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EDITORIAL

A new edition, towards better clinical care in hemostasis
and thrombosis

Una nueva entrega, hacia una mejor atencion clinica en
hemostasia y thrombosis

Cristina Duboscq’? and Joan C. Reverter®#*

'Grupo Cooperativo Latinoamericano de Hemostasia y Trombosis (CLAHT), Montevideo, Uruguay; ?Hospital Britanico de Buenos Aires, Buenos
Aires, Argentina; *Sociedad Espariola de Trombosis y Hemostasia (SETH), Madrid, Esparia; “Hospital Clinic, Barcelona, Esparia

In this second issue of the journal, continuing with
the assumed editorial line, we proceed with the dissem-
ination of advances in the various fields of interest,
prioritizing those with clinical impact or those that rep-
resent advances in the knowledge of the physiology or
pathology of coagulation in its broadest sense.

This issue publishes a Latin American consensus on
hemophilia, which addresses the gaps in the treatment
and follow-up of patients with hemophilia in Latin
America. It highlights the importance of international
cooperation and the need to adapt to the health reali-
ties of each Latin American country, where the disparity
in resources and access to treatment makes the har-
monization of action protocols very complex. Employing
Delphi methodology, this document establishes a total
of 16 key recommendations, addressing everything
from the need to improve access to specialized labo-
ratories to the implementation of prophylactic and
replacement therapies, highlighting the role of technol-
ogy in monitoring joint status through ultrasound.
Furthermore, continuing with hemorrhagic diseases, a
clinical case on hemophilic pseudotumor complicated
by femoral fracture is presented, reflecting the com-
plexity of these complications of the disease. This work
shows the importance of a multidisciplinary approach
that combines the treatment of hemostasis with surgery
and functional rehabilitation.
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For its part, antithrombotic treatment continues to
have limitations and complications, and the arrival of
new generations of drugs with a better balance between
safety and efficacy is still awaited. This issue reviews
inhibitors targeting factor XlI or activated factor XI,
which are currently the most promising strategy. This
review article discusses the mechanisms of action of
these drugs, the currently available results, and ongo-
ing clinical trials. These new drugs have demonstrated
in preclinical and clinical studies their ability to reduce
thrombotic risk with a better hemorrhagic profile than
the current ones, representing an advance in the safety
profile of anticoagulant therapy. In parallel, a real-world
study on secondary prevention of thrombosis with
direct oral anticoagulants conducted in Zaragoza
(Spain) is also presented. This descriptive, observa-
tional, single-center, longitudinal, and retrospective
study analyzes its safety and efficacy profile in a real-
world setting. It analyzes the influence of risk factors
that influence the choice of therapy and the results and
complications of treatment.

This issue also publishes a study in the innovative
field of artificial intelligence, in this case used as a tool
for the comparative analysis of the safety and efficacy
profile of treatment with pegylated factor VIII con-
centrates. This work shows how artificial intelli-
gence can complement the usual methods of evaluating
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treatments in the absence of direct comparative studies
and how it can mitigate, although not completely elim-
inate, some of the limitations of adjusted matched indi-
rect comparisons.

The image of the quarter in this issue shows the trac-
ing corresponding to a thromboelastometry in a patient
with hyperfibrinolysis. The image shows the different
thromboelastometry records in a patient with fulminant
hyperfibrinolysis, highlighting the role of this methodol-
ogy for the early detection of these disorders.

Finally, we want to highlight the cover of this second
issue, which corresponds to a work on women carriers
of hemophilia that has been awarded at the recent
EAHAD (European Association for Haemophilia and
Allied Disorders) congress. It develops informative mate-
rials adapted to the different stages of a woman'’s life as
a hemophilia carrier. These materials can be accessed
on the cover via the QR codes that appear there.

Cristina Duboscq (CLAHT) and Joan C. Reverter (SETH)
Editors-in-Chief
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Abstract

Hemophilia is an inherited bleeding disorder linked to the X chromosome, which is classified into type A and type B. This
Latin American consensus addresses the gaps in the treatment and follow-up of patients with this disease in the region,
aligning local needs with international recommendations. Nominal group and the modified Delphi Panel methodologies were
used to reach consensus on 16 key recommendations, including the use of ultrasound for joint monitoring, access to spe-
cialized laboratories, patient registries, and the implementation of prophylactic and replacement therapies. Additionally, the
importance of multidisciplinary teams, continuous training, and robust public policies is highlighted to improve the compre-
hensive care of patients with hemophilia in Latin America.

Keywords: Hemophilia. Consensus. Latin America. Ultrasound. Prophylaxis. Multidisciplinary team. Public policies. Patient registry.
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Resumen

La hemofilia es un trastorno hemorrdgico hereditario ligado al cromosoma X, que se clasifica en tipo A y tipo B. Este consenso
latinoamericano aborda las brechas en el tratamiento y el seguimiento de pacientes con esta enfermedad en la region,
alineando las necesidades locales con las recomendaciones internacionales. Se utilizaron las metodologias de grupos
nominales y Panel Delphi modificado para alcanzar consenso en 16 recomendaciones clave, que incluyen el uso del ultra-
sonido para el monitoreo articular, el acceso a laboratorios especializados, el registro de pacientes y la implementacion de
terapias profildcticas y de reemplazo. Ademds, se destaca la importancia de los equipos multidisciplinarios, la formacion
continua y las politicas publicas robustas para mejorar la atencion integral de los pacientes con hemofilia en Latinoamérica.

Palabras clave: Hemofilia. Consenso. Latinoamérica. Ultrasonido. Profilaxis. Equipos multidisciplinarios. Politicas publicas.

Registro de pacientes.

Introduction

Hemophilia is a severe bleeding disorder of genetic
origin, characterized by a recessive inheritance pattern
linked to the X chromosome. Among congenital coa-
gulopathies, it is the second most frequent; it is esti-
mated that up to 70% of hemophilia cases are genetic,
while the remaining 30% are due to de novo muta-
tions'. Hemophilia is categorized into hemophilia A and
B based on the deficient clotting factor, factor VIII or
factor I1X, respectively'. Individuals with hemophilia
experience spontaneous bleeding or prolonged trau-
matic bleeding episodes in any part of the body, with
muscular and joint bleeding being the hallmark of the
disease?.

Throughout the years, the prevalence of hemophilia
A has been estimated at 1 in 5,000 to 10,000 men,
while hemophilia B affects 1 in 30,000 to 60,000 men?.
The prevalence of hemophilia depends on life expec-
tancy and access to treatment for affected individuals.
Although, ideally, all hemophilia patients should be sys-
tematically registered and followed up in national health
centers, this is not the case in more than 50% of coun-
tries*5. A key study in this regard was conducted by
Soucie et al.® in 1998, which identified a prevalence of
13.4 per 100,000 men for both types of hemophilia, with
10.5 for hemophilia A and 2.9 for hemophilia B.

In 2019, lorio et al.” demonstrated that the current
and birth prevalence of hemophilia exceeds these figu-
res, with an estimated prevalence of 17.1 per 100,000
men for hemophilia A and 3.8 per 100,000 men for
hemophilia B. Considering the global population in
2019 was 7.5 billion (3.8 billion men), there would be
approximately 1,125,000 men with hemophilia, of whom
418,000 would have the severe form of the disease.
These estimates were based on data from hemophilia
patients in 6 developed countries and the male popu-
lations of those nations.

The treatment of hemophilia primarily focuses on
prophylaxis, aiming to prevent joint bleeding and the-
reby avoid or delay joint damage®.

In Latin America, significant gaps hinder timely and
adequate access to treatment and follow-up regimens
recommended by the World Federation of Hemophilia
(WFH). These include the lack of multidisciplinary spe-
cialist teams, government-supported hemophilia treat-
ment centers, and organized systems for continuing
medical education. Additionally, timely and accurate
diagnosis is often lacking, deficient, or delayed. Another
major barrier is the high cost of recommended treat-
ments, compounded by the lack of awareness among
national health leaders, resulting in insufficient budgets
and suboptimal care for hemophilia patients.

The goal of this consensus is to align the needs and

realities of Latin America with international
recommendations.
Method

This Latin American consensus of expert recommen-
dations was developed in 2 different stages. Stage #1
involved in-person meetings using the nominal group
technique to identify priority topics related to hemophi-
lia in each country. These topics were organized into 3
broad groups, and participants joined the group of their
interest. This process identified a total of 16 topics
requiring consensus. Stage #2 was conducted virtually,
where each group discussed and gathered scientific
evidence to support the recommendations from the first
stage. The work of all groups was integrated, resulting
in 16 recommendations, which were shared with all
participants for review.

Subsequently, a modified Delphi panel methodology
was used to vote on the recommendations. A scale of 1
to 6 was used, where 1 indicated complete agreement,
2 agreement with minor reservations, 3 agreement with
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major reservations, 4 disagreement with minor reserva-
tions, 5 disagreement with major reservations, and 6
complete disagreement. Consensus was defined as at
least 75% agreement (combining scores of 1, 2, and 3).
In the first voting round, 22 participants responded,
and all recommendations reached the agreed consen-
sus. Of the 16 recommendations, 14 achieved 100%
agreement, and the remaining 2 achieved 95%.

Laboratory and imaging, data, follow-up,
access to clinical trials, and technology

Recommendation 1. Ultrasound is a useful tool and
should be performed for all hemophilia patients to:

— Monitor joint health and detect subclinical bleeding.
— Manage bleeding events to ensure proper treatment.
— Perform procedures such as joint aspiration.

Agreement level: 85.71% completely agree, 4.76%
agree with minor reservations, 4.76% agree with major
reservations, 4.76% disagree with minor reservations.

Recommendation 2. We recommend training at least
one member of the multidisciplinary team in ultrasound
at each treatment center.

Agreement level: 95.45% completely agree, 4.55%
agree with minor reservations.

Recommendation 3. All patients should have access
to a treatment center with a laboratory capable of per-
forming basic coagulation tests and diagnosing hemo-
philia A and B, including inhibitor and pharmacokinetic
studies. Specific monitoring methods are recommen-
ded for extended half-life and non-replacement
therapies.

Agreement level: 86.36% completely agree, 9.09%
agree with minor reservations, 4.55% agree with major
reservations.

Recommendation 4. Every country should have
access to genetic testing to provide counseling to
patients and their families.

Agreement level: 81.82% completely agree, 18.18%
agree with minor reservations.

Recommendation 5. Every country should main-
tain an updated annual registry of carriers and indi-
viduals with hemophilia, including data such as
hemophilia type, date of birth, sex, severity, inhibi-
tors, treatment type, and deceased status. When
possible, the number of bleeding episodes should
also be included.

Agreement level: 90.91% completely agree, 9.09%
agree with minor reservations.

Recommendation 6. Government authorities should
facilitate the development of clinical studies on hemo-
philia, preferably through collaborative efforts.

Agreement level: 90.91% completely agree, 9.09%
agree with minor reservations.

Recommendation 7. We recommend using technolo-
gical tools to facilitate education, reporting, manage-
ment, and follow-up of hemophilia patients. Treatment
centers should promote their implementation.

Agreement level: 86.36% completely agree, 13.64%
agree with minor reservations.

Discussion

The systematic use of ultrasound in hemophilia
patients has been highly valuable. Its utility lies in two
main objectives:

— Diagnosing acute bleeding events, whether joint or
muscular (without delaying hemostatic therapy), and
monitoring treatment effectiveness and duration®'".

