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Abstract

Background Haemophilia A is a bleeding disorder caused by deficiency of coagulation factor VIl (FVIII) which leads
to severe and repeated bleedings. There is a need to understand the optimal treatment pathway for FVIII inhibitors
with the use of immune tolerance induction (ITl) and the role of haemostatic ‘bypassing’agents (BPA) on-demand
(OD) or prophylactically (Px). The aim of this study was to gain a better understanding of the real-world use of BPA
therapy administered prophylactically or on-demand concomitant with ITl, for the treatment of an inhibitor to FVIII
replacement therapy in patients with severe haemophilia A.

Methods Retrospective observational data were used to capture disease management information for patients
who were aged 16 or under and had received ITI and BPA treatment for their most recent inhibitor from Jan-2015 to
Jan-2019, for 47 patients in the UK and Germany. Descriptive comparisons of the clinical effectiveness and resource
utilisation of Px and OD BPA therapy during ITl were conducted.

Results During Tl and BPA treatment, for an inhibitor, bleeding events averaged 1.5 and 1.2 for Px and OD treatment
respectively. Compared to only BPA therapy we see 3.4 and 1.4 bleeding events for Px and OD respectively during an
inhibitor.

Conclusion Baseline disease characteristics differed between BPA therapy cohorts and this resulted in higher clinical
effectiveness of [Tl treatment alongside BPA Px than BPA OD during an inhibitor.

Keywords Haemophilia A, Factor VIl inhibitors, Factor VIII, Bypassing agents, Immune tolerance induction

*Correspondence:

Emily Back

emily.back@hcdeconomics.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-023-02654-0&domain=pdf
http://orcid.org/0000-0002-2786-8331

Morgan et al. Orphanet Journal of Rare Diseases (2023) 18:47

Introduction

For bleeding disorders, development of high-titre inhibi-
tory antibodies are a significant complication as it lim-
its the effectiveness of Factor VIII (FVIII) replacement
therapy. Reducing the effectiveness of FVIII infusions
can lead to clinical impacts such as muscle & joint com-
plications plus higher mortality risk alongside monetary
impact of increased healthcare costs [1-3]. The develop-
ment of these alloantibody inhibitors are seen in 25-30%
of patients against the infused Factor VIII, with the high-
est rates among children with severe haemophilia A [4].
To overcome an FVIII inhibitor they necessitate the
chronic use of increasingly higher doses of FVIII in an
attempt to achieve immune tolerance induction (ITI), or
the use of haemostatic ‘bypassing’ agents (BPA) which is
recommended either episodic or prophylactically with or
without ITI [5].

The use of novel agents such as BPA on-demand
(OD) or prophylactic (Px) during ITT has yet to be fully
observed. Previous research has shown that BPA deliv-
ered prophylactically is more effective than on-demand in
the reduction of bleeds per year, prevention of joint dam-
age, reduction of hospital length of stay and improvement
in quality of life [6, 7]. Non-factor treatment options such
as Emicizumab and other novel therapies reaching the
markets give hope that management of FVIII inhibitors
won't be needed for future generations. However, given a
large proportion of people with haemophilia are still pre-
scribed FVIII replacement therapy as their standard of
care there is still a continued need to clarify and under-
stand the optimal treatment pathway and the role of BPA,
using evidence from real world practice.

The aim of this investigator-initiated retrospective
chart review study is to contribute to the evidence gen-
eration for the use of BPA, OD or Px, concomitant with
ITIL. This study will quantify differences in outcomes of
two separate patient populations with severe haemo-
philia A, already undergoing routine medical practice in
their designed treatment centres, with one cohort receiv-
ing BPA Px alongside ITI for treatment of an inhibitor,
and the second cohort receiving ITI only or with BPA
OD. The real world data generated through the course
of this non-interventional research study will fill a gap in
the current evidence base and will contribute to efforts to
optimise therapeutic approaches in severe haemophilia.

Methods

Data source and cohort collection

This investigator-initiated study was a retrospective, mul-
ticentre, observational chart review (case note review) of
patients with severe haemophilia A who had a recorded
incidence of an inhibitor to FVIII replacement therapy
and were under 16 at that time, between the years 2015
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and 2019. In addition to clinical and demographic infor-
mation, data on treatment history prior to inhibitor diag-
nosis, and data on the use of ITI and BPA therapy for the
treatment of the most recent inhibitor, were abstracted
from patient medical records.

