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Objectives: To establish an aligned language and communications framework that fa-
cilitates informed consent and shared decision-making regarding gene editing and
treatment considerations in hemophilia.

Methods: Through an innovative partnership with global experts in hemophilia, gene editing,
and biotechnology, initial insights were gathered via interviews, workshops, and analysis of
existing language within the hemophilia community. Qualitative research involving lived
experience experts (people with hemophilia and caregivers; n = 43) and hematologists (n = 24)
informed the lexicon development, which was further validated by a steering committee of
global experts in the hemophilia and gene editing fields. Finally, optimized language recom-
mendations were developed for a clear, consistent gene editing lexicon.

Results: Key themes included insights into audience mindsets, guiding language prin-
ciples, and optimized terminology for key topics like gene editing concepts and post-
treatment considerations. Audience mindsets revealed cautious optimism around gene
therapy, with more skepticism around gene editing. Guiding language principles indi-
cated a preference for plainspoken over technical language, definitions that link to
patient benefits, and explanations that highlight the precise nature of gene editing.

Conclusion: This collaborative approach ensures broad adoption of the lexicon within

KEYWORDS

Essentials

the hemophilia community and readiness for beta testing.

blood coagulation disorders, clustered regularly interspaced short palindromic repeats, gene
editing, hemophilia A, hemophilia B, lexicon

¢ CRISPR-Cas9-based gene editing is an emerging therapy for hemophilia involving complex vocabulary.

« A gene editing lexicon was developed with guidance from hemophilia and gene editing experts.

« Optimized language recommendations were developed for a clear, consistent gene editing lexicon.

* The novel collaborative, community-based approach supports the successful adoption of this lexicon.

1 | INTRODUCTION

Hemophilia is a genetic disorder characterized by coagulation factor
deficiency [1,2]. It is caused by a genetic mutation in the long arm of
the X chromosome [3]. Recent advances in treatment for hemophilia,
with the availability of subcutaneous nonreplacement therapies,
changed the approach to prophylaxis of bleeding, even in children with
hemophilia [4,5]. Despite these advances, current treatment options
for people with hemophilia can be associated with high treatment and
financial burdens on individuals and healthcare systems [6]. In addi-
tion, although younger patients on prophylaxis treatment with
extended half-life factor therapeutics experience fewer episodes of
hemarthrosis [7], patients with moderate to severe hemophilia who
are treated with clotting factor concentrates continue to experience
breakthrough bleeds and joint diseases potentially due to lack of
steady-state factor and hemostatic levels [1,2,8]. Given the challenges
associated with current treatments for hemophilia, novel treatment
modalities are in development [8]. Clustered regularly interspaced

short palindromic repeats (CRISPR)-associated protein 9 (Cas9)-based
gene editing platforms represent one such emerging treatment option.
These platforms have the potential to address the unmet needs of the
hemophilia community [9-11].

One of the challenges associated with implementing novel and
advanced treatment options like gene editing platforms is that they
involve complex concepts and terminologies that are not familiar within
the hemophilia community. For instance, it may not be clear to the he-
mophilia audience that CRISPR-based gene insertion targets liver cells,
which are nonreproductive cells, and therefore, its effects cannot be
passed down to future generations. In addition, the language used to
explain and discuss gene editing is also not aligned across key audiences:
lived experience experts [12] (LEEs; people with hemophilia and their
families and caregivers), healthcare professionals (HCPs), people with
hemophilia advocacy groups, regulatory agencies, and payors. This makes
it difficult to facilitate shared decision-making between HCPs and people
considering gene editing, which is a major barrier to achieving truly
informed consent. An aligned language for such novel therapeutic
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technologies is therefore critical for improving understanding among the
hemophilia community and achieving informed consent.

Here, we report the development of a globally aligned gene
editing lexicon - one that is credible and easily understood by people
with hemophilia and the hemophilia community. Lexicon development
used an innovative approach involving close partnerships among he-
mophilia, gene and cell therapy, and biotechnology organizations. In-
sights were gathered through in-depth interviews, language audits,
workshops, and qualitative research across the United States of
America, the United Kingdom, and Germany with LEEs and hematol-
ogists. The lexicon was finalized following input from a lexicon
steering committee composed of global experts from leading scientific
and patient organizations in the hemophilia and gene editing fields.
The major goal of this lexicon was to establish a clear and consistent
common language and communications framework that facilitates
informed consent and shared decision-making regarding gene editing
and treatment considerations in hemophilia.

