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Abstract

Objectives: We compared patient-reported outcomes (PROs) in persons with hemophilia
A (PwHA) by inhibitor status and prescribed treatment products. Methods: Hematology
Utilization Group VIII study enrolled PWHA aged > 2 years to collect PRO data via sur-
veys. A clinical chart review documented the hemophilic severity, inhibitor level and
treatment regimen. PROs were compared across inhibitor status and prescribed treatment
products. Results: Among 85 enrolled PwHA, 9 (10.6%) had active inhibitors, 22 (25.9%)
had tolerized inhibitors, and 54 (63.5%) had no inhibitors. The no-inhibitor group was
significantly older (mean: 29.3 + 13.5 years) than the tolerized (16.3 + 9.5 years) and active
inhibitor (21.9 + 19.1 years; p = 0.001) groups. A larger proportion of participants with
active inhibitors (66.7%) and no inhibitors (53.7%) reported having bleeds in the previous
month compared to those with tolerized inhibitors (22.7%, p = 0.02). After covariate ad-
justment for age and hemophilia severity, the tolerized inhibitor group showed the lowest
estimated number of joint bleeds compared to those of the no inhibitor and active inhibitor
groups (p =0.08), and the highest EQ-5D index score (p =0.09). Emicizumab users reported
significantly fewer bleeds in the previous months than those who were prescribed stand-
ard or extended half-life factor VIII (33.3% vs. 58.6%, 64.3%, p = 0.04). Conclusions: Par-
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with lower bleed rates compared to standard or extended half-life factor VIII products.
Licensee MDPI, Basel, Switzerland.

This article is an open access article Keywords: hemophilia A; health-related quality of life; bleeding; clotting factor;

distributed under the terms and

conditions of the Creative Commons emicizumab

Attribution (CC BY) license.

J. Clin. Med. 2026, 15, 1517 https://doi.org/10.3390/jcm15041517



J. Clin. Med. 2026, 15, 1517

2 of 14

1. Introduction

Persons with hemophilia A (PwHA) can enjoy both a longer life and better quality of
life than ever before due to expanding medical knowledge, improved therapeutic agents,
and advancement of comprehensive care treatment [1,2]. Despite these innovations, pa-
tients can still suffer from serious complications, such as arthropathy with accompanying
joint pain, and inhibitor development, which negatively impact their health-related qual-
ity of life (HRQoL) and further increase the burden of care.

Development of an inhibitor historically has been one of the most medically serious
and costly complications in hemophilia treatment before emicizumab received approval
from the U.S. Food and Drug Administration [3]. Persons with severe hemophilia A are
the most likely to develop inhibitors and are estimated to have an overall 25-40% lifetime
risk of inhibitor development, compared to a 5-15% lifetime risk in those with moder-
ate/mild hemophilia A [4]. Individuals who develop inhibitors are twice as likely to be
hospitalized for a bleeding complication and also face a greater risk of death [4-7]. His-
torically, therapeutic options for individuals with inhibitors have been limited and de-
manding, with often suboptimal results [8,9].

The increased bleeding and arthropathy associated with inhibitor development are a
major cause of acute and chronic joint pain, morbidity and reduced everyday function
[10]. Ineffective management of bleeding increases the risk of adverse outcomes from se-
vere bleeding, including intracranial and gastrointestinal hemorrhage, which can be life-
threatening. HRQoL assessments of PWHA demonstrate that when bleeding control is
limited by inhibitor development, mental and social health, as well as physical function-
ing, are diminished [11].

Hemophilia treatment, regardless of inhibitor status, requires a lifetime commitment
of considerable resources on the part of providers, payers, and those with hemophilia.
Medical management of PwHA with inhibitors is particularly complex, as individual re-
sponses to bypassing agents and immune tolerance induction (ITI) regimens are unpre-
dictable compared to replacement therapy in non-inhibitor individuals [12]. Previous re-
search has demonstrated that hemophilia inhibitors are associated with a significant
healthcare burden [12-15]. The last decade has brought significant advancements in he-
mophilia A coagulation therapies. New treatment products now available include ex-
tended half-life (EHL) coagulation factors and the first non-factor replacement antihemo-
philic medication, emicizumab. PwHA inhibitors using emicizumab from the HAVEN 1
study recorded meaningful improvements in their HRQoL and significantly reduced an-
nualized bleeding rates [16-18].

Many burden-of-illness analyses excluded individuals with inhibitors due to this
group’s unusually high healthcare utilization and costs. Since 1995, the Hematology Uti-
lization Group Studies (HUGS) has collected data from hemophilia treatment centers
(HTCs) to evaluate the costs of care and disease burden in PwH [19-22]. However, these
studies collected data from the general hemophilia sample of individuals 2-64 years old,
with small samples of participants with an inhibitor, which were usually excluded from
the cost analyses. HUGS VIII focused specifically on the inhibitor status of PwHA to ex-
amine the costs and burden of hemophilia care, including the HRQoL, arthropathy, eco-
nomic and psychosocial impacts on PwHA. This article reports data on patient-reported
outcomes (PROs), including joint health and HRQoL. We also compared PROs by inhibi-
tor status, and by the type of treatment product prescribed.
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2. Material and Methods

2.1. Design

HUGS VIII is an observational cohort study that collected data from four large U.S.
HTCs providing care to PWHA in Colorado, Texas, Illinois, and California. Inclusion cri-
teria included the following: (1) age > 2 y(ears; (2) factor VIII activity level < 5%; (3) the
participant received the majority of their hemophilia care at the HTC at least one year
prior to enrollment to ensure adequate data collection throughout the study period; (4)
for the inhibitor group, we used the inhibitor definition from Walsh [7] and included par-
ticipants who had: (a) an inhibitor titer >1 Bethesda unit (BU) recorded at any HTC visit
and/or (b) clinical records indicating that the participant received immune tolerance ther-
apy (ITT) at any HTC visit; (5) the participant spoke either English or Spanish; and (6) the
participant was willing to provide written informed consent. Individuals judged by the
clinician to be cognitively impaired or those with any additional bleeding disorder were
excluded. We enrolled participants with and without hemophilia A inhibitors at a 1:2 ra-
tio.

