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ABSTRACT

Background: Hemophilia A is an inherited bleeding disorder caused by a deficiency of clotting factor
VIII (FVIII), leading to joint bleeding and arthropathy. While prophylactic FVIII therapy reduces bleeding,
evidence suggests maintaining higher FVIII levels (FL) may better protect joint health, particularly in
physically active individuals and those with joint damage. However, data on optimal FLs required to
prevent joint deterioration and complications remains limited.

Research design and methods: This study utilized the Sheffield Elicitation Framework (SHELF) meth-
odology to elicit expert opinions on optimal FLs for patient-centric and clinical outcomes. Five
European hemophilia experts participated in virtual workshops, providing probability-based estimates
of FLs required to prevent bleed-related hospitalizations, orthopedic procedures, target joint incidence,
and support physical activity without additional infusions or joint damage.

Results: Experts consistently recommended higher FLs for individuals with joint damage than for those
without. Optimal average FLs ranged from 24% to 51%, exceeding traditionally recommended prophy-
lactic trough levels (3-5%). Considerable uncertainty was noted around FLs for physical activity,
reflecting the complexity of individualized care.

Conclusions: Standard prophylaxis regimens may not provide sufficient protection for all patients,
particularly those with joint damage. A personalized treatment approach, targeting higher FLs when
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necessary, may be critical for optimizing outcomes.

1. Introduction

Hemophilia A is a rare, inherited bleeding disorder character-
ized by a deficiency of clotting factor VIII (FVIII), resulting in
recurrent bleeding episodes, predominantly affecting joints
(hemarthrosis) [1,2]. Recurrent intra-articular bleeding leads
to progressive hemophilia-related arthropathy, causing
chronic pain, limited mobility, and persistent inflammation,
substantially impacting physical function and quality of life
[3,4]. Prophylactic treatment with FVIII replacement and non-
factor therapies allows reduced bleeding episodes frequency
and related complications, establishing prophylaxis as stan-
dard clinical practice for people with hemophilia A with
a severe bleeding phenotype — showing marked benefits by
comparison with episodic treatment [1,3,5,6].

Despite the widespread use of prophylaxis factor replace-
ment therapy targeting FVIII trough levels between 3% and
5% [1], emerging evidence suggests higher FVIII levels (FL)
provide superior protection against joint damage, particularly
for individuals with an active lifestyle or existing joint morbid-
ity [7]. Research in hemophilia A has shown that each 1%
increase in factor level is associated with a 3.9% decrease in

the overall annual bleeding rate and an 18% reduction in the
annual joint bleeding rate [8,9]. Recent UK expert consensus
highlights maintaining an FL of 215 1U/dL as beneficial in
protection against joint bleeding, with virtually no expectation
of joint bleeding. However, achieving this in clinical practice
may be challenging with currently available standard half-life
(SHL) or extended half-life (EHL) FVIIl concentrates due to
treatment burden [3,8].

This may, however, be feasible with a recently approved
ultra-long half-life (UHL) FVIII concentrate (efanesoctocog alfa),
which provides a viable option for reaching and maintaining
the non-hemophilia range (>40%) without increasing treat-
ment burden [10,11]. Additionally, experts agreed that treat-
ments should be individualized and tailored to specific patient
pharmacokinetic characteristics, as well as level of existing
joint damage. In addition to the FL itself, more time spent
above certain FL thresholds was also reported to reduce the
risk of bleeding events [7,12].

Currently available evidence suggests that individual het-
erogeneity may render standardized prophylaxis regimens
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inadequate to fully protect some individuals from joint
bleeding and joint health deterioration. Clinician consensus
indicates that a personalized treatment approach may be
more likely to ensure adequate protection, particularly in
the context of physical activity participation, and especially
in patients with existing joint damage [7,13-15]. In this
context, the treatment landscape for hemophilia A is cur-
rently expanding, and is set to provide the community with
a new generation FVllla mimetics, which are currently being
studied, or will become available in the near future. These,
together with the recent approval of the first UHL FVIII
concentrate, may substantially increase the feasibility of
normalized hemostasis [10,11,16-18].