2 | METHODS

2.1 | Study design and setting

This study, conducted between August 2023 and January 2024, used
a 7-stage cumulative approach. Stages 1 to 3 have been completed,
where preliminary insights were gathered through an audit of lan-
guage to describe genetic treatments in hemophilia and interactions

with leading representatives in the field [13]. These initial stages laid
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the groundwork for stages 4 to 7, outlined and described in further

detail below.

« Stage 4: development of discrete language stimuli.

« Stage 5: qualitative lexicon research involving online group in-
terviews with hemophilia community stakeholders in the United
States of America, United Kingdom, and Germany.

« Stage 6: a review and refinement stage with the lexicon steering
committee.

« Stage 7: a language strategy involving recommendations for a
foundational gene editing lexicon in hemophilia.

2.2 | Participant selection and study procedures
The comprehensive, multistep approach to lexicon development is
outlined in Figure 1 and described in further detail below.

2.2.1 | Stage 1: language landscape analysis

An in-depth audit was conducted, including a comparative analysis of
the public-facing language used to describe genetic treatments in he-
mophilia across 3 patient advocacy groups and 1 scientific organization
(National Bleeding Disorders Foundation, formerly NHF; European
Haemophilia Consortium; World Federation of Hemophilia; Interna-
tional Society on Thrombosis and Haemostasis). All were chosen based
on their legacy and influence in the hemophilia field. Findings were used
to understand key communication topics and established vocabulary to

LANGUAGE IN-DEPTH LANGUAGE LAB LANGUAGE QUALITATIVE LEXICON STEERING LANGUAGE
LANDSCAPE INTERVIEWS STIMULI LEXICON COMMITTEE STRATEGY
ANALYSIS DEVELOPMENT RESEARCH REVIEW
Examine, compare, and Interview 10 Conduct an interactive, Develop discrete Conduct qualitative Review initial language Finalize and

analyse the language
used to explain gene
therapy and
gene editing in
hemophilia across 3
PAG websites (NBDF,
EHC, and WFH) and
one scientific
organization (ISTH)

representatives
from select
biotechnology
companies to
understand gene
editing techniques
in hemophilia and
associated
communications
challenges and
messaging approaches

language-focused
workshop with the
lexicon steering
committee* to
brainstorm approaches
to key communications
topics and explore
promising language to
bring into research

language stimuli based
on language lab
outcomes to test a
diverse range
of articulations and
approaches to explain
gene editing in
hemophilia

research with LEEs
(patients and
caregivers) and
hematologists
(N=67) in the USA,
UK, and Germany to
explore reactions to
language stimuli and
identify language
preferences

recommendations with
the lexicon steering
committee* to help
shape and stress-test
the final lexicon

refine language
recommendations for a
clear, consistent gene
editing lexicon in
hemophilia (including
what to say, what not to
say, and why)

FIGURE 1 Stages of lexicon development. *The lexicon steering committee is composed of global experts from leading scientific and patient
organizations in the hemophilia and gene editing fields.
EHC, European Haemophilia Consortium; ISTH, International Society on Thrombosis and Haemostasis; LEE, lived experience expert; NBDF,
National Bleeding Disorders Foundation; PAG, patient advocacy group; UK, United Kingdom; USA, United States of America; WFH, World
Federation of Hemophilia.
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explain genetic treatments in hemophilia. Findings were also used to

develop a comprehensive discussion guide for stage 2.

2.2.2 | Stage 2: in-depth interviews

Five in-depth interviews were conducted with representatives from select
biotechnology companies (N = 10) to understand gene editing techniques in
hemophilia and associated communication challenges and uncover key
anticipated questions. These 60-minute virtual interviews were led by
market research professionals specializing in language strategy. Findings
were used to develop a workshop curriculum for stage 3.

Participants were chosen based on their in-depth knowledge of
current and novel gene editing technologies, involvement and expe-
rience in developing and implementing such technologies, and
knowledge of the hemophilia community, including people with he-

mophilia and patient advocates.

2.2.3 | Stage 3: language laboratory

An interactive language-focused workshop was conducted with the
lexicon steering committee (composed of 11 global experts from
leading scientific and patient organizations in the hemophilia and gene
editing fields) to discuss common patient attitudes on gene editing,
brainstorm approaches to key communication topics, and explore
promising language to bring into research. Experts also answered a
series of open-ended questions to explore how they articulate, visu-
alize, and conceptualize gene editing techniques and their application
in hemophilia in advance of the workshop. Findings were used to

develop discrete language stimuli in stage 4.

