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ABSTRACT
Background: Inhibitor development was hemophilia treatment major complication. Inhibitor disturbed clinical response to
replacement therapy affecting patient’s morbidity and quality of life. Its mechanism was multifactorial, that was patient-and
therapy- related. Genetic and inhibitor test weren’t done routinely and they were high-priced. Hence risk factor identification
was important to predict inhibitor development.
Aim: To know prevalence, socio-demographic and clinical characteristics and inhibitor FVIII development predictors in
haemophilia A patients.
Method: This was a cross-sectional observational descriptive research in adult haemophilia A patients in Medical Oncology
and Haematology dr. Soetomo General Teaching Hospital Surabaya and its satellite hospital from May until August 2023. FVIII
inhibitor development predictors were disease degree, starting age of therapy, replacement therapy type and therapy
intensity. FVIIl inhibitor level was determined using Bethesda assay.
Result: Out of 30 subjects, inhibitor prevalence was 16,7%. Its median was 5,3 BU. The mean age was 31 years old and 97%
of the subjects were male, 40%, 54% and 7% of the subjects were mild, moderate and severe haemophilia, respectively. FVIII
inhibitor was detected in all severe haemophilia subjects, 25% subject was given first therapy when they were < 18 years old,
20% subject was given recombinant type and 24% subject had once a week injection.
Conclusion: FVIIl inhibitor prevalence was 16,7%. Positive FVIII inhibitor was frequently found in severe haemophilia, starting
age of therapy was < 18 years old, recombinant type therapy and had once a week injection.
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INTRODUCTION

Hemophilia A is a coagulation disorder caused by a deficiency or dysfunction of factor VIII (F8), which is inherited
in an X-linked recessive manner through the X chromosome (X").%? In 2020, the World Federation of Hemophilia
(WFH) reported 209,614 hemophilia patients worldwide, 161,379 of whom had hemophilia A, while in Indonesia
alone there were 2,334 patients with hemophilia A.2 One of the severe complications in patients with hemophilia
Ais the development of neutralizing alloantibodies, or inhibitors, against clotting factors—in this case, F8—which
frequently occurs in patients with severe disease, thereby affecting their morbidity and quality of life.* The
incidence of inhibitor development is 2-3%, or approximately 14.7 per 1,000 person-years.> Factors contributing
to the development of F8 inhibitors include the type of genetic mutation, the severity of hemophilia, a younger
age at the time of hemophilia diagnosis and initiation of replacement therapy, and higher and more frequent
doses of F8; however, the type of replacement therapy—whether plasma concentrate or recombinant—does
not influence inhibitor development.®° Therefore, inhibitor development is a significant challenge in the
treatment of patients with hemophilia, making management more difficult and resulting in higher morbidity and
increased costs.”

F8 inhibitor is a polyclonal 1gG antibody with high affinity for FVIII that is functionally capable of neutralizing F8
activity. Patients with hemophilia A who receive F8 replacement therapy recognize F8 as an antigen and
consequently produce antibodies that act as inhibitors.? The inhibitor recognizes F8 epitopes and neutralizes F8
by preventing its interaction with von Willebrand factor (vWF), thrombin, and factor Xa; consequently, F8 is not
protected from proteolysis and cannot be activated.!! Meanwhile, F8 inhibitor level testing is not routinely
performed in Indonesia due to limited facilities, the time-consuming nature of the testing, and the relatively high
cost.2 Because recurrent bleeding often occurs—particularly in the joints—leading to inflammation, measuring
F8 inhibitor levels is necessary to prevent severe complications such as joint deformities and functional
impairment.3
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This study focuses on the profile of inhibitor development, whicﬁ"haélbeen _rarely reported in Indonesia—
particularly in Surabaya—among adult patients. Therefore, this study aims to. descrlbethe proflle of F8 inhibitor
development in patients with hemophilia A in Surabaya. —

METHOD

This study is a cross-sectional study conducted at dr. Soetomo General Teaching Hospital Surabaya and affiliated
hospitals in Surabaya, Indonesia, from May to August 2023. The objective of this study is to describe the profile
of F8 inhibitor development in patients with hemophilia A. The study protocol follows the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

This study was approved by the dr. Soetomo General Teaching Hospital Surabaya Ethics Committee (approval
number: 0642/KEPK/IV/2023) and the Health Research Ethics Committee of the Faculty of Medicine, Universitas
Airlangga, Surabaya, Indonesia (approval number: 70/EC/KEPK/FKUA/2023). This study was conducted in
accordance with the Declaration of Helsinki.

