemophilia B [48]. No transaminase ele-
vations were observed in this study.

Interestingly enough, a prior study with simi-
lar approach to genetic therapy (codon-optimized
factor IX in the same AAVS5 vector) in ten men
with hemophilia B displayed similar effects and
had no concerning adverse effects [46].

Earlier studies demonstrated effectiveness of
other methods, such as an AAVS vector express-
ing a codon-optimized factor IX that produced
dose-dependent decreases in dependence on fac-
tor IX concentrate and decreases in bleeding epi-
sodes [43, 44].

The genetic therapy trials listed above pro-
vide another chance to highlight the benefits of
decreased genotoxicity utilizing the gene trans-
fer method. Once again, the fact that the AAV-
based therapies do not integrate into the host
genome and stay in episomal form, dramatically
reduces the direct integration into the host
genome [49].

As genetic therapies for hemophilia A and
hemophilia B surely will continue to evolve, there
are other therapies on the horizon worth mention-
ing. First, we have cellular therapy. Cellular ther-
apy focuses on introducing intact cells into the
omentum of people with hemophilia. Dermal
fibroblasts that have been transported autologously
and sinusoidal endothelial cells from healthy ani-
mal donors have both resulted in increased factor
levels and decreased bleeding episodes. An impor-
tant upside of cellular therapy is focusing on the
fact that cells capable of surviving in the host may
be enclosed in immuno-protective devices before
implantation to prevent rejection [39, 50].

Multiple studies [51-54] have also demon-
strated effective therapy with the monoclonal
antibody, Concizumab, which functions by inhib-
iting the tissue factor pathway inhibitor (TFPI),
which normally blocks the function of factor Xa
and factor VIIa. Inhibiting the inhibitor allows
for increased concentrations of factor Xa and
thrombin, conveniently avoiding factors VIII and
IX entirely.

Hope was on the horizon when scientists
noticed a decrease in bleeding episodes in
patients with mild hemophilia with co-existent
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prothrombotic mutations like factor V Leiden
and antithrombin deficiency. From this observa-
tion, scientists began targeting intrinsic antico-
agulant proteins. Initially, this approach yielded
encouraging results. Tragically, a patient in a
study focusing on introducing anticoagulant pro-
teins died of a direct thrombotic event attribut-
able to the therapy, reminding the scientific
community that we must approach these novel
therapies with utmost humility and caution [55].

18.4 Risks to Genetic Therapy

Although the preceding section focuses mostly
on the scientific breakthroughs of genetic ther-
apy, we must carefully examine the risks to this
evolving technology. We have touched on the
principles of geno- and immunoreactivity, the
dilutional effect, and some possible unintended
genetic mutations resulting from genetic therapy.
We will summarize the major risks below:

— Immunoreactivity: Because viral vectors are
utilized in genetic therapy so heavily, some
patients are capable of mounting profound
immune responses, which can manifest as sig-
nificant inflammatory reactions.

— Genotoxicity: Insertional mutagenesis (the cre-
ation of mutations of DNA by addition of one or
more base pairs) can result in the unintentional
creation of oncogenic proteins located near the
desired location for genetic therapy. Sadly,
some early genetic therapy trials of patients
with immunodeficiencies, such as SCID,
resulted in patients developing ALL and other
T-cell lymphoproliferative disorders in 25% of
patients [56-58]. Moreover, other trials resulted
in patients with Wiskott—Aldrich Syndrome and
chronic Granulomatous disease who received
genetic therapy developed myelodysplasia and
myeloid leukemias [59, 60]. From these horren-
dous side effects of genetic treatment, self-inac-
tivating (SIN) viral vectors were developed
which manipulate a different biochemical path-
way to avoid oncogenic protein fusion alto-
gether [61-63]. While this is encouraging for
limiting the potential for genotoxicity, the scien-

tific community remains hawkish when moni-
toring for genotoxic effects.

18.5 Ethics in Gene Therapy

Entire texts have been devoted to the ethical
quandaries that have been brought to light with
the development and implementation of genetic
therapy.