— Early detection of joint damage through systematic
use during consultations (point of care)’>®,
Compared to magnetic resonance imaging (MRI)'6,

the gold standard, ultrasound offers similar diagnostic
capabilities with advantages such as lower cost, no
need for sedation in children, rapid assessment, ability
to evaluate multiple joints during a single consultation,
portability, and the ability to be performed by
non-radiologists, depending on national regula-
tions'>1517 These benefits enable clinicians to inter-
vene early in patient management, such as optimizing
primary prophylaxis'®.

The expert group believes that every hemophilia cen-
ter should have, at least, 1 professional trained in point-
of-care ultrasound.

Training, at least, 1 multidisciplinary team member in
ultrasound is essential for diagnosing bleeding and joint
health, ensuring appropriate clinical management in
hemophilia'. This professional should undergo certi-
fied training programs, either in-person or virtual, to
acquire imaging diagnostic skills, including for pediatric
patients'>19-21,

Allindividuals with hemophilia should have access to
laboratory studies for diagnosis and monitoring, inclu-
ding inhibitor testing®?.

Traditional 1-stage assays for measuring factor V|
and IX levels remain fundamental, though they have
diagnostic limitations in certain cases and challenges
in monitoring new therapies. Therefore, combining one-
stage assays with chromogenic (or two-stage) assays
is recommended for more accurate evaluation®-25,
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A multidisciplinary approach, including pharmacoki-
netic studies, is important for monitoring therapeutic
response and personalizing treatment?S,

For hemophilia A patients on non-replacement the-
rapy, a chromogenic factor VIl assay containing bovine
factor X is recommended?*®.

Genetic evaluation of hemophilia is useful for pre-
dicting inhibitor risk, identifying female carriers, and
offering prenatal diagnosis, including informed repro-
ductive decision-making, in full compliance with natio-
nal legislation®>27,

Genetic diagnostic laboratories should follow strict
protocols, including proper classification systems,
accreditation, and quality control®2. Genetic counseling,
initiated with informed consent, is an essential compo-
nent of comprehensive hemophilia care for affected
individuals and their families®>27:28,

Each country should maintain a registry of hemophi-
lia patients and other congenital coagulopathies, inclu-
ding female carriers with factor VIl or IX levels < 50 1U/
dL, who exhibit symptoms similar to mild hemophilia in
men?2. This registry serves as a lobbying tool for health
authorities and insurers to improve therapies, treatment
centers, and healthc are teams, ultimately enhancing
patient access to comprehensive care?.

Registries can be managed by a hematologist, nurse
coordinator, or registry manager as part of the patient
care team?>%,

Registries can be web-based, in Microsoft Access, or
Excel, with treatment centers having access to update
information. Biannual updates are suggested®'.

Research in hemophilia documents the natural his-
tory of the disease, tests new therapies, compares
treatments, documents outcomes, and informs cost-re-
lated decisions?®?.

Given hemophilia’s rarity, national and international
collaboration in research should be encouraged??. This
is supported by international guidelines promoting
research as a core function of comprehensive care
Centers4,22,28,32,33_

Accurate documentation of bleeding events and
home treatment administration is crucial for evalua-
ting treatment efficacy, as treating physicians can
verify this information electronically during routine
clinical follow-ups®*. Over the years, electronic docu-
mentation tools, such as portable devices, have been
developed to address these issues, enabling closer
patient monitoring, better care outcomes, faster reso-
lution of therapy administration problems, and impro-
ved adherence®:¢,

Recent studies show that health applications collec-
ting data via mobile or wearable devices for real-time
interventions have greater potential to optimize hemo-
philia patient care®’.

Access to treatment, prophylaxis, and
new therapies

Recommendation 8. All patients in each country
diagnosed with hemophilia, with or without inhibitors,
should have lifelong access to treatment, including:

— Replacement therapy: plasma-derived, standard
half-life, and extended half-life recombinant
concentrates.

— Mimetic agents.

— Hemostasis rebalancing agents.

— Bridging agents for patients with inhibitors.
Agreement level: 90.91% completely agree, 9.09%

agree with minor reservations.

Recommendation 9. Prophylaxis with hemostatic
agents (replacement and non-replacement) should be
initiated early and remain the standard treatment throu-
ghout the lives of patients with severe hemophilia, with
or without inhibitors, and those with moderate or mild
hemophilia with a bleeding phenotype (patients with
more bleeding than expected for their factor level).

Agreement level: 95.45% completely agree, 4.55%
agree with minor reservations.

Recommendation 10. Since hemophilia is a chronic
disease requiring high-cost treatment, it is important to
include it in health budgets to ensure continuous and
appropriate treatment for all diagnosed patients.

Agreement level: 100% completely agree.

Recommendation 11. The inclusion of new therapies
in official drug lists should be timely, based on the best
available scientific evidence and pharmacoeconomic
justification.

Agreement level: 95.45% completely agree, 4.55%
agree with minor reservations.

Recommendation 12. The use of clinical and imaging
assessment tools is recommended to document, moni-
tor disease progression, and evaluate physical health
(joint health), functional capacity, activity levels, parti-
cipation, and health-related quality of life in hemophilia
patients.

Agreement level: 100% completely agree.

Discussion

The foundation of hemophilia treatment is to prevent
bleeding through long-term prophylaxis (prophylactic
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treatment) and to manage acute bleeding episodes

(episodic treatment) by replacing or supplementing clo-

tting factors®222638, The available treatment options for

hemophilia include®?28:

— Clotting factor concentrates for replacement therapy,
which can be plasma-derived or recombinant, with
standard or extended half-life. These are highly safe
and effective for treating and preventing bleeding;
however, their efficacy decreases with the develop-
ment of inhibitory antibodies, which is the main com-
plication, increasing bleeding episodes and reducing
the patient’s quality of life.

— Bridging therapies (activated prothrombin complex
concentrates and recombinant activated factor VII),
used for preventing and treating bleeding in hemo-
philia A or B patients with inhibitors.

— Bispecific antibody mimetics (e.g., emicizumab), a
subcutaneous prophylaxis option for hemophilia A
patients with or without inhibitors, offering extended
half-life and high efficacy in preventing bleeding
episodes.

Treatment decision-making is a challenging and mul-
tifactorial process to identify the most suitable option
for each patient. Important factors to consider include
the product’s efficacy, safety, quality, purity, and viral
inactivation. Additionally, the patient’s bleeding pheno-
type, joint status, and preferences must be evaluated
to improve hemostasis, effectively prevent joint blee-
ding, avoid or delay hemophilic arthropathy, and reduce
emergency Vvisits, hospitalizations, surgeries, and
school or work absenteeism??,

Scientific evidence demonstrates that prophylactic
treatment in hemophilia patients should begin early to
limit bleeding and reduce complications. It should be
maintained throughout life to achieve the goals of pro-
phylaxis, which are to maintain hemostasis and provide
a healthy, active life that allows participation in physical
and social activities®?, which contributes to improving
the results of joint health®*“5, Moreover, home-based
prophylactic treatment also improves therapeutic adhe-
rence and enhances patients’ quality of life®?.

As hemophilia is a rare, chronic, and high-cost
disease, its treatment, particularly prophylaxis, helps
prevent disease-related comorbidities and reduces
long-term treatment costs.

Despite recent advances, unmet needs persist, and
hemophilia patients continue to experience bleeding,
functional and joint deterioration, and acute and chronic
pain, even though evidence supports the cost-effecti-
veness of prophylactic treatments*6-5,

The expert group emphasizes the need for pharma-
coeconomic studies in all countries, considering not
only the product price but also the overall process
costs.

Suggested tools for evaluating hemophilia patients
include??5152;

— Physical examination tools:
e WFH Physical Examination
Score)°%%4,
- Pain assessment tools:
» Wong-Baker FACES Pain Rating Scale®%.
e Multidimensional ~ Pain  Questionnaire
Hemophilia®”.
— Disease and therapy efficacy assessment:

e Laboratory tests (inhibitor measurement and factor

titration).

e Annual bleeding rate.

— Tools for measuring body structure and function in
hemophilia patients:

¢ Hemophilia Joint Health Score (HJHS)>*+5859,

e Imaging modalitiess®®' using MRI®?,

sound'?83-65 and X-rays®®.
— Instruments for measuring activities and participation®’:

e Haemophilia Activities List (HAL)%7°,

o Pediatric Haemophilia Activities

(PedHAL)""-73,
¢ Functional Independence Score in Hemophilia
(FISH)™75,
— Health-related quality of life instruments:
o EuroQol-5D"678,
o SF-3679%0,

Score (Gilbert

for

ultra-

List

Multidisciplinary team, training, patient
association empowerment, clinical
guideline implementation, and public
policy strengthening

Recommendation 13. The core care team for hemo-
philia patients should include a pediatric hematologist,
a physical therapist nurse, and a psychosocial counse-
lor trained in hemophilia, with immediate access to a
specialized coagulation laboratory. A hemophilia center
must have a multidisciplinary team of specialists trai-
ned in hemophilia to ensure comprehensive care for
these patients.

Agreement level: 72.73% completely agree, 22.73%
agree with minor reservations, 4.55% agree with major
reservations.

Recommendation 14. Patient associations should
organize activities to manage resources for the
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comprehensive care of patients. Disease-specific trai-
ning should be provided by the health care team.

Agreement level: 81.82% completely agree, 9.09%
agree with minor reservations, 9.09% agree with major
reservations.

Recommendation 15. Every country should have a
treatment guideline, updated at least every 5 years, that
includes carriers and women with hemophilia.

Agreement level: 90.91% completely agree, 4.55%
agree with minor reservations, 4.55% disagree with
major reservations.

Recommendation 16. Treatment decisions should
include economic considerations and scientific advice
from the health care team or treating physician.

Agreement level: 81.82% completely agree, 9.09%
agree with minor reservations, 9.09% agree with major
reservations.

Discussion

Globally, the importance of comprehensive care for
hemophilia patients is recognized, addressing all medi-
cal and psychological aspects affecting patients and
their families. The primary goal is to enable patients to
lead daily lives like those without the disease, requiring
a positive and collaborative approach among health
care disciplines®'.

The WFH proposes a core team consisting of a medi-
cal director (typically a pediatric hematologist), a nurse
coordinator, a physical therapist, a laboratory specia-
list, and a psychosocial counselor, all specifically trai-
ned in hemophilia care. Patients with severe disease
or complications often require care from an extended
team of specialists®2.

Advancing the specialization of hemophilia care
teams, the multidisciplinary team could include specia-
lists in hematology and pediatrics, orthopedics and
physical therapy, dentistry and oral surgery, gyneco-
logy, genetic counseling, nursing, psychology and
social work, emergency care, clinical technology, and
clinical pharmacy?®'.

In many Latin American countries, disparities in
health care access are a significant challenge, often
exacerbated by socioeconomic inequalities. Education
and awareness initiatives are crucial to empower
patients and their families through workshops, semi-
nars, and informational campaigns.

Education and awareness initiatives are crucial for
empowering patients and their families through the
organization of workshops, seminars, and informational
campaigns to educate the public about specific health

conditions, treatment

measures.

Conflicts between patient groups and physicians can
arise from various sources, including differing expecta-
tions, communication failures, and disagreements over
treatment decisions. A study by Hullur et al.?? indicated
that dissatisfaction with treatment and disagreements
with doctors are common causes of conflict, often exa-
cerbated by long wait times and rushed consultations.
Understanding these conflicts is essential to fostering
a collaborative healthcare environment that prioritizes
patient-centered care. Proposed treatment plans should
be reconciled with patients and their families, while
taking into account the characteristics of each patient,
family, social environment, and drug availability.

Patient groups play a crucial role in improving health
care delivery, advocating for patient rights, and optimi-
zing health outcomes across various medical condi-
tions®. They are in an ideal position to provide
peer-centered education tailored to patients’ lived expe-
riences. This type of education often focuses on self-
care strategies, emotional support, and practical advice
that empower patients to take an active role in their
health care.