To that end, the Sheffield Elicitation Framework (SHELF)
elicitation study by Martin et al. (2020) examined expert opi-
nions on the optimal FVIII activity levels required for safe
participation in physical activities among individuals with
hemophilia [19]. Their findings highlighted that experts
recommended higher FVIII levels with increased physical activ-
ity demands, recognizing greater uncertainty and variability
associated with physical activity risk level and individual
patient factors (such as joint health and pharmacokinetic char-
acteristics) — in line with a previously published Delphi con-
sensus statement [13].

There remains, however, a lack of published literature
regarding the FVIII levels required not only to reduce or
eliminate joint bleeding and enable safe participation in
physical activity but also to prevent broader short- and long-
term hemophilia-related outcomes, including hospitaliza-
tions, invasive orthopedic procedures, and the onset or pro-
gression of joint arthropathy. Identifying and characterizing
these optimal FVIII thresholds could significantly inform clin-
ical decision-making and management strategies, particularly
where data supporting clinical recommendations are cur-
rently insufficient.

The aim of this elicitation study was to assess expert opi-
nion on optimal FLs in hemophilia A to achieve core out-
comes, and generate a probability distribution representing
their knowledge and beliefs, while considering and quantify-
ing uncertainty and variability.

2. Patients and methods
2.1. SHELF methodology

A number of methods to elicit expert opinions exist.
However, when assessing uncertain parameters, systemati-
cally quantifying expert opinions and uncertainty, and con-
sidering elicited values across a plausible range are essential
aspects. To that end, a structured elicitation methodology
such as the SHELF provides a valid and intuitive approach
that enables this [20].

The SHELF methodology systematically synthesizes expert
opinions by eliciting probability distributions that represent
expert knowledge and clinical experience and has been pre-
viously used for similar elicitation studies in hemophilia [19].
SHELF was selected not only because it allows the elicitation
of specific parameters that are not currently available in the

evidence base, but also because of the ability to formally quan-
tify uncertainty through structured probability distributions.

2.2. Elicitation procedures and definitions

Several outcomes were elicited through structured expert
reflection during virtual elicitation workshops held between
March 2021 and January 2023. The workshops were con-
ducted by a lead facilitator with expertise in elicitation meth-
odology, supported by two additional facilitators who guided
the process but did not participate in providing estimations.
Prior to the workshops, experts received detailed briefing
materials outlining the methodology, relevant evidence, key
definitions, and specific elicitation questions to be addressed.

During each workshop, participants initially engaged in
practice exercises to ensure familiarity with the elicitation
methodology. Experts then individually specified plausible
ranges and assigned probability estimates to intervals within
those ranges, constructing predictive probability distributions
for each clinical parameter. Subsequently, they recommended
optimal FVIII levels necessary to avoid specified clinical out-
comes across different scenarios, both with and without the
presence of joint damage.

In total, 12 distinct scenarios were evaluated, derived from six
clinical outcomes assessed separately in contexts of both existing
and no joint damage. Responses from all experts were aggre-
gated, and probability distributions were fitted to the pooled
data, to represent collective expert opinion comprehensively.

2.3. Definitions

Prior to the workshops, discussions were held on the defini-
tion of optimal FL, which was defined as the FL necessary to
achieve the outcomes set out in each of the evaluated scenar-
ios, in the expert’s opinion.

Joint damage presence was defined as having one or more
problem joints (a joint permanently damaged as a result of the
patient’s bleeding disorder, affected by having chronic pain
and/or limited range of movement due to compromised joint
integrity, with or without recurrent bleeding) [21].

