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Abstract

Introduction: Damoctocog alfa pegol (BAY 94-9027, Jivi®) is an approved extended

half-life factor VIII (FVIII) for treatment of previously treated patients with

haemophilia A aged ≥12 years. We report the final results of an interventional,

post-marketing study of damoctocog alfa pegol prophylaxis in patients with severe

haemophilia A.

Methods: In this open-label, interventional, post-marketing, phase 4 trial

(NCT04085458), previously FVIII-treated patients with severe haemophilia A aged

≥18 years received damoctocog alfa pegol for ≥100 exposure days (EDs). Patients

initially received 45 IU/kg every 5 days (recommended) or 40 IU/kg twice-weekly.

At Visit 3, patients’ doses could be increased, or treatment frequency adapted. The

primary endpoint was FVIII inhibitor development (titre ≥.6 Bethesda units). Sec-

ondary endpoints included anti-polyethylene glycol (PEG) antibody development,

treatment-emergent adverse events (AEs) and annualized bleeding rate (ABR).

Results:Overall, 36 patients were enrolled; 32 patients received treatment, of whom,

27 completed the study. No patients developed FVIII inhibitors; three tested tran-

siently positive for low-titre anti-PEG antibodies without clinical relevance. Three

patients reported study-drug-related AEs of mild or moderate intensity. Two patients

discontinued the study due to AEs. No deaths occurred. Most patients (70%) were

treated with E5D/E7D regimens. The median (Q1;Q3) total ABR (N = 30) was 3.0

(.0;9.0) pre-study and 1.8 (.7;5.9) during the study.

Conclusion: Damoctocog alfa pegol individualized prophylaxis regimens were well-

toleratedwith no immunogenicity concerns. ABRs improved following the switch from

pre-study prophylaxis to damoctocog alfa pegol prophylaxis. These results support the

favourable safety and efficacy profile of damoctocog alfa pegol prophylaxis.
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1 INTRODUCTION

The gold-standard management of haemophilia A is prophylaxis, for

which factor VIII (FVIII) replacement remains the cornerstone, restor-

ing coagulation with infusions of recombinant FVIII (rFVIII) protein to

reduce or prevent bleeding and preserve long-term joint function.1–3

However, incomplete adherence to prescribed dosing regimens, owing

to the time commitment and lifestyle changes required to accommo-

date frequent infusions, can limit treatment success.1 Individualized

prophylaxis is a strategy of tailored dosing based on a patient’s char-

acteristics, bleeding pattern, pharmacokinetic profile and lifestyle.1,4,5

This strategy may mitigate treatment burden through reduced infu-

sion frequency and factor utilization, thus improving adherence.1 The

development of extended half-life FVIII productsmay further allow for

individualization of prophylaxis by facilitating less frequent infusions

comparedwith standard half-life FVIII.1,6,7

Damoctocog alfa pegol (BAY 94-9027, Jivi®) is a B-domain deleted

rFVIII product that is site-specifically conjugated with polyethylene

glycol to extend its half-life.1,5 Efficacy and safety of damoctocog alfa

pegol for prophylaxis and for treatment of bleeding episodes has been

demonstrated in the PROTECTVIII (NCT01580293) trial in previously

treated patients with severe haemophilia A aged ≥12 years. These

patients received treatment for up to 7 years at dose intervals of up

to every 7 days (E7D).5 At PROTECT VIII extension completion, effi-

cacy and safety of damoctocog alfa pegol were confirmed with median

total, joint and spontaneous annualized bleeding rates (ABRs) of <2

for treated prophylaxis patients, with 50% of patients bleed-free and

58% joint bleed–free during their last 6 months of treatment in the

extension study.5

Post-marketing studies are conducted to confirm the safety and

efficacy of approved treatments in a broad population, with the aim

of extending the data obtained in pre-marketing studies.8 Here we

will report on a post-marketing interventional study (ClinicalTrials.gov

identifier: NCT04085458) that was conducted to explore the safety

and efficacy of damoctocog alfa pegol in patients with haemophilia

A across 13 sites, over 100 exposure-days (EDs), with a follow-up

of approximately 2 years. This study contributes to addressing the

European Medicines Agency’s requirements for FVIII products, which

include the collection of safety data from 200 participants, includ-

ing participants from pre-authorization studies, treated for at least

100 EDs.9 Here, we report the final results of this post-marketing,

open-label study demonstrating efficacy and safety of damoctocog

alfa pegol in previously FVIII-treated patients with haemophilia A aged

≥18 years.