2.2. Recruitment and Procedures

Eligible participants were identified by the site study coordinator during clinic visits
or through clinical chart review. After obtaining informed consent, surveys were admin-
istered at baseline (enrollment) and 12 months later. Surveys were collected via RedCap,
a secure web application. Participants received a $20 gift card for completing each survey.
Recruitment began in April 2019, and data collection was completed in February 2022.

Ateach HTC, the study coordinator abstracted clinical information from participants’
medical charts for the period of six months prior to and 12 months after enrollment. The
chart review collected information on the clinical characteristics of the participant, includ-
ing the diagnostic level of factor VIII, inhibitor titer, treatment of inhibitor, treatment reg-
imen, immune tolerance induction (ITI) status, history of joint procedures and pain med-
ication prescription. Factor prescription records were reviewed for product class, includ-
ing plasma-derived, standard and extended half-life recombinant factor VIII, emicizumab
(Genentech Inc. -- a member of the Roche Group, CA), and bypassing agents.

2.3. Measures

The baseline survey collected sociodemographic data, which included marital status,
employment, education level, health insurance status and household income. We also col-
lected data on personal characteristics, including health status, bleeding frequency, pain,
joint involvement and stiffness impact, and hemophilia treatment. The post-12-month en-
rollment follow-up survey collected similar data, with the exception of sociodemographic
information.

2.3.1. Comparison Groups

Two types of comparison groups were defined based on the study objectives. First,
based on hemophilia inhibitor status, participants were classified into three groups: (1)
active inhibitors (those received a treatment appropriate for a positive factor VIII inhibitor
with inhibitor titers > 1.0 Bethesda Units (BU) six months prior to enrollment), (2) tolerized
inhibitors (those with history of inhibitor titers > 1.0 BU plus past successful immune tol-
erance induction (ITI) and/or use of factor VIII for prophylaxis at enrollment), and (3) no
inhibitors (those with history of inhibitor titers always < 1.0 BU). Second, participants were
classified based on prescription records from the chart review for the period of six months
prior to and 12 months post-enrollment for plasma-derived, standard half-life (SHL) or
EHL factor products, bypassing agents, or emicizumab. Participants were classified into
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three groups: (1) those prescribed plasma-derived products, SHL products or bypassing
agents; (2) those prescribed only EHL products, or a combination of either plasma-derived
products or SHL products with EHL products; or (3) those prescribed emicizumab at least
once.

2.3.2. Bleeding and Pain

Patient surveys documented self-reported bleeding events from the month prior to
the baseline survey and during the three months prior to the follow-up survey. Partici-
pants reported whether they experienced joint or non-joint bleeds, and the number of
each. They also reported whether they had a target joint, defined as experiencing four or
more bleeds in a single joint in the six months prior to the baseline survey. Bleeding-re-
lated pain and chronic pain levels in general were measured by asking participants to
specify the intensity of their pain using a visual analogue scale (VAS) ranging from 0 (no
pain) to 10 (worst pain) [23].

2.3.3. Joint Health

The self-reported joint pain and range-of-motion (ROM) limitation were obtained
from two multiple-choice questions [20]. A five-item questionnaire on the stiffness impact
was included and scored [24]. The score was transformed to a T-score, which is standard-
ized to have a mean of 50 and a standard deviation (SD) of 10. Higher scores represent a
more favorable status for the stiffness impact [24]. A medical chart review obtained infor-
mation on participants who underwent any joint procedures for six months prior to en-
rollment.

2.3.4. Health-Related Quality of Life

HRQoL was measured using the EuroQoL EQ-5D-3L [25]. The EQ-5D-3L consists of
the EQ-5D descriptive system and the EQ-5D visual analogue scale (EQ VAS). The EQ-
5D-3L descriptive system comprises five dimensions: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. Each dimension has three levels: no problems,
some problems, and extreme problems. The VAS records the respondent’s self-rated
health on a vertical numeric scale ranging from 0 (the worst possible health status) to 100
(the best possible health status). The U.S.-based valuation algorithm was used to generate
a time trade-off (TTO) index score, which is anchored at 0 for death and 1 for perfect health
[26].

2.4. Statistical Analysis

Descriptive statistics, such as frequencies and proportions (for categorical variables)
and means and standard deviations (for continuous variables), describe the sample in
terms of the participant demographic and clinical characteristics, self-reported pain and
HRQoL. Comparisons of individuals’ characteristics were made among three inhibitor
groups or prescription groups using one-way ANOVA for continuous variables and chi-
square tests for categorical variables. Given the modest sample size and the rarity of he-
mophilia A with inhibitors, this study was not formally powered to detect statistically
significant differences between groups. Therefore, all between-group comparisons should
be considered exploratory.

