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INTRODUCTION

Hemophilias represent hereditary coagulopathies characterized by prolonged
bleeding, occurring spontaneously or after trauma/surgery. They are diseases with X-
linked transmission that manifest themselves mainly in males. The pathognomonic
element is represented by joint bleeding (hemarthrosis) [1-2]. It has a repetitive
character, leading to locomotor disabilities and decreased quality of life. The evolution
of the disease is heterogeneous, being influenced by a series of factors: the level of
factor VIII/IX activity, the bleeding phenotype, the type of causative mutation and other
coexisting mutations [3].

During the last decades, great progress has been made both in the diagnosis and
monitoring of hemophilias, as well as in their treatment. Paraclinical evaluation
methods have evolved at the same pace, offering the possibility of monitoring treatment
response. At the same time, new tools were developed to evaluate outcomes and
therapeutic effectiveness. These tools are useful in assessing both health status and
degree of disability, as well as the impact of disease on functionality, activity and
participation.

The purpose of this paper is to analyse adult patients diagnosed with severe
hemophilia A and B in the evidence of Fundeni Clinical Institute, a reference center in
this field. The retrospective analysis of enrolled patients sought to demonstrate the
impact of certain clinical characteristics on the disease phenotype, joint status, degree
of activity and functional independence and quality of life. At the same time, we
demonstrated the usefulness of genetic testing in hemophilia as a prognostic factor of
the disease severity and evolution and as a risk factor for inhibitors development. This
information is useful in medical practice, especially in guiding prophylactic therapy
and monitoring patients.

I believe that real-life experience plays a significant role in identifying people
with a more severe bleeding phenotype and adapting their therapy in such ways as to
preserve joint health for as long as possible and to prevent the onset of locomotor
disabilities. A comprehensive, multidisciplinary approach is essential in improving the

quality of life and ensuring functional independence.



GENERAL PART

Chapter 1. Generalies in hemophilia

Hemophilia is a rare X-linked hereditary coagulation disorder [2], caused by the
deficiency of a coagulation factor (VIII in hemophilia A, IX in hemophilia B).
Hemophilia A occurs with an incidence of 1-2 cases per 10,000 male births and
represents ~80-85% of cases [2, 4]. The disease is caused by an abnormality at the
level of the specific gene (F8 or F9) on the long arm of the X chromosome, causing
the deficient synthesis of factor VIII, respectively IX protein [2, 4-6].

Depending on the residual level of factor activity, hemophilias are classified as
severe (factor <1%), moderate (factor 1-5%) and mild (factor >5%) [4]. The clinical
manifestations are represented by profuse and prolonged bleeding that can occur
spontaneously, early in life (in severe forms) or later, after trauma or surgical
interventions (moderate and mild forms) [4, 7].

Hemarthrosis is the most frequent manifestation in hemophilia (70-80%),
followed by muscle hematomas (10-25%) [4, 8]. Other bleeding can occur at the
oropharyngeal, urinary, digestive or intracranial level. The latter, although very rare in
frequency, have an increased mortality in the absence of prompt diagnosis and
treatment [9].

The clinical manifestations are heterogeneous and vary from one individual to
another, depending on the bleeding phenotype, F8/F9 mutations [5], mutations of the
regulatory genes of the inflammatory/immune system [10], as well as the coexistence
of other disorders of hemostasis (thrombophilias) [5, 11]. Identifying the bleeding
pattern has an important role in choosing the optimal dose and moment to initiate
prophylaxis.

The diagnosis can be established early in the prenatal period, through the genetic
analysis of the product of conception, after genetic counseling and informed consents
[12]. Postpartum, the laboratory tests that establish the diagnosis of hemophilia are
prolonged APTT and low level of factor VIII or IX activity measured by one-stage or
chromogenic tests [13]. The same hemostasis tests are used later, in order to monitor

the response to the administered treatment (recovery and pharmacokinetic tests).
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Inhibitor testing is done periodically (from the initiation of prophylaxis) or
whenever we suspect a decrease in the therapy effectiveness in preventing/treating
bleeding. The testing is done by Bethesda or Nijmegen methods and uses the principle
of measuring the activity of the factor in serial dilutions from the mixture of patient
plasma with normal plasma incubated for 2 hours at 37°C [14]. A result above 0.6 BU
is considered positive.

Genetic testing in hemophilia is useful in establishing the genotype-phenotype
relationship, in predicting the risk of inhibitors and the response to immune tolerance
induction therapy and in confirming the carrier status [13]. Up to now ~3500 F8
mutations have been identified and over 1200 mutations of F9 gene [4, 15].
Approximately half of severe hemophilia A cases are determined by inversions of
Introns 22 and 1 [4, 15]. The genetic testing protocol is dictated by the type and severity
of hemophilia and family history. In severe hemophilia A, testing begins with Int22
and Intl inversions; in negative severe HA cases, in moderate and mild hemophilia A

and all HB patients gene sequencing is required.

