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Abstract

Background: Emicizumab prophylaxis is restricted to severe hemophilia A in the UK.
Treatment choice and safety remain a matter of debate.

Objectives: This study was conducted to investigate factors influencing treatment
choice, continued use, safety, and clinical outcomes associated with emicizumab in a
national cohort of persons with severe hemophilia A without current inhibitors.
Methods: A 3-year study was conducted in 618 persons with severe hemophilia A who
switched to emicizumab and 413 who continued factor (F)VIII prophylaxis. Outcome
measures included annualized bleed rates (ABRs), the Hemophilia Joint Health Score,
and health-related quality of life.

Results: Switchers and nonswitchers had a similar median age (26 and 28 vyears,
respectively). Switchers had a significantly higher median (IQR) ABR than those
continuing FVIIl prophylaxis, but a significantly lower proportion had an inhibitor
history (13.6% vs 20.5%; P = .0005). Thirty-one adverse events were reported,
including 1 thrombosis (0.2%), 8/84 recurrent inhibitors (9.5%), 1 neutralizing antidrug
antibody (0.2%), and 14/618 (2.3%) patients discontinued emicizumab. A higher pre-
study median (IQR) ABR was observed in switchers compared with nonswitchers (2.05
[0.43, 6.06] vs 0.68 [0, 2.7]), reducing to a median (IQR) of O (0, 0) with emicizumab
prophylaxis. The proportion with a zero-treated bleed rate increased from 35% to 71%
(P = .001). An 82% reduction in bleeding into target joints was observed in favor of
emicizumab. A modest (A= —2; P = .02) improvement in the total Hemophilia Joint
Health Score was observed.

Conclusions: Emicizumab selection was influenced by ABR and inhibitor history but

not age. Emicizumab was generally well tolerated, with only 2.3% discontinuing the
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Essentials

e We report on a prospective, UK-wide, 3-year postmarketing study of emicizumab prophylaxis.

Treatment choice was influenced by annualized bleed rate and a past history of a FVIII inhibitor.

e There was a low rate of thrombosis (0.2%) and recurrent inhibitor detection in 8/84 (9.5%) patients.

e Emicizumab reduced the bleed rate and increased the bleed-free proportion from 35% to 71%.

1 | INTRODUCTION

Prophylaxis is the standard of care for people with severe hemophilia
Ain the UK. The aim is to prevent bleeding, preserve musculoskeletal
function, and normalize quality of life [1-4]. Until recently, this
involved individualized, regular intravenous infusions of either stan-
dard half-life (SHL) or extended half-life (EHL) factor (F)VIII. How-
ever, the treatment burden associated with this approach is relatively
high, and adherence can be challenging. Although the best results of
FVIII prophylaxis are excellent, fewer than 50% of people treated in
this way are bleed-free, and progressive arthropathy remains a sig-
nificant problem [5].

The introduction of emicizumab has changed the hemophilia
treatment landscape, with the potential to reduce the treatment
burden of prophylaxis through its subcutaneous route of adminis-
tration and long half-life [6,7]. As a bispecific, humanized, monoclonal
immunoglobulin G4 antibody, it mimics FVIII function by bringing
FIXa and FX into proximity [8]. The safety and efficacy of emicizumab
were reported pre-licensure clinical trial program in people with and
without inhibitors [7,9-12]. However, the proportion of trial subjects
using FVIII prophylaxis prior to emicizumab was relatively low, chil-
dren under 12 were underrepresented, and those with a history of
treated inhibitors within 5 years or a history of thrombotic events
were excluded [9]. Although generally well tolerated, it is not known
what proportion of individuals switch back to FVIII prophylaxis [7].
There are persistent concerns about an uncertain potential throm-
bosis risk, especially in the elderly [13,14].

These real-world postmarketing studies provided safety and ef-
ficacy data for a large and diverse cohort in which treatment selec-
tion was restricted only by the product license. This offers the
opportunity to investigate factors influencing treatment choice and
reasons for switching back to FVIII prophylaxis, as well as safety,
real-world efficacy, and medium-term clinical outcomes. The National
Hemophilia Database (NHD) monitors and reports the usage, effi-
cacy, and safety of all products used to treat bleeding disorders in the
UK through a centralized collection of hemophilia center-derived and

patient-reported outcome data. This provides an opportunity to

evaluate emicizumab outcomes and compare them with those of
previous treatments and with outcomes in people with severe he-
mophilia A continuing to use factor prophylaxis.