To compare the variables among the three inhibitor groups and three prescribed
product groups, we defined clinically relevant differences among the groups as 5% ab-
solute difference for categorical variables; 0.05-point difference for scores ranging on a 0-
1 scale (e.g., EQ-5D index); 0.5-point difference for scores on a 0-10 scale (e.g., pain VAS);
or 5-point difference for scores on a 0-100 scale (e.g., EQ VAS). These thresholds corre-
spond to at least a small effect size (Cohen’s d = 0.2) [27] and align with published
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minimally important differences (MIDs) where available (e.g., 0.040-0.074 for the EQ-5D
index in hemophilia populations) [27,28]. These cut-points were used to complement the
p values, given the limited statistical power of this study.

Missing data was excluded from the analyses on a complete-case basis. No imputa-
tion was performed due to the modest amount of missing data and the observational na-
ture of this study. The proportion of missing values was low (<5% for most variables) and
did not differ systematically by group.

Generalized linear regression models were used to assess the mean covariate-ad-
justed scores for pain and EQ-5D scores by inhibitor group and prescribed treatment
group. These scores were obtained from general linear regression model least squares
means, which were computed for each group, appropriately adjusted for the covariate
effect in the general linear models. Covariates included age, hemophilic severity, and
prophylactic treatment. The adjusted estimates represent the expected outcome for each
comparison group if all participants had the same average age and severity. The negative
adjusted means for bleed counts reflect values below the overall sample mean after ad-
justment and should be interpreted relative to the other groups rather than as literal neg-
ative counts.

3. Results
3.1. Participant Group Characteristics

Baseline data were collected from 85 consented PwHA. Sixty-seven participants
(79%) completed the 12-month follow-up survey. Participant characteristics are summa-
rized in Table 1 (demographics) and Table 2 (clinical characteristics).

Among the 85 participants, 9 (10.6%) had active inhibitors, 22 (25.9%) had tolerized
inhibitors, and 54 (63.5%) had no inhibitors. The mean age was 24.8 + 14.0 (standard devi-
ation) years old, and the age ranged from 2.8 to 65.1 with a median of 23.2 years; 67.1%
were adults 18 years or older. The mean age of the no-inhibitor group (28.7 + 13.1) was
older than those of the tolerized inhibitor group (16.3 + 9.5 years) and active inhibitor
group (21.9 £ 19.1) (p = 0.001). Children were more likely to be in the tolerized (59.1%) or
active inhibitor (44.4%) groups than in the no inhibitor group (20.4%, p = 0.004). Adult
participants or parents of pediatric participants with tolerized inhibitors (70.0%) were
more likely to be married or with a partner than those with active inhibitors (44.4%) or no
inhibitors (46.3%) (p = 0.17). Although there was no statistically significant difference in
hemophilia healthcare treatment limitation related to inhibitor status, 19.5% and 25.0%
higher proportions of participants with active inhibitors reported that their health insur-
ance limited hemophilia treatment compared to those with no inhibitors or tolerized in-
hibitors (25.0% vs. 6.5%, 0%, p = 0.07) (Table 1).

Table 1. Participants’ social demographic characteristics from initial survey.

Inhibitor Status Prescription
Total i ibi- i - Val Val
Variable N‘i o A“t“’:::h‘bl Td;;;'::rm No Inhibitor ¥ *2 ¢ SHL+ EHLSII{{LL and 1171 S
- = 0, = o = %
N=9 106% N=22 2595 N=5%635% N=29,341% ;s N=42,49.4%
Mean (SD) age 248 (140)  21.9(19.1) 16.3 (9.5) 287(131) 0001  295(141)  265(134)  209(133) 003
Age group 0.004 0.08
Child 28 (32.9) 4 (44.4) 13 (59.1) 11 (20.4) 5(17.2) 5(35.7) 18 (42.9)
Adult 57 (67.1) 5 (55.6) 9 (40.9) 43 (79.6) 24 (82.8) 9 (64.3) 24 (57.1)
Marital status 0.17 0.75
Mamed/:;fh apart 3518 4(44.4) 14 (70.0) 25 (46.3) 16 (55.2) 8 (57.1) 19 (47.5)
ingl ith
Single/notwitha ) 4q 5y 5 (55.6) 6 (30.0) 29 (53.7) 13 (44.8) 6 (42.9) 21 (52.5)
partner
Employment 0.49 0.22
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Employed 64 (76.2) 7 (87.5) 15 (68.2) 42 (77.8) 20 (69.0) 13 (92.9) 31 (75.6)
Not employed 20 (23.8) 1(12.5) 7 (31.8) 12 (22.2) 9 (31.0) 1(7.1) 10 (24.4)
Income 0.74 0.96
$75,000 or less 42 (57.5) 5 (71.4) 10 (55.6) 27 (56.3) 14 (58.3) 7 (53.8) 21 (58.3)
More than $75,000 31 (42.5) 2 (28.6) 8 (44.4) 21 (43.8) 10 (41.7) 6 (46.2) 15 (41.7)
Health insurance
limits hemophiliac 4 (7.0) 2 (25.0) 0(0.0) 2 (6.5) 0.07 0(0.0) 1(16.7) 3(9.4) 0.28
treatment
Notes: Data were presented as numbers (column percentages) for categorical variables or means
(standard deviations) for continuous variables. * p values were calculated from chi-square tests for
categorical variables and from one-way ANOVA for continuous variables. + Two participants were
prescribed only bypassing agents. Abbreviations: N, number; SHL, standard half-life coagulation
factors; EHL, extended half-life coagulation factors; EMI, emicizumab; SD, standard deviation; $,
US dollars

When we classified participants based on their prescribed treatment products, 29
(34.1%) participants had plasma-derived or SHL prescriptions (two were prescribed by-
passing agents), 14 (16.5%) had EHL prescriptions, and 42 (49.4%) were prescribed emici-
zumab. The mean age of participants treated with emicizumab was significantly younger
than those of participants with SHL or EHL prescriptions (20.9+13.3 years vs. 29.5 + 14 and
26.5 + 13.4, respectively, p = 0.03, Table 1).

