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Abstract

Introduction: The development of inhibitors with factor VIII (FVIII) replacement ther-

apy is one of the most common and challenging complications of haemophilia A (HA)

treatment, jeopardising treatment efficacy and predisposing patients to high risks of

morbidity and mortality. The management of patients with inhibitors is particularly

challenging in countries where resources are limited.

Aim: To provide a comprehensive summary of the management of HA with inhibitors

while focusing on differences in practice between Western and non-Western coun-

tries and how resource scarcity can impact HA management, leading to suboptimal

outcomes in patients with inhibitors.

Methods: Summary of key evidence and regional expert opinion.

Results: We address, particularly, the diagnosis of and testing for inhibitors, as well

as the epidemiology of inhibitors, including incidence, prevalence and disease bur-

den. Secondly, we provide an overview of the current treatment landscape in HA with

inhibitors regarding the eradication of inhibitors with immune tolerance induction and

the treatment and prevention of bleeding with bypassing agents, non-factor replace-

ment agents and other experimental therapies. This is complemented with insights

from the authors around the applicability of, and challenges associated with, such

therapies in their settings of practice.

Conclusions:We conclude by proposing some key steps towards bridging the gaps in

the management of HAwith inhibitors in resource-limited countries, including: (1) the

collection of quality data that can inform healthcare reforms and policies; (2) improv-

ing disease knowledge among healthcare practitioners and patients with the aim of

standardising diseasemanagement across centres and (3) working towards promoting

equal access to HA care and therapies for everyone.
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1 INTRODUCTION

Replacement therapy with factor VIII (FVIII) concentrates is the stan-

dard of care for treating acute bleeding episodes and preventing

long-term bleeding in haemophilia A (HA).1–3 The development of

neutralising antibodies or inhibitors following treatment with FVIII

replacement therapy is one of the most common and challenging com-

plications of HA treatment,4 compromising the treatment’s haemo-

static efficacy and predisposing patients to high risks of morbidity and

mortality.5

Despite the availability of management standards for HA and the

recent development of multiple innovative therapeutic approaches

that can prevent or treat bleeding and reduce disease burden in

patients, such as extended half-life products, non-factor replacement

products and gene therapy, treatment of patients with inhibitors

remains particularly challenging in some countries owing to resource

constraints at both diagnostic and therapeutic levels, rendering inter-

national guidelines for care unfeasible and hardly achievable. In addi-

tion, there are limited data on experience with management options

in HA patients with inhibitors that can guide the development of local

recommendations in such resource-limited settings.

With this background, the aim of this review is to provide an

overview of the burden and management of HA with inhibitors while

summarising published data from Western and non-Western coun-

tries – particularly thosewhere authors have long-standing experience

(Italy, UK, Turkey, India and Egypt) – to allow comparisons between

standards of care (Table 1). The review will also feature insights from

the authors’ own experience and approach to management in the real-

life setting to uncover challenges and opportunities in different regions

and, finally, delineate areas of improvement in HA management to

achieve enhanced care in patients with inhibitors.

2 WHERE DO WE STAND?

2.1 Diagnosis and monitoring of inhibitors

Screening and testing for inhibitor development is an essential aspect

of any comprehensive haemophilia programme and allows timely and

adequate medical treatment and management of inhibitors; neverthe-

less, many centres around the world, particularly in countries with

limited resources, donot have inhibitor testing resources or expertise,6

or testing is too expensive to be performed regularly.

In our experience, patients in the UK are regularly evaluated, up to

four times a year, as part of a comprehensive programme to monitor

bleeding history, joint health, dental health andHIV status, among oth-

ers, which consequently allows routine screening and timely detection

of inhibitors. Likewise, in Italy, previously untreated patients (PUPs)

are evaluated every five exposure days (EDs) up to 50 EDs, as recom-

mended by the International Society on Thrombosis and Haemostasis

(ISTH) Scientific and Standardization Committee (SSC).7 Neverthe-

less, more physicians are initiating replacement therapy very early

nowadays, which is resulting in fewer bleeding episodes and wider

intervals between episodes; this warrants further evaluation and stan-

dardisation of the inhibitor development concept and, particularly,

inhibitor testing. In our experience in Egypt, routine inhibitor screening

is performed biannually following theWorld Federation of Hemophilia

(WFH) recommendations.6 In Turkey, the national inhibitor screening

programme was launched 15 years ago, and educational workshops

were set up for regional laboratory technicians. Nowadays, all centres

have expert laboratory technicians, and inhibitor screening and test-

ing is performed routinely in most of them every five EDs up to 50

EDs. Nevertheless, as in India, to avoid high testing costs, some cen-

tres provide cumulative screening tests by incubated mixing before

performing the Nijmegen-modified Bethesda assay (NBA) tests, which

are only conducted for confirmation of the mixing studies. In India,

inhibitor testing is performed opportunistically, only in patients who

do not respond to treatment. Mass inhibitor testing is sometimes car-

ried out with support from industry or in community-based camps and

provides only a snapshot of inhibitor status in the country. In addi-

tion, city-to-city variations and inequities in resource allocation exist

across India; therefore, very few laboratories have the capacity or even

the expertise to perform inhibitor testing. Furthermore, the major-

ity of these laboratories lack centralisation, which makes reliable and

standardised testing and reading evenmore challenging.

