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Abstract
Introduction: BAY 94-9027 (damoctocog alfa pegol; an extended half-life PEGylated 
recombinant factor VIII [FVIII]) demonstrated efficacy and safety in previously treated 
paediatric patients (PTPs) aged <12 years with severe haemophilia A in the PROTECT 
VIII Kids study (NCT01775618).
Aim: To evaluate the long-term safety of BAY 94-9027 in PTPs aged <12  years at 
enrolment.
Methods: In the PROTECT VIII Kids study, boys <12 years with severe haemophilia A 
were enrolled in two age cohorts (6–<12 years and <6 years) and treated prophylacti-
cally twice weekly, every 5 days or every 7 days, with BAY 94-9027 for ≥50 exposure 
days (EDs). Patients who had completed ≥50 EDs and ≥6 months in the main study or 
12-week safety expansion study were eligible to participate in the extension. Primary 
safety variable was frequency of inhibitor development; main efficacy variable was 
annualised bleeding rate (ABR).
Results: Of 73 PTPs from the main/expansion studies, 59 (81%) entered the exten-
sion phase for a median (range) duration of 5.0 (0.4–5.9) years. Overall, 39 patients 
completed ≥5  years of treatment. No patients developed FVIII inhibitors/anti-PEG 
antibodies, and two patients aged <6 years discontinued. Median ABR for total bleeds 
was 1.5 (<6 years) and 1.9 (6–<12 years). Total ABR improved in the extension vs. the 
main study. In the last 12 months of treatment, median spontaneous ABR was 0.0 in 
both age groups.
Conclusions: BAY 94-9027 showed long-term safety and efficacy for the prevention 
and treatment of bleeds in younger and older paediatric patients with severe haemo-
philia A.
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1  |  INTRODUC TION

Haemophilia A is a hereditary coagulation disorder affecting 
approximately 1 in 5000 males and is caused by a genetic deficiency 
in coagulation factor VIII (FVIII).1,2 Regular FVIII replacement therapy 
is the standard treatment for patients with severe haemophilia (ie 
<1% FVIII activity), and either recombinant or plasma-derived FVIII 
may be injected intravenously as part of a prophylaxis regimen or on 
demand.1,3,4 Standard FVIII products (half-life ~10–12 h) are associated 
with a need for frequent injections, which may prove burdensome and 
pose challenges to treatment adherence; therefore, various extended 
half-life therapeutic FVIII products have been developed.1,4-6

One strategy to extend the half-life of FVIII involves conjugating 
this protein with polyethylene glycol (PEG), thus decreasing its hepatic 
clearance.7,8 BAY 94-9027 (damoctocog alfa pegol; Jivi®; Bayer) is a 
B-domain–deleted recombinant FVIII protein that is site-specifically 
conjugated with a 60  kDa PEG moiety to extend circulatory half-
life.6,7 The efficacy and safety of treatment with BAY 94-9027 for 
preventing and treating bleeds in adult and adolescent patients (aged 
12–65  years) with severe haemophilia A were demonstrated in the 
Phase 2/3 PROTECT VIII study (NCT01580293)9 and independently 
evaluated in a paediatric population in the Phase 3 PROTECT VIII Kids 
study (NCT01775618; main study), which enrolled previously treated 
patients (PTPs) aged <12 years with severe haemophilia A. A subse-
quent 12-week safety expansion study was also conducted that en-
rolled 12 patients aged <6 years.10 A total of 12 patients (11 of whom 
were aged <6 years) discontinued due to hypersensitivity or apparent 
loss of efficacy. Patients in the main study were followed for a mean 
total of 7.8 months and patients in the expansion study for a mean total 
of 2.2 months. For those patients who remained (in either the main or 
expansion studies), BAY 94-9027 was well-tolerated and efficacious 
for the prevention and treatment of bleeds in a paediatric population. 
No FVIII inhibitors developed in any patients enrolled in either study.10

The primary objective of the optional PROTECT VIII Kids extension 
study was to evaluate the long-term safety of BAY 94-9027 in PTPs 
aged <12 years over at least 100 exposure days (EDs). Final safety and 
efficacy data following more than 5 years of observation are reported.