There were no significant differences in the hemophilia severity among the three in-
hibitor groups: active, tolerized and no inhibitor (100%, 100%, 83.3%, p = 0.17, respec-
tively). There were also no significant differences in the hemophilia severity related to the
three product class prescribed (p = 0.51).

Prophylaxis use was numerically higher in the active-inhibitor and tolerized inhibi-
tor groups but was not statistically different across the inhibitor groups (p = 0.16).

Table 2. Clinical characteristics from clinical chart review.
Inhibitor Status Prescription
Variable 1;]r(:t215 ACtlv:OI:hlbl- TOIE;;Z;:I_IH- No Inhibitor p Value* SHL t EHLS:E and NEiViIZ p Value *
N=9,106% N=22,25.9% - % 635% N=29301 N _14,165%  49.4%
Hemophilia severity 0.17 0.51
Moderate 10 (11.8) 0 (0.0) 1(4.5) 9 (16.7) 5(17.2) 1(7.1) 4(9.5)
Severe 75(88.2) 9 (100.0) 21 (95.5) 45 (83.3) 24(82.8)  13(929)  38(90.5)
Mean age at which factor use
e ty— 4993) 6.9 (10.6) 6.7 (14.4) 3.8 (5.7) 037  49(84) 71(17.7)  41(1) 059
Prophylactic treatment 74 (88.1)  9(100.0) 21 (95.5) 44 (83.0) 016  21(724)  14(100.0)  39(95.1)  <0.01
Prophylactic treatment in se-
vere patients (N = 75) 66 (88.0) 9 (100.0) 18 (85.7) 39 (86.7) 049  18(75.0)  13(100.0)  35(92.1)  0.04
Used bypassing agents 7 (8.2) 6 (66.7) 1(4.5) 0(0.0)  <0.0001 1(3.4) 0(0.0) 6(143) 012
Received ITI treatment 26 (30.6) 6 (66.7) 20 (90.9) 0(0.0)  <0.0001 6 (20.7) 1(7.1) 19(452)  0.01
History of joint procedure  1(1.2) 1(11.1) 0(0.0) 0(0.0) 0.01 0(0.0) 0(0.0) 1(2.4) 06
Used opioid pain medication 8 (9.4) 1(11.1) 1(45) 6 (11.1) 066  4(13.8) 2 (14.3) 2(4.8) 0.35
Used non-opioid painmedi- ;) ;) 5355 4(18.2) 12 (22.2) 065  7(24.1) 1(7.1) 11(262) 032

cation

Notes: Data were presented as numbers (column percentages) for categorical variables or means
(standard deviations) for continuous variables. * p values were calculated from chi-square tests. t
Two participants were prescribed only bypassing agents. Abbreviations: N, number; SHL, standard
half-life coagulation factors; EHL, extended half-life coagulation factors; EMI, emicizumab; SD,

standard deviation. ITI, immune tolerance induction

Emicizumab was prescribed to a significantly higher proportion of participants with
active inhibitors (88.9%) compared to the tolerized (59.1%) or no inhibitor (38.9%) (p =
0.02) groups.
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3.2. Self-Reported Bleeding at Baseline

Atbaseline, participants with either active or no inhibitors were more likely to report
having bleeds in the last month than those with tolerized inhibitors (66.7%, 53.7% and
22.7%, respectively, p = 0.02) (Table 3). Although the three inhibitor groups had no statis-
tically significant differences in their covariate-adjusted mean numbers of bleeds in the
last month, the active-inhibitor and no-inhibitor groups had numerically higher mean co-
variate-adjusted numbers of bleeds (0.66 + 0.56, 0.88 + 0.24 and 0.13 + 0.40, respectively, p
= 0.16). The proportion reporting any bleeds was significantly lower among emicizumab
users (33.3%) compared to those prescribed SHL (58.6%) or EHL (64.3%; p = 0.04).

Table 3. Self-reported bleeding, joint problems, and health-related quality of life from initial survey.

Inhibitor Status Prescription
Total . —— . - val
Variable ofal ~Active Inhibi- Tolerized In-  \f vy iivor pValue*  SHLt  EHL/EHLandSHL oo P Value
N=85 tor hibitor N _54, 63.5% N=29,341  N=14,16.5% N =42, )
N=9,10.6% N=22,259% = ' " s e 49.4%
Self-reported bleeding
Had bleeds in last
a bnfsn;m Bt 40ar 6667 5(22.7) 29 (53.7) 0.02 17 (58.6) 9 (64.3) 14(333)  0.04
Number of bleeds in
lst month 6Dy 07 (136) 088083 027055 111(157) 0049  1.03(1.32) 0.93 (0.83) 073 (153) 065