2.2 Incidence and prevalence of inhibitor
development

Given that one-third of inhibitors can be transient or successfully elim-

inated with appropriate treatment, the most accurate epidemiological

measure of inhibitor development usually comes from prospective

studies, including newly diagnosed PUPs, who are tested regularly for

thepresenceof inhibitors.Globally, such studies have reported a cumu-

lative incidence of inhibitor development in severe HA ranging widely

between 2% and 52%, with most commonly reported figures falling

between 20% and 40%.5,8–11

Data from non-Western countries are mainly based on cross-

sectional or retrospective studies. One recent study from Egypt

reported a 22% prevalence of FVIII inhibitors in patients with severe

HA,12 while another reported a prevalence of 12% in moderate to

severe disease.13 In turkey, a large recent study, including 657 patients

with severe HA, found 15.8% to be positive for inhibitors.14 Other

reports also indicated an overall inhibitor prevalence of around 14%

and a prevalence of 16.7% in patients with severe disease.15,16 Based

on our clinical observation, inhibitor incidence in severe HA ranges

between 15% and 20%,with almost 10%of PUPs developing inhibitors

with plasma-derived FVIIIs and 20%–25% with recombinants factors.

Findings from the Survey of Inhibitors in Plasma-Product Exposed

Toddlers (SIPPET) trial, demonstrating that rFVIII products were asso-

ciated with a higher risk of inhibitor development than plasma-derived

products in PUPs with HA,11 together with those from the national

Turkish registry, have led to updating of the Turkish haemophilia

guidelines17 to recommend the use of plasma-derived products

instead of recombinant ones. Nowadays, most Turkish paediatric
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TABLE 1 Summary of differences in standards of care and inhibitor management betweenWestern and non-Western countries as reported by
the authors

UK Italy Turkey India Egypt

Inhibitor

diagnosis and

testing

∙ Testing up to four

times a year
∙ Inhibitor screening is

part of a

comprehensive

haemophilia

programme allowing

routine screening and

timely detection of

inhibitors

∙ PUPs are

evaluated

every five EDs

up to 50 EDs

∙ Inhibitor screening and

testing is performed

routinely in most of the

centres every five EDs up

to 50 EDs
∙ All centres have expert

laboratory technicians

following the launch of the

national inhibitor

screening programme

15 years ago

∙ Testing performed

opportunistically, only in

patients who do not

respond to treatment
∙ Mass inhibitor testing is

sometimes carried out

with support from

industry or in

community-based camps
∙ Laboratories lack

centralisation resulting in

unreliable testing and

reading of results
∙ City-to-city variations and

inequities in resource

allocation

∙ Routine

inhibitor

screening is

performed

biannually

Morbidity/

mortality

associated

with inhibitors

∙ Patients used to suffer from poorQoL,

which usually translated into high

absenteeism fromwork or school;

nevertheless, the availability of extended

half-life products and non-replacement

therapies has remarkably helped improve

theQoL of patients

∙ Patients develop

arthropathies and have

poorer QoL than patients

without inhibitors
∙ Mortality in patients with

inhibitors is low because

of prophylaxis treatment

∙ The prevalence of joint

damage and

pseudo-tumours is high

because of untreated

bleeds
∙ Mortality due to cerebral

bleeds is anecdotally

elevated

∙ Patients

experience

severe

complications,

which are

usually less

common in

those without

inhibitors

ITI adoption ∙ With the recent introduction of alternative

non-factor replacement therapies in Europe,

physicians and patients are opting for less

complex and demanding prophylactic

therapies with improved regimens to avoid

the use of ITI

∙ Only low-dose ITI with

plasma-derived FVIII

(50 IU/kg thrice weekly

for 6months, and a

decreasing dose for

another 6months) and

sometimes no ITI at all.