2.4. Participants

SHELF methodological guidance generally recommends up to
eight participants in an elicitation study [20]. A total of five
leading European hemophilia experts were selected based on
their knowledge of the condition and experience in the clinical
care of people with hemophilia (PwH) or their position as
a leading expert patient and experience in international advo-
cacy. The group composition was chosen to represent holistic
views and experience of hemophilia care, including hematol-
ogists (n=2), a clinical physiotherapist operating in the bleed-
ing disorders space (n=1), a hemophilia nurse (n=1), and an
expert patient (n=1). Two participants were from the United
Kingdom, one from Ireland, one from Spain and one from lItaly.
Honoraria were provided for participation in the workshops, at
fair market value.



2.5. Scenarios

Experts provided estimates regarding optimal FL required
across six clinical scenarios based on specific outcomes: no
bleed-related hospitalizations, no lifetime risk of invasive
orthopedic procedures, no incidence and resolution of any
existing target joints, ability to sustain minor trauma without
bleeding, participating in physical activities without additional
infusions, and participating in physical activity without acquir-
ing chronic joint damage (see Table 1).

The scenarios were intentionally structured to maintain
open discussion and to ensure that the factor level elicited
was relevant enough for a wide variety of potential bleeding
events, or physical activities, respectively.

2.6. Data analysis

Descriptive analysis was conducted to summarize the results.
Probability distributions were fitted to expert responses, and
the mean was estimated to describe the pooled elicited data
for each parameter and scenario for experts’ prediction of
optimal factor level.

Per-respondent analysis was also undertaken, in order to
represent the probability distribution of the individual expert

Table 1. Factor-level estimation scenarios.

FLs required in each scenario (with and without joint damage) for:

1 — Zero bleed-related hospitalizations

2 — Zero lifetime risk of invasive orthopedic procedure due to hemophilia

3 - Zero incidence of target joints and resolution of existing target joints

4 — Ability to withstand minor trauma without a bleeding event (zero bleeds)

5 — Ability to participate in physical activity without requiring additional prior
infusions

6 — Ability to participate in physical activity without acquiring chronic joint
damage (problem joint)

®  No existing Jointdamage =

60%

51%

50%

40%
37%

40%

30%

20%

Pooled mean FL recommendations

10%

0%

36%
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opinions and the distributions of the elicited parameters across
scenarios (details provided in Appendix A). All analyses carried
out as part of this study were conducted in Microsoft Excel.

3. Results

The elicitation study quantified expert perspectives on FL
required to achieve clinical and patient-centric outcomes
across multiple scenarios, and the findings highlighted differ-
ences based on the presence or absence of joint damage.
Across scenarios, experts consistently recommended higher
FLs required for people with existing joint damage, compared
with those with no joint health issues. Figure 1 details the
mean optimal FL for every scenario, with Table 2 providing
further detail pertaining ranges and specific comments made
during discussion, as to the sources of variability.

3.1. Bleed-related hospitalizations

When considering the optimal FL in order to avoid any occur-
rence of hospitalization due to bleeding events - experts, on
average, recommended similar FLs with and without joint
damage: 40% for people with existing joint damage and
37% for those without, ranging from 13% to 76% and 11%
to 75%, respectively. The variability in expert opinions
reflected differences in their clinical experiences and perspec-
tives on bleed severity, with experts noting that this could
include a spectrum of bleeding types and causes (e.g. trau-
matic/spontaneous, joint/muscle/soft-tissue, etc.). Despite
similar pooled mean values, variability in expert opinion was
characterized by a smaller degree of uncertainty for those with
existing joint damage (Figure A1, ii).

With existing Joint damage

36%

Q1. No
hospitalisations

Q2. No invasive

procedures joints

Figure 1. Pooled mean FL recommendations for both joint damage scenarios.

Q3. No target

31% 31%
29%
27%
Q4. Minor Q5. Physical Q6. Physical
trauma/no bleeds activity/no activity/no joint
infusions damage
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Table 2. Mean FLs, elicitation ranges, and expert observations across scenarios and joint health levels.

