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Summary. Background: BAY 81-8973 is a new full-length

human recombinant factor VIII product manufactured

with technologies to improve consistency in glycosylation

and expression to optimize clinical performance. Objec-

tives: To demonstrate superiority of prophylaxis vs. on-

demand therapy with BAY 81-8973 in patients with severe

hemophilia A. Patients/Methods: In this multinational,

randomized, open-label crossover study (LEOPOLD II;

ClinicalTrials.gov identifier: NCT01233258), males aged

12–65 years with severe hemophilia A were randomized to

twice-weekly prophylaxis (20–30 IU kg�1), 3-times-weekly

prophylaxis (30–40 IU kg�1), or on-demand treatment

with BAY 81-8973. Potency labeling for BAY 81-8973 was

based on the chromogenic substrate assay or adjusted to

the one-stage assay. Primary efficacy endpoint was annual-

ized number of all bleeds (ABR). Adverse events (AEs)

and immunogenicity were also assessed. Results: Eighty

patients (on demand, n = 21; twice-weekly prophylaxis,

n = 28; 3-times-weekly prophylaxis, n = 31) were treated

and analyzed. Mean � SD ABR was significantly lower

with prophylaxis (twice-weekly, 5.7 � 7.2; 3-times-weekly,

4.3 � 6.5; combined, 4.9 � 6.8) vs. on-demand treatment

(57.7 � 24.6; P < 0.0001, ANOVA). Median ABR was

reduced by 97% with prophylaxis (twice-weekly, 4.0;

3-times-weekly, 2.0; combined, 2.0) vs. on-demand treat-

ment (60.0). Median ABR was higher with twice-weekly

vs. 3-times-weekly prophylaxis during the first 6-month

treatment period (4.1 vs. 2.0) but was comparable in the

second 6-month period (1.1 vs. 2.0). Few patients reported

treatment-related AEs (4%); no treatment-related serious

AEs or inhibitors were reported. Conclusions: Twice-

weekly or 3-times-weekly prophylaxis with BAY 81-8973

reduced median ABR by 97% compared with on-demand

therapy, confirming the superiority of prophylaxis. Treat-

ment with BAY 81-8973 was well tolerated.

Keywords: factor VIII; hemophilia A; prophylaxis;

recombinant proteins; therapeutic equivalency.

Introduction

Treatment of severe hemophilia A requires replacement

of factor VIII (FVIII) with plasma-derived or recombi-

nant FVIII (rFVIII) products. FVIII is administered on a

regular basis to prevent bleeds (prophylaxis) or on

demand when bleeding events occur. Several studies have

demonstrated the benefits of prophylactic regimens com-

pared with on-demand treatment. These benefits include a

decrease in the frequency of bleeds, prevention of

arthropathy development in children with no preexisting

joint damage, and an improvement in health-related qual-

ity of life [1–5].
A new full-length rFVIII product, BAY 81-8973, has

been developed for prophylaxis and on-demand use in

patients with hemophilia A. BAY 81-8973 is manufac-

tured with technologies to improve consistency in glyco-

sylation and expression to optimize clinical performance

compared with its predecessor, sucrose-formulated rFVIII

(rFVIII-FS). Notably, BAY 81-8973 is manufactured

without the addition of human or animal raw materials

in the cell culture, purification, or formulation processes

and has a nanofiltration step for an additional level of
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virus removal. Another advancement is the coexpression

of human heat-shock protein 70 (HSP70), a molecular

chaperone involved in the proper folding of proteins and

prevention of protein aggregation, during the cell culture

step of production. This step enhances the viability of the

expression cell line by inhibiting apoptosis and possibly

by increasing proper folding of the FVIII protein [6]. As

a result of the refinements in the BAY 81-8973 manufac-

turing process, the rFVIII product has low levels of pro-

tein aggregates, a high degree of N-terminal glycan

sialylation, and high and consistent purity.

The current study is part of the Long-Term Efficacy

Open-Label Program in Severe Hemophilia A Disease

(LEOPOLD), a clinical trial program designed to evaluate

the pharmacokinetics, efficacy, and safety of BAY 81-8973

in patients with severe hemophilia A. Results from LEO-

POLD I demonstrated the noninferiority of BAY 81-8973

pharmacokinetics compared with rFVIII-FS (A. Shah, H.