High dose ITI is only

available through clinical

trials

∙ ITI is not done adequately as it requires

financial resources, constant availability of

factor, and patient commitment, all of which are

lacking

BPA use ∙ The preventive treatment of

inhibitor-related bleeds is shifting towards

the use of newer agents with improved

mode and frequency of administration such

as non-factor-based agents

∙ Longstanding successful

experience with BPAs for

themanagement of

bleeding peri- and

post-operatively

∙ BPAs are expensive and

not widely available, so

physicians try to delay

elective surgery asmuch

as possible to avoid their

use; real-world data on

experience with these

agents in emergency

settings are scarce

∙ Patients

receive either

aPCC or rFVIIa

as pre- and

post-surgical

interventions

based on the

WFH recom-

mendations

Use of

non-factor

replacement

agents

∙ Most of the European patients with

inhibitors have now been switched to

emicizumab, following the favourable

outcomes achieved in emicizumab’s clinical

programme and in the real world

∙ Experience with

emicizumab is limited to

eight paediatric patients

whowere enrolled in

HAVEN 2 for 3 years
∙ TheMinistry of Health

approved it at the end of

2019; however, it is still

not reimbursed and thus

not widely accessible

∙ Emicizumab is available

through patient access

programs only
∙ It is unlikely to be licensed

soon given its high cost,

especially with the

anticipated shift in focus

of the government amidst

the COVID-19 pandemic

∙ Physicians have

been using

emicizumab for

14months,

with very good

results so far

aPCC, activated prothrombin complex concentrate; BPAs, bypassing agents; ED, exposure day; FVIII, factor VIII; ITI, immune tolerance induction;

PUP, previously untreated patient; QoL, quality of life; rFVIIa; recombinant factor VIIa;WFH,World Federation of Hemophilia.



PEYVANDI ET AL. 953

haematologists are moving to recombinant FVIII products after the

completion of 50 EDs with plasma products, which has significantly

decreased the likelihood of inhibitor development. Previously, patients

were developing inhibitors every year, but no new inhibitor cases have

been reported for 4 years now. This was demonstrated in a preliminary

analysis from thePUP-SWITCHstudy,which has not reported inhibitor

development to date in any of the first 39 patients who received a

median of 111 EDs of rFVIII following a switch from plasma-derived

products after amedian of 60 EDs.18

In India, figures were similar or slightly lower, with one study

conducted on a large series of patients with bleeding disorders report-

ing a prevalence of inhibitors of 6.1% from a total of 1285 HA

patients.19 Another study conducted throughcommunity-based camps

in haemophilia treatment centres in various parts of the country found

that inhibitors were present in 19.5% of 447 evaluated patients, with

high-titre inhibitors detected in 35.6% of them.20 Also, a recent study

in 2019 recorded a prevalence of 26.2% and 7.40% for severe and

moderate disease, respectively.21

Such rates may be considered relatively low compared with com-

monly reported figures fromWestern countries. Several factors could

explain this observation. Firstly, the study designs are different: preva-

lence studies can only capture the number of patients with inhibitors

at one point in time, leaving out patients who develop inhibitors at a

later point in their lives, those who develop transient inhibitors and

those who had them successfully eliminated, thereby underestimat-

ing the actual numbers. One would also question the accuracy and

robustness of inhibitor data from such countries, given that testing

resources and expertise are scarce. Secondly, sample sizes were vari-

able across the studies and were sometimes very small, which could

also have affected the representativeness of these figures. Moreover,

as inhibitors develop in patients who are treated with replacement

therapy, small numbers could also reflect undertreatment in these

countries/regions in particular. This seems to be at least the situa-

tion in India, where, based on our experience, patients receive delayed

and only infrequent episodic replacement therapy secondary to delays

in seeking treatment during bleeding episodes, which rarely results

in peak treatment moments and thus subsequently leads to inhibitor

development, especially in younger patients. Finally, geographical or

ethnic differences in risk factors for inhibitor development could also

be responsible for observed variations in epidemiology, although such

differences were not detected across the 14 countries in the SIPPET

trial.11

3 WHY ARE WE CONCERNED?

Inhibitor development in HA has been associated with significant mor-

bidity, including deterioration in quality of life (QoL), as well as with

inflated healthcare costs.22 Haemophilic arthropathy is a main clini-

cal presentation in severe haemophilia as a consequence of recurrent

haemarthrosis,23 and its burden is greater in patients with inhibitors

than in those without. A multicentre, case–control study across five

European countries (France, Germany, Italy, Spain and UK) evaluated

orthopaedic complications and QoL in patients with severe HA with

and without inhibitors.24 The study showed a higher level of arthropa-

thy as assessed by Gilbert and Pettersson scores in patients with

inhibitors compared with those without. From patient interviews, sig-

nificantlymore patientswith inhibitors suffered joint pain and reduced

mobility, with a greater need for wheelchairs and walking aids. Hos-

pitalisation due to orthopaedic or musculoskeletal bleeding was also

significantly more common in patients with inhibitors. Patients with

inhibitors reported having significantly greater difficulties with mobil-

ity, daily activities, and pain/discomfort and had more absence from

work or school because of orthopaedic complications than those

without.24 In another retrospective study involving haemophilia cen-

tres in Italy, inhibitor status was a strong independent predictor of

intracranial haemorrhage (2.5-fold increased risk).25 In fact, based on

observations from our practice in Italy, patients mainly suffered from

poorQoL,which usually translated into high absenteeism fromwork or

school; nevertheless, the availability of extended half-life products and

non-replacement therapies during the past couple years has remark-

ably helped improve the QoL of patients who can now lead a close to

normal life.