2 METHODS

2.1 Patients

Males aged ≥18 years with severe haemophilia A (FVIII:C < 1%)

receiving prophylaxis treatment were eligible for inclusion in this

study. Patients must have had ≥150 EDs prior to study enrolment.

Other inclusion criteria included willingness to complete an electronic

patient diary (EPD) and provide signed informed consent. Patientswho

had participated in the PROTECT VIII or PROTECT VIII Kids studies

were excluded from the study. Other key exclusion criteria included

the presence or history of a FVIII inhibitor (≥.6 Bethesda units/mL),

diagnosis of any bleeding disorder other than haemophilia A and

platelet count<100,000/mm3.

2.2 Study design

This was an interventional phase 4, multicentre, single group, uncon-

trolled, open-label, post-marketing trial evaluating safety and efficacy

of twice-weekly, every 5 days (E5D) and E7D dosing of damoctocog

alfa pegol prophylaxis in previously FVIII-treated patients with severe

haemophilia A, aged≥18 years, for up to 2 years (Figure 1). The recom-

mended starting dose was 45 IU/kg E5D, which patients received until

the next planned visit after 10−15 exposure days (8−10weeks, visit 3).

Patients experiencing an increased bleeding frequency could switch to

twice-weekly40 IU/kgduring the first 8−10weeks at the investigator’s

judgment.

Following Visit 3, patients could continue with E5D treatment or

switch to a different dose/regimen. The dosing selection at Visit 3 was

based on investigator assessment, patient’s preference and number

of bleeds in the first 8−10 weeks with the following guidance: E7D

60 IU/kg for patients with no bleeds, E5D 60 IU/kg or twice-weekly

40 IU/kg for patients with 1 clinically relevant bleed, or twice-weekly

40 IU/kg for those with ≥2 clinically relevant bleeds. Adoption of this

guidance was discretionary and served as a recommendation only.

Patients were allowed to change dosing frequency at any time during

the study in case of an increase in bleeding frequency. All treatment

decisions for identifying appropriate prophylactic treatment regimens

were guided by clinical judgement based on individual patient charac-

teristics and treatment response. The total treatment durationwas the

time to reach 100 EDs.

The study was approved by each site’s Independent Ethics Com-

mittee and/or Institutional Review Board and was carried out in

compliance with the protocol, the principles of the Declaration of

Helsinki and Good Clinical Practice guidelines. All patients provided

their written informed consent prior to study enrolment.

2.3 Efficacy and safety assessments

Bleeding events and administered infusions were recorded by patients

using an EPD. Patients were monitored and blood samples col-

lected at visits every 6 months and analysed in a central labora-

tory. The primary endpoint was FVIII inhibitor development (titer

≥.6 Bethesda units) by the Nijmegen Bethesda assay. Any posi-

tive inhibitor test was confirmed by testing a second, separately

drawn sample within 2−4 weeks. Secondary endpoints included inci-

dence of treatment-emergent adverse events (TEAEs), development

of treatment-emergent anti-polyethylene glycol (PEG) antibodies, and
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F IGURE 1 Study design12. †Patients experiencing an increased bleeding frequency could switch to twice-weekly 40 IU/kg during the first
8−10weeks at the investigator’s judgment. ‡Based on investigator’s judgement, patient preference and the number of bleeds in the first
8−10weeks; dosing recommendations were provided as guidance but were not mandatory. 2×W, twice weekly; E5D, every 5 days; E7D, every 7
days; ED, exposure day; S, screening; VAR, variable frequency.

ABRs for total, spontaneous, trauma and joint bleeds. Additional effi-

cacy assessments included the proportion of patients with zero bleeds,

and resolution of target joints. Active target joints were reported by

the investigator using the International Society on Thrombosis and

Haemostasis (ISTH) Scientific and Standardization Committee’s defi-

nition of ≥3 spontaneous bleeds into the same joint within a 6-month

period during the study.10 A target joint was considered resolved if

≤2 spontaneous bleeds occurred into the same previous target joint

during the last 12 months of the study. FVIII utilization was also

assessed.

