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Abstract

Background: Real-world experience with efmoroctocog alfa (a recombinant factor [F]

VIII Fc fusion protein [rFVIIIFc]) and eftrenonacog alfa (a recombinant factor IX Fc

fusion protein [rFIXFc]) is needed to bridge evidence gaps.

Objectives: To describe rFVIIIFc/rFIXFc usage and effectiveness over a 24-month

prospective period.

Methods: PREVENT (NCT03055611), a noninterventional study across 25 German

hemophilia treatment centers, enrolled previously treated persons with hemophilia A

and B (all ages/severities) on individualized rFVIIIFc/rFIXFc prophylaxis before/at

enrollment. Primary endpoints included annualized bleeding rate (ABR), injection fre-

quency (IF), and factor consumption (FC). Additionally, up to 12 months of retrospec-

tive FVIII/FIX data were collected. Physician and patient satisfaction, and safety

outcomes were also assessed.

Results: Overall, 150 patients received ≥1 rFVIIIFc dose and 47 patients received ≥1
rFIXFc dose, with median prospective follow-up of 20.6 and 21.0 months, respectively.

rFVIIIFc/rFIXFc demonstrated low median ABR (0.5/1.7), annualized IF (121.8/52.2

injections/y), and FC (4611.7/2423.9 IU/kg) in line with product labels. Compared with

previous FVIII/FIX, there was a 56.0% reduction in ABR for rFVIIIFc (rate ratio, 0.44;

95% CI, 0.31-0.64), with no change for rFIXFc (rate ratio, 0.93; 95% CI, 0.66-1.31);

rFVIIIFc/rFIXFc reduced annualized IF (rFVIIIFc, mean difference, −31.7; 95%

CI, −40.3 to −23.1; rFIXFc, mean difference, −37.3; 95% CI, −46.9 to −27.8), while FC

remained stable (rFVIIIFc, +374.1; 95% CI, +46.8 to +701.3; rFIXFc, +503.9; 95%
CI, +95.4 to +912.4). Most physicians and patients were satisfied or highly satisfied

with rFVIIIFc/rFIXFc. rFVIIIFc/rFIXFc were well tolerated, with no inhibitor develop-

ment or treatment-related serious adverse events.
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Essentials

• PREVENT assessed recombinant factor

• rFVIIIFc/rFIXFc prophylaxis offered stab

• rFVIIIFc improved bleed protection with

• rFIXFc maintained bleed protection with
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Conclusion: Real-world PREVENT data complement phase 3 trials and show that

individualized rFVIIIFc/rFIXFc prophylaxis provided stable bleed protection with low IF

and maintained FC. Compared with previous FVIII, ABR was considerably reduced with

rFVIIIFc, with stable annualized FC. For rFIXFc, bleed protection was maintained vs

previous FIX while reducing annualized IF.

K E YWORD S

hemophilia A, hemophilia B, recombinant fusion protein, rFVIIIFc, rFIXFc
(F)VIII Fc (rFVIIIFc)/recombinant factor FIX Fc (rFIXFc) use and effectiveness in Germany.

le bleed protection and low factor use over �21 months.

stable factor use compared with previous FVIII.

fewer injections than previous FIX.
1 | INTRODUCTION

The standard of care for persons with hemophilia A (HA) or hemo-

philia B (HB), particularly those with severe disease or moderate

disease with a severe phenotype, is regular prophylactic treatment

with replacement factor (F)VIII or FIX, respectively [1]. The primary

aim of long-term prophylaxis is to prevent recurrent joint bleeding,

which constitutes up to 80% of all bleeding episodes, and subse-

quently mitigate the development of hemophilic arthropathy, which is

a major cause of morbidity and reduced health-related quality of life

[1–3].

The hemophilia community has set more ambitious treatment

goals aiming to establish normal hemostasis as the new, higher stan-

dard of care [4]. Individualized prophylaxis with extended half-life

(EHL) FVIII and FIX products, such as efmoroctocog alfa (a recombi-

nant FVIII Fc fusion protein, herein rFVIIIFc) and eftrenonacog alfa (a

recombinant factor IX Fc fusion protein, herein rFIXFc), can offer

improved or intensified bleed protection with reduced treatment

burden compared with standard half-life (SHL) products or similar

alternatives [5,6].

Although the efficacy and safety of both rFVIIIFc and rFIXFc

have been established across phase 3 pivotal and extension studies

[7–14], more real-world evidence is needed to investigate factor

usage and confirm their effectiveness in clinical practice. rFVIIIFc

and rFIXFc are licensed for the treatment and prophylaxis of

bleeding episodes in persons with HA or HB, respectively, and

received reimbursement in Germany in June 2016 and December

2016 [15–18].

PREVENT (NCT03055611) was a 24-month prospective, non-

interventional, phase 4 study, which aimed to provide further insights

into the real-world experience with these products in persons with HA

and HB across hemophilia treatment centers (HTCs) in Germany.

Here, we report the final data from PREVENT.
2 | METHODS

2.1 | Study design and patients

PREVENT (NCT03055611) was a prospective, noninterventional,

multicenter, phase 4 study conducted in Germany. The primary

objective was to describe the real-world usage and effectiveness of

rFVIIIFc/rFIXFc in persons with HA/HB over a 24-month (±6 months)

prospective period (Figure 1). Additionally, retrospective data on

previous SHL FVIII or FIX products, for up to 12 months, were

collected for comparison. PREVENT adhered to the International

Conference on Harmonization Guidelines for Good Clinical Practice

and ethical principles in compliance with the Declaration of Helsinki

[19,20].