Examining data from non-Western countries, a study conducted

at a tertiary-care teaching hospital in western India showed that

patientswithHAand inhibitors experienced several bleeding complica-

tions, including haemarthroses, haematomas, haematuria, neurological

complications, mucous membrane haemorrhage, and dental and surgi-

cal bleeding. These happened at numerically higher rates in patients

with inhibitors than in those without.21 Although there is a scarcity

of outcomes data in patients with inhibitors in India, we recognise

from our experience that mortality due to cerebral bleeds is anec-

dotally elevated in this cohort. The prevalence of joint damage and

pseudo-tumours is also high in these patients because of untreated

bleeds. Likewise, in Turkey, patients develop arthropathies and have

poorer QoL than patients without inhibitors. In Egypt, patients expe-

rience severe complications, which similarly, are usually less common

in those without inhibitors. The Epidemiological Study on Haemophilia

Care and Orthopaedic Status in Developing Countries evaluated

haemophilia-related orthopaedic disease burden in 282 males with

severe haemophilia from Algeria, India, Morocco, Oman and South

Africa. The study included patientswith andwithout inhibitors, treated

on demand for bleeding.26 Interestingly, the study showed that out-

comes were similar and equally suboptimal in patients both with and

without inhibitors, including in Hemophilia Joint Health score, Pet-

tersson score and mean annualised bleeding rate (25.8 in the total

population). Moreover, QoL scores were similar between the two

groups. Based on these results, which contrasted with findings from

Western countries, indicating that the absence of inhibitors is related

to improved outcomes, the authors concluded that both patient groups

(with and without inhibitors) were receiving suboptimal care in these

resource-limited countries. The finding was also confirmed by the very

low rates of prior prophylactic therapy (11% of adults and 4% of

paediatric patients). This indicates that treatment optimisation may

be an overall unmet need rather than restricted to patients with

inhibitors.
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Data on mortality have been conflicting, with some studies report-

ing an increased risk of death among patientswith inhibitors compared

with those without inhibitors,27–29 and others not showing any differ-

ence between the two groups.30,31 It is difficult to comment on these

inconsistencies, especially when no temporal trend that could reflect

advances in treatmentmodalities couldbeobserved.Nevertheless, one

explanation could be the adoption of different definitions and clas-

sifications of inhibitor status in the various studies. In addition, the

resultsmight also be reflective of the quality of care that these patients

are receiving in the corresponding countries. In Turkey, mortality in

patients with inhibitors is low also because of prophylaxis treatment

in this group.

There is consistent evidence that the cost of treating haemophilia

with inhibitors significantly exceeds that of treating haemophilia with-

out inhibitors.26,32–34 In resource-limited countries, where data are

generally limited, this is further complicated by the limited availability

and access to haemostatic treatment and haemophilia care in gen-

eral, including orthopaedic care, leading to yet poorer outcomes in this

group of patients, hence the importance of continuous research into

inhibitor development to better understand the status of haemophilia

care in these countries, with the aim of improving patients’ outcomes.

4 WHAT ARE OUR TREATMENT OPTIONS?

There are two aspects to the management of patients with inhibitors:

the treatment and prevention of bleeding episodes, which requires

the adoption of alternative haemostatic agents that can overcome the

effect of the inhibitors, and the eradication of inhibitor production

through the induction of immune tolerance.