18.5.1 Expecting the Unexpected

With new therapies come problems that you know
you will have to face and problems you cannot
even begin to prepare for. Take the infamous case
of Jesse Gelsinger, for example. Jesse was an
18-year-old with Ornithine Trans Carbamylase
(OTC) deficiency who was enrolled in a gene
therapy trial at the University of Pennsylvania.
Ultimately, Jesse had a profound systemic inflam-
matory response which resulted in multi-organ
failure. Although the response to therapy was
unexpected, it eventually proved to be fatal
98 hours/hrs after receiving the therapy. Jesse’s
family was obviously devastated and researchers
were dumfounded. Why did Jesse react so differ-
ently than other participants in his cohort? Two
main questions remain to this day: (1) was there a
genetic predisposition to enhanced innate immu-
nity for Jesse or (2) did Jesse have previous expo-
sure to adenoviruses in the setting of natural
infections that enhances the response of the host
to a second exposure to the virus/vector?

Eventually, the Washington Post published a
series of investigative reports alleging non-
compliance in several aspects of the trial management.
The Office for Human Research Protections, the
NIH, the FDA, Committees from the US Senate and
House of Representatives were just some of the regu-
latory agencies that came out with a number of alle-
gations which included evaluating the safety of the
pre-clinical models and the conduct of the clinical
trial [64]. Because of the Jesse Gelsinger case, there
have been substantial reforms across many institu-
tions in the USA in terms of oversight of human sub-
ject research [64].
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18.5.2 Cost/Genomic Justice

Suppose a highly efficacious genetic therapy with
negligible side effects becomes available for clini-
cal use. Imagine the headline: A cure for hemo-
philia discovered. How is this therapy distributed
to societies across the globe? Developing new
genetic the rapies over the past decades has
brought the term genomic justice to the forefront.
With cost already becoming an insurmountable
barrier to therapy, the question must be asked: is it
just to develop such a therapy if those who need it
the most desperately cannot access it? In some
cases, AAV-based gene therapy was priced at $
one million USD, which was cited as a reason for
the eventual reason not to pursue further approval
for the therapy [65]. Conversely, gene therapy for
hemophilia B has been estimated to save over
USD $200,000 annually for those who no longer
need routine factor prophylaxis [47].

Central to the genomic justice conversation is
the reality that most clinical research, at least in
the USA, is primarily conducted on those of
European descent with under representation of
racial and ethnic minorities barriers, despite
efforts to address recruitment and retention [66,
67]. Although the effects of gene therapy may be
thought to be generalizable, conclusive efficacy
of therapies or potential risks may not be applied
to all racial and ethnic minorities—this drastic
inequity in medicine proves to be a relatively new
stain on the already tattered history of racial and
ethnic inequities in medicine.

Genomic exploitation in developing countries
[68]: with the discoveries and mass production
of genetic therapies, troublesome concerns for
exploitation of developing nations have garnered
alot of attention in the scientific community. Over
the recent years, a trend of large scientific compa-
nies who pioneer genomic therapy has started to
relocate in nations where mass production of ther-
apies is much cheaper than if they were stationed
in more developed nations. With this shift, ethical
concerns such as ownership of genetic samples,
data, and capacity to analyze genomic data must
be addressed for any genomic research taking
place in developed nations to be deemed success-
ful. As you might imagine, a one size fits all

approach, which tackling these ethical concerns
will not be successful. Solutions must be tailored
to specific research sites with the ethical princi-
ples of justice, ownership, and fair distribution of
resources the highest priority. There is a need to
dramatically reduce the disease burden for indi-
viduals living in developing nations. By global-
ization of genomic research, there is an opportunity
to alleviate global injustices and inequities.

18.6 CRISPR + Somatic vs.
Germline Mutations

With the advancement of CRISPR-Cas9 technol-
ogy, came the inevitable discussion surrounding
the safe and ethical deployment of this new thera-
peutic method. Originally, CRISPR-Cas9 experi-
ments were performed on non-viable triploid
zygotes [69, 70] However, eventually scientist
moved to editing human embryos to evaluate the
specificity and accuracy of the new technology
[71], which ultimately led to the conversation of
how to responsibly use gene editing methods
[72]. In 2018, the Second International Summit
on Human Genome Editing was held.

Over 500 researchers, policymakers, ethicists,
representatives from medical and scientific acad-
emies, patient groups’ representatives, and others
attended the summit.

During the event, the potential benefits and risks
of editing the human genome, cultural and ethical
perspectives, regulatory and policy issues, and pub-
lic outreach were debated. There was a special
focus on ethical rules concerning both somatic
(non-heritable) and germline (heritable) human
genome editing. From this summit, the general
acceptance of modifying single person’s somatic
DNA was thought to be more tolerable than a
germline, which could be passed to offspring.