Delesen, S. Garger, S. Lalezari, submitted). LEOPOLD I

also investigated the efficacy and safety of BAY 81-8973

for prophylaxis and treatment of bleeding episodes in

patients with severe hemophilia A. The results of LEO-

POLD I showed that a low annual bleed rate was achieved

(median 1.0 bleed per yr) while undergoing twice- or 3-

times-weekly prophylaxis treatment with BAY 81-8973 [7].

Here we report the efficacy and safety results of the

LEOPOLD II trial. The primary objective of LEOPOLD

II was to demonstrate the superiority of prophylaxis vs.

on-demand therapy with BAY 81-8973 in patients with

severe hemophilia A previously receiving episodic treat-

ment.

Methods

Patients

Patients were males aged 12–65 years with severe hemo-

philia A (< 1% FVIII:C) who were receiving episodic treat-

ment with FVIII at screening and had not received regular

prophylaxis for > 6 consecutive months in the previous

5 years. Additional key inclusion criteria were ≥ 150 expo-

sure days to any FVIII product, no current FVIII inhibitors,

and no history of FVIII inhibitors. Key exclusion criteria

were the presence of bleeding disease other than hemophilia

A, thrombocytopenia (platelet count < 100 000 mm�3),

requirement for premedication to tolerate FVIII injections,

abnormal renal function (serum creatinine > 2.0 mg dL�1),

clinically relevant liver dysfunction, or CD4 count

< 250 cells lL�1. Number of previous bleeds and joint

bleeds occurring in the previous 12 months was collected

retrospectively based on medical records.

Study design

LEOPOLD II was a multinational, open-label, random-

ized, crossover, phase 2/3 study (ClinicalTrials.gov identi-

fier: NCT01233258) conducted between January 2011 and

December 2012. The study was conducted at 30 centers in

11 countries in Europe, South Africa, North America,

South America, and Asia. Patients were randomized to one

of six treatment arms (two low-dose prophylaxis groups,

two high-dose prophylaxis groups, and two on-demand

treatment groups; Fig. 1) by a system generated by the

sponsor’s randomization management. Due to the expected

high difference in bleeding rates between the prophylaxis

and on-demand treatment regimens, a 3:1 ratio for enroll-

ment of patients to the prophylaxis or on-demand treat-

ment arms was adopted in order to put as many patients as

possible on a prophylaxis regimen. The superiority testing

of prophylaxis vs. on-demand treatment was planned for

the total prophylaxis group, without taking into account

the different prophylaxis treatment regimens.

Patients received study medication labeled depending

on the defined methods for measuring the content of

FVIII in the vial. Study drug was labeled using the chro-

mogenic substrate assay per European Pharmacopoeia

(CS/EP) or adjusted by a predefined factor to mimic

results obtained with the one-stage assay (CS/ADJ).

Because of differences in the detection of FVIII activity

between the two potency assays, the difference in the

actual amount of FVIII received for prophylaxis injec-

tions in the CS/EP and CS/ADJ periods was ~20–25%,

with higher amounts received during the CS/ADJ period.

Patients received treatment based on CS/EP or CS/ADJ

for 6 months each with an intraindividual crossover after

6 months (Fig. 1). Patient assignment was performed

using a centralized telephone interactive voice response

system or interactive web response system. Following a

washout period of 2–3 days for the prophylaxis treatment

arms, patients were crossed over within their respective

treatment groups (prophylaxis or on-demand) to the

other potency treatment regimen for another 6 months

while maintaining the same nominal treatment dose

(Fig. 1). The nominal dose was based on the labeled

potency (printed potency on the vial) in both periods.

High-dose and low-dose prophylaxis regimens with no

overlap in weekly dose range were chosen to address an

authority request to assess the efficacy of two different

prophylaxis dose regimens. Prophylaxis dosing was either

20, 25, or 30 IU kg�1 administered twice/week or 30, 35,

or 40 IU kg�1 administered 3 times/week (Fig. 1). The

specific dose per injection was selected by the investigator

within the predefined range and maintained throughout

the study. The dosing for on-demand treatment and any

breakthrough bleeds was dependent on the location and

severity of the bleed. Major and minor surgeries were

treated with BAY 81-8973 according to recommendations

for rFVIII-FS [8]. Assessment of hemostasis during sur-

gery was based on a 4-point scale (excellent, good, mod-

erate, poor) and was performed by the surgeon or

investigator; local antifibrinolytics were allowed according

to standard of care.
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The injections for incremental recovery measurements

were administered by the study staff in the clinical setting.