2  |  MATERIAL S AND METHODS

2.1  |  Patients

Eligibility for inclusion in the extension study was based on completion 
of the main study or the expansion study, with informed consent for 
the extension phase. Males aged <12 years with severe haemophilia A 
(FVIII <1%) and >50 prior EDs with any FVIII product were eligible for 
the main study (age limit <6 years for the expansion study). Key exclusion 
criteria for the main study included presence or history of FVIII inhibitors 
(≥0.6 Bethesda units [BU]/mL), other bleeding disorders in addition to 
haemophilia A, platelet count <100,000/mm3, creatinine more than twice 
the upper limit of normal (ULN), aspartate aminotransferase or alanine 
aminotransferase more than 5 times ULN, and known hypersensitivity 

to BAY 94-9027 or its components. Other exclusion criteria for the 
PROTECT VIII Kids main study are published elsewhere.10

2.2  |  Study design

The design of the main study and the safety expansion study have 
been previously described.10 PROTECT VIII Kids was a Phase 3, 
multicentre, open-label study. The main study was conducted from 
May 2013 to March 2015 and the expansion phase from October 
2015 to August 2016,10 with the extension phase running from 
March 2014 to February 2020. Eligible patients were enrolled in 
two age groups: <6 years and 6–<12 years.10 In the main study, PTPs 
received BAY 94-9027 prophylaxis either twice weekly (25–60 IU/
kg), every 5 days (45–60 IU/kg) or every 7 days (60 IU/kg). Dose and 
dosing interval could be changed at any time at physician discretion. 
The safety expansion study enrolled additional PTPs aged <6 years 
in order to obtain further safety data; these patients received BAY 
94-9027 prophylaxis twice weekly (25–60 IU/kg) for 12 weeks.

Patients completing either the main study or the 12-week expan-
sion study could continue in the optional extension phase. Dosing 
regimens in the extension study were the same as in the main and 
expansion studies; as before, patients could change dose and dosing 
interval at any time per investigator discretion and based on bleed-
ing pattern.10 Patients or their parents/guardians recorded bleeds 
and BAY 94-9027 treatment usage in an electronic diary and were 
followed for safety assessments every 6 months. Compliance with 
study treatment was calculated based on total number of infusions 
administered vs. calculated number of infusions per regimen.

The study was conducted in accordance with the ethical princi-
ples of the Declaration of Helsinki and the International Conference 
on Harmonization guideline E6: Good Clinical Practice. The study 
protocol received approval from each study site's Independent 
Ethics Committee or Institutional Review Board before the study 
start or amendment implementation, respectively. Written in-
formed consent for the extension study was obtained from the 
parent/guardian before the study, and assent was also obtained, 
where appropriate.

2.3  |  Efficacy assessments

The main efficacy variable in the extension phase was annualised 
bleeding rate (ABR) for total, joint, spontaneous and traumatic 
bleeds. ABR was additionally evaluated in the last 12  months of 
treatment. Treatment and response to treatment of bleeds and total 
FVIII consumption were also evaluated.

2.4  |  Safety assessments

The main safety variable in the extension phase was frequency of 
inhibitor development. Inhibitor determination and other safety 
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variables were assessed at each 6-monthly study visit (±1 week) and 
at the final study visit; samples were obtained at trough levels of 
study drug. Laboratory testing was conducted for FVIII inhibitors 
(defined as a Nijmegen-modified Bethesda assay measured titre of 
≥0.6 BU that was confirmed in a second independent sample, ideally 
collected within 2 weeks of the first inhibitor detection), anti-BAY 
94-9027 antibodies (defined as anti-drug antibodies [ADA] that 
were specific for BAY 94-9027) and anti-PEG antibodies (defined as 
antibodies that were specific for the PEG moiety). For ADA determi-
nation, an enzyme-linked immunosorbent assay was used.

