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Abstract

Introduction: Haemophilia A care has changed with the introduction of emicizumab.

Experience on the youngest children is still scarce and clinical practice varies between

haemophilia treatment centres.

Susanna Ranta, JayashreeMotwani, Nadine G. Andersson Christoph Königs contributed equally to this article.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2023 The Authors.Haemophilia published by JohnWiley & Sons Ltd.

Haemophilia. 2023;1–8. wileyonlinelibrary.com/journal/hae 1

https://orcid.org/0000-0001-7854-0371
https://orcid.org/0000-0001-5350-1763
https://orcid.org/0000-0001-7126-6613
https://orcid.org/0000-0002-1279-2557
https://orcid.org/0000-0003-0145-4736
https://orcid.org/0000-0002-4843-7805
https://orcid.org/0000-0001-6434-6244
https://orcid.org/0000-0001-6058-8350
mailto:susanna.ranta@ki.se
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/hae
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhae.14847&domain=pdf&date_stamp=2023-08-30


2 RANTA ET AL.

Funding information

PedNet Hemophilia Research Foundation and

MHCZ-DRO, Grant/Award Number: FNBr

65269705

Aim:Weaimed toassess the current clinical practiceonemicizumabprophylaxiswithin

PedNet, a collaborative research platform for paediatricians treating children with

haemophilia.

Methods: An electronic survey was sent to all PedNet members (n = 32) between

October 2022 and February 2023. The survey included questions on the availability

of emicizumab, on the practice of initiating prophylaxis in previously untreated ormin-

imally treated patients (PUPs orMTPs) and emicizumabuse in patientswith orwithout

inhibitors.

Results:All but four centres (28/32; 88%) responded. Emicizumabwas available in clin-

ical practice in 25/28 centres (89%), and in 3/28 for selected patients only (e.g. with

inhibitors). Emicizumab was the preferred choice for prophylaxis in PUPs or MTPs in

20/25 centres; most (85%) started emicizumab prophylaxis before 1 year of age (30%

before 6months of age) andwithout concomitant FVIII (16/20; 80%). After the loading

dose, 13/28 centres administered the recommended dosing, while the others adjusted

the interval of injections to givewhole vials. In inhibitor patients, theuseof emicizumab

during ITI was common, with low-dose ITI being the preferred protocol.

Conclusion: Most centres choose to initiate prophylaxis with emicizumab before 12

months of age and without concomitant FVIII. In inhibitor patients, ITI is mostly given

in addition to emicizumab, but there was no common practice on how to proceed after

successful ITI.
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children, emicizumab, inhibitors, ITI, PUPs, survey

1 INTRODUCTION

Haemophilia care is rapidly evolving with emerging treatment options

including extended half-life (EHL) factor concentrates, non-factor

replacement therapies and gene therapy. Emicizumab, a recombinant

bispecific monoclonal antibody that mimics the function of factor VIII

(FVIII), is the first licensedandnowwidely availablenon-factor replace-

ment therapy.1 Inmost countries, emicizumabwas first used in patients

with persisting inhibitors as prophylaxis with good protection from

bleeds.2

The data on emicizumab in previously untreated patients (PUPs)

and minimally treated patients (MTPs) is scarce. A case series on four

infants on emicizumab was published3 and, very recently and, very

recently, the interim analysis of HAVEN 7 (NCT04431726), were pub-

lished as an abstract and demonstrated the safety and efficacy of

emicizumab in a relatively small number of children under the age of

12months with severe haemophilia A.4

Several issues remain unanswered in the use of emicizumab in PUPs

and MTPs. First, when to start emicizumab prophylaxis. Early start

during the first 3 months of life has been motivated by the risk of

intracranial bleeding, but there has been concern that the physiologi-

cally low FIX in the first months of life may limit the effectiveness of

emicizumab. Moreover, not all patients are diagnosed early, and the

highest risk of intracranial bleeding is at the time of delivery when

emicizumab will not yet have been commenced.5,6 Also, the issue of

vial sizes and whether to use whole vials in neonates and very young

children is not resolved.