Somatic modification is significantly benefi-
cial in treatment of monogenic diseases like
hemophilia [73]. However, germline gene modi-
fication lacks societal consensus, and some coun-
tries even outlaw this practice. Moreover, from
this summit, it was decided that genome editing
of germline cells that could be passed on to the
next generations as a part of the human gene pool
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seems outright irresponsible until the safety con-
cerns are resolved and ethical concerns reach a
consensus. The ethical debate on germline edit-
ing is easier to examine when broken down into
three potential therapeutic scenarios:

1. The first scenario considers parents who want
to decrease the probability of diseases devel-
oping in offspring. This would give parents
another option instead of passing on known
genetic diseases with deadly outcomes
(Huntington’s, SCD, Brugada, etc.).

2. The second scenario considers parents who
want to inactivate particular genes that are
known to predispose one to hypertension or
hypercholesterolemia.

3. Lastly, the third scenario, and most controver-
sial, considers parents who desire offspring
with increased strength or certain cosmetic
features or advantageous traits [74].

At the Second International Summit on
Human Genome Editing, it was determined that
germline genome editing could be morally per-
mitted in certain circumstances, but there are no
such circumstances in the world. Additionally, it
was determined that risks and benefits of germ-
line cells are still not clear enough to allow germ-
line genome editing to continue [75, 76]. The
following is a specific summary of why germline
genome editing raises ethical concerns [77-81]:

e Lack of ability to consent before birth

e Lack of differentiation between research and
clinical applications

e Equitable access and allocation of resources

e Exploitation for non-therapeutic modifica-
tions (e.g. “enhancement” of a feature rather
than treatment/prevention of a disease)

* Potential unanticipated adverse effects

* Potential effects on future generations, includ-
ing need for monitoring and lack of consent

18.7 Conclusions

In this chapter, we first took a brief dive into the
history of the research and development that led

to the development of gene therapy. Next, we
examined the intricacies of each of the different
methods of genetic therapy: gene editing and gene
transfer. Next, we examine the possible adverse
effects and overall risks of genetic therapy.
Specifically, we break down how and why the
dilutional effect and immunogenicity are limiting
factors to broader implementation of genetic ther-
apy. We focus on the history of therapy for hemo-
philia A and B and how genetic therapy has come
to the center stage as a potential cure for the dis-
ease. Lastly, we examine the ethical concerns that
surround genetic therapy in medicine. Ultimately,
we urge the reader to heavily weigh the ethical
concerns that surround the expanding conversa-
tions over genetic therapies, especially as they
pertain to germline mutations, genetic therapy for
advantageous traits, and genomic justice.
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19.1 Introduction

Hemophilia A is much more frequent than hemo-
philia B. Hemophilia A is calculated to comprise
80-85% of all hemophilia cases; hemophilia B is
calculated to comprise 15%-20% of all hemo-
philia cases. Calculated frequency at birth is 24.6
cases per 100,000 males for all severities of
hemophilia A (9.5 cases for severe hemophilia A)
and 5 cases per 100,000 males for all severities of
hemophilia B (1.5 cases for severe hemophilia B).

Hemophilia is commonly inherited via an X
chromosome with an F8 or F9 gene mutation.
Nonetheless, both the F8 and F9 genes are pre-
disposed to novel mutations, and approximately
30% of all cases arise from spontaneous genetic
variants. It has been published that more than
50% of people newly diagnosed with severe
hemophilia have no previous family history of
hemophilia.

Over the last few years enormous improve-
ments have been achieved in a number of facets
regarding the treatment of people with hemo-
philia (PWH). These cover genetic evaluation
and management with numerous new therapeutic
drugs including extended half-life factor VIII
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(FVII) and factor IX (FIX) drugs and a bi-
specific antibody (subcutaneous factor substitu-
tion therapy with emicizumab). All of these
permit for more efficacious hemostasis than was
feasible in past times. Prophylaxis is established
as the solely method to alter the natural history of
bleeding. Besides, there are very efficacious
treatments for PWH with inhibitors. All these
advancements are included in the last edition of
the WFH guidelines and are summarized in this
chapter [1].