2 | METHODS

2.1 | Study design and data collection

The NHD is a centralized UK database designed to collect data on the
diagnosis, management, and complications of people with bleeding
disorders in the UK. Baseline diagnostic and demographic details are
collated and updated quarterly, including weight, inhibitor status, and
the treatment issued by hemophilia centers.

This national postmarketing study was designed to determine
the safety and efficacy of emicizumab prophylaxis in people with
severe hemophilia A without reported current inhibitors in normal
clinical practice between January 1, 2019, and December 31, 2022.
Emicizumab was prescribed within the licensed indication but
otherwise at the discretion of the local hemophilia center. Dosage
was monitored by hospital pharmacies, and a guidance document was
issued prior to the commissioning of emicizumab to provide guidance
on optimal combinations of vial sizes to minimize wastage and
overprescribing. The duration of overlap of FVIII concentrate during
the emicizumab loading period varied from O to 3 weeks and was at
the discretion of the managing clinician. Most had no overlap period.
Children under 3 years at the time of their first treatment will be
reported separately.

People with severe hemophilia A who were first issued with
hemophilia treatments prior to 2021 were assessed, and those who
had switched to emicizumab (“switchers”) and had at least 6 months
of compliance reported treatment issue data before and after the
quarter in which they switched by the study endpoint (2022 quarter
1), were identified. People with severe hemophilia A who had not
switched to emicizumab by the study endpoint (“nonswitchers”) were
assigned a “dummy” switch quarter (2020 quarter 4) based on the
midpoint of the introduction of emicizumab for people with severe


mailto:Charles.Hay@mft.nhs.uk

WALL ET AL

hemophilia A without inhibitors in the 2019 quarter 3 and the study
endpoint of the 2022 quarter 1. Nonswitchers with at least 6 months
of treatment issue data before and after the “dummy” switch quarter
were identified. People with severe hemophilia A with inhibitors at
the time of switch, aged under 3 years at switch, issued trial products
within 2 years preswitch or 1 year postswitch, or previously
described in Wall et al. [15], were excluded (Figure 1).

A smartphone application home therapy diary, Haemtrack (HT),
was used to record treatments and bleeding data (including chro-
nological details, treatment indication, product type, and dose used).
HT only records treated bleeds, and untreated bleeds are not
recorded. These systems and data validation steps have previously
been described [16]. This minimized the effect of potential
confounders.

A subanalysis of bleeding outcomes required at least 6 months of
self-reported HT data, both before and after switching for switchers,
and at least 6 months of HT data for nonswitchers between
September 1, 2019, and March 31, 2022.

The cohort that continued FVIII prophylaxis (“nonswitchers”) is
described, and bleeding outcomes are reported for those who were
compliant with treatment. Definitions of treatment compliance in this
context have been described by Hay et al. [16]. Within-person
comparison of bleed outcomes with emicizumab and prior FVIII
conducted. The between the

prophylaxis was comparison
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emicizumab-treated cohort and the cohort continuing FVIII prophy-
laxis was performed only to investigate factors influencing treatment
choice, since the 2 groups were neither matched nor selected
randomly.

Adverse events were reported electronically to the NHD and
were investigated and evaluated by the Adverse Events Panel of the
UK Haemophilia Centre Doctors’ Organisation. Current inhibitor
status was reported quarterly by the local hemophilia center to the
NHD, and only people reported as having no current inhibitor at
study entry were included. The detection of a new or recurrent in-
hibitor after study entry was recorded as an adverse event. The
presence of antidrug antibodies was inferred from falling drug levels
and/or emergence of breakthrough bleeding and confirmed by a
centrally conducted antibody assay at the University College Hos-
pital using GloBody technology [17]. All adverse events were re-
ported monthly to the manufacturer and regulators. Discontinuation

of emicizumab was similarly investigated.