Second, should PUPs and MTPs receive concomitant FVIII to

achieve tolerance and avoid inhibitor development or will this prove

disadvantageous. In severe haemophilia A, inhibitors develop in

approximately 30% of patients within the first 50 exposure days (ED)

to FVIII.7 Several studies investigating the concomitant use of emi-

cizumab and FVIII have been initiated but no data are showing if

parallel administration of FVIII for example, the first 20−50 EDs and

stopping thereafter is protective against inhibitor development. Such

a practice carries significant burden to very young children due to the

need for regular intravenous injections and frequent inhibitor testing.

Third, in case of inhibitor development PUPs or MTPs, a decision

needs to bemade if it is still warranted to attempt inhibitor eradication

through immune tolerance induction (ITI). The potential advantages of

inhibitor eradication include being able to use FVIII in the future for

treating bleeds and undertaking surgery, to provide greater level of

protection during sport activities, and to allow future access to gene

therapy. Consequently, most haemophilia treaters today still advocate

for offering ITI, yet many patients/caregivers are declining to under-

take it due to the burdens of ITI. Furthermore, it is unclear how to

proceed if ITI is successful and tolerance is achieved; will patients need

to remain on regular FVIII exposure long-term negating many of the

 13652516, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hae.14847 by U

niversität B
ern, W

iley O
nline L

ibrary on [30/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



RANTA ET AL. 3

benefits of being on subcutaneously administered emicizumab. We

face the samedilemma inpatientswithpreviously eradicated inhibitors

after initiating emicizumab. With the cessation of regular FVIII injec-

tions, when FVIII is administered intermittently for acute bleeds, there

are concerns regarding loss of tolerance and inhibitor recurrence.

To assess the current views and practices in implementing emi-

cizumab prophylaxis in children with haemophilia A with and without

inhibitors, we conducted a survey in paediatric haemophilia treatment

centres participating in the PedNet (Pediatric Network on hemophilia

management, see appendix).

2 METHODS

ThePedNetRegistry (NCT02979119) is a collaborative research group

for pediatricians treating children with haemophilia with members

across Europe, Canada and Israel.8 The Registry includes > 2800 chil-

dren with haemophilia. At the time of data collection, 32 haemophilia

treatment centres in 18 countries were actively participating in the

PedNet Registry. An electronic survey was sent to members of all Ped-

Net centers inOctober 2022with thepossibility of reply until February

2023. The survey included questions on availability of emicizumab as

well as the local practice of initiating prophylaxis in PUPs, including age

at start of prophylaxis, emicizumab regimen and concomitant use of

FVIII as well as use of emicizumab in patients with current or previous

inhibitors. The complete survey is provided in Supplementary file 1.

3 RESULTS

In total, 28 of 32 (88%) PedNet centres from 18 countries responded.

3.1 Availability

Emicizumab was available as part of routine clinical care in non-

inhibitor and inhibitor patients in 25/28 centers (89%); in 1/28 centres

for patients with difficult venous access or inhibitors or in a clinical

trial; in 2/28 centres for patients in clinical trials or with inhibitors

only (Figure 1). Most centres (16/27; 59%, missing n = 1) used emi-

cizumab for severe haemophilia A only, eight (30%) were able to use

emicizumab on patients with severe or moderate haemophilia A and

three (11%) centres could use emicizumab in haemophilia A patients

of all severities.

3.2 Initiating treatment for PUPs or MTP

Of the 25 centres able to use emicizumab for prophylaxis in patients

without inhibitors, 20 (80%) used emicizumab to initiate prophylaxis in

PUPs or MTPs. The age of start of prophylaxis with emicizumab var-

ied, but 17/20 (85%) of centres started before the age of 12 months:

eleven (55%) centres started between 6 and 12 months; four (20%)

centres between3 and6months, and two centres (10%) started before

the age of 3 months. Three centres (15%) waited until after 12 months

to start emicizumab prophylaxis. All but two centers used the loading

dose according to the drug label, one started with once monthly and

anotherwithout a loading dose. At the initiation of emicizumab inPUPs

or MTPs, only 4 of the 20 (20%) centres gave concomitant FVIII to all

patients with the goal of achieving tolerance: two centres gave FVIII

once a week up to 75 EDs, whilst two centres gave it every other week

up to 20−50 EDs. An additional centre gave concomitant FVIII every

other week up to 20−50 EDs to selected patients considered to be

at high risk for inhibitor development and one centre to patients with

good venous access. All but two centres tested patients for inhibitor

development to FVIII, either regularly or after exposure to FVIII.