Covariate adjusted
number of bleedsin ~ NA 0.66 (0.56)a 0.13(0.40)a  0.88(0.24)a 0.15 0.70 (0.35) a 0.43 (0.49) a 0.54(0.31)a 0.81
last month (SE) t
Had joint bleeds in
last month
Numbers of joint
bleeds in last month 0.44 (0.82) 0.56 (0.73) 0.05 (0.21) 0.57 (0.94) 0.03 0.52 (0.99) 0.43 (0.51) 0.38(0.79)  0.79
(SD)

Covariate adjusted
numbers of joint
bleeds in last month
(SE) %

Had non-joint
bleeds in last month
Numbers of non-
joint bleeds in last 0.43 (0.81) 0.25 (0.71) 0.23 (0.53) 0.54 (0.91) 0.26 0.52 (0.74) 0.50 (0.65) 0.34 (0.91)  0.63
month (SD)
Covariate adjusted
number of non-joint

24(282)  4(44.4) 1(4.5) 19 (35.2) 0.01 9 (31.0) 6 (42.9) 9(21.4) 028

NA 0.37 (0.32)a -0.09 (0.24)b  0.40 (0.15) a 0.08 0.31 (0.21) 0.12 (0.29) 0.25 (0.18) 0.76

26 (30.6)  2(22.2) 4(182) 20 (37.0) 0.23 11 (37.9) 6 (42.9) 9 (21.4) 0.18

blecds inlact momg, VA 023(035)a 022(025)a  048(0.15)a 049  037(021)a 029(030)a  027(0.19)a  0.89

(SE) £
Had =4bleeds in
single jointin past 6 10 (12.0) 2 (22.2) 1(4.8) 7 (13.2) 037 2(6.9) 0 (0.0) 8(200) 0.8
months
Joint problems
Chronic painlevel , .5 o5y 33083 0.95(1.53) 2.96 (2.62) <001  2.66(2.48) 2.00 (1.62) 233 (285 072

(SD)
Covariate adjusted
chronic pain level NA  162(0.88)ab 0.85(0.66)b  2.18(0.40)a 0.12 1.72 (0.56) a 0.91(0.79) a 2.03(0.50)a 0.29

(SE) t
Self-reported joint
ain 60 (70.6) 7 (77.8) 12 (54.5) 41 (75.9) 0.16 19 (65.5) 12 (85.7) 29(69.0) 038
Jointrange-ofmo- oo 0 ¢ 667 12 (54.5) 37 (68.5) 0.51 18 (62.1) 12 (85.7) 25(59.5)  0.19
tion limitation
Stiffness score (SD) 32.2(8.4) 37.6(12.9) 27.5(5.1) 33.3(7.7) 0.002 32.5(8.1) 31.8 (5.2) 32.2(9.5) 0.97
Covariate adjusted 35.69 (0.73)
stiffness score (SE) & NA i 2798 (2.03)a 30.67(1.24)a  0.02  32.56(156)a  30.68(2.45)a  31.12(1.74)a 0.60
Health-related quality of life
EQ VAS (SD) (?513?9)) 68.33 (12.99) 85.64 (16.71)  82.34 (14.54) 0.02  79.61(1821)  8436(10.06)  82.21(1537) 0.63

Covariate adjusted

HQ VAS (SE) ¢ NA  7021(558)a 85.08(4.14)b 8623 (255b 001  7855(357)a 8229 (5.00)a  80.70 (3.18)a 0.70
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EQ index score (SD) 0.83 (0.21) 0.71 (0.24) 0.92 (0.11) 0.82 (0.22) 0.02 0.87 (0.19) 0.81 (0.18) 0.82 (0.23) 0.58

Covariate adjusted

EQ index score (SE) NA 0.77 (0.08) a,b  0.93 (0.06) a 0.88 (0.03) a 0.09 0.90 (0.05) a 0.84 (0.07) a 0.83(0.04)a 0.36
1

Notes: Data were presented as numbers (column percentages) for categorical variables or means
(standard deviations) for continuous variables. * p values were calculated from chi-square tests. t
Two participants were prescribed only bypassing agents. § Covariate adjusted means and standard
errors were obtained from general linear regression model least squares means, which were com-
puted for each inhibitor group or prescription product, appropriately adjusted for the covariate ef-
fect in the general linear models. For each row, least squares means with different letters (a, b) across
groups (inhibitor status or prescribed products) were significantly different according to the Tukey
multiple comparison procedure (p < 0.05). Covariates included age and hemophilia severity. Abbre-
viations: N, number; EQ VAS, EuroQol visual analogue scale; NA, not applicable; SHL, standard
half-life coagulation factors; EHL, extended half-life coagulation factors; EMI, emicizumab, SD,

standard deviation; SE, standard error.

The proportions reporting joint bleeds in the previous month were significantly
higher in the active inhibitor and no inhibitor groups than in the tolerized inhibitor group
(44.4%, 35.2% vs. 4.5%, respectively, p = 0.01). The mean numbers of joint bleeds in the
previous month were significantly higher in the active-inhibitor (0.56 + 0.73) and no-in-
hibitor (0.57 + 0.94) groups than that in the tolerized-inhibitor group (0.05 + 0.21, p = 0.03).
After covariate adjustment for age and hemophilia severity, the tolerized-inhibitor group
had the lowest estimated mean number of joint bleeds compared to those of the other
groups (p = 0.08; exploratory finding). Non-joint bleeds showed no significant differences
across inhibitor or treatment groups.

Target joint bleeding (more than four bleeds in a single joint during the last six
months) was observed more frequently among the active-inhibitor group (17.4%) and no-
inhibitor group (8.4%) than among the tolerized-inhibitor group (p = 0.37) (Table 3).