Health care professionals, on the other hand, are
responsible for providing evidence-based medical edu-
cation that includes clinical knowledge, treatment
options, and the management of specific health condi-
tions. This education often includes detailed explana-
tions of medical procedures, medication management,
and the implications of various treatment choices.

By recognizing the distinct roles of each group, heal-
thcare systems can foster a more collaborative and
effective educational environment that ultimately
enhances patient care and outcomes.

Clinical practice guidelines are essential for optimi-
zing patient care, based on systematic reviews of evi-
dence and assessments of treatment risks and
benefits®. Implementing guidelines for hemophilia
improves care quality, ensures evidence-based approa-
ches, and standardizes clinical practices. Benefits
include®+85;

— Uniformity and consistency: guidelines provide a
common framework for managing hemophilia, hel-
ping to standardize clinical practices and reduce va-
riations in patient care.

— Improved decision-making: evidence-based guideli-
nes offer up-to-date information on diagnosis, treat-
ment, and follow-up. This enables physicians to make
informed and personalized decisions, potentially im-
proving patient outcomes.

options, and preventive
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— Resource optimization: adhering to guidelines helps
prevent the inappropriate use of medical resources
and maximizes efficiency in patient care.

— Patient and caregiver education and empower-
ment: guidelines can also serve as an educational
tool for patients and their families, helping them un-
derstand hemophilia management and the importan-
ce of treatment adherence.

Studies evaluating the frequency of clinical practice
guideline updates indicate that they are revised every
1 to 5 years after the last publication, depending on
each institution’s policies® 7.

In many cases, regional treatment guidelines and
protocols are adaptations of international guidelines
individualized to the local context. Experts recommend
updating them at least every 5 years, depending on
new evidence that could introduce innovative therapies
into health care systems and improve patient care by
optimizing available resources. The latest WFH guide-
lines consider these aspects, recommending the pre-
paration of medical treatment protocols to ensure
continuity of care in case of changes in clinic
personnel??.

Another crucial aspect in enhancing hemophilia care
is incorporating health economics tools into disease
management. Cost analyses have shown that the seve-
rity of hemophilia is associated with a higher economic
burden?.

To overcome the limitations of conventional
cost-effectiveness analyses—where decision-making
is often influenced more by short-term budgetary
impact than by long-term cost-effectiveness ratios®—it
is essential to consider innovative health care access
models. These models include the role of pharmacoe-
conomics in drug acquisition processes, allowing for
the evaluation of new health technologies with the goal
of maximizing effective resource utilization while mini-
mizing budgetary impact.

Health technology assessment (HTA) is a systematic
and multidisciplinary process aimed at identifying, eva-
luating, and synthesizing all available scientific evi-
dence to support decision-making. This process applies
to drugs, medical devices, vaccines, procedures, and
services, guiding health policy decisions®-9'. The
following aspects are considered in HTA: characteriza-
tion of the specific health problem and current treat-
ment alternatives, description of the technology under
review, evidence on safety and clinical effectiveness
(comparative effectiveness), cost-effectiveness analy-
sis, budget impact analysis, ethical considerations, and
organizational, social, and legal aspects®.

Currently, some countries are implementing innova-
tive access models for certain health care products.
These models involve agreements between healthcare
technology manufacturers or producers and healthcare
funders or providers, facilitating access (coverage or
reimbursement) to health technologies under specific
conditions®. One example is risk-sharing agreements,
which link reimbursement or coverage to the real-world
performance of a medical technology.

Conclusions

Implementing hemophilia care guidelines and recom-
mendations contributes to more effective, safe, and
patient-centered care. Hemophilia experts in Latin
America are encouraged to collaborate, publish real-
world evidence, and make informed decisions to pro-
vide personalized care for individuals with this
condition.
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Abstract

Introduction: Venous thromboembolism (VTE) presents a significant clinical challenge, but there is currently a lack of evidence
in clinical practice in Spain. Objective: To evaluate the epidemiological, clinical, and biological characteristics of patients
treated with DOACs for secondary prevention of VTE. Material and methods: Descriptive, observational, single-centre,
longitudinal and retrospective study of a cohort of 118 patients diagnosed with VTE in sector lll of Zaragoza, who were
prescribed anticoagulant treatment with direct oral anticoagulants (DOACs) for secondary prevention, from February 2012 to
July 2024. Results: This study evaluated 118 patients, with 70 receiving rivaroxaban and 48 receiving apixaban. The mean
age of the patients was 60.2 years, with significant differences between the treatment groups (rivaroxaban: 59.4 years; apixa-
ban: 65.7 years; p = 0.0013). Additionally, 26.3% of patients had risk factors that justified the decision of suggesting anticoa-
gulant treatment. Observed complications included 0.8% of thrombotic events and 9.3% of bleeding events, with no
significant differences between groups. This analysis suggests that age and associated risk factors are determinants in the
secondary prevention of VTE. Conclusions: DOACs administered at secondary prevention doses in selected patients repre-
sent an effective and safe alternative for patients at high risk of rethrombosis.

Keywords: Secondary prevention. Venous thromboembolic disease. Deep vein thrombosis. Pulmonary embolism. Direct oral
anticoagulants. Risk factor.

Resumen

Introduccion: La tromboembolia venosa (TEV) es un desafio clinico significativo con escasa evidencia en la practica clinica
espariola. Objetivo: Evaluar las caracteristicas epidemioldgicas, clinicas y biolégicas de pacientes tratados con ACOD para
prevenir secundariamente la TEV. Material y métodos: Estudio descriptivo, observacional, unicéntrico, longitudinal y retros-
pectivo en una cohorte de 118 pacientes con TEV del sector Il de Zaragoza, tratados con anticoagulantes orales de accidon
directa (ACOD) para prevencion secundaria, entre febrero de 2012 y julio de 2024. Resultados: De los 118 pacientes, 70
recibieron rivaroxabdn y 48 apixaban. La edad media fue de 60,2 afios, con diferencias significativas entre los grupos (riva-
roxaban: 59,4 afios; apixaban: 65,7 afios; p = 0,0013). Un 26,3% presentaron factores de riesgo que justificaron el tratamiento
anticoagulante. Las complicaciones incluyeron un 0,8% de eventos trombdticos y un 9,3% de eventos hemorrdgicos, sin
diferencias significativas entre los grupos. La edad y los factores de riesgo son determinantes en la prevencion secundaria
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de la TEV. Conclusiones: Los ACOD en dosis de prevencion secundaria son una alternativa eficaz y segura en pacientes

con alto riesgo de retrombosis.

Palabras clave: Prevencion secundaria. Enfermedad tromboembdlica venosa. Trombosis venosa profunda. Embolia pulmonar.

Anticoagulantes orales de accion directa. Factor de riesgo.

Introduction

Venous thromboembolism (VTE) is a condition char-
acterized by the formation of a blood clot in the venous
or arterial circulation, disrupting normal blood flow and
causing various alterations depending on the type of
vessel occluded'. The main manifestations are deep
vein thrombosis (DVT) and pulmonary embolism (PE)?.

VTE is the most common acute cardiovascular con-
dition after myocardial infarction and stroke®. In Spain,
the incidence rate of DVT ranges between 53 and
162 cases per 100,000 inhabitants, while for PE, it
ranges between 39 and 115 cases per 100,000 inhabi-
tants*®. On the other hand, VTE is also associated with
a significant mortality rate, causing more than 370,000
deaths in six European countries®. In fact, nearly 20%
of patients with PE die within 30 days of diagnosis’.
Additionally, the incidence of VTE is associated with age,
being eight times higher in patients aged 80 compared
to those aged 50* Considering that the annual costs
associated with hospitalization, preventable expenses,
and indirect costs related to the disease are estimated
at 8.5 billion euros, it is expected that the burden of
these conditions will significantly increase in the coming
years for healthcare systems in the predominantly aging
populations of the European Union.

DVT typically originates in the valves of the distal
deep system of the lower limbs and can progressively
extend to the femoropopliteal and ilio-caval regions’.
Distal forms have less impact, while proximal forms
have greater clinical relevance and a higher rate of
complications. It can also occur in other areas, such as
the upper limbs, the spleno-portal axis, cerebral venous
sinuses, or the renal vein®. DVT causes partial or com-
plete occlusion of a vein by a thrombus in the extrem-
ities and can lead to the detachment of the thrombus
or clot, causing PE, infarction, or stroke'2%. Its diagno-
sis is based on pretest probability measured using
validated scales (Wells score), D-dimer levels, and
Doppler ultrasound% 0,

PE is the occlusion of the pulmonary artery lumen by
a thrombus formed in situ due to local damage or by a
thromboembolism originating from the deep venous
system of the lower extremities. The clinical presenta-
tion is heterogeneous, with symptoms such as dyspnea,

tachypnea, syncope, and hypotension, and there are
even cases of incidental, completely asymptomatic PE.
Similar to DVT, the diagnosis is based on clinical suspi-
cion and blood tests to evaluate D-dimer levels, requiring
confirmation with imaging, preferably computed tomog-
raphy angiography, although other methods such as
ventilation-perfusion scintigraphy or conventional angi-
ography can also be used'.

VTE is a multifactorial condition that occurs when
one or more predisposing factors coincide in an indi-
vidual: environmental factors and patient-related fac-
tors'. Risk factors can be divided into: 1) identifiable
or non-identifiable; 2) transient or permanent; and
3) hereditary or non-hereditary'?. Arterial and venous
thrombotic diseases are different expressions of the
same disease, so cardiovascular risk factors such as
obesity, smoking, dyslipidemia, hypertension, and dia-
betes mellitus can contribute to the event'1S,

Recurrent VTE is the formation of a thrombus at a
later time, regardless of the location of the previous epi-
sode, a phenomenon that occurs relatively frequently?.
The incidence of recurrent VTE does not seem to
depend on the clinical manifestations of the first event
but often occurs in the same clinical form as the initial
event. Additionally, recurrences are closely related to
the factor that caused the first episode. In one study,
the risk of recurrent VTE after DVT caused by an iden-
tifiable and transient risk factor, following the discontin-
uation of anticoagulation, was 3.3% per patient per year
up to 24 months'. The annual risk of recurrence in
cases of VTE with an unidentified risk factor after stop-
ping treatment is 10% within the first years and
increases to 50% at 10 years'®. These patients repre-
sent 25-30% of all VTE patients'®.

The treatment of VTE is based on early and ade-
quate anticoagulation, divided into three phases: acute
(5-21 days), initial (3-6 months), and extended
(> 6 months)"”'8, Anticoagulant therapy is adjusted
according to the type of event, its severity, and patient
characteristics. The primary phase lasts 3 to 6 months,
which is the minimum recommended duration. After
completing the initial treatment, the patient should be
reassessed to determine whether indefinite treatment
is needed to prevent future thrombotic events, i.e., sec-
ondary prevention. However, the initiation of treatment
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must always be conditioned by periodic reassessment
of thrombotic and hemorrhagic risk'®.

The 2020 American Society of Hematology (ASH)
clinical practice guidelines provide recommendations
for selecting patients who are eligible for secondary
prevention of recurrent thrombosis with extended anti-
coagulant therapy®. The criteria are based on identify-
ing patients with VTE without an identifiable risk factor
or with permanent risk factors, and in more difficult or
doubtful cases, additional methods such as prognostic
scales, D-dimer, or detection of residual venous throm-
bosis with ultrasound can be used, although these tools
should not be used systematically.