Chapter 2. Therapeutic strategies in hemophilia

2.1. History

Hemophilia treatment has evolved significantly, from the administration of fresh
plasma or cryoprecipitate and freeze-dried plasma concentrates (with the disadvantage
of transmitting HCV, HBV or HIV viral infections) [16], to recombinant products
obtained using complex viral inactivation techniques [16]. New factor concentrates
have recently been developed, with extended half-life, to help patients with poor
venous access, low adherence or the need for intensive prophylaxis [17].

For inhibitor patients who no longer respond to the administration of factor
VIII/IX, bypass agents (recombinant activated factor VII and activated prothrombin
complex) have become available [16]. These two products made possible for these
patients to undergo major surgical interventions (especially orthopedic), previously
contraindicated do to bleeding risks [18]. Immune tolerance induction therapy (ITI)

remains the only way to eradicate inhibitors [17, 19], its success depending on the



inhibitor titre (historical peak level and pre-ITI level), time interval between inhibitor

detection and the start of ITI, genetic mutation in F8/F9 and patient compliance.
Recent research has made available to hemophiliacs new, non-substitutive

therapies, which have the advantage of subcutaneous administration, at intervals of 1-

2 or 4 weeks, some being effective both in HA and HB, with or without inhibitors [19].

2.2. Therapeutic options in hemophilia

In the management of hemophilia there are two therapeutic strategies: on
demand treatment, in case of bleeding and prophylactic therapy. Episodic treatment
aims to stop the hemorrhagic event as soon as possible, by administering the optimal
doses of the factor in the first 2 hours after the onset of bleeding [20]. Prophylaxis is
the standard treatment in hemophilia, recommended by international guidelines, to
prevent bleeding at any time, improve the quality of life, preserve joint status and avoid
long-term complications [13].

Depending on the time of initiation, prophylaxis is primary, secondary or tertiary
[2, 13], all of which have clear benefits compared to episodic therapy, as evidenced by
the extensive studies carried out. Prophylaxis can be initiated in small doses with
increasing frequency (escalated regimen) or in large doses (intensive regimen). The
differences lie in the risks of bleeding (higher in the low-dose regimen) and the
inhibitor development (increased in the intensive regimen [13]). Regardless of the
regimen chosen and the time of initiation, international guidelines recommend the
individualization of therapy according to bleeding phenotype, joint status,
pharmacokinetics and patient preferences [13, 21]. Other factors to consider are age,

venous access, physical activity level and the presence of target joints.

Chapter 3. Chronic complications in hemophilia

3.1. Disease complications

The main cause of morbidity and disability in hemophilia is chronic hemophilic
arthropathy, a consequence of repeated hemarthroses [22]. From the first episodes of
joint bleeding, structural changes appear in the synovium [22], cartilage and bone

tissue [13]. They are triggered by the formation of toxic iron radicals (resulting from
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blood degradation), the release of pro-inflammatory cytokines and the direct harmful
action of blood. Chronic hemophilic arthropathy is often multi-articular and affects
especially the knees, elbows and ankles, interfering with daily activities [2].

In advanced stages of arthropathy, following loss of mobility and antalgic
flexion, extensor muscle atrophy sets in. Each episode of joint bleeding should be
followed by recovery sessions and physical therapy.

Another complication is represented by the decrease in bone mineral density and
the increased risk of fractures [23]. They can appear spontaneously or after trauma.

Isufficient treatement of muscle hematomas can lead to the formation of
pseudotumors [24], encapsulated formations that grow slowly and can cause pain,
tissue necrosis or vascular-nervous damage.

3.2. Treatment complications

The main complications of hemophilia therapy are viral infections with hepatitis
B and C virus or HIV infection and the development of inhibitors.

As for viral infections, they are due to the administration of blood products
(plasma or cryoprecipitate) or lyophilized plasma concentrates [16].

The inhibitors development (allo-antibodies against the administered factor)
remains a serious complication of hemophilia therapy [2, 5, 19]. It occurs at a rate of
~25-30% among people with severe HA and 3-5% in severe HB. Approximately 80%
of inhibitors appear in the first 10-20 days of exposure, therefore careful and frequent
monitoring is recommended [25].

The mechanism behind these antibodies formation is a complex one involving
mediators of the immune system, cytokines and cells specialized in defense (B and Tu
lymphocytes, APC antigen-presenting cells) [26]. The final result is the activation and
differentiation of B lymphocytes and the production of polyclonal antibodies of the
IgG class against exogenous factor VIII or IX [27].