224 | Stage 4: language stimuli development

To evaluate articulations and approaches for explaining gene editing in
hemophilia, 13 sets of discrete language stimuli spanning 8 key topics
were developed, modeled on a frequently asked question structure (ie,
each language articulation was designed as a response to a key question).
Stimuli spanned 3 main sections, reflecting a critical building block for
understanding gene editing in hemophilia. Stimuli also included forced-
choice poll questions to quantify reactions and preferences for specific
pieces of language. This approach helped participants understand the
general principles of gene editing before delving into the details of more
novel technologies (specifically, CRISPR-Cas9 gene insertion technol-
ogy). Each set of stimuli fell into 1 of 3 major themes: introduction to gene
editing, introduction to CRISPR-based gene insertion, and addressing

potential concerns. The full set of stimuli topics is shown in Table 1.

2.2.5 | Stage 5: qualitative lexicon research

To evaluate language concepts for clarity, comprehension, and credi-

bility, 11 qualitative research sessions (Supplementary Table S1), each

TABLE 1 Stimuli topics for qualitative discussion.
Introduction to gene editing

1. What is gene editing?

2. How can we describe gene editing more visually?

Introduction to CRISPR-based gene insertion

3. What is the goal of gene insertion in hemophilia?
4, How does CRISPR-based gene insertion work?
5. How is genetic material delivered?

Addressing potential concerns

6. Can the effects of CRISPR-based gene insertion be inherited?
7. Can | get CRISPR-based gene insertion more than once?
8. What does follow-up look like?

CRISPR, clustered regularly interspaced short palindromic repeats.

135 minutes long, were held with participants (N = 67) across 3 markets
(the United States of America, United Kingdom, and Germany),
including LEEs and hematologists (Table 2). Here, stimuli from stage 4
were explored in detail in group sessions with participants, each led by
an independent moderator. Feedback was collected through forced-
choice poll questions and group discussion using planned and sponta-
neous prompts and questioning. Participants were encouraged to share
their candid personal opinions. Feedback was used to develop insights
into audience mindsets, guiding lexicon principles, and specific language
recommendations for use in definitions, descriptions, and explanations
of novel gene editing techniques and related patient considerations.
Participants in stage 5 were intended to be representative of the
hemophilia community. Structured screener interviews were used to
confirm eligibility based on criteria detailed in Table 3 [14] and to
ensure a diverse set of participants from across the United States of
America, United Kingdom, and Germany and audiences (LEEs and he-
matologists). A total of 24 hematologists and 43 LEEs met the eligibility
criteria for participation in stage 5. Among hematologists, 50% (12/24)
treated adult people with hemophilia only and practiced across a di-
versity of locations (hemophilia treatment centers, hemophilia
comprehensive care centers, nonhemophilia treatment center commu-
nity hospitals, nonhemophilia treatment center academic/university
hospitals, and private practices). Patients represented a population
likely to be eligible for future gene editing treatments. Of 23 LEEs
(people with hemophilia), 56.5% (13/23) had hemophilia A, and the
remaining 43.5% (10/23) had hemophilia B. Of 20 LEEs (caregivers),
60% (12/20) provided care for people with hemophilia A and 40% (8/
20) provided care for people with hemophilia B; 90% (18/20) provided
care for people with hemophilia aged >18 years and 10% (2/20) pro-
vided care for children with hemophilia aged 8 to 17 years (Table 2).

2.2.6 | Stage 6: lexicon steering committee review

Preliminary research results and initial language recommendations

were reviewed by the lexicon steering committee to finalize the lexicon.
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TABLE 2 Qualitative research participants.
Participants United States of America (n = 27)
HCPs® Hematologists (n = 10)

« Treat people with moderate to severe
hem A or B (n = 10)
o Treat adult people with hemophilia
only (n=7)
o Treat both adult and pediatric people
with hemophilia (n = 3)

LEEs (people LEEs (n = 10) LE
with hemophilia) « Male (n = 9) .
« Race/ethnicity® .
o Caucasian/White (n = 5)
o Caucasian/White, .