2.2 | Objectives and outcome measures
The primary outcome measure of efficacy was the treated annualized
bleed rate (ABR). Secondary endpoints included ABRs, annualized

spontaneous bleed rates, the proportion of people with zero-treated

Haemophilia A without inhibitors
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FIGURE 1 CONSORT diagram illustrating disposition of subjects. Efficacy analysis included. BPI, Brief Pain Inventory; CONSORT,
consolidated standards of reporting trials; EQ-5D-5L, EuroQoL 5-Dimensions 5-Levels questionnaire; FVIII, factor VIII; HJHS, Hemophilia

Joint Health Score; QolL, quality of life.
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bleeds, the presence of target joints, change in the total Hemophilia
Joint Health Score (HJHS), and health-related quality of life mea-
sures. Target joints were defined by the International Society on
Thrombosis and Haemostasis criteria and derived from HT data [18].
The primary safety objectives were to evaluate the frequency of
thromboses, including thrombotic microangiopathies. Surveillance for
FVIII inhibitors was performed according to clinical guidelines and
using bovine chromogenic reagents [4,19]. New or relapsed inhibitors
were reported to the NHD. Emicizumab drug levels were monitored
routinely. Neutralizing antidrug antibodies were tested if suspected
on clinical or laboratory grounds. Secondary safety outcomes
included other adverse events.

Joint health was assessed using the HJHS version 2.1, and data
were collected centrally [20]. Participants with an HJHS within the 2
years prior to starting emicizumab (TO) and a paired score at least 6
months (T1) after starting emicizumab were included. A change in the
total HJHS of >4 was considered clinically meaningful [21]. HJHS
with 4 or more missing items at either data point were excluded [18].

The impact of emicizumab on health-related quality of life was
evaluated using EuroQol 5-Dimensions 5-Levels (EQ-5D-5L) and
Brief Pain Inventory (BPI) questionnaires completed in paper format
at baseline and 6-monthly thereafter [22,23]. The EQ-5D-5L is
composed of 5 self-rated qualitative dimensions and a quantitative
visual analog scale of overall health. The BPI provides records of pain

intensity and interference with function.

2.3 | Statistical analysis and study conduct
Descriptive statistics (medians, IQRs, and arithmetic ranges) are used
to summarize baseline demographics and bleeding outcomes. Within-
person comparison of the ABRs, annualized joint bleed rates, and HJHS
was performed using the Wilcoxon matched-pairs signed-rank test,
and zero-treated bleed rates were calculated using the chi-square
McNemar test. Zero-treated bleed rates are reported over matched
timeframes (52 weeks) to avoid misinterpreting favorable outcomes
with shorter follow-up. Stata statistical software release 11 (Stata-
Corp), RStudio (Posit), and Prism 9 (GraphPad) were used to perform
the analyses. Observational research conducted on the database was
permitted by ethical approval granted by the National Health Service
Health Research Authority North-West - Haydock Research Ethics
Committee (Research Ethics Committee reference 19/NW/0009, In-
tegrated Reasearch Application System project ID: 252831).

3 | RESULTS

3.1 | Study population and treatment choice

Following exclusion criteria, 1535 people with severe hemophilia A
without an inhibitor were included in the study, of whom 618 (40.3%)
switched to emicizumab prophylaxis and 917 (59.7%) continued
treatment with prophylactic or on-demand FVIII (Figure 1, Table 1).

TABLE 1 Demographics of UK individuals with severe
hemophilia A without a current inhibitor-issued product during the
study period.

Switchers
n =618

Nonswitchers

Subject characteristics n =917

Age (y), median (IQR) [range] 28 (17, 40) [3, 82] 26 (12, 41) [3, 79]

3-17, n (%) 238 (26.0) 217 (35.1)
18-29, n (%) 257 (28.0) 126 (20.4)
30-49, n (%) 281 (30.6) 179 (29.0)
>50, n (%) 141 (15.4) 96 (15.5)
History of an 534 (86.4)
inhibitor, n (%)
No 729 (79.5) 84 (13.6)
Yes 188 (20.5) P =.0005
Preswitch ABR, median (IQR)
Age <18y 0.0 (0.0, 1.4) 1.3 (0.3, 3.0)
n =148 n=176
Age > 18y 0.7 (0.0,3.3) 2.8 (0.6, 8.5)
n =282 n =343

People with insufficient Haemtrack data to analyze bleeding outcomes
were excluded from the ABR results.

ABR, annualized bleed rate.