The risk factors involved in the development of inhibitors are classified in [28]:
a) non-modifiable factors (type of F8/F9 mutation, family history, severity of
hemophilia, HLA genotype, mutations in IL10, TNFa, CTLA4 genes) [5, 27, 29-32];
b) modifiable factors (type of factor concentrate, age at initiation of therapy, number

of exposure days, intensity of treatment) [27, 33-34] and c¢) danger signals (infections,
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vaccinations, intensive treatments) [35]. Considering that people with inhibitors have
a poorer quality of life and increased morbidity and mortality compared to those
without inhibitors, it becomes increasingly important to identify these predisposing

factors and adopt preventive strategies for high-risk patients [28].

Chapter 4. Evaluation of outcomes in hemophilia

In the context of the availability of a wide range of therapeutic options in
hemophilia, it was necessary to implement outcome evaluation tools [36]. The classic
evaluation methods, using laboratory tests or annual bleeding rates, are not sufficient,
especially since the aim of new therapies is "zero bleeding" and the new drugs are
difficult to monitor [36]. Also, the bleeding rate does not provide information
regarding the impact on functionality and activity [37] and many subclinical bleeding
events are not reported. In order to optimize the therapeutic schemes, to justify the use
of resources, generic and specific methods were introduced to measure the state of
joint health (clinical and imaging examination), the degree of activity and functional
independence and the quality of life [13, 36] The physical examination uses scores to
quantify the degree of joint damage: the Gilbert score and the Hemophilia Joint Health
Score [37]. The imaging evaluation completes the clinical examination and is
performed using ultrasound (for early joint changes) [13], radiography (for bone
structure changes) [38] or MRI (the gold standard in joint evaluation) [36].

In order to evaluate activity and participation, a series of questionnaires were
developed: Hemophilia Activity List (filled by the patient) [39] and Functional
Independence Score in Hemophilia (filled by the doctor after observing the patient)
[40]. Both scores reflect the patients possibilities to perform certain activities that
involve the function of the arms and legs, thus measuring the impact of hemophilia on

the patients' functional abilities.



II. ORIGINAL PART

Chapter 5: Hypothesis and general objectives

Classification of severity in hemophilia is no longer done solely on the basis of
factor VIII or IX plasma level, as it has been shown that there is a heterogeneity of the
bleeding phenotype among hemophiliacs. As a result, increased attention is paid to the
identification of the factors that influence the severity of manifestations in hemophilia:
genetic mutation F8/F9, joint status, age of first bleeding, frequency of bleeding,
degree of physical activity, mutations of other genes involved in hemostasis (Factor V
Leiden, Prothrombin) or in the regulation of the inflammatory response.

The development of allo-antibodies against exogenous factor VIII or IX remains
the most feared complication of hemophilia treatment, with a negative impact on joint
status, bleeding management and quality of life. The predisposing factors involved in
the occurrence of inhibitors are genetic or environmental. The identification of these
factors gives the doctor the opportunity to anticipate the appearance of this
complication and intervene on the therapeutic approach of the patient at risk.

Another aspect that must be taken into consideration is that of monitoring
outcomes in hemophilia, more precisely the identification of tools for evaluating the
disease evolution and the treatment response. In the context of intensive and
personalized prophylactic regimens (targeting a trough level of at least 3-5% and zero
bleeding), of non-factor therapies, the usual monitoring methods (annual bleeding rate
or FVIIIV/IX plasma level) they are not sufficient. New instruments must be used to
measure the overall state of health, the degree of activity, participation and integration
in social life, functional independence and quality of life.

In this context, the present doctoral research aims to study the clinical, biological
and molecular characteristics and their impact on disease evolution and in choosing
the optimal therapy. The paper aims to demonstrate the correlation between the
bleeding phenotype and the degree of joint damage, the age of the first clinical
manifestations and diagnosis, the genetic mutation, the presence of comorbidities; the
relationship between the type of prophylaxis and the degree of arthropathy, as well as
the benefits of prophylaxis on joint functionality and activity by using the HAL and
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FISH questionnaires. In addition, this thesis aimed to demonstrate the impact of
hemophilia, the type of treatment and comorbidities on the quality of life. It is
necessary to implement genetic testing in the investigation of people with hemophilia
due to its role, not only in genetic counseling and prenatal diagnosis, but also in disease
management (some mutations are associated with a significant risk of developing

inhibitors).

Statistical analysis

For the statistical analysis of the study data, we used the IBM SPSS Statistics
for Windows software, Version 29.0. (30-day trial version) Armonk, NY: IBM Corp.
We also performed a descriptive analysis of frequencies using Office 365. We
presented the nominal data as absolute frequency and percentage, and the continuous
variables were expressed by mean, median, standard deviation, minimum and
maximum, Q25 (percentile 25), Q75 (75th percentile) and IQR (interquartile range).

We analysed the association between categorical variables using crosstabs and
the %2 (chi-square) test. If the results of the chi-square test were sufficiently altered
that they could not be taken into account we used Fisher's exact test. To compare the
means according to the dichotomous variables in the study, we used the t-test for
independent samples. To compare three or more group means where the participants
are the same in each group, we used the ANOVA test. A p-value of less than 0.05 was

considered significant.

