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Abstract

Introduction: Treatment optimization in haemophilia A can be achieved by choice of

FVIII product and knowledge of pharmacokinetics (PK), phenotype and adherence. A

favourable PK profile of BAY 81–8973 (octocog alfa) (Kovaltry, Bayer AB) compared to

other standard half-life (SHL) FVIII products has been suggested.

Aim: To evaluate whether the switch to BAY 81–8973, using the same dosing sched-

ule, impact factor consumption and bleed rates, taking arthropathy and adherence into

account

Methods: Forty patients on prophylaxis with SHL (median age 40.5 years) attend-

ing the haemophilia treatment centres in Malmö and Oslo were enrolled. The annu-

alised bleeding rate (ABR) and joint bleeding rate (AJBR) before and after the switch to

BAY 81–8973 was calculated. PK analyses were performed withWAPPS-Hemo. Joint

health status and treatment adherence were assessed.

Results: Themedian ABR and AJBRwas 0 before and after the switch, at both centres.

Themedian yearly factor consumptionwas 3,345 IU/Kg/year in the entire study group

corresponding to intermediate-intensity prophylaxis in most patients and with signif-

icantly more used in Malmö (3,862 IU/Kg/year), compared to Oslo (2,337 IU/Kg/year)

(P .006). Therewas no correlation between arthropathy and bleeding. Themedian BAY

81–8973 t½ was 20 h (range 7.5–29 h), with significant correlation to VWF levels, and

13.4 h after exclusion of VWF outliers. Adherence to treatment was 97%.

Conclusions: Concentrate switch, using mainly intermediate-intensity regimens with

high adherence rates, preserves excellent prophylaxis outcomeusing standard half-life

FVIII products, indicating the value of individualized prophylaxis and close follow-up.
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1 INTRODUCTION

Haemophilia A (HA) is caused by the deficiency or absence of factor

VIII (FVIII) and characterized by bleeding diathesis, with joint bleed-

ing as clinical hallmark.1,2 Prophylactic replacement therapy in HA

aims to reduce the risk of bleeding by raising FVIII levels,1,2 thus

preventing the development of haemophilic arthropathy.3 Different

FVIII products, with distinct manufacturing methods,4,5 molecular6

and pharmacokinetic7 properties, have been used in the treatment

of HA. BAY 81–8973 (octocog alfa, Kovaltry, Bayer AB) is a standard

half-life (SHL) recombinantFVIII product,8 with a suggested favourable

pharmacokinetic profile compared tooctocog alfa (Kogenate, BayerAB

and Advate, Takeda Pharma).9,10 Interpersonal variability in factor VIII

pharmacokinetics influences; however, the FVIII levels post-infusion

and the outcome of treatment.11 Population PK models, such as the

Web-Accessible Population Pharmacokinetic service – Haemophilia

(WAPPS-Hemo)12 take this into account in a multivariable model of

a relevant patient population, while requiring minimal sampling when

compared to a conventional PK analysis.13,14 This can help optimize

treatment15,16 and illuminate differences in the pharmacokinetic pro-

files of specific FVIII products.

Haemophilic arthropathy is the result of repeated hemarthroses,

mainly affects the knee, elbow and ankle joints,17,18 and can reduce

quality of life.19 The chronic synovitis and vascular fragility in

haemophilic arthropathy can both predispose to bleeding and mimic

its symptoms.20 Furthermore, independent of the treatment regimen

used, adherence to the prescribed treatment is essential for its effec-

tiveness. Poor adherence is associated with more self-reported bleed-

ing episodes for adults and days off school for children.21

Historically, significant differences in the clinicalmanagement ofHA

patients have existed between the Scandinavian countries. For exam-

ple, whereas prophylaxis has been standard of care in Sweden since

the 1970s, it became available in Norway during the 1990s.22 How-

ever, haemophilia management in Scandinavia has since been harmo-

nized, with the development of Nordic guidelines.23,24The aim of this

study was to study and compare whether the switch between SHL

products with slightly different PK properties with the same dosing

schedule, have influenced the clinical outcome in terms of factor con-

sumption and bleeds of patients attending two of the larger Scandi-

navian Haemophilia centres taking arthropathy and adherence into

account.25

2 METHODS

2.1 Study design

This is an open label, non-interventional, single arm double-centre

study, enrolling male patients above 12 years of age with moderate

(FVIII:C 1–5 IU/dl) and severeHA (FVIII:C< 1 IU/dl), who had switched

or were planned to switch to BAY 81–8973 from another SHL FVIII

product. The patients had prophylaxis formore than 50 exposure days,

had their previous FVIII product for at least 30 days prior to switch-

ing to BAY 81–8973, and no current inhibitor, as measured by the

Nijmegen-modified Bethesda assay. Patients fulfilling the inclusion cri-

teria were eligible. PK analysis withWAPPS-HEMOwas performed on

a subset of patients from the Malmö cohort to evaluate the pharma-

cokinetics of BAY 81–8973 and phenotype changes after the switch.

