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Abstract
New therapeutic agents for haemophilia with inhibitors that are in development or 
already licensed are expected to provide transformative treatment options. Many 
of these new therapies are not based on simply replacing the missing factor; new 
strategies include bispecific antibody technology that mimics factor VIII coagulation 
function (emicizumab), and inhibition of anticoagulant proteins such as tissue factor 
pathway inhibitor (eg PF-06741086) and antithrombin (eg fitusiran). These agents are 
administered subcutaneously and should significantly reduce treatment burden and 
increase the ability to deliver prophylaxis for patients. Limited real-world data and 
validated practical guidance on these recently licensed/upcoming treatments resulted 
in the authors convening to discuss recommendations on their use. Emicizumab is 
currently the only licenced nonfactor therapy; thus, our recommendations focus on 
this product. Target candidates for emicizumab prophylaxis are difficult-to-treat pa-
tients with haemophilia A and inhibitors and/or venous access issues, frequent bleeds 
and target joints. In case of breakthrough bleeding while receiving emicizumab, pa-
tients still require treatment with bypassing agents; the adjunct treatment of choice 
is recombinant activated factor VII. This treatment is also recommended to prevent 
bleeds in patients with inhibitors undergoing surgery. Our recommendations on suit-
able laboratory assays and monitoring new products, as well as the benefit of patient-
reported outcomes (such as pain and physical activity levels), are included. We also 
briefly discuss future treatment options for patients with haemophilia B and inhibi-
tors. Although these nonfactor treatments offer great promise, further data and real-
world evidence are needed.

K E Y W O R D S
emicizumab, haemophilia A, inhibitors, nonfactor-replacement therapies, prophylaxis

www.wileyonlinelibrary.com/journal/hae
mailto:﻿
https://orcid.org/0000-0003-3937-3499
https://orcid.org/0000-0003-3999-8747
https://orcid.org/0000-0001-6565-4943
https://orcid.org/0000-0001-9639-6422
mailto:vjimenezy@salud.madrid.org
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fhae.14167&domain=pdf&date_stamp=2021-03-20


2  |    JIMÉNEZ-YUSTE et al.

1  |  INTRODUC TION

Developments in haemophilia care have paved the way towards 
transformative treatments that address the limitations of cur-
rent factor-replacement regimens.1,2 These novel treatments have 
varied mechanisms of action; some involve replacing the missing 
factor, while others employ nonfactor-replacement strategies. 
Factor-replacement approaches involve extending the half-life of 
exogenous factor protein, use of factor VIII (FVIII) orthologs and 
replacing the gene that produces the endogenous factor protein.3,4 
Therapies not based on replacing the missing factor (nonfactor-
replacement approaches) include bispecific antibody technology 
that mimics the FVIII coagulation function, and inhibition of anti-
coagulant proteins (tissue factor pathway inhibitor [TFPI] and an-
tithrombin [AT]) using antibodies, aptamers or RNA interference 
(RNAi) technology.1

The humanized bispecific antibody, emicizumab (Hemlibra®, 
Roche, Basel, Switzerland), is approved by the European Medicines 
Agency and the US Food and Drug Administration for prophylaxis in 
patients with and without haemophilia A FVIII inhibitors (HAwI).5,6 
Nonfactor-replacement therapies in development include the 
TFPI-targeting monoclonal antibodies, concizumab (Novo Nordisk, 
Bagsværd, Denmark; trials temporarily paused due to nonfatal 
thrombotic events),7-9 BAY1093884 (Bayer AG, Berlin, Germany; 
trial terminated due to thrombosis [ClinicalTrials.gov Identifier: 
NCT03597022])10 and PF-06741086 (Pfizer, New York, NY, 
USA),11 as well as fitusiran, an RNAi therapy targeting AT (Alnylam 
Pharmaceuticals, Inc, [Cambridge, MA, USA] and Sanofi Genzyme 
[Cambridge, MA, USA]).12,13 Table 1 provides an overview of these 
nonfactor-replacement therapies.9-12,14-23