3.3 Emicizumab prophylaxis after the loading
period

The regimen for prophylaxis after the loading phase varied, with 15/28

centres administering entire vials, while 13/28 administered the exact

recommended dose. The preferred interval for most centres (13/28)

was every other week; seven centres mainly used once-a-week admin-

istration, and eight centres adjusted the interval depending on the vial

size and weight of the patients. One centre continued concomitant

FVIII to selected non-inhibitor patients playing high level of sports.

Emicizumab concentration levels were measured regularly in 16 cen-

tres, in two of these only after the loading period. Strategies in case

of FVIII inhibitor development under emicizumab are presented in

Figure 2.

3.4 Emicizumab prophylaxis in patients during ITI

Twenty-four or 28 centres responded that they offered ITI to patients

with inhibitors. Twenty-three of 24 (96%) centres used emicizumab

during ITI for bleed prophylaxis: 13 centres used concomitant emi-

cizumab during ITI for all patients, five for some patients depending

on their inhibitor titre, four for some patients depending on their

bleeding phenotype and one centre was undecided as the situation

had not occurred yet. The approach to ITI varied depending on the

inhibitor titre, butmost centres favored low-dose ITI for all but the very

high inhibitor titres (> 200 BU) in whom daily high-dose ITI was still

favoured (Table 1). It should be noted that most centers would advo-

cate for ITI particularly in children with inhibitor titers of 5−40 and

40−200 BU/mL with a much lower proportion of centres advocating

for ITI in children with inhibitor titres < 5 or > 200 BU/mL. Of centres

using emicizumabprophylaxis during ITI,mostwould use the FVIII con-

centrate that caused the inhibitor (n = 12/23) for ITI, while six would

choose extended half-life FVIII, four favoured plasma derived FVIII and

one standard half-life recombinant FVIII. Reasons for considering ITI

unsuccessful resulting in cessation of ITI (with continuation of emi-

cizumab) varied: no success after 6–12months (n= 4), no success after

3 years (n= 3), difficulties with venous access (n= 4) or family’s wishes

(n = 4). In case of successful ITI, 19 centres would continue treatment
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Emicizumab available for HA
28/28

Part of clinical care 25/28 For selected HA pa ents only
3/28

With FVIII
4/20

Without FVIII
16/20

Used in PUPs/MTPs
20/25

Centers performing ITI
24/27

Always
13/22

Depending on
ter

5/22

Without
Emicizumab

1/24

With
Emicizumab

22/24

Depending on
bleeds
4/22

Uncertain
1/24

HA, hemophilia A; FVIII, factor VIII

F IGURE 1 Availability and use of emicizumab in the participating haemophilia centres.

Low- ter inhibitors

Con nue current treatment
with Emicizumab and

possibly FVIII, FVIIa for
bleeds
N=17

Con nue treatment
with Emicizumab and

start ITI, FVIIa for
bleeds

N=3

Uncertain or
missing

N=3

Con nue treatment with
Emicizumab only and stop

regular FVIII if given before,
FVIIa for bleeds

N=5

High- ter inhibitors

Strategy in case of inhibitor development under
prophylaxis with emicizumab

N=28

Con nue current treatment
with Emicizumab and

possibly FVIII, FVIIa for
bleeds

N=5

Uncertain or
missing

N=2

Con nue treatment with
Emicizumab only and stop

regular FVIII if given before,
FVIIa for bleeds

N=5

Con nue treatment
with Emicizumab and

start ITI, FVIIa for
bleeds
N=16

FVIII, factor VIII; rFVIIa, ac vated factor VII; ITI, immune tolerance induc on

F IGURE 2 Strategies in case of FVIII inhibitor development during emicizumab prophylaxis.