The study was conducted betweenMarch 2017 and February 2020.

2.2 Clinical data

Clinical data regarding age, height, weight, bleeds, and joint bleeds

were collected. The bleeding events prior the switch to BAY 81–8973

were documented retrospectively the year preceding the study visit

with a median duration of 12.5 months (IQR 10–13 months), after

which the switch to BAY 81–8973 occurred. The bleeding events after

the switch to BAY 81–8973 were documented for the period after the

switch and prior the final study visit. The recording of bleedswas paper

based after oral or written report from the patient or his caregiver.

The annual bleeding rate (ABR) and annual joint bleeding rate (AJBR)

were defined as the number of reported bleeding episodes and joint

bleeding episodes divided by the observation period in months multi-

plied by 12. A target joint was defined as > 3 bleeding episodes in the

same joint during 6 months. Joint health was assessed by the physio-

therapist at the haemophilia centre according to theHaemophilia Joint

Health Score (HJHS) version 2.1.26 A cut off score 10 was applied to

dichotomize the results between arthropathy and non-arthropathy, as

used in previous studies.27,28

Adherence to therapy was measured with the validated VERITAS-

PRO questionnaire29 and filled out by the patient or their caregiver.29

A cut-off score 57 defined non-adherence, as in previous studies.29,30

2.3 FVIII and VWF: Ag assays and
pharmacokinetic analysis

PK analysis was performed in 14 patients with severe HA, who were

treated at the Coagulation Centre in Malmö. Analysis was based on

two sparse samples collected at least 12 h apart, with no wash-out,

between four and 48 h after BAY 81–8973 infusion, according to the

ISTH guidelines.31 FVIII levels with use of the chromogenic assay and

VWF:Antigen (VWF:Ag) levels were estimated at the coagulation labo-

ratory at Labmedicin Skåne according to local routines.

The WAPPS-HEMO web-based algorithm was used for population

PK analysis. For the PK assessments, baseline FVIII activity, age, body

weight, height, timing of the last two administered doses and infused

dose were collected. The dosing regimen for each patient was at the

discretion of the treating physician. The first sample was collected 4—

8hand the second sample20–30hpost-infusion, respectively (Table1).

2.4 Statistical analysis

Descriptive statistics in the form of mean, median and interquar-

tile ranges (IQR 25th–75th percentile) described continuous variables.
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TABLE 1 Sampling time in hours post infusion for each patient and the corresponding FVIII levels measured by the chromogenic method at
each time point

Sample1 Sample 2 WAPPS-HEMOPK Estimations

PAT-ID

Time (hrs post

infusion) FVIII level (%)

Time (hrs post

infusion) FVIII level (%) t1/2 (hrs)

Time to 1%

(hrs)

VWF:Ag

(IU/dl)

1 5 63 23 31 24.0 159.8 193

3 5 41 25 11 13.5 85.5 MD

5 4 58 28 10 13.3 87.5 94

6 5 38 29 2 7.5 47.0 50

7 4 65 29 17 16.0 108.0 77

8 5 76 29 23 21.3 143.3 171

9 5 24 26 6 14.3 75.0 95

11 7 35 28 11 18.0 105.5 131

13 4 87 25 35 21.5 150.8 92

14 6 19 24 6 11.5 63.5 85

15 4 60 27 23 20.0 133.0 150

16 5 51 29 20 29.0 173.0 170

17 4 33 24 5 11.5 64.0 51

18 5 59 26 9 11.3 74.5 65

Calculated t1/2, time to troughs of 1% byWAPPS-Hemo, and VWF:Ag level at the sampling time for each patient are provided.

Abbreviations: VFW:Ag, VonWillebrand Factor antigen; PK, pharmacokinetic; hrs, hours; MD, missing data.

Statistical tests used were the Wilcoxon signed rank test, Mann-

Whitney U test, Fischer’s exact test and Spearman’s correlation. All

tests were performed using SPSS software, version 25 (IBM, Chicago,

IL, USA). A P-value of< .05 was considered statistically significant.

2.5 Ethics

The study was approved by the Regional Ethics Review Board of Lund

University, Lund, Sweden andOsloUniversity, Oslo, Norway. The study

subject or his legal representative provided written informed consent

before entering the study.