The study aimed to recruit 50 patients from two hae-
mophilia treatment centres (HTCs), in the UK and
Germany, Great Ormond Street Hospital and Univer-
sitaets Krankenhaus Bonn. The target sample size was
determined by a feasibility assessment of the number
of cases at participating HTCs within the defined time
period. Data was generated from a retrospective review
of patient medical records by clinical research nurses in
partnership with the treating physicians. Investigators
conducted an initial electronic screening of the records of
patients treated by them at their institution in accordance
with the study eligibility criteria. Investigators abstracted
pseudonymised data from patient medical records into
a standardized data collection tool. All abstracted data
were checked by site investigators to ensure patient-iden-
tifiable information was removed ahead of the data being
entered into the system. The pseudonymised data was
then used to perform the statistical analyses to address
the study objectives.

Eligibility criteria

All patients included in the study had to have a diagno-
sis of severe haemophilia A which was confirmed prior to
a diagnosis of an inhibitor to FVIII replacement therapy
and must have had a confirmed history of an inhibitor to
FVIII replacement therapy, in the period between Janu-
ary 2015 and January 2019. Participants had to be aged
16 or under at the time of their most recent inhibitor and
received ITI treatment for their most recent inhibitor,
alongside prophylactic BPA therapy or BPA therapy on-
demand in the period between January 2015 and January
2019. If participants had previously received treatment
with emicizumab, prior to or during the period of their
most recent inhibitor they were declared to be not eligi-
ble for the study.

Outcomes

The baseline characteristics collected on each participant
included gender, country, ethnicity and age (years) at
most recent inhibitor. In addition, the clinical outcomes
collected at baseline included but were not exclusive to
family history of inhibitors, number of bleeding events
(bleeding events were defined as any type and of any
severity) and joint bleeding prior to most recent inhibitor,
number of target (3 + bleeds have occurred within a con-
secutive 6 month period) and problem joints (exhibiting
symptoms of chronic damage due to haemophilia) prior
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to their most recent inhibitor, reason for development of
most recent inhibitor and previous inhibitor diagnosis.

To analyse the clinical effectiveness of treatments for
their most recent inhibitor; bleeding events and joint
bleeding events during treatment for the inhibitor were
analysed during BPA therapy and during ITI alongside
BPA therapy. To analyse healthcare resource utilisation
prior to inhibitor and during ITT alongside BPA therapy
the number of hospital admissions and inpatient stay
duration for bleed event reasons were analysed.

Statistical methods for analysis
Variables derived from the study have been summarised
using the following specifications.

« For continuous variables, means and standard devia-
tions have been reported.

« For discrete variables, the frequency and proportions
are reported and the number of observations per
each variable have been reported.

This study did not impute any missing data. If data was
missing at random for an individual participant, that
observation was removed from the analysis.

Outcomes are presented according to treatment strat-
egy; by the subgroups of BPA Px versus BPA OD for
baseline characteristics prior to most recent inhibitor,
by subgroups of ITI alongside BPA (Px and OD) versus
BPA only (Px or OD) for clinical effectiveness and by sub-
groups of BPA (Px and OD) prior to inhibitor versus ITI

Eligible patients from a haemophilia
treatment centre
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alongside BPA (Px or OD) for resource utilisation. Where
feasible, univariate comparisons between outcomes of
interest have been tested for significance. Choice of sig-
nificance test depended upon the nature of the variables
tested, tests included Chi squared or fisher’s exact test
for categorical variable comparisons (the latter for low
frequency variables when one variable has n<5) [8] and
t-tests or non-parametric tests for comparing continuous
variables (e.g. Wilcoxon signed rank sum test). All analy-
ses were performed using STATA 17.0 statistical software
(STAT Corp., College Station, TX) [9].

Results

The final sample consisted of 47 male patients with severe
haemophilia A, 28% (n=13) receiving on-demand treat-
ment and 72% (n=34) receiving prophylaxis treatment.
A flow diagram of patient numbers is presented in Fig. 1.