The emicizumab group reported a numerically higher rate of target joint bleeding in
the past 6 months than either the EHL or SHL groups (20.0% vs. 0% and 6.9%, respectively,
p =0.08, Table 3), although the differences were not statistically significant.

3.3. Self-Reported Joint Health and Pain at Baseline

Participants with tolerized inhibitors reported significantly lower mean joint stiffness
T-scores (27.5 £ 5.1) compared to those with active (37.6 + 12.9) or no inhibitors (33.3+ 7.7,
p = 0.002). Individuals with tolerized inhibitors reported 23.3% and 21.4% numerically
higher rates for pain (54.5% vs. 77.8%, 75.9%, p = 0.16) and 12.2% and 14.0% higher rates
for joint limitation of motion (54.5% vs. 66.7%, 68.5%, p = 0.51) compared to the active- or
no-inhibitor groups.

The stiffness T-scores were not significantly different among the treatment product
groups (p = 0.97). However, the SHL and emicizumab prescription groups had 20% and
16% numerically lower rates of self-reported joint pain (65.5%, 69.0% vs. 85.7%, p = 0.38),
and 23.6% and 26.2% lower rates of joint range-of-motion limitation (62.1%, 59.5% vs.
85.7%, p =0.19, exploratory finding), than those of the EHL group. The chronic pain scores
were also significantly lower in the tolerized-inhibitor group (0.95 + 1.53) compared to
those in the active- (2.33 + 2.83) or no-inhibitor (2.96 + 2.62; p < 0.01) groups.

The self-reported joint pain and range-of-motion limitation showed no significant
differences across inhibitors or treatment groups.

3.4. Health-Related Quality of Life at Baseline

The mean EQ-5D index score was significantly higher in the tolerized inhibitor group
compared with those in the active or no inhibitor groups (0.92 +0.11 vs. 0.71 + 0.24, 0.82 +
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0.22 p = 0.02). After covariate adjustment, the tolerized group had the highest estimated
EQ-5D index score (p = 0.09; exploratory finding).

The active-inhibitor group reported a significantly worse mean EQ VAS than those
of the tolerized and no inhibitor groups (68.33 + 12.99, 85.64 + 16.71, 82.34 + 14.54, respec-
tively, p = 0.02). After adjustment, the active-inhibitor group had the lowest EQ VAS score
(p=0.01). The HRQoL scores showed no significant differences among the treatment prod-
uct groups.

3.5. Follow-Up Survey at 12 Months

At follow-up (n = 67), findings were largely consistent with those at baseline (Table
4). The active inhibitor and no inhibitor groups reported 31.2% or 14.5% of the numerically
higher rates for self-reported bleeds in the previous three months than the tolerized group
(p = 0.37). The active and no inhibitor groups also suggested greater mean covariate ad-
justed bleeds in the last three months than those in the tolerized group (0.52 + 0.69, 0.88 +
0.29, and 0.25 + 0.47, respectively, p = 0.35). The active inhibitor group reported a numeri-
cally higher mean number of joint bleeds in the previous 3 months (1.17 + 0.98) compared
to the no inhibitor (0.50 + 0.88) and tolerized (0.12 + 0.33; p = 0.02) groups. After covariate
adjustment, no significant differences were observed (p = 0.30; exploratory).

Table 4. Self-reported bleeding, joint problems, and health-related quality of life from follow-up

survey.
Inhibitor Status Prescription
‘ Total Active Inhibi- Tole‘nz.ed In- No Inhibitor SHL + EHL/EHL and EMI p Value
Variable N =67 tor hibitor N=44 65.7% P Value * N = 26, 38.8% SHL N=31, .
- N=6,9% N=17,254% ' " ST ON=10,149%  463%
Self-reported bleeding
Had bleeds in last
three months 32 (47.8) 4 (66.7) 6(35.3) 22 (50.0) 0.37 13 (50.0) 6 (60.0) 13 (41.9) 0.58
Number of bleeds in
s i vt (B5) 1.15 (2.31) 1.17 (0.98) 1.24 (3.83) 1.11 (1.62) 0.98 1.46 (3.24) 1.70 (2.16)  0.71(1.10) 0.34
Covariate adjusted
number of bleeds in
Jast three months (SE) NA 0.52 (0.69) 0.25 (0.47) 0.88 (0.29) 0.35 0.52 (0.38) 0.46 (0.59) 0.67(0.38) 0.88
i
Number of joint bleeds
in last three months 046 (0.82)  1.17(098)  0.12(0.33)  0.50 (0.88) 0.02 0.35 (0.80) 0.80 (1.03)  0.45(0.77) 0.34
(SD)
Covariate adjusted
number of joint bleeds 009(032)  0.01(0.24)  034(014) 030 007(019)  0.08(0.29) 027 (0.18) 054
in last three months
(SE) §
Number of non-joint
bleeds in last three ~ 0.69(1.99)  0.00 (0.00)  1.12(3.60)  0.61 (1.04) 0.46 1.12 (2.94) 090 (1.52) 0.26(0.63) 025
months (SD)
Covariate adjusted
number of non-joint
bleeds in last three NA 0.37 (0.49) 0.24 (0.31) 0.54 (0.19) 0.58 0.42 (0.25) 0.36 (0.39)  0.38(0.25) 0.97
months (SE) t
Had joint bleeds in last
three months 20 (29.9) 4 (66.7) 2 (11.8) 14 (31.8) 0.04 5(19.2) 5 (50.0) 10 (32.3) 0.18
Had non-joint bleeds
in three last months 20 (29.9) 0(0.0) 5(29.4) 15 (34.1) 0.23 11 (42.3) 3(30.0) 6(19.4) 0.17
Joint problems
Self-reported joint pain 44 (65.7) 4 (66.7) 8(47.1) 32(72.7) 0.17 18 (69.2) 8 (80.0) 18(58.1)  0.40
Joint range-of-motion
limitation 37 (55.2) 4 (66.7) 7 (41.2) 26 (59.1) 0.38 15 (57.7) 5 (50.0) 17 (54.8) 0.92
Stiffness score (SD) 31.6 (7.3) 35.3 (10.5) 26.3 (3.6) 33.1(6.9) 0.001 314 (7.6) 31.0 (5.9) 319(76) 094
Covariate adjusted NA 31.0 (2.9) 283(21) 308 (1.3) 0.41 29.7 (1.6) 287(26) 317(1.6) 030