Chapter 6 - Study 1: Clinical features of hemophilia patients
analysis and their impact on evolution and treatment
In this study, we aimed to identify the demographic and clinical characteristics

of hemophilia patients and establish the association between disease characteristics,

comorbidities and evolution and therapeutic implications.



6.1. Materials and methods

We performed a retrospective, observational, cohort study, which included a
number of 201 cases of adults diagnosed with severe hemophilia A and B (Factor
VIII/IX <1%) from Fundeni Clinical Institute.

6.1.1. The observation period

Patients were followed from 2018 to 2023 or until death.

6.1.2. The investigated parameters

Data were collected from admission records, the hospital's electronic database,
patient history and documentation. The main data collected were: the age at
enrollment, height, weight, family history, the age of the first hemorrhagic
manifestations and the first joint bleeding, the age at which the diagnosis of
hemophilia was established; virological status (HCV, HBV, HIV), comorbidities,
number of target joints, presence of inhibitors, venous access, type of therapy at
enrollment, age at initiation of prophylaxis, dose of prophylaxis, average annual joint
bleeding rate and history of orthopedic interventions.

6.2. Results

The study group included 201 patients with severe hemophilia, 89.6% type A
and 10.4% type B, with an average age of 39.89 years (18-80 years). 72.1% of patients
were physically active. 55.2% of the subjects had HCV infection secondary to
transfusions of blood products (incidence increasing with age, 95% of those over 60
being HCV+), but only 25.9% received antiviral treatment. In terms of phenotype
severity, 67.7% had a severe bleeding phenotype of bleeding.

In our group of patients, 43.3% report the absence of hemophilia cases in family.

The age at the onset of symptoms was on average 6.12 months (SD£3.295), the
first joint bleeding occurred on average at 12.82 (SD#4.129). The hemophilia
diagnosis was established on average at 21.58 months (SD+20.573), relatively late
compared to the data reported in the literature [41].

Regarding the treatment followed, 21.4% of patients received factor only on
demand and 78.6% were in prophylactic treatment (16.9% continuous, 61.7%

intermittent). Prophylaxis was initiated late, on average at 33.91 years (9-68 years).



Most patients were diagnosed in the context of post-traumatic hematomas (34%)
or bleeding in the oral cavity (20%). Hemarthrosis was a reason for presenting to the
doctor and for diagnosis in 15% of the patients. Only 4% of patients were diagnosed
from birth due to the declared antecedents of hemophilia in family.

The mean number of target joints was 3.23 (SD 1.023), the value being
significantly higher in those with severe phenotype (3.58) than those with moderate
phenotype (2.49) (t(199)=8.1, p<.00001).

Using the t-test for independent samples we demonstrated the absence of a
significant difference between those with a moderate phenotype and those with a
severe phenotype in terms of age at diagnosis (p=0.360), but we found significant
differences (p<0.001) in terms of the age of onset of first symptoms and age of first
joint bleeding. In those with a severe phenotype, the age of onset of first symptoms
and age of first joint bleeding were significantly lower than in those with a moderate
phenotype.

I tried to demonstrate the existence of an association between joint status and the
presence of B, C, HIV co-infections. Among these, only the presence of HCV hepatitis
made a significant difference (and the group of HIV+ and HBV+ patients beeing
small), in the sense that HCV-infected patients had more affected joints than those

without infection (figure 6.1).

95% Cl Articulatii tinta {nr)

Figure 6.1 Distribution of the number of target joints by HCV status

The proportion of patients with HCV and with a severe phenotype is
significantly higher (78.4%) than that of patients without HCV and with a severe
phenotype (54.4%) (x2=13.012; df=1; p<0.001; Cramer's V=0.254).



Using the chi-square test, I was able to demonstrate that orthopedic interventions
are encountered with a higher proportion of patients with severe phenotype (41.9%),
compared to patients with a milder phenotype who have orthopedic interventions in a
proportion of 21.5% ( ¥2=7.990; df=1; p=0.005). Similarly, the late age of onset of
prophylaxis had a negative impact on joint status, with these patients more frequently
requiring orthopedic surgery (p 0.002).

Orthopedic interventions in those who received prophylaxis from a younger age
(9-17 and 18-29 years) are represented by synovectomies (in 3 out of 3 cases,
respectively 8 out of 32), while in people with late onset of prophylaxis total

arthroplasties (36%) and fractures (8%) favored by osteoporosis predominate.