Baseline characteristics

The baseline characteristics of the patients are pre-
sented in Table 1 by the BPA therapy subgroups. Age at
time of most recent inhibitor averaged of 10.6 years (SD:
4.5) with similar subgroup mean ages for both BPA Px
(10.6 years, SD: 4.7) and BPA OD (10.5 years, SD: 4.1).
Most participants were of white ethnicity with 90% for
the BPA Px group and 92% for the BPA OD sample. A
difference was seen between the samples in reporting
a family history of an inhibitor with the BPA Px sample
reporting 45% and BPA OD reporting 62%, however this
was not statistically significant.

Eligible patients from a haemophilia
treatment centre

in the UK in Germany
(n=17) (n=30)
Total sample size of eligible patients
recruited
E— (n=47)
*Reduced sample (n = 44)

Total sample size by
Prophylactic BPA therapy

Total sample size by

v

A

(n = 34)

*Reduced sample {(n = 31)

On-Demand BPA therapy
(n=13)

Fig. 1 Flow Diagram of patient numbers. n (Sample size), UK (United Kingdom), BPA (Bypassing Agents). Total Sample size by prophylactic BPA

therapy varies in the results due to missing data
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Table 1 Summary baseline characteristics of participants with severe haemophilia A by treatment regimen

Baseline characteristics

Sample size as above unless stated otherwise in the table

BPA treatment type Total Statistical significance
Prophylactic (n =34) On-demand (n=13) n=47 p-value* (<0.05)

Gender n (%)

Male 34 (100) 13 (100) 47 (100)
Country, n (%)

Germany 20 (59) 10 (77) 30 (64)

UK 10 (41) 3(23) 17 (36)
Ethnicity, n (%)

White 30 (90) 12(92) 42 (90)

Black 309 0(0) 3(6)

Mixed (1) 1(8) 24
Age most recent inhibitor (years), mean =+ SD 10647 105441 10645 0.952
Family history of an inhibitor, n (%) n=33 n=13 n=46

Yes 15 (45) 8(62) 23 (50) 0326

No 18 (55) 5(38) 23 (50)
Bleeding events in last 12 months prior to most ~ n=31 n=13 n=44 0.349
recent inhibitor, mean +SD 19+£14 14+£1.1 1.7£12
Joint bleeding events in last 12 months priorto  n=31 n=13 n=44 0914
most recent inhibitor, mean +SD 14+£14 12+£10 13+£12
Target joints, n (%)

Yes 31.091) 13 (100) 44 (94)

No 3(9) 0(0) 3(6) 0.369
Problem joints, n (%)

Yes 31(91) 13(100) 44 (94)

No 309 0(0) 3(6) 0.369
Frequency of target joints, mean & SD 6.8+43 9.1+£34 74141 0.059
Frequency of problem joints, mean £ SD 6.6+43 86+3.5 72441 0.131

n Sample size; mean Average value; SD Standard deviation; IT/ Immune tolerance induction; BPA Bypassing agent

*p-value < 0.05 (statistically significant)

The most common reason for an inhibitor devel-
oping was related to regular prophylaxis for the BPA
Px cohort (n=10, 30%) and for the BPA OD cohort
the most common reason for an inhibitor developing
remained unknown (=6, 47%), followed by surgical
procedure (n=3, 23%) as presented in Fig. 2. Overall,
most patients reported being diagnosed once (n=33,
72%) indicating this was their first inhibitor, whereas
28% respondents reported being diagnosed more than
once in their lifetime (n=13, 28%) therefore having a
separate inhibitor prior to their most recent. For the
BPA Px subgroup 76% (n=25) of the prophylaxis were
diagnosed with inhibitor once and for the on-demand,
62% (n=28) were diagnosed with inhibitor once in their
lifetime.

On average, prior to most recent inhibitor, there
were 1.9 bleeding events in last 12 months for the BPA
Px cohort (=31, SD: 1.4) compared to 1.4 bleeding
events in last 12 months for BPA OD cohort (n=13,

SD: 1.1). Similarly, the BPA Px group had on average 1.4
joint bleeding events in last 12 months (n =31, SD: 1.4)
prior to most recent inhibitor whereas BPA OD had
an average of 1.2 (n=13, SD: 1.2). Overall, 94% of the
respondents reported having target joints and problem
joints, with 91% (n=31) and 100% (n=13) respectively
for the BPA Px and BPA OD cohorts. Overall, the mean
frequency of target joint locations for respondents was
7.4 (n=47, SD: 4.1), with a mean of 6.8 (n=134, SD: 4.3)
for the BPA Px sample and 9.1 (n=13, SD: 3.4) for the
BPA OD sample. The mean frequency of problem joints
was lower in comparison to target joints, with 7.2 (SD:
4.1) overall, and 6.6 (SD: 4.3) for BPA Px and 8.6 (SD:
3.5) for BPA OD.

