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Abstract

Background: Severe hemophilia traditionally requires lifelong prophylactic treatment, which
cannot fully prevent joint damage and significantly impacts patients’ quality of life. In recent
years, gene therapy has been extensively researched as a potential cure with a single infusion,
but it has not yet gained widespread acceptance.

Objectives: This study examines the knowledge and attitudes of people with severe hemophilia
regarding gene therapy to provide guidance to practitioners in the context of shared decision-
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acceptance over time

biggest worry is long-term safety, especially fear of cancer or liver problems from the
treatment and the steroid medicines used to manage side effects. People who expect the
treatment to last “for life” or raise clotting factor to normal levels are more likely to say
no when those guarantees are not yet proven. Now who is interested? Men who still have
at least one bleed a year are much more willing to consider gene therapy, suggesting that
living with frequent bleeds outweighs safety worries for some. Conclusion: Clear, easy-to-
understand information is needed about how gene therapy works, its real benefits, limits,
and side effects can help patients make informed choices together with their doctors.
Addressing safety concerns directly and setting realistic expectations may increase
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Introduction

Nowhere is the fragility of hemostasis more evi-
dent than in hemophilia. In hemophilia A, it is the
cofactor of a serine protease, also known as clot-
ting factor VIII; in hemophilia B, it is the serine
protease itself, factor IX, that is deficient.! It is
therefore dramatic to see the danger that this defi-
ciency poses to the approximately 4000 registered
individuals affected in Germany.? In severe forms
of hemophilia, that is, with a factor activity of
<1%, patients can suffer massive bleeding after
minor trauma, resulting in painful joint damage.?

Treatment of this X-linked inherited disorder with
coagulation factors from pooled plasma concen-
trates has been available since the 1970s.3* This
therapy required frequent intravenous infusions,
which were both time-consuming and stressful. In
recent decades, however, treatment options have
improved considerably.>-® Today, both plasmatic
and recombinant factor concentrates and the
bispecific monoclonal antibody emicizumab’ are
available to patients. These options are recom-
mended for long-term bleeding prophylaxis in
people with hemophilia (PWH) and a high bleed-
ing tendency.® The development of factor concen-
trates with an extended half-life allows for longer
intervals between infusions.® It has been proven
that the prophylactic approach can delay the onset
of hemophilic arthropathy by decades.®

Unfortunately, the therapies mentioned so far
offer only a lifelong prophylactic approach and
continue to place a great burden on those

affected.!? Factor substitution cannot completely
prevent bleeding,!!:!2 especially joint bleeding,
which can progress to arthropathy and requires
PWH to refrain from physically demanding activ-
ities. This can lead to social isolation and a sig-
nificant loss of quality of life.!3-14 They require
knee or hip replacements at a higher rate than the
general population,!> which, together with regular
substitution and inhibitor treatment,!® leads to
frequent hospitalizations and non-negligible costs
to the healthcare system.!7-19

In recent years, significant progress has been
made in gene therapy (GT) for hemophilia.20-2¢
In this therapy, a functional copy of the deficient
factor gene is introduced into the hepatocytes
using a non-replicating, non-pathogenic adeno-
associated viral (AAV) vector. After just one infu-
sion, the hepatocytes begin to produce and secrete
the coagulation factor.® This innovative treatment
option offers the prospect of curing hemophilia
with a single infusion.?7-3! Etranacogene dezapar-
vovec and fidanacogene elaparvovec are already
approved for the treatment of hemophilia B, and
valoctocogene roxaparvovec for the treatment of
hemophilia A in the United States and the
European Union.2432-35 In case of valoctocogene
roxaparvovec, the efficacy of GT is particularly
evident in the significant reduction of the annual
bleeding rate (ABR) to 0.3bleeds/year over
7 years,?° leading to a significant improvement in
quality of life.3” In terms of safety, transaminase
elevations are documented, which can usually be
controlled by glucocorticoids.2>:38
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Despite these revolutionary advances, GT has not
yet gained widespread acceptance. It is currently
unclear whether this is due to a lack of informa-
tion or other factors.

The main objective of this study is to assess the
knowledge and attitudes of people with severe
hemophilia in Germany toward GT, with a par-
ticular focus on their informational needs, priori-
ties, and concerns. Additionally, the study aimed
to identify specific factors influencing patients’
willingness to choose GT, considering all the
aforementioned aspects as well as their clinical
condition. To date, no such investigation has
been conducted for Germany.