6.3 Conclusions

1. In our study group, the prevalence of severe HA was 89.6% and of severe HB
only 10.4%. 43.3% of hemophilia cases were classified as de novo;

2. In our group of patients, although the factor deficiency was severe (below
1%), the diagnosis was established late, on average at 21.58 months;

3. 67.7% of the evaluated patients present a severe phenotype of the disease,
characterized by an earlier onset of bleeding, a higher annual rate of hemarthrosis and
a greater number of target joints. This category of patients should benefit from more
intensive treatment;

4. Prophylaxis was introduced late, on average 33.91 years (9-68 years);

5. More than 30% of patients over 60 years of age have undergone at least one
joint replacement intervention. Synovectomy was a temporary solution to reduce
bleeding for ~16% of 18- to 35-year-olds;

6. Hepatitis C virus (HCV) infection is found in ~55% of enrolled patients, the
incidence increasing with age (reaching 95% in those over 60). In the studied group,
we observed a negative effect of HCV co-infection on joint status (a higher rate of

bleeding and a higher number of affected joints).
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Chapter 7 - Study 2: Biological risk factors analysis — the utility

of pharmacokinetics in personalizing therapy

Prophylactic therapy with factor VIII or IX concentrates is the standard of
treatment in severe (FVIII<1%) or moderate hemophilia A and B with severe bleeding
phenotype. It aims to maintain a trough level high enough to prevent bleedings. A
number of factors can influence the dose and frequency of factor administration.
Among them we mention: the pharmacokinetic profile, the bleeding phenotype, the
joint status, the level of physical activity, the adherence to the treatment, the venous
access and the type of factor concentrate used (SHL or EHL).

7.1. Obiectives

» Application of pharmacokinetic analysis in the individualization of the
prophylactic regimen

» Demonstrating the benefits of personalized therapy using pharmacokinetic
analysis

7.2. Materials and methods

We conducted a prospective, observational, interventional study that included 30
adult patients with severe HA (Fact VIII<1%) from Fundeni Clinical Institute, who
were previously on a standard prophylactic regimen (dose/kg) and in whom it was
necessary to customize the prophylactic therapy. The patients were followed between
2019-2023, with a follow-up of a minimum of 1 year and a maximum of 4 years.

7.2.1. The investigated parameters

Data were collected from patient observation sheets, the hospital's electronic
database, patient diaries and medical history.

The following parameters were followed:

- the annual joint bleeding rate (AjBR) before and 1 year after therapy
personalization;

-pharmacokinetic analysis and trough levels during both treatment schemes;

-the number of patients who achieved "zero bleeding" with both treatment

schemes.

11



7.2.2. Methods

One-stage or chromogenic tests were used, according to the specifications in the
summary of product characteristics.

For the standard FVIII products, we took blood samples (in tubes with sodium
citrate) before the administration of the factor, at 1 hour, 24h and 48h (before the next
administration - the trough level), and for FIX, 2 samples were needed at 24h interval
(between 24-36h and 48-60h after injection). For the products with extended half-life
(EHL) of FVIII we added a sample collected at 60-84h, and for FIX a sample at 5-12
days. The pharmacokinetic curves were made with the help of online programs:
Wapps-hemo, myPKfit®.

7.3. Results

The main reason for personalization of prophylactic therapy was the need to
ensure increased protection against bleeding (73.3% of cases, 22/30). In 16.7% of
patients (5/30) the therapeutic scheme was changed due to the very difficult venous
approach; in 6.7% (2 out of 30) low adherence to the administrations 3 times/week
required the adjustment of the administration frequency.

We observed that the personalized therapy provided a significantly higher trough
level (4.7) compared to the previous scheme (2.1) (figure 7.1).

I

96% CI

1

Figure 7.1 The minimum trough level provided by standard prophylaxis vs
personalized prophylaxis

If we compare the prophylaxis with EHL products and that with rFVIII we can
see that the average trough level is higher in those switched to EHL (5.1) than to rFVIII
(3.9), even if the administration is less frequent.

The differences are also significant in terms of the annual joint bleeding rate.

This decreased from a maximum of 19.0 (under the on-demand regimen), to 5.4 (under
12



standard prophylaxis) and reached a minimum under the personalized prophylaxis

regimen (1.3) (figure 7.2).

95% CI

1

AJER anterior profilaxiei AJBR cu profilaxia 1 AJER cu profilaxia
personalizata

Figure 7.2 Comparison of AjBR between treatment regimens

Another important aspect that we demonstrated was the superior effectiveness
of personalized prophylaxis in the prevention of bleeding, 26.7% of patients whose
treatment regimen was changed reached the goal of "zero bleeding" (vs 0% in standard

prophylaxis).
7.4. Conclusions

1. in our group of patients, 73.3% required increased protection (so a higher
trough level) and 16.7% had a very difficult venous approach;

2. through personalized therapy we obtained a higher trough level (4.7%)
compared to the previous prophylactic therapy (2.1%);

3. EHL therapy ensures a higher trough level (5.1%) than SHL (3.9%), even with
less frequent administrations;

4. the joint bleeding rate decreased from an average of 19 (prior to any
prophylaxis regimen) to 5.4 after the introduction of standard prophylaxis and reached
a minimum of 1.3 with the help of personalized therapy;

5. 26.7% of patients in personalized treatment achieved the goal of "zero

bleeding".
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Chapter 8 - Study 3: Molecular risk factors analysis in severe
hemophilia A

The main objective of this study was to evaluate the prevalence of inversions
Int22 and Intl in the studied group and to compare the results with those in the
literature. The secondary objective was to assess the impact of these inversions on

clinical phenotype and inhibitor development.