Mean  Range
Scenario Joint health FL (%) (%) Uncertainty/Expert Variability Notes
1. Avoid bleed-related hospitalizations No joint damage 37% 13-76% Moderate variability; narrower uncertainty intervals
compared to joint damage group
With joint damage 40% 11-75% Comparable range; reduced uncertainty indicative of
stronger consensus among experts
2. Prevent lifetime invasive orthopedic procedures Without joint damage  42%  10-83% Generally low uncertainty; with one expert suggesting
adequacy at lower thresholds
With joint damage 51% 31-90% Substantial inter-expert variability; one expert proposed
levels as high as 80% for sufficient protection
3. Avoid & resolve target joints Without joint damage  27% 7-61% Reasonable inter-expert concordance with a relatively narrow
elicited range
With joint damage 36% 10-61% Increased uncertainty, reflecting the complexity of managing
preexisting joint damage
4. Withstand minor trauma without bleeding Without joint damage  24% 4-58% Marked variability; divergence in views on whether trauma-
related bleeding is joint-dependent
With joint damage 29%  10-58% Slightly elevated recommendations with persistent variability
across expert judgments
5. Participate in physical activity without additional ~ Without joint damage  27% 6-63% Considerable variability, largely influenced by anticipated
prior infusions physical activity intensity
With joint damage 31% 8-70% Increased factor level proposed for joint damage scenarios;
some experts advised levels exceeding 60%
6. Participate in physical activity without acquiring ~ Without joint damage  31%  17-62% Moderate variability; emphasis placed on activity nature and
chronic joint damage (problem joints) joint-specific risk profiles
With joint damage 36%  24-73% Marginally elevated factor level compared to prior scenario;

general consensus but residual spread remains

Abbreviations: FL: Factor level.

3.2. Prevention of orthopedic procedures

Similarly to bleed-related hospitalizations, experts recom-
mended an optimal FL of 42% PwH without existing joint
damage to prevent invasive orthopedic procedures, with med-
ian estimations ranging 10-83%. In contrast, experts sug-
gested substantially higher FLs - around 51% - for PwH with
existing joint damage, with mean FLs ranging 31-90%. The
wide variability in these recommendations highlights differing
perspectives on optimal FL requirements. For individuals with-
out joint damage, experts generally demonstrated low uncer-
tainty around FL values near 40%, although one expert
suggested that an FL as low as 10% might adequately prevent
the need of joint procedures (Figure A2, i). Conversely, for PwH
with existing joint damage, experts consistently indicated that
substantially higher FLs around 50% would be optimal, with
one expert advocating that FLs could need to be as high as
80% to fully mitigate the risk of joint deterioration and sub-
sequent surgical interventions (Figure A2, ii).

3.3. Target joint incidence and resolution

When discussing protection against the development of target
joints and resolution of existing ones, experts recommended an
optimal FL of 27% (range: 7-61%) for PwH without chronic joint
damage. For PwH with existing joint damage, experts indicated
a higher mean optimal FL of 36% (range: 10-61%), reflecting
greater variability and highlighting substantial uncertainty and
differing expert opinions regarding effective FL requirements in
scenarios involving existing joint morbidity (Figure A3, ii).

3.4. Minor trauma without bleeding events

The average FL indicated to provide protection against bleeding
from minor trauma was an average FL of 24% (range: 4-58%) for

individuals without joint damage and 29% (range: 10-58%) for
those with existing joint damage. Experts differed notably in their
assessments, with some indicating that bleeding due to minor
trauma is not necessarily linked to joint damage and therefore
the recommended levels should be equivalent (Figure A4, i and ii).
Another expert pointed out, however, that if the minor trauma
were to impact an already damaged joint, the optimal protective
FL may need to be higher.