2.4 Statistical analyses

Patients were analysed by regimen, as assigned at Visit 3. Patients

who switched prophylaxis regimen after Visit 3 were assigned to a

variable frequency (VAR) group. Patients who received ≥1 infusion

of damoctocog alfa pegol were included in the safety analysis set. All

patients who received ≥1 infusion of damoctocog alfa pegol and had

EPD data for ≥3 months were included in the modified intent-to-treat

(mITT) population. Safety was assessed for the safety analysis set and

assessment of efficacy was performed for the mITT population. All

ABRs were calculated based on total time on prophylaxis. All analyses

were descriptive and non-confirmatory. Statistical analysis was per-

formed using SAS software 9.4. Summary statistics were calculated for

continuous data, and frequencies were calculated for categorical data.

3 RESULTS

3.1 Patients

Overall, 36 patients were enrolled. Of these, 32 patients received

treatment with damoctocog alfa pegol and were included in the safety

analysis set. A total of 30 patients received ≥1 infusion of damoctocog

alfa pegol and had EPD data for ≥3 months. These patients were

included in the mITT population. The median (range) total time in the

study for the mITT population was 1.3 (.31−2.00) years with a median

(range) of 105.0 (30−119) EDs. For the 32 patients included in the

safety analysis set, median (range) total time in the study was 1.3

(.03−2.00) years with amedian (range) of 104.5 (5−119) EDs.

Demographics and baseline disease characteristics are presented

for the mITT population. The mean (standard deviation [SD]) age

of patients was 43.3 (15.2) years and mean (SD) body mass index

was 25.6 (4.4) kg/m2 (Table 1). All patients were Caucasian (n = 30

[100.0%]), and the majority were of non-Hispanic or Latino origin

(n = 28 [93.3%]); 2 (6.7%) patients identified as Hispanic or Latino.

At baseline, 10 (33.3%) patients presented with an active target joint

(Table 1). The mean (SD) age at first treatment was 1.9 (2.8) years, and

30.5 (19.1) years at prophylaxis start (Table 1). Most patients (n = 24

[80.0%]) received on-demand treatment as their first treatment

regimen, and three (10.0%) patients received regular prophylaxis.

Prior to start of the study, patients were receiving regular prophy-

laxis at a dosing frequency of every other day (n = 8 [26.7%]), three

times per week (n = 10 [33.3%]), two times per week (n = 9 [30.0%])

or every 3 days (n = 3 [10.0%]). Of the 29 patients with available

data, the median (quartile [Q]1; Q3) pre-study ABR was 3.0 (.0; 9.0)

(Table 1).

At baseline, three (10.0%) patients were assigned to a twice-

weekly damoctocog alfa pegol prophylaxis regimen and 27 (90.0%)

patients were assigned to E5D prophylaxis. At Visit 3, a total of nine

(30.0%) patients were assigned to receive twice-weekly prophylaxis,

10 (33.3%) patients were assigned to E5D prophylaxis, and 11 (36.7%)

patients were assigned to E7D prophylaxis. Most patients remained

on the regimen assigned to them at Visit 3 until the end of the study:

seven (77.8%) patients continued to receive twice-weekly prophy-

laxis, eight (80.0%) patients continued with E5D prophylaxis, and

nine (81.8%) patients continued with E7D prophylaxis. Six patients

had switched regimen between Visit 3 and end of the study and were

analysed in the VAR treatment group. Three patients in the VAR

group decreased their dose frequency—two from twice-weekly to

E5D, and one from E5D to E7D. Three patients increased their dose
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TABLE 1 Demographics and baseline disease characteristics (mITT populationa).