The licensed nonfactor-replacement therapy, emicizumab (and 
potentially those in clinical trials), offers the prospect of improved 
compliance via more convenient subcutaneous (s.c.; vs intravenous 
[iv]) administration, as well as reduced administration frequency vs 
conventional factor replacement, with the flexibility to individually 
adjust to weekly dosing.2,22 Importantly, the nonfactor-replacement 
therapies offer a promising treatment option for patients with hae-
mophilia with inhibitors (HwI).19 Inhibitor development remains the 
greatest complication in haemophilia24: while bypassing agents (re-
combinant activated factor VII [rFVIIa; NovoSeven®, Novo Nordisk, 
Bagsværd, Denmark; not licenced for prophylaxis in all countries] 
and plasma-derived activated prothrombin complex concentrate 
[pd-aPCC; FEIBA®, Takeda Pharmaceutical Company Limited, Osaka, 
Japan]) can prevent and control bleeding in patients with HwI, they 
are not as effective as factor-replacement therapy in noninhibitor 
patients. In contrast, emicizumab prophylaxis has shown greater ef-
ficacy than previous prophylaxis with bypassing agents in HAwI.21 
Therefore, nonfactor-replacement therapies may represent an alter-
native treatment option for HwI.

There is currently relatively little published evidence for 
nonfactor-replacement agents, resulting in limited guidance on 
their use and a few articles outlining practical considerations.25-30 
Accordingly, the Zürich Haemophilia Forum convened in April 2018 

with the purpose of reaching consensus on practical aspects of using 
these novel therapies for treating HwI. As emicizumab is the only 
nonfactor therapy currently approved for use in patients with hae-
mophilia A (PwHA) and inhibitors, this article summarizes the panel's 
consensus opinion on treatment with emicizumab, with reference 
to other, emerging nonfactor therapies where applicable. Evidence 
relating to these emerging nonfactor treatments is currently very 
scarce, but our considerations may also pertain to these therapies in 
the future. As emicizumab cannot be used in PwHB, we also briefly 
discuss future treatment options for PwHB and inhibitors.

2  |  CONSIDER ATIONS FOR NOVEL 
THER APIES FOR HAwI

2.1  |  Which patients would benefit from a new 
nonfactor product?

2.1.1  |  Consensus

•	 The target candidates for treatment with nonfactor-replacement 
product prophylaxis are difficult-to-treat HAwI: patients who 
have undergone unsuccessful immune tolerance induction (ITI), 
those who (for various reasons) are foregoing or waiting for ITI 
to start and those who may be affected by venous access issues, 
frequent bleeds and target joints.

•	 The risk/benefit of beginning emicizumab prophylaxis immedi-
ately before major elective surgery should be carefully evaluated, 
as it is preferable for patients to be fully stable on their treatment, 
with safety and efficacy fully established17 (see Section 2.3).

2.1.2  |  Rationale/evidence

Four common clinical scenarios were considered in the panel's dis-
cussions. Firstly, patients with unsuccessful ITI (no new planned ITI). 
Such PwHA would be strong candidates for emicizumab (or another 
appropriately licenced nonfactor-replacement product). In these 
cases, eligibility for switching may be affected by several considera-
tions, including age, comorbidity, lifestyle (active vs sedentary), an-
nualized bleeding rate (ABR) and joint status.

The second scenario involved either children with haemophilia 
A and newly developed, high-titre inhibitors, or adult patients with 
high-titre inhibitors who have not undergone ITI due, for example to 
venous access problems or a reluctance to undergo ITI. The panel 
agreed that new nonfactor products, such as emicizumab, should not 
replace ITI as the first-line option for these patients; FVIII tolerance 
remains the primary goal, and ITI has a high chance of success with 
international registries reporting success rates of 51%-79%.31-34 Our 
rationale is that, while emicizumab has demonstrated considerable 
bleed reductions in HAwI, additional haemostatic treatment may 
be required for breakthrough bleeds or during surgery. Therefore, 
if possible, patients should acquire tolerance to replacement factor. 
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TA B L E  1  Overview of nonfactor-replacement therapies recently licensed or in development