Additional parameters included in the assessment were height, 
weight and vital signs (including blood pressure, heart rate and body 
temperature). Quantitative plasma levels of free PEG were also 
measured using a combination of size-exclusion chromatography 
and tandem mass spectrometry detection with a lower limit of quan-
tification (LLOQ) of 0.1 mg/L; bound PEG was not detected by this 
method. Following a protocol amendment, renal biomarker levels 
(albumin, beta-2 microglobulin, cystatin C, kidney injury molecule-1, 
lipocalin-2, proteinuria) were measured from month 18 in the exten-
sion until the study end in a variable number of patients; neurologi-
cal assessments (based on neurological examinations performed by 
an investigator) were also conducted.

Patients were closely monitored for adverse events (AEs) 
throughout the study; data were collected on frequency of AEs, 
serious AEs (SAEs) and study drug–related AEs.

2.5  |  Statistical analysis

Sample size was determined according to the requirements of the 
European Medicines Agency guidelines for clinical investigation 
of FVIII products. Total sample size was ≥25 patients for each age 
group at enrolment (<6  years or 6–<12  years). All analyses were 
based on patient age group at enrolment (<6 years or 6–<12 years) 
and/or treatment group at the start of the extension, with patients 
who changed their treatment regimen during the extension analysed 
in the ‘variable dosing frequency’ group. Subgroup analyses were 
performed for patients who completed ≥5 years of treatment during 
total time in the study.

Summary statistics were calculated for continuous data, and fre-
quency tables were generated for categorical data. Exposure data 
are presented for the total time in the study (main study/expansion 
study, and the extension), as well as for the extension phase only. All 
other analyses refer to the extension period only.

3  |  RESULTS

3.1  |  Patients

A total of 73 PTPs were enrolled in the main or expansion studies, 
and 61 completed these studies. A total of 59/61 patients who com-
pleted the main/expansion studies (97%) continued to the extension 

phase (<6  years, n  =  32; 6–<12  years, n  =  27). Median age at en-
rolment was 5.0 years (3.5 years in patients <6 years; 9.0 years in 
patients 6–<12 years), and median age at the end of the extension 
was 12.0 years (9.0 years in patients <6 years; 15.0 years in patients 
6–<12  years). Of 59 patients enrolled, 57 (97%) completed the 
extension study (52 completed ≥3 years of treatment during total 
time in the study; 41 completed ≥4 years; 39 completed ≥5 years). 
Two patients aged <6  years discontinued, due to a geographical 
relocation (n  = 1) and cardiomyopathy related to a congenital dis-
order (n = 1; Figure 1). Demographic and clinical characteristics are 
shown in Table 1.

At the start of the extension, the majority of patients were 
treated every 5 days (n = 27), but at the end of the extension the 
majority were treated twice weekly (n = 29; Figure 2). Most patients 
(50/59; 85%) were on the same dosing frequency at the start and 
end of the extension phase; of these, 47 patients never varied their 
dosing frequency. Eight (13.6%) patients permanently increased fre-
quency of dosing from every 5 days (n = 6) or every 7 days (n = 2) to 
a twice-weekly regimen during the extension study, and one patient 
(1.7%) decreased frequency of dosing from every 5  days to every 
7 days.

Within both age groups, 58/59 patients (98.3%) accumu-
lated ≥100 EDs during total time in the study, and one patient 
achieved 98 EDs. The median time (min; max) in the study (main 
and extension study combined) was 5.8  years (1.0; 6.6). Median 
time (min; max) in the extension phase only was 5.0  years (0.4; 
5.9). During the entire study, patients accumulated a median (min; 
max) of 430.0 EDs (98; 671), with 378 EDs (42; 612) accumulated 
during the extension phase only. In the extension phase, the me-
dian total dose per infusion for all patients was 49.0 IU/kg, and the 
median total number of infusions per year was 77.5. Compliance 
with study treatment was >95% for all patients and all dosing reg-
imens. The total median dose per year was 4062.4  IU/kg for all 
patients and 4160.1 IU/kg in patients who had completed ≥5 years 
of treatment (Table 2).