Ultimately, the results should provide physicians
and therapists with a better basis for informing
and advising patients in the context of shared
decision-making.

Methods

To assess patients’ knowledge and attitude, a ques-
tionnaire developed by Cutica et al. at the University
of Milan and previously used on a cohort of Italian
hemophilia patients?® was used in this study for
German patients. To achieve equivalence between
the original questionnaire and the German version,
the translation was done according to the guide-
lines of Beaton et al.#? The questionnaire was then
made available on the SurveyMonkey platform,
ensuring anonymous data collection. The access
was provided to the patients via a QR code in the
newsletters of the patient organizations Deutsche
Himophiliegesellschaft e.V. and Interessengeme-
inschaft Hamophiler e.V. from June to October
2023.

The questionnaire consisted of four sections:

1. Patient information: Collected sociodemo-
graphic (age, education) and clinical data,
including hemophilia type, severity, treat-
ment details, bleeding symptoms, and pres-
ence of chronic arthropathy.

2. GT knowledge: Assessed understanding of
GT, including its mechanism, risks, and
benefits, through multiple-choice questions
of varying difficulty.

3. Arttitudes toward GT: Evaluated willingness
to undergo GT, information needs for deci-
sion-making, perceived benefits, and con-
cerns about potential consequences.

4. Psychological traits: Included standardized
questionnaires on decision-making style
(assessing habitual decision patterns) and
risk-taking attitude (measuring likelihood
of engaging in risky behaviors).

Participants were included in the study if they
were adults (=18years) with mild, moderate, or
severe hemophilia A or B, and were able to read
and understand the study materials, including the
consent form and questionnaires. Patients with a
pre-existing psychiatric diagnosis were excluded.
A total of 101 patients accessed the link, 85 of
whom completed the questionnaire. Within this
group, the proportion of women was 10%. As the
disease almost exclusively affects men, we attrib-
uted the relatively high proportion of women to
the fact that they probably suffered from other
coagulation disorders. However, due to the ano-
nymity of the survey, it was not possible to track
this and make a differentiated classification.
Therefore, all female participants had to be
excluded from the study. Finally, 69 male people
with severe hemophilia A and B participated in
the study. The survey took approximately 20 min
to complete.

Statistical analysis of raw data was conducted
using Microsoft Excel, BiAS for Windows 11.12,
and GraphPad Prism (version 10.2.3). For ordi-
nally scaled data, the Mann—Whitney
U test was applied, while the chi-squared test was
used for categorical variables. A p value of <0.05
was considered statistically significant. The anal-
ysis of individual decision-making style was con-
ducted based on the work of Scott and Bruce.#!
This study was performed according to the prin-
ciples laid out in the ICH guideline for good clini-
cal practice E6(R2).42

Results

Of the 69 patients included in the study, 100%
were male with a median age of 50years (SD
13.3, range 19-85). More than half of the
respondents had an education beyond compul-
sory schooling. The cohort consisted exclusively
of male people with severe hemophilia (residual
factor activity <1% of normal). Of the patients,
86% had hemophilia A (#=59) and 14% had
hemophilia B (#=10); 7% had formed inhibitors
in history. At the time of the survey, 96% of the
patients required regular bleeding prophylaxis.
Seventy-one percent were receiving replacement
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therapy with recombinant coagulation factor,
13% with emicizumab, 10% with plasmatic coag-
ulation factor, and 6% with other therapies. A
detailed overview of the patient characteristics is
provided in Tables Al and A2.

Satisfaction with the current treatment was high,
with 64% of patients very satisfied and 36% satis-
fied. Despite the high level of patient satisfaction,
77% of patients experienced chronic arthralgia,
and 13% experienced severe acute arthralgia.
Regarding activities of daily living, Figure 1 illus-
trates that 48% of respondents felt impaired in
sports, while 17% reported no impairment due to
hemophilia. Sixty-eight percent of patients had
heard about GT, mainly from physicians and
patient organizations, 8% had heard about it
through online seminars/conferences, and 6%
used newspapers and the Internet as a source of
information. Forty-four percent did not seek fur-
ther information.