Currently, there is no recommendation in clinical
practice guidelines on which biological markers are
indicators of re-thrombosis, but they can help in deci-
sion-making, so their determination is part of the
thrombotic risk assessment of patients. D-dimer, a
marker of fibrinolysis, can help evaluate the risk of
recurrence along with another inflammatory marker
such as factor VIII2021,

Anticoagulant therapy can be administered inject-
ably with heparins or fondaparinux, or orally with vita-
min K antagonists (VKASs) or direct oral anticoagulants
(DOACs)'0-22,

Long-term treatment with VKAs is often associated
with significant limitations, such as the need for lab-
oratory monitoring of the International Normalized
Ratio (INR), which increases the complexity of thera-
peutic management?®. In contrast, DOACs represent
an improvement in the treatment of these patients due
to their rapid onset of action, favorable pharmacokinet-
ics, and predictable oral bioavailability, eliminating the
need for monitoring'®?4. Additionally, compared to
VKAs, DOACs have fewer interactions when adminis-
tered concomitantly with other drugs®. In fact, current
clinical practice guidelines recommend DOACs over
VKAs with a level of recommendation and evidence of
la for all phases of treatment'®:25-27,

In Spain, DOACs are only funded for stroke preven-
tion and systemic embolism in patients with non-valvu-
lar atrial fibrillation with one or more risk factors®, and
for VTE prophylaxis in elective hip or knee replacement
surgery?®. Consequently, access to these drugs for
patients with DVT or PE has been limited due to their
higher short-term cost compared to the therapeutic
alternative (VKAs)30-32,

Therefore, the objective of this study is to evaluate
the epidemiological, clinical, and biological character-
istics of patients treated with DOACs for secondary
prevention of VTE, to gain a better understanding of

their safety and effectiveness in routine clinical practice
in Spain.

Method
Study design

We conducted a descriptive, observational, sin-
gle-center, longitudinal, and retrospective study of a
cohort of 118 patients diagnosed with VTE in Sector llI
of Zaragoza who have an indication for anticoagulant
treatment as secondary prevention.

The list of patients, as well as epidemiological, clini-
cal, and biological data, were retrospectively obtained
from the electronic medical records of patients seen at
the Hospital Clinico Universitario Lozano Blesa in
Zaragoza (Spain), in the hemostasis and thrombosis
clinic of the hematology department. Data collection
period was from February 2012 through July 2024.

Authorization for the research was obtained from the
Sector Zaragoza Il through the center’s administration.

Study population

The study included 118 patients over 18 years of age
who had suffered VTE and were undergoing treatment
with DOACs for secondary prevention in Sector Il of
Zaragoza, with a minimum follow-up of 6 months and a
15-day window. Patients who initiated secondary pre-
vention treatment between February 2012 and December
2023 were included. Patients who refused anticoagulant
treatment and those with an identifiable VTE risk factor
or a causative pathology justifying other treatment or
its discontinuation were excluded.

Data collection

Data were collected from the database of the hemo-
stasis and thrombosis clinic of the hematology depart-
ment at the Hospital Clinico Universitario Lozano Blesa
in Zaragoza, Spain corresponding to Sector IIl of Aragon.
To preserve patient privacy, a pseudonymization pro-
cess was implemented, replacing identifiable information
with unique codes so that the data could not be directly
linked to specific individuals without additional informa-
tion. The data were stored in a secure environment, and
only authorized personnel had access to the pseud-
onymization key. Additionally, all regulations established
by the General Data Protection Regulation of the
European Union were followed to ensure the protection
and privacy of personal data.
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Table 1. Description of sociodemographic variables according to the type of treatment received in secondary

prevention

Crane T s ||y

Age (years) at which thrombosis occurred

Mean (SD) 65.67 (15.61)
Valid n 48
Age groups (years)
<40 3 (6.3%)
40-49 7 (14.6%)
50-59 5(10.4%)
60-69 8 (16.7%)
70-79 15 (31.3%)
>80 10 (20.8%)
Valid n 48
Sex, n (%)
Male 26 (54.2%)
Female 22 (45.8%)

SD: standard deviation.

Data analysis

In the statistical analysis, the mean and standard
deviation were used to present quantitative variables,
and percentages were used for qualitative variables.
The chi-square test was used to compare categorical
variables, and the non-parametric Mann-Whitney test
was used to compare continuous variables. The statis-
tical analysis was performed using SAS Enterprise
Guide, version 7.15 (SAS Institute, Cary, NC, USA). The
significance level was set at p < 0.05 for all cases.

Results
Sociodemographic characteristics

Between February 2012 and July 2024, 118 patients
meeting the inclusion criteria were evaluated, of whom
70 were treated with rivaroxaban and 48 with apix-
aban, both drugs aimed at secondary prevention of
VTE. Table 1 summarizes the sociodemographic char-
acteristics of the study population. The mean age was
60.2 (+ 16.3) years, with a significant difference
between treatment groups, being lower in patients
treated with rivaroxaban (59.4 + 15.7 years) than in
those treated with apixaban (65.67 + 15.6 years)
(p = 0.0013). Additionally, when considering age
ranges, most patients treated with rivaroxaban were
between 60 and 69 years old (35.7%), compared to
16.7% in the apixaban group (p = 0.0015). Of the
included patients, 62.7% were men, with no statisti-
cally significant differences between the groups in
terms of sex (p = 0.1119).

56.39 (15.72) 60.16 (16.27) 0.0013
70 1118
48 11 (15.7%) 0.0015
48 7(10.0%)
48 15 (21.4%)
48 25 (35.7%)
48 8 (11.4%)
48 4 (5.7%)
70 118
48 48 (68.6%) 0.1119
48 22 (31.4%)

Risk factors

Figure 1 shows the reasons for choosing the type of
treatment for secondary prevention, with the following
distributions: 33.1% of patients had recurrent thrombo-
sis, 24.5% had proximal DVT, 19.5% had isolated PE,
and 16.1% had DVT + PE concurrently. Portal throm-
bosis and DVT + unusual thrombosis were less fre-
quent (4.2% and 2.5%, respectively).

Regarding treatment groups, 40% of patients with
recurrent thrombosis were treated with rivaroxaban,
and 22.9% with apixaban. In the case of PE, apixaban
was administered more frequently to 37.5% of patients,
while rivaroxaban was administered to 7.1%. For portal
thrombosis, all patients received rivaroxaban (7.1%). For
unusual DVT and unusual thrombosis, the distribution
was similar: 2.9% of patients were treated with rivarox-
aban, and 2.1% with apixaban. Similarly, in cases of
DVT + PE, 14.3% of patients were treated with rivarox-
aban, while 18.8% received apixaban. For proximal
DVT, most patients were treated with rivaroxaban, while
18.8% received apixaban.

The statistical analyses performed were significant
for the treatment groups. Among the baseline charac-
teristics of the patients, more patients treated with apix-
aban had PE (37.5%), while only 7.1% of the rivaroxaban
group had PE (p = 0.0008); the selection of the drug
was based on routine clinical practice.

On the other hand, 64.6% of patients did not have any
type of thrombophilia, and no significant differences
were found in the presence of thrombophilia between
the two groups (p = 0.6895). Genetic thrombophilia was
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Figure 1. Type of event according to the type of
treatment received.

the most common type (55.2%). There were 5 patients
with plasma thrombophilia (17.2%), 4 patients with
genetic and plasma thrombophilia (13.8%), 3 patients
with acquired thrombophilia (10.3%), and 1 patient with
genetic and acquired thrombophilia (3.4%).

A total of 26.3% of the sample had a risk factor that
favored the decision to maintain anticoagulant treat-
ment beyond 6 months. Among these, systemic dis-
ease was the most frequent clinical situation (51.6%).
However, a difference was observed between the treat-
ment groups, as 46.7% of patients treated with rivarox-
aban had cirrhosis, compared to 0% with apixaban, and
6.7% had reduced mobility, compared to 43.8% with
apixaban, resulting in a statistically significant differ-
ence (p = 0.0028) (Table 2).

The presence of risk factors such as hypertension
and dyslipidemia was significantly higher in the apix-
aban group (60.4% and 58.3%, respectively) than in the
rivaroxaban group (37.1% and 35.7%, respectively)
(p = 0.0128 and p = 0.0152) (Fig. 2). Obesity was also
more prevalent in the apixaban group (43.8%) than in
the rivaroxaban group (12.9%) (p = 0.0002) (Fig. 2).
Overall, patients treated with apixaban had a higher
number of risk factors, with 20.8% of patients having
four or more risk factors, compared to 5.7% in the rivar-
oxaban group (p = 0.0030) (Table 2).

Analysis of lab test results and imaging

Table 3 describes the laboratory variables according
to the type of secondary prevention treatment. D-dimer
levels (ngFEU/mL) measured in the interval between the
end of treatment and the decision to initiate secondary

prevention ranged between 29.0 and 2511.0 in the apix-
aban group and between 79.0 and 3711.0 in the rivarox-
aban group. Specifically, the mean D-dimer levels were
significantly higher in the apixaban group (691.7 + 597.2)
vs the rivaroxaban group (505.8 + 609.3) (p = 0.0338).
The results of the comparison of the remaining variables
were not statistically significant.

Most imaging follow-up at 6 months, according to the
type of secondary prevention treatment administered,
was performed using Doppler ultrasound in 60.2% of
patients.

Complications since the initiation of
secondary prevention

Patients had a median of 1.8 (1.0-2.6) years of sec-
ondary prevention at the time of data extraction. Table 4
presents the different types of complications observed
in patients since the initiation of secondary prevention
according to the treatment received at that stage. There
were 0.8% who experienced a thrombotic event during
the observation period and 9.3% who experienced a
hemorrhagic event; most of these were minor bleeding
(54.5%) (Fig. 3). No statistically significant differences
were found between the two groups in terms of the
occurrence of these events, nor were there differences
in the specific type of hemorrhagic event.

Regarding the mean age of patients without hemor-
rhagic complications, it was 61.4 (+ 15.7) years, while
for those with complications, it was 48.2 (+ 17.3) years.
The difference in mean ages between the two groups
was statistically significant (p = 0.0160).

Discussion

Our study provides relevant information on the safety
and efficacy profile of these drugs, as well as the clin-
ical and demographic characteristics that may influence
their selection and outcomes. The main findings focus
on age differences, the incidence of PE, complications,
and risk factors associated with treatment with rivarox-
aban and apixaban.