All patients received training and information on admin-

istration for drug infusions. All patients provided written

informed consent; the protocol was approved by each

site’s independent ethics committee or institutional review

board before the start of the study.

Efficacy assessments

The primary efficacy variable was the annualized number

of all bleeding episodes (annualized bleeding rate [ABR]),

defined as spontaneous bleeds, trauma-related bleeds,

untreated bleeds, and unspecified events for which treat-

ment was administered. Assessment of the efficacy of

BAY 81-8973 CS/EP potency vs. CS/ADJ potency for

treatment of bleeds in patients treated on demand was a

secondary endpoint of the study. Other predefined effi-

cacy variables included the ABR of spontaneous bleeds,

trauma-related bleeds, joint bleeds, and all bleeds within

48 h of a prophylaxis injection as well as incremental

recovery, hemostasis during surgery, and the proportion

of all bleeds treated with ≤ 2 injections.

Incremental recovery assessments were conducted for

the patients in the prophylaxis treatment arms at the

beginning and end of each potency period following at

least a 2- to 3-day washout. Patients were administered

50 IU kg�1 BAY 81-8973, and plasma FVIII concentra-

tions were determined preinjection and 15 min postinjec-

tion using the one-stage and chromogenic assays.

Incremental recovery was calculated as: (postinjection

FVIII � preinjection FVIII) 9 weight/dose.

Subgroup and additional analyses

Additional assessments were ABR during the first and

second 6-month treatment periods, as well as dose per

infusion and FVIII consumption for prophylaxis and

bleeds. Subgroup analyses for ABR were also performed

based on patient age (14–16 yrs vs. ≥ 18 yrs [including

18–< 30 yrs and ≥ 30 yrs]) and geographical region (Asia

vs. non-Asia [ie, South Africa, North America, Europe]).

Safety

All patients were monitored for adverse events (AEs).

The development of FVIII inhibitors (defined as

≥ 0.6 Bethesda units [BU]), anti-HSP70, and anti–baby
hamster kidney (BHK; host cell protein) antibodies was

assessed in central laboratories. For FVIII inhibitor deter-

mination, the Nijmegen-modified Bethesda assay with a

lower limit of detection of 0.2 Nijmegen BU mL�1 was

used. For the measurement of anti-HSP70 antibodies,

patient samples were assessed with a commercial anti-

HSP70 ELISA (Assay Designs Inc., Ann Arbor, MI,

USA). Bleeding events were not considered AEs unless

the event was serious.

Statistical analysis

All patients who received study drug were assessed in the

safety analysis; patients who also had any data on injec-

tions/bleedings were included in the intent-to-treat (ITT)

population, which was used for the efficacy analysis. Sum-

mary statistics such as mean, SD, median, and quartiles

On demand
n = 21

Prophylaxis
n = 59

R
A
N
D
O
M
I
Z
A
T
I
O
N

*Dose/injection selected
by investigator within range

High dose
3x/week
30–40 IU kg–1*

Low dose
2x/week
20–30 IU kg–1*

n = 31

n = 28

3-Day washout

6 Months’ data 6 Months’ data

CS/EP

CS/ADJ

CS/EP

CS/ADJ

CS/EP

CS/ADJ

CS/EP

CS/ADJ

CS/EP

CS/ADJ

CS/EP

CS/ADJ

Fig. 1. Study design for LEOPOLD II. CS/ADJ = labeled potency adjusted by a predefined factor to mimic results obtained with the one-stage

assay; CS/EP = labeled potency determined by the chromogenic substrate assay per European Pharmacopoeia.
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were calculated for continuous data; frequencies were cal-

culated for categoric data. Statistical tests were 2-sided and

performed at the 0.05 significance level. The primary objec-

tive of the study was to demonstrate the superiority of pro-

phylaxis over on-demand therapy with BAY 81-8973.

Superiority was defined as a significant decrease in ABR

for the combined prophylaxis groups during the total 12-

month treatment period. An analysis of variance (ANOVA)

model was used with effect for treatment group only.

The percentage of bleeds in patients treated on demand

that were controlled by ≤ 2 BAY 81-8973 injections was

evaluated in both potency groups, and noninferiority of

treatment of bleeds with CS/EP-labeled medication vs.

treatment with CS/ADJ-labeled medication was deter-

mined. Noninferiority to a historical control of 88.7%

was also tested. In both cases, the noninferiority margin

was 10%. The CIs were calculated using the Hodges-Leh-

mann estimates using StatExact version 8 under SAS

(Cary, NC, USA).