Characteristic

Twice-weekly

(n= 7)

Every 5 days

(n= 8)

Every 7 days

(n= 9)

Variable

frequency (n= 6)

Total

(N= 30)

Age at enrolment, years, mean (SD) 50.4 (12.3) 42.1 (12.9) 37.4 (17.9) 45.5 (16.6) 43.3 (15.2)

Baseline BMI, kg/m2, mean (SD) 28.0 (5.3) 24.4 (5.3) 24.7 (2.9) 25.8 (3.6) 25.6 (4.4)

Age at first treatment, years, mean (SD) 2.2 (2.3) 1.2 (.8) 1.1 (.7) 3.3 (5.8) 1.9 (2.8)

Type of first treatment regimen, n (%)

Missing 0 1 (12.5) 2 (22.2) 0 3 (10.0)

On demand 6 (85.7) 7 (87.5) 5 (55.6) 6 (100.0) 24 (80.0)

Regular prophylaxis 1 (14.3) 0 2 (22.2) 0 3 (10.0)

Age at prophylaxis start, years, mean (SD) 37.7 (13.8) 29.3 (15.3) 28.4 (28.1) 26.8 (17.3) 30.5 (19.1)

Dosing frequency prior to study, n (%)

Two times per week 1 (14.3) 2 (25.0) 2 (22.2) 4 (66.7) 9 (30.0)

Three times per week 3 (42.9) 4 (50.0) 2 (22.2) 1 (16.7) 10 (33.3)

Every 3rd day 0 0 3 (33.3) 0 3 (10.0)

Every other day 3 (42.9) 2 (25.0) 2 (22.2) 1 (16.7) 8 (26.7)

Pre-study ABR, n 7 8 8 6 29

Median (Q1; Q3) 3.0 (.0; 9.0) 2.0 (.0; 4.5) 5.5 (.0; 14.0) 4.5 (.0; 9.0) 3.0 (.0; 9.0)

Number of patients with active target joint, n (%) 2 (28.6) 2 (25.0) 3 (33.3) 3 (50.0) 10 (33.3)

Type of target joint, n (%)

Ankle 1 (50.0) 1 (50.0) 2 (66.7) 3 (100.0) 7 (70.0)

Elbow 1 (50.0) 1 (50.0) 1 (33.3) 3 (100.0) 6 (60.0)

Knee 0 1 (50.0) 2 (66.7) 0 3 (30.0)

Shoulder 1 (50.0) 0 0 0 1 (10.0)

aPatients who received≥1 infusion of damoctocog alfa pegol and had bleeding data for≥3months were included in themITT population.

Abbreviations: ABR, annualized bleeding rate; BMI, bodymass index; mITT, modified intent-to-treat; Q, quartile; SD, standard deviation.

frequency—one from E7D to E5D, one from E7D to twice-weekly and

one from E5D to twice-weekly. By the end of the study, 21/30 (70.0%)

patients received E5D or E7D prophylaxis.

3.2 Safety

Safety data are presented for the safety analysis set (N = 32). Adverse

events reported during the study are presented in Table 2. Study-drug-

related AEs of injection site erythema, skin wound, hypersensitivity,

dysgeusia, cough, pruritus and rash maculo-papular, classed as either

mild or moderate, were observed in three (9.4%) patients. Two (6.3%)

patients reported serious AEs (fall [n = 1], osteoarthritis [n = 1]); nei-

ther were study drug related. Two (6.3%) patients discontinued due to

study-drug-related AEs (skin wound in the left arm and hypersensitiv-

ity reaction); noother discontinuations or deaths occurred.Nopatients

developed FVIII inhibitors during the study. Anti-drug antibodies were

identified at the penultimate visit in three (9.4%) patients. All three of

these patients tested transiently positive for very-low-titre anti‑PEG
antibodies, of whom, one patient also tested transiently positive for

low-titre anti-damoctocog alfa pegol antibodies. Anti-PEG antibodies

had no neutralizing activity, none were IgM in class and no antibodies

had clinical impact. No patients tested positive for anti-drug antibodies

at the end of study.

3.3 Bleeding outcomes

3.3.1 Annualized bleeding rates

Bleeding outcomes are presented for the mITT population (N = 30).

Total, spontaneous and joint ABRs fromVisit 3 to end of study are pre-

sented in Figure 2. Median (Q1; Q3) total, joint and spontaneous ABRs

(N= 30) were 1.8 (.7; 5.9), .3 (.0; 2.7) and 1.4 (.0; 3.0), respectively, from

baseline to end of study.