Clinical effectiveness outcomes

The clinical effectiveness of ITI alongside BPA (Px or OD)
and BPA (Px or OD) only for treatment of the most recent
inhibitor are presented in Table 2. On average, during ITI
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I

BPA OD

Therapy type

m Peak treatment moment = Major peak treatment

1 Regular prophylaxis

Dosage of factor FVII

= Surgical procedure

Unknown

Fig. 2 Reason for development of most recent inhibitor by BPA therapy. BPA (Bypass Agent), BPA Px (Bypass Agent Prophylaxis), BPA OD (Bypass

Agent On-Demand)

treatment, bleeding events of any type and of any sever-
ity occurred 1.4 times (n=44, SD: 1.3), with an average
of 1.5 (n=31, SD: 1.5) and 1.2 (n=13, SD: 1.2) for ITI
BPA Px and ITI BPA OD respectively. Compared to only
BPA therapy we see there was an average of 2.8 bleed-
ing events reported overall, with 3.4 bleeding events for
the BPA Px (#=31, SD: 5.5) and 1.4 events (n=13, SD:
0.8) for the BPA OD during the inhibitor. Joint bleeding

events occurred 1.2 times overall (=44, SD: 1.6), with
an average of 1.3 (n=31, SD: 1.8) and 1.1 (n=13, SD: 0.8)
during ITI BPA Px and ITI BPA OD respectively. In com-
parison to BPA only, joint bleeding events of any sever-
ity averaged 2.1 times overall (n=44, SD: 3.6) with 2.5
(n=31, SD: 4.2) and 1.2 (n=13, SD: 0.8) for BPA Px and
BPA OD respectively.

Table 2 Clinical effectiveness of BPA during [Tl therapy of patients with severe haemophilia A by treatment type

Clinical Outcomes during ITl alongside BPA Outcomes during BPA only

effectiveness
BPA treatment type Total Statistical BPA treatment type Total Statistical

significance significance

Prophylactic On-demand n=44 p-value* (<0.05) Prophylactic On-demand n=44 p-value* (<0.05)
(n=31) (n=13) (n=31) (n=13)

Bleeding events 1.5£15 12408 14£13 0830 344£55 14+£08 28+47 0.191

(any type and of any

severity), mean & SD

Jointbleeding events 13418 1.1+£08 12+£16 0746 25+42 12+£08 21+36 0631

(of any severity),
mean +SD

n Sample size; mean Average value; SD Standard deviation; IT/ Immune tolerance induction; BPA Bypassing agent

*p-value < 0.05 (statistically significant)
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Hospital resource utilisation

Healthcare resource utilisation prior to inhibitor com-
pared to during ITT alongside BPA therapy is presented in
Fig. 3. Overall, in the 12 months prior to the most recent
inhibitor, the number of hospitalisations relating to hae-
mophilia was 1.4 times (n=44, SD: 1.2). Patients who
received BPA Px during an inhibitor were hospitalised
1.6 times (n=31, SD: 1.3). Whereas those who received
BPA OD during an inhibitor were hospitalised 1.0 time
(n=13, SD: 1.1). Inpatient length of stay was consist-
ent between the two cohorts with an average of around
3.8 days (n=44, SD: 4.0). During an inhibitor and receiv-
ing ITI alongside BPA therapy, there was on average 1.25
(n=44, SD: 1.5) hospitalisations, with an average of 1.48
(n=31, SD: 1.7) for the ITI BPA Px cohort and an average
of 0.69 (n=13, SD: 0.7) for the ITI BPA OD cohort. Inpa-
tient stay in days was consistent between the two cohorts
and overall, with an average of around 3.0 days (n=44,
SD: 3.5).

Discussion

This investigator-initiated retrospective chart review
study aimed to examine the efficacy of BPA therapy
administered prophylactically or on-demand, in a real-
world context, concomitant with ITI treatment for an
inhibitor to FVIII replacement therapy in patients with
severe haemophilia A.