A sample size of 60 : 20 patients (prophylaxis:on-

demand) was calculated using a 2-sided a level of 0.05,

90% power, an attrition rate of 15%, and a 3:1 ratio of

patients (prophylaxis:on-demand), with the assumption

that patients treated with prophylaxis would have an

average of five bleeds per year and that patients treated

on demand would have an average of 15 bleeds per year

with a combined SD of 11 bleeds per year [2]. Statistical

analysis was performed using SAS 9.2 software.

Results

Patients

A total of 83 patients were randomized (Fig. 2). Three

patients withdrew before treatment initiation; therefore,

80 patients were included in the ITT and safety popula-

tions. Twenty-one patients were in the on-demand group,

28 in the twice-weekly prophylaxis group, and 31 in the

3-times-weekly prophylaxis group. The mean age of the

patients was 29.6 years; the majority of patients were

white (45.0%) or Asian (40.0%; Table 1). The median

number of bleeds in the previous year was 36.0 based on

patient medical records. The mean � SD total Gilbert

score at baseline was 21.0 � 14.1 (range, 2–61). There

were no relevant differences in demographics or baseline

characteristics between the on-demand and prophylaxis

groups (Table 1).

The mean � SD (median [range]) nominal dose was

33 � 5.7 (32 [21–42]) IU kg�1 per prophylaxis injection

in the combined prophylaxis group compared with

24 � 6.8 (22 [11–35]) IU kg�1 per injection for the treat-

ment of bleeds in the on-demand group. The mean � SD

(median [range]) nominal dose for the treatment of bleeds

was 30 � 6.9 (29 [19–49]) IU kg�1 per injection in the

combined prophylaxis group. Mean � SD (median

[range]) total annual FVIII consumption based on nomi-

nal dose was higher in the combined prophylaxis group

compared with the on-demand group (4621 � 1421 [4783

(2305–6738)] vs. 1781 � 852 [1728 (597–3529)] IU kg�1

per yr, respectively).

Efficacy

The mean � SD ABR was significantly lower with

prophylaxis (twice-weekly, 5.7 � 7.2; 3-times-weekly,

4.3 � 6.5; combined, 4.9 � 6.8) vs. on-demand treatment

(57.7 � 24.6; P < 0.0001, ANOVA; Table 2). Thus, prophy-

laxis treatment with BAY 81-8973 was superior to

on-demand treatment, fulfilling the primary objective of

the study. The median ABR (quartile 1 [Q1]; quartile 3

[Q3]) in the on-demand group (60.0 [41.7; 76.3]) was

markedly higher than that of both prophylaxis groups

Enrolled
N = 97 

Not treated: 
Early termination:
Completed: 

Screening failures 
n = 14

Randomized
n = 83 

On demand

CS/EP     CS/ADJ
n = 11 

On demand

CS/ADJ     CS/EP
n = 10 

Prophylaxis
 twice weekly 

CS/ADJ     CS/EP
n = 16 

Prophylaxis
 thrice weekly 

CS/EP     CS/ADJ
n = 16 

Prophylaxis
 thrice weekly 

CS/ADJ     CS/EP
n = 16 

Prophylaxis
 twice weekly 

CS/EP     CS/ADJ
n = 14 

Not treated: 
Early termination:
Completed: 

Not treated: 
Early termination:
Completed: 

Not treated: 
Early termination:
Completed: 

Not treated: 
Early termination:
Completed: 

Not treated: 
Early termination:
Completed: 

0
1*
10

0
0

10

1†

0
13

1†

0
15

0
0

16

1†

0
15

Fig. 2. Patient disposition. *Reason for termination was noncompliance with documentation of dosing. †Reasons for not being treated were

withdrawal of consent (n = 2) and protocol violation (n = 1). CS/ADJ = labeled potency adjusted by a predefined factor to mimic results

obtained with the one-stage assay; CS/EP = labeled potency determined by the chromogenic substrate assay per European Pharmacopoeia.
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(twice-weekly, 4.0 [0; 8.0]; 3-times-weekly, 2.0 [0; 4.9];

combined, 2.0 [0; 7.0]; Table 2). This equates to a 97%

reduction in the median bleeding rate with prophylaxis

compared with on-demand treatment. ABRs during pro-

phylaxis treatment assessed separately by CS/EP and CS/

ADJ potency periods were also significantly lower com-

pared with the on-demand group (P < 0.0001). There

were no relevant differences in ABR between the potency

periods (median difference, 0.0); therefore, only the ABRs

for the total 1-year period are reported here.