3.2  |  Efficacy

For the 59 enrolled patients in the extension study, median total 
ABR was low (1.6), indicating effective bleeding control. Joint, spon-
taneous and traumatic ABRs were also low, at 0.8, 0.4 and 0.8, re-
spectively. Median ABR was similar in both age groups across the 
different types of bleeds. Most bleeds were trauma-related. Total 
ABR was 1.5 in the <6 years of age group and 1.9 in the 6–<12 years 
of age group. For the <6 years of group versus the 6–<12 years of 
group, ABR for joint bleeds was 0.8 vs. 0.6, ABR for spontaneous 
bleeds was 0.4 vs. 0.3, and ABR for traumatic bleeds was 0.8 vs. 0.8, 
respectively. ABR for different bleed types across treatment regi-
mens is shown in Figure 3A,B (also listed in Supplementary Table 1).

In the last 12 months of treatment, median total ABR was 1.0 
(1.0 in the <6 years of group and 2.0 in the 6–<12 years of group) 
(Figure 3A,B). Median joint ABR was 1.0, and median spontaneous 
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ABR was zero in both age groups. Traumatic ABR was higher in 
patients aged <6 years of group compared with the 6–<12 years of 
group (1.0 and 0.0, respectively). In total, 19 patients (33.3%) had 
zero bleeds, 27 patients (47.4%) had zero joint bleeds and 41 patients 
(71.9%) had zero spontaneous joint bleeds during the last 12 months 
in the extension study. Median ABR was also low for the subgroup of 
patients completing ≥5 years of treatment (Figure 4A,B).

Overall, 667 bleeds were reported during the extension study. 
The number of bleeds in age groups of <6 years and 6–<12 years 
was similar (323 bleeds and 344 bleeds, respectively). Regardless 
of age group and treatment regimen, most bleeds were mild 
(41.5%) or moderate (47.7%). The majority were related to trauma 
(500/667, 75%). Of 667 total bleeds, 319 (47.8%) occurred in joints; 
common sites included the ankle (29.2%), knee (26.6%) and elbow 

(16.9%) joints. Most bleeds required ≤2 infusions, and response 
to treatment was rated as good/excellent in the majority of cases 
(87.4%).

During the extension study, no major surgeries were performed, 
and 14 patients had 17 minor surgeries. Almost all surgeries (94%) 
were elective, with one emergency procedure to perform a tooth 
extraction. Where reported, haemostatic control was rated as ‘good’ 
or ‘excellent’ in all but one surgery, where it was rated as ‘moderate’.

3.3  |  Safety

Overall, 57 patients completed the extension phase. Two pa-
tients (both <6  years) discontinued, one due to an SAE (severe 

F I G U R E  1  PROTECT VIII Kids study design. Regimens were based on treatment at beginning of the extension. ED, exposure day; y, years.

Age <6 y
 (n=32)

Age 6 to <12 y
 (n=27)

Age <6 y
(n=12)

2013 2014 2015 2016 2017 2018 2019 2020

Main study Expansion substudy

25–60 IU/kg twice weekly (n=11)

45–60 IU/kg every 5 days (n=12)

60 IU/kg every 7 days (n=9)

25–60 IU/kg twice weekly (n=10)

N=8 completed 12 weeks

Age 6 to <12 y
 (n=29)

Age <6 y
(n=32)

TOTAL
(N=61)

TOTAL
(N=59)

n=59/61 patients who completed either main study or 
expansion study entered the extension phase

45–60 IU/kg every 5 days (n=15)

60 IU/kg every 7 days (n=2)

Extension study

Extension study

Expansion substudy

Main study
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cardiomyopathy, related to a congenital disorder) and one due to 
‘other’ factors (geographical relocation before study completion).

Overall, 56/59 patients (95%) had at least one AE during the ex-
tension period (Table 3). Most of the AEs were mild (12 events, 20.3%) 
or moderate (36 events, 61.0%), and eight events (13.6%) were se-
vere. The frequency of AEs was similar in both age groups, with 31/32 
patients (96.9%) aged <6  years and 25/27 patients (92.6%) aged 6–
<12 years experiencing AEs. A total of 20 patients (33.9%) reported 
at least one SAE; a greater proportion of patients aged <6 years expe-
rienced SAEs compared with those aged 6–<12 years (13/32 [40.6%] 
vs. 7/27 [25.9%], respectively). No AE-related deaths were reported.