To objectify knowledge, patients were asked to
rate statements about the availability, indications,
mechanisms, and potential risks of GT for hemo-
philia, including its use in clinical trials, the role
of viral vectors, eligibility criteria, and possible
side effects such as liver inflammation and long-
term risks. The list of statements is provided
in Table A3. The majority of patients had only
general knowledge about GT as illustrated in
Figures 2 and 3, while specific questions, such as
pre-existing liver disease and AAV vector immu-
nity, were answered correctly by only a few
patients. No patient was able to answer all the
questions about GT correctly. 48% achieved a
rate of over 50% correct answers, and 7%
answered over 80% of the questions correctly.

Based on their level of knowledge, 59% of patients
said they would refuse GT. Patients’ attitudes
toward GT were reflected in their hopes and con-
cerns: they saw the greatest potential benefits in
reducing bleeding episodes, avoiding infusions,
and reducing chronic arthralgias. However,
patients were concerned about potential long-
term side effects such as cancer, short-term side
effects such as possible liver inflammation, and
the consequences of steroid therapy (Table 1).

In order to understand patients’ expectations of
the new treatment method, we asked respondents
to define the minimum duration of efficacy of GT

and the minimum guaranteed factor activity that
would be acceptable for them to opt for this form
of therapy. First, a clear tendency emerged that the
willingness to undergo GT increases with a longer
minimum duration of efficacy. Correspondingly,
there is also a higher willingness to undergo GT
with a higher guaranteed minimum factor activity.
To determine the relevance of these aspects for
the decision for or against GT, we performed
Mann—Whitney U tests for non-normally distrib-
uted samples and compared the expectations of
the group of PWH who would accept GT (n=19)
with those who would reject it (z=50): There
were significantly higher expectations in the group
of refusers in terms of duration of efficacy
(»p=0.003) and minimum factor level (p=0.04;
see also Figures 4 and 5).

We also performed comparative analyses between
the two groups of respondents using chi-square
tests to compare their sociodemographic and clin-
ical characteristics. No significant correlations
were found between respondents’ level of educa-
tion, age, presence of chronic or acute arthralgia
(Table A2), or knowledge of GT and their nega-
tive attitude. However, a highly significant differ-
ence was observed when comparing the two
groups in terms of ABR: PWH with an ABR =1
were significantly more likely to agree or accept
GT (»p=0.001).

Regarding their assessment of the potential
advantages and disadvantages of GT, our analysis
showed a trend that people who would reject GT
at the current time tended to rate the potential
disadvantages higher and the benefits lower than
those who would consider GT (Figures 6 and 7).
However, a high significance was reached in the
assessment of long-term side effects, such as the
development of cancer: GT rejecter group rated
this potential disadvantage significantly higher
than GT acceptor group (p=0.005).

Finally, we examined the entire cohort of patients
with respect to their individual decision-making
style. The methodology was based on the work of
Scott and Bruce*! on the collection and analysis of
decision-making preferences. The results showed
that respondents had a predominantly rational
decision-making style (z=51), that is, based on a
thorough consideration of alternatives and facts
(Figure 8). The low prevalence of spontaneous
and intuitive styles underscores the group’s
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rational, controlled decision-making process. We
performed a Craddock-Flood chi-square test to
assess whether decision-making style influences
the decision to undergo GT. There was no

significant difference between the group which
would choose GT and the group which would
reject it. As shown in Figure 9, the group of
respondents exhibited low risk-taking behavior
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overall, particularly in areas associated with clear
safety rules. This is reflected in the low mean
scores for activities such as “drinking in public”
or “driving without a seat belt,” while slightly
higher scores are seen for less directly safety-
related behaviors such as “sunbathing without sun
protection.”

Discussion

This study is the first in Germany to investigate
the knowledge of individuals with hemophilia
about GT. In view of the rapid progress in
research in this field, particularly with regard to
gene therapies for hemophilia A and B, which
show impressive long-term results36-43-46 and have
been approved in the European Union for a few
years,23:35 an analysis of the knowledge of affected
persons seems urgently necessary. Using a ques-
tionnaire, we investigated patients’ knowledge,
concerns, and hopes regarding GT, as well as the
sociodemographic and disease-related character-
istics of the study participants.