4.1 Immune tolerance induction

Immune tolerance induction (ITI) is the standard of care for the erad-

ication of inhibitors and is considered the most effective approach

to managing the majority of patients with severe HA who develop

inhibitors.35–39 Successful eradication of inhibitors has been reported

in 50–80% of patients in ITI observational studies.40–45 ITI therapy

generally consists of regular and long-termadministration of FVIII con-

centrate, often at high doses, to downregulate the anti-FVIII antibody

response, resulting in desensitisation and immune tolerance. Proposed

mechanisms of tolerance induction include T-cell exhaustion through

overstimulation and, eventually, T-cell anergy, inhibition of FVIII-

specific memory B-cell differentiation and formation of anti-idiotypic

antibodies.46

The best candidates for ITI therapy are children with recently diag-

nosed inhibitors. Adults with persistent inhibitors may also be suitable

candidates for ITI therapy, depending on clinical profile and bleed-

ing phenotype.47 ITI therapy is usually not considered for patients

with low-titre and low-responding antibodies or those with transient

inhibitors, who can usually continue with replacement therapy for the

prevention and treatment of bleeds, but it is recommended as soon

as possible in those with inhibitor titres between 5 and 10 Bethesda

units (BU).48 For patients with inhibitor titres of more than 10 BU,

it was previously recommended that ITI therapy be delayed until the

titres decrease to less than 10 BU; nevertheless, some evidence sug-

gests starting ITI immediately to improve the success rate in these

patients.35,49 After successful ITI, patients are able to resume factor

replacement therapies for prophylaxis and acute bleeding. Several reg-

imens for ITI have been described, with different dosing schedules

and combined therapies50–56; the selection of an ITI regimen is usually

considered on a case-by-case basis.57

The International ITI study is the only randomised controlled trial to

date to evaluate the efficacy of ITI in patients with severeHA and good

risk features (historical inhibitor titres<200BUand immediate pre-ITI

titres <10 BU), comparing a low-dose daily FVIII regimen of 50 IU/kg

three timesweeklywith a high-dose regimen of 200 IU/kg.55 The study

demonstrated an almost 70% overall success rate in achieving toler-

ance, with no statistically significant difference between the two arms.

The time to negative inhibitor titre and normal FVIII recovery was

shorter in the high-dose group.55 A multivariate analysis showed that

the peak inhibitor titre on ITI was, alone, a significant predictor of ITI

outcome, while peak titre pre-ITI and peak titre on ITI predicted time

taken to achieve tolerance.55 Some FVIII genotypes were also found

to be associated with increased likelihood of ITI success, while a long

(>5-year) interval between inhibitor diagnosis and ITI initiation, aswell

as interruption of ITI therapy, were predictors of ITI failure.58 The

North American Immune Tolerance Registry provides outcome data on

ITI in patients with severe HA and poor risk features, reporting that

40% of patients with a pre-ITI titre of 10 BU or higher achieved suc-

cessful tolerance, comparedwith 83%of thosewith pre-ITI titres lower

than 10 BU.41 Several groups and organisations have proposed recom-

mendations for the implementation of ITI in patients with HA.37,38 In

Europe, access and use of ITI has generally increased in the last decade,

although this is more notable in the western versus central parts of the

continent.59 Nevertheless, Europe is currently witnessing a paradigm

shift with the recent introduction of alternative non-factor replace-

ment therapies, whereby both physicians and patients are opting for

less complex and demanding prophylactic therapies with improved

regimens, thus avoiding the use of ITI. Although the introduction of

these therapies, particularly in PUPs, is facilitating initial treatment in

children, several questions remain to be answered. Specifically, there

is debate over whether patients who previously had their inhibitors

eradicated and were switched to non-replacement therapy should still

receive factor replacement therapy at certain intervals in order to

avoid a second occurrence of inhibitors. No clear recommendations

exist on how to treat these patients and how to address an inhibitor

relapse in case it occurs.

Few studies have also reported experience with ITI in non-Western

countries. A study conducted in Turkey surveyed eight paediatric

haematology centres about the success of six low-dose ITI plasma-

derived FVIII regimens in paediatric HA patients with high-titre

inhibitors. The survey results showed that 21 patients were treated

with low-dose ITI between 1997 and 2006, of whom only five achieved

complete immune tolerance within a median time of 6 months,
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indicating a low ITI success rate of 23.3%. Seven patients achieved

partial tolerance, whereas the low-dose ITI treatment failed in the

remainder despite decreased inhibitor levels.54 On the other hand,

a recent case report from Turkey described the success of low-dose

ITI (50 IU/kg, 3 days a week) in neutralising inhibitors in a patient

with severe HA who had been on on-demand therapy for the first

8 years of his life and in whom secondary prophylaxis was initiated

after haemophilic arthropathy.60 Based on these observations and the

lack of reimbursement schemes for these regimens, only low-dose ITI

with plasma-derived FVIII (50 IU/kg thrice weekly for 6 months, and a

decreasing dose for another 6 months) is being adopted in Turkey, and

sometimes no ITI at all, while high dose ITI is only available through

clinical trials. In reference to our experience, one of the patients who

developed high-responding inhibitors to rFVIII received ITI therapy

with plasma-derived FVIII for 6 months (50 IU/kg thrice weekly), but

inhibitors did not disappear until 12 months after the end of ITI, possi-

bly as a result of secondary prophylaxis with bypassing agents (BPAs).

The successful use of low-dose ITI in a small single-centre patient

cohort has also been reported in India.61 This was mainly achieved

through close collaborationwith European centres of excellence. Expe-

rience suggested some important considerations for effective planning

and initiation of ITI, including: (1) calculating upfront the quantity of

clotting factor concentrates required and ensuring continuous sup-

ply to avoid any interruptions and subsequent failure of therapy;

(2) securing some BPAs for management of breakthrough bleeds and

(3) counselling the patient’s family and/or caregiver about the bene-

fits and risks of ITI.61 However, no large-scale real-world data on ITI

experience from India are available, but it is known that ITI is not done

adequately in that country as it requires financial resources, constant

availability of factor and patient commitment, all of which are lacking.

