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Abstract Introduction BAY 81–8973, a full-length recombinant factor VIII for hemophilia A
treatment, has been extensively evaluated in previously treated patients in the LEOPOLD
(Long-Term Efficacy Open-Label Program in Severe Hemophilia A Disease) clinical trials.
Aim To assess BAY 81–8973 efficacy and safety when used for bleed prophylaxis and
treatment in previously untreated/minimally treated patients (PUPs/MTPs).
Methods In this phase III, multicenter, open-label, uncontrolled study, PUPs/MTPs
(<6 years old) with severe hemophilia A received BAY 81–8973 (15–50 IU/kg) at least
once weekly as prophylaxis. Primary efficacy endpoint was the annualized bleeding rate
(ABR) within 48 hours after prophylaxis infusion. Adverse events and immunogenicity
were assessed. Patients who developed inhibitors were offered immune tolerance
induction (ITI) treatment in an optional extension phase.
Results Fifty-two patients were enrolled, with 43 patients (mean age: 13.6 months)
treated. Median (interquartile range) ABR for all bleeds within 48 hours of prophylaxis
infusion was 0.0 (0.0–1.8) among patients without inhibitors (n¼20) and 0.0 (0.0–2.2)
among all patients. As expected, inhibitors were the most frequent treatment-related
adverse event (high titer: 17 [39.5%] patients; low titer: 6 [13.9%] patients). Six of 12
patients who underwent ITI treatment in the extension phase (high titer [n¼5], low
titer [n¼1]) achieved a negative inhibitor titer.
Conclusion BAY 81–8973 was effective for bleed prevention and treatment in
PUPs/MTPs. The observed inhibitor rate was strongly influenced by a cluster of inhibitor
cases, and consequently, slightly higher than in other PUP/MTP studies. Overall, the
BAY 81–8973 benefit–risk profile remains unchanged and supported by ongoing safety
surveillance. Immune tolerance can be achieved with BAY 81–8973.
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Introduction

Patients with severe hemophilia A (factor VIII activity [FVIII:
C] <1 IU/dL) typically experience spontaneous bleeds, pri-
marily into joints.1 Over time, repeated bleeds into the same
joint trigger progressive damage that can develop into
hemophilic arthropathy, resulting in pain, deformity, and
disability.2 The clinical management of patients with severe
hemophilia A is therefore based upon prevention of bleeding
and prompt treatment of bleeds to prevent joint damage.1

Currently, the main treatment and standard of care for
preventing bleeds in hemophilia is regular prophylaxis with
FVIII replacement therapy.1 The benefits of prophylaxis in
this setting havebeen recognized for over half a century,3 and
existing evidence shows that prophylaxis regimens can slow
the progression of established joint disease4–8 and even
prevent joint damage from developing if initiated at an early
age.3,8–10 Indeed, the timing of prophylaxis initiation is a
strong predictor of joint outcomes,1 with early initiation
(before the age of 2.5 years) providing better protection
against joint damage throughout childhood and adolescence
than delayed initiation (after the age of 6 years).7,11 Accord-
ingly, current guidelines recommend starting prophylaxis
prior to the onset of joint disease and before the age of
3 years.1

The most serious and clinically significant complication
associated with all FVIII concentrates is the development of
anti-FVIII antibodies (inhibitors) that neutralize the function
of infused FVIII concentrates,1,12 rendering FVIII replace-
ment therapy ineffective and causing substantial morbidity,
mortality, and reduced quality of life.1,13–15 As inhibitors
usually develop within the first 50 exposure days (EDs) after
beginning FVIII replacement therapy,16 previously untreated

patients (PUPs) are particularly susceptible to inhibitor
development.

BAY 81–8973 (Kovaltry®, octocog alfa; Bayer, Berkeley,
California, United States) is a full-length, unmodified, recom-
binant, human FVIII indicated for the treatment and prophy-
laxis of bleeding in patients of all ages with hemophilia A.
With the same primary amino acid sequence as sucrose-
formulated recombinant FVIII (rFVIII-FS; Kogenate® FS,
Bayer), BAY 81–8973 is produced using an enhanced
manufacturing process that eliminates human- and ani-
mal-derived raw materials, increases pathogen safety, and
ensures a consistently high degree of sialylation of N-linked
glycans on the molecular surface—a posttranslational modi-
fication important for the half-life of some mammalian
proteins, including glycoproteins.17,18

The current study is part of the Long-Term Efficacy Open-
Label Program in Severe Hemophilia A Disease (LEOPOLD)
clinical trial program, which investigated the pharmacoki-
netics, efficacy, and safety of BAY 81–8973 in patients with
severe hemophilia A. The LEOPOLD I and LEOPOLD II trials
showed that prophylaxis with BAY 81–8973 two or three
times per week was effective for the treatment and preven-
tion of bleeds in previously treated adult and adolescent
patients (�12 years old).19,20 Previously treated children
aged �12 years with severe hemophilia A received BAY
81–8973 prophylaxis (�2 times per week) in the LEOPOLD
Kids Part A clinical study; overall, the median annualized
bleeding rate (ABR) was 1.9 for total bleeds and 0.0 for joint
bleeds, and 90% of bleeding episodes required �2 infu-
sions.21 In all of these studies, conducted in previously
treated patients (PTPs) with no current or prior history of
inhibitors, BAY 81–8973 demonstrated good tolerability, and
no patients developed inhibitors.