Study drug–related AEs were reported by four patients over-
all (6.8%). In the <6 years of age group, one patient had suspected 
FVIII inhibitors and one patient had severe muscle spasms. In the 
6–<12 years of age group, two patients had suspected FVIII inhibi-
tors (reported as drug-related SAEs per protocol requirement), with 
one of these patients also experiencing mild arthralgia. None of 
the three cases of suspected FVIII inhibitors were confirmed in a 
second sample (ie at a subsequent unscheduled visit, independent 

of 6-monthly study visits). Additionally, no AEs of special interest 
(AESI), defined as loss of efficacy or hypersensitivity reactions, were 
reported during the extension study. Clinical laboratory evaluations 
detected no abnormalities after ≥5 years of observation. No patients 
developed anti-BAY 94-9027 antibodies, and no anti-PEG antibodies 
were reported.

During the extension phase, 11/59 patients (18.6%) had de-
tectable free PEG in plasma (n  =  6 aged <6  years; n  =  5 aged 6–
<12  years). Free PEG was detected at a single time point for six 
patients and at repeated time points (≤4; one at the last visit) for 
five patients; the five patients with repeated positive results had all 
completed ≥5 years of treatment. Free PEG plasma levels remained 
just above the LLOQ (0.1 mg/L) in all cases (ranging from 0.100 to 
0.152 mg/L) and did not increase over time in repeat-positive sam-
ples or decreased below the detection limit.

Levels of renal biomarkers (cystatin C, lipocalin 2, KIM-1, albu-
min, proteinuria, beta-2-microglobulin) were within normal ranges 
(where available; normal ranges have not been established in the 
paediatric population for all parameters assessed) and/or showed 

TA B L E  1  Demographics and baseline characteristics at enrolment.

Characteristic

All patients Patients with ≥5 years of treatment

Aged <6 years
(n = 32)

Aged 6–<12 
years
(n = 27) Total (N = 59)

Aged <6 years
(n = 17)

Aged 6–<12 
years
(n = 22) Total N = 39)

Age at enrolment into main/expansion study, year

Median (range) 3.5 (2−5) 9.0 (6−11) 5.0 (2−11) 3.0 (2−5) 9.0 (6−11) 6.0 (2−11)

Age at end of extension, year

Median (range) 9.0 (3−12) 15.0 (10−18) 12.0 (3−18) 10.0 (8−12) 16.0 (13−18) 13.0 (8−18)

Race, n (%)

White 26 (81.3) 26 (96.3) 52 (88.1) 15 (88.2) 21 (95.5) 36 (92.3)

Black 3 (9.4) 0 3 (5.1) 1 (5.9) 0 1 (2.6)

Asian 1 (3.1) 1 (3.7) 2 (3.4) 0 1 (4.5) 1 (2.6)

Othera  2 (6.2) 0 2 (3.4) 1 (5.9) 0 1 (2.6)

BMIb , kg/m2

Median (range) 16.8 (13–27) 22.3 (16–31) 17.7 (13–31) 16.8 (15–27) 22.2 (16–31) 18.8 (15–31)

Previous treatment, n (%)

Prophylaxis 31 (96.9) 23 (85.2) 54 (91.5) 16 (94.1) 20 (90.9) 36 (92.3)

On demand 1 (3.1) 4 (14.8) 5 (8.5) 1 (5.9) 2 (9.1) 3 (7.7)

Patients with target 
joints, n (%)

1 (3.1) 10 (37.0) 11 (18.6) 0 7 (31.8) 7 (17.9)

Bleeds in the previous 
12 monthsc , median 
(Q1; Q3)

2.5 (1.0; 9.0) 4.0 (2.0; 11.0) 3.0 (1.0; 10.0) 3.0 (1.0; 12.0) 4.0 (2.0; 9.0) 3.5 (1.5; 11.5)