The study was conducted in a retrospective cohort of
118 patients undergoing treatment with DOACs for sec-
ondary prevention. Of these, 70 received rivaroxaban
(10 mg/24 h) and 48 received apixaban (2.5 mg/12 h).
The mean age of the patients was 60.2 years, and
62.7% were men (with no significant differences by
sex). These data are consistent with the main studies
that led to the indication of these drugs, which indicate
that the incidence is higher in men across all age
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Table 2. Description of clinical variables according to the type of treatment received in secondary prevention

Variable Apixaban Rivaroxaban Total p
Risk factor favoring the decision to maintain treatment according to
clinical situation, n (%)
No 32 (66.7%) 55 (78.6%) 87 (73.7%) 0.1489
Yes 16 (33.3%) 15 (21.4%) 31 (26.3%)
Valid n 43 70 118
Type of risk factor that may have caused or precipitated the
thrombotic event, n (%)
Cirrhosis 0 7 (46.7%) 7 (22.6%) 0.0028
Systemic disease 9 (56.3%) 7 (46.7%) 16 (51.6%)
Reduced mobility 7 (43.8%) 1(6.7%) 8 (25.8%)
Valid n 16 15 31
Number of risk factors present, n (%)
0 4 (8.3%) 20 (28.6%) 24 (20.3%) 0.0030
1 6 (12.5%) 13 (18.6%) 19 (16.1%)
2 14 (29.2%) 24 (34.3%) 38 (32.2%)
3 14 (29.2%) 9(12.9%) 23 (19.5%)
>4 10 (20.8%) 4 (5.7%) 14 (11.9%)
Valid n 43 70 118
65
60
55 1
50
45
40
35
30
25
20
15 4
10
5 -
Family history of Hypertension* DM Smoker Dyslipidemia* Obesity*
thrombotic events p =0.0128 p =0.0152 p = 0.0002
Total - Apixaban - Rivaroxaban

Figure 2. Type of factors that favour the decision to continue treatment.

groups when excluding specific risk factors for women,
such as hormonal contraception and pregnancy3334,
Regarding the presentation of VTE, in our study,
33.1% of patients had recurrent thrombosis, 24.5%
had proximal DVT, 19.5% had isolated PE, and 16.1%
had concurrent DVT + PE. In our cohort, most patients
were under secondary prevention treatment after
experiencing more than one episode of VTE, and in
the rest, we can conclude that DVT is more frequent

than isolated PE, and the disease often manifests as
a combination of DVT + PE. These data are consistent
with those provided by studies on the indication of
DOACs®3:34,

The utility of thrombophilia testing to predict the risk of
recurrence remains a debated topic. Receiving a diagno-
sis and the label of thrombophilia can generate concern
and lead to unnecessary interventions for the patient,
especially considering that many individuals with low-risk
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Table 3. Description of laboratory variables according to the type of treatment received in secondary prevention

I N e E R N

D-dimer (ngFEU/ml)

Mean (SD) 691.65 (597.20) 505.83 (609.31) 582.88 (607.62) 0.0338
Valid n 34 48 82

D-dimer (ngFEU/mL) - positive/negative, n (%)
Negative 23 (67.6%) 37 (77.1%) 60 (73.2%) 0.3420
Positive 11 (32.4%) 11 (22.9%) 22 (26.8%)
Valid n 34 48 82

Factor VIII, %
Mean (SD) 198.60 (91.38) 163.29 (31.91) 170.22 (50.18) 0.4336
Valid n 10 41 51

Factor VIII, % - positive/negative, n (%)
Negative 7 (70.0%) 40 (97.6%) 47 (92.2%) 0.0037
Positive 3(30.0%) 1(2.4%) 4 (7.8%)
Valid n 10 41 51

PFA, n (%)
No 10 (90.9%) 21 (61.8%) 31 (68.9%) 0.1489
Normal 0 8 (23.5%) 8 (17.8%)
Shortened 1(9.1%) 5 (14.7%) 6 (13.3%)
Valid n 1 34 45

PFA: platelet function analyzer.

Table 4. Description of complications since the start of secondary prevention according to the type of treatment

received in secondary prevention

I NS T NN R

Thrombotic event, n (%)

No 48 (100.0%)

Yes 0

Valid n 48
Hemorrhagic event, n (%)

No 45 (93.8%)

Yes 3 (6.3%)

Valid n 43

Type of hemorrhagic event, n (%)

Minor hemorrhage 2 (66.7%)
Major hemorrhage 0
Clinically relevant hemorrhage 1(33.3%)
Valid n 3

thrombophilias, such as heterozygous factor V Leiden,
will not develop a VTE event or have an elevated risk
of recurrence. Additionally, it is important to note that
research on hereditary thrombophilia has primarily
focused on Caucasian populations; for example, factor
V Leiden is common in this group but exiremely rare
in non-Caucasian populations®.

Consequently, it is still unclear whether thrombophilia
testing influences decisions on the duration of antico-
agulation in clinical practice. The goal of genetic throm-
bophilia testing is to detect currently known hereditary

69 (98.6%) 117 (99.2%) 0.4056
1(1.4%) 1(0.8%)
70 118
62 (88.6%) 107 (90.7%) 0.3419
8 (11.4%) 11 (9.3%)
70 118
4 (50.0%) 6 (54.5%) 0.7802
1(12.5%) 1(9.1%)
3 (37.5%) 4 (36.4%)
8 "

or acquired prothrombotic states. In our cohort, we
identified thrombophilia in 35.4% of patients. However,
these findings do not allow decisions on secondary
prevention to be based solely on the results of such
tests, as only a proportion of patients have thrombo-
philia. This is consistent with the main studies cited in
this discussion, which report approximately 30% of
patients with a known prothrombotic state. Such results
suggest the likely existence of other unidentified pro-
thrombotic states and support the theory of a multifac-
torial model in the development of VTE.
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(0,8%)
17
(99,2%) 107

(90,7%)

- Yes No - Yes

4
(36,4%)

6
(54,5%)

1
(9,1%)

Minor bleeding
No Major bleeding

- Clinically relevant bleeding

Figure 3. Presence of complications in patients according to type of event. 1: presence of thrombotic event.
2A: presence of haemorrhagic event. 2B: type of haemorrhagic event.

Cardiovascular risk factors are among the causal
agents of vascular wall damage that contribute to the
occurrence of VTE, making it interesting to study their
presence in our series of patients. Most of our patients
had hypertension (46.6%) or dyslipidemia (44.9%).

One of the most notable findings was the age dif-
ference between the treatment groups, with patients
treated with apixaban being significantly older than
those in the rivaroxaban group (65.7 vs. 59.4 years;
p = 0.0013). This could be explained by differences in
tolerability or clinical preferences, as apixaban is often
recommended in older patients due to its more favor-
able bleeding risk profile.

The higher number of patients with PE in the apix-
aban group (37.5% vs. 7.1%; p = 0.0008) raises import-
ant questions. It is possible that patients treated with
apixaban had baseline characteristics of higher risk,
such as obesity (43.8% vs. 12.9%; p = 0.0002) or
hypertension (60.4% vs. 37.1%; p = 0.0128), which may
predispose them to a higher incidence of PE. These
results reinforce the need to individualize anticoagulant
treatment, considering the thrombotic and hemorrhagic
risk profile of each patient.

Regarding complications, the overall rate of hemor-
rhagic events was 9.3%, while recurrent thrombotic
events were rare (0.8%). Although no significant differ-
ences were observed between the groups in this
regard, the findings confirm that DOACs are a safe
option in clinical practice, aligning with previous studies

that have demonstrated their efficacy and lower need
for monitoring compared to VKAs.

Patients had a median of 1.8 (1.0-2.6) years of sec-
ondary prevention at the time of data extraction. In
registry studies, a duration of 24 months is tested,
allowing us to confirm that the extension of anticoagu-
lation for secondary prevention is safe and does not
lead to a higher occurrence of thrombotic, hemorrhagic,
or other events that would justify its discontinuation or
a change in treatment3334,

Compared to the existing literature, the results obtained
align with the 2020 ASH guidelines, which highlight
DOAC:s as the preferred option for secondary prevention
of VTE due to their safety and efficacy profile.

This study contributes to clinical knowledge by focus-
ing on the Spanish population, whose access to these
drugs has been limited by economic and funding
issues. Additionally, data on risk factors such as obe-
sity, dyslipidemia, and reduced mobility support previ-
ous research emphasizing the importance of evaluating
the patient’s clinical context before initiating therapy.

The main limitations of this study are the small sam-
ple size, likely due to the funding situation of these
treatments in our setting, and the retrospective, sin-
gle-center design, which may also limit the generaliz-
ability of the findings to other populations. Additionally,
the lack of information on treatment adherence could
have influenced the results. Finally, although significant
differences were identified between the groups, it is
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important to consider that these could be due to uncon-
trolled factors in the analysis, such as the initial severity
of VTE or differences in clinical management.

Conclusions

DOACs at secondary prevention doses are a safe and
effective alternative for patients requiring long-term
treatment. The results of our study indicate that the
selection of this treatment should be based on a com-
prehensive evaluation of the patient, considering throm-
botic risk factors, demographic characteristics, and
individual preferences, and its indication should be con-
stantly reevaluated during patient follow-up.

Multicenter and prospective studies are needed to
confirm these findings and address the limitations of
the present study.
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Abstract

Introduction: There are different pegylated factor VIl concentrates, with different characteristics. Objective: To evaluate the
use of basic Al, specifically ChatGPT-4o (OpenAl®), to compare different pegylated CFVIII products due to the lack of direct
comparative studies and the limitations of indirect comparisons. Material and methods: Adynovi®, Jivi® and Esperoct® are
compared from their data sheets, with calculations based on an average patient weighing 70 kg. ChatGPT4o performs sta-
tistical analyses to compare efficacy (annualised bleeding rate [ABR]) and factor consumption. Results: ChatGPT4o suggests
that Esperoct® (50 IU/kg, 2 times/week) is the most cost-efficient regimen by annualised consumption and low ABR. Adynovi®
shows a slightly favourable safety profile, with no statistically significant differences in ABR or annual factor consumption
(o > 0.05) between regimens, suggesting similar efficacy between the options. Conclusions: Although matching-adjusted
indirect comparisons are validated tools for indirect comparisons in haemophilia, they face limitations. ChatGPT4o could help
address them without replacing clinical validation. Artificial intelligence, including ChatGPT4o, could improve the accessibi-
lity and accuracy of matching-adjusted indirect comparisons, but still requires ongoing validation.

Keywords: Generative artificial intelligence. ChatGPT. Pegylated FVIIIC. Hemophilia A.

Resumen

Introduccion: Existen distintos concentrados de factor VIIl pegilados, con caracteristicas diferentes. Objetivo: Evaluar el uso de la
IA basica, especificamente ChatGPT-4o0 (OpenAl®), para comparar los distintos CFVIII pegilados ante la falta de estudios compara-
tivos directos y las limitaciones de las comparaciones indirectas. Material y métodos: Se comparan Adynovi®, Jivi® y Esperoct®,
a partir de sus fichas técnicas, con calculos basados en un paciente promedio de 70 kg. ChatGPT4o realiza andlisis estadisticos
para comparar la eficacia (tasa anualizada de sangrado [TAS]) y el consumo de factor. Resultados: ChatGPT4o sugiere que Esperoct®
(50 Ul/kg, 2 veces/semana) es el régimen mas costo-eficiente por consumo anual y TAS baja. Adynovi® muestra un perfil de segu-
ridad ligeramente favorable, sin diferencias estadisticamente significativas en TAS o consumo anual de factor (p > 0,05) entre
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regimenes, sugiriendo similar eficacia entre las opciones. Conclusiones: Aunque las comparaciones indirectas emparejadas ajus-
tadas son herramientas validadas para comparaciones indirectas en hemofilia, presentan limitaciones. ChatGPT4o podria ayudar a
abordarlas sin sustituir la validacion clinica. La inteligencia artificial, incluyendo ChatGPT4o, podria mejorar la accesibilidad y la
precision de las comparaciones indirectas emparejadas ajustadas, pero atn requiere una validacion continua.

Palabras clave: Inteligencia artificial generativa. ChatGPT. CFVIIl pegilados. Hemofilia A.

Introduction

In Spain, three extended half-life factor VIIl concen-
trates (FVIII-C) are currently available, where the tech-
nique used to prolong plasma half-life is pegylation.
These pegylated FVIII-C (rurioctocog alfa pegol,
damoctocog alfa pegol, and turoctocog alfa pegol)
exhibit structural and pharmacokinetic characteristics
that allow them to be categorized as extended half-life
products’. However, this only translates into a marginal
improvement in extending the dosing interval (Table 1)
for most patients. Pharmacokinetic data, as well as
efficacy results, are not necessarily comparable across
different clinical trials conducted with these molecules
due to methodological differences and the patient pro-
files studied. These products have demonstrated safety
and efficacy for the treatment and prevention of bleed-
ing in patients with hemophilia A in various settings,
both in clinical trials and real-world scenarios. In the
absence of head-to-head studies comparing different
concentrates, adjusted indirect comparison methods
have proven useful for aiding clinical decision-making
in hemophilia A. However, their utility is tied to meth-
odological rigor and maintaining an appropriate clinical
context. Lack of consistency and contextual measures
may limit the applicability of results, and these should
never replace clinical judgment?.