Compared to the study conducted by Cutica
et al.3® from the University of Milan, both

investigations included a similarly sized patient
cohort in which the majority of participants had
severe hemophilia. The average age of the patients
was also comparable, with a similarly broad age
range. Furthermore, a high proportion of partici-
pants in both studies had an educational back-
ground beyond compulsory schooling, indicating
a well-informed patient population.

Both studies clearly show that general informa-
tion on GT is better known than specific knowl-
edge on eligibility criteria, adverse events, and the
mechanism of action, indicating a need for patient
education in these particular areas. Short- and
long-term side effects in general, and potential
carcinogenesis in particular, are the most impor-
tant concerns of those affected by hemophilia
and, as the comparative analyses of both studies
show, contribute significantly to GT rejection.

Altogether, the results of the present study indi-
cate a notable increase in participants’ knowledge
of GT compared to the findings of Cutica’s study.
Indeed, the current study demonstrates a gener-
ally higher level of knowledge, with 48% achiev-
ing a score above 50% correct answers, compared
to only 35% in the Italian sample. This difference
may be attributed to the fact that this study was
conducted 2years after Cutica’s research, during
which time GT has advanced further, with stud-
ies demonstrating long-term efficacy of treat-
ments such as valoctocogene roxaparvovec over
7years,?® thereby contributing to its growing
establishment and the increased availability of
reliable information.

To ensure comparability with the study by Cutica
et al., the original questionnaire was used without
changes. Patients were not given any information
about other new treatment options such as sec-
ond-generation mimetics, as these were not yet
approved at the time of the survey.4” Therefore, it
is unlikely that differences in preferences are
related to new therapies.

In our evaluation, all study participants were sat-
isfied with their current treatment regimen (64%
very satisfied, 36% satisfied). Interestingly, 77%
of respondents reported chronic arthralgia, and
21% experienced more than three bleeding epi-
sodes within 1year. Individual cases of high
bleeding frequency were attributed to occupa-
tional stress (e.g., construction work) or medical
procedures. Overall, 83% of patients reported
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Table 1. Importance of benefits, concerns, and information on gene therapy for hemophilia.

Possible benefits of gene therapy for hemophilia Mean SD
Importance (1=not at all important and 5=very important)

No more having to do infusions 4.2 1.0
A reduction in bleeding episodes 4.4 0.8
A reduction in chronic pain in the joints 4.2 1.0
Having fewer restrictions in sports/traveling 4.2 0.9
Having fewer limitations in school/work activities 3.6 1.3
Having fewer limitations in social/familial activities 3.8 1.2
Feeling safer in potentially high-risk situations 4.0 1.2
Feeling healed from the disease 3.8 1.3
Possible considerations about gene therapy for hemophilia Mean SD

Importance (1=not at all important and 5=very important)

The possibility that the treatment will not be effective 4.1 1.0
The possibility that the treatment will lose its efficacy over time 4.0 1.0
Possible short-term side effects 4.5 0.9
Possible side effects from steroid therapy 4.3 0.9
Potential long-term treatment problems (e.g., cancer) 4.6 1.0
Undergoing frequent medical checks especially during the first year 3.5 1.2
Agreeing to long-term follow-up (up to 15years) 85 1.3
Important information about gene therapy for hemophilia Mean SD

(1=not at all important and 5=very important)

Percentage of people in which gene therapy leads to a functional increase in the level of the 4.3 0.8
clotting factor

Percentage of risk that the production of the clotting factor will decrease over time 4.2 1.0
Percentage of risk of short-term side effects 4.3 1.0
Percentage of risk of long-term side effects (e.g., cancer) 4.6 0.9
Improvements with respect to your current bleeding/joint problems 4.4 0.9
Need to use immunosuppressive drugs 4.4 0.9
Needing to consider family planning 2.6 1.6
Practical aspects of gene therapy 3.3 1.3
Technical aspects of gene therapy 3.6 1.2
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that they had experienced limitations in various
aspects of their lives as a result of their disease.
The described limitations are reflected in numer-
ous publications*®-51 and underline their rele-
vance in daily clinical practice.