8.1. Materials and methods

We conducted a transversal, cross-sectional, observational study in which a
number of 180 adults with severe hemophilia A from Fundeni Clinical Institute were
included. Of these, 162 were genetically tested for Inv22 and Invl. To evaluate the
prevalence of these inversions, 24 related patients were excluded, the analyzed group

totaling a number of 138 unrelated patients with severe HA.
8.1.1. The investigated parameters

Data were collected from admission records, the hospital's electronic database,
patient history and documentation. Molecular testing results were provided by the
Molecular Biology Laboratory of Fundeni Clinical Institute.

Evaluated variables: bleeding phenotype, number of target joints, age at onset of
symptoms, age at first joint bleeding, age at diagnosis and type of genetic mutation.

8.1.2. Methods

Peripheral blood was collected from each patient in 3 EDTA tubes. The samples
were processed in the Molecular Biology department of Fundeni Clinical Institute.

After the isolation of DNA from the blood and the qualitative and quantitative
verification of the extracted DNA, we used Inverse Shifting-PCR (IS-PCR) and the
protocol described by Rossetti et al. [42]. The next steps were genomic DNA digestion
and enzymatic inactivation to obtain circular DNA [15]. For each patient, 3
polymerization reactions were performed using circular DNA, 2 reactions for Inv22
(diagnostic and complementary test) and one reaction for the Inv1 [15]. Amplification
products were analyzed by 2% agarose gel electrophoresis and visualized with

ethidium bromide under a UV lamp [15].
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8.2. Results

8.2.1 Prevalence analysis of Inv22 and Inv1 in severe HA

The presence of the Inv 22 was identified in 66 of the 138 unrelated patients
with severe HA (47.83%): 51 of the patients with the distal Inv22 type I (36.9% of
the total, 77.27% of those with Inv22) and 15 with the proximal Inv22 type 11(10.8%
of the total, 22.73% of those with Inv22). Invl was detected in 7 unrelated patients
with severe HA (5.07%). A total of 73 patients (52.9%) were detected with inversions
Int22 and 1 (table VIIL.1).

Table VIII.1 Prevalence of Inv22 and Inv1 in the studied group

N (%)
Inv Int22 66 (47.83%)
Inv Int22 tip I 51(77.27%)
Tnv Int22 tip 11 15 (22.73%)
Tnv Intl 7 (5.07%)

The data are consistent with the literature and the results of other studies
indicating a frequency of Inv22 and Invl of 40-50% and 2-5%, respectively, among
people with severe HA [15, 43-44]. We compared our results with the reports of other
studies carried out in Eastern Europe, the percentages being similar (table VIIIL.2).

Table VIII.2 Frequency of Inv22 and Inv] among patients with severe HA from

Eastern Europe

Country Number of Inv22 Inv221 Inv22 1T Number of Invl
patients tested patients tested
for Inv22 for Inv1
Hungary [45] 104 54 (52%) 43 (80%) 11 (20%) NA NA
Hungary [46] 34 20(58.8%) 16 (80%) 3 (15%) NA NA
Romania [15] 156 65 (41.7%) | 56 (86.2%) [ 9 (13.8%) 156 5(3.2%)
Romania 138 66 (47.8%) | 51(77.3%) | 15(22.7%) 137 7 (5.07%)
Serbia [47] 50 21 (42%) 17 (81.8%) | 4 (18.2%) 50 3 (6%)
Poland [48] 113 57 (50.5%) | 47 (82.5%) | 10(17.5%) NA NA
Czech 162 71 (44%) NA NA 162 7 (4.3%)
Republic [49]
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8.2.2. Analysis of the impact of Int22 and Intl inversions on the bleeding
phenotype and inhibitor development

We compared the age at onset of symptoms, age at first joint bleed and age at
diagnosis in patients with Inv22 positive and those with Inv22 negative. The
differences are significant for all three cases. For the age at the onset of symptoms:
t(146)=8.86, p<0.0001, so the age at the onset of symptoms is significantly lower in
those with the Inv22+. Inv22+ patients also have a younger age at first joint bleeding
and diagnosis than Inv22- patients.

To test the relationship between bleeding phenotype and Inv1 or Inv22 mutation,
we used the chi-square test. We found that severe phenotype was found in a
significantly higher proportion of patients with a positive Inv22 or Invl mutation
(89.5%, respectively 100%) than in those with a negative Inv22 or Invl mutation,
(50%, respectively 66.7%) (x2=29.144; df=1; p<0.001, respectively y2=4.378; df=1;
p=0.036) (figure 8.1 and 8.2).