Product/company
Mechanism of 
action Current status Select clinical trials involving patients with HwI

Emicizumab 
(Hemlibra®, 
Roche, Basel, 
Switzerland)

Humanized 
bispecific 
antibody

Mimics FVIII by 
simultaneously 
binding FIXa and 
FXa,15,17,20

Approved by 
the EMA 
and US FDA 
for routine 
prophylaxis in 
patients with 
haemophilia 
A with or 
without FVIII 
inhibitors

Phase III (HAVEN 1), PwHA and inhibitors, n = 109b 21

Prophylaxis s.c. once weekly or no prophylaxis

Key efficacy results: Significant ABR difference of 87% (P < .001) in favour of prophylaxis 
(ABR: 2.9) vs no prophylaxis (ABR: 23.3)

Key safety results: TMA and thrombosis in three and two patients, respectively, treated with 
emicizumab and concurrent multiple infusions of pd-aPCC (>100 U/kg/d for more than 
1 d)

Phase III (HAVEN 4), PwHA with and without inhibitors; PK run-in cohort (n = 7) and 
expansion cohort (n = 41)22

Prophylaxis dosed s.c. every 4 wk

Key efficacy results: 23/41 patients (56%) in the expansion cohort reported no treatment-
requiring bleeds. Model-based ABR for treated bleeds was 2.4 (median ABR: 0) and 
ABR for all bleeds was 4.5. ABRs for treated spontaneous, joint and target joint bleeds 
were 0.6, 1.7 and 1.0, respectively

Key safety results: There were no de-novo antidrug antibodies, FVIII inhibitors or thrombotic 
events detected; one grade 3 SAE (not considered study drug related)

Phase IV (NCT03361137), PwHA and inhibitors undergoing minor surgery

Key endpoints: Surgical site bleeding and use of bypassing agents, AEs, surgical 
complications requiring hospitalization or return to surgery

Fitusiran (Alnylam 
Pharmaceuticals, 
Inc and Sanofi 
Genzyme, 
Cambridge, MA, 
USA)

RNAi against 
AT12,14,18,19

Phase II and III Phase II (ATLAS-OLE study; NCT03754790), PwHA or PwHB with or without inhibitors
Prophylaxis (fixed dose) s.c. once monthly

Key endpoints: AEs, ABR, spontaneous ABR, joint ABR, change in QoL

Phase III (ATLAS-INH; NCT03417102), PwHA or PwHB with inhibitors
Prophylaxis dosed s.c. or on-demand bypassing agents

Key endpoints: ABR, spontaneous ABR, joint bleed ABR (all over 9 mo), QoL

Phase III (ATLAS-PPX; NCT03549871), PwHA or PwHB previously receiving bypassing 
agent prophylaxis (with or without inhibitors)

Prophylaxis dosed s.c. once monthly

Key endpoints: ABR, spontaneous ABR, joint bleed ABR (over 13 mo), QoL

Concizumab (Novo 
Nordisk, 
Bagsværd, 
Denmark)

Humanized 
monoclonal 
antibody against 
TFPI9

Phase II and III Phase II and III (explorer™5; NCT03196297, explorer™7; NCT04083781 and explorer™8; 
NCT04082429), PwHA or PwHB with inhibitors

Prophylaxis dosed s.c. once daily
Trials temporarily suspended due to nonfatal thrombotic events (clinicaltrials.gov)

Key endpoints: Number of bleeding episodes and spontaneous bleeds (up to 24 wk); AEs and 
anticoncizumab antibodies; PK and safety assessment

BAY1093884 (Bayer 
AG, Leverkusen, 
Germany)

Humanized 
monoclonal 
antibody against 
TFPI10

Phase II Phase II (NCT03597022), PwHA or PwHB with or without inhibitors
Prophylaxis dosed s.c. once weekly; multiple escalating doses
Trial terminated due to thrombosis (clinicaltrials.gov)

Key endpoints: AEs, SAEs, AESIs, laboratory values

Marstacimab (PF-
06741086) (Pfizer, 
New York, USA)