stiffness score (SE) 1
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Health-related quality of life

EQ VAS (SD)
Covariate adjusted EQ
VAS (SE) §
EQ-5D index score
(SD)
Covariate adjusted EQ
index score (SE) 1

82.09 (15.87)
NA

0.86 (0.18)

NA

69.33 (1651) 89.71(10.58) 80.89 (1632)  0.02 8277 (13.58)  86.20 (13.10) 80.19 (18.42) 0.57
76.3 (7.0) 85.7 (5.0) 85.7 (3.1) 035 80.8 (4.0) 85.0(62) 820(39) 076
076 (020) 094 (0.16)  0.84(0.18) 0.06 0.87 (0.19) 0.88(0.11)  0.84(020) 0.77
0.87(0.09)  097(0.07)  0.89 (0.04) 0.42 0.94 (0.05) 0.93(0.08)  0.86(0.05) 0.30

Notes: Data are presented as numbers (column percentages) for categorical variables or means
(standard deviations) for continuous variables. * p values were calculated from chi-square tests for
categorical variables and from one-way ANOVA for continuous variables. + Two participants were
prescribed only bypassing agents. f Covariate adjusted means and standard errors were obtained
from general linear regression model least squares means, which were computed for each inhibitor
group or prescription product, appropriately adjusted for the covariate effect in the general linear
models. Covariates included age and hemophilia severity. Abbreviations: N, number; EQ VAS, Eu-
roQol visual analogue scale; NA, not applicable; SHL, standard half-life coagulation factors; EHL,

extended half-life coagulation factors; EMI, emicizumab; SD, standard deviation; SE, standard error.

The tolerized inhibitor group continued to report numerically lower stiffness scores
(26.3 + 3.6 vs. 35.3 + 10.5 active inhibitors and 33.1 + 6.9 no inhibitors, p = 0.001), though
this was not significant after adjustment (p = 0.41). The EQ-5D index scores remained the
numerically highest in the tolerized group (0.94 + 0.16) compared to those of the active
inhibitor (0.76 + 0.20) and no-inhibitor groups (0.84 + 0.18; p = 0.06), with no significant
differences after adjustment (p = 0.42).

The emicizumab group reported 8.1% and 18.1% of numerically lower bleeding rates
than those of the SHL and EHL groups, respectively (Table 4), though this was not statis-
tically significant (p = 0.58).

These exploratory findings suggest that the patterns observed at baseline persisted
at 12 months, with tolerized inhibitor patients generally reporting the most favorable out-
comes and active inhibitor patients on emicizumab showing bleeding and joint outcomes
comparable to those in the no-inhibitor group. All between-group comparisons should be
interpreted cautiously as exploratory, given the modest sample size and lack of formal
powering for statistical significance.

4. Discussion

HUGS VIII was designed to evaluate the physical, social and economic burden of
inhibitors in PwHA. However, at the time the study was initiated, a new non-factor ther-
apy, emicizumab, became available on the market and was rapidly utilized by the inhibi-
tor population. Using emicizumab, bleeding rates were significantly decreased in PwWHA
and active inhibitors, both in the pivotal studies [16-18] as well as in real-life practice.
However, other real-world studies have suggested similar bleed rates in individuals with-
out inhibitors on prophylaxis with factor VIII concentrates or emicizumab [29,30]. The
current study showed positive outcomes for patients with hemophilia and inhibitors
while using emicizumab (although persons using emicizumab were significantly less
likely to report bleeding at baseline). Emicizumab was preferentially prescribed to pa-
tients with active inhibitors (88.9% of this group), likely to reflect indication bias toward
those with a more severe historical bleeding phenotype. Despite this, emicizumab users
reported significantly lower overall bleed rates at baseline, highlighting emicizumab’s ef-
fectiveness even in higher risk patients. In the post emicizumab era, long-term follow-up
of both tolerized and active inhibitor patients will be critical to assess the joint health
preservation, adherence to prophylaxis (in tolerized patients), and potential late compli-
cations. Tolerized patients may benefit from continued intensive prophylaxis to maintain
early gains in joint protection, while active-inhibitor patients on emicizumab may require
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ongoing multidisciplinary support for musculoskeletal health, even with reduced bleed-
ing.

Compared to people with tolerized inhibitors or no history of inhibitors, persons with
active inhibitors showed no difference in the number of bleeding events, and no difference
in joint pain or joint range-of-motion limitations. However, people with active inhibitors
reported a higher rate of healthcare therapy limitations due to health insurance re-
strictions.