*Once weekly, n=17; twice weekly, n=7; three times weekly, n=6; every other day, n=3; daily, n=1 at last study visit
**Treatment emergent inhibitor development occurred in 23/43 (53.5%) patients

ABR

BAY 81-8973 effectively prevents and treats bleeds in previously untreated or minimally treated children with severe haemophilia A

Median (IQR) ABR within 48 hours of infusion:
0.0 (0.0–1.8)  in patients without inhibitors
0.0 (0.0–2.2)  in all patients 

82/105 (78%)  breakthrough bleeds successfully   
treated with ≤2 infusions     

Inhibitor development** was the most frequent
treatment related adverse event
17 (39.5%)  high titre
6 (13.9%)  low titre   

6/12  patients achieved negative inhibitor status
following  BAY 81-8973 immune tolerance
induction  during an extension phase 

ITI
Breakthrough

bleeds treated with
BAY 81-8973 

 
 

Once weekly or more
frequent* infusions

 
 

Mean time in study
8.1 months

 
 

Median (range) age
11.0  (1.0–67.0) months  

 
 

43 children aged <6 years with 
untreated (n = 37) or minimally

treated (n = 6 ) severe haemophilia A 

 
 

Visual summary.  Efficacy and safety of BAY 81-8973 prophylaxis in previously untreated and minimally treated 
children with severe hemophilia A from the LEOPOLD kids trial.
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Here, we present the efficacy and safety results of the
LEOPOLD Kids Part B clinical study, conducted to assess the
pharmacokinetics, efficacy, and safety of BAY 81–8973 for
prophylaxis and treatment of bleeds in previously untreated
and minimally treated children with severe hemophilia A;
immune tolerance induction (ITI) results from the optional
extension phase are also included for those patients who
entered it to start ITI treatment.

Methods

Study Design
LEOPOLD Kids comprised two parts: Part Awas conducted in
PTPs aged �12 years,21 while Part B was conducted in PUPs

and minimally treated patients (MTPs) aged <6 years. The
demonstration of safety in at least 20 PTPs who received a
minimum of 50 EDs in Part Awas a necessary requirement to
start enrolment in Part B, and patients enrolled into Part B
were to continue in the study until they reached 50 EDs
(►Fig. 1A). Patients from both Part A and Part B were offered
participation in an optional open-label extension phase,
allowing observation for a total of �100 EDs. Patients who
developed inhibitors during themain study of Part B also had
the option to roll over into the optional extension phase to
start ITI treatment before completing themain study. Parts A
and B of the study have been completed, and Part A of the
main study has been previously reported21; the current
article reports results from Part B of the main study, and

LEOPOLD Kids Part A: PTPs
Completed Jan 2013

Total N = 51

LEOPOLD Kids Part B: PUPs
Completed Sep 2019

Total N = 43

LEOPOLD Kids Extension*
Completed

LPLV: Oct 2020

20 EDs

N = 5 N = 20

Patients
6–12 years

Patients
<6 years

50 EDs

Staggered enrolment

50 EDs ≥ 100 EDs

Enrolment begins
<6 years

Final
visit

Extension
final visit

*Includes patients from Part A and Part B 

30–40 EDs

Interim
visit

Screened: 
52 

(45 PUPs/7 MTPs)

Treated: 
43

(37 PUPs/6 MTPs)

Completed main study:
22

(19 PUPs/3 MTPs)

Discontinued main study:
21

(18 PUPs/3 MTPs)

21 15 6

1

212243 Entered
extension study:

36
(33 PUPs/3 MTPs)

Did not enter 
extension study:

7
(4 PUPs/3 MTPs)

Safety and modified intent-to-treat analysis sets (N = 43)

A

B

Fig. 1 (A) The LEOPOLD Kids study: enrolment timeline. Note: LEOPOLD Kids Part A and Part B ran in parallel, with enrolment for Part B beginning
when 20 PTPs from Part A had reached 50 EDs. Only Part B of the main study is reported in this article. Part A has been previously reported,21 and
the extension phase will be reported separately. (B) LEOPOLD Kids Part B: patient disposition. Note: The extension phase will be reported
separately. EDs, exposure days; LPLV, last patient last visit; MTPs, minimally treated patients; N, number of patients; PTPs, previously treated
patients; PUPs, previously untreated patients.
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also includes the results from the optional extension phase
for those patients who entered it to start ITI.

LEOPOLD Kids Part B was a multicenter, open-label,
uncontrolled, phase III study (ClinicalTrials.gov identifier:
NCT01311648) conducted at 30 centers in 15 countries
between September 2012 and September 2019. All patients
received BAY 81–8973 (15–50 IU/kg; minimum dose: 250 IU)
for prophylaxis at least once weekly; however, treatment
could also be initiated with an on-demand regimen, as this
provided guidance on when to initiate prophylaxis. Break-
through bleeds were also treatedwith BAY 81–8973. Surgery
(major or minor) could be performed under BAY 81–8973
coverage, with dosing following the standard practice used
for Kogenate FS®/Kogenate®.

Patientswho developed inhibitors and rolled over into the
extension phase to begin ITI treatment received BAY 81–
8973 for approximately 18 months at a dose of up to 200
IU/kg per day (or 100 IU/kg twice daily at the investigator’s
discretion) until successful inhibitor eradication or ITI fail-
ure. Treatment with ITI beyond 18months required approval
from the sponsor and the coordinating investigator.

The study protocol and amendments were reviewed and
approved by each study site’s independent ethics committee
or institutional review board. The study was conducted in
accordance with the Declaration of Helsinki and the Interna-
tional Council for Harmonisation Good Clinical Practice
guidelines. Written informed consent was provided by
parents or legal representatives.

Patients
The study included children aged <6 years with severe
hemophilia A (FVIII:C <1 IU/dL), no previous exposure to
any FVIII product (PUPs), or �3 EDs to any FVIII product and
no history or current evidence of FVIII inhibitors (MTPs).

Exclusion criteria were bleeding disorders other than
hemophilia A, thrombocytopenia (platelet count <100,000/
mm3), creatinine level greater than twice the upper limit of
normal or aspartate/alanine aminotransferase levels greater
than five times the upper limit of normal, use of chemother-
apy or immunomodulatory agents, use of another investiga-
tional FVIII product within the last month, use of another
experimental drug within the last 3months, requirement for
premedication to tolerate FVIII treatment, and known hyper-
sensitivity to active substance or mouse or hamster protein.