This study compared key baseline characteristics of
the BPA therapy subgroups of Px and OD for the treat-
ment of BPA during ITI and BPA only. The baseline
demographic characteristics were overall similar but dif-
ferences were seen in the disease characteristics across
groups. Specifically, a difference was seen between the
samples in reporting a family history with the BPA Px
cohort (45%) having a much lower percentage compared
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to the BPA OD cohort (62%). In addition, the reason for
inhibitor development varied and bleeding events prior
to their most recent inhibitor were consistently higher
on average for the BPA Px cohort than for BPA OD (1.9
vs 1.4 bleeds). The study highlighted that prior and dur-
ing an inhibitor event, bleeding episodes were also higher
during BPA Px therapy compared to BPA OD regardless
of BPA therapy alongside ITT (1.5 vs 1.2 bleeds) or BPA
treatment only (3.4 vs 1.4 bleeds). However, when com-
paring the BPA Px cohort with and without ITI during an
inhibitor the results show a significant reduction in bleed
events using ITI alongside BPA Px (1.5 vs 3.4 bleeds).
Related-hospitalisations rates were also higher for BPA
Px than BPA OD at baseline (1.6 vs 1.0 visits) and during
their most recent inhibitor (1.4 and 0.6 visits).

Although the results of this study show that the proph-
ylaxis cohort had the highest bleed rates, other stud-
ies in the literature indicate different outcomes. One
study reported the bleeding rates of prophylaxis and
on-demand cohorts with BPA for six months, and found
that with the prophylaxis BPA cohort bleeding rates were
significantly reduced compared to the on-demand cohort
[10]. Similarly, according to the literature, patients with
Haemophilia A and inhibitors to FVIII who experience
acute bleeding events during ITI and are managed with
on-demand bypassing therapies will almost inevitably
lead to the development and/or worsening of haemo-
philic arthropathy [11]. Looking at the baseline results
of the patients in this study, the prophylaxis cohort had
higher mean bleeding and joint bleeding events prior
to the most recent inhibitor (as shown in Table 1). This
could partially explain the higher bleeding averages for
the prophylaxis cohort in comparison to the on-demand
treatment group.

12 months Prior During [T
Hospitalisations

BPAOD

Fig. 3 Resource utilisation in terms of inpatient stays and hospitalisations prior to inhibitor and during [Tl by BPA therapy cohorts. T/ (Immune
Tolerance Induction), BPA (Bypass Agent), BPA Px (Bypass Agent Prophylaxis), BPA OD (Bypass Agent On-Demand)
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There is limited literature available that specifically
evaluates the use of prophylaxis with BPA prior to or
while patients are receiving ITI and to the authors’ best
knowledge, no comparative trials of bypassing agents
used as prophylaxis in patients with Haemophilia A and
inhibitors to FVIII are currently available in the litera-
ture. Evidence from the study data that is available has
demonstrated that concomitant administration of BPA
prophylaxis during ITT leads to a decrease in bleeding
events [11-13]. Published case reports second this by
providing evidence of successful use of prophylaxis in
patients prior to or during ITI, contradictory to our find-
ings. [11, 14-22].

It is important to understand the results of this study
within the context of existing evidence. It is likely that the
treatment pathway of BPA concomitant with ITI is pro-
vided to patients of a greater severity, therefore it could
be inferred that this study’s results show more severe out-
comes for BPA in comparison to ITI as this higher level
of severity may act as a confounder for the analysis. This
is mirrored in the outcomes between the prophylaxis and
on-demand cohorts. Additionally, patients have been
found to have less predictable responses to bypassing
agents compared with factor replacement therapy and
some inhibitor patients respond better to some bypass
agents compared to others during serious bleed events
[11, 23]. So, although it can be inferred that this study
shows that the treatment pathway of BPA concomitant
with ITT results in a higher bleeding and joint bleed-
ing rate on average during treatment for an inhibitor to
FVIII replacement therapy, there are multiple contextual
factors to take into consideration that may support the
opposite claim.