4.2 Bypassing agents

For the treatment of bleeding episodes in haemophilia with inhibitors,

BPAs provide haemostasis through pathways that avoid the need for

FVIII to generate thrombin. The two currently available BPAs are

activated prothrombin complex concentrate (aPCC) and recombinant

factor VIIa (rFVIIa).

aPCC is a plasma-derived BPA comprising prothrombin complex

factors, prothrombin, FVII, FIX and FX, largely in their inactivated

form, with the exception of FVII, which is available in greater amounts

in its activated form.62 The bypassing haemostatic effect of aPCC is

achieved through the provision of prothrombin and FXa, which can

induce immediate thrombin generation and clot formation.63 The rec-

ommended dose for treating bleeding episodes is 50–100 IU/kg every

6–12 hours and should not exceed 200 IU/kg to minimise the risk of

thrombotic complications.63 In more than 50% of patients on regu-

lar aPCC treatment, inhibitor titres gradually decrease with exposure.

Up to 30% may show a variable anamnestic increase of inhibitor lev-

els caused by the presence in the product of small amounts of FVIII;

however, the anamnestic response is not associatedwith a reduction in

clinical efficacy.64

rFVIIa is a single-chain glycoprotein produced in genetically mod-

ified baby hamster kidney cells. rFVIIa is able to directly activate FX

and increase thrombin generation on the surface of activated platelets

in the absence of FVIII or FIX.65,66 Given its relatively short half-life,

rFVIIa has been initially approvedat adoseof 90µg/kg every2–3hours
until haemostasis is achieved. A single bolus of 270 µg/kg has also been
used in clinical practice to reduce the frequency of infusions and allow

longer intervals between them. This dose has been proven to be com-

parable to three 90 µg/kg doses administered every 3 hours and is safe,

with a low risk of thrombosis.67,68

In a controlled head-to-head comparison of aPCC and rFVIIa, the

resolution of bleeding events occurred equally in the two groups at a

rate of 70%–80%.69 Patients might experience an improved response

to one BPA compared with the other over time,70 and in 10%–20% of

the bleeds not effectively managed with one BPA, sequential regimens

of both aPCC and rFVIIa may be necessary to control the bleeds.71

However, particular attention should be given to elderly patients with

comorbidities.

Although the clinical benefit associated with the use of aPCC and

rFVIIa is not as evident as with FVIII prophylaxis in patients with-

out inhibitors, these have proven efficacy in prophylactic regimens

in patients with inhibitors before starting ITI, during ITI and after

failure of ITI.4 Two randomised clinical trials have demonstrated a

60%–72% reduction in bleeding episodes with prophylactic treatment

versus on-demand treatment with aPCC,72,73 while only one has eval-

uated the efficacy of prophylactic versus on-demand treatment with

rFVIIa, reporting up to 60% reduction in bleeding episodes from the

pre-prophylactic period with the prophylactic regimen.74

Surgery is a high-risk procedure for patients with inhibitors. For

decades, BPAs have been themainstay treatment to ensure haemosta-

sis in surgical interventions, and several studies have proven their effi-

cacy and safety in preventing bleeding pre- and post-operatively,75–81

although in some patients, haemostasis might not be reached with

rFVIIa and aPCC alone. The WFH recommends that patients with HA

and high-responding inhibitors undergoing surgery or an invasive pro-

cedure be given BPA therapy (rFVIIa and aPCC interchangeably) and

be closely monitored for thrombosis.6

The above-reported data from Turkey highlights the longstanding

successful experience with BPAs for themanagement of bleeding peri-

and post-operatively, which has allowed the performance of elective

and urgent orthopaedic surgery for the past 20 years. It was appar-

ent that surgical procedures for patients with inhibitors must be done

only in haemophilia expert centres. A retrospective multicentre reg-

istry including 17 Turkish centres between 2000 and 2007 reported

the clinical experience with aPCC in the treatment of acute bleeding

and surgical haemostasis in patients with HA after its introduction in

Turkey in 2000. The study reported a haemostatic efficacy rate of 86%

with aPCC in surgical procedures, with no occurrences of thromboem-

bolic complications or other adverse events.81 Another study reported

the 8-year experience of a single centre with aPCC and/or rFVIIa in

treating 30 patients with severe HA with high-responding inhibitors

who required surgery. Results showed that minor and major surgeries

were successfully and safely performed with no thromboembolic or
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major complications.80 Likewise, in our experience in Egypt, patients

receive either aPCC or rFVIIa as pre- and post-surgical interventions

based on theWFH recommendations.6 It is not the case in India, where

BPAs remain expensive and are not widely available, so physicians try

to delay elective surgery as much as possible to avoid their use; real-

world data on experience with these agents in emergency settings are

scarce.