Efficacy
The primary efficacy variable was the annualized number of
total bleeds occurring within 48hours after a prophylaxis
infusion (sum of spontaneous, trauma-related, untreated,
and other bleeds). This parameter was chosen due to the
variable treatment intervals required in children, for whoma
lower injection frequency may be needed due to venous
access problems.21 Secondary efficacy variables were the
annualized number of total bleeds during prophylaxis treat-
ment (sum of spontaneous, trauma-related, untreated, and
other bleeds), hemostatic outcome of surgeries (blood loss,
transfusion, and/or hemostasis-related complications), and
FVIII recovery. Additional efficacy variables comprised the

following: annualized number of total bleeds, joint bleeds
(assessed by clinical judgment), spontaneous bleeds, and
trauma-related bleeds overall; number of treatments re-
quired to control bleeds; patient/caregiver assessment of
treatment response, categorized as excellent (abrupt pain
relief and/or improvement in signs of bleeding, with no
additional infusions administered), good (definite pain relief
and/or improvement in signs of bleeding, but possibly re-
quiring more than one infusion for complete resolution),
moderate (probable or slight improvement in signs of bleed-
ing, with at least one additional infusion for complete
resolution), or poor (no improvement at all between infu-
sions, or condition worsens); and FVIII utilization. When
patients were identified as having a high-titer inhibitor, they
withdrew from the main study and had the option to receive
ITI in the extension phase at the investigator’s discretion and
caregiver’s decision; therefore, efficacy data were collected
up to the time when the inhibitor was confirmed.

Participants had site visits at screening, baseline (or
combined screening and baseline for PUPs), and after they
reached approximately 5 EDs (visit 3), 10 EDs (visit 4), 15 EDs
(visit 5), 20 EDs (visit 6), and 50 EDs (final visit). Patientswith
<40 EDs by 6 months post-baseline also had an interim visit
at 30 to 40 EDs. Bleeding and treatment information was
recorded by parents/caregivers in electronic diaries.

FVIII Incremental Recovery
Blood samples for assessment of recovery were collected
preinfusion and 20 to 30minutes postinfusion at baseline,
visit 6 (20 EDs), and the final visit (50 EDs) in patients who
were not actively bleeding. Preinfusion blood collection was
to be performed�48hours after the previous infusion of BAY
81–8973. Plasma FVIII:C was measured in the central labo-
ratory using the chromogenic assay.

Biomarker Evaluation
An exploratory biomarker analysis using the Sanger gene
sequencing method22,23 was conducted to identify markers
for risk of inhibitor development. Participation was recom-
mended but not mandatory. The markers analyzed included
the type of F8 gene pathogenic variants and F8 gene benign
variants. For F8 gene mutations, those considered to be high
risk for inhibitor development included large deletions,
nonsense mutations, and intron-22/intron-1 inversions,
while small deletions and insertions, missense mutations,
and splice-site mutations are considered lower risk.24,25

Inhibitor risk types were also associated with mutation
type subgroups and location.26

Safety
Adverse events (AEs) and serious AEs (SAEs) were monitored
at each study visit and assessed in terms of seriousness,
severity, and relationship to study drug. Other safety evalua-
tions included vital signs, which were assessed at every visit,
and standard safety laboratory variables (complete blood
count with differential and serum chemistry), assessed at
screening/baseline and the final visit (50 EDs). The develop-
ment of inhibitors (defined as �0.6 Bethesda units/milliliter
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[BU/mL]), as measured according to the Nijmegen-modified
Bethesda assay at a central laboratory, was considered a SAE.
Inhibitor assessment was conducted at screening and base-
line for MTPs and then at every study visit thereafter for all
patients.

Statistical Analysis
The safety population included all patients who received at
least one dose of BAY 81–8973. Efficacy data were analyzed
in the modified intent-to-treat (mITT) and per protocol (PP)
populations. ThemITT population included all patients in the
safety population who had infusion/bleeding data available.
The PP population was defined as all ITT subjects who
completed the study with no major protocol deviations. All
efficacy and safety data were summarized using descriptive
statistics and conducted for all treated patients, PUPs, and
MTPs.

Efficacy data were also analyzed according to inhibitor
status (without inhibitor; low-titer inhibitor; high-titer in-
hibitor) for the mITT and PP populations. Patients who
developed a high-titer inhibitor (>5 BU) remained in the
main study until the presence of inhibitor was confirmed by
analysis of a second sample (performed in the central
laboratory) within 2 weeks of the investigator’s notification
of initial high-titer inhibitor detection, at which point they
withdrew from the main study to begin ITI treatment (with
the option of entering the extension phase). Therefore, for
high-titer inhibitor patients, data on bleeds and treatment
efficacy were only collected and analyzed up to the time
when inhibitors were confirmed. Patients who developed a
confirmed low-titer inhibitor could be withdrawn from the
main study to initiate ITI at the investigator’s discretion, but
otherwise they remained in the main study. Efficacy data for
these patients were therefore collected for the entire time
they remained in the main study and received prophylaxis
(both before and after confirmation of low-titer inhibitor).

Statistical analyses were conducted using SAS version 9.2
(SAS Institute Inc., Cary, North Carolina, United States).

Results

Patients
Out of 52 patients enrolled (45 PUPs; 7 MTPs), 43 received
at least one dose of the study drug and were included in the
safety and mITT populations (37 PUPs; 6 MTPs) (►Fig. 1B).
Baseline demographics and clinical characteristics are
shown in ►Table 1. Major protocol deviations were identi-
fied in three patients (2 PUPs and 1 MTP); all were related to
infusion of study treatment (missing information on study
drug administration [n¼3], including one patient with an
interval of >30 days between infusions). Of the 43 patients
treated in the main study, 22 (19 PUPs/3 MTPs) completed it
(i.e., reached 50 EDs) and 21 discontinued early (►Fig. 1B),
with 18 (16 PUPs; 2 MTPS) discontinuing because of inhibi-
tor development (17 patients had high-titer inhibitor, 1
patient had a low-titer inhibitor). Three patients discon-
tinued due to miscalculation of EDs (n¼1), incorrect visit
planning (n¼1), and logistical reasons (a vacation that

prevented completion of main study; n¼1). Five patients
who developed low-titer inhibitor remained in, and com-
pleted, the main study.