Persons of all ages and with all severities of hemophilia who had

previously been treated with an FVIII/FIX product were enrolled.

Eligible patients were either on rFVIIIFc/rFIXFc prophylaxis before

enrollment or prescribed rFVIIIFc/rFIXFc prophylaxis at study entry,

irrespective of study participation. To minimize selection bias, a broad

coverage of HTCs in Germany was invited to participate. Enrollment

took place during routine clinic visits at participating HTCs. Subse-

quent on-study visits and the end-of-study visit (ie, the first patient

visit occurring within the 18- to 30-month interval [24 ± 6 months]

after enrollment) followed routine clinical care practice, including on-

site visits, home visits, or phone calls. Protocol amendments allowed

for delayed end-of-study visits beyond 30 months for sites impacted

by COVID-19 (see Figure 1 footnotes for more details).

The period before the first rFVIIIFc/rFIXFc injection contributed

to the 12-month retrospective period on previous FVIII/FIX products,

while the period from enrollment to the last study visit contributed to

the prospective period on rFVIIIFc/rFIXFc. The date of the first

rFVIIIFc/rFIXFc injection, which could have occurred prior to study

entry, was collected at the enrollment visit in order to determine the



F I GUR E 1 PREVENT study design. For patients on recombinant factor (F)VIII Fc (rFVIIIFc)/recombinant FIX Fc (rFIXFc) prophylaxis prior to

enrollment, the 12 months before the treatment switch was considered the retrospective period on previous FVIII/FIX, with the prospective

period beginning at enrollment visit. In cases where patients were prescribed rFVIIIFc/rFIXFc at inclusion, but initiated rFVIIIFc/rFIXFc after

enrollment, the initial short period on FIX/FVIII treatment (typically a few days/weeks) contributed to the 12-month retrospective period. There

were no limitations on prior/concomitant treatments during PREVENT. However, participation in an investigational medicinal product trial at

any time during the 4 weeks before the first injection with rFVIIIFc/rFIXFc up to the enrollment visit was not permitted. Patients who

discontinued prophylactic treatment with rFVIIIFc/rFIXFc during the study or enrolled in an investigational medicinal product trial were

withdrawn from the study. aRetrospective data were collected for 12 months prior to the first rFVIIIFc/rFIXFc injection, including data on the

prescribed and dispensed FVIII/FIX product. bThe first patient visit performed in the 18- to 30-month (24 ± 6 months) interval after baseline

was defined as the end-of-study visit. The patient was prematurely discontinued if no visit was available within this time interval. For sites

affected by the COVID-19 outbreak (ie, a routine patient visit was cancelled/postponed), the end-of-study visit could be performed later than

30 months after baseline if necessary. However, the patient was prematurely discontinued if no visit was available before 30 months after the

last patient’s first visit in the study.
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end of the retrospective period. rFVIIIFc/rFIXFc prophylaxis was

prescribed according to the clinical judgment of the treating physician

and in discussion with the patient. Dosing regimens were individual-

ized in accordance with clinical practice and the relevant summary of

product characteristics.
2.2 | Outcome measures and data collection

At enrollment, ≤12-month retrospective data on previous FVIII/FIX

treatment (prescribed and dispensed), and data on patient charac-

teristics, bleeding episodes, and target joints, defined as joints in which

≥3 spontaneous bleeding episodes occurred for 6 consecutive months

during the retrospective period, were collected.

The following annualized primary endpoints were used to eval-

uate the real-world usage of rFVIIIFc/rFIXFc prophylaxis during the

prospective period: annualized bleeding rate (ABR; assessed by local

practice), annualized injection frequency (assessed by prescription),

and annualized factor consumption (assessed by dispensed factor

product) during the prospective period. Additionally, the proportion

of patients experiencing 0 bleeding episodes (nonannualized analysis)

at 6-month intervals was also evaluated to assess the primary

objective.
Secondary endpoints included change in ABR, annualized injection

frequency, and annualized factor consumptionbetween theprospective

and retrospective periods, prescribed prophylactic dose and dosing

frequency (including treatment adjustments and reason for changes in

prescribed dose and frequency), annualized joint bleeding rate (AJBR),

annualized target joint bleeding rate (ATJBR), target joint resolution

during the prospective period (defined as<3 bleeds, within a 12-month

period, in the target joints identified at enrollment [potential new target

joints were not evaluated]), and physician satisfaction with outcome of

rFVIIIFc/rFIXFc treatment using a 5-point scale (highly dissatisfied,

dissatisfied, neutral, satisfied, or highly satisfied). Patient-reported

outcomes (PROs) included EuroQol-5 Dimensions-5 Levels (EQ-5D-

5L), Hemophilia Activities List (HAL)/Pediatric Hemophilia Activities

List (pedHAL; range, 0-100, with low scores indicating worse functional

status), assessment of patient satisfaction with outcome of rFVIIIFc/

rFIXFc treatment using the aforementioned 5-point scale and change

from enrollment in PROs. Further details on PROs are provided in the

Supplementary Methods. Physicians’ justifications for initiating pro-

phylactic rFVIIIFc/rFIXFc treatment are also reported.

Safety data, including serious adverse events (SAEs) during

treatment with rFVIIIFc/rFIXFc from the first injection until the last

study visit, non-SAEs leading to permanent discontinuation of



F I GUR E 2 Disposition of patients in PREVENT. Patients in the retrospective vs prospective period population had ≥3 months of treatment

data on prestudy factor (F)VIII/FIX and onstudy recombinant factor FVIII Fc (rFVIIIFc)/recombinant FIX Fc during the retrospective and

prospective periods, respectively.
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rFVIIIFc/rFIXFc, and inhibitor development (≥0.60 BU/mL), were

collected during the prospective period.