Treatment choice was restricted only by the product license and
appeared to be influenced by current ABR and past FVIII inhibitor
history, but not by age. In total, a past inhibitor history was reported
in 272 individuals, of whom 84 (31.1%) switched to emicizumab,
while 188 (68.9%) continued FVIII replacement (P = .0005). Emici-
zumab was prescribed to 40% of potentially eligible people with se-
vere hemophilia A: age 3 to 17 years: 48%; 18 to 29 years: 33%; 30 to
49 years: 39%; and >50 years: 40.5%.

3.2 | Adverse events, drug discontinuation, and
recurrence of inhibitors

In total, 31 adverse events were reported in 28/618 (4.5%)
emicizumab-treated individuals (Table 2). Drug-related adverse
events occurred predominantly in the first 6 weeks of treatment.
Adverse events included 5 deaths, causally unrelated to treatment.
There were no reports of thrombotic microangiopathies or copre-
scription of factor eight inhibitor bypassing activity. Events of special

interest are summarized in Table 2.

3.3 | Drug discontinuation
A total of 14 (2.3%) people who had at least 1 dose of emicizumab
switched back to FVIII prophylaxis during the study period (Table 3).

Reasons given for discontinuing emicizumab included moderately
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TABLE 2 Adverse events and drug cessation reported to the
National Hemophilia Database in people with severe hemophilia A
without inhibitors prescribed at least 1 dose of emicizumab (de-
nominator n = 618).

Frequency Drug discontinuation

Adverse event n (%) n (%)
Cutaneous reactions 5(0.8) 3(0.48)
Headache 5(0.8) 4 (0.65)
Arthralgia 2 (0.32) 2 (0.32)
Thrombosis 1 (0.16) 1 (0.16)
Intracranial hemorrhage 1(0.16) 0 (0.16)
Poor efficacy 1 (0.16) 1 (0.16)
ADA 1(0.16) 1(0.16)
FVIII inhibitor 8 (9.4) 0

recurrence®
Death 5(0.8) -
Other 1(0.2) 0
Patient choice - 1(0.2)
Poor compliance 1(0.2) 1(0.2)
Total 31 14

ADA, antidrug antibody; FVIII, factor VIII.
Inhibitor recurrence denominator n = 84.

severe systemic drug reactions (n = 3) and postinfusion headache (n =
4). These side effects occurred in the first 6 to 8 weeks of use and
were considered drug-related. Two patients discontinued emicizu-
mab because of the emergence of seronegative arthralgia of small
joints, which did not resolve after cessation of emicizumab, and
therefore, their relationship with treatment is uncertain. Other rea-
sons for discontinuation of emicizumab are listed in Table 2.

3.4 | Recurrence of FVIII inhibitors

Detectable inhibitors were reported after changing to emicizumab in
8/84 (9.5%) individuals who had a past history of an inhibitor and a
negative Bethesda assay when they started emicizumab. None of
these patients was treated with FVIII between starting emicizumab
and the detection of the inhibitor after switching. In 5/8 (5.9%) cases,
pharmacokinetic and clinical data indicated the probable presence of
a low-level inhibitor despite a negative Bethesda assay, when pa-
tients switched to emicizumab, suggesting incomplete tolerance. A
measurable inhibitor was reported in this group at 2, 3, 4, 12, and 16
months after switching to emicizumab, without loss of efficacy of
emicizumab. Peak inhibitor titers in this group were 0.4, 1.3, 1.3, 1.7,
and 44 Bethesda Units/mL, respectively.

Inhibitors recurred in 3 (3.6%) people who were considered to
have been successfully tolerized for 4, 10, and 15 years before
switching, respectively. These were first detected at 2, 2, and 4
months after switching to emicizumab with a peak inhibitor titer of
1.3, 1.6, and 1.7 Bethesda Units/mL, respectively.
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3.5 | Antidrug antibody and poor efficacy

One case of antidrug antibody was reported and detected during
routine surveillance, suggested by a reduction in emicizumab levels
(14-20 mcg/mL) with a normalized activated partial thromboplastin
time, but without associated loss of efficacy. Factor prophylaxis was
restarted at the individual’s request. There were 2 reports of poor
efficacy without evidence of an antidrug antibody. One patient
resolved with improved drug compliance, and the second patient
reverted to prophylaxis with EHL FVIII.