3 RESULTS

3.1 Patient and treatment characteristics

Forty-three patients were enrolled corresponding to all patients who

switched to BAY 81–8973 prophylaxis at the Malmö centre and one

half of those in Oslo. One patient withdrew the day after inclusion

for personal reasons and in one patient there was inadequate bleed-

ing data. A third patient was excluded since he had been treated with

extended half-life product efmoroctocog alfa (Elocta, Sobi), prior the

switch to BAY 81–8973. Consequently, the final analysis included 40

patients (baseline clinical characteristics and demographics shown in

Table S1), 18 patients treated at the Haemophilia centre in Malmö

(#1-#18) and 22 patients treated at the Haemophilia centre in Oslo

(#19-#40). All patients had severe Haemophilia A, except two patients

who had moderate HA (#33 and #39 with baseline FVIII:C of 3 IU/dl

and 2 IU/dl, respectively). There was no history of previous or cur-

rent FVIII inhibitor. The type of SHL FVIII used prior to the switch to

BAY 81–8973 was Kogenate in 21 patients, Helixate in 13, Advate in

5 pat and Refacto (moroctocog alfa, Pfizer) in 1. The median age of

the entire cohort was 40.5 years (IQR 26.0–48.8) and the median BMI

was 27.3 (IQR 23.4–30.4). The corresponding figures for the Malmö

cohort were 35 years (IQR 20.5–44) with median BMI 26.9 (IQR 22.1–

28.9) and for the severe HA patients of the Oslo cohort 44 years (IQR

34–56), with median BMI 25.3 (IQR 24.5–31.5). The median dose of

infused FVIII before the switch was 20.4 IU/kg (IQR 12.9–26.2) and

all patients received regular prophylaxis, either daily (N = 4), every

other day (N = 14), three times weekly (N = 14) or two times weekly

(N = 6). Two patients had a sparse infusion schedule of once weekly

or less. All patients continued with the same dose and infusion fre-

quency after the switch to BAY 81–8973, except for two patients (#19

and #26), whose infusion frequency was increased slightly, from three

times weekly to every other day (Table S1). Dosing and median yearly

FVIII consumption was otherwise essentially the same in both cohorts

prior and after the switch. Themedian FVIII consumption for the entire

cohort onBAY81–8973was 3345 IU/Kg/year (IQR1944–4463) (Table

S2). There was a significant difference in yearly factor consumption of

BAY 81–8973, between the severe HA patients in theMalmö andOslo

cohort. The median FVIII dose per injection was 21.3 IU/Kg in Malmö

(IQR14.5–26.4), and the frequency of injectionswas 182 per year (IQR

156–227.8). The corresponding numbers in Oslo were 20 IU/Kg (IQR

12.2–25.1) and 156 (IQR 156–182), respectively. The Malmö cohort

had median FVIII consumption of 3862 IU/Kg/year, compared to 2337

IU/Kg/year in theOslo cohort (P .006)(Table 2).
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TABLE 2 A comparison of clinical outcomes between the patients fromMalmö (n= 18) and those fromOslo (n= 20) after the switch to BAY
81-8973

Malmö (N= 18) Oslo (N= 20)

Parameter Mean Median (IQR) Mean Median (IQR) P-value

ABR .33 0 (0–0) .42 0 (0–0) .945

AJBR .11 0 (0–0) .26 0 (0–0) .617

HJHS 17.7 9.5 (3–35) 17.1 14 (12–19.8) .411

VERITAS-Pro 39.5 40 (28.5–47.5) 40.0 40 (31.8–46) .885

FVIII Consumption (IU/Kg BW/Year 4,018 3,862 (3,174–4,860) 2,891 2,337 (1,843 –3,912) .006

Abbreviations: ABR, annual bleeding rate; AJBR, annual joint bleeding rate; HJHS, Haemophilia Joint Health Score.

3.2 Bleeding phenotype before and after the
switch to BAY 81–8973

The median ABR was 0 (IQR 0–1.5) before and remained 0 (IQR 0–0)

after the switch toBAY81–8973. The correspondingmedianAJBRwas

0 (IQR 0–0), both before and after the switch (Figure 1, Table S1). The

mean ABR was 1.1 prior and .4 after the switch (P .136) and the mean

AJBR .7 prior versus .3 after (P .194). The corresponding figures for the

two subcohorts inMalmö andOslo are shown on Table 2. Basically, the

bleed rates are the same, although a slightly highermeanwas observed

for patients attending theOslo centre.