Clinical data and PROs were collected from medical records, pa-

tient diaries, and patient reports at routine visits throughout the 24-

month prospective period.
2.3 | Statistical analysis

Descriptive statistics were used to summarize all continuous variables,

while categorical variables were presented in frequency tables.

Only patients with ≥3-month treatment duration with respective

products (FVIII/FIX prior to switch or rFVIIIFc/rFIXFc after switch)

from enrollment were included in the analyses of annualized end-

points. Prespecified subgroup analysis of primary endpoints by age

category (<12 years and ≥12 years) was also performed.

Patient characteristics and effectiveness outcomes in patients

with or without dose adjustments were assessed in a post hoc analysis

to identify predictors of dose adjustments.

Model-based estimates for ABR, AJBR, and ATJBR were derived

using negative binomial regression models (not included in the original

predefined statistical analysis plan). Imputation of missing data was

performed for PROs based on the scoring instructions of the

respective questionnaires.
3 | RESULTS

From May 9, 2017, to January 15, 2020, PREVENT prospectively

enrolled 201 persons with HA/HB across 25 HTCs in Germany
(Supplementary Figure S1). The analysis population comprised 150

persons with HA and 47 persons with HB (who received ≥1 dose of

rFVIIIFc/rFIXFc during the prospective period), of which 137 (91.3%)

and 45 (95.7%), respectively, completed the study (Figure 2).
3.1 | Analysis population and duration of

prospective follow-up

Of the 150 persons with HA, 149 were male and most had severe HA

(88.0%), with a median age of 21.0 years. Among these patients, 43.3%

(n = 65) were aged <18 years. All 47 persons with HB were male, and

most (89.4%) had severe HB. Median age was 26.0 years, and 31.9%

(n = 15) were aged <18 years (Table 1).

Among persons with HA, 57.4% (n = 78/136) were prescribed

recombinant treatments for prophylaxis in the 12 months prior to

switching to rFVIIIFc and 43.4% (n = 59/136) were prescribed

plasma-derived treatments; among persons with HB, 54.3% (n = 25/

46) were prescribed plasma-derived treatments and 47.8% (n = 22/

46) were prescribed recombinant treatments for prophylaxis

(including 3 patients on EHL products [recombinant FIX albumin

fusion protein]) in the 12 months prior to switching to rFIXFc.

Before enrollment, 85.3% (n = 128) and 74.5% (n = 35) of patients

had already initiated rFVIIIFc and rFIXFc prophylaxis, respectively,

with a median (range) duration of 8.6 (0.1-43.7) and 12.0 (0.1-33.4)

months between rFVIIIFc/rFIXFc initiation and study enrollment.

The median (range) duration of prospective follow-up on rFVIIIFc

and rFIXFc prophylaxis during PREVENT was 20.6 (0.5-30.0) and

21.0 (3.9-29.7) months.



T AB L E 1 Patient demographics and disease characteristics at
enrollment.

Demographics and disease

characteristics

Hemophilia A

(n = 150)

Hemophilia B

(n = 47)

Age (y), median (range) 21.0 (0-74) 26.0 (2-78)

Age category, n (%)

<12 y 44 (29.3) 9 (19.1)

≥12 to <18 y 21 (14.0) 6 (12.8)

≥18 to <65 y 83 (55.3) 29 (61.7)

≥65 y 2 (1.3) 3 (6.4)

Sex,a n (%)

Male 149 (99.3) 47 (100)

Female 1 (0.7) 0

Severity of hemophilia, n (%)

Severe 132 (88.0) 42 (89.4)

Moderate 17 (11.3) 4 (8.5)

Mild 1 (0.7) 1 (2.1)

Relevant comorbidities, n

(%)

Yes 23 (15.3) 13 (27.7)

HIV 17 (11.3) 5 (10.6)

HCV 13 (8.7) 0

Liver disease 2 (1.3) 3 (6.4)

Renal disease 2 (1.3) 1 (2.1)

CV disease 3 (2.0) 1 (2.1)

Depression 1 (0.7) 0

Nonhemophilic acute or

chronic medical

conditions

causing mobility/

joint problems

4 (2.7) 4 (8.5)

No 127 (84.7) 34 (72.3)

History of inhibitors, n (%)

Yes 24 (16.0) 2 (4.3)

Available positive

inhibitor test

(≥0.60 BU/mL)

17 2b

High titer inhibitors

(≥5.0 BU/mL)c
9 (52.9) 1 (50.0)

Low titer inhibitors

(≥0.60 to <5.0

BU/mL)

8 (47.1)d 1 (50.0)

No 126 (84.0) 45 (95.7)

Treatment status at

enrollment, n (%)

(Continues)

T A B L E 1 (Continued)

Demographics and disease

characteristics

Hemophilia A

(n = 150)

Hemophilia B

(n = 47)

Initiating rFVIIIFc/rFIXFc

prior to enrollment

128 (85.3) 35 (74.5)

Type of prophylactic

FVIII/FIX prescribed

12 mo prior to

initiating rFVIIIFc/

rFIXFce,f,g

n 136 46

Missing 14 1

Recombinant 78 (57.4) 22 (47.8)

Plasma-derived 59 (43.4) 25 (54.3)

History of prophylaxis prior

to rFVIIIFc/rFIXFc, n (%)

n 132 41

Missing 18 6

Primary prophylaxis 57 (43.2) 19 (46.3)

Secondary prophylaxis 52 (39.4) 15 (36.6)

Tertiary prophylaxis 21 (15.9) 7 (17.1)

Not applicable 2 (1.5) 0

Patients with ≥1 target joint

at enrollment,h n (%)

15/136 (11.0) 3/46 (6.5)

Percentage values may not sum to 100 due to rounding.