Joint bleeds in the 
previous 12 
monthsc , median 
(Q1; Q3)

0.0 (0.0; 2.5) 2.0 (1.0; 5.0) 1.0 (0.0; 3.0) 0.0 (0.0; 3.0) 1.0 (1.0; 5.0) 1.0 (0.0; 3.0)

Abbreviations: BMI, body mass index; Q1, quartile 1; Q3, quartile 3.
aOther includes ‘American Indian or Alaska native’ and ‘Native Hawaiian or other Pacific Islander’. 
bAt end of extension. 
cReporting period indicates previous 12 months before screening. 
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F I G U R E  2  Patient disposition and treatment regimens during the PROTECT VIII Kids extension. †Discontinued due to adverse event 
(n = 1) or other (n = 1). ‡One patient aged 6 to <12 switched from every 5 days to every 7 days. §Two patients aged <6 years switched from 
every 7 days to twice weekly. ¶Two patients aged <6 years and 4 patients aged 6 to <12 years switched from every 5 days to twice weekly. y, 
years.

Initial dosing
interval 

Final dosing
interval
at study
completion  

Discontinued
n=2†

Discontinued
n=0

Age <6 y
n=11

Age 6 to <12 y
n=10

Twice weekly
n=29

Twice weekly
n=15

Twice weekly
n=14

Twice weekly
n=21

Discontinued
n=0

Discontinued
n=0

Age 6 to <12 y
n=2

Age <6 y
n=9

Every 7 days
n=10

Every 7 days
n=7

Every 7 days
n=3

Every 7 days
n=11

Discontinued
n=0

Discontinued
n=0

Age <6 y
n=12

Age 6 to <12 y
n=15

Every 5 days
n=20

Every 5 days
n=27

Every 5 days
n=10

Every 5 days
n=10

n=2¶ 1=n ‡

n=4¶

n=2§

TA B L E  2  BAY 94-9027 exposure during the PROTECT VIII Kids study.

Median (Q1; Q3); 
(range)

All patients Patients with ≥5 years of treatment

Aged <6 years
(n = 32)

Aged 6–<12 years
(n = 27) Total (N = 59)

Aged <6 years
(n = 17)

Aged 6–<12 years
(n = 22) Total (N = 39)

Time in study,a  
year

5.5
(3.5; 6.0);
(1.0–6.4)

6.1
(5.3; 6.3);
(2.5–6.6)

5.8
(3.9; 6.2);
(1.0–6.6)

6.0
(5.7; 6.2);
(5.5–6.4)

6.2
(6.0; 6.4);
(5.2–6.6)

6.1
(5.8; 6.3);
(5.2–6.6)

Time in 
extension, 
year

4.7
(3.1; 5.2);
(0.4–5.7)

5.5
(4.7; 5.7);
(2.0–5.9)

5.0
(3.5; 5.5);
(0.4–5.9)

5.2
(5.0; 5.4);
(4.5–5.7)

5.5
(5.3; 5.7);
(4.5–5.9)

5.4
(5.0; 5.6);
(4.5–5.9)

Exposure days in 
studya 

390.0
(262.5; 468.0);
(98–658)

477.0
(408.0; 529.0);
(263–671)

430.0
(323.0; 511.0);
(98–671)

465.0
(420.0; 602.0);
(311–658)

482.5
(455.0; 558.0);
(320–671)

477.0
(430.0; 602.0);
(311–671)

Exposure days in 
extension

354.5
(220.5; 413.0);
(42–597)

424.0
(355.0; 474.0);
(210–612)

378.0
(270.0; 459.0);
(42–612)

413.0
(369.0; 547.0);
(260−597)

430
(397.0; 501.0);
(269−612)

424.0
(374.0; 547.0);
(260−612)

Dose per infusion 
in extension, 
IU/kg

54.7
(43.0; 58.4);
(27−62)

45.0
(37.0; 56.9);
(19−60)

49.1
(40.6; 57.2);
(19−62)

54.5
(44.0; 58.7);
(29−61)

49.4
(41.3; 57.1);
(24−60)

53.4
(42.8; 57.6);
(24−61)