Before the switch, 30 patients (75%) had an ABR of 0 and after

the switch the corresponding number of patients was 33 (82.5%). The

medianABRof the 10 patientswith reported bleeds prior to the switch

to BAY 81–8973 was reduced from 4 (IQR 0–6) to 0 (IQR 0–.25) (P.

.007) and the median AJBR reduced from 2 (IQR 0–6) to 0 (IQR 0–0)

(P. .017), respectively.

3.3 Pharmacokinetic analysis of BAY 81–8973

As described, pharmacokinetic analysis with WAPPS-HEMO was per-

formed in a subset of 14 patients from the Malmö cohort treated with

BAY 81–8973. Themedian agewas 33.5 years (IQR 18.8–43.3) and the

median BMI 26.1 kg/m2 (IQR 21.6–28.9). The median ABR and AJBR

was 0 (IQR 0-0 for both). The WAPPS-Hemo estimated median t½ for

BAY 81–8973 was 20 h (IQR 17–26.5) and the median estimated time

to 1% was 91.5 h (IQR 59.8–143). As expected, there was a signifi-

cant correlation between VWF:Ag levels and FVIII half-life (P .01) (Fig-

ure S1). Notably, the three patients with the shortest t1/2 (patient #6,

#17 and # 18) had VWF:Ag levels 50–70 IU/dl and the three patients

with the longest t1/2 (patient #1, #8 and #16) had VWF:Ag levels ≥

170 IU/dl. If these outliers were excluded from analysis, the remaining

eleven patients had a median t1/2 of 13.4 h (IQR 11.5–16.5). The data

on half-life and time to 1% trough is presented on Table 1.

3.4 Joint health status

Joint health data was available for 39 of 40 included patients (Table

S1). The median HJHS score was 14 (IQR 5.5–27.0). The HJHS score

revealed arthropathy, as defined by HJHS > 10, in 25 patients with

median HJHS 19 (IQR 14.0–35.5). The high HJHS was predomi-

nantly due to decreased mobility in the elbow, knee, and ankle joints,

decreased muscle strength, and gait problems., whereas patients with

low HJHS scores received points for crepitations. Crepitus on motion

may indicate cartilage damage, but no functional impairment was

observed in those cases. There was no correlation (P .525) between

bleeding events during the study period (ABR and AJBR > 0) and

arthropathy (HJHS ≥10) (Table S3). None of the patients had target

joints. No significant difference was observed in HJHS score between

the severe HA patients of theMalmö andOslo centres (Table 2).

3.5 Adherence to treatment

The complete VERITAS-Pro data is presented in Table S3. The

VERITAS-Pro questionnairewas available in 34 of 40 included patients

with a median score of 40 (IQR 30.8-47) (Table S1). Low scores were

observed in “dosing”, “planning”, “skipping” and “remembering” (median

4–6, IQR 4–8). However, high scores were seen in “communication”

(median 9, IQR 6–12). When a cut-off of 57 points was used to

define non-adherence, only one patient scored above that threshold,

signifying 97% adherence. No significant difference was observed in

VERITAS-PRO score between theMalmö andOslo centres (Table 2).

4 DISCUSSION

The aim of this study was to examine whether the switch from a stan-

dard half-life FVIII products to BAY81–8973, which has been reported

to provide a beneficial PK compared to other SHLs7,10 may influence

clinical outcome in patients with HA. The PK analysis performed on

14 patients on BAY 81–8973 with WAPPS-HEMO confirmed a rela-

tively favourable median half-life estimate of 20 h. for BAY 81–8973,

which is longer than reported for other SHL products,6,9,10,32 with a

wide range of half-lives from 7.5 to 29 h (Table 1). Interestingly, a sim-

ilar range of 9.95–22.2 h, was seen in the study by Shah et al.9 How-

ever, inter-study differences in design, FVIII wash-out and dosing and

the low subject number should be considered when interpreting these

results. Additionally, due to the non-interventional design of the study,



ARVANITAKIS ET AL. 5

F IGURE 1 A. 2D-dot plot showing ABR and AJBR before and after switch to BAY 81-8973, respectively. Every dot symbolizes one patient B.
Bar-chart showing difference in ABR and AJBR in all 40 patients of the cohort after switch to BAY 81-8973. Negative values indicate reduction in
ABR and AJBR after the switch, whereas positive values indicate increase, respectively. These differences were not statistically significant.

a control group could not be evaluated. Furthermore, we observed a

significant correlation to the VWF levels in our cohort,25 and after

exclusion of outliers with supranormal VWF levels, themedian half-life

was reduced to13.4 h. This shows the importance to considerVWF lev-

els when interpreting FVIII PK data and reinforces the use of head-to-

head cross-over studies when comparing different products. Our data

also showed that the patients overall were well treated with median

ABR and AJBR of 0 both prior to and after the switch to BAY 81–8973.