A total of 36/43 patients from the main study (20 with
inhibitors [14 with high-titer inhibitor, 6 with low-titer
inhibitor], and 16 patients without inhibitor) entered the
extension phase. Out of the 20 patients with inhibitors who
entered the extension phase, 12 received ITI treatment (11
patients with high-titer inhibitor and 1 with low-titer inhib-
itor), the results of which will be reported here; results for
the other patients who entered the extension phase will be
reported separately.

Extent of Exposure
The mean (�standard deviation [SD]) time in the main study
was approximately 8.1 (5.0) months for the whole popula-
tion, 8.5 (5.1) months for PUPs, and 5.3 (3.4) months for
MTPs. The median (range) number of EDs among patients in
the entire mITT population (i.e., all patients, including those
who developed inhibitor and those who did not) was 46 (1–
55; 11 patients had accumulated >50 EDs at the time of end
of study visit for the main study); among PUPs and MTPs,
median (range) EDs were 46 (6–55) and 36.5 (1–55), respec-
tively. The sums of all EDs were 1,488, 1,303, and 185 for the
total population, PUPs, and MTPs, respectively.

Of the 20 patients who did not have a documented
positive inhibitor test (n¼20) during the main study, 17
completed the study, with 8 having accumulated >50 EDs at
the time of end of main study visit for the main study; three
patients had <10 EDs with BAY 81–8973 prior to leaving the
main study.

In total, 1,586 infusions of BAY 81–8973 were adminis-
tered during the main study, 1,243 of which were prophy-
lactic doses (303 doses were given on-demand and 40 were
administered for other reasons, e.g., surgery). At the last
study visit, 17 patientswere prescribed a dosing frequencyof
once weekly and 17 patients were prescribed a dosing
frequency of at least twiceweekly (twiceweekly, n¼7; three
times weekly, n¼6; every other day, n¼3; daily, n¼1) for
prophylaxis. The median (range) number of prophylaxis
doses in all patients was 34.5 (1–55), while the mean (SD)
number of prophylaxis doses was 29.6 (18.8). The mean (SD)
nominal dose per prophylaxis infusion was 31.1 (9.3) IU/kg
(median: 29.1 [range: 9–50] IU/kg).

Efficacy

Annualized Number of Total Bleeds within 48 Hours after
a Prophylaxis Infusion
The annualized number of total bleeds occurring within
48 hours after a prophylaxis infusion is summarized
in ►Table 2. When considering only those patients who
did not develop an inhibitor at any time during the study
(N¼20), 12 (60%) did not experience a bleed and 8 (40.0%)
experienced 10 bleeds within 48hours of a prophylaxis
infusion. Accordingly, the median (interquartile range
[IQR]) ABR for bleeds within 48 hours after prophylaxis
infusion in patients who did not develop inhibitors was 0.0
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(0.0–1.8), and the respective mean (SD) ABR was 0.9 (1.4)
(►Table 2).

In the entire mITT (N¼43) and PP (N¼40) populations,
themedian (IQR) (mean [SD]) ABRs for total bleeds occurring
within 48 hours after a prophylaxis infusion were 0.0 (0.0–
2.2) (1.9 [3.3]) and 0.0 (0.0–3.0) (2.1 [3.3]), respectively.
Among patients with no inhibitor or low-titer inhibitor
(N¼26), the corresponding median (IQR) (mean [SD]) ABR
was 0.0 (0.0–1.9) (1.4 [2.9]).

In the overall population, themedian (IQR) ABR for all bleed
types (spontaneous, traumaandjoint bleeds) occurringwithin
48hours after a prophylaxis infusion was 0.0 (0.0–0.0). A

summary of bleeds occurring within 48hours after a prophy-
laxis infusion is presented according to bleed type and inhibi-
tor status in►Supplementary Table S1 (available in the online
version). Similar data were observed for the PP population
(►Supplementary Table S2 [available in the online version]).

As patients who developed low-titer inhibitors remained
in the study (unless withdrawn at the investigator’s discre-
tion), ABRs for total bleeds occurring within 48hours after a
prophylaxis infusion were also evaluated during the period
in which low-titer inhibitors were present in these patients.
These data are summarized in ►Supplementary Table S3

(available in the online version).

Table 1 Baseline demographics and disease characteristics

PUPs
(N¼ 37)

MTPs
(N¼6)

Total
(N¼ 43)

Age, mo

Mean (SD) 12.0 (5.3) 23.2 (23.2) 13.6 (10.2)

Median (range) 10.0 (2.0–33.0) 18.0 (1.0–67.0) 11.0 (1.0–67.0)

Race, n (%)

White 34 (91.9) 3 (50.0) 37 (86.0)

Black 0 1 (16.7) 1 (2.3)

American Indian or Alaska native 0 1 (16.7) 1 (2.3)

White, American Indian, or Alaska native 1 (2.7) 0 1 (2.3)

Not reported 2 (5.4) 1 (16.7) 3 (7.0)

Age at diagnosis, mo

Number of evaluable patientsa 34 3 37

Mean (SD) 6.6 (7.0) 8.0 (1.0) 6.7 (6.7)

Median (range) 6.0 (0.0–32) 8.0 (7.0–9.0) 7.0 (0.0–32.0)

Presence of target jointsb, n (%)

Yes 1 (2.7) 1 (16.7) 2 (4.7)

No 36 (97.3) 5 (83.3) 41 (95.3)

Number of target jointsb, n (%)

0 36 (97.3) 5 (83.3) 41 (95.3)