BU, Bethesda unit; CV, cardiovascular; FIX, factor IX; FVIII, factor VIII;

HCV, hepatitis C virus; HIV, human immunodeficiency virus; rFIXFc,

recombinant factor IX Fc fusion protein; rFVIIIFc, recombinant factor

VIII Fc fusion protein.
aSex as assigned at birth.
bBoth patients tolerized prior to enrollment.
cAll patients were tolerized prior to enrollment.
dAll patients had inhibitor test results <0.60 BU/mL except 1 patient

with a single result of 0.60 BU/mL during follow-up.
eA patient may have had several previous factor treatments prescribed

within 12 months prior to first injection of rFVIIIFc/rFIXFc.
fIncluding 3 patients receiving recombinant FIX albumin fusion protein.
gFourteen persons with hemophilia A and 5 persons with hemophilia B

were treated on-demand with FVIII/FIX at any time in the 12 months

prior to first injection of rFVIIIFc/rFIXFc.
hTarget joints were defined as joints in which ≥3 spontaneous bleeding

episodes occurred for 6 consecutive months during the 12-month

retrospective period.
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3.2 | ABR, annualized injection frequency, and

annualized factor consumption

During the prospective period, median (IQR) ABR was 0.5 (0.0-1.7)

and 1.7 (0.0-4.6) for rFVIIIFc and rFIXFc prophylaxis, respectively

(Table 2, Figure 3 and Table 3, Figure 4). Corresponding values for



T AB L E 2 Annualized bleeding rate, annualized injection frequency, and annualized factor consumption (dispensed) before and after the
switch to recombinant factor (F)VIII Fc fusion protein in patients with a previous FVIII treatment duration of ≥3 months.a

Outcome measures

12-mo retrospective period

on previous FVIIIb
24-mo prospective period

on rFVIIIFcc Change

ABR

n 135 135 135

Mean (95% CI) 3.6 (2.6 to 4.9)d 1.6 (1.2 to 2.1)d Rate ratio, 0.44 (0.31 to 0.64)e

Median 1.0 0.5 0.0

IQR 0.0 to 3.0 0.0 to 1.7 −2.5 to +0.3
Annualized injection frequency (injections/y)

n 135 135 135

Mean (95% CI) 162.3 (152.4 to 172.2) 130.6 (124.1 to 137.2) Difference, −31.7 (−40.3 to −23.1)
Median 156.5 121.8 −26.1
IQR 130.4 to 182.6 104.4 to 156.5 −52.2 to 0.0

Range 52.2 to 365.3 52.2 to 365.3 −243.5 to +78.3
Annualized factor consumption (dispensed, IU/kg)f

n 132 132 132

Mean (95% CI) 4326.9 (3920.9 to 4732.9) 4701.0 (4341.9 to 5060.0) Difference, +374.1 (+46.8 to +701.3)
Median 4013.7 4570.0 +430.2
IQR 2651.5 to 5225.0 3393.4 to 5505.7 −522.9 to +1402.5
Range 385.9 to 13,481.4 789.8 to 14,381.7 −6607.1 to +5718.9

ABR, annualized bleeding rate; FVIII, factor VIII; rFVIIIFc, recombinant factor VIII Fc fusion protein.
aOne-hundred thirty-five out of 150 (90.0%) patients had ≥3 months of treatment with previous FVIII.
bCalculated if the duration on previous factor treatment was ≥3 months to reduce potential misclassification; for patients initiated with rFVIIIFc before

enrollment, only data under previous factor treatment within 12 months prior to first injection of rFVIIIFc were considered.
cCalculated if the duration of rFVIIIFc during the 24-month prospective period was ≥3 months to reduce potential misclassification.
dEstimated using a negative binomial model with the total number of treated bleeding episodes during the efficacy period as the response variable and

log-transformed period duration (in years) as an offset variable.
eEstimated using a repeated negative binomial model with treatment period (prospective vs retrospective) as a covariate.
fMissing data (n = 3).
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prescribed annualized injection frequency were 121.8 (104.4-156.5)

and 52.2 (52.2-63.6) injections/y (Table 2, Figure 3 and Table 3,

Figure 4); corresponding values for dispensed annualized factor con-

sumption were 4611.7 (3428.3-5591.2) and 2423.9 (1852.2-3490.7)

international units per kilogram (IU/kg; Table 2, Figure 3 and Table 3,

Figure 4).

When stratifiedby age group, averageABRandannualized injection

frequencyon rFVIIIFcwere consistent betweenpatients aged<12years

and those aged ≥12 years, while annualized factor consumption tended

to be higher in patients aged <12 years than in those aged ≥12 years

(Figure 3). For rFIXFc, patients aged <12 years had a similar average

ABR and annualized injection frequency comparedwith those aged≥12
years. However, patients aged <12 years had higher annualized factor

consumption compared with those aged ≥12 years (Figure 4).
3.3 | Zero bleeding episodes

Throughout the prospective period, the proportion of patients expe-

riencing 0 bleeding episodes was maintained at 6-month intervals up
to month 18 (Figure 5). Limited data were available for patients up to

month 24 due to missing observations.
3.4 | Change (prospective vs retrospective period)

in ABR, annualized injection frequency, and

annualized factor consumption

One-hundred thirty-five (90.0%) persons with HA and 46 (97.9%)

persons with HB had ≥3 months of treatment data on prestudy FVIII/

FIX and onstudy rFVIIIFc/rFIXFc during the retrospective and pro-

spective periods, respectively. Median (range) treatment duration

during the retrospective period was 12.0 (4.4-12.0) and 12.0 (9.4-12.0)

months for HA and HB, respectively. Median (range) treatment

duration during the prospective period was 20.7 (4.1-30.0) and 20.9

(3.9-29.7) months.