Hispanic/Latino (n = 2)

o Black/African American (n = 2)

o Asian/Pacific Islander (n = 1) .
e Hem A (n = 3)

o Moderate (n = 2)

o Severe (n = 1)
« Hem B (n =7)

o Moderate (n = 2)

o Severe (n = 5)

LEEs (caregivers) LEEs (n = 7) LE

* Race/ethnicity® .
o Caucasian/White (n = 3)
o Hispanic/Latino (n = 1) .
o Black/African American (n = 3)

« Care for people with hem B (n = 7) .
o Moderate (n = 1)
o Severe (n = 6) .

« Care for people with hemophilia
aged <18 y (n = 5)

United Kingdom (n = 19)

Hematologists (n = 6)
« Treat people with moderate to severe

hem A or B (n = 6)

o Treat adult people with hemophilia

only (n = 3)
o Treat both adult and pediatric
people with hemophilia (n = 3)

Es(n=7)

Male (n = 7)
Race/ethnicity®

o Caucasian/White (n = 7)
Hem A (n = 5)

o Moderate (n = 3)

o Severe (n = 2)

Hem B (n = 2)

o Severe (n = 2)

Es (n = 6)

Race/ethnicity©

o Caucasian/White (n = 6)

Care for people with hem A (n = 5)
o Severe (h = 5)

Care for people with hem B (n = 1)
o Severe (n = 1)

Care for people with

hemophilia aged <18 y (n = 6)

HCP, healthcare professionals; Hem, hemophilia; LEE, lived experience experts.
?For specialty audiences like HCPs, ethnicity was not part of the screening criteria.

PDue to stricter privacy laws in the European Union, ethnicity data were

not collected.

“Respondents could select as many race/ethnicity categories as they felt best described them.

2.2.7 | Stage 7: language strategy

Optimized language recommendations for a clear, consistent gene
editing lexicon in hemophilia were built based on analysis of the
findings from stages 1 to 6. The lexicon included insights into audience
mindsets, communication context and guardrails, and considerations
for adapting language based on audience literacy levels, market and

audience-specific nuances, and the future evolution of the technology.

2.3 | Analyses

Results were derived qualitatively through in-depth analysis and syn-
thesis of respondents’ reactions to language based on clarity, compre-
hension, and credibility, as well as through quantitative analysis of
results from forced-choice polling exercises. To develop a lexicon with

the broadest application, priority was given to findings relevant across

|} u l
research & practice
in thrombosis & haemostasis

Germany® (n = 21)

Hematologists (n = 8)

Treat people with moderate to

severe hem A or B (n = 8)

o Treat adult people with
hemophilia only (n = 2)

o Treat both adult and pediatric
people with hemophilia (n = 6)

LEEs (n = 6)

Male (n = 6)

Hem A (n = 5)

o Moderate (n = 1)
o Severe (n = 4)
Hem B (n = 1)

o Moderate (n = 1)

LEEs (n = 7)

Care for people with

hem A (n = 7)

o Moderate (n = 3)

o Severe (n = 4)

Care for people with hemophilia
aged <18y (n=7)

most audiences and markets. Following feedback and refinement from

the lexicon steering committee, optimized language recommendations

were developed for a clear, consistent gene editing lexicon.

24 |

Ethical approval

This study was approved by the relevant institutional review boards

and ethics committees.

3 | RESULTS

Results from the initial stages (1-3) revealed a critical need for a
simple, clear, and consistent lexicon to explain gene editing in hemo-
philia to enable informed consent and decision-making when it comes
to treatment considerations. The detailed outcomes of the initial

stages were published separately [13].
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TABLE 3

Eligibility criteria for qualitative research session participation.

Hematologists + Actively involved?® in directly treating an adequate proportion® of people with moderate to severe® hemophilia
» At least 50% of their patients receive prophylaxis treatment with factor replacement therapy
* Open to considering gene therapy for people with hemophilia

Patients e Aged 18 to 65y

« Diagnosed with moderate to severe® hemophilia A or B

« Currently using a factor replacement product as the primary treatment on an on-demand or prophylactic dosing schedule
* Open to considering gene therapy as a future treatment

« Have not previously participated in a gene therapy clinical trial

Caregivers « Primarily nonprofessional caregivers to an individual with moderate to severe® hemophilia A or B
» The individual they care for has not previously participated in a gene therapy clinical trial

?Defined as comprising at least 50% of their working hours.

PDefined as treating at least 25% of the total number of patients treated.

“Moderate is defined as factor levels at 1% to 5%, and severe is defined as factor levels <1% [14].