1 0 1 (16.7) 1 (2.3)

2 1 (2.7) 0 1 (2.3)

Number of bleeds in the period up to 12 months prior to enrolmentc

Number of evaluable patientsa 36 6 42

Mean (SD) 0.9 (1.5) 2.2 (1.6) 1.1 (1.6)

Median (range) 0.0 (0.0–7.0) 1.5 (1.0–5.0) 1.0 (0.0–7.0)

Number of joint bleeds in the 12 months prior to enrolmentc

Number of evaluable patientsa 36 6 42

Mean (SD) 0.0 (0.2) 0.2 (0.4) 0.1 (0.2)

Median (range) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0)

Abbreviations: MTPs, minimally treated patients; N, total number of patients; n, number of patients; PUPs, previously untreated patients; SD,
standard deviation.
aData were not available for some patients.
bPresence of target joints was reported by the investigator at baseline.
cThe observation period for number of bleeds and joint bleeds occurring within 12 months prior to enrolment is based on patient age, ranging from
1 month (in the youngest subject, who was 1 month old at study entry) to 12 months (for all subjects who were >12 months old at study entry).
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Annualized Number of Bleeds
While the primary efficacy variable limited the interval of
interest to the first 48hours after a prophylaxis infusion,
further efficacy variableswere analyzed independent of time
of prophylaxis infusion. Overall, 184 bleeds occurred during
the study period, with 86.0% of patients experiencing �1
bleed. Trauma-related bleeds were the most frequent bleed
type, followed by spontaneous and joint bleeds (62, 42, and
25 bleeds, respectively).

A summary of bleeds reported at any time during the
study in the mITT population is presented according to
inhibitor status in ►Table 3, and bleeds reported during
the total period of low-titer inhibitor in patients who
developed low-titer inhibitors are summarized in
►Supplementary Table S3 (available in the online version).
Bleeds were reported in 16/20 (80.0%) patients who did not
develop an inhibitor, at a median (IQR) rate of 3.5 (1.5–7.4)
total bleeds per year (mean [SD]: 5.3 [5.8]). Traumatic bleeds
were more frequent in this patient group (►Table 3). One
PUP, who did not develop an inhibitor, had 29 bleeds,
approximately half of which occurred before the start of
prophylaxis; all of these bleeds were mild or moderate in
severity and 28 bleeds did not require treatment. There were
no central nervous system or life-threatening bleeds. Bleeds
were reported in 33/40 (82.5%) patients in the PP population,
with a median (IQR) ABR for total bleeds of 4.7 (2.2–9.0); the
respectivemean (SD) ABRwas 7.4 (8.9). A summary of bleeds
by inhibitor status in the PP population is presented in
►Supplementary Table S2 (available in the online version).

Treatment of Bleeds
Themajority of bleeds during the prophylaxis period (�97%)
were mild or moderate in severity, and most bleeds treated
with BAY 81–8973 (82/105 [78%]) required �2 infusions; 23
(21.9%) bleeds required �3 infusions (12 of these bleeds
occurred in patients who were eventually found to have a
high-titer inhibitor, and 11 occurred in patients with no
inhibitors or who were eventually confirmed to have low-
titer inhibitors). Overall, the median (range) nominal dose

administered to treat bleeds was 40.5 (21–112) IU/kg.
Patient/caregiver response to treatment was reported as
“good” or “excellent” in 79.0% of assessed bleeds in the
mITT population, and in 93.5% of assessed bleeds in patients
who did not develop an inhibitor during the study. An
additional four bleeds occurred in patients who developed
inhibitors and were treated with bypassing agents.

Surgery
Five minor surgeries (one simple frenectomy and four port
insertions, including one with external jugular vein cutdown)
wereperformed.Hemostasiswas rated “good”or “excellent” in
all four minor surgeries for which assessment was available
(►Supplementary Table S4 (available in the online version)).
Dataon the timingofBAY81–8973 infusionswereavailable for
three minor surgeries: in one procedure (simple frenectomy),
one dose of BAY 81–8973was administered only on the day of
surgery; for the remaining two procedures (each done in two
patients with high-titer inhibitor), BAY 81–8973 was admin-
istered in 11 doses given over 8 days (port placement) and in
eight doses over 4 days (external jugular vein cutdown and
port placement), beginning on the day of surgery.

FVIII Incremental Recovery
Measurement of FVIII recovery was performed in conjunc-
tion with planned prophylaxis infusions using the patient’s
usual prophylaxis dose (these analyses excluded invalid
data). The mean (SD) incremental recovery for patients
who did not develop inhibitors and who had recovery data
available (N¼17) was 1.76 (0.55) IU/dL per IU/kg.

Safety
Treatment-emergent AEs (TEAEs; AEs that occurred between
the first administration of study drug and not later than
7 days after the last administration) were reported in 39/43
(90.7%) patients overall. Most AEs (60.5%) were mild or
moderate in intensity. Inhibitor development against FVIII
was themost common AE/study drug-related AE, reported in
23 patients (20 of whom were PUPs); three patients (two

Table 2 Total bleeds within 48 hours after prophylaxis infusion by inhibitor status

Inhibitor status

No inhibitors
(N¼ 20)

Low titera

(N¼ 6)
High titerb

(N¼17)

Patients with at least one bleed within 48 hours after prophylaxis infusion, n (%)

No 12 (60.0) 4 (66.7) 9 (52.9)

Yes 8 (40.0) 2 (33.3) 8 (47.1)

ABR for total bleeds occurring within 48 hours after prophylaxis infusion

Median (IQR) 0.0 (0.0–1.8) 0.0 (0.0–5.0) 0.0 (0.0–4.9)

Mean (SD) 0.9 (1.4) 3.1 (5.4) 2.8 (3.7)