The objective of this study was to evaluate the poten-
tial use of basic artificial intelligence (Al), in this case
ChatGPT40 (OpenAl®), as a tool to compare different
pegylated FVIII-C, given the absence of direct compar-
ative studies and the limitations of adjusted indirect
comparisons.

Method

Data reported in the approved product summaries by
the European Medicines Agency3® were used as a
reference for comparison. Statistical analyses pro-
posed by ChatGPT4o were performed to compare the
safety, efficacy and efficiency profile, considering an
average patient weighing 70 kg. Based on the results,
ChatGPT40 was asked to recommend the treatment

with the best cost-efficiency ratio, assuming equal pric-
ing (Table 1).

Results

First, based on the results in figure 1, ChatGPT40 per-
formed a descriptive analysis and concluded that, to
maximize efficacy and minimize dosing frequency,
Esperoct® at a dose of 50 1U/kg every 4 days would be
preferable in terms of bleeding control. If annual cost is
a concern and slightly lower efficacy is acceptable, Jivi®
weekly could be a viable option due to its lower 1U/kg
consumption. According to the differences observed in
annual consumption and annualized bleeding rate (ABR),
the least recommended regimen would be Esperoct®
75 IU/kg weekly, due to its high ABR (3.57). Although
annual consumption is relatively low, its effectiveness in
reducing bleeding is lower, which could imply insufficient
control of bleeding episodes in patients (Fig. 1).

ChatGPT40 was, then, asked to perform a deeper
statistical analysis and justify the selected techniques.
It chose ANOVA and the Kruskal-Wallis test. The use
of ANOVA was justified because it is particularly useful
if the data meet assumptions of normality within each
analysis group and homogeneity of variances across
groups, being a robust parametric analysis for effi-
ciently comparing multiple groups. The Kruskal-Wallis
test was considered as a non-parametric alternative to
ANOVA, ideal when data do not meet normality or
homoscedasticity assumptions. The t-test was not con-
sidered because multiple products were being com-
pared, nor was the chi-square test, as continuous
rather than categorical data were being analyzed.

Regarding ABR, the ANOVA analysis showed a
p value of 0.80 (> 0.05), indicating no statistically sig-
nificant differences in mean ABR between the products
and regimens analyzed. The Kruskal-Wallis test yielded
a p value of 0.64, confirming that the observed differ-
ences in ABR between products and regimens are not
statistically significant (p > 0.05).

For annual factor consumption, the ANOVA analysis
showed a p value of 0.22, indicating no statistically
significant differences in annual 1U/kg consumption
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Table 1. Pegylated factor VIII concentrates available in Spain

Drug (year of Marketing authorization Active ingredient Origin/cell Half-Life F8 | Dosage,
authorization) holder culture (h) prophylaxis

Adynovi® (2018) Baxalta Innovations GmbH Rurioctocog alfa pegol 14.7 3 to 4 days
Jivi® (2019) Bayer AG Damoctocog alfa pegol BHK 17 3to 7 days
Esperoct® (2019) NovoNordisk A/S Turoctocog alfa pegol CHO 14-20 4 to 7 days

Annual IU/kg consumption by product and regimen
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Figure 1. Graph of annual consumption and annualized bleeding rates by product and regimen.

between products and regimens. The Kruskal-Wallis
test showed a p value of 0.30. Both analyses indicate
no statistically significant differences in annual con-
sumption between products and regimens (p > 0.05).
Regarding safety, Adynovi® generally has a slightly
more favorable safety profile vs Jivi® and Esperoct®,
particularly in terms of immune reactions and serious
adverse events. Serious adverse reactions, such as
anaphylaxis, are less frequent vs anti-PEG antibody-re-
lated complications observed with the other products.
When asked to perform a cost-efficiency analysis
and recommend a product and regimen, assuming
equal unit costs for all 3 options, ChatGPT40 concluded
that the best option is Esperoct® every 5 days, followed
by Jivi® every 7 days. If the goal is to maximize cost-ef-
ficiency under the same unit cost, Esperoct® at 50 1U/kg
every 4 days emerges as the most cost-efficient option
in terms of balancing low annual consumption (4641 1U/
kg) and low ABR (1.18), followed by Jivi® at a weekly

regimen of 60 1U/kg, with lower annual consumption
(3276 1U/kg) than Esperoct® but a slightly higher ABR
(1.49).

Analyzing whether there are statistically significant dif-
ferences in efficiency, the Kruskal-Wallis test yielded a
p value of 0.30 (p > 0.05) for annual factor consumption
and 0.64 for ABR. This suggests that, in terms of effi-
ciency, the observed differences between products and
regimens are not significant enough to claim that one
regimen or product is notably superior in efficiency.

Discussion

Currently, unlike Al, adjusted indirect comparison meth-
ods are well-validated statistical tools for comparing prod-
ucts in hemophilia A and have been used for various
FVIII-C. For example, in 2019, Batt et al.® concluded that,
when comparing damoctocog alfa pegol with other FVIII-C
such as efmoroctocog alfa, rurioctocog alfa pegol, and
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octocog alfa, the ABR was similar, but factor use was 20%-
40% lower. However, this adjusted indirect comparison has
limitations: undocumented baseline characteristics,
absence of a common reference group, and differences in
treatment exposure duration, among others. ChatGPT4o
could mitigate some limitations of adjusted indirect com-
parisons, though it could not eliminate them entirely due to
the intrinsic nature of the data and the limitations of indirect
studies. For example, it could not fully compensate for the
lack of a common reference group or population overlap
limitations, as these are structural issues. On the other
hand, the quality and accuracy of the training data used
are always crucial. Similar limitations have been reported
in other adjusted indirect comparisons’®, so while results
are interesting, they must be interpreted cautiously and
require additional confirmation for clinical application.
ChatGPT40 demonstrates the ability to consolidate large
amounts of information from different sources® and present
it accessibly, but its use still requires necessary validation
for these purposes. In our opinion, the comparative analy-
sis performed between the pegylated products is quite
accurate and logical, both in structure and reported results.
The 3 compared FVIII-C have proven safe and effective
fulfiling their intended purpose without issues. However,
due to the appropriate balance between consumption,
treatment burden, and efficacy, Esperoct® at a dose of
50 1U/kg twice weekly is likely the most suitable treatment
option among the compared pegylated products.

Conclusions

ChatGPT40 and other Al platforms have the potential
to improve the efficiency, accuracy, and accessibility of
adjusted indirect comparisons in hemophilia A by sim-
plifying the handling of complex data and interpretation
of results. Their integration into the process can con-
tribute to more robust comparisons and better commu-
nication of findings, benefiting researchers, clinicians,
and patients alike. However, ChatGPT40 and other Al
platforms require continuous validation processes to
enable their implementation.
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Abstract

Current available anticoagulants, represented by vitamin K antagonists (AVKs) and direct oral anticoagulants (ACODs), have
demonstrated their efficacy in the prevention and treatment of venous and arterial thrombosis, but they are associated with
an increase of bleeding complications. Inhibition of factor XI has emerged as a promising strategy to mitigate bleeding while
preserving antithrombotic efficacy, because factor XI inhibition uncouples thrombosis from hemostasis. A variety of novel
drugs, including antisense oligonucleotides, monoclonal antibodies and small molecules, have demonstrated both efficacy
and safety in phase Il trials, with phase Ill studies ongoing, which are covered in the current review.

Keywords: Factor Xl inhibitors. Venous thrombosis. Arterial thrombosis. Acute myocardial infarction. Cancer and thrombosis.

Resumen

Los anticoagulantes orales de uso clinico, representados por los antivitamina K (AVK) y los anticoagulantes orales de accion
directa (ACOD), han demostrado su eficacia en la prevencion y tratamiento de numerosos problemas trombdticos arteriales
¥ venosos, pero su empleo se asocia con un aumento de complicaciones hemorrdgicas. La inhibicion del factor XI emerge
como una estrategia prometedora en el tratamiento de esos procesos, pero con una menor incidencia de hemorragias, por
la menor contribucion de este factor en la hemostasia en relacion con su importante papel en la trombosis. Ello ha favorecido
el desarrollo clinico de diversos grupos de inhibidores del factor XI, tales como oligonucléotidos antisentido, anticuerpos
monoclonales y pequefias moléculas. Estos agentes han demostrado marcada eficacia y seguridad en estudios en fase I,
y se estdn completando estudios en fase Il en la prevencion y tratamiento de trombosis venosas y arteriales, motivo de la
presente revision.

Palabras clave: Inhibidores factor XI. Trombosis venosa. Trombosis arterial. Infarto agudo de miocardio. Cancer y trombosis.

Correspondence: Date of reception: 05-11-2024 Available online: 28-05-2025
José A. Paramo Date of acceptance: 26-02-2025 Hemost Trombos (Eng). 2025;2(1):27-32
E-mail: japaramo@unav.es DOI: 10.24875/RHT.M25000039 www.revistahemostasiaytrombosis.com

2938-8740 / © 2025 Sociedad Espafola de Trombosis y Hemostasia (SETH) y Grupo Cooperativo Latinoamericano de Hemostasia y Trombosis (CLAHT).
Published by Permanyer. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

27


http://crossmark.crossref.org/dialog/?doi=10.24875/RHT.M25000039&domain=pdf
mailto:japaramo%40unav.es?subject=
http://dx.doi.org/10.24875/RHT.M25000039
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.revistahemostasiaytrombosis.com

28

HemosTt Tromsos (Eng). 2025;2(1)

Introduction

Arterial and venous thrombosis, responsible for clini-
cal conditions such as acute myocardial infarction,
ischemic stroke, and venous thromboembolism (VTE),
is a significant cause of morbidity and mortality.
Therefore, anticoagulant therapy, primarily based on
the use of heparins, vitamin K antagonists (VKAs), or
direct oral anticoagulants (DOACs), is highly effective
in the prevention and treatment of thrombosis. However,
these therapies are not without bleeding complications,
some of which, such as intracranial hemorrhage, can
be potentially fatal’2. Heparin and VKAs act on various
coagulation factors, while DOACs target specific fac-
tors, resulting in a lower but still clinically significant
bleeding risk (Fig. 1)"2.

Factor XI, a precursor of the contact system in the
coagulation cascade, plays a minor role in hemostasis
but significantly contributes to the propagation of throm-
bosis®. Various experimental and clinical evidence
supports this: individuals with congenital factor X| defi-
ciency experience fewer bleeding complications and a
reduced thrombotic risk, epidemiological studies indi-
cate an elevated risk of venous thrombosis in indivi-
duals with high factor Xl levels, and inhibition of this
factor reduces thrombosis in animal models without
increasing bleeding*”.

Factor Xl is a serine protease primarily synthesized
in the liver, which is converted into active factor Xl
(FXla) by the action of factor Xll or thrombin. During
hemostasis, coagulation activation depends on the tis-
sue factor (TF) pathway, which forms a complex with
factor VIl to generate thrombin and form fibrin, without
the need for FXla. However, during thrombosis, FXla
significantly contributes to thrombus growth38?,

In summary, FXla plays an important role in patho-
logical thrombosis, particularly during the amplification
phase, promoting the generation of significant amounts
of thrombin that contribute to intravascular thrombus
growth. This paper reviews recent studies on the use
of factor Xl inhibitors in thrombotic pathologies and
various clinical scenarios.