3.3.2 Zero bleeds

The proportion of patients achieving zero bleeds during the last

24weeks of treatment and during the last year of treatment are shown

in Figure 3. In the last 24 weeks of treatment (n = 28), 53.6% (n = 15)

of patients had zero total bleeds and 71.4% (n = 20) of patients had

zero joint bleeds. Of the 26 patients who had available data on bleeds
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TABLE 2 Adverse events during the post-marketing
interventional study (safety analysis set).

Patients, n (%)
Prophylaxis

(N= 32)

Any AE 21 (65.6)

Mild 14 (43.8)

Moderate 5 (15.6)

Severe 2 (6.3)

Any study drug-related AE 3 (9.4)a

Mild 2 (6.3)

Moderate 1 (3.1)

Severe 0

Any SAE 2 (6.3)

Any study-drug-related SAE 0

Discontinuation of study drug due to AE 2 (6.3)

Discontinuation of study drug due to SAE 0

Presence of FVIII inhibitor (titre≥.6 Bethesda

units)

0

Presence of PEG antibody in plasma 3 (9.4)

aStudy drug-related AEswere observed in three patients: injection site ery-

thema, skin wound (leading to discontinuation), hypersensitivity (leading to

discontinuation), dysgeusia, cough, pruritus and rashmaculo-papular.

Abbreviations: AE, adverse event; FVIII, factor VIII; PEG, polyethylene

glycol; SAE, serious adverse event.

during their last year of treatment, 30.8% (n= 8) had zero total bleeds

and 61.5% (n = 16) had zero joint bleeds. Of the 17 patients receiv-

ing extended dosing intervals (E5D or E7D) who had available data

on bleeds during their last year of treatment, 35.3% (n = 6) had zero

total bleeds and 58.8% (n= 10) had zero joint bleeds. In the E7D group

(n=9), 77.8%of patients experienced zero joint bleeds during their last

year of treatment.

3.3.3 Target joints

At baseline, 22 active target joints were observed in 10 patients, as

reported by the investigator. During the study, four target joints devel-

oped (one each in four patients), and 19 target joints resolved in

eight patients. At the end of the study, seven active target joints were

observed in five patients.

3.4 FVIII utilization

In the mITT population (N = 30), the median (range) total FVIII dose

per kg per prophylaxis infusion was 50.6 (40−63) IU/kg with a median

(range) of 73.6 (54−99) prophylaxis infusions per year. The median

(range) annual FVIII utilization for prophylaxis was 3603 (3160−4460)

IU/kg/year. Compliance with prophylaxis treatment (actual/planned

prophylaxis infusions) was approximately 100% for all regimens. Data

on FVIII utilization at baseline are unavailable.

4 DISCUSSION

These data from patients with haemophilia A show that individual-

ized prophylaxis regimens of damoctocog alfa pegol were efficacious

and well tolerated, with no immunogenicity concerns. Most patients

started on an E5D regimen. The majority of patients (70%) had ≤1

bleed during the first 8−10 weeks of prophylaxis and thus received

extended-interval prophylaxis (E5D or E7D) following Visit 3. Three

patients reported study-drug-related AEs, which were all mild or mod-

erate in severity. Two patients discontinued treatment due to a skin

wound and a hypersensitivity reaction, respectively. There were iso-

lated instances of low-titre positive anti-PEG and/or anti-damoctocog

alfa pegol antibody results followed by negative results, these find-

ings are consistent with results from the PROTECT VIII studies and

are likely false positive findings associated with assay variability and

arenot an indicator of treatment-emergent antibodies. These transient

antibody findingswereof no clinical relevance, suggesting that periodic

screening for anti-PEG antibodies in the absence of clinical suspicion

is not necessary. No patients developed FVIII inhibitors, although it

should be noted that all patients were PTPs and had already had>150

EDs to FVIII prior to enrolment, while inhibitors usually develop, if they

are going to, within the first 50 EDs.11 As observed in PROTECT VIII,5

the individualized prophylaxis regimens as per approved label used

in the present post-marketing study of damoctocog alfa pegol were

shown tobeefficacious andwell-tolerated inpatientswithhaemophilia

A. These data demonstrate the favourable safety and efficacy profile of

damoctocog alfa pegol.