Insights from the qualitative lexicon research and refinement
(stages 5 and 6) fell into 3 key themes: stakeholder mindsets, guiding
language principles, and optimized lexicon recommendations for key

topics.

3.1 | Stakeholder mindsets

Results showed that the terms “gene therapy” and “gene editing”
evoke different associations. Where gene therapy was associated with
curative potential, gene editing was associated with “science fiction”
and ethical concerns. Although there was a level of skepticism when
discussing the therapeutic application of both techniques, there was
more cautious optimism around gene therapy and more doubt around
gene editing. Results also indicated confusion about the differences
between each technique (Supplementary Table S2).

3.2 | Guiding language principles
Findings indicated a preference for language adhering to the below
core principles (Supplementary Table S3):

» Plainspoken language over technical language
« Definitions linked to patient benefits
* Finding the right balance of detail - not too little or too much

Explanations anchored in precision to build confidence in the face
of novelty and skepticism. These overarching principles guided the

refinement of specific lexicon recommendations across topics.

3.3 | Lexicon recommendations for key topics

The key topics on which to build and optimize language were identi-

fied during the initial phases and defined in stage 4. These included

definitions and descriptions of gene editing and gene insertion/novel
gene insertion techniques, and messaging around issues like post-
treatment follow-up, scientific unknowns, and inheritance (ie, lan-
guage that distinguishes between episomal and somatic genetic
treatments and clarifies whether the effects of treatment are passed

down to children).

3.3.1 | Explaining gene editing

When describing gene editing, there was a preference for the term
“medical technology.” Although audiences saw its potential to become
a treatment, the word “treatment” implies something that is ready for
use, which hematologists reject, given its trial status and lack of long-
term evidence. “Technology” alone communicates something novel,
untested, and scary. “Medical technology,” however, is more credible,
capturing that gene editing is an evolving scientific advancement with
direct health benefits (Figure 2; [15]).

Plainspoken, descriptive definitions of gene editing were prefer-
able to help audiences visualize the changes it can make while
avoiding the unease that comes with scientific jargon. However, what
was considered “plainspoken” differed by the audience - there was a
need to balance simplicity with sufficient detail when describing what
“editing” entails. For hematologists, that meant characterizing gene
editing as “a medical technology that is used to inactivate harmful
genes, add missing ones, or repair faulty ones.” For people with he-
mophilia, that meant describing gene editing as “a medical technology
that is used to fix, add, or turn off genes,” using familiar language to
break down possible “edits” into specific actions (Figure 2;
Supplementary Table S4).

Metaphorical descriptions can help audiences better visualize
how gene editing works but must avoid oversimplification and be
centered on precision. For example, metaphors comparing gene edit-
ing to copyediting written language resonated, whereas metaphors
comparing it to adapting a cake recipe were rejected (Supplementary

Figure S1; Supplementary Table S5).
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Q. WHAT IS GENE EDITING?

Gene therapy is a treatment where new working genes are introduced into a person’s cells
to fight disease. There are different kinds of gene therapies, including gene editing.

WHAT IT COULD LOOK LIKE

Gene editing is a medical technology that’s used to fix, add, or turn off

genes to treat genetic conditions.

Through precise changes to specific sections of DNA, its goal is to help

restore the body’s ability to work as it should.

AUDIENCE NUANCE:

SN

Many (patients and caregivers in
particular) are not aware gene editing is a
type of gene therapy unaided. In those
cases, it may be helpful to first share a
definition from the National Bleeding
Disorders Foundation*

(source: “What is gene therapy?”’)

Additional information:

Hematologists note they would default to more scientific language in conversation
with one another. For a more technical audience, we’d recommend:

Gene editing is a medical technology that’s used to inactivate harmful genes, add

missing ones, or repair faulty ones to treat disease

FIGURE 2 Explaining gene editing. *National Bleeding Disorders Foundation [15].

When describing how gene editing works, leaning into precision
to connote a more targeted, intentional level of change helped reas-
sure people with hemophilia that only what is necessary will be
altered. In describing what gene editing does, anchoring to the end
goal - the benefit to people with hemophilia - gave audiences a
reason to keep listening despite skepticism and clarified the value and
potential of gene editing.