Immune tolerance was first widely used in the U.S. in the 1990s and 2000s. Immune
tolerance regimens were successful in 70-80% of PwHA and inhibitors but the regimens
were costly and very demanding of patients and families. In this study, people with toler-
ized inhibitors had better outcomes than those with no history of inhibitors, including (1)
better joint health (less pain, joint stiffness or range-of-motion limitation), (2) less chronic
pain, and (3) better HRQoL compared to the active- or no-inhibitor groups. The better
outcomes observed in the tolerized inhibitor group compared to the no inhibitor group
might be due to the younger age of the tolerized-inhibitor group compared to the inhibitor
status cohort. Moreover, a higher proportion of the tolerized group used a prophylactic
factor regimen than did the no inhibitor group. Inhibitor development among PwHA of-
ten occurs early in life when treatment is supervised by parents. The requirement of ITI
for indefinite frequent factor VIII exposure and the motivation of parents and patients to
avoid inhibitor recurrence may have encouraged better adherence to prophylaxis, yield-
ing better joint outcomes than those among persons with hemophilia not complicated by
inhibitor formation.

Since emicizumab received FDA approval and subsequently became widely availa-
ble, bleeding rates, the primary determinate of outcomes in hemophilia, have been equal-
ized between inhibitor and non-inhibitor patients. We are entering an era when the pri-
mary outcome of hemophilia is determined by the efficacy of novel therapeutics and is
not anchored by disease severity or inhibitor status.

This study has several important limitations. First, the sample size was modest (n =
85 participants at baseline, with only 67 participants completing the one year follow-up
survey), which substantially limited the statistical power to detect significant between-
group differences for many study variables. As hemophilia A is a rare congenital condi-
tion, recruiting a large, representative sample remains inherently challenging. Second, the
study sample was skewed toward a younger mean age in the tolerized inhibitor group
(16.3+9.5 years) compared to the no inhibitor group (29.3 + 13.5 years) and active-inhibitor
group (21.9 +19.1 years; p = 0.001). A higher proportion of children in the tolerized inhib-
itor group used prophylaxis, which made it important to adjust for age and treatment
regimen in these analyses due to the age imbalance introducing a significant confounding
variable for analysis. The better bleeding outcomes and higher EQ-5D scores observed in
the tolerized inhibitor group may largely reflect the widespread adoption of modern in-
tensive prophylaxis regimens (often initiated early in life) rather than the effect of success-
ful immune tolerance induction (ITI) itself. Younger patients are also more likely to adhere
to prophylaxis, have less cumulative joint damage, and engage in different activity levels,
all of which could independently contribute to improved outcomes. Although age was
included as a covariate in adjusted models, the modest sample size limited our ability to
perform a detailed stratification of pediatric age groups (e.g., 2-5, 6-11, and 12-17 years),
which would have been necessary to more fully evaluate age-related effects from inhibitor
status or treatment effects. Additionally, the study sample included a higher proportion
of children in the tolerized inhibitor group and a 12.2% higher proportion of participants
using prophylaxis compared to the no-inhibitor group, further underscoring the need for
cautious interpretation of between-group comparisons despite covariate adjustment. Alt-
hough prophylaxis status was included as a covariate in adjusted models, residual
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confounding may persist due to the small sample size and potential collinearity with age
and inhibitor status. Complete adjustment for prophylaxis intensity, adherence, and du-
ration was not possible. Third, participants lost to follow-up (18 participants did not com-
plete the one-year survey) further reduced the effective sample size and statistical power.
However, this is an observational study without intervention, and we did not evaluate
the PROs of changes between follow-up and baseline. We performed a separate sensitivity
analysis restricted to participants who completed both the baseline and follow-up sur-
veys, which yielded qualitatively similar results. Fourth, potential selection bias may ex-
ist. Participants were enrolled from a limited number of hemophilia treatment centers and
may not fully represent the broader population of persons with hemophilia A, particularly
those with more severe disease, less access to care, or who declined participation. The
observational nature of this study also means that the treatment assignment (e.g., emici-
zumab vs. factor VIII products) was not randomized, and unmeasured confounders such
as adherence, socioeconomic factors, or center specific practices could influence outcomes.
Fifth, data on the time since successful immune tolerance induction and historical joint
disease severity (e.g., cumulative joint bleeds prior to tolerization or baseline imaging
scores) were not systematically collected. These factors could have influenced the current
joint outcomes and represent an important unmeasured confounder. Finally, the COVID-
19 pandemic significantly disrupted recruitment and data collection during the study pe-
riod. Lockdowns, clinic closures, and reduced in person visits likely contributed to the
lower-than-planned enrollment and higher rates of loss to follow-up, potentially biasing
the sample toward participants with better access to care or more stable disease manage-
ment. Given these limitations, we emphasize the importance of interpreting the findings
with caution and focusing on clinically meaningful differences rather than relying solely
on statistical significance.

5. Conclusions

These exploratory findings suggest that, in the era of emicizumab, bleeding rates and
joint outcomes in patients with active inhibitors may approach those of non-inhibitor pa-
tients on prophylaxis. Tolerized patients demonstrated particularly favorable outcomes,
potentially reflecting early intensive prophylaxis. Larger longitudinal studies are needed
to confirm these emerging trends and fully characterize long term outcomes in the modern
treatment landscape. Future studies should incorporate longitudinal analysis with re-
peated PRO assessments and a finer stratification of pediatric subgroups to better eluci-
date age specific effects and track within-subject trajectories.
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