Overall, for the mITT population, ABR was numerically lower dur-

ing the study compared with pre-study ABR. However, this study may

be limited by its relatively low sample size.When the data are stratified

by prophylaxis regimen, patientswith anomalous highABRs could have

had a pronounced effect on themedian values for each regimen group.

For example, higher total ABRs were observed for patients receiving

twice-weekly prophylaxis (n = 7), compared with the total mITT pop-

ulation (N = 30) and those receiving less frequent dosing regimens.

It is of note, however, that the patients receiving twice-weekly pro-

phylaxis were characterized by a high treatment frequency pre-study,

with three patients having had received every-other-day prophylaxis

and three patients receiving prophylaxis three times per week. These

patients were also the oldest subpopulation (mean [SD] age = 50.4

[12.3] years), and a later start of first prophylaxis versus those in the

other treatment regimens (mean [SD] age at start of first prophy-

laxis = 37.7 [13.8] years). Thus, the patients receiving twice-weekly

prophylaxis had a poor treatment history and are therefore likely to

have poorer joint status and a higher tendency to bleed comparedwith

patients in the other treatment regimens, although other explanatory

factors could be considered.

Patients who experienced zero bleeds whilst receiving prophylaxis

during the first 8−10 weeks were recommended to switch to E7D
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F IGURE 2 Median total, spontaneous and joint ABR† (mITT population‡). †Evaluation period covers time fromVisit 3 to end of study. These
data consider all bleeds, including untreated bleeds. ‡Patients who received≥1 infusion of damoctocog alfa pegol and had bleeding data for ≥3
months were included in themITT population. ABR, annualized bleeding rate; E5D, every 5 days; E7D, every 7 days; mITT, modified intent-to-treat;
Q, quartile; VAR, variable frequency.

F IGURE 3 Proportions of patients with zero bleeds during treatment (mITT population†)12. †Patients who received≥1 infusion of damoctocog
alfa pegol and had EPD data for≥3months were included in themITT population. EPD, electronic patient diary; mITT, modified-intent to-treat.

prophylaxis at Visit 3. Of those who were assigned E7D prophylaxis

at Visit 3, all but two patients (9/11; 81.8%) remained on the regimen

until the end of the study. This group of patients had the lowestmedian

ABR of all prophylaxis regimens. These data suggest that bleed inci-

dence is an effective selection criterion for individualizing prophylaxis,

and that in those patients with lower bleeding tendencies, E7D is an

effective prophylaxis regimen for damoctocog alfa pegol.

While the mean age of patients first receiving FVIII treatment

was 1.9 years, for most patients (80.0%), this first treatment was on

demand, with the mean age for starting prophylaxis being 30.5 years.

These data suggest that many patients included in the mITT popula-

tion started prophylaxis late; such a late start to prophylaxis (tertiary

prophylaxis) may be due to amoremoderate bleeding phenotype early

in life in many of these patients. However, the pre-study median (Q1;

Q3) ABR of 3.0 (.0−9.0) despite prophylaxis suggests that the moder-

ate bleeding phenotype deteriorated, leading to the need for tertiary

prophylaxis. It should be noted that the pre-study ABR was collected

retrospectively from medical records, which may have resulted in an

underestimation of the pre-study bleed rate, whereas the bleeds dur-

ing the study were collected prospectively via EPD. Prophylaxis with

damoctocog alfa pegol was effective despite this poor treatment his-

tory, asABRs remained low, and a large proportion of patients achieved

zero bleeds while receiving damoctocog alfa pegol prophylaxis. That

some patients were not able to achieve zero bleeds does emphasise

the need for ongoing work in the field. It is likely that these patients

were older and already had damaged joints, whereas we might expect

patients receiving primary prophylaxis to enjoy the benefits of better

joint protection and so it is possible that further improvements will

be seen over time. These results, consistent with those of PROTECT

VIII5 provide further evidence that prophylaxis offers benefit to awide

range of patients and that they can continue to improve the longer they

receive it.
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