Participants were recruited using total sampling, in which all patients with hemophilia A who met the inclusion
criteria and did not meet the exclusion criteria were included in the study. The minimum sample size was 26
participants. Inclusion criteria include patients aged 18 years or older who have been diagnosed with hemophilia.
Exclusion criteria are patients currently experiencing acute bleeding and those unwilling to participate in this
study.

Authors collected data on demographics, family history, comorbidities, clinical manifestations, Body Mass Index
(BMI), and inhibitor levels. The research instrument was a data collection form; F8 inhibitor levels were measured
using the Bethesda assay. These measurements were performed in the Clinical Pathology laboratory in dr.
Soetomo General Teaching Hospital Surabaya. An F8 inhibitor is considered positive if an inhibitor is detected
during testing. Hemophilia is classified as severe if the F8 level is < 0.01 IU/mL (<1%), moderate if it is 0.01-0.05
IU/mL (1-5%), and mild if it is > 0.05 IU/mL (>5%).

Statistical analysis was performed using IBM SPSS Statistics for Mac 27.0 (IBM Corp., Armond, NY, USA).
Descriptive statistics will be presented in tables showing frequencies, percentages, and medians.

RESULTS

The demographic data are presented in Table 1. Of the 30 participants, there was 1 female patient, and the
majority of patients resided in Surabaya. All participants experienced bleeding episodes, with the majority
experiencing joint bleeding (63%); the median age at the first bleeding episode was 3 years. A total of 2
participants (7%) had severe hemophilia. Most participants received F8 replacement therapy once a week (70%),
and 25 participants (83%) received plasma-derived therapy (Table 2).

Table 1. Sociodemographic Characteristics of the Study Participants

Characteristics Frequency (Total: 30)
Sex
Male 29 (97)
Female 1(3)
Age (year), mean (range) 31 (17-52)
< 31years 16 (53)
> 31 years 14 (47)
Education, n (%)
Elementary school 1(3)
Secondary school 5(17)
High school 12 (40)

Diploma or bachelor 12 (40)
Occupation, n (%)

Student 5(16)

Working 23 (77)

Unemployed 2(7)
Marriage status, n (%)

Married 16 (53)

Unmarried 14 (47)
Residence, n (%)

Surabaya 16 (53)

Outside of Surabaya 14 (47)
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Table 2. Clinical Characteristics of the Study Participants

Characteristics

Frequency

Hemophilia Severity, n (%)

(Total:30)

Mild 12 (40) R
Moderate 16 (53)
Severe 2(7)
Age at First Bleeding, n (%)
<1year 8(27)
>1year 22 (73)
Median (range) 3 (0.08-35)
Type of Bleeding, n (%)
Joint 19 (63)
Other than joint 11 (37)
BMI, n (%)
Underweight 4 (13)
Normal 15 (50)
Overweight 7 (24)
Obesity 4 (13)
Age at which Replacement Therapy was First Initiated, n (%)
<18 years 16 (53)
> 18 years 14 (47)
Median (range) 18 (2-35)
Frequency of F8 Replacement Therapy Administration, n (%)
Once a week 21 (70)
Twice a week 9 (30)
Type of F8 Replacement Therapy, n (%)
Plasma derived 25 (83)
Recombinant 5(17)
BMI: Body Mass Index; F8: factor VIII
Table 3. Profile of Factor VIII Inhibitor Levels
Inhibitor F8, n (%) Frequency
Positive 5(16,7)
Negative 25 (83,3)
Median inhibitor, BU (range) 5,3 (1,3-7,0)
Total 30 (100)
F8: factor VIII
Table 5.4 Profile of Factors of Factor VIl Inhibitor Development
Inhibitor

Clinical Characteristics

Positive (n=5)

Negative (n=25)

Hemophilia Severity, n (%)
Mild
Moderate
Severe

Age at which Replacement Therapy was First Initiated, n (%)