Pharmacological features of factor Xl
inhibitors

Several agents targeting FXI or FXla have been deve-
loped, including antisense oligonucleotides, monoclonal
antibodies, small molecule inhibitors, and aptamers'®-13,
Table 1 illustrates the pharmacological characteristics of
the compounds with the most clinical development™.

Antisense oligonucleotides

Composed of 12 to 30 base pairs, they specifically
bind to mRNA, modulating the degradation of factor XI
and inhibiting its synthesis in the liver. Their effect is
slow and occurs several weeks after administration, with
a half-life of 2 weeks, allowing for monthly administra-
tion. The preparations under clinical investigation are
fesomersen and IONIS-FXIRx.

Monoclonal antibodies

They exert their neutralizing effect by blocking either
the activation of factor XI or the activity of FXla. The
preparations under clinical investigation are osocimab,
abelacimab, and sixomab, administered parenterally
with a half-life of 30 up to 44 days. As they are not meta-
bolized or excreted by the liver and kidneys, they are of
particular interest in patients with renal insufficiency.

Small molecules

They block the active site of factor XI, show good oral
bioavailability, and have a rapid onset of action. They
undergo hepatic metabolism and renal excretion, with
a half-life of 14 to 24 hours. The preparations under
clinical investigation are asundexian and milvexian.

Aptamers

These are single-stranded oligonucleotides that
directly inhibit factor XI or FXla. They have a rapid
onset and cessation of action, low immunogenicity, and
no renal elimination. They have a short half-life and are
administered subcutaneously or intravenously. The
most developed preclinical preparation is the factor
eleven inhibitor aptamer (FELIAP).

Clinical trials with factor Xl inhibitors
Venous thromboembolism

The main studies in VTE have been conducted in
patients undergoing major orthopedic surgery'®
(Table 2).

— Antisense oligonucleotides: the most important study
used IONIS-FXIRX, initiated at different subcuta-
neous doses 36 days before surgery and continued
until 3 days postoperatively. The rate of VTE, deter-
mined by bilateral venography, was 27% at 200 mg,
4% at 300 mg, and 20% with enoxaparin (comparator
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Figura 1. Threshold of bleeding complications associated with different anticoagulants.

ASOQ: antisense oligonucleotide; TF: tissue factor.

Table 1. Pharmacology of FXI inhibitors in clinical use (phase 2 and 3 studies)

Agents Fesomersen, IONIS/FXIRS
Mechanism mRNA degradation
Administration route SC

Dosing Weekly

Onset of action Weeks

Half-life 2 weeks

Drug interactions None

Renal excretion Minimal

Hepatic metabolism Minimal

Abelacimab, Xisomab, Osocimab Asundexian, milvexian
Direct FXI, FXla, or FXlla inhibition Direct FXla inhibition

IV or SC Oral

Monthly Daily

Hours Minutes/Hours

30-44 days 14-24 hours

None Cytochrome P450 (milvexian)
No No

No No

Ac.: antibodies; ASO: antisense oligonucleotide; IV: intravenous; SC: subcutaneous.

group). The rate of bleeding was 3% in the IONIS

group vs. 8% with enoxaparin'®.

— Monoclonal antibodies: the FOXTROT study compa-

red escalated doses of osocimab with enoxaparin

and

apixaban. Although high doses of osocimab were not
inferior to enoxaparin in preventing VTE, none were
superior to apixaban'®. Bleeding complications were
5% with osocimab, 6% with enoxaparin, and 2% with
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Table 2. Randomized trials for venous thromboembolism prevention in major orthopedic surgery

FXI-ASO TKA' FOXTROT'® ANTO005"
300 813 412

Abelacimab

0.3, 0.6, 1.2, or
1.8 mg/kg IV
post-op

Enoxaparin 40 mg
SE

8-12 days post-op

VTE

13% (30 mg)

5% (75 mg)

4% (150 mg)

22% (enoxaparin)

AXIOMATIC-TKR'®

1,242
Milvexian

30, 75, 150 mg IV 4-8 hrs
post-op; 25, 50, 100, or
200 mg PO twice daily;
50 or 200 mg/day PO

Enoxaparin 40 mg SC

10-14 days post-op

VTE

21%, 25 mg twice daily
11%, 50 mg twice daily
9%, 100 mg twice daily
8%, 200 mg twice daily
25%, 25 mg/day

Patients
Drug IONIS-FXIRX Osocimab
Dosage 200 or 300 mg SC on days 36, 0.3 or 1.8 mg/kg pre-op
35, 33, 31, 28, 21, 14, 7 pre-op
& 6 hrs, 3 days post-op
Control Enoxaparin 40 mg SC Enoxaparin 40 mg SC vs. Apixaban
2.5 mg twice daily
Follow-up 8-12 days post-op 10-13 days post-op
Rate of 27% (200 mg), 4% (300 mg), 29.9%, 0.3 mg pre-op
thrombosis ~ 30% (control) 11.3%, 1.8 mg pre-op
23.7%, 0.3 mg post-op
15.7%, 0.6 mg post-op
16.5%, 1.2 mg post-op
17.9%, 1.8 mg post-op
26.3%, enoxaparin
14.5%, apixaban
Rate of 3% (IONIS), 8% (enoxaparin) ~ MH/CRNMH: 4.7% (osocimab), 5.9%
bleeding (enoxaparin), 2% (apixaban)

24%, 50 mg/day
7%, 200 mg/day
21%, enoxaparin

MH/CRNMH: 2%,
2%, and 0%
(abelacimab 30, 75,
150 mg), 0%
(enoxaparin)

4% (milvexian and
enoxaparin)

MH: major hemorrhage; CRNMH: clinically relevant non-major hemorrhage; HR: hazard ratio; IV: intravenous; VTE: venous thromboembolism; PO: oral administration;

SC: subcutaneous.

apixaban. Another small study used abelacimab, de-
monstrating superiority over enoxaparin'’.

— Small molecules: the AXIOMATIC-TKR study examined
different doses of milvexian vs enoxaparin, observing a
significant reduction in thrombotic events (12% vs.
30%), with a similar rate of bleeding complications'®.
One meta-analysis comparing factor Xl inhibitors with

low molecular weight heparin in VTE prevention, inclu-

ding 4 randomized clinical trials, found a reduction in

thrombotic events (OR: 0.50; 95%Cl, 0.36-0.69) and a

significant reduction in bleeding complications (OR,

0.41; 95%Cl, 0.22-0.75)'°.

Arterial thrombosis

The main studies in arterial thrombosis have focused
on the prevention of ischemic stroke in patients with
non-valvular atrial fibrillation (AF) (Table 3), non-car-
dioembolic stroke (Table 4), and acute myocardial
infarction:

— Monoclonal antibodies: The phase || AZALEA-TI-

MI71 trial was terminated early after demonstrating

a reduction in major and clinically relevant

non-major bleeding with 2 monthly subcutaneous
doses of abelacimab vs rivaroxaban in AF pa-
tients. A phase Il study with a 150 mg dose is
currently underway (American Heart Association
communication 2023).

— Small molecules: The PACIFIC-AF trial compared

2 oral doses of asundexian with apixaban in AF

patients, observing a significant reduction in ble-

eding complications (50% with the lower dose and

84% with the higher dose)?°. The OCEANIC-AF

phase Il study compared asundexian 50 mg/day

with apixaban and demonstrated the non-inferiori-
ty of asundexian for ischemic stroke prevention,
with an incidence of 1.3% vs. 0.4% with apixaban

and a lower rate of bleeding complications (0.2%

vs. 0.7%)?'. An ongoing study, LIBREXIA-AF, com-

pares another small molecule, milvexian, with
apixaban in stroke prevention in AF patients??.

In the ischemic stroke setting, the PACIFIC-STROKE
study used 3 different doses of asundexian or placebo
administered 36 hours after stroke. The highest dose
(50 mg) showed a non-statistically significant benefit,
with no differences in bleeding complications?®.



Table 3. Phase Il and Ill randomized clinical trials in
atrial fibrillation

755

Patients
Drug
Dosage

Control

Follow-up

Thromboembolic
rate

Rate of bleeding
(MH/CRNMH
Ratios vs.
Apixaban)

Asundexian

20 mg or 50 mg/day PO

Apixaban 5 mg twice

daily PO

12 weeks

0.8% asundexian 20 mg
1.6% asundexian 50 mg

1.2% apixaban

0.50 asundexian 20 mg
0.16 asundexian 50 mg
0.33 pooled asundexian

14,830
Asundexian
50 mg/day PO

Apixaban 5 mg
twice daily PO

155 days

1.3% asundexian
0.4% apixaban
HR 3.79

HM

0.2% asundexian
0.7% apixaban
HR 0.32

MH: major hemorrhage; CRNMH: clinically relevant non-major hemorrhage;
HR: hazard ratio; SC: subcutaneous administration; PO: oral administration.

Table 4. Phase Il randomized clinical trials in
non-cardioembolic stroke

PACIFIC-STROKE AXIOMATIC-SSP

Patients
Drug

Dosage

Control
Follow-up

Rate of
thrombosis

Rate of
bleeding

1,808
Asundexian

10, 20, 50 mg/day PO

Placebo
26 weeks

19% asundexian 10 mg
22% asundexian 20 mg
20% asundexian 50 mg
19% placebo

MH/CRNMH

4% asundexian 10 mg
3% asundexian 20 mg
4% asundexian 50 mg

2,366
Milvexian

25 mg/day
25, 50, 100, 200 mg
twice daily PO

Placebo
90 days

16.7% milvexian
25 mg vs. 16.8%
placebo

No dose-response
relationship
observed for
milvexian

MH/CRNMH

1% milvexian

25 mg/day

1% milvexian

25 mg twice daily
2% milvexian

50 mg twice daily
2% milvexian

100 mg twice daily
1% milvexian

200 mg twice daily
1% placebo

MH: major hemorrhage; CRNMH: clinically relevant non-major hemorrhage;
PO: oral administration.

J.A. Paramo. Factor Xl inhibitors

A subsequent study showed that asundexian reduced
the composite outcome of stroke and transient ische-
mic attack. The AXIOMATIC-SSP study evaluated 5
doses of milvexian vs placebo in patients with recent
stroke who were also on dual antiplatelet therapy. While
no differences were observed in the primary outcome
of new stroke or infarction detected by brain MRI, a
secondary analysis found lower rates of ischemic
stroke with milvexian?.

In acute myocardial infarction setting, the PACIFIC-AMI
study investigated escalating doses of asundexian in
patients undergoing coronary intervention, 80% of
whom received dual antiplatelet therapy. At the 1-year
follow-up, no differences were observed in the primary
endpoint of major or clinically relevant non-major blee-
ding with asundexian vs. placebo?. Future studies will
evaluate the effect of asundexian 50 mg/day in these
patients.

Cancer and thrombosis

Two ongoing phase lll studies, ASTER (NCT0517049),
evaluating abelacimab with apixaban administered for
6 months, and MAGNOLIA (NCT05171075), evaluating
abelacimab vs. dalteparin in cancer-related thrombosis,
will determine if this strategy is beneficial vs other anti-
coagulant measures used in these patients.

Renal insufficiency and hemodialysis

Patients with renal disease on hemodialysis have a
high risk of thromboembolic and bleeding complica-
tions, posing a significant challenge for anticoagulant
use. The fact that the hemodialysis circuit stimulates
coagulation activation via the contact system makes
inhibitors of this phase particularly interesting in this
clinical setting.

— Antisense oligonucleotides: different monthly doses
of fesomersen were used in phase Il in hemodialysis
patients, with no significant increase in bleeding
risk?6.