19.2 Fundamentals
of Management

For PWH prophylaxis is the gold standard of
management. Episodic clotting factor concen-
trates (CFCs) replacement must not be consid-
ered a long-run alternative. PWH should have
access to secure and efficacious management
with optimal effectiveness in the prevention and
treatment of bleeding. Treatment centers have to
be based on a multidisciplinary team of special-
ists. All kind of clinical specialties and adequate
laboratory services are required. Laboratory
diagnosis and monitoring are required. Use of
correct equipment and reagents is paramount.
Gene therapy and genetic diagnosis of hemo-
philia must be available. Table 19.1 shows the
main goals of treatment.
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Table 19.1 Main goals of treatment of hemophilia

Rapid treatment of bleeding episodes including
follow-up PRM
Adequate emergency management

Adequate pain treatment

Management of musculoskeletal adverse events and
inhibitor formation

Treatment of comorbidities

Constant psychosocial evaluation and support as
required

Continuous education on treatment and self-care for
PWH and their families

PRM physical and rehabilitation medicine, PWH people
with hemophilia

19.3 Hemostatic Products

CFCs are the management of choice for PWH as
they are very secure and efficacious for treating
and preventing bleeds. There are two principal
types of CFCs: virally inactivated plasma-derived
agents produced from plasma donated by human
blood donors and recombinant agents made uti-
lizing genetically engineered cells and recombi-
nant technology. Table 19.2 summarizes the main
hemostatic products available for the treatment of
hemophilia.

19.4 Acute and Emergency
Management of Bleeds

Treatment centers must create standards for
emergency management of PWH, covering those
with inhibitors, that embrace treatment of impor-
tant acute side events such as intracranial hemor-
rhage and other kinds of significant internal
hemorrhage and trauma.

Adjunctive treatments are essential in the
management of bleeds, especially where coagu-
lation therapies and hemostatic products are
scarce (or unavailable) and may reduce the quan-
tity of treatment product needed. They include:
(a) The PRICE fundamentals (protection, rest,
ice, compression, and elevation); (b) Physical
and Rehabilitation Medicine; (c) Antifibrinolytic
products are efficacious as adjunctive manage-
ment for mucosal bleeds and invasive dental

Table 19.2 Hemostatic products for the treatment of
people with hemophilia (PWH)

Clotting factor concentrates (CFCs)
e FVIII CFCs
* FIX CFCs
o Extended half-life products
Bypassing agents
* Recombinant activated factor VIla (rFVIla)
e Activated prothrombin complex concentrate
(aPCC)
Other plasma products
* Cryoprecipitate
e Fresh frozen plasma (FFP)
Other pharmacological options
* Desmopressin (DDAVP)
* Tranexamic acid
e Epsilon aminocaproic acid (EACA)
Non-factor replacement therapies
e Substitution therapy (emicizumab)
Hemostatic rebalancing agents
e Fitusiran
* Anti-TFPI (tissue factor pathway inhibitor)
antibodies

operations. (d) Some COX-2 inhibitors might be
utilized for articular swelling following an acute
bleed and for chronic joint degeneration (hemo-
philic arthropathy). (e) Supplementary methods
for pain treatment (pain killers, distraction, mind-
fulness, or music therapy) might also be benefi-
cial for PWH suffering from chronic hemophilic
arthropathy.

19.5 Prophylaxis (Regular
Replacement Therapy)

The standard of treatment for PWH with severe
disease is regular replacement therapy (prophy-
laxis) with CFCs, or other hemostasis drugs to
avert bleeding, initiated early in life (before age
3) to avert musculoskeletal side events from
repetitive articular and muscle bleeds. Table 19.3
shows prevalent factor prophylaxis for hemo-
philia A and B established according to when
prophylaxis is started. Table 19.4 shows preva-
lent factor prophylaxis with standard half-life
clotting factor established according to its inten-
sity. Table 19.5 shows essential prerequisites for
efficacious prophylaxis.
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Table 19.3 Prevalent factor prophylaxis for hemophilia
A and B established according to when prophylaxis is
started

Primary
prophylaxis

Regular continuous prophylaxis
initiated in the absence of documented
joint illness, determined by physical
examination and/or imaging studies,
and prior to the second clinically
evident joint bleed and 3 years of age
Regular continuous prophylaxis
started after 2 or more articular bleeds
but prior to the onset of joint illness;
this is commonly at 3 or more years of
age