It is particularly noteworthy that, despite these
considerable burdens, 59% of the study partici-
pants refused GT. Both the high level of satisfac-
tion and the negative attitude are consistent with
the findings of our colleagues at the University of
Milan.?®

The striking discrepancy between the high level of
satisfaction with current therapy and the reported
burden of disease contributes to other findings of
our study on the decision-making of hemophilia
patients: For the first time, ABR is shown to be

the only disease marker that highly significantly
discriminates between GT refusers and GT
acceptors. At the same time, the ABR serves as a
key parameter to measure the success of GT in
global studies.52-55 This dual function confirms
the relevance of ABR from a clinical and patient-
centered perspective. While other disease charac-
teristics, such as chronic arthralgia or acute pain
events, do not show comparable differences
between the groups of those who would refuse
GT or accept it, the ABR appears to accurately
reflect the patient’s level of suffering and provides
a clear basis for decision-making.

At the same time, the discrepancy between sub-
jective satisfaction and objective disease severity
suggests that the decision to undergo GT is not
solely determined by clinical symptoms but is sig-
nificantly influenced by patients’ expectations,
subjective risk assessment, and individual deci-
sion-making style. Regarding the acceptance of
GT, patients who would reject GT had signifi-
cantly higher expectations regarding the duration
of efficacy (p=0.003) and the minimum factor
level (p=0.04) than those who would accept GT.

Overall, however, the majority of study partici-
pants rejected GT. On the one hand, this skepti-
cism may be a reflection of the current lack of
long-term evidence: While existing data confirm
reductions in bleeding rates, stable factor expres-
sion for up to 7 years,3%4% and improved quality of
life,22:37 the therapy’s effect on slowly evolving
complications such as hemophilic arthropathy
remains unknown.

On the other hand, the fact that the study popula-
tion is characterized by a predominantly rational
and risk-averse decision-making style might as
well contribute to the rejection.>® These findings
are in line with the results of the Cutica study. In
this context, the discrepancy between high dis-
ease burden and rejection of GT reflects the risk-
averse thinking as the expectation of higher
efficacy duration and guaranteed factor levels
seems to represent a condition under which
affected individuals would perceive GT as pre-
dictable and supported by clear evidence, and
therefore as a viable option to consider.

Furthermore, our study participants were classified
as rational decision-makers if they answered ques-
tions such as “I check my sources of information
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before making a decision” or “I make decisions in a
logical and systematic manner” positively. For indi-
viduals who make decisions based on evidence and
systematic thinking, access to trustworthy educa-
tional materials and clear medical advice is
essential.

To address this, a three-step educational approach
could be adopted: First, initial self-directed learn-
ing through online materials; second, a consulta-
tion with the treating physician to assess individual
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eligibility, discuss personal risks and benefits, and
allow time for reflection; and third, a follow-up
discussion to address any remaining questions
before the final decision is made.

While several educational formats on GT for
PWH already exist,>’-%0 they are predominantly
available in English. It is therefore necessary to
develop clear, independent resources in German
to ensure equal access to information and enable
informed decision-making.
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Conclusion can improve understanding and acceptance of

Our study is the first to assess attitudes of PWH
in Germany toward GT. While all respondents
were satisfied with their current treatment, 59%
rejected GT. Rejection was unrelated to age, edu-
cation, or pain level, but PWH with an ABR =1
were more willing to consider GT (»p=0.001).
Concerns about long-term side effects (p=0.005)
and high expectations regarding duration of effi-
cacy and minimum factor levels contributed to
rejection. Overall, participants showed only gen-
eral knowledge of GT. Compared with the Italian
cohort studied by Cutica et al., knowledge levels
appeared higher, suggesting growing awareness.
Further studies should explore how education

this therapy.

Limitations of the study

X-linked recessive hemophilia primarily affects
men. In extremely rare cases, when both parents
are carriers of a diseased gene or in monosomies
such as Turner syndrome, women can also show
clinical symptoms of the disease.f1:2 An exclu-
sively male study population may lead to gender
bias that does not adequately reflect the percep-
tion of the burden of disease,®2:%3 the associated
impairments, and the specific experiences of
symptomatic carriers—and thus also their attitude

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

S Babayeva, A Peyvandi et al.

toward GT, leaving the population of women with
hemophilia understudied.5*

Although the questionnaire is based on the instru-
ment developed by Cutica et al., it has not been
pilot-tested or validated prior to data collection.
Therefore, the validity and reliability of the instru-
ment may be limited, as potential ambiguities
were not identified in advance.