The median ABR for joint bleeds, spontaneous bleeds,

and trauma-related bleeds was markedly lower in the

combined prophylaxis group compared with the on-

demand group (Table 2). No patients in the on-demand

group remained bleed-free during the study. In contrast,

27% of patients receiving prophylaxis remained bleed-free

during the 1-year treatment period. In the combined pro-

phylaxis group, 57% of the bleeds occurred within 48 h

after a prophylaxis injection (median, 2.0), with a higher

percentage in the 3-times-weekly than in the twice-weekly

group (75.2% vs. 42.5%); this result was expected due to

the more frequent injections in the 3-times-weekly group.

The total number of BAY 81-8973 injections administered

for the treatment of bleeds was 1607 for the on-demand

Table 1 Demographic and baseline characteristics of the safety/ITT population

On demand (n = 21)

Prophylaxis

twice/wk (n = 28)

Prophylaxis

3 times/wk (n = 31) Total (N = 80)

Age, yrs

Mean 31.4 28.8 29.1 29.6

Median (range) 30.0 (14–53) 27.0 (14–54) 28.0 (14–59) 28.5 (14–59)
< 18 yrs, n 2 4 4 10

Race, n (%)

White 6 (28.6) 16 (57.1) 14 (45.2) 36 (45.0)

Asian 9 (42.9) 9 (32.1) 14 (45.2) 32 (40.0)

Black 3 (14.3) 0 1 (3.2) 4 (5.0)

Hispanic 3 (14.3) 3 (10.7) 2 (6.5) 8 (10.0)

BMI, mean kg m�2 23.0* 21.3 21.5 21.8

Target joint, yes (%) 19 (90.5) 25 (89.3) 28 (90.3) 72 (90.0)

Number of target joints

Mean 3.2 3.0 2.8 3.0

Median 3.0 3.0 2.0 3.0

Number of bleeds in last 12 mo

Mean 47.5 38.4 45.6 43.7

Median 41.0 35.0 38.5 36.0

Number of joint bleeds in last 12 mo

Mean 33.5 30.3 32.7 32.1

Median 28.0 24.0 25.0 24.0

Total Gilbert score

Mean � SD 19.3 � 13.3 20.9 � 14.7 22.4 � 14.5 21.0 � 14.1

BMI, body mass index; ITT, intent-to-treat. *n = 20 patients.

Table 2 Bleeding episode summary: ABR in the ITT population

On demand (n = 21)

Prophylaxis

twice/wk (n = 28)

Prophylaxis

3 times/wk (n = 31)

Prophylaxis combined

(n = 59)

All bleeds per yr

Mean � SD 57.7 � 24.6 5.7 � 7.2* 4.3 � 6.5* 4.9 � 6.8*

Median (Q1; Q3) 60.0 (41.7; 76.3) 4.0 (0; 8.0) 2.0 (0; 4.9) 2.0 (0; 7.0)

Spontaneous bleeds per yr

Mean � SD 45.3 � 22.1 4.5 � 7.1 2.6 � 4.9 3.5 � 6.1

Median (Q1; Q3) 42.1 (24.3; 61.3) 2.0 (0; 6.5) 0 (0; 3.0) 1.0 (0; 4.0)

Trauma-related bleeds per yr

Mean � SD 12.3 � 16.4 0.9 � 1.5 1.5 � 2.8 1.3 � 2.3

Median (Q1; Q3) 8.1 (1.0; 15.0) 0 (0; 1.0) 1.0 (0; 2.0) 0 (0; 2.0)

Joint bleeds per yr

Mean � SD 43.8 � 24.7 5.2 � 6.9 3.5 � 6.2 4.3 � 6.5

Median (Q1; Q3) 38.8 (24.3; 60.0) 2.5 (0; 7.5) 1.0 (0; 4.0) 2.0 (0; 6.0)

Number of bleeds within 48 h after prophylaxis per yr

Mean � SD – 2.4 � 2.4 3.2 � 4.5 2.8 � 3.7

Median (Q1; Q3) – 2.0 (0; 4.5) 1.0 (0; 4.0) 2.0 (0; 4.1)

ABR, annualized bleeding rate; ITT, intent-to-treat; Q1, quartile 1; Q3, quartile 3. *P < 0.0001 vs. on-demand group.
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group (1204 bleeds) and 352 for the combined prophy-

laxis group (293 bleeds). The majority of bleeds were suc-

cessfully treated with one or two injections (75.5% and

81.9% with one injection; 19.6% and 11.6% with two

injections in the on-demand and prophylaxis groups,

respectively).