3.5. Physical activity without need for additional prior
infusions

Experts recommended an average FL of approximately 27%
(range: 6-63%) for individuals without joint damage to be able to
engage in physical activities, without the need for additional prior
infusions. Slightly higher recommendations, averaging 31%
(range: 8-70%), were provided for individuals with existing joint
damage. Substantial variability was noted among expert opinions
for both scenarios. One expert advocated for higher optimal FLs
(60-70%), highlighting that variations in joint damage severity and
physical activity intensity might require substantially elevated FLs
to ensure protection across all situations. Conversely, another
expert confidently suggested lower FLs of around 5-10%, suffi-
cient for most cases. All experts acknowledged the substantial
uncertainty in these estimations, emphasizing the necessity of
individualizing FL recommendations based on specific activity
intensity and joint damage status (Figure A5, i and ii).

3.6. Physical activity without inducing chronic joint
damage

In the context of the above estimation, experts provided
similar recommendations. However, a slightly higher FL was
estimated to ensure the avoidance of new joint damage
acquisition. Experts recommended a mean FL of 31% (range:



17-62%) for those without joint damage and 36% (range:
24-73%) for those with existing joint damage (Figure A6, ii).
While the estimation was less uncertain than that described in
3.5, experts noted that the intensity and nature of physical
activity, as well as location and degree of joint damage, were
sources of uncertainty. This further underscored the complex-
ity of balancing FLs with maintaining physical activity, its
intensity, and the level of existing joint damage.

4. Discussion

This article presents the findings of an expert elicitation study
carried out with a group of hemophilia experts to collect optimal
FLs to achieve specific patient-centric and clinician-relevant out-
comes, currently unavailable in the literature, in the context of
the presence or absence of chronic joint damage. In the absence
of readily available clinical data, the SHELF methodology was
leveraged, in order to provide relevant estimates, while describ-
ing and accounting for uncertainty [20].

The multidisciplinary expert group consistently proposed
factor levels far exceeding traditionally recommended trough
levels in published clinical management guidelines (3-5%) [1],
particularly in individuals with existing joint damage. The
overall consensus in most scenarios highlighted that PwH
with existing joint damage should be better protected with
higher FLs than those with no joint damage. This highlights
the clinical perception of a need for higher prophylactic
thresholds to achieve optimal patient outcomes and reduce
joint morbidity, suggesting that a standard prophylaxis regi-
men may not always provide optimal protection against
bleeding events and joint damage.

The experts emphasized that the interpretation of FLs
related to physical activity should be considered in the context
of the nature and risk profile of each activity, as clinicians are
encouraged to continue tailoring treatment decisions to indi-
vidual needs, with differential considerations needed for PwH
engaging in regular physical activity versus those engaging in
it more sporadically. Similarly, another SHELF elicitation study
by Martin et al. reported hemophilia expert recommendations
that FLs should increase as physical activity intensity and risk
profile increase [19]. In both our study and the aforemen-
tioned, experts expressed greater uncertainty in their FL
recommendations related to outcomes where individual
patient characteristics made clinical management particularly
complex, further emphasizing the importance of
a management approach tailored to clinical characteristics
and lifestyle [19].

Notably, the elicitation did not stratify physical activity by
impact or intensity level. Experts highlighted this as a major
source of variability in FVIIl requirements, noting that low- versus
high-impact activities likely necessitate different protective
thresholds. In addition, the group further reflected on the corre-
lation and causation between joint damage and the levels of
activity that PwH undertake. Given the suggested factor levels
required in the presented scenarios, this could mean that with
the current standard of care additional factor is required to
support safe participation in physical activity [22].