with emicizumab, 14 of them initially with regular injections of FVIII

and fivewith emicizumab prophylaxis only. Only one centrewould stop

prophylaxis with emicizumab and continue FVIII only, while another

centre would either continue emicizumab or switch to FVIII prophy-

laxis (unsure n = 2; missing n = 1). Seven of the 19 centres continuing

FVIII were planning to administer it initially once a week, two centres

would continue it everyotherweekand twocentres indicated that they

would continue FVIII two to three times a week.
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TABLE 1 Survey of PedNet centres on choice of ITI regimen in childrenwith inhibitors under emicizumab prophylaxis.

≥100 IU/kg once

daily

≥100 IU/kg twice

daily

30-99 IU/kg once

daily

>30-99 IU/kg 2-3

times/ wk Total no of centresa

Which ITI protocol do you use with emicizumab

in childrenwith low titer

inhibitors< 5 BU/mL

2 1 1 18 18

in childrenwith high

inhibitor titre≥5–40

BU/mL

8 0 3 15 20

in childrenwith high

inhibitor titre≥40–200

BU/mL

10 2 2 10 20

in childrenwith high

inhibitor titre> 200

BU/mL

9 5 0 7 17

TOTAL 19 8 6 31

aIt was possible to choosemore than one option.

4 DISCUSSION

In this PedNet survey, conducted at the end of 2022/start of 2023

involving 28 centres from the PedNet Registry across Europe, Canada

and Israel, we found that emicizumab in children—bothPUPs, PTPs and

childrenwith inhibitors—is broadly used. Themain treatment decisions

regarding emicizumab reached a majority: to start emicizumab as pro-

phylaxis in PUPs/MTPs, mainly between 6 and 12months, with loading

doses as per the drug label and regular checks for FVIII inhibitor devel-

opment and emicizumab levels. Concomitant administration of FVIII in

PUPswas rarely used. For inhibitor patients, ITI is still offered formost

patients together with emicizumab as bleed prophylaxis. Most cen-

tres preferred low-dose ITI. After successful ITI, most centres would

continue FVIII, but in variable dose regimens.