Regular continuous prophylaxis
started after the onset of documented
articular illness. Tertiary prophylaxis
typically applies to prophylaxis
initiated in adulthood

Secondary
prophylaxis

Tertiary
prophylaxis

Table 19.4 Prevalent factor prophylaxis with standard
half-life clotting factor established according to its
intensity

Prophylaxis
intensity Hemophilia A Hemophilia B
High-dose 25-40IU 40-60 IU FIX/
prophylaxis FVIIl/kg every | kg twice per
2 days week
(>4000 IU/kg (>4000 IU/kg
per year) per year)
Intermediate-dose | 15-25 IU 2040 IU FIX/
prophylaxis FVIIl/kg 3 days | kg twice per
per week week
(1500-4000 1U/ | (2000—
kg per year) 4000 IU/kg per
year)
Low-dose 10-15IU 10-15 IU FIX/
prophylaxis (with | FVIIlI/kg kg 2 days per
escalation of dose | 2-3 days per week
intensity, as week (1000- (1000-
required)* 1500 IU/kg per | 1500 IU/kg per
year) year)

FIX factor IX, FVIII factor VIII, /U international unit, kg

kilogram

aShould only be taken as the starting point of replacement

therapy to be tailored, as possible, to prevent bleeding

Adherence to prophylaxis has been encoun-
tered to be poor in many teenagers (13—17 years
of age) and young adults (18-30 years of age)
with hemophilia. The crucial self-management
abilities needed for PWH are summarized in
Table 19.6.

Table 19.5 Essential
prophylaxis

prerequisites for efficacious

Dependable, constant supply of prophylactic
treatments (clotting factor concentrates and/or
non-factor therapies)

Consistent, expert monitoring (clinical and laboratory)
of prophylaxis and its efficacy

Home therapy, by preference given by the patient/
caregiver

Good patient understanding of the benefit of
prophylaxis

Good patient adherence to prophylaxis

Table 19.6 Crucial self-management abilities needed for
people with hemophilia (PWH)

Bleed identification
Self-infusion/self-management abilities

Self-care (i.e., nutrition and physical fitness) and drugs
treatment (i.e., record-keeping, treatment habits,
preservation of appropriate treatment provision,
abilities in conservation, reconstitution, and
administration of treatment drugs)

Pain treatment

Risk treatment and forming a concept of preventive
therapy

Knowledge of adequate adjunctive therapies
(antifibrinolytics, pain killers) and adjunctive
management (the PRICE principles)

PRICE protection, rest, ice, compression, and elevation

19.6 Management of PWH
with Inhibitors

Methodical monitoring for inhibitors and com-
prehensive treatment of inhibitors must be car-
ried out for PWH A, especially when patients are
at maximum peril during their first 20 exposures
to CFCs (with one exposure established as all
CFCs given within a 24-h period) and afterwards
up to 75 exposures.

Elimination of inhibitors is currently best
accomplished via immune tolerance induction
(ITT) therapy. In severe hemophilia A, inhibitor
elimination by ITI therapy is successful in
70-80% of PWH. In moderate/mild hemophilia
A, response to ITT may be less positive.

PWH with inhibitors must have access to ITI
and to appropriate hemostatic products for con-
trol of bleeding as well as surgical procedures, if
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required, at specialized centers with significant
knowledge.

Bypassing agents and other adequate manage-
ment drugs must be available for PWH who do
not respond to enhanced factor dosages or ITI.

19.7 Treatment of
Musculoskeletal Adverse
Events

PWH must also have access to musculoskeletal
specialists (orthopedic surgeon, physical medi-
cine/rehabilitation specialist, physical therapist)
with knowledge in hemophilia, with yearly mus-
culoskeletal evaluations and continuous control
of their musculoskeletal results and preventive or
corrective techniques as required. Orthopedic
surgeons must have specific training in surgical
treatment of PWH.

Hemophilia is characterized by acute bleeds,
over 80% of which happen in specific articulation
(most usually the ankle, knee, and elbow joints,
and often the hip, shoulder, and wrist joints) and
in certain muscles (iliopsoas and gastrocnemius).
Spontaneous bleeding might happen depending
on the severity of the illness. In children with
severe hemophilia, the first articulation and mus-
cle bleeds commonly happen when they start to
crawl and walk, normally between 1 and 2 years
of age, but occasionally in later toddler years.
Repetitive articular bleeds produce progressive
articular damage due to blood collection in the
articular cavity and synovial swelling. This
causes adverse events such as chronic synovitis
and hemophilic arthropathy. Insufficient manage-
ment of intramuscular bleeds can produce muscle
contractures, especially in bi-articular muscles
(e.g., calf and iliopsoas muscles), frequently
within the first decades of life. Other more severe
side events such as compartment syndrome and
pseudotumors might also occur.