Fenotip singerare
Emediu 150 Fenotip singerare
sever -

Figure 8.1 Bleeding phenotype Figure 8.2 Bleeding phenotype
according to Inv22 mutation status according to Inv1l mutation status

We compared Inv22+, Inv1+ patients with those with both negative inversions
in terms of the number of target joints and observed a significant difference between
the 3 groups, with Inv22 and Invl mutations being associated with a higher mean
number of target joints than those negative for both mutations. The confidence
intervals overlap, but when we take into account that the categories are related, in

ANOVA, the difference becomes significant: F(2, 159)=3.345, p=0.038 (<0.05).
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Comparing the average annual joint bleeding rates in Inv22+ or Inv1+ patients
with those with negative ones, we observed that those positive for Inv22 or Inv1 have
a much higher AjBR before prophylaxis than the negative ones (20.37 vs 14.93,
respectively 20.89 vs 17.28). After prophylaxis all have much lower AjBR and, in
addition, there are no more differences between positive and negative in the case of
Inv22 (4.75 vs 4.37).

In the group of 11 patients with hemophilia A and inhibitors we observed that
54.54% (6 out of 11) of the inhibitors were detected in the context of the loss of efficacy
of factor therapy, 27.27% (3 out of 11) were diagnosed at the annual follow-up routine
and 18.18% (2 out of 11) were detected in the context of the perioperative evaluation.

We subsequently evaluated the possible factors associated with the development
of inhibitors in these patients. Int22 and Intl inversions are found in 81.81% (9/11) of
inhibitor patients, underlining the impact of the genetic factor in the development of
alloantibodies. 4 out of 11 patients (36.36%) had collateral antecedents of inhibitors or
had less than 50 days of exposure. 3 patients (27.27%) developed inhibitors after
intensive doses of factor (in the context of surgery or major bleeding), and 2 of 11

(18.18%) patients had an active infection at the time of diagnosis.

8.3. Conclusions

1. The prevalence of inversions in the studied patients was 47.82% for Inv22
and 5.07% for Inv1. The data are consistent with the literature and the results of studies
indicating a frequency of Inv22 and Inv1 of 40-50% and 2-5%, respectively, among
people with severe hemophilia A [15, 57-58];

2. Patients with Inv22 or Invl have a younger age at onset, at the first joint
bleeding and at diagnosis than people without these mutations, the difference being
statistically significant (p<0.05). Also, the positive ones have a more severe bleeding
phenotype, a higher number of target joints (the most affected being those with Inv22+)
and a higher average annual joint bleeding rate than the negative ones. There were no
significant differences (p 0.839) between the phenotype of patients with Inv22+ and
those with Inv1+, the two mutations having a similar impact on the phenotype, both

being null type mutations;
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3. 54.54% were tested for inhibitors due to reported loss of effectiveness of
the substitution therapy, 27.27% came out positive during the annual routine testing,
and ~18% were detected during the preoperative evaluation;

4. Genetic mutation represented the major risk factor in the development of
inhibitors (in 81.81% of cases);

5. The results of the study emphasize the need for genetic testing in hemophilia
(preferably from the moment of diagnosis) and its role in establishing the bleeding
phenotype, in choosing the optimal therapeutic approach (type of product used,

intensity of treatment) and careful monitoring of patients at risk of inhibitors.

Chapter 9 - Study 4: Assessment of the impact of hemophilia and

comorbidities on function, activity and quality of life

The aim of this study is to evaluate patients with severe hemophilia using the
HAL, FISH and EQ-5D-5L questionnaires and analyze the impact of the disease,
comorbidities and treatment on them. This research starts from the need to introduce
new instruments in the assessment of people with hemophilia not only from the point
of view of disease and structure, but also of functionality, activity and participation.

9.1. Materiala and methods

We performed a prospective, observational, cohort study (for the dynamic
analysis of HAL and FISH) simultaneously with a transversal, cross-sectional,
observational study (for the assessment of quality of life). We included adult patients
with severe hemophilia from Fundeni Clinical Institute. The follow-up period was
between 201 and 2023.

9.1.1 The investigated parameters

Data were collected from admission records, the hospital's electronic database,
patient history and documentation. The HAL (Hemophilia Activity List), FISH
(Functional Independence Score in Hemophilia) and EQ-5D-5L questionnaires were

completed.
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The collected data were: type of hemophilia, age at the time of enrollment, age
at the start of prophylaxis, bleeding phenotype, type of prophylaxis (intermittent/
continuous/absent), viral infection status (HCV, HBV, HIV), number of affected joints,
results of questionnaires administered at 4-year interval (HAL and FISH) and the
quality of life questionnaire (EQ-5D-5L).

9.1.2. Methods

The HAL and FISH questionnaires were completed by patients at 4-year
intervals, to assess any changes under prophylaxis; the FISH test was not administered
to patients who had acute joint bleeding or within the previous 2 weeks.