For rFVIIIFc, there was a 56.0% mean reduction in ABR (rate

ratio, 0.44; 95% CI, 0.31-0.64) compared with previous SHL FVIII

treatment. No change in ABR (rate ratio, 0.93; 95% CI, 0.66-1.31) was

observed for rFIXFc when compared with previous FIX. Mean (95%



F I GUR E 3 Annualized bleeding rate (ABR), annualized injection frequency, and annualized factor consumption for recombinant factor (F)

VIII Fc fusion protein (rFVIIIFc) during the 24-month prospective period. Orange triangles represent means, box boundaries represent IQRs,

and error bars represent ranges, with thick black lines indicating equal medians and quartiles. Patients with <3 months on recombinant FVIII Fc

(n = 1) during the 24-month prospective period were excluded from analysis of annualized endpoints in order to reduce potential

misclassification. aMissing data (total, n = 2; <12 years, n = 1; ≥12 years, n = 1).
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CI) difference in annualized injection frequency for rFVIIIFc and

rFIXFc was −31.7 (−40.3 to −23.1) and −37.3 (−46.9 to −27.8) in-
jections/y, respectively, with a mean (95% CI) difference in annualized

factor consumption of +374.1 (+46.8 to +701.3) and +503.9 (+95.4
to +912.4) IU/kg, respectively (Tables 2 and 3).
3.5 | Physician justification for initiating

prophylactic rFVIIIFc/rFIXFc treatment

The most common clinical justification for initiating rFVIIIFc and

rFIXFc prophylaxis was to “reduce injection frequency while main-

taining protection from bleeds” in persons with HA (68.0%, n = 102/

150) and HB (77.3%, n = 34/44), respectively.

Stratifying by clinical justification showed that patients who initi-

ated rFVIIIFc prophylaxis to “improve protection from bleeds” (30.7%,

n = 46/150) had the highest on-study mean ABR (Supplementary

Table S1). This group also had a slightly higher annualized factor con-

sumption, while annualized injection frequency was generally consis-

tent regardless of the reason for initiating rFVIIIFc prophylaxis.

For rFIXFc, mean annualized endpoints were highest in the group

initiating rFIXFc prophylaxis to “improve protection from bleeds”

(22.7%, n = 10/44; Supplementary Table S2). All persons in this group

had severeHB, and 3 patients had≥1 target joint at enrollment.Median

age was 26.5 years, with 40.0% of patients (n = 4) aged <12 years. At

enrollment, 90.0% (n = 9/10) of patients were already receiving rFIXFc
prophylaxis (n = 1 initiated rFIXFc at enrollment) and only 1 patient had

prior on-demand treatment with previous FIX. Prestudy mean/median

ABR on previous rFVIII/rFIX was 10.3/5.5, annualized injection fre-

quency was 93.2/81.2 injections/y, and annualized factor consumption

was2498.2/1539.5 IU/kg. Change (prospective vs retrospective period)

in mean/median ABR was −3.8/−2.6, change in annualized injection

frequencywas−17.4/−4.7 injections/y, and change in annualized factor
consumption was +1366.1/+1923.6 IU/kg for these 10 patients.
3.6 | Real-world usage of rFVIIIFc/rFIXFc

prophylaxis

Prescribed weekly dose at enrollment (see Supplementary Results and

Supplementary Figures S2 and S3) was maintained during the pro-

spective period for 72.7% and 55.3% of persons with HA and HB,

respectively. Of the 150 persons with HA, 41 (27.3%) required adjust-

ments to the weekly dose (IU/kg) prescribed at enrollment, of which

73.2% had 1 adjustment. Among personswith HB, 21 out of 47 patients

had dose adjustments, with 52.4% requiring 1 adjustment. Most pa-

tients on rFVIIIFc (87.8%, n = 36/41) and rFIXFc (95.2%, n = 20/21)

required at least 1weekly dose increase (Supplementary Figures S4 and

S5), while 8 (19.5%) and 10 (47.6%) patients required at least 1 weekly

dose decrease, respectively. The most common reason for adjustment

was to “improve protection from bleeds” for both rFVIIIFc and rFIXFc

(Supplementary Figures S6 and S7).



T AB L E 3 Annualized bleeding rate, annualized injection frequency, and annualized factor consumption (dispensed) before and after the
switch to recombinant factor (F)IX Fc fusion protein in patients with a previous FIX treatment duration of ≥3 months.a

Outcome measures

12-mo retrospective

period on previous FIXb

24-mo prospective

period on rFIXFcc Change

ABR

n 46 46 46

Mean (95% CI) 3.2 (1.9 to 5.4)d 2.96 (2.0 to 4.4)d Rate ratio, 0.93 (0.66 to 1.31)e

Median 1.0 1.8 +0.3
IQR 0.0 to 2.0 0.0 to 4.6 −1.0 to +2.2

Annualized injection frequency (injections/year)

n 46 46 46

Mean (95% CI) 99.8 (90.9 to 108.7) 62.45 (56.0 to 68.9) Difference, −37.3 (−46.9 to −27.8)
Median 104.4 52.2 ¡50.6