In addition, in the case of some scenarios (especially
related to FL to achieve zero bleed-related hospitalizations,
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as well as FL for zero incidence of target joints and resolution
of existing target joints), the expert group highlighted
reduced alignment in elicited values. They indicated that it
may be difficult to elicit ideal values in these scenarios as FLs
providing optimal protection in the specific situation may
also depend on other circumstances, such as traumatic and/
or non-joint bleeding events. It was also suggested, however,
that the reduced alignment may be due to the ambition of
some experts to aim to provide levels that are in the ‘normal’
range to people with hemophilia A. Significantly, reaching
and sustaining these factor levels in the ‘normal’ range, is
now feasible with the introduction in clinical practice of
a novel UHL concentrate, efanesoctocog alfa, without increas-
ing injection frequency and treatment burden [10]. Moreover,
the wide ranges may also highlight the need for an indivi-
dualized treatment approach, based on the specific clinical
situation of each individual.

Furthermore, when considering the avoidance of surgical
intervention in those with established joint damage, experts
recommended that the estimations should be interpreted with
caution. This is due to the fact that, in cases where pain is
related exclusively to the chronic status of already deterio-
rated joints, FLs may have limited effect on avoiding surgical
intervention.

The group also considered the difference between load-
bearing joints as compared to other joints, in the context of an
optimal FL to avoid joint damage progression. They noted
that, while the elicited FLs were an average recommendation
across both joint categories, differences in protective FLs are
likely to exist in practice. They further noted, however, that the
FL to provide protection against joint damage progression in
load bearing joints should take precedence as these are the
ones that are more likely to be affected and therefore those
that are likely to require higher FLs for effective protection.

The results of these study may find applicability in the
design and/or evaluation of future evidence, providing
a blueprint for future studies exploring PK-Tailored treatment
regimens, in the context of the level of joint health, as well as
the patient’s lifestyle and physical activity levels, to further
inform shared decision-making processes. The application of
the SHELF methodology in this study may also further inform
the design of future clinical studies evaluating the impact of
higher trough levels on hemophilia-related outcomes, espe-
cially in the context of prior joint damage.

The results of this study should be considered in the con-
text of the methodology used. The aims were to collect una-
vailable and unknown data and therefore comparative
evidence in the published literature may be extremely limited
or completely lacking. SHELF is a structured approach aimed
at capturing estimates of unavailable data via expert knowl-
edge [20].

To evaluate the internal and external validity of the elicited
data, the evaluation of similar scenarios with different elicita-
tion methodologies and comparison of obtained results may
be beneficial [23].

The validity of the elicited results is also necessarily related
to the selection of experts, parameter selection as well as the
assumptions tied to the elicited parameters. In this context,
a limitation of our study was that all the experts involved were
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from Europe. Future elicitations may apply a similar approach
involving experts from other geographic areas, allowing com-
parison of estimated parameters. Secondly, the number of
evaluable parameters and scenarios is necessarily limited,
and therefore we could not evaluate these in the context of
differing levels of joint damage, different types of joint (load-
bearing/non-load bearing) and/or different intensities, fre-
quencies, and risk profiles of physical activities. The variability
in expert opinions emphasizes the complexity of managing
hemophilia A and underscores the importance of personalized
therapeutic approaches. These results align with previous
research emphasizing the benefits of tailored prophylactic
regimens based on patient-specific factors, including joint
health and activity levels [13,19,24].

The results should also be considered in the context of
elicitation time frame. When the elicitations where carried
out, treatments that would allow a high-sustained FL were
not available. This highlights the ambition of treaters to
ensure adequate, sustained, and appropriate protection from
hemophilia A sequelae, which is now feasible thanks to inno-
vative treatments.

In conclusion, individualized therapy, aiming for higher
baseline factor levels, especially in those with existing joint
damage, may be critical to optimizing clinical outcomes in
hemophilia A.

5. Conclusions

This expert elicitation analysis found that factor VIII levels
required to achieve various clinical and humanistic outcomes
ranged between 24% and 51%, on average, and provided
much-needed insight into clinical considerations regarding
the hemophilia treatment. Considerations of PwH's individual
characteristics and goals in daily life may be essential to an
effectively tailored treatment regimen that should consider
time spent at an adequate factor VIII level.
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