9.2. Results

From the analysis of the results of the HAL questionnaires, we observed the
following aspects:

» the best results were obtained for the activities of the upper limbs UPPER
(63.98), followed by the basic activities of the legs LOWBAS (47.64), the lowest score
being recorded for the complex activities of the lower limbs LOWCOM (30.66).

» at4years, an improvement of the results is observed, both of the normalized
scores on all activities (increasing values, therefore improved functionality) and of the
total score (decreasing from 137.34 to 116.4). UPPER still remains the best-scoring
composite domain, while LOWCOM remains the lowest-scoring.

From the analysis of the results of the FISH questionnaires, we observed the
following aspects:

» the most affected are domains C8 (running), B5 (kneeling), C7 (stair
climbing) and C6 (walking), with the lowest average scores. Running (C8) and
kneeling (BS) were the only activities that some patients could not perform;

»  after 4 years, the most affected areas were still B5, C8 and C7. Domains B5
and CS8 still remain impossible for some patients, in a slightly diminished percentage.

From the analysis of the results of the EQ-5D-5L questionnaires, we observed
the following aspects:

» the percentage of patients with severe problems: 16.5% pain, 13.9%
mobility, 8.9% activity, 1.3% self-care, 1.3% anxiety;;
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» the average EQ-VAS score was 77.85 (SD+14.77), with a minimum of 35
and a maximum of 100. Patients aged 18-24 years have scores comparable to the
general population (91.82 vs 90.6). After the age of 25 the scores decrease

progressively, the difference being significant after the age of 35 years.

To demonstrate the correlations between the results of HAL, FISH and EQ-5D-
5L (EQ-VAS) and the age of initiation of prophylaxis, type of prophylaxis, the presence
of viral infections and bleeding phenotype we performed a multivariate analysis and

used T-test. We observed significantly higher values in patients with:
» moderate (versus severe) phenotype (figure 9.1, figure 9.2)
* continuous (versus intermittent) prophylaxis
* do not have HCV (compared to those who have HCV)

We observed that prophylaxis, regardless of whether it is continuous or
intermittent, has benefits that are demonstrated by improved scores, thus improved

joint functionality.
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Figure 9.1 HAL 2019-2023 score by Figure 9.2 FISH 2019-2023 score
bleeding phenotype by bleeding phenotype

9.3. Conclusions

1. In our group of patients, both the HAL questionnaire and the FISH score
revealed significantly greater problems in the degree of functionality and activity in

the lower limbs;
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2. Hemophiliacs who received continuous prophylaxis (52 weeks/year) scored
significantly better on the HAL and FISH questionnaires than those on intermittent
prophylaxis (maximum 45 weeks/year), both in 2019 and in 2023.

3. The presence of HCV infection proved to have a negative influence on the
activity and functionality, but also on the quality of life of hemophiliac patients;

4. Compared to the general population, hemophiliacs scored lower on the EQ-

VAS questionnaire, with differences starting to be significant after 35 years.

Chapter 10: Original contributions

This doctoral thesis represents the most extensive study on hemophilia in
Romania, with a cohort of 201 patients and a simultaneous analysis of clinical,
biological and molecular parameters.

The purpose of this thesis is to provide useful and practical informations about
the general population with severe hemophilia A and B, necessary in the optimal
management of these patients. The four presented studies aimed to identify the factors
that influence the clinical evolution in hemophilia and the in-depth understanding of
their impact on the therapeutic approach.

All four studies achieved their objectives, through their results, contributing to a
better understanding of:

1. stratification of patients according to bleeding phenotype (not only based on
factor level) and individualization of therapies according to risk category;

2. the usefulness of pharmacokinetic tests in monitoring and customizing
prophylactic regimens so that they meet the patient's needs and reach the goal of "zero
bleeding";

3. the need to implement molecular testing in hemophilia in Romania, in order
to confirm the diagnosis, establish the genotype-phenotype relationship, predict the
risk of inhibitors and the response to immune tolerance induction therapy;

4. the management of the elderly patient with hemophilia and the need for a
multidisciplinary approach to comorbidities and complications occurring in this
category of patients;
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5. the usefulness of the HAL and FISH questionnaires in monitoring the degree
of joint damage, the impact of the disease phenotype, the prophylactic regimen and

viral infections on the degree of activity and functionality in hemophilia.
Future Perspectives

1. Complete genotype-phenotype analysis using also the results of sequencing

tests of F8 and F9 genes (the rest of almost 50% of the severe hemophiliac population);

2. Research of other factors that can influence the bleeding phenotype:

thrombophilia mutations, Protein C, Protein S, antithrombin III;

3. Evaluation of the bleeding phenotype using the Thrombin Generation Assay
(TGA), a useful instrument in assessing bleeding risk, in differentiating bleeding

phenotypes (both in patients with inhibitors and those without).
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