For visual descriptions, there was a preference for comparing
genes to a “series of letters” (Supplementary Figure S1;
Supplementary Table S5). It is a familiar construct to many people with
hemophilia, and it is close to how hematologists understand DNA - as
a series of letters or base pairs. Across markets, the precision implied
by fixing a piece of language resonated, and metaphors implying an
exact degree of change - “like fixing a typo” - can enhance comfort
and communicate how a small change can make a big difference.
3.3.2 | Explaining novel gene insertion methods
When describing the cause of hemophilia, audiences preferred the
phrase “genetic mutation,” which is considered familiar, scientifically
accurate, and neutral.

However, some audiences - people with hemophilia in the United
Kingdom and hematologists in the European Union (United Kingdom
and Germany) - push back on the phrase “genetic mutation.” In the
United Kingdom, people with hemophilia tend to think of hemophilia
as an issue of low protein or factor levels rather than a genetic issue.
For European Union hematologists, there is debate around concerns
that “mutation” risks faulting people with hemophilia. Overall, most
European Union hematologists conclude that scientifically accurate

terms like “genetic mutation” drive better understanding for everyone,

regardless of sensitivities. In contrast, the term “genetic error” is
rejected across markets and audiences for both being inaccurate and
placing undue blame on people with hemophilia.

When describing the goal of gene insertion, “independent” factor
production resonated. Although hemophilia is understood as a genetic
condition, it is experienced as a dependence on factor replacement,
and people with hemophilia are drawn to solutions that “enable the
body to produce clotting factor on its own.” However, more absolute,
definitive language, like claims to “eliminate” the need for factor
replacement altogether, triggered skepticism when presented without
sufficient evidence (Supplementary Figure S2; Supplementary
Table Sé6).

When explaining novel CRISPR-Cas9-based gene insertion, preci-
sion through the concept of “targeted” gene insertion improved confi-
dence (Supplementary Figure S3; Supplementary Table S7) and
encompassed how the technique differs from and builds on prior ap-
proaches. A plainspoken “2-step” breakdown also helped LEEs under-
stand the technique by dividing it into simple, digestible parts. Similarly,
a “2-part” breakdown of CRISPR helped visualize the concepts. It was
noted that each major component of CRISPR (Cas9 and guide RNA)
must be defined upon introduction. Audiences also noted the value of
metaphorical descriptions, particularly comparing the technology to a
“shipping and delivery” construct, although it must be presented
alongside a robust technical definition to improve confidence.

Another critical consideration for explaining gene insertion
included closing with a benefit that draws a clear link between the
technical treatment details and the real-world outcome for people
with hemophilia. Connecting to a benefit with an immediate and direct
impact on patients’ daily lives (ie, alleviating the burden of factor

replacement therapy) is especially resonant.
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When discussing gene insertion methods with hematologists, it
was crucial to mention the in vivo nature, as hematologists consider it
a valuable advancement in the gene editing field. This distinction was
especially important given that gene editing techniques can vary by
therapeutic area. For instance, recently approved gene editing therapy
for p-thalassemia and sickle cell anemia is ex vivo in nature [16]. The
term was less valuable for LEEs who are not familiar with it (or its
difference from ex vivo techniques).

In explaining the delivery of genetic material, LEEs indicated a
preference for straightforward scientific explanations that close with
reassurance (Supplementary Figure S4; Supplementary Table S8).
People with hemophilia are not inherently fearful of “viral” vectors,
given their use in vaccines, but they prefer scientific terms over
metaphorical descriptions like “delivery vehicle,” which sound like
attempts to sugarcoat information. However, explaining how the virus
is changed helps alleviate worries about the risk of viral infection, and
the use of “therapeutic” gene assures the positive health benefit of
what is delivered. Similarly, explaining why a virus is used provides a
helpful window into the scientific rationale behind the approach,
providing reassurance. Finally, using “can’t” (implying it cannot cause
disease) adds an extra layer of reassurance in being more definitive

than a word like “won’t.”

3.3.3 | Addressing potential concerns

The most urgent concerns of people with hemophilia were about in-
heritance and follow-up (Supplementary Figure S5; Supplementary
Table S9). For these topics, plainspoken biological definitions and
definitive language work best. Audiences do not need definitions of
somatic and germ cells - or eggs and sperm - to understand. They
prefer more literal explanations that leave less room for misinter-
pretation, like “[treatment affects] nonreproductive cells” and “[the
effects] can’t be passed down.”