3.6 | Thrombosis

Bilateral renal infarcts were diagnosed in a 54-year-old male, with
fibromuscular dysplasia of the renal arteries, who developed hema-
turia 3 days after the third loading dose of emicizumab. He had no
other thrombotic risk factors. Although this was primarily attributed
to fibromuscular dysplasia of the renal arteries, emicizumab was
thought likely to be a contributory factor and was stopped. FVIII had

been stopped more than a week before the onset of hematuria.

3.7 | Intracranial hemorrhage

A nontraumatic hemorrhagic stroke in the deep pons, which resulted
in death 14 days after presentation, occurred in a 51-year-old male
presenting with hemiplegia. The event was attributed to severe hy-
pertension. He had been bleed-free for 2 years since starting emici-
zumab, and emicizumab levels on admission were 80 mcg/mL. The

event was considered unrelated to emicizumab.

3.8 | Efficacy of emicizumab

Compliant HT data were available for 544 (88%) emicizumab-treated
individuals, of whom 519 (84%) had at least 6 months of FVIII pro-
phylaxis data immediately preswitch (Table 3).

Before changing to emicizumab, 406 (78.2%) patients used SHL
and 113 (21.8%) used EHL FVIII prophylaxis. Preswitch FVIII dosage
and infusion frequency are shown in Table 3. The preswitch median
(IQR) ABR was 2.1 (0.4, 6.1) with FVIII prophylaxis, and 35% of pa-
tients reported zero-treated bleeds in the 52 weeks before switching
to emicizumab. After changing to emicizumab, the median (IQR) ABR
reduced to 0.0 (0.0, 0.7), and 71% of patients reported no bleeds (P <
.001). Emicizumab resulted in an overall 49.6% increase in the pro-
portion of patients reporting zero-treated bleed rates; 80% of chil-
dren and 67% of adults were “bleed-free.” Breakthrough bleeding
occurred in 150 people (36%); the median (IQR) age was 36 (15, 50)
years. The change to emicizumab in this subgroup was associated
with a 72.9% reduction in ABR, from a median (IQR) of 4.2 (1.7, 9.8)
events to 1.1 (0.3, 2.2; P < .01).
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TABLE 3 Within-person comparison of bleeding outcomes for switchers and efficacy analysis of nonswitchers by factor VIII product type.

Switchers Nonswitchers

SHL n = 406 EHL n = 113
Subject characteristics Preswitch Postswitch Preswitch SHL n = 301 EHL n = 129
Age (y), median (IQR) 29 (14, 43) 20 (11, 40) 27 (15, 39) 22 (11, 40)
3-17, n (%) 124 (31) 52 (46) 100 (33) 48 (37)
18-29, n (%) 80 (20) 25 (22) 67 (22) 31 (24)
30-49, n (%) 132 (33) 20 (18) 88 (29) 26 (20)
>50, n (%) 70 (17) 16 (14) 46 (15) 24 (19)
Follow-up (wk), median (IQR) 167 (151, 199) 85 (61, 110) 166 (148, 199) 77 (72, 77) 77 (77, 77)

Infusion frequency/wk, median (IQR)

Dose (U/kg/wk), median (IQR)

2.73 (157, 3.49)
64 (42, 93)

2.27 (1.86, 2.76)
66 (52, 93)

3.22 (2.52, 3.55)
84.3 (56, 117)

2.09 (1.88, 2.53)
78.8 (56, 107)

ABR, median (IQR) 2.32(0.62, 6.81) 0.00 (0, 0.7)

ASBR, median (IQR) 0.77 (0.00, 3.05) 0.00 (0, 0)

AJBR, median (IQR) 1.37 (0.32, 4.15) 0 (0, 0.46)

Zero-treated bleeds,” n (%) 131 (32) 290 (71)

1.40 (0.28, 4.66) 0.00 (0.00, 0.72) 0.68 (0.00, 2.90) 0.68 (0, 2.67)

0.32 (0, 1.41) 0.00 (0.00, 0.00) 0.00 (0.00, 1.33)  0.00 (0.00, 0.68)
0.61 (0, 1.87) 0.00 (0.00, 0.00) 0.00 (0.00, 1.51) 0.00 (0.00, 1.35)
52 (46) 79 (70) 155 (51) 62 (48)

Bleeding outcomes with emicizumab prophylaxis are compared with previous factor VIII prophylaxis in people with >6 months preswitch and
postswitch Haemtrack data. Infusion frequency and dosage figures are derived from reports of the hemophilia centers.