In the on-demand group, 97% (median; lower limit 1-

sided 95% CI, 95%) of bleeds per patient in the CS/EP

potency period and 100% (median; lower limit 1-sided

95% CI, 93%) of bleeds per patient in the CS/ADJ

potency period were treated with ≤ 2 injections, establish-

ing the noninferiority of BAY 81-8973 to the historical

control. The lower limit of the 1-sided 95% CI for the in-

traindividual difference for this variable was �4.9%

(median, 0%), confirming noninferiority of BAY 81-8973

CS/EP potency vs. CS/ADJ potency for treatment of

bleeds (P < 0.0001, exact permutation test).

Twice-weekly vs. 3-times-weekly prophylaxis treatment

groups

In the prophylaxis groups, < 2% of the expected prophy-

laxis injections were skipped or replaced by other injec-

tions (ie, follow-up injections for surgeries or bleeds). The

mean � SD (median [range]) nominal dose was 29 � 3.8

(30 [21–34]) IU kg�1 per prophylaxis injection in the

twice-weekly group and 36 � 4.5 (37 [30–42]) IU kg�1

per prophylaxis injection in the 3-times-weekly group.

The mean � SD (median [range]) nominal dose for the

treatment of bleeds was 28 � 5.4 (28 [19–39]) IU kg�1

per injection in the twice-weekly subgroup and 31 � 7.6

(31 [20–49]) IU kg�1 per injection in the 3-times-weekly

group. The mean � SD (median [range]) total annual

FVIII consumption based on the nominal dose was lower

in the twice-weekly group compared with the 3-times-

weekly group (3279 � 589 [3282 (2305–4349)] vs.

5834 � 622 [5961 (4620–6738)] IU kg�1 per yr, respec-

tively).

For patients in the twice-weekly group, the ABR was

higher during the first 6-month period of treatment (med-

ian, 4.1) compared with the second 6-month period (med-

ian, 1.1; Fig. 3). However, in the second 6-month period,

the median ABR for the twice-weekly group (1.1 bleeds

per yr) was comparable to the 3-times-weekly group (2.0

bleeds per yr; Fig. 3). No further improvement in bleed-

ing rate was observed in the 3-times-weekly group in the

second 6-month period (median ABR, 2.0 in both the first

and second 6 months of treatment).

Subgroup analysis: impact of age and geographical region

The number of adolescents treated with prophylaxis in

this study was small (n = 8) and does not allow far-reach-

ing conclusions; however, the ABR for these adolescents

was in the same range as the ABR for adults treated with

prophylaxis. Nevertheless, the group of young adults (age

18–< 30 yrs) tended to have higher ABRs in both prophy-

laxis regimens compared with older patients (≥ 30 yrs;

Table 3). The ABR during prophylaxis was similar in the

Asian vs. the non-Asian (mainly European) regions

(Table 3).

Impact of potency labeling

The ABR was determined for each potency period. The

median intraindividual difference in the ABR between

both periods was zero.

FVIII incremental recovery

Incremental recovery was measured approximately

15 min after the injection of 50 IU kg�1 BAY 81-8973 at

the beginning and end of each period and described based

on one-stage and chromogenic assay results. The median

(Q1; Q3) recovery at the beginning of the CS/EP period

was 2.1 (1.7; 2.4) IU kg�1 per IU dL�1 for the chromo-

genic assay and 2.1 (1.7; 2.3) IU kg�1 per IU dL�1

for the one-stage assay and did not change during the

6-month period.

Surgeries

One major (hemorrhoidectomy) and 20 minor surgeries,

16 of them dental extractions, were performed during the

study. The hemostasis during surgery was assessed as

good or excellent in all cases.

Safety

Treatment-emergent AEs were experienced by 44 (55%)

patients. Only three patients (4%) experienced an AE

assessed as treatment related. Two patients experienced

serious AEs, neither of which was considered to be

related to treatment.