IQR 89.4 to 121.8 52.2 to 63.6 −52.2 to −6.9
Range 45.7 to 182.6 36.5 to 139.2 −104.4 to +29.8

Annualized factor consumption (dispensed, IU/kg)f

n 42 42 42

Mean (95% CI) 2467.2 (2008.4 to 2926.0) 2971.1 (2418.6 to 3523.65) Difference, +503.9 (+95.4 to +912.4)
Median 1969.8 2319.9 +261.0
IQR 1561.0 to 2916.0 1851.1 to 3240.3 −418.5 to +1390.1
Range 117.7 to 6613.5 877.0 to 9718.4 −2076.8 to +3436.0

ABR, annualized bleeding rate; FIX, factor IX; rFIXFc, recombinant factor IX Fc fusion protein.
aForty-six out of 47 (97.9%) patients had ≥3 months of treatment with previous FIX.
bCalculated if the duration on previous factor treatment was ≥3 months to reduce potential misclassification; for patients initiated with rFIXFc before

enrollment, only data under previous factor treatment within 12 months prior to first injection of rFIXFc were considered.
cCalculated if the duration of rFIXFc during the 24-month prospective period was ≥3 months to reduce potential misclassification.
dEstimated using a negative binomial model with the total number of treated bleeding episodes during the efficacy period as the response variable and

log-transformed period duration (in years) as an offset variable.
eEstimated using a repeated negative binomial model with treatment period (prospective vs retrospective) as a covariate.
fMissing data (n = 4).
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In the post hoc analysis, patients who had at least 1 adjustment to

their weekly prescribed rFVIIIFc dose (IU/kg; n = 41) during the

prospective period were generally younger than those without dose

adjustments (n = 109; Supplementary Table S3). A higher proportion

of persons without dose adjustments (91.7%) had severe HA

compared with those with dose adjustments (78.0%). Annualized

endpoints during the retrospective period were similar between pa-

tients with or without rFVIIIFc dose adjustments.

For rFIXFc, persons with dose adjustments had a lower median

(IQR) age of 18.0 (10.0-28.0) years compared with those without dose

adjustments (30.5 [20.0-42.0] years; Supplementary Table S4). A

higher proportion of persons in the group with no dose adjustments

had severe HB (96.2%) compared with those with dose adjustments

(81.0%). Persons with dose adjustments had a higher mean ABR

during the retrospective period than those without dose adjustments.

Mean ABR (0.7) was lowest for those patients who initiated rFIXFc at

a dose lower than the product label (n = 8; comparison not shown).

Annualized injection frequency was similar during the retrospective

period, irrespective of whether there were dose adjustments during
the prospective period. Retrospective annualized factor consumption

was higher in persons with dose adjustments during the prospective

period compared with those who did not have dose adjustments.
3.7 | Joint bleeding episodes and target joints

During the prospective period, median (IQR) AJBR on rFVIIIFc and

rFIXFc was 0.0 (0.0-0.6) and 0.6 (0.0-1.8; Supplementary Figures S8

and S9), respectively. The corresponding estimated mean (95% CI)

values were 1.02 (0.70-1.50) and 1.83 (1.14-2.95).

At enrollment, 20 target jointswere identified in15outof136 (11%)

persons with HA and 4 were identified in 3 out of 46 (6.5%) persons

with HB. Of the 20 target joints identified at enrollment, 15 (75.0%)

were resolved in 86.7% (n = 13/15) of patients on rFVIIIFc, while 5

target joints in 2 patients remained unresolved. For rFIXFc, 3 (75.0%)

target joints were resolved in 66.7% (n = 2/3) of patients, while 1

remained unresolved. Target joint resolution occurred during the

first year of follow-up in 14 out of 15 and 1 out of 3 resolved target



F I GUR E 4 Annualized bleeding rate (ABR), annualized injection frequency, and annualized factor consumption for recombinant factor IX Fc

fusion protein (rFIXFc) during the 24-month prospective period. Orange triangles represent means, box boundaries represent IQRs, and error

bars represent ranges, with thick black lines indicating equal medians and quartiles. Patients with <3 months on rFIXFc (n = 0) during the 24-

month prospective period were excluded from analysis of annualized endpoints in order to reduce potential misclassification. aMissing data

(total, n = 2; <12 years, n = 1; ≥12 years, n = 1).

F I GUR E 5 Zero bleeding episodes on recombinant factor (F)VIII Fc (rFVIIIFc)/recombinant FIX Fc (rFIXFc) across each 6-month interval of

the prospective period up to Month 18. Error bars represent 95% CIs of the mean 0 bleeding episodes. aMissing data for Months 1 to 6 (n = 3),

Months 7 to 12 (n = 8), Months 13 to 18 (n = 12). Limited data were available for Months 19 to 24 (n = 24) due to missing data (n = 126).
bMissing data for Months 1 to 6 (n = 1), Months 7 to 12 (n = 1), Months 13 to 18 (n = 2). Limited data were available for Months 19 to 24 (n = 10)

due to missing data (n = 37).
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joints for rFVIIIFc and rFIXFc, respectively, and during the second year

for the remaining resolved target joints.