For PWH, the WFH advises regular physical
evaluation of the synovium following every
bleed, preferably utilizing appropriate imaging
techniques such as ultrasound (when possible)

until the circumstance is controlled, as clinical
evaluation alone is insufficient to detect early
synovitis. For PWH who have unsolved chronic
synovitis, the WFH advises nonsurgical synovec-
tomy as a first-line treatment alternative utilizing
radioisotope synovectomy with a pure beta emit-
ter (phosphorus-32, yttrium-90, rhenium-186, or
rhenium-188). One dose of CFC per dose of iso-
tope must be utilized.

For PWH with chronic hemophilic arthropa-
thy for whom nonsurgical therapies have been
unsuccessful to produce satisfactory pain allevia-
tion and ameliorated function, the WFH advises
consultation with an orthopedic specialist on sur-
gical procedure alternatives.

19.8 Management of Specific
Problems and Comorbidities

19.8.1 Carriers of Hemophilia

A portion of carriers have little factor VIII (FVIII)
or factor IX (FIX) activity because of lyonization
(the unexpected suppression of one of the two X
chromosomes, also called X inactivation), which
may cause mild, moderate, or even severe hemo-
philia in unusual occasions. Symptomatic women
must be designated as having hemophilia of a
specified intensity, like men with hemophilia.

19.8.2 Surgery and Other Invasive
Techniques

Neuraxial anesthesia needs factor levels over
50 IU/dL to avert bleeding and resulting in neu-
rological adverse events. Surgery must be pro-
grammed early in the week and early in the day
for optimal laboratory and blood bank support, if
required. Appropriate amounts of CFCs (or
bypassing agents for PWH with inhibitors) must
be available for the surgery itself and to maintain
appropriate coverage in the postoperative period
for the duration needed for healing and/or
rehabilitation.
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19.8.3 Treatment of Comorbidities

Cardiovascular sickness, hypertension, and other
cardiovascular risk factors are progressively
occurring in adults with hemophilia.

19.8.4 Medical Problems with Aging

Elderly PWH must be treated in identical way as
their equals in the general population, except for
the required supplementary correction of defi-
cient hemostasis with CFCs.

19.8.5 Management of Transfusion-
Transmitted Infections

Anti-viral therapies must be accessible to all
PWH who suffer from human immunodeficiency
virus (HIV) and hepatitis C virus (HCV).

19.9 Central Venous Access
Devices

For providing prophylaxis or ITI therapy in
young children with difficult venous access,
central venous access devices (CVADs) can
facilitate steady, durable venous access to per-
form infusions easier. Possible adverse events of
CVADS cover hospitalization, bleeding, cathe-
ter infection, thrombosis, breakage, and/or
malfunction.

19.10 Pain Management

For PWH with acute pain secondary to a joint or
muscle bleed, the WFH advises prompt adminis-
tration of clotting factor concentrates to halt
bleeding, pain killers, and adjunctive means such
as immobilization, compression, and splinting to
reduce pain, if adequate.

For children and adults with hemophilia with
pain secondary to chronic hemophilic arthropa-
thy, the WFH advises the utilization of

paracetamol/acetaminophen, selective COX-2
inhibitors, tramadol, or morphine, and abstention
of other NSAIDs. Codeine may be utilized for
children over 12 years of age but is contraindi-
cated in younger children.

Extended utilization of these drugs may have
risks of dependence or addiction, as well as organ
damage, and has to be meticulously monitored.
PWH with constant pain must be referred to a
specialized pain treatment team.

19.11 Dental Care

Preserving good oral health and averting dental
complications is of great significance in PWH to
preclude oral illnesses and conditions such as
gingivitis, dental caries, and periodontal sick-
nesses which might produce severe gum bleed-
ing, especially in those with severe/moderate
hemophilia, and to elude the need for major den-
tal surgery.