Monoclonal 
antibody against 
TFPI11,16

Phase III Phase III (NCT03938792), PwHA or PwHB with or without inhibitors
Prophylaxis dosed s.c. once weekly

Key endpoints: ABR, thrombotic events, antidrug antibodies, neutralizing antibodies, AEs, 
SAEs

Abbreviations: ABR, annualized bleeding rate; AE, adverse event; AESI, adverse events of special interest; AT, antithrombin; ATLAS-INH, A Study 
of Fitusiran (ALN-AT3SC) in Severe Hemophilia A and B Patients With Inhibitors; ATLAS-OLE, Long-term Safety and Efficacy Study of Fitusiran 
in Patients With Hemophilia A or B, With or Without Inhibitory Antibodies to Factor VIII or IX; ATLAS-PPX, A Study of Fitusiran Prophylaxis in 
Hemophilia A and B Patients With Inhibitors; EMA, European Medicines Agency; FDA, Food and Drug Administration; FIXa, activated factor IX; 
FVIII, factor VIII; FX, factor X; HAVEN, A Clinical Trial to Evaluate Prophylactic Emicizumab vs no Prophylaxis in Hemophilia A Participants Without 
Inhibitors; HwI, haemophilia with inhibitors; iv, intravenous; NCT, National Clinical Trial; pd-aPCC, plasma-derived activated prothrombin complex 
concentrate; PK, pharmacokinetics; PwHA, patients with haemophilia A; PwHB, patients with haemophilia B; QoL, quality of life; rFVIIa, recombinant 
activated factor VII; RNAi, ribonucleic acid interference; SAE, serious adverse event; s.c., subcutaneous; TEAE, treatment-emergent adverse event; 
TFPI, tissue factor pathway inhibitor; TMA, thrombotic microangiopathy; US, United States.
aIn the dose-finding trial (n = 18), four patients tested positive for ADAs. In the pooled HAVEN clinical trials, 3.5% of patients (14/398) tested positive 
for antiemicizumab antibodies and <1% (3/398) developed ADAs with neutralizing potential (based on declining pharmacokinetics). One patient from 
HAVEN 2, who developed an ADA, experienced loss of efficacy after 5 wk of treatment. There was no clinically apparent impact of the presence of 
ADAs on safety. Two of 88 children in HAVEN 2 developed ADAs with one patient having loss of emicizumab efficacy.17 
bA fatal thrombotic event occurred in a patient with haemophilia A without inhibitors in the Phase III open-label extension study.21 
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The burden imposed by ITI and related difficulties may influence 
when ITI is initiated, as the timing of initiation could affect the ac-
ceptability and feasibility of this treatment from the patient and 
caregivers' perspectives. However, ITI still remains the first choice 
and should be initiated as soon as it is feasible. It should also be 
noted that emicizumab could potentially be administered alongside 
ITI.35 A recent case series of seven paediatric inhibitor patients pro-
vided the first evidence that concomitant use of ITI and emicizumab 
prophylaxis (the ‘Atlanta’ protocol) is feasible,36 and the safety and 
efficacy of this approach is being investigated further in observa-
tional and prospective studies.

In addition, nonfactor products offer prophylaxis in situations 
where ITI is delayed (for example, to allow patients and/or caregiv-
ers time to prepare psychologically for ITI or for the venous access 
required for ITI, or while waiting for the inhibitor titre to decrease 
to <10 Bethesda Units [BU]/mL, as advocated by some treaters). 
Nonfactor product prophylaxis may also help preserve joints in chil-
dren treated on-demand with bypassing agents while they wait for 
ITI. Subcutaneous administration reduces prophylaxis burden by 
reducing infusion frequency and potentially improving compliance.