No patients developed FVIII inhibitors. Changes in

anti-HSP70 antibody levels during the study were unspe-

cific and generally transient. The majority of patients had

detectable levels of anti-HSP70 antibodies at baseline,

which were below the 95th percentile validated in a nor-

mal population. The mean � SD anti-HSP70 antibody

level at baseline was 86.2 � 99.0 (range, 25.0–861)
ng mL�1. The lower limit of detection was 25 ng mL�1

(1:1000 diluted serum sample [25 lg mL�1 in undiluted

serum]). Two patients had levels above this threshold at

baseline; one patient maintained positive levels with some

fluctuations during the study, and the second patient had

a level below the threshold at the next determination at

3 months. Eight patients in the prophylaxis group had an

increase in anti-HSP70 to levels above the 95th percentile

of a normal population; five of these eight patients had

increased levels at single visits but were below the thresh-

old at the end of the study, and the titer was decreasing
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by the end of the study in the remaining three patients.

No clinical symptoms were attributed to the presence of

anti-HSP70 antibody (eg, the increased antibody levels

did not coincide with an increased bleeding rate or hyper-

sensitivity reactions). In some patients with elevated anti-

HSP70 antibody levels, a recent infectious event could be

identified. Two patients tested positive for anti-BHK anti-

bodies during the study; however, for both patients the

antibody levels at baseline were already borderline posi-

tive. Neither patient reported any hypersensitivity reac-

tions, and they reported one and two bleeds per year,

respectively.

Discussion

LEOPOLD II demonstrated the superiority of prophy-

laxis dosing vs. on-demand treatment with the newly

developed rFVIII, BAY 81-8973, in patients with severe

Table 3 Annualized number of bleeds for selected subgroups (ITT population)

Stratification

factor/Subgroup On demand (n = 21)

Prophylaxis

twice/wk (n = 28)

Prophylaxis

3 times/wk (n = 31)

Prophylaxis

combined (n = 59)

Age group

14–16 yrs

n 2 4 4 8

Mean � SD 20.1 � 2.5 6.0 � 7.2 2.5 � 1.7 4.2 � 5.2

Median (range) 20.1 (18.4–21.9) 4.0 (0–15.8) 2.0 (1.0–4.9) 2.0 (0–15.8)
≥ 18 yrs

n 19 24 27 51

Mean � SD 61.7 � 22.3 5.7 � 7.3 4.5 � 6.9 5.1 � 7.1

Median (range) 61.3 (18.2–101.3) 4.0 (0–33.1) 2.0 (0–25.9) 2.0 (0–33.1)
18–< 30 yrs

n 6 14 12 26

Mean � SD 70.3 � 24.9 7.6 � 8.9 6.0 � 7.3 6.8 � 8.1

Median (range) 63.1 (41.7–101.3) 5.6 (0–33.1) 3.0 (0–21.6) 4.5 (0–33.1)
≥ 30 yrs

n 13 10 15 25

Mean � SD 57.7 � 20.8 3.0 � 3.1 3.3 � 6.6 3.2 � 5.4

Median (range) 60.0 (18.2–85.5) 2.5 (0–8.1) 1.0 (0–25.9) 2.0 (0–25.9)
Region

Asia

n 9 9 14 23

Mean � SD 66.9 � 21.7 5.7 � 4.1 3.6 � 6.6 4.4 � 5.7

Median (range) 62.1 (37.1–101.3) 5.1 (0–11.8) 2.0 (0–21.6) 2.0 (0–21.6)
Non-Asia*

n 12 19 17 36

Mean � SD 50.8 � 25.1 5.7 � 8.3 4.8 � 6.6 5.3 � 7.5

Median (range) 48.0 (18.2–85.5) 2.0 (0–33.1) 2.0 (0–25.9) 2.0 (0–33.1)

ITT, intent to treat. *Including South Africa, North America, and Europe.
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Fig. 3. Annualized bleeding rate by time period for the twice-weekly and 3-times-weekly prophylaxis dosing groups.
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hemophilia A previously treated on demand. This superi-

ority was observed with both twice-weekly (low-dose) and

3-times-weekly (high-dose) prophylaxis treatment. These

results complement the efficacy of twice-weekly and 3-

times-weekly prophylaxis dosing with BAY 81-8973

established by the LEOPOLD I study [7]. The ABR in

the on-demand group was slightly higher than the pre-

study ABR. This result may be explained by the retro-

spective prestudy data collection and the lack of or

incomplete patient diaries before the study, leading to an

underestimation of the bleed rates. In addition, it is likely

that only joint bleeds and treated bleeds that occurred

before the study were captured in the medical records.