< 18 years
> 18 years
Median (range)

Frequency of F8 Replacement Therapy Administration, n (%)

Once a week
Twice a week

Type of F8 Replacement Therapy, n (%)

Plasma derived
Recombinant

0
3 (60)
2 (40)

4 (80)
1(20)
12 (3-28)

5 (100)
0

4 (80)
1(20)

12 (48)
13 (52)
22 (2-35)

16 (64)
9 (36)

21 (84)
4(16)

F8: factor VIII
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Of the 30 participants, 5 (16.7%) had positive F8 inhibitor levels, with a média.n_ F8 inhibitor level of 5.3 Bethesda
units (BU) (Table 3). Three participants with positive inhibitor levels had moderate hemophilia, and the rest had
severe hemophilia. All participants with positive inhibitor levels received weekly F8 replacement therapy, with
plasma-derived F8 being the most common type of replacement therapy (Table 4).

DISCUSSION

The development of F8 inhibitors in patients with hemophilia A is a major concern that exacerbates their
condition. F8 inhibitors trigger a domino effect on patients’ quality of life. Patients often experience frequent
bleeding, arthropathy, and disability. Furthermore, treatment costs also become more expensive(14,15). In this
study, 16.7% of subjects tested positive for inhibitors, and all patients with severe hemophilia A were positive.
Several previous studies have reported similar findings. Approximately 10-15% of patients with hemophilia A
have positive inhibitor levels.’*28 Severe hemophilia A occurs in 9.5 cases per 100,000 male births. The most
common cause of severe hemophilia A is an inversion of intron 22 in the X-linked F8 gene.?®?° This mutation
results in the absence of F8 in the blood, which can lead to inhibitor development.®

This study reports that the majority of participants who were under 18 years of age when they began
replacement therapy had F8 inhibitors. Several other studies have also reported that the majority of patients
with hemophilia A who have inhibitors received their first exposure to F8 during childhood. Previous studies have
indicated that receiving replacement therapy for the first time before the age of 12 months is one of the factors
contributing to inhibitor development.®1221-23 |nternationally, a cohort study of more than 1,000 previously
untreated patients showed that the median age at first exposure to F8 was 1.1 years, with 99.3% receiving their
first exposure within 75 days.?> Meanwhile, none of the participants in this study were younger than 2 years old
at the time of their first replacement therapy (the earliest being 18 months). However, this cannot be confirmed
with certainty because the participants underwent their first inhibitor screening only during the course of this
study. This situation is similar to that in China, where, due to economic constraints, F8 inhibitor screening is not
a routine test and medical resources are limited.*®

The higher proportion of patients who receive their first treatment before the age of 18 can be explained by
several factors. First, severe hemophilia A generally manifests clinically from an early age, usually in the form of
spontaneous bleeding in joints or soft tissues as soon as children become physically active, so that the diagnosis
and indication for replacement therapy are established as early as infancy or toddlerhood. Second, modern
management guidelines encourage the early initiation of prophylaxis in severe hemophilia to prevent joint
damage (hemophilic arthropathy) and improve long-term quality of life. Third, increased awareness among
families and healthcare providers regarding a family history of hemophilia allows for earlier screening and
diagnosis, even before major bleeding episodes occur. Conversely, the group that received their first therapy in
adulthood (218 years) likely consists of patients with milder or moderate hemophilia phenotypes, who did not
require routine replacement therapy from childhood and were only exposed to F8 upon experiencing trauma,
surgical procedures, or significant bleeding in adulthood; it may also reflect delayed access to diagnosis and
comprehensive hemophilia care, particularly in areas with limited screening facilities, as also described in the
context of hemophilia care in Indonesia.*??*