ABR, annualized bleed rate; AJBR, annualized joint bleed rate; ASBR, annualized spontaneous bleed rate; EHL, extended half-life prophylaxis; SHL,

standard half-life prophylaxis.
3Zero-treated bleed rates are matched over 52 weeks.

3.9 | FVIII prophylaxis cohort (“nonswitchers”)

In total, there were 917 nonswitchers, of whom 430 (46.9%) had
compliant HT FVIII prophylaxis data (Table 3). SHL products were
used in 301 (70.0%) people, and EHL in 129 (30.0%) people with
severe hemophilia A (Table 3). The median (IQR) ABR in children was
0.00 (0.00, 1.35), and 59% reported zero-treated bleeds. In adults,
this was 0.68 (0.0, 0.32) and 46%, respectively. The median ABR was
0.68 for both SHL and EHL prophylaxis, but patients on EHL pro-
phylaxis had 1.13 fewer infusions per week than those using SHL
FVIII.

3.10 | Target joints

The median (IQR) age of people with severe hemophilia A and the
number of target joints at baseline were similar in both switchers and
nonswitchers, at 41 (31, 47) and 41 (33, 51) years, respectively.
Among those transitioning to emicizumab, 38 individuals (7.3%) had
56 target joints at baseline, and after a median follow-up of 85
weeks, 9 individuals (1.7%) exhibited 10 target joints, and 46/56
(82.1%) of the target joints had resolved. In individuals continuing
FVIII prophylaxis, 21 people (5.0%) had 25 target joints at baseline,
and after a median follow-up of 77 weeks, 18 individuals (3.1%)
showed 23 target joints, ie, only 2/25 (8%) had resolved. A higher

proportion of emicizumab switchers experienced a reduction in the

number of target joints over time compared with people continuing
FVIII prophylaxis (Figure 2). Comparing the target joint rates be-
tween switchers and nonswitchers at baseline, the P value was .16.

Postswitch, the P value was .04.

3.11 | HJHS

Paired HJHS data were available for 160 (25.9%) and 251 (27.4%) of
switchers and nonswitchers, respectively, with a median interval
between TO (baseline) and T1 (latest) scores of 23.1 months. The
cohorts in this subset were not formally matched, but they had very
similar median (IQR) ages at the study outset (28 [14, 45] and 27 [15,
40] years, respectively). Increased age was associated with a higher
TO total HJHS. Children aged <18 years had a median (IQR) total
HJHS of 0 (O, 2), which increased to 27 (14, 41) in those aged >30
years (P = .41). In emicizumab switchers, the median (IQR) TO total
HJHS was 9.5 (1.0, 28.5) and 7.5 (0.0, 26.8) at follow-up (P = .02),
respectively, and in nonswitchers, it was 7 (0, 27) and 7 (0, 27),
respectively. An increase or decrease in total HJHS > 4 (Figure 3) or
individual joint level HJHS > 2 is considered clinically relevant. There
was a significant difference in the proportion of switchers with
improved left elbow (17/158, 10.8%) compared with nonswitchers
(9/251; 3.6%; P = .005). There appeared to be a relative, nonsignifi-
cant improvement in other joints for switchers compared with

nonswitchers.
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FIGURE 2 Change in target joint

status. Proportion of individuals recording 100%
fewer, the same, or more target joints over 90%
90 weeks (absolute values are labeled).
80%

70%
60%
50%
40%
30%

20%

Number of people with taregt joints

10%

0%

3.12 | AQuality of life

3.12.1 | EQ5D 5L

Paired scores at baseline and after 12 months of emicizumab pro-
phylaxis were available for 127 individuals. Problems with pain,
mobility, and usual activity domains were most frequently experi-
enced. A summary of the proportion of responses by level of severity
at baseline and after 12 months of emicizumab is shown in Figure 4.
There were nonsignificant trends toward improvement in all domains.
At baseline, 16 (12.6%) individuals reported no problems in any
domain (health profile 11111), which increased to 24 (18.9%) at 12
months. The median (IQR) visual analog scale score increased from
75 (65, 90) at baseline to 80 (65, 90) at 12 months, P = .3.