— Small molecules: the COVERT trial compared osoci-
mab with placebo, observing no increase in bleeding
complications but a reduction in the incidence of clots
in the dialysis circuit?’.

Conclusions

The “ideal” anticoagulant for the prevention and treat-
ment of thrombosis would be one with high efficacy and
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no bleeding complications. From a hemostasis perspec-
tive, factor Xl inhibition represents a promising target.
Several agents, including antisense oligonucleotides,
monoclonal antibodies, and small molecules, have shown
efficacy and safety in phase Il studies in patients with
thrombosis. Ongoing phase Il studies will need to demons-
trate their superiority over conventional anticoagulants.
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CASE REPORT

Hemophilic pseudotumor complicated by femur fracture:
a case report

Pseudotumor hemofilico complicado con fractura de fémur:
a proposito de un caso

Ignacio Pereira’*®, Maximiliano Berro’®, Juan Insagaray'®, Alexis Sosa’®, Ismael Rodriguez'®,
and Rogelio Rey?

TUnidad Académica de Hemoterapia y Medicina Transfusional; ?Cétedra de Traumatologia y Ortopedia. Universidad de la Republica Uruguay,
Montevideo, Uruguay

Introduction

Hemophilic pseudotumor is an encapsulated blood
accumulation caused by repeated bleeding into soft
tissues that did not receive appropriate treatment'. Its
incidence rate in patients with hemophilia is approxi-
mately 1%-2%>°. Due to its rarity, there are no stan-
dardized clinical practice guidelines for its treatment.

Available treatments include clotting factors, surgical
resection, radiotherapy, and others such as endovas-
cular embolization®.

Below, we present a descriptive observational study
in the form of a clinical case report.

Case report

This is the case of a 42-year-old male diagnosed with
severe hemophilia A (basal factor VIII level of 0.48%)
on tertiary prophylaxis with plasma-derived factor VIII
at a dose of 20 1U/kg biweekly. The patient presents
with hemophilic arthropathy and 2 long-standing pseu-
dotumors: one in the upper third of his left leg—16 cm
in diameter—and the other on the anterior aspect of
his right thigh (25 cm in diameter).
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He visited the emergency department of a tertiary
referral center due to acute pain in his right thigh; upon
standing, he perceived a cracking sound.

Physical examination revealed an increase in size
and intense localized pain in the pseudotumor of the
right thigh.

A plain radiograph of the lower limb showed a
non-displaced linear fracture of the distal femur.

Computed tomography (CT) confirmed the presence
of a 25 cm x 13 cm x 12 cm polylobulated mass of
heterogeneous density, with calcifications and a com-
plete linear fracture line. Conservative treatment with
plasma-derived factor VIII was initiated, and a plaster
cast was applied. The patient was admitted to the
medical ward.

Hemostatic treatment plan with plasma-derived fac-
tor VIII: day 1: 50 1U/kg bolus; days 2-6: 25 IU/kg every
12 hours; days 7-10: 25 1U/kg every 24 hours.

On day 10, the patient was discharged due to good
clinical progress, with a plaster cast and prophylactic
treatment with factor VIII at 25 1U/kg 3 times weekly.
Thromboprophylaxis with low-molecular-weight heparin
at 1 mg/kg daily was also initiated upon admission.
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Figure 1. CT scan and 3D reconstruction showing a displaced and overriding fracture associated with a known

pseudotumor.

One month later, a follow-up CT scan showed displa-
cement of the fracture with overriding, as well as the
persistence of the pseudotumor with the same size
(Fig. 1). The patient was readmitted for surgical resolution
of the displaced fracture and pseudotumor. The following
hemostatic plan was implemented for surgery: immediate
preoperative: 50 [U/kg bolus of factor VIII; days 2-6: 25 U/
kg every 8 hours; days 7-14: 25 IU/kg every 12 hours;
days 15-17: 15 [U/kg every 12 hours; days 18-20: 20 1U/
kg every 24 hours. Serial measurements of factor VIII
activity levels were performed (Table 1).

Surgery was divided into 3 surgical acts: opening,
lavage, and cavity filling. Under general anesthesia, a
wide lateral approach to the thigh was performed, cen-
tered on the epicenter of the cavity, extending from the
proximal to the distal femur, where a fistulization was
present. Upon opening the cavity, the tumor contents
drained spontaneously. The hemorrhagic material was
removed in one piece, the fracture was corrected, and
the cavity was filled with hydroxyapatite. The fracture
was stabilized with a plate and screws, and the wound
was closed with drainage and a compressive bandage

(Fig. 2).

The patient experienced no postoperative complica-
tions. Due to good clinical progress, he was discharged
after 21 days of hospitalization, with instructions for
prophylactic factor VIII at 25 1U/kg 3 times weekly.
Physical rehabilitation therapy was initiated, and at
12 months, the patient was able to walk at a normal
pace and return to his daily activities (Fig. 3).

The pathology report described the presence of
abundant partially organized fibrin mesh, red blood
cells, and some amorphous calcifications in the
absence of inflammatory infiltrates; all findings consis-
tent with the diagnosis of hemophilic pseudotumor.

Discussion

Hemophilia is a congenital coagulopathy caused by
X-linked recessive mutations in the genes encoding
factor VIII (hemophilia A) or factor IX (hemophilia B)®.

In 1918, Starker first described hemophilic pseudotu-
mor in a 14-year-old adolescent with femoral involve-
ment*. Hemophilic pseudotumor is a complication of
hemophilia consisting of an encapsulated hematoma
with progressive enlargement due to recurrent bleeding,
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Figure 2. A: lateral approach centered on the tumor mass. B: evacuation of contents. C: revitalization of fracture
focus and fixation with osteosynthesis. D: appearance of hydroxyapatite. E: compressive circumferential bandage
with polyfoam and adherent fields.

Figure 3. Patient standing 12 months postoperatively.
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Table 1. Plasma factor VIl dosage and coagulation
factor VIII activity percentage during and after surgery

Plasma factor VIII dose m Factor VIII activity (%)

50 1U/kg 1 78%

25 [U/kg every 8 hours 2 72%
3 17%
4 139%
5
6

25 1U/kg every 12 hours 7 113%
8 72%
9 68%
10 139%
1 92%
12 72%
13 52%
14 31%
15 35%

15 1U/kg every 12 hours 16 45%
17

20 IU/kg every 24 hours 18 32%
20 50%

which can endanger limbs or life. Its pathogenesis is
related to recurrent bleeding that did not receive ade-
quate treatment®.

Pseudotumors most frequently occur in relation to
long bones®, but small bones of the hands and feet can
also be affected.

Clinically, they present as a firm, painless mass that
increases in size and adheres to deep structures'”%.

In terms of diagnosis, CT is more useful than plain
radiography, as it allows for discrimination of size, rela-
tionships, and the presence of a fibrous capsule®.
Magnetic resonance imaging (MRI) is equivalent, but
its availability is a limiting factor®'°,

Treatment of a pseudotumor depends on its location,
size, growth, and involvement of adjacent structures.
Options include replacement therapy with factor and
monitoring, radiation, or surgical excision, with no stan-
dardized guidelines currently available.

Surgical excision may be necessary in cases of large
pseudotumors and complex anatomical relationships,
as in our patient. Surgery was planned using factor
concentrate treatment and performed at a hemophi-
lia-specialized center, with daily factor VIII dosing.

Evidence for surgical treatment of pseudotumor is
based on case reports or case series. In a multicenter
study by Magalldn et al.®, 8 out of 14 patients with
pseudotumor surgery had good outcomes vs consetr-
vative treatment with factor, where only 2 out of
15 patients showed good progress.

In a retrospective study by Lin et al.® spanning
14 years (2006-2017) at the Hemophilia Center of
Nanfang Hospital in China, 39 patients were diagno-
sed with hemophilic pseudotumor, and surgical treat-
ment was decided for 34 of them, with good outcomes.
In another retrospective study by Kamal et al.® over
a 7-year period in an orthopedic and trauma depart-
ment in Indonesia, 6 patients with hemophilia A and
pseudotumor were described, concluding that sur-
gery was the most effective treatment for these
patients.

For major surgery in a patient with severe hemophilia
A, the World Federation of Hemophilia guidelines
recommend factor VIII levels of 80-100% preoperati-
vely, 60-80% on days 1-3, 40-60% on days 4-6, and
30-50% on days 7-14. This same regimen was used by
Lin et al.? in 34 pseudotumor surgeries.

As seen in table 1, adequate factor VIII levels were
achieved for the planned surgery.

Conclusions

We report the case of a 42-year-old man with a
hemophilic pseudotumor and a pathological fracture
in the femoral diaphysis, treated with radical resection
and orthopedic surgery. This case is the first docu-
mented in our country to associate a pathological
fracture with the surgical treatment of a hemophilic
pseudotumor, characterized by a highly favorable
outcome.
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Fulminant hyperfibrinolysis detected through
thromboelastometry

Hiperfibrindlisis fulminante detectada mediante
tromboelastometria

Sara Martinez-Rodriguez, Ricardo Rubio-Sanchez*, and Rocio Cabra-Rodriguez

Laboratorio de Andlisis Clinicos, Hospital Universitario Virgen del Rocio, Seville, Spain

Hyperfibrinolysis is a blood coagulation disorder
in which fibrinolysis is excessively activated,
potentially leading to massive hemorrhage.
Thromboelastometry is a viscoelastic test that
allows for the rapid evaluation of coagulation status
at the point of care. This technique provides a visual
representation with important information about
coagulation activation, clot formation, and its
stability'2.

The EX-test and the IN-test measure activation in the
presence of tissue factor and contact activation, corre-
lating with prothrombin time and activated partial throm-
boplastin time, respectively’. The FIB-test uses
cytochalasin D, thus eliminating the contribution of pla-
telets and represents the contribution of fibrinogen to the
clot. These tests are typically performed on all patients,
while the AP-test is reserved for cases of hyperfibrinoly-
sis, as it uses aprotinin to inhibit fibrinolysis'2.

EX-test FIB-test
CcT 109s A 37-84 cT 134s A 55-87
A5 18mm Vv 42-59 A5 2mm v 8-26
MCF 29mm v 53-68 MCF S5mm v 12-28
95s » 42-140
95% A2-12

IN-test AP-test

cT 294s A96-224 (T 78s A 44-76

A5 19mm Vv 38-54 A5 36mm » 36-59
A10 45mm Vv 46-65
A20 51mm v 51-67

MCF 24mm Vv 48-66 MCF 53mm » 51-67

CFT 140s A52-139 CFT 102s » 46-118

ML 94% A1-11

Figure 1. Representation of fulminant hyperfibrinolysis in ClotPro®. A(x): amplitude after (x) minutes; CFT: clot
formation time; CT: coagulation time; MCF: maximum clot firmness; ML: maximum lysis.
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Figure 1 shows a case of fulminant hyperfibrinolysis
in a 65-year-old patient who presented to the emer-
gency department after a fall down the stairs. The
EX-test, FIB-test, and IN-test show rapid and fulminant
lysis of the fibrin clot before it fully forms, as reflected
in the low clot amplitude after 5 minutes (A5). In con-
trast, the AP-test, which uses aprotinin (a potent direct
antagonist of plasmin, the effector protease of fibrinoly-
sis), shows the maximum clot firmness in the absence
of hyperfibrinolysis (A5 is normal in this test) and con-
firms the utility of antifibrinolytic treatment.

In conclusion, thromboelastometry is crucial for the
early detection of coagulation disorders, as delayed
clinical intervention could result in significant bleeding
and an increased risk of death for the patient.
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