Differences in the age of first exposure are related to the maturity of the immune system and the immunological
context at the time exogenous F8 is first recognized as a foreign antigen. In infants and young children, the
adaptive immune system, which is not yet fully mature, is often more prone to mounting a strong immune
response to exogenous F8 if the first exposure occurs concurrently with danger signals such as infection,
inflammation, vaccination, or invasive procedures. Furthermore, patients with severe F8 gene mutations, such
as intron 22 inversion, large deletions, or nonsense mutations, tend not to produce any endogenous F8 protein
at all; consequently, exogenous F8 is fully recognized as a foreign neoantigen from the very first exposure, which
typically occurs at an early age due to their severe hemophilia phenotype. Conversely, in patients who are first
exposed as adults, the immune response to FVIII is more frequently triggered by short-term, intensive exposure,
such as surgery, which acts as the primary trigger, regardless of the maturity of the immune system in
question.?*?> Furthermore, inhibitors also form due to the breakdown of previously established tolerance.
Patients experience a longer “exposure period” to replacement therapy.?®

Several studies have reported the use of low-frequency F8 replacement regimens, particularly in countries where
factor concentrates are available. Toure et al.,?’ in a three-year prospective study in Senegal, found that low-
dose F8 prophylaxis administered once or twice a week reduced the annualized bleeding rate (ABR) from 7.53 to
1.33 and decreased joint bleeding from 3.6 to 1.4 episodes per year. A study reported that in eastern India, the
implementation of very low-dose prophylaxis—administered once weekly (15 IU/kg)—in children with severe
hemophilia A resulted in a significant reduction in the ABR from 23.73 to 1.87 events per year (p < 0.001). The
prevalence of once-weekly dosing is most likely due to limited access to and the cost of F8 concentrate, which
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remain major challenges in developing countries. In addition to cost cohs"iderations once-weekly dosing also
reduces the frequency of hospitalizations, thereby potentially improving adherence to Iong term therapy, as
demonstrated by improved quality-of-life scores.?

The frequency of F8 replacement therapy is essentially determined by the need to mamtaln sufficient F8 activity
over a specific period. F8 products with a standard half-life are generally eliminated from. the circulation more
quickly, so they conventionally require administration two to three times per week. In contrast, F8 products with
an extended half-life (EHL) allow factor levels to be maintained for longer periods and extend the dosing intervals.
The World Federation of Hemophilia states that the frequency of therapy can be adjusted based on individual
pharmacokinetics, F8 levels, bleeding patterns, physical activity, age, and treatment goals. Once-weekly
administration does not necessarily imply lower treatment intensity but may reflect the use of a product with a
longer half-life or an individually tailored treatment strategy.’

The discovery of F8 replacement therapy for patients with hemophilia A is significant because it can improve
patients’ quality of life. The administration of plasma-derived therapies carries a lower risk of inhibitor
development. Various studies have reported that inhibitor development frequently occurs in patients receiving
recombinant therapy.?>3° However, this was not the case in this study. As many as 80% of participants with
inhibitors were recipients of plasma-derived replacement therapy. There have been cases in Europe of previously
treated patients (PTPs) receiving plasma-derived therapy who developed inhibitors. The cause is that these
plasma-derived products undergo a prolonged pasteurization process for viral inactivation, resulting in structural
changes to F8 and the development of neo-immunogenicity.3! The involvement of immune responses, such as
human leukocyte antigens and proteins like cytokines, is one of the causes of inhibitor development. Plasma-
derived products can induce tolerance in patients with hemophilia A as an immunomodulator.3?

This study is a descriptive study aimed at identifying the factors contributing to the development of FVIII
inhibitors in patients with hemophilia A, namely the severity of hemophilia, age at the start of FVIII therapy, type
of replacement therapy, and treatment intensity. The most ideal design for a study on this topic would be a
prospective cohort study; however, this design was not feasible due to time and resource constraints. In addition
to a prospective cohort study, a case-control study could also have been conducted; however, this design could
not be implemented due to limitations in the study population. This study did not include other predictors of
inhibitor development, such as gene mutations; therefore, the researchers could not account for them as
potential predictors influencing the risk of inhibitor development.

CONCLUSION

Only a small proportion of patients with hemophilia A have F8 inhibitors. All patients with severe hemophilia A,
most patients who received replacement therapy before the age of 18, most patients who received plasma-
derived replacement therapy, and most patients who received replacement therapy once a week have F8
inhibitors. This serves as a reminder to clinicians and policymakers to pay closer attention to the health of
hemophilia patients who are living longer, as they still frequently experience bleeding episodes, especially those
living in areas far from tertiary care centers.
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