Total HJHS over a median 23 months follow-up
100

90
80
70
60
50
40
30 ‘ 61.9
20

Percentage

68.1

Switchers Non-switchers

No change Improvement @ Deterioration

FIGURE 3 Hemophilia Joint Health Scores (HJHS) over a
median of 23 months of follow-up. A difference in total HJHS
between baseline and end of study of under 4 was categorized as
"no change," a reduction of 4 or more as "improvement," and an
increase of 4 or more as "deterioration."
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In total, 120 emicizumab-treated individuals completed paired BPI
guestionnaires. The “average pain” score at baseline was a median
(IQR) of 3 (5, 1) and decreased to 2 (5, 1) after 12 months of treat-
ment (P = .22). Pain interfered most with walking ability, normal
working, and general activities (Figure 5). Improvements in general
activity (P = .02) and life enjoyment (P = .01) scores were statistically
significant.

4 | DISCUSSION

In this UK postmarketing study of emicizumab prophylaxis, treatment
choice was not restricted by cost or treatment guideline but was
prescribed at the managing clinician’s discretion and patient choice.
The uptake of emicizumab varied considerably between hemophilia
centers, reflecting a lack of consensus around treatment selection
[24].

While qualitative information on treatment choice was not
collected, our data suggest that therapeutic choice was influenced by
the bleed rate and FVIII inhibitor history of people with severe he-
mophilia A, but not by age. Higher baseline bleeding rates and greater
prevalence of target joints were observed in switchers, suggesting
that those considered to be doing well with FVIII prophylaxis were
less likely to change to emicizumab, despite the lower treatment
burden associated with emicizumab. People continuing conventional
prophylaxis generally used more intensive FVIII replacement than
those who chose emicizumab (median, 82.6 U/kg/wk compared with
64 U/kg/wk).

Increasing age did not appear to influence treatment choice; 40%
of people with severe hemophilia A aged >50 were prescribed

emicizumab.
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Proportion of responses by level of severity for EQ5D-5L dimensions at
baseline and after 12 months emicizumab
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FIGURE 4 Proportion of responses by level of severity for EuroQoL 5-Dimensions 5-Levels (EQ5D-5L) at baseline and after 12 months of
emicizumab prophylaxis. Mean domain scores are displayed. Level 1 = no problems, level 2 = slight problems, level 3 = moderate problems,

level 4 = severe problems, and level 5 = extreme problems/unable.

A higher proportion of those continuing FVIII prophylaxis had a
history of inhibitors (20.5% vs 13.6%; odds ratio, 0.61; 95% Cl, 0.46-
0.8; P = .005), suggesting that the risk of inhibitor recurrence may be
a factor influencing the choice of emicizumab.

Laboratory surveillance revealed a relatively high incidence of
inhibitor recurrence in 8/84 (9.5%) people with a past history of an
inhibitor. There was evidence of a persistent low-level inhibitor,
despite the negative Bethesda assay, prior to starting emicizumab in
5 of these individuals, based on reduced FVIII half-life. In a further 3
cases, inhibitors were detected 2 to 4 months after starting emici-
zumab and 4 to 15 years postimmune tolerance induction (ITI). This
event of special interest was not addressed in the HAVEN studies,
which excluded subjects with an inhibitor detected in the previous 5
years [25]. Isolated cases of inhibitor recrudescence after starting
emicizumab have been reported, predominantly in partially tolerized
individuals. Inhibitors are known to relapse many years after
apparent ITI [26-30]. It has been postulated that regular FVIII
exposure may be needed to maintain tolerance after ITI, although
definitive evidence for this is lacking, and relapses may occur despite
ongoing FVIII exposure [31-33]. Since none of these cases were
treated with FVIII between changing to emicizumab prophylaxis and
inhibitor detection, it would appear that withdrawal of FVIII pro-
phylaxis was the key event leading to an increase in inhibitor titer.
Allowing for the limitations of small numbers, this study shows that
the risk of inhibitor recurrence was about 4% in people with severe
hemophilia A who had a normal FVIII half-life and 9.5% in those with
evidence of low-level inhibitor activity and a reduced FVIII half-life.