Introduction of emicizumab has transformed the lives of children

with FVIII inhibitors offering effective protection against bleeds. Fur-

ther, emicizumab treatment also offers significant benefits for severe

haemophilia A patients without inhibitors, such as stable protection

against bleeds corresponding to the level of protection seen in patients

with mild haemophilia, easy subcutaneous administration and infre-

quent dosing both of which lead to a reduced treatment burden. This

is reflected in the survey bymost centres using emicizumab as first line

prophylaxis treatment with the opportunity to start significantly ear-

lier than in traditional intravenous FVIII prophylaxis. Over the years,

prophylaxis with FVIII concentrates has started earlier; in the PedNet

centres, the median age for start of prophylaxis with coagulation fac-

tor concentrates in severe haemophilia A has decreased from 17.3 to

13.1 months over the last decades.9–11 However, an even earlier start

of FVIII prophylaxis is hamperedby theneed for intravenous injections,

which is extremely challenging in very young children. Although theuse

of central venous access devices (CVADs) may permit even younger

start of prophylaxis with factor concentrates the insertion of such

devices necessitates general anesthesia, leaves scars and such devices

are prone to thrombosis and/or infections. Starting emicizumab pro-

phylaxis avoids the need for CVAD and the issue of poor venous access

in young children. Almost all (85%) PedNet centres are choosing emi-

cizumab prophylaxis prior to 12 months of age; many are starting

before 6 months of age. However, long-term data on the effectiveness

and safety of early start of prophylaxis with emicizumab are lacking,

and FVIII might have functions beyond haemostasis, such as preserv-

ing bone mineral density.12 On the other hand, better protection of

bleeds with emicizumab could potentially influence joint health and

might even influence the risk for osteoporosis. In a case-series, Mason

and Young have summarized the pros and cons of emicizumab pro-

phylaxis including a reduced need for venipuncture and less parental

anxiety, but they stress the unknown efficacy in infants and unknown

risk of inhibitor development of this approach.3

Traditionally, haemophilia treaters have given whole vials of coag-

ulation factor concentrates to avoid medication waste and optimize

costs. Current dosing recommendations allow the use of emicizumab

once a week, every other week or every fourth week. In all cases, this

involves administering 6 mg/kg/over a 4-week (28-day) period. Yet,

some studies suggest that lower doses might be effective.13 Further-

more, slightly higher than recommended doses are not thought to lead

to safety issues. A previous study simulating pharmacokinetics sug-

gested that using whole vials with emicizumab is feasible.14 Also, it has

beenpublished that adjusting the interval of administering emicizumab

between 1 and 4 weeks while keeping the recommended weekly dose

leads to therapeutic plasma concentrations.15,16

Recognizing this some PedNet centres indicated that they are using

whole vials, which might result in patients slightly more or slightly

less than 6 mg/kg/over a 4-week period. However, data on pharma-

cokinetics in neonates and very young infants is lacking; therefore, no

guidelines for very young children exist and the pros and cons of using

whole vials or discardingemicizumab shouldbediscussedwith families.

After initiation of emicizumab in PUPs/MTPs, it is unclear if children

with severe haemophilia are at higher/lower/equal risk of inhibitor

development as theyarenotbeing regularly exposed toFVIII but rather

only in the setting of bleeds or surgery. However, the corollary is that

emicizumab prophylaxis commenced early will almost certainly lead
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to a significant reduction in exposure to FVIII leading to children only

reaching 20−50 EDs to FVIII at much older ages—hence, emicizumab

may delay or modify the development of FVIII inhibitors. Several clin-

ical trials (Emicizumab PUPs and Nuwiq ITI Study, NCT04030052 and

NAVIGATE trial; NCT05802836) aim to assess these questions.

Despite clinicians considering that routine concomitant FVIII treat-

ment along with emicizumab may be beneficial to prevent inhibitor

development, this approach is only practiced in a minority (4/20; 20%)

of PedNet centres. This is not surprising, given how difficult it is to give

regular intravenous injections of FVIII to very young children and the

additional cost of treatment on top of the emicizumab. Furthermore,

data on the efficacy of concomitant FVIII concentrates along with emi-

cizumab to achieve tolerance (i.e. avoid/decrease inhibitor incidence)

against FVIII is missing.

In case of inhibitor development, the Future of Immunotolerance

Treatment (FIT) group recommended several years ago to attempt

ITI at least once to eradicate inhibitors.17 In our survey, most Ped-

Net centres offered ITI and used emicizumab during ITI to prevent

bleeds. Evidence on ITIwith concomitant emicizumab is emerging,with

MOTIVATE (NCT04023019), NAVIGATE (NCT05802836) and the

Emicizumab PUPs and Nuwiq ITI Study (NCT04030052) addressing

this topic.18

Also, the question about maintenance of tolerance after successful

ITI without regular exposure to FVIII currently remains unanswered. It

is reasonable to assume that the risk of recurrence of inhibitors in pre-

viously tolerized patients when stopping regular FVIII exposure varies

depending on the historical inhibitor titers and time since ITI. In our

survey, most centres planned to maintain FVIII exposure with regular

FVIII injections after successful ITI, but practical experience is lacking,

for example regarding dose and frequency of FVIII injections. While

some centres stated that continued FVIII exposure was planned for a

limited time only, no set timewas generally defined.

5 CONCLUSION

In the absence of evidence-based guidelines for prophylaxis with emi-

cizumab in PUPs and use of emicizumab during and after ITI clinical

practices vary, but opinions fromPedNet centers showa rather concor-

dant approach and may help decision making in the meantime. While

ongoing clinical trials will hopefully shed some light on the open ques-

tions, there is still a need for large cohort studies and real-life data,

which can be obtained from large international registries.
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