Strengths and limitations
There is a continued need to clarify and understand the
optimal treatment pathway for patients with Haemo-
philia A, and the role of BPA using evidence from real
world practice. This study helps to understand the clini-
cal value of BPA prophylaxis during ITI and therefore
contributes evidence for an area of limited research. The
real-world data generated through the course of this non-
interventional research study will help fill a gap in the
current evidence base and will contribute to efforts to
optimise therapeutic approaches in severe haemophilia.
There are inherent limitations related to the retrospec-
tive observational chart reviews of this study; this meth-
odology could only provide a retrospective insight into
the treatment pathways by reviewing. Although ITI has
been demonstrated to have a response rate of 50-75%, it
requires long term infusion and can take years to show
its effect on clinical outcomes [24]. Future research in the
form of a longitudinal study may capture the full patient
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story and the long-term efficacy of BPA concomitant
with ITI treatment better. As this was a descriptive com-
parison, controlling for confounding variables and use of
more sophisticated statistical methods should be consid-
ered in future work. Furthermore, due to Haemophilia
being a rare condition, this study was limited by sample
size in our subgroup analysis. There was a large difference
in sample size between subgroups (n=31 vs n=13) as
the prophylaxis group had more than double the sample
size of the on-demand group. The small sample has likely
led to most outcomes being not statistically significant.

Conclusion

Our findings indicated that patients with BPA therapy
administered prophylactically or on-demand, concomi-
tant with ITT treatment for an inhibitor to FVIII replace-
ment therapy reduced bleeding events compared to BPA
treatment only. A future longitudinal study would best
capture the long-term efficacy of BPA concomitant with
ITI treatment. Although Haemophilia A is a rare con-
dition, if possible, a larger more equitable sample size
between the prophylaxis and on-demand cohorts span-
ning a larger recruitment window may provide more sta-
tistically significant results and an accurate depiction of
the efficacy of the treatment pathways.

Abbreviations

BPA Bypassing agent

Fviil Factor ViIl

HTC Haemophilia treatment centre
Tl Immune tolerance induction
Mean Average value

N Sample size

oD On demand

Px Prophylactic

SD Standard deviation

Acknowledgements

The authors thank Abi Lishman (HCD Economics) and Sohaib Asghar (HCD
Economics) for their time and effort with supporting the project and interpre-
tation of the results.

Author contributions

JO and AF contributed to the concept and design. JO, AF, GM and EB per-
formed the research. EB, DR and GM analysed the data. All authors contrib-
uted to interpreting the data and writing of the paper. All authors read and
approved the final manuscript.

Funding
Funded via Investigator-Initiated Research Grant (No. lISR-2018-104273) from
Baxalta GmbH, an indirect wholly owned subsidiary of Takeda.

Availability of data and materials
All data relevant to the study are included in the article or uploaded as sup-
plementary information.



Morgan et al. Orphanet Journal of Rare Diseases (2023) 18:47

Declarations

Ethics approval and consent to participate

Ethical approval to report this case was obtained from the Research Ethics
Sub-committee of the Faculty of Health and Social Care within the University
of Chester. Informed consent for patient information to be published in this
article was not obtained because the study only accessed patient medical
records to collect retrospective data and no personally identifiable data, there
will be no way of connecting the data collected with the patients and hence
no reason for contact with patients.

Consent for publication
Not Applicable.

Competing interests

GM, EB, DR and JOH are employees of HCD Economics, and received funding
via Investigator-Initiated Research grant (no. ISR-2018-104273) from Baxalta
GmbH, an indirect wholly owned subsidiary of Takeda.

Author details
"HCD Economics, The Innovation Centre, Keckwick Lane, Daresbury WA4 4FS,
UK. ?Faculty of Health and Social Care, University of Chester, Chester, UK.

Received: 2 September 2022 Accepted: 27 February 2023
Published online: 07 March 2023

References

1. Cormier M, Batty P, Tarrant J, Lillicrap D. Advances in knowledge of inhibi-
tor formation in severe haemophilia A. Br J Haematol. 2020;189(1):39-53.
https://doi.org/10.1111/bjh.16377.

2. Kloosterman F, Zwagemaker AF, Abdi A, Gouw S, Castaman G, Fijnvan-
draat K. Hemophilia management: huge impact of a tiny difference. Res
Pract Thromb Haemost. 2020;4(3):377-85. https://doi.org/10.1002/rth2.
12314,

3. Marchesini E, Morfini M, Valentino L. Recent advances in the treatment of
hemophilia: a review. Biologics. 2021;15:221-35. https://doi.org/10.2147/
BTT.5252580.