Abbreviations: ABR, annualized bleeding rate; IQR, interquartile range; N, total number of patients; n, number of patients; SD, standard deviation.
aPatients who developed low-titer inhibitors remained in the study, apart from one patient who was removed at the investigator’s discretion to
initiate ITI in the extension phase. Therefore, the presented bleed data represent the entire time on prophylaxis (before and after confirmation of
low-titer inhibitors).

bAll patients who developed a high-titer inhibitor were removed from the study to initiate ITI (with the option of entering the extension phase).
Therefore, bleed data for patients who developed high-titer inhibitors represent only the period before inhibitors were confirmed.
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patients with high-titer inhibitors and one patient with low-
titer inhibitors) were receiving on-demand treatment at the
time when inhibitors first developed. Six patients developed
transient, low-titer inhibitors that resolved within 6 months
of initial detection. Eighteen of the 23 patients who devel-
oped inhibitors (all 17 patients with high-titer inhibitors and
one patient with low-titer inhibitors) discontinued from the
main study, while the remaining five, all of whom had low-
titer inhibitors, remained. Four of these five patients were on
prophylaxis with BAY 81–8973 at the time of inhibitor
development, and the dose and/or dosing frequency was
increased in three patients following the detection of inhib-
itors (►Supplementary Table S5 [available in the online
version]). Inhibitor development also accounted for all four
study drug discontinuations that occurred due to AEs. In all
cases, inhibitor development was assessed as serious (as
required by the study protocol) and related to the study drug,
and in all but one case, inhibitors developed within the first
20 EDs (median: 9 [range: 4–42] EDs; mean: 11 [SD: 8.2]
EDs). Excluding one patient who had no inhibitor measure-
ments after study drug administration and who discontin-
ued after 1 ED, the overall inhibitor incidence rate was 54.8%
(95% confidence interval [CI]: 38.7–70.2), and the incidence

of high-titer inhibitors was 40.5% (95% CI: 25.6–56.7)
(►Fig. 2). Among patients who developed high-titer inhib-
itors (N¼17), peak inhibitor titers remained <10 BU/mL in
three patients (including the period of ITI treatment in the
extension study). Among 23 patients who developed an
inhibitor (20 PUPs, 3 MTPs [two of whom had been previ-
ously treated with rFVIII products and one of whom had
previously received a plasma-derived FVIII product]), 15 had
mutations known to behigh risk for inhibitor development, 1
had a low-risk mutation, and 7 could not be evaluated due to
insufficient data or lack of consent (►Supplementary

Table S6 [available in the online version]). In addition to
family history of inhibitor development, 12 of 14 patients
with high-titer inhibitor and available FVIII mutation data
had high-risk mutations for inhibitor development.

Other frequent AEs were pyrexia (13 [30.2%] patients),
nasopharyngitis (6 [14.0%]), anddiarrhea (6 [14.0%]). Overall,
26 (60.5%) patients experienced at least one SAE; in most
patients, these SAEs were development of a FVIII inhibitor
(22 patients with an SAE of “anti-factor VIII antibody posi-
tive” and one patient with an SAE of “factor VIII inhibition”).
The patient with the TEAE of “hemarthrosis” also had the
TEAE of “FVIII antibody positive.” All instances of inhibitor

Table 3 Annualized bleeding rate by bleed type and inhibitor status

Inhibitor status

No inhibitors
(N¼ 20)

Low titera

(N¼6)
High titerb

(N¼17)

Patients with �1 bleed, n (%)

No 4 (20.0) 0.0 2 (11.8)

Yes 16 (80.0) 6 (100.0) 15 (88.2)

ABR for total bleeds

Median (IQR) 3.3 (1.5–7.4) 5.9 (4.3–16.2) 7.4 (4.3–8.9)

Range 0–18 1–19 0–45

Mean (SD) 5.0 (4.9) 8.8 (7.1) 9.8 (11.2)

ABR for spontaneous bleeds

Median (IQR) 0.0 (0.0–1.4) 2.5 (0.0–4.6) 0.0 (0.0–2.4)

Range 0–9 0–13 0–11

Mean (SD) 0.9 (2.1) 3.8 (5.0) 2.4 (3.9)

ABR for traumatic bleeds

Median (IQR) 2.1 (0.0–3.2) 1.4 (0.0–2.2) 3.4 (0.0–5.7)

Range 0–9 0–4 0–45

Mean (SD) 2.4 (2.5) 1.5 (1.4) 5.6 (10.5)

ABR for joint bleeds

Median (IQR) 0.0 (0.0–1.5) 0.7 (0.0–1.9) 0.0 (0.0–1.4)

Range 0–4 0–5 0–7

Mean (SD) 0.9 (1.2) 1.3 (1.8) 1.2 (2.0)

Abbreviations: ABR, annualized bleeding rate; IQR, interquartile range; N, total number of patients; n, number of patients; SD, standard deviation,
aPatients who developed low-titer inhibitors remained in the study, apart from one patient who was removed at the investigator’s discretion to
initiate ITI in the extension phase. Therefore, the presented bleed data represent the entire time on prophylaxis (before and after confirmation of
low-titer inhibitors).

bAll patients who developed a high-titer inhibitor were removed from the study to initiate ITI (with the option of entering the extension phase).
Therefore, bleed data for patients who developed high-titer inhibitors represent only the period before inhibitors were confirmed.
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development, and a hemarthrosis in one patient, were
considered related to the study drug. There were no deaths,
no intracranial hemorrhages, and no clinically relevant
changes in vital signs or laboratory values.