Information on previous FVIII consumption was incom-

plete and was therefore not analyzed.

Patients in LEOPOLD II were randomized to the pro-

phylactic dosing regimens (twice/week or 3 times/week) or

on-demand treatment. Thus, the prophylactic dosing regi-

men assignments did not take into account a patient’s

individual bleeding profile. Regardless of patient history,

both twice-weekly and 3-times-weekly prophylaxis with

BAY 81-8973 resulted in a significantly lower overall

ABR compared with on-demand treatment, although the

overall ABR was slightly higher in patients receiving

twice-weekly treatment.

The duration of treatment with BAY 81-8973 had an

impact on the efficacy of twice- vs. 3-times-weekly pro-

phylaxis. Patients receiving twice-weekly dosing achieved

an acceptable ABR in the first 6 months, although the

results were less impressive than with 3-times-weekly dos-

ing. However, in the second 6 months, bleeding rates for

twice-weekly and 3-times-weekly dosing were comparable,

demonstrating that continued improvement over time was

seen with the twice-weekly dosing regimen. This result

was not entirely unexpected in a patient population with

severe hemophilia A in which patients had several target

joints, a high number of joint bleeds before the study,

and mean baseline Gilbert scores indicative of existing

joint damage. This population may require a longer

amount of time to achieve a robust response to a low-

dose treatment. LEOPOLD II is the first prospective

study to evaluate a low-dose prophylaxis and to report

this type of improvement in the efficacy of prophylactic

FVIII over time.

Among so-called ‘short-acting’ FVIII products (ie,

those that have not been modified to extend half-life),

effective prophylaxis at dosing regimens of <3 times/week

has been demonstrated in few other prospective studies

[9–12]. Further studies with unmodified FVIII products

are under way that will address effectiveness of less than

3-times-weekly dosing [13,14]. Although recent studies

have highlighted the high interpatient variability in FVIII

pharmacokinetics following administration of comparable

prophylactic doses [15,16], the pharmacokinetics of the

administered drug may not be the only explanation for

the effectiveness of a twice-weekly dosing regimen. Other

factors such as the joint status (eg, the number of target

joints and severity of chronic synovitis) and patient activ-

ity level may also play a major role in the bleeding ten-

dency. The improvement in outcome over time may point

to the impact of the severity of synovitis, which improves

under prophylaxis treatment [9]. The ability of a patient

to receive only twice-weekly prophylaxis compared with

standard 3-times-weekly prophylaxis is appealing from

the perspectives of patient preference, cost, need for

venous access, and rFVIII consumption.

One of the most serious complications in FVIII

replacement therapy is the development of inhibitors. No

patients developed FVIII inhibitors during the study. A

few patients had an increase in the level of antibodies

against HSP70, although the changes were transient, and

two patients had levels at baseline above the prevalidated

95th percentile before start of treatment. The implications

for development of anti-HSP70 antibodies are unclear;

however, these antibodies are found in the general popu-

lation [17,18] and in patients with certain inflammatory

and infectious diseases [19–21]. Thus, anti-HSP70 anti-

body levels do not appear to be drug specific but rather

seem to be a reaction to inflammation.

The open-label design is a limitation of this study. Fur-

thermore, results of the subgroup analyses should be

interpreted with caution given the small number of

patients in certain subgroups. In addition, patient self-

reporting of bleeding is a subjective endpoint that might

be imprecise. Nevertheless, the extreme difference in ABR

between the on-demand and prophylaxis groups indicates

that this difference would be evident in even a small num-

ber of enrolled patients.

Conclusions

Patients with severe hemophilia A receiving twice-

weekly or 3-times-weekly BAY 81-8973 prophylaxis had

a significantly lower annualized number of bleeds com-

pared with on-demand therapy, confirming the superior-

ity of prophylactic treatment. A low ABR was achieved

with a 3-times-weekly regimen, as well as with a twice-

weekly prophylaxis regimen. The response to prophy-

laxis treatment improved over 6 months in the low-dose

(twice-weekly) prophylaxis group. BAY 81-8973 also

exhibited good tolerability and no anti-FVIII inhibitor

development.
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