Limitations associated with the use of BPAs mainly include the pos-

sible risk of thrombotic events,82,83 their short half-life in view of their

elevated costs, especially when used in the prophylaxis setting,84 as

well as the lack of an easily available laboratory test for monitoring

their efficacy, which makes patient outcomes unpredictable.4 These

limitations, together with the emergence of novel non-factor-based

prophylactic agents, are shifting the preventive treatment of inhibitor-

related bleeds towards the use of newer agents with improved mode

and frequency of administration.

BPAs are accessible in most countries in Europe, but reporting of

use has been generally inconsistent,59 while their availability is lim-

ited in less resourceful countries. When treating bleeding episodes in

India, some cost-effective alternatives are used, such as platelet trans-

fusions along with BPAs to increase thrombin generation, although

the risk of complications when combining therapies remains high.61

One study from Turkey85 reported the successful use of a modified

treatment protocol with rFVIIa and aPCC to treat bleeding in five

patients with inhibitors. The proposed modified protocol aimed to

mitigate the drugs’ costs while preventing any further bleeding risk

or complications in the patients. It begins with rFVIIa over the first

3 days, followed by aPCC from the fourth until the seventh or 14th day,

when less frequent administration over a longer period is sufficient

to stabilise the patient; for this purpose, aPCC is a cheaper option

than rFVIIa. Based on our experience in Turkey, prophylactic aPCC

regimens are effective in decreasing the incidence of bleeds; nowa-

days, around two-third of patients with high-responding inhibitors

are on secondary prophylaxis with aPCC while a small proportion

are on rFVIIa because of the need of preapproval from the ministry

of health. In addition, BPAs have been used successfully in elec-

tive and emergency surgical interventions. The government has been

reimbursing both types of BPAs for the past 20 years, with some

limitations.

4.3 Non-factor replacement agents

Non-factor replacement agents were developed to overcome the chal-

lenges experienced with replacement therapy mainly relating to the

intravenous route of administration and potential inhibitor develop-

ment.Newnon-replacement agents donot contain FVIII, hence theydo

not trigger any immune reaction against these proteins, and they can-

not be neutralised by pre-existing inhibitory anti-FVIII antibodies.86

Their key features encompass their subcutaneous administration, their

similar effectiveness in patients regardless of inhibitor status, their

longer duration of action and, consequently, the extended steady-state

haemostatic effect that they can achieve with fewer injections and a

low drug volume.87–90

Emicizumab is the first non-factor replacement therapy approved

for the prophylactic treatment of patients with HA with and with-

out inhibitors. It is a humanised bispecific monoclonal antibody that

mimics the function of activated FVIII.91 Data on the efficacy of emi-

cizumab are derived from an extensive clinical programme of Phase

III trials (HAVEN 1, HAVEN 2 and HAVEN 4) in patients with HA

with and without inhibitors,87,92,93 which reported significant reduc-

tions in annualised bleeding rates and other bleeding endpoints in

paediatric and adult patients when treated with emicizumab prophy-

laxis after switching from on-demand or prophylactic BPA treatment.

Recent real-world studies have reported similar efficacy outcomes

with emicizumab and a tolerable safety profile.94–97 Emicizumab

was also shown to improve health-related QoL in patients with

inhibitors.92,97

To date, emicizumab is the most extensively researched non-factor

replacement drug; less data are available for the other drugs that

are still under investigation, including fitusiran,88 a small interfering

ribonucleic acid that inhibits the synthesis of antithrombin, and mon-

oclonal antibodies that target tissue factor pathway inhibitor,89,90 the

primary regulator of the tissue factor–FVIIa complex.

The concept of these therapies is that the extent of haemostatic

correction they provide with a prophylaxis regimen is almost similar

to that of patients with mild haemophilia88,98,99; therefore, break-

through bleeding can still occur, and the conferred protection might

not be adequate for some surgical interventions. Consequently, in such

events, additional haemostatic agents such as factor concentrates or

BPA might be needed.86 Moreover, the occasional need for additional

procoagulants in the case of breakthrough bleeding or surgery has

been linked to an increased thrombotic risk.86,87 Following this obser-

vation, some risk-mitigation plans were brought forward to reduce

the risk of thrombotic complications when using emicizumab prophy-

laxis in combination with other procoagulants,86 including warnings

against the concomitant use of aPCC.100 Finally, unlike for replace-

ment therapy, no routine, standardised laboratory test exists for the

monitoring of non-replacement drugs, and long-term clinical data are

limited, although most recent data report good efficacy and safety

results internationally.94–97

Following the favourable outcomes achieved in emicizumab’s clin-

ical programme and in the real world, most of the European patients

with inhibitors have now been switched to emicizumab. In contrast,

the experience in Turkey with emicizumab is limited to eight paediatric

patients who were enrolled in HAVEN 292 for 3 years. TheMinistry of

Health approved emicizumab at the end of 2019; however, it is still not

reimbursed and thus not widely accessible. In Egypt, physicians have

been using it for 14months, with very good results so far. In India, emi-

cizumab is available through patient access programs only, making it

affordable to patients, especially that it is given at adjusted reduced

doses, and it is unlikely to be licensed in the near future given its high

cost, especially with the anticipated shift in focus of the government

amidst the COVID-19 pandemic.
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F IGURE 1 Key challenges in the screening andmanagement of haemophilia Awith inhibitors in non-Western countries. HA, haemophilia A;
ITI, immune tolerance induction