In addition, the focus on people with severe factor
deficiency might contribute to the limited gener-
alizability as only the responses from this group
were submitted. Further studies are needed to
explore attitudes toward GT across different
severity levels.

The average age of our study participants was
50years, with 7% under the age of 35. This may
skew findings related to joint damage, needs, and
risk tolerance, underscoring the need for studies
including younger patients.5-67

About 50% of respondents had higher education,
diverging from the general German population®®
contradicting the results of the e THINK study by
Mrakotsky et al.,®® which suggested deficits in intel-
lectual and adaptive skills in children with hemo-
philia. Similar evidence has been found in individuals
with other chronic diseases.”®7! Higher education
likely facilitated understanding of GT, indicating a
potential selection bias among study participants.

A trend emerged where those rejecting GT rated
its disadvantages higher and benefits lower than
those open to it, but differences were not statisti-
cally significant due to the small sample size
(n=69). Larger, more representative studies are
needed to validate these trends.

No formal a priori power analysis was performed
prior to data collection, as the study was explora-
tory in nature, and the total number of potential
participants was limited due to the rarity of the
disease, meaning that statistical significance for
small effects may be limited.
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Sociodemographic characteristics n %
Gender
Male 69 100.0
Age group
<3byears ® 7.2
35-49years 24 34.8
50-65years 35 50.7
Over 65years 5 7.2
Highest educational level
Secondary school (Hauptschule) 2 2.9
Middle school diploma (Realschule) 20 29.0
High school diploma (Gymnasium) 10 14.5
University degree 34 49.3
Higher degree (PhD, etc.) 3 4.3
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Table A2. Clinical characteristics of the study population.

Clinical characteristics n %
Type of hemophilia
Severe hemophilia A 59 85.5
Severe hemophilia B 10 14.5
History of inhibitors
No 63 91.3
Yes 5 7.2
Unknown 1 1.4
Current treatment regimen
Regular prophylaxis 65 94.2
Intermittent prophylaxis 2 2.9
Episodic prophylaxis 2 2.9
Type of regular prophylactic medication
Recombinant factor concentrate 49 71.0
Plasma-derived factor concentrate 7 10.1
Monoclonal bispecific antibody 9 13.0
Other 4 5.8
Satisfaction with treatment
Very satisfied A 63.8
Satisfied 25 36.2
Dissatisfied 0 0.0
Bleeding events in the past 12months
0 bleeding episodes 28 36.2
1 bleeding episode 19 27.5
2-3 bleeding episodes 1" 15.9
4-7 bleeding episodes 8 11.6
8-10 bleeding episodes 4 5.8
>10 bleeding episodes 2 2.9
Chronic arthralgia in the past 12months
Yes 53 76.8
No 16 23.2
Acute arthralgia in the past 12months
Mild 19 27.5
Moderate 16 23.2
Severe 9 13.0
None 25 36.2
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Table A3. List of statements to rate as true or false on gene therapy.

Number Statement
1 In your country, no hemophilia patient has ever been treated with gene therapy
2 Gene therapy avoids constant infusions of the missing clotting factor
3 Several gene therapy clinical trials are currently ongoing worldwide in hemophilia patients
4 Gene therapy is possible for hemophilia A
5 Gene therapy is indicated in pediatric patients
6 Gene therapy is indicated for severe forms of hemophilia
7 One of the most frequent side effects of gene therapy is the increase of liver inflammation
8 Gene therapy aims to introduce into the body a functional copy of factor VIl or FIX gene
9 A pre-existing immunity to adeno-associated viral vectors allows to undergo gene therapy
10 Gene therapy is possible for hemophilia B
1" Gene therapy is assessed on the basis of the reduction in the annual bleeding rate
12 Gene therapy consists of a single intravenous infusion
13 Adeno-associated viral vectors are used for gene therapy for hemophilia
14 Gene therapy may have possible long-term side effects of cancer development
15 Gene therapy clinical trials are ongoing in patients with inhibitors
16 It might happen that patients in gene therapy may need steroids J\;llsjlrtnsaallsgzéc;t;;rzjablscg;l}ne
17 Hemophilia patients with previous liver disease were eligible for gene therapy in clinical home/tah
trials S Sage journals
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