Median (IQR) ATJBRs were 0.7 (0.0-1.2) and 2.7 (0.0-10.0) for

rFVIIIFc and rFIXFc, respectively (Supplementary Figures S8 and S9),

while the estimated mean (95% CI) ATJBRs were 4.02 (1.48-10.89)

and 4.23 (0.85-21.11), respectively.
3.8 | Physician and patient satisfaction with

rFVIIIFc/rFIXFc

Most physicians reported being “satisfied” or “highly satisfied” with

rFVIIIFc (59.6% [n = 68/114] and 34.2% [n = 39/114], respectively)

and rFIXFc (54.8% [n = 17/31] and 35.5% [n = 11/31], respectively) at
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enrollment. This was maintained at each 6-month interval through

Month 18 for rFVIIIFc (60.2% [n = 56/93] and 35.5% [n = 33/93]) and

rFIXFc (67.9% [n = 19/28] and 21.4% [n = 6/28]) during the pro-

spective period.

Similarly, most patients were also “satisfied” or “highly satisfied”

with rFVIIIFc (44.7% [n = 38/85] and 50.6% [n = 43/85], respectively)

and rFIXFc (51.9% [n = 14/27] and 40.7% [n = 11/27], respectively) at

enrollment. These satisfaction rates were maintained with rFVIIIFc

(42.6% [n = 26/61] and 52.5% [n = 32/61]) and rFIXFc (26.7% [n = 4/

15] and 60.0% [n = 9/15]) across all time points through Month 18

during the prospective period. Mean physician and patient satisfaction

score was 4 for rFVIIIFc and ranged from 4.0 to 4.6 for rFIXFc.
3.9 | PROs

EQ-5D-5L visual analog scale scores and index values for patients on

rFVIIIFc or rFIXFc prophylaxis were high at baseline and remained

stable up to Month 18 of the prospective period (Supplementary

Figures S10–S13). Similarly, HAL or pedHAL total normalized scores

were high and remained stable from baseline to Month 18

(Supplementary Figures S14 and S15).
3.10 | Safety

During the prospective period, 23 SAEs occurred in 17 (11.3%) pa-

tients on rFVIIIFc, and 19 SAEs occurred in 9 (19.1%) patients on

rFIXFc; none of which were related to rFVIIIFc or rFIXFc treatment or

resulted in permanent treatment discontinuation. Three SAEs (colon

cancer, ileus paralytic, and septic shock) in 1 patient resulted in a fatal

outcome, but these events were not considered to be related to

rFIXFc treatment. No patients on rFVIIIFc or rFIXFc developed in-

hibitors during the prospective period, including patients who had

inhibitors on previous FVIII products (all were tolerized prior to

enrollment).
4 | DISCUSSION

Final data from PREVENT complement existing clinical data from

phase 3 pivotal and extension studies and demonstrate the real-world

usage and effectiveness of rFVIIIFc/rFIXFc prophylaxis across all ages

and severities of hemophilia.

The primary annualized endpoints demonstrated that individual-

ized prophylaxis with rFVIIIFc achieved a low median ABR, while

weekly injection frequency (calculated from annualized injection fre-

quency) and weekly factor consumption (calculated from annualized

factor consumption) were in line with the product labels [17,18].

These findings were observed across the overall study population,

with a median prospective follow-up of 20.6 months; similar trends

were seen in patients receiving rFIXFc prophylaxis over a median

follow-up of 21.0 months.
Subgroup data showed consistent low ABRs and stable annualized

injection frequency observed across age groups (<12 years and ≥12
years) for rFVIIIFc and rFIXFc. However, patients aged <12 years on

either rFVIIIFc or rFIXFc tended to have slightly higher annualized

factor consumption. The range seen in annualized injection frequency

and factor consumption may reflect the adoption of a more individ-

ualized approach to prophylaxis, which is an important component in

the effective management of hemophilia [4].

Nonannualized analysis of bleeding episodes demonstrated that

over half of the patients on rFVIIIFc and nearly half of the patients on

rFIXFc prophylaxis had 0 bleeding episodes at each 6-month interval

up to Month 18 of prospective follow-up.

Comparisons with previous SHL FVIII during the retrospective

period revealed that the switch to rFVIIIFc led to a substantial reduction

in the estimated mean ABR and annualized injection frequency while

maintaining annualized factor consumption. These findings were

generally consistent with the published literature, although compari-

sons are limited due to differences in study design and sample charac-

teristics. Most of the published literature reports reduced factor

consumption with rFVIIIFc vs previous SHL FVIII [21–25].

For rFIXFc, estimated mean ABR and annualized factor con-

sumption remained stable with reduced annualized injection fre-

quency compared with previous FIX. Real-world studies with rFIXFc

have similarly shown reduced injection frequency and decreased

factor consumption [25–27]. In our study, the maintained factor

consumption with rFVIIIFc/rFIXFc prophylaxis may reflect the shift

toward more individualized prophylaxis and prescribing practices in

line with the product label [17,18].

Most physicians in this study indicated that the primary reason

for initiating rFVIIIFc/rFIXFc prophylaxis was to improve treatment

convenience while maintaining bleed protection. While these data

were collected as part of the planned study design, this finding aligns

with a European survey of 37 physicians who switched 133 persons

with HA from SHL FVIII to rFVIIIFc and 25 physicians who switched

36 persons with HB from SHL FIX to rFIXFc [28]. The survey identified

that reducing bleeding episodes and improving treatment adherence

were 2 of the most significant factors influencing physician decision to

switch to EHL therapy.

Patients receiving rFVIIIFc to “improve protection from bleeds”

had the highest onstudy mean ABR and annualized factor consump-

tion, compared with those receiving rFVIIIFc for other reasons, while

the annualized injection frequency remained consistent across groups.

In the HB cohort, patients receiving rFIXFc to “improve protection

from bleeds” had the highest outcomes across annualized endpoints.