4. Wight J, Paisley S. The epidemiology of inhibitors in haemophilia A: a sys-
tematic review. Haemophilia. 2003;9(4):418-35. https://doi.org/10.1046/].
1365-2516.2003.00780.X.

5. Giangrande PLF, Hermans C, O'Mahony B, et al. European principles of
inhibitor management in patients with haemophilia. Orphanet J Rare Dis.
2020;15(219):1-6. https://doi.org/10.1186/513023-018-0800-z.

6. Jiménez-YusteV, Auerswald G, Benson G, et al. Practical considerations for
nonfactor-replacement therapies in the treatment of haemophilia with
inhibitors. Haemophilia. 2021;27(3):340-50. https://doi.org/10.1111/hae.
14167.

7. Oldenburg J, Shima M, Kruse-Jarres R, et al. Outcomes in children with
hemophilia A with inhibitors: results from a noninterventional study.
Pediatr Blood Cancer. 2020;67(10):1-10. https://doi.org/10.1002/pbc.
28474,

8. Kim HY. Statistical notes for clinical researchers: Chi-squared test and
Fisher's exact test. Restor Dent Endod. 2017;42(2):152. https://doi.org/10.
5395/RDE.2017.42.2.152.

9. StataCorp. Stata Statistical Software: Release 17. Published online 2021.

10. Leissinger C, Gringeri A, Antmen B, et al. Anti-inhibitor coagulant
complex prophylaxis in hemophilia with inhibitors. N Engl J Med.
2011;365(18):1684-92. https://doi.org/10.1056/NEJMOA1104435.

11. Carpenter SL, Khair K, Gringeri A, Valentino LA. Prophylactic bypassing
agent use before and during immune tolerance induction in patients

with haemophilia A and inhibitors to FVIIl. Haemophilia. 2018;24(4).570-7.

https://doi.org/10.1111/hae.13534.

12. LivnatT, Martinowitz U, Azar-Avivi S, et al. Combined administration of
FVIII and rFVila improves haemostasis in haemophilia A patients with
high-responding inhibitors: a thrombin generation-guided pilot study.
Haemophilia. 2013;19(5):782-9. https://doi.org/10.1111/HAE.12181.

13. Klintman J, Astermark J, Berntorp E. Combination of FVIIl and by-passing
agent potentiates in vitro thrombin production in haemophilia A

Page 8 of 8

inhibitor plasma. Br J Haematol. 2010;151(4):381-6. https://doi.org/10.
1111/J.1365-2141.2010.08378.X.

14. Blatny J, Kohlerova S, Zapletal O, Fiamoli V, Penka M, Smith O. Prophylaxis
with recombinant factor Vlla for the management of bleeding episodes
during immune tolerance treatment in a boy with severe haemophilia A
and high-response inhibitors. Haemophilia. 2008;14(5):1140-2. https://
doi.org/10.1111/J.1365-2516.2008.01767 X.

15. Brackmann HH, Gormsen J. Massive factor-VIll infusion in haemophiliac
with factor-Vlll inhibitor, high responder. Lancet. 1977;2(8044):933.
https://doi.org/10.1016/50140-6736(77)90871-6.

16. Brackmann HH, Oldenburg J, Schwaab R. Immune tolerance for the
treatment of factor VIIl inhibitors-twenty years“bonn protocol”Vox Sang.
1996;70(Suppl 1):30-5. https://doi.org/10.1111/J.1423-0410.1996.TB013
46.X.

17. Carcao MD, Connolly BL, Chait P, et al. Central venous catheter-related
thrombosis presenting as superior vena cava syndrome in a haemophilic
patient with inhibitors. Haemophilia. 2003;9(5):578-83. https://doi.org/10.
1046/J.1365-2516.2003.00791 X.

18. DiMichele D, Négrier C. A retrospective postlicensure survey of FEIBA
efficacy and safety. Haemophilia. 2006;12(4):352-62. https://doi.org/10.
1111/J.1365-2516.2006.01284.X.

19. Faradji A, Lavigne-Lissalde G, Grunebaum L, Desprez D, Feugeas O,
Lapalud P. Late immune tolerance induction in an adult with severe hae-
mophilia A and high-responder inhibitor: 1-year outcome. Haemophilia.
2012. https://doi.org/10.1111/J.1365-2516.2012.02870.X.