Outcome of ITI in Patients with Inhibitors
Patients in the LEOPOLD Kids study who developed inhib-
itors were offered the option of receiving ITI treatment in the
LEOPOLD Kids extension phase. Fourteen patients with high-
titer inhibitor and 6 patients with low-titer inhibitor rolled
over into the extension phase; of these, 12 received ITI (11
patients with high-titer inhibitor and 1 with low-titer inhib-
itor). The protocol-recommended dosage for ITI was a maxi-
mum of 100 IU/kg twice daily or 200 IU/kg once daily, at the
discretion of the investigator and coordinating investigator,
according to the clinical needs of the patient. Five patients
received a high-dose ITI regimen (100 IU/kg twice daily or
200 IU/kg once daily), three received a low-dose regimen
(25–50 IU/kg three times per week or every other day), and
the remaining four patients were treated with an intermedi-
ate-dose regimen. Among these 12 patients, ITI was initiated
between 1 month and approximately 18.5 months after

initial inhibitor detection. In patients with high-titer inhibi-
tor, ITI initiation could be delayed until inhibitor levels
decreased to 10 BU/mL.

Five of 11 patients with high-titer inhibitor and one
patient with low-titer inhibitor completed ITI treatment
with a negative inhibitor result (►Table 4). The median
time from the start of ITI treatment to the first negative
inhibitor result was approximately 14months (range: 5.7–23
months) for the five patients with high-titer inhibitor. These
five patients had peak inhibitor titers of 5.8, 14.0, 13.0, 89.0,
and 7.6 BU/mL, respectively. The patient with low-titer
inhibitor had a negative inhibitor result after 76 EDs.

Of the six remaining patients with high-titer inhibitor
who received ITI treatment in the extension phase, one (peak
inhibitor titer: 72 BU/mL) had a decline in inhibitor titer to
1.2 BU/mL after 18 months of ITI treatment, but then dis-
continued from the extension phase due to a family decision.
The other five patients discontinued from the extensionwith
positive inhibitor status after 7 to 34 months of ITI. Four of
these patients had a continued decline in inhibitor titer
throughout the extension phase (►Table 4); all four had
intercurrent events, namely device infections, bleeds, or
surgery for central venous access device removal.

Discussion

In this phase 3 clinical study, BAY 81–8973 was demonstrated
to be effective for the prophylaxis and treatment of bleeds in
PUPs and MTPs <6 years of age with severe hemophilia A. In
patientswho did not develop inhibitors, themedian (IQR) ABR
for bleedswithin 48hours after a prophylaxis infusionwas 0.0
(0.0–1.8), and the respectivemean (SD) ABRwas 0.9 (1.4). The
primaryendpointofbleedswithin48hoursafter aprophylaxis
infusion was chosen due to the variable treatment intervals
required in children, for whom a lower injection frequency
maybe related tovenousaccessproblems.21Of105 treatment-
requiring bleeds that occurred during prophylaxis, 82 (78%)
were successfully treated with �2 infusions of BAY 81–8973,
and treatment response was “good” or “excellent” in almost
80% of all treated bleeds (93.8% in patients without an inhibi-
tor). Hemostatic efficacywas also “good” or “excellent” in four
of five minor surgical procedures conducted during BAY 81–
8973 prophylaxis and for which hemostatic assessment was
provided. These efficacyfindings are consistentwith theuseof
this class of FVIII products in this patient population and
complement those reported in the LEOPOLD I and LEOPOLD
II trials in adults/adolescents, as well as those reported in Part
A of LEOPOLD Kids.19–21

Overall, the drug-related AEs observed with BAY 81–8973
in this study were in line with those known for this class of
FVIII products in this patient population (PUPs/MTPs): a
large majority of AEs were nonserious and mild to moderate
in severity, there were no serious unexpected AEs, and no
new safety concerns were identified. Consistent with the use
of FVIII replacement therapies in PUPs/MTPs, inhibitor de-
velopment was the most common drug-related AE. Key
observational studies of large cohorts of PUPs have reported
inhibitor incidence rates of 24 to 30.8%, with high-titer
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Fig. 2 Kaplan–Meier survival curves showing development of inhib-
itors in (A) the overall study population (n¼ 43 [37 PUPs, 6 MTPs]) and
(B) PUPs only (n¼ 37). MTPs, minimally treated patients; PUPs,
previously untreated patients.
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inhibitors reported in 14.7 to 20.2% of patients.27–30 In a
multicenter randomized study conducted to evaluate inhib-
itor incidence in PUPs and MTPs treated with either plasma-
derived or rFVIII products, inhibitor development was ob-
served in 44.5% (95% CI: 34.7–54.3) of patients treated with
rFVIII products (n¼126), and high-titer inhibitors were
detected in 28.4% (95% CI: 19.6–37.2%).31 Studies assessing
single FVIII products in PUPs/MTPs have reported inhibitor
development in 19.7 to 52.0% of patients, with incidence
rates of 11.7 to 21.7% for high-titer inhibitors.32–36While the
incidence of inhibitors in LEOPOLD Kids Part B is higher than
these previously reported rates, inhibitor incidence cannot
be directly compared between studies due to inherent differ-
ences in study populations and design. For example, the
detection of antibody formation is dependent on the sensi-
tivity and specificity of the assay used, and the observed
incidence of antibody (including neutralizing antibody) posi-
tivity is also affected by the assaymethodology used and other
factors such as sample handling, timing of sample collection,
use of concomitant medications, and underlying disease.37,38

For these reasons, it may be misleading to compare the
incidence of antibodies between products without standard-
izing both the assays used and theway inhibitors are reported
across different studies.39 Therefore, we advocate that devel-
opers of antihemophilic products strive to bemore consistent
when reporting or defining inhibitors in the package inserts
andmonographs of their products, using the checklist provid-
ed by Kwan and colleagues39 as a guide to the minimal
information that should be included.