Notably, the onstudy mean ABR was higher in this group than in those

receiving rFIXFc to “reduce injection frequency while maintaining

protection from bleeds.” Compared with the overall study population,

patients on rFIXFc to “improve protection from bleeds” exclusively

comprised persons with severe HB and all persons with HB with target

joints at enrollment, with a higher proportion of patients aged <12

years (40% vs 19%). These findings aligned with the higher prestudy

mean/median ABR (10.3/5.5) reported in this group, compared with

the overall study population (2.96/1.8). Further analysis showed that
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this group also experienced a mean/median reduction in ABR of −3.8/
−2.6 with rFIXFc compared with previous FIX treatment. As expected,

for patients initiating rFIXFc to improve bleed protection, the reduc-

tion in injection frequency (mean, −17.4 injections/y; median, −4.7
injections/y) was not as considerable as for the overall study popula-

tion (mean, −37.3 injections/y; median, −50.6 injections/y). However,

there was a substantially higher annualized factor consumption (mean,

+1366.1 IU/kg; median, +1923.6 IU/kg) compared with the overall

study population (mean, +503.9 IU/kg; median, +261.0 IU/kg).

In the present study, most patients had already been receiving

prophylactic rFVIIIFc/rFIXFc for a considerable duration of time

before the study. During the 24-month prospective period, most pa-

tients on rFVIIIFc/rFIXFc prophylaxis did not require any adjustments

to their prescribed dose at enrollment. Of note, post hoc analysis

showed that these patients were older and comprised a more severe

population than those who required dose adjustments. Additionally,

previous on-demand treatment and target joints at baseline seemed to

have no clear impact on the need for dose adjustments. Further,

annualized endpoints were similar regardless of whether dose ad-

justments were needed or not, except for those on rFIXFc where

ABRs and annualized factor consumption tended to be higher in pa-

tients requiring dose adjustments. Overall, these results indicate that

the prescribed dose at enrollment were appropriate for maintaining

bleed protection in most patients, especially in those with severe

disease, and that patients with a higher disease burden may benefit

from a stable prophylactic regimen without the need for further dose

adjustments. Among patients who required at least 1 dose adjustment,

the primary reason was to improve bleed protection, which is in line

with the current objectives of prophylactic treatment in the hemo-

philia community. Notably, for patients on rFIXFc, the mean weekly

prescribed dose at enrollment was slightly lower (43.8 IU/kg/wk) than

the recommended dosage in the product label, but it was later

increased to align with the label at the last prescribed dose (51.9 IU/

kg/wk) [17]. Post hoc analysis revealed that the lower average dose at

enrollment was due to 8 patients who initiated rFIXFc treatment at

doses lower than recommended on the product label. Interestingly,

ABRs for this group were below 3 per year during the retrospective

period on previous FIX, suggesting that their prestudy prophylaxis

provided optimal bleed protection.

The inclusion of physician and patient satisfaction scores is

valuable as it provides insight into the real-world experience and ease

of transitioning to rFVIIIFc/rFIXFc prophylaxis. High satisfaction levels

indicated a positive acceptance of rFVIIIFc/rFIXFc treatment out-

comes by the physicians and the studied hemophilia population.

Analysis of joint health outcomes indicated that median AJBR and

ATJBR were low with rFVIIIFc/rFIXFc prophylaxis. Moreover, most

target joints identified at enrollment were resolved during the pro-

spective period.

EQ-5D-5L visual analog scale and index scores for patients on

rFVIIIFc/rFIXFc prophylaxis remained stable during the prospective

period, with no clear change from baseline at any 6-month time in-

terval. Patient’s perceived functional ability as measured by HAL and
pedHAL were high during the prospective period. Overall, these re-

sults were consistent with a well-treated hemophilia population.

The safety profiles were consistent with the clinical trial and

postmarketing experience with rFVIIIFc or rFIXFc [17,18]. Both

products were well tolerated in all age groups and did not lead to

inhibitor development or treatment-related SAEs during the pro-

spective period.

The noninterventional and prospective study design of PREVENT is

a strength that allows it to closely align with real-world clinical practice,

accommodating individualized treatment and dosing flexibility across

all age groups. Additionally, the study population is considered repre-

sentative of the German hemophilia population due to the broad

participation of HTCs involved in the study. This enhances the gener-

alizability of the findings to the broader patient population. Although

data on race and ethnicity were not collected, it is expected that the

analyzed population would be a predominantly White population given

that the study was only conducted in Germany; as such, it is unclear

whether these results are applicable to a non-White population. An

additional limitation of the present study was the lack of retrospective

follow-up data to estimate annualized endpoints in some patients. This

limitation may introduce a potential bias, as the complete data set was

not available for all patients. Nevertheless, patients with data available

from both the retrospective and prospective periods demonstrated

outcomes similar to those of the overall study population. This provides

reassurance that selection bias is unlikely to significantly impact the

maineffectiveness endpoints. SomePROsand thephysician satisfaction

questionnaire hadmissingdata,which limited the conclusions that could

have been drawn from these outcomes.
5 | CONCLUSION

Real-world data from PREVENT demonstrate the usage and effec-

tiveness of rFVIIIFc and rFIXFc in persons with HA and HB across all

ages and severities in Germany. Individualized prophylaxis with

rFVIIIFc/rFIXFc provided good protection from bleeds with low in-

jection frequencies and factor consumption over a median prospective

follow-up of 20.6/21.0 months. Compared with the 12-month retro-

spective period on previous FVIII, there was a substantial reduction in

mean ABR accompanied by stable annualized rFVIIIFc consumption.

For persons with HB, bleed protection with rFIXFc prophylaxis was

maintained compared with previous FIX, despite the reduction in

annualized injection frequency.
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