Since extended bleeding following dental
management may produce severe or even life-
threatening adverse events, PWH are a prefer-
ence group for preventive dental and oral health
care.

It is paramount to make sure that PWH have
access to dental management and regular preven-
tive dental care at a designated dental care center
with experience in the treatment of PWH accord-
ing to evidence-based dental protocols.

19.12 Genetic Counseling

Genetic counseling is a paramount but difficult
component of comprehensive treatment for PWH
and their families with a diagnosis of hemophilia
and for those at risk. The principal purpose of
genetic counselors is to educate PWH on the nat-
ural history of hemophilia, determine their family
tree/pedigree, carry out risk evaluations related to
the inheritance of hemophilia, promote genetic
testing, assist them process and incorporate
genetic knowledge, and debate important repro-
ductive alternatives.
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19.13 Circumcision

Circumcision is a vastly practiced surgical inter-
vention; up to 30% of men in the world are cir-
cumcised. In PWH, circumcision is associated
with several adverse events including prolonged
bleeding, infection, delayed skin healing/aug-
mented morbidity, gangrene, HIV and hepatitis
infection acquired via contaminated blood agents
to manage bleeding, risk of neonatal inhibitor
appearance, psychosocial scarring, and risk of
mortality. The crucial factors for circumcision in
PWH include individual patient problems such as
inhibitor appearance, venous access, and wound
management, as well as the experience and
means at the treatment center. PWH will always
bleed when stitches are taken off, and this must
be treated with clotting factor replacement.

19.14 Vaccination

Children and adults with hemophilia must receive
the same routine vaccines as the general popula-
tion; nevertheless, they must preferably get the
vaccines subcutaneously rather than intramuscu-
larly or intradermally, as it is as secure and effica-
cious as the latter and does not need clotting
factor infusion. If intramuscular injection has to
be the way of administration, a dose of clotting
factor concentrate must be administered, and the
smallest gauge needle available (25-27 gauge)
has to be utilized. Besides, an ice pack must be
applied to the injection area for 5 minutes prior to
injection of the vaccine, and pressure has to be
applied to the area for at least 10 min to diminish
bleeding and inflammation.

Psychosocial management is an important facet
of healthcare services for PWH and their
families.

19.16 Outcome Evaluation

In spite of the availability of many evaluation
tools, a core set of means for result evaluation in
PWH continues to be determined. Outcome eval-
uation in PWH should include two facets: illness-
related and therapy-related results. Illness-related
results concern to the efficacy of hemostatic ther-
apy and are reflected in results such as: incidence
of bleeding, and influence of bleeding on the
musculoskeletal apparatus and other systems in
the short and long run, including the psychoso-
cial influence of hemophilia. Therapy-related
results have to be monitored utilizing a prospec-
tive and systematic plan and must cover screen-
ing and testing of PWH treated with CFCs for
inhibitor development. Other less common side
events of CFC replacement therapy include
thrombosis and allergic/anaphylactic reactions.
Table 19.7 summarizes the main aspects of out-
come assessment in PWH.

19.17 Conclusions

For PWH prophylaxis is the gold standard of
management (regular replacement therapy with
CFCs). Episodic CFCs replacement must not be

Table 19.7 Main aspects of outcome assessment in peo-
ple with hemophilia (PWH)

Frequency of bleeding

Assessment of the impact of bleeding on the
musculoskeletal apparatus and other systems

19.15 Psychosocial Matters

Severe hemophilia is associated with significant
psychological and economic troubles for PWH
and their caregivers. As hemophilia can influence
many facets of daily living and family life, psy-
chological and social assistance are relevant ele-
ments of complete treatment for hemophilia.

Pain evaluation
Body structure and function
Activities and participation

Environmental and personal factors

Economic factors
Health-related quality of life
Patient-reported results

Measures for utilization in the clinic or research
setting
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considered a long-run alternative. PWH should
have access to secure and efficacious management
with optimal effectiveness in the prevention and
treatment of bleeding. Treatment hospitals must
be based on a multidisciplinary team of special-
ists. PWH must have access to musculoskeletal
specialists (orthopedic surgeon, physical medi-
cine/rehabilitation specialist, physical therapist)
with knowledge in hemophilia, with yearly mus-
culoskeletal evaluations and continuous control
of their musculoskeletal results and preventive or

corrective techniques as required. Orthopedic
surgeons must have specific training in surgical
treatment of PWH.
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