When describing follow-up, characterizing the treatment as “a
one-time therapy” was a simple, neutral way to acknowledge perma-
nence and irreversibility (Supplementary Figure Sé; Supplementary
Table S10). Further, explaining why it is currently a one-time treat-
ment aided understanding; people with hemophilia are familiar with
the idea of immune responses and antibodies (particularly considering
coronavirus disease 2019) and appreciate the scientific explanation
behind the real-world implications. There was also a need for reas-
surance around backup options. People with hemophilia often wonder
if they can return to factor replacement therapy after genetic treat-
ment, and the option to revert to baseline is crucial for making an
informed treatment decision.

Another important concern was the scientific unknowns of
treatment. Here, candid language builds credibility and trust. How-
ever, the order matters - language should lead with the knowns,
acknowledge the unknowns, and close with reassurance on active
efforts to push knowledge forward. Anchoring to what is known gives
people with hemophilia a reason to consider treatment. Active efforts

to advance knowledge inspire optimism and reassure people with

hemophilia that this is a rigorous, scientifically validated treatment
approach that will only continue to advance. In contrast, leading with
acknowledgments about unanswered questions and effects that
cannot be measured risks intimidating people with hemophilia. It is
best to acknowledge the unknowns only after stating what is known.

In summary, neutral but honest language helps avoid unnecessary
alarm. For example, “lifelong follow-up” can sound like a heavy burden,
whereas “regular follow-up” is still accurate while sounding more
manageable and familiar to people with hemophilia, given their cur-
rent treatment regimens (Supplementary Figure S7; Supplementary
Table S11).

4 | DISCUSSION

New and increasingly complex technologies are changing the hemo-
philia treatment landscape, making new ambitions - including the
possibility of a cure - attainable [17,18]. To successfully implement
such technologies, there must be an aligned language used by all
stakeholders. Results show that a clear, consistent, and globally
aligned lexicon for novel therapeutic platforms like gene editing can
help build understanding and awareness among the hemophilia com-
munity. Further, outcomes suggest that the use of preferred language
can increase comfort during discussions of novel treatments and
related considerations [19,20].

Literature indicates the need for sources of clear, reliable infor-
mation to weigh the risks and benefits of potential new gene therapies
from physician, patient, and caregiver perspectives [21-23]. More-
over, studies like this suggest that consistent use of a community-
informed lexicon can minimize miscommunication and facilitate
informed decision-making regarding treatment opportunities and
choices [21]. Therefore, there is a need to balance the depth of in-
formation with the existing knowledge and sensitivities of people with
hemophilia, as well as levels of existing doubt and skepticism.

Through this initiative, several key lessons emerged. First,
fostering collaborative partnerships between LEEs, HCPs, and re-
searchers proved paramount in creating patient-centered communi-
cations that accurately reflect the diverse experiences within the
hemophilia community. It also engendered a sense of ownership and
inclusivity among all stakeholders, allowing them to advocate for
themselves and others with authenticity and empathy. Moreover,
communicating highly technical concepts in plainspoken yet descrip-
tive language ensures accessibility across individuals of various
backgrounds and education levels. Finally, the iterative nature of
lexicon development highlighted the need for further refinement
based on evolving needs and advances in technology to ensure its
continual relevance and future impact.

Key limitations of this study include its qualitative nature, the
focus on English and German languages, a lack of participants from the
wider hemophilia care team, and difficulty anticipating future scientific
advances. To supplement the findings of this study, future studies
could incorporate a more global scale of participants, including a ho-

listic hemophilia care treatment team. They may also incorporate a
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quantitative approach to lexicon preferences, delve deeper into topics
like potential side effects of gene therapy in children given that gene
therapies approved so far have been in adults, and explore differences
in subgroups like between those with moderate and severe hemo-
philia and those with hemophilia A and hemophilia B. In addition, it
might be beneficial to focus on expanding the application of the
lexicon beyond hemophilia to other genetic disorders. The collabora-
tive, community-based approach of this study makes it particularly
well-suited for beta testing, audience-appropriate modifications, and
wider adoption.

The outcomes of this study provide a strong foundation for a
novel gene editing lexicon. Consistent use of globally aligned language
is instrumental in building a united hemophilia community that is well-
informed about the risks, benefits, and considerations of novel
treatment options like gene editing. Insights into stakeholder mind-
sets, guiding language principles, and optimized language for key
topics outlined here could be instrumental in future adaptations of the
lexicon as social norms, cultural trends, and scientific discoveries

evolve alongside it.
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