In absolute figures, therewas aminor reduction inmeanABRandAJBR

rates after the switch to BAY 81–8973, while maintaining the same
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dose and dosing frequency, but this reduction was not statistically sig-

nificant.

The majority of patients in our study (62.5%) had established

arthropathy, but no target joints, which partly, in some cases, may

be due to advanced arthropathy and fibrotic degeneration. There

was no correlation between bleed rates, factor consumption and the

degree of arthropathy Importantly, only 30% of our cohort were

treated with high-dose prophylaxis, as defined by the World Fed-

eration of Haemophilia (WFH) cut-off of 4,000 IU/kg/year, indicat-

ing the benefits of individualized prophylaxis based on the observed

individual bleeding phenotype.23 Instead, 60% of the patients were

receiving an intermediary-dose prophylaxis regimen (cut-off of 1500–

4000 IU/Kg/year),23 while stillmaintaining amedianABRof0. Theben-

efit of individualized dosing for medical outcome and factor consump-

tion has previously been reported in a study comparing Swedish and

Dutch dosing regimens28 and these findings are further supported by

our study. However, the switch to BAY 81–8973 did not lead to addi-

tional individualization of the treatment regimen.

The overall adherence to treatment in our cohort, as measured by

VERITAS-Pro, was excellent, with 97% overall adherence and no dif-

ference was observed between the two centres. The adherence rate in

our Scandinavian cohort was comparable to that of a German cohort

(adherence 93.1%),30 and higher than the American cohort in the orig-

inal validation study (adherence 82%).29 All the patients in our cohort

had their follow-up at a specific Haemophilia centre, a strong predictor

of adherence.30 Our results also support thepreviouslydescribedasso-

ciation between good adherence and low reported bleeding events.33

Interestingly, we found significant differences in the yearly factor

VIII consumption between the patients with severe HA treated at the

two participating haemophilia centres, despite the use of the same

Nordic guidelines. The Malmö centre had a lower absolute number

of mean ABR and AJBR, but the difference was not significant and

there was no difference in arthropathy. The difference in factor con-

sumption was mainly due to an overall more frequent administration

and shorter intervals in the Malmö cohort. However, the two groups

were not matched, and recruitment bias cannot be ruled out, since all

patients onprophylaxiswithBAY81–8973were enrolled at theMalmö

centre, but one half of those in Oslo. To appreciate any bias in the data

collection fromOslo, the overall dosing regimen in patients onBAY81–

8973 was anonymously captured in the register. The treatment pro-

file was similar besides more patients overall on every other day regi-

men instead of three times weekly. This may suggest that consumption

in Oslo was overall slightly higher that observed in our enrolled sub-

cohort. Nevertheless, our findings indicate that very low bleed rates

can be achieved with relatively low FVIII consumption with entailed

cost benefits. Furthermore, our findings indicate the value of PK esti-

mations in optimizing treatment, as patients in Malmö with favourable

PK profiles and lowABR could potentially extend the interval between

doses.

Our studyhad several limitations, including the retrospective design

and subjective paper-based reporting of bleeds, where potential differ-

ences in reportinganddocumentationpracticesbetweendifferent cen-

tres may influence how bleeds are registered. Additionally, there was

no control group and pre-infusion levels collected for the PK analysis

andno validation stepwas performed to confirm thePKestimates.Due

to the very low reportedABRandAJBR, our studywas probably under-

powered in detecting statistical correlations between bleeding rates

and arthropathy or adherence to treatment. However, this may reflect

the importance of an effective treatment plan and close follow-up of

patients in ameliorating the impact of these variables on the bleeding

phenotype. Finally, as previously stated, selection bias cannot be ruled

out due to the relatively low enrolment at theOslo centre.

In conclusion, in a cohort of previously well treated and well-

adherent patients, the switch to BAY 81–8973, with a potential

favourable half-life, achieved marginal improvements on already

favourable outcome rates despite the use of mainly intermediate-

intensity regimens. Our study also showed that a high degree of

established arthropathy and lower annual FVIII consumption do not

necessarily result in increased bleed rates. Instead, individualized pro-

phylaxis regimens and close follow-up with high adherence to treat-

ment, can reduce FVIII consumption while maintaining haemostatic

efficacy. The data further underline that, not only the performance of

the single product brand, but how to use the products is important for

the outcome in the individual patient.
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