4.4 Other therapies

New and enhanced variants of BPAs aimed at providing high bleed-

ing protection with improved treatment regimens are now under

investigation. These include marzeptacog alfa, an rFVIIa variant with

enhanced procoagulant activity and a longer duration of action com-

pared with wild-type rFVIIa,101 and SerpinPC, a bioengineered serine

protease inhibitor that specifically inhibits activated protein C.102

Gene therapy is another promising approach to treating and poten-

tially curing HA, and initial trials have proven sufficient safety and

efficacy to expand experimental testing in larger Phase III trials.103–106

Most recently, valoctocogene roxaparvovec, an adeno-associated virus

type 5 (AAV5) gene therapy, has been under investigation in an ongoing

Phase I/II trial, which has shown sustained therapeutic benefit for up

to 5 years following treatment.107 Nevertheless, some challenges and

safety concerns have arisen with gene therapy, which might limit wide

application in the future.86 Moreover, patients with inhibitors have

commonlybeenexcluded fromgene therapy trials. Althoughpromising,

these therapies are still under investigation and are not yet adopted in

themanagement of HA.

5 FINAL THOUGHTS

Over the past fewdecades, haemophilia treatment haswitnessed great

advances that have remarkably improved outcomes in patients. While

we have been successful at overcoming some of the existing challenges

associated with inhibitor management, some still linger, and others are

surfacing with the shift towards enhanced therapeutic options and are

acting as constraints to the delivery of ideal care (Table 1, Figure 1).

This is most burdensome in non-Western countries, where the avail-

ability of resources plays amajor role in shaping the quality of care that

patients receive.

One of the major gaps in these countries is the scarcity of good-

quality data on HA management. Such data can help identify potential

and existing challenges in the diagnosis and management of inhibitor

cases in association with morbidity and mortality data and can inform

healthcare reforms and policies. National registries and centre-level

research can provide valuable insights into actual clinical practice

and the associated challenges and gaps. Areas of interest are: (1) the

adoption of the WFH recommendations in HA management; (2) acute

bleeding management, including patients’ perspectives on manage-

ment approaches, protectionof patientswith aprophylaxis schemeand

the impact on QoL, with a focus on morbidity parameters; (3) ITI ther-

apy, including healthcare practitioners and patients’ acceptance and

adoption patterns to understand drivers, challenges and success rates

and (4) surgical management of HA with inhibitors, including current

protocols and local experiences. On the other hand, the lack of data

records compromises patients’ eligibility for clinical trial enrolment, in

the settings where clinical trials are the only option for patients access

to therapy.

Poor disease knowledge among both healthcare professionals and

patients is another major constraint contributing to poor outcomes

in HA with inhibitors. Patients and their caregivers should be edu-

cated on the seriousness of the disease and on how to recognise bleeds

and promptly seek medical care to avoid bleeding complications and

long-term morbidity, as well as to increase their confidence in car-

ing for themselves or their patients. Educational programmes targeted

at healthcare professionals actively engaged in delivering care to HA

patients should be set up to improve disease awareness to specifi-

cally recognise red flags that prompt immediate medical care and to

work on standardising disease management across centres. This is
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F IGURE 2 Future directions towards achieving improved care in haemophilia Awith inhibitors in non-Western countries. HA, haemophilia A;
ITI, immune tolerance induction;WFH,World Federation of Hemophilia

also achieved through the transfer of knowledge and expertise from

successful practices to settings where basic optimal care is still lagging.

Finally, access to therapy is one of the most challenging obstacles

that resource-limited countries are faced with. Factor replacement

therapies, BPAs and non-factor-based therapies are costly treatments,

and access to these is limited by government reimbursement capac-

ity and plans. Routine inhibitor testing and screening is also expensive

and not equally available to everyone, with regional disparities within

resource-limited countries. Pragmatic planning at government, health

authority and payer levels is essential to close access gapswithin coun-

tries and ensure equitable government resource allocation based on

needs. This is achieved by support and engagement from expert medi-

cal bodies andnon-governmental organisations, aswell as educationon

the severity and burden of disease and inhibitors specifically, to ensure

that policies are driven by scientific evidence (Figure 2).
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