Fortunately, recurrent inhibitors were, with one exception, of low

titer. The risk of inhibitor recurrence should be discussed prior to
changing products. The incidence and context of this complication
are an important element of that conversation. The immunogenicity
of emicizumab itself is relatively low. Only 1 fully neutralizing anti-
drug antibody was reported in this series, though partly neutralizing
antibodies, which do not affect drug efficacy, were undoubtedly
common, findings that are consistent with the HAVEN study [34].

We observed a significant within-person improvement in
bleeding outcomes relative to previous FVIII prophylaxis. Sponta-
neous bleeding was infrequent, and the proportion reporting zero-
treated bleeds increased from 35% to 71% (P < .01). The subset of
29% of people with severe hemophilia A who reported breakthrough
bleeding during emicizumab prophylaxis experienced a 73% reduc-
tion in ABR compared with prior treatment. This subset was gener-
ally older with higher baseline bleeding rates.

The prevalence of target joints at study entry was low relative to
clinical trials (6.5% vs 67%) because prophylaxis has long been the
UK standard of care [9]. The use of emicizumab prophylaxis was
associated with an 82% reduction in bleeding into target joints,
supporting clinical study findings [35]. Joint health was generally well
preserved in children, but progressively higher total HJHS occurred
with age. A modest (6= —2; P = .02) reduction in total HJHS was
observed over 2 years of emicizumab prophylaxis; however, the
reduction was less than 4, which has been reported to be clinically
relevant [21]. It is not known if the HJHS will improve to a meaningful
level with ongoing emicizumab prophylaxis beyond 2 years. Further
follow-up is required to determine the long-term effect of emicizu-

mab on joint health. Reporting of the HJHS was incomplete and was
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FIGURE 5 Brief Pain Inventory (BPI)
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Interference of pain with daily activites at
baseline and 12 months

score box and whisker plots. Baseline
scores are labeled TO and 12-month scores
T1. Medians, IQRs, and ranges are plotted.
Comparison of TO and T1 scores was by the
Wilcoxon matched-pairs signed-rank test.
(A) Pain severity as reported over the
previous week on a 0 to 10 scale (0 = no
pain, 10 = worst pain). (B) The impact of
pain on 7 aspects of daily life on a scale of
0 to 10 (0 = not at all, 10 = extreme impact).
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impacted by the COVID-19 pandemic. Furthermore, the HJHS was
developed for use in children, and joint scoring is relatively insensi-
tive to subtle changes, which may result in a ceiling effect, particu-
larly in people with preexisting arthropathy. Although the HJHS in
our data could have been influenced by between-physiotherapist
variability, we have attempted to minimize this variability by regu-
lar HJHS training of our physiotherapists.

Reducing the treatment burden of prophylaxis was anticipated to
improve quality of life. While statistically significant improvements in
the BPI domains of “interference of pain with general activities” and
“life enjoyment” were observed, changes in EQ-5D-5L were not sig-

nificant. Phase 3 trials of people with severe hemophilia A without

inhibitors demonstrated improvements in physical health scores, but
only in people with the poorest preswitch bleeding control [6]. The
patient-reported outcomes selected were chosen for their ease of
use and widespread use, but they appear insensitive to changes in
treatment burden.

This is the largest real-world study of emicizumab prophylaxis to
date. Observation over a robust duration of time in a large cohort
improved the reliability of outcomes and the detection of infrequent
events. Despite this, follow-up was less structured in comparison
with clinical trials, and not all data sets were complete. However, the
methodological limitations common to observational studies were

mitigated where feasible. Access to emicizumab was conditional on
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HT use, which promoted high rates of engagement. Furthermore,
confounding biases that may affect parallel group comparisons were
minimized by the use of within-person analysis, which minimized the
effect of variation in reporting bleeds. It is suspected that mild, self-
limiting adverse events, such as localized reactions, were under-
reported to the NHD, but significant events were more completely
described.

This study provides additional insight into the comparative effi-
cacy of emicizumab with real-world factor prophylaxis. Emicizumab
was associated with a significant reduction in bleeding events, in
comparison with prior treatment, in a large cohort who may have
been switched partly due to suboptimal bleeding outcomes with
factor prophylaxis. The incidence of thrombosis in this cohort was
very low despite widespread use in older age. This is the first report
to quantify the incidence of inhibitor recurrence after cessation of
regular factor exposure, which may inform discussions with people

considering starting emicizumab.
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