Total dose in 
extension, IU/
kg/year

4239.0
(3426.8; 4484.6);
(2826–6879)

3942.1
(2962.8; 4313.7);
(1992–4688)

4062.4
(3243.7; 4388.5);
(1992–6879)

4355.1
(3462.2; 4486.4);
(2979–5739)

4005.9
(3198.2; 4331.5);
(2586–4688)

4160.1
(3342.1; 4438.7);
(2586–5739)

Note: All data show median values unless otherwise specified.
aIncludes main study, expansion study and extension phase. 
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no trend to increase, demonstrating normal renal function. Finally, 
no findings were reported from neurological examinations and no 
clinically relevant changes in vital signs (blood pressure, heart rate 
and body temperature) were detected.

4  |  DISCUSSION

BAY 94-9027 was efficacious and well-tolerated following ≥5 years 
of observation in paediatric patients with severe haemophilia A 
aged <12 years at enrolment. The safety profile of BAY 94-9027 in 
the extension phase was as expected for a FVIII product, and early 
signals of loss of efficacy or PEG-related hypersensitivity observed 

in the main study were not seen in the extension phase. The study 
drug continued to effectively prevent bleeding across both age 
groups, and all individually assigned treatment regimens.

Notably, total ABR improved numerically in comparison with the 
main study; this was maintained during the extension. The majority 
of bleeds were trauma-related and median ABR for joint and sponta-
neous bleeds was ≤0.8 in both age groups, with most bleeds reported 
as mild or moderate. BAY 94-9027 was also efficacious for the treat-
ment of acute bleeds and provided haemostatic control during minor 
surgery. Most reported AEs were not related to BAY 94-9027. No new 
AESIs related to hypersensitivity or loss of efficacy were reported, and 
no anti-PEG antibodies, FVIII inhibitors or clinically relevant changes in 
renal biomarkers or vital signs were detected.

F I G U R E  3  Summary of bleeds and BAY 94-9027 consumption by treatment regimen in all patients (A: aged <6 years; B: aged 6–
<12 years) during the PROTECT VIII Kids extension. ABR, annualised bleeding rate; Q1, quartile 1; Q3, quartile 3.
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PEG is regarded as a non-immunogenic, non-antigenic moiety, but 
if an ADA binds to PEG, it is then viewed as an anti-PEG antibody. AESIs 
including hypersensitivity reactions have been previously associated 
with anti-PEG antibodies.10 In the main study and its expansion, 12 pa-
tients (11 patients <6 years) discontinued BAY 94-9027 treatment due 
to perceived lack of efficacy and/or hypersensitivity reactions, which 
occurred within the first 4 EDs. Of these, four patients developed 
treatment-emergent anti-PEG IgM antibodies; this observed immune 
response (without any switch to IgG) was reported only in patients 
<6  years of age. In all cases, the IgM response did not persist after 
the patients resumed prior FVIII treatment.10 This supports the theory 
that hypersensitivity reactions (such as early IgM response to PEG) 
are most likely to be observed during the first 4 EDs (ie during early 

exposure). For those patients who continued in the extension phase, 
no hypersensitivity, loss of efficacy or anti-PEG antibodies were de-
tected, even in patients aged <6 years at main study entry.

As part of the safety analyses, free PEG in plasma was measured 
every 6 months throughout the extension phase up to 6 years of treat-
ment. Free plasma PEG was not detected in the majority of patients 
following >5  years of observation in the extension phase. Eleven 
patients had detectable PEG, with five of these patients displaying 
presence of PEG at repeated time points. However, PEG levels in 
these five patients remained stable over the duration of the extension 
phase. These plasma PEG measurements are in line with predictions 
based on simulations of preclinical data.11 No PEG-related safety con-
cerns (ie PEG-related AEs, anti-PEG antibodies, neurological findings 

F I G U R E  4  Summary of bleeds and BAY 94-9027 consumption by treatment regimen in the subgroup of patients (A: aged <6 years; B: 
aged 6–<12 years) who completed ≥5 years of treatment in the PROTECT VIII Kids extension. Based on all treatment administration during 
extension. ABR, annualised bleeding rate; Q1, quartile 1; Q3, quartile 3.
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[as performed by the investigator] or renal abnormalities) were re-
ported in the extension. These long-term data confirm a good safety 
profile for BAY 94-9027, with no new safety findings or AESIs being 
observed in the paediatric patient population.