20. Kreuz W, Ehrenforth S, Funk M, et al. Immune tolerance therapy in
paediatric haemophiliacs with factor VIl inhibitors: 14 years follow-up.
Haemophilia. 1995;1(1):24-32. https://doi.org/10.1111/J.1365-2516.1995.
TB00036.X.

21. Leissinger CA, Becton DL, Ewing NP, Valentino LA. Prophylactic treatment
with activated prothrombin complex concentrate (FEIBA) reduces the
frequency of bleeding episodes in paediatric patients with haemophilia
A and inhibitors. Haemophilia. 2007;13(3):249-55. https://doi.org/10.
1111/J.1365-2516.2007.01442.X.

22. Sholzberg M, Floros G, Teitel J. Successful immune tolerance induc-
tion with von Willebrand factor containing concentrate in an adult
with haemophilia A and chronic inhibitor: a case study. Haemophilia.
2016;22(2):2104-6. https://doi.org/10.1111/HAE.12871.

23. Lacroix-Desmazes S, Voorberg J, Lillicrap D, Scott DW, Pratt KP. Tolerating
factor VIII: recent progress. Front Immunol. 2020;10(January):1-20. https://
doi.org/10.3389/fimmu.2019.02991.

24. Gelbenegger G, Schoergenhofer C, Knoebl P, Jilma B. Bridging the
missing link with emicizumab: a bispecific antibody for treatment of
hemophilia A. Thromb Haemost. 2020;120(10):1357-70. https://doi.org/
10.1055/5-0040-1714279.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/bjh.16377
https://doi.org/10.1002/rth2.12314
https://doi.org/10.1002/rth2.12314
https://doi.org/10.2147/BTT.S252580
https://doi.org/10.2147/BTT.S252580
https://doi.org/10.1046/j.1365-2516.2003.00780.x
https://doi.org/10.1046/j.1365-2516.2003.00780.x
https://doi.org/10.1186/s13023-018-0800-z
https://doi.org/10.1111/hae.14167
https://doi.org/10.1111/hae.14167
https://doi.org/10.1002/pbc.28474
https://doi.org/10.1002/pbc.28474
https://doi.org/10.5395/RDE.2017.42.2.152
https://doi.org/10.5395/RDE.2017.42.2.152
https://doi.org/10.1056/NEJMOA1104435
https://doi.org/10.1111/hae.13534
https://doi.org/10.1111/HAE.12181
https://doi.org/10.1111/J.1365-2141.2010.08378.X
https://doi.org/10.1111/J.1365-2141.2010.08378.X
https://doi.org/10.1111/J.1365-2516.2008.01767.X
https://doi.org/10.1111/J.1365-2516.2008.01767.X
https://doi.org/10.1016/S0140-6736(77)90871-6
https://doi.org/10.1111/J.1423-0410.1996.TB01346.X
https://doi.org/10.1111/J.1423-0410.1996.TB01346.X
https://doi.org/10.1046/J.1365-2516.2003.00791.X
https://doi.org/10.1046/J.1365-2516.2003.00791.X
https://doi.org/10.1111/J.1365-2516.2006.01284.X
https://doi.org/10.1111/J.1365-2516.2006.01284.X
https://doi.org/10.1111/J.1365-2516.2012.02870.X
https://doi.org/10.1111/J.1365-2516.1995.TB00036.X
https://doi.org/10.1111/J.1365-2516.1995.TB00036.X
https://doi.org/10.1111/J.1365-2516.2007.01442.X
https://doi.org/10.1111/J.1365-2516.2007.01442.X
https://doi.org/10.1111/HAE.12871
https://doi.org/10.3389/fimmu.2019.02991
https://doi.org/10.3389/fimmu.2019.02991
https://doi.org/10.1055/s-0040-1714279
https://doi.org/10.1055/s-0040-1714279

	Assessing the value of bypassing agent therapy used prophylactic versus on-demand, during immune tolerance induction for treatment of inhibitors: a retrospective chart review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Data source and cohort collection
	Eligibility criteria
	Outcomes
	Statistical methods for analysis

	Results
	Baseline characteristics
	Clinical effectiveness outcomes
	Hospital resource utilisation

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