Further, inhibitor development is multifactorial, resulting
from an intricate interplay of both genetic and environmen-
tal factors.40,41 The most compelling patient-related factors
are hemophilia severity, F8 gene mutations, and other ge-

netic factors such as family history of inhibitors, and race or
ethnicity.42–44 More than one contributing cause could
influence that risk.41 Among the 14 patients in LEOPOLD
Kids Part Bwho developed a high-titer inhibitor andwho had
F8 gene mutation data available, 12 (85.7%) had mutations
known to be high risk for inhibitor development, including
eight intron-22 inversions. Importantly, the inhibitor rate in
LEOPOLD Kids Part B was also strongly influenced by 10
inhibitor cases (high titer, N¼9), considered to be a “cluster”
as these events were characterized by occurrence in near-
consecutively treated patients over a 6-month period (June–
December 2016), in 10 centers in patients receiving different
batches of study product. This cluster of events represented a
distinct change in the previously observed inhibitor rate
(overall: 38%, high titer: 19%) in 21 treated patients. The
occurrence of this cluster prompted a temporary suspension
of study enrollment to undertake a comprehensive investi-
gation of the reasons for the cluster. Clinical evaluation of the
cluster of inhibitor cases in this phase 3 study revealed that
most patients had one or more identified risk factors for
inhibitor development: genetic mutations and intensive
treatment/high doses (N¼2); intensive treatment/high
doses (N¼2); ethnicity (N¼1); genetic mutations, intensive
treatment/high doses, vaccination, and ethnicity (N¼1); and
genetic mutations, intensive treatment/high doses, vaccina-
tion, ethnicity, and inflammation/infection (N¼1). However,
no clear underlying causewas identified. Further, the pattern
of inhibitor development observed after the study was re-
opened for enrolment suggests that the cluster was not
representative of the entire population. A similar assessment
of the data was provided by the study Data Monitoring
Committee, which also assessed the overall risk/benefit of
BAY 81–8973 as remaining unchanged. Thus, the inhibitor

Table 4 Summary of ITI treatment in patients with inhibitors who received ITI during the LEOPOLD Kids extension phase

Patient Peak inhibitor titer (BU/mL) Inhibitor titer at
last measurement
(BU/mL)

ITI regimen at
the time of study
completion/discontinuation

Duration of ITI
treatment (mo)

Patients who successfully completed ITI

1 5.8 <0.2 75 IU/kg every other day 8

2 14 <0.2 70 IU/kg every other day 26

3 13 <0.2 55 IU/kg every other day 17

4 89 0.5 125 IU/kg 3�/week 19

5 7.6 <0.2 50 IU/kg every other day 11

6a >2 <0.2 40 IU/kg every other day 19

Patients who discontinued ITIb

1 192 85 200 IU/kg every day 10

2 1536 50 65 IU/kg 3�/week 17

3 35 35 75 IU/kg 3�/week 7

4 1164 810 100 IU/kg 3�/week 17

5 735 20 120 IU/kg 3�/week 34

Abbreviation: ITI, immune tolerance induction.
aPatient had low-titer inhibitor.
bAll patients had high-titer inhibitor.
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frequency observed in LEOPOLDKids Part Bmay be related to
unidentified confounding factors or may be a chancefinding.
Additionally, an inherent limitation of LEOPOLD Kids Part B
in providing a true estimate of the immunogenicity risk of
BAY 81–8973 in PUPs is the small sample size and resultant
large confidence interval (95% CI: 38.7–70.2) for the overall
inhibitor development rate. In any event, product immuno-
genicity is better explored in studies evaluating PTPs, as PUPs
are naturally at a higher risk of inhibitor development.45–47

Immune tolerance induction remains the only clinically
proven strategy for achieving antigen-specific tolerance to
FVIII in patientswho develop inhibitors.1 Consistent with the
findings of a retrospective analysis of the International
Immune Tolerance Registry,48 the German registry,49 and
the North American Immune Tolerance Registry50 per-
formed by DiMichele and Kroner,51 four of the five patients
with high-titer inhibitor in the current studywho completed
ITI treatment with a negative inhibitor test had relatively low
peak inhibitor titers (5.8, 14.0, 13.0, and 7.6 BU/mL).

Conclusion

In LEOPOLD Kids Part B, BAY 81–8973 was found to be
effective for the prevention and treatment of bleeds in
PUPs and MTPs <6 years of age with severe hemophilia A.
Consistent with the use of this class of FVIII product in
PUPs/MTPs, inhibitor development was the most frequently
reported AE, albeit occurring at a slightly higher frequency
than has been reported by other studies of FVIII products in
PUPs/MTPs. The inhibitor incidence observed during the
study was strongly influenced by a cluster of inhibitor cases
andmay be a chance finding or due to unknown confounding
risk factors. While a clear conclusion on the immunogenicity
risk of BAY 81–8973 cannot be made from the results of this
study, the overall benefit and risk of treatment with BAY 81–
8973 remains within expectations for rFVIII products, and is
supported by ongoing, long-term safety surveillance. Finally,
immune tolerance can be achieved with BAY 81–8973.

What is known about this topic?

• BAY 81–8973 is a full-length, unmodified, recombi-
nant, human factor VIII approved for the treatment of
patients with hemophilia A.

• In the LEOPOLD I, LEOPOLD II, and LEOPOLD Kids Part A
trials, prophylaxis with BAY 81–8973 was effective for
preventing and treating bleeds in previously treated
adults, adolescents, and children, with good tolerabil-
ity and no inhibitor development.

• The LEOPOLD Kids Part B trial evaluated BAY 81–8973
prophylaxis in previously untreated and minimally
treated children aged<6 yearswith severehemophilia A.

What does this paper add?

• In LEOPOLD Kids Part B, the median annualized bleed-
ing rate within 48hours after a prophylaxis infusion

was 0.0, and 78% of bleeds were successfully treated
with �2 infusions.

• The inhibitor rate (23 patients [54.8%]) was influenced
by 10 inhibitor cases in near-consecutively treated
patients, and may be a chance finding or due to
confounding risk factors. Six of 12 patients who un-
derwent immune tolerance induction with BAY 81–
8973 achieved negative inhibitor status.

• LEOPOLD Kids Part B shows that BAY 81–8973 effec-
tively prevents and treats bleeds in previously untreat-
ed or minimally treated children, and that it can be
used to achieve immune tolerance. The benefit–risk
profile of BAY 81–8973 remains unchanged.
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