Treatment duration in the PROTECT VIII KIDS main and exten-
sion study is longer than that of other paediatric trials. By compar-
ison, the Phase 3 Kids A-LONG trial and ASPIRE extension study, 
which evaluated a recombinant FVIII Fc fusion protein, had a median 
treatment duration of 3.5 years and 3.2 years, respectively, in pae-
diatric subjects.12,13 Additionally, the Phase 3 Pathfinder™ 5 main 
and extension study of glycoPEGylated recombinant FVIII turocto-
cog alfa pegol (N8-GP, ESPEROCT®) had a mean treatment duration 
of 4.5 years.14,15 Finally, a Phase 3 study of PEGylated recombinant 
FVIII rurioctocog alfa pegol (BAX 855) was completed over a period 
of 6 months.12,13,16 Overall, the safety and efficacy profile of BAY 94-
9027 are similar to that reported in other recent paediatric trials,13-15 
with most reported bleeds being trauma-related.14,16

5  |  CONCLUSION

Long-term (median 5.8 years) prophylactic treatment with BAY 94-
9027 was efficacious and well-tolerated in both younger (<6 years) 
and older (6–<12 years) paediatric patients with severe haemophilia 
A at all dosing regimens, as well as during minor surgery. Results 
from the extension phase (median treatment duration 5.0  years) 

support the long-term safety of BAY 94-9027, with no PEG-related 
safety concerns and no anti-PEG antibodies reported. These findings 
showed that most children who started BAY 94-9027 prophylaxis 
when aged <12  years continued treatment into adolescence with 
sustained safety and efficacy.
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TA B L E  3  Treatment-emergent AEs during the PROTECT VIII Kids extension phase.

Number of patients (%) with 
AEa 

All patients Patients with ≥5 years of treatment

Aged <6 years
(n = 32)

Aged 6–<12 years
(n = 27)

Total 
(N = 59)

Aged <6 years
(n = 17)

Aged 6–<12 years
(n = 22)

Total 
(N = 39)

Any AE 31 (96.9) 25 (92.6) 56 (94.9) 17 (100.0) 20 (90.9) 37 (94.9)

Any study drug–related 
AEb 

2 (6.3) 2 (7.4) 4 (6.8) 2 (11.8) 2 (9.1) 4 (10.3)

Maximum intensity for any AE

Mild 7 (21.9) 5 (18.5) 12 (20.3) 1 (5.9) 1 (4.5) 2 (5.1)

Moderate 17 (53.1) 19 (70.4) 36 (61.0) 12 (70.6) 18 (81.8) 30 (76.9)

Severe 7 (21.9) 1 (3.7) 8 (13.6) 4 (23.5) 1 (4.5) 5 (12.8)

Maximum intensity for any study drug–related AEb 

Mild 1 (3.1) 1 (3.7) 2 (3.4) 1 (5.9) 1 (4.5) 2 (5.1)
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Severe 1 (3.1) 0 1 (1.7) 1 (5.9) 0 1 (2.6)

Any SAE 13 (40.6) 7 (25.9) 20 (33.9) 9 (52.9) 7 (31.8) 16 (41.0)

Any study drug–related 
SAEb 

0 2 (7.4) 2 (3.4)c  0 2 (9.1) 2 (5.1)c 

Discontinuation of study 
drug due to SAE

1 (3.1) 0 1 (1.7) 0 0 0

Deaths 0 0 0 0 0 0

Abbreviations: AE, adverse event; SAE, serious adverse event.
aAll AEs were treatment-emergent, since patients entered the extension direct from the PROTECT VIII Kids main study or expansion substudy. 
bAs judged by the investigator. 
cBoth study drug–related SAEs were suspected (unconfirmed) factor VIII inhibitors. 
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