In the third scenario, the panel considered adult patients, includ-
ing older individuals and/or those with comorbidities. The rationale 
for switching mentioned above also apply here; indeed, older pa-
tients with comorbidities (such as high blood pressure and subse-
quent increased intracranial bleed risk) may have a greater medical 
need for nonfactor products, especially given the efficacy of pro-
phylaxis with these agents demonstrated in trials.12,21 However, 
caution must be advised: patients with haemophilia may develop a 
greater thrombosis risk as they age and develop comorbidities such 
as cardiovascular disease, hypertension and hyperlipidaemia.37,38 
Patients with overt, or high risk of, clinical thrombotic problems 
were excluded from the clinical trials of these novel agents; this 
may be grounds for exercising caution as there are limited safety 
data in such individuals. Thrombotic microangiopathy (TMA) and 
thrombosis were reported in patients receiving emicizumab pro-
phylaxis, although these complications appeared to be restricted 
to those receiving multiple infusions of higher doses of pd-aPCC 
for breakthrough bleeds21 (see Section 2.2). Caution is also rec-
ommended when considering treating older patients or those with 
higher thrombotic risk with fitusiran, which, by suppressing AT 
production,12 inhibits the anticoagulation pathway. Specific indica-
tions for fitusiran use are reported in the trial protocol. Fitusiran 
treatment reduced mean maximum AT levels by 70%-89% vs base-
line in a phase I dose escalation study,12 but the study was tempo-
rarily halted after a participant without inhibitors suffered a fatal 
thrombotic event.14 However, this fatal cerebral sinus thrombosis 
occurred after repeated infusions of high-dose FVIII for >24 hours, 
which was advised against in the trial protocol.39 Although the 
thrombotic risk with fitusiran is currently anecdotal as evidence is 
scarce, it may be inadvisable to use treatments that significantly 
reduce AT in higher-risk individuals. To date, no thromboembolic 
events have been reported in PwHA or PwHB with or without in-
hibitors treated in clinical trials with PF-06741086 (marstacimab),16 

an anti-TFPI monoclonal antibody that inhibits the anticoagulant 
process through their inhibitory effects on TFPI.

Thus, when managing higher-risk patients, including older in-
dividuals, a balance must be found between protecting against a 
potentially higher risk of thrombosis and providing adequate haemo-
static coverage to prevent serious (including intracranial) bleeds. It is 
interesting to note that, even in the context of orthopaedic surgery, 
the risk of thromboembolism is similar in haemophilia patients and 
the general population.40

In the fourth scenario, the panel considered patients with mild 
haemophilia and inhibitors. Patients with mild haemophilia do not 
usually require prophylaxis (with factor-replacement therapy or 
other agents). However, FVIII levels may drop in these patients, with 
them becoming more severe phenotypically and experiencing higher 
bleed rates with attendant need for treatment. Patients with mild 
haemophilia and low-titre inhibitors are usually managed with higher 
doses of factor-replacement therapy or prophylaxis but, in the event 
of inadequate clinical response, they may require bypassing agents 
or nonfactor products.

2.2  |  How should breakthrough bleeds be treated 
in HwI on emicizumab prophylaxis?

2.2.1  |  Consensus

•	 Emicizumab may be insufficient as monotherapy when break-
through bleeds occur.

•	 The adjunct treatment of choice is rFVIIa in patients with high-titre 
inhibitors (≥5  BU); the standard recommended dose (90  µg/kg) 
should be used.

•	 For mild mucosal bleeds, antifibrinolytics such as tranexamic acid 
may be used alone or with rFVIIa in emicizumab-treated patients.

•	 FVIII may be used to treat very serious bleeds in patients with 
a low inhibitor titre (<5 BU) until an anamnestic rise in inhibitor 
levels (see section 2.3).

•	 Only consider pd-aPCC for treating bleeds if no alternative is 
available; only lower doses (<100 U/kg/d or for ≤1 d) should be 
administered under hospital supervision to monitor for possible 
TMA or thrombotic events.5 Avoid dual or sequential therapy with 
rFVIIa and pd-aPCC in patients receiving emicizumab prophylaxis.

2.2.2  |  Rationale/evidence

Despite a reduction in ABR, breakthrough bleeds remain a problem 
with emicizumab, and possibly other new nonfactor products, as ab-
solute bleed control is not achieved.17,25 Therefore, it is crucial to 
determine how best to use these drugs in conjunction with other 
medications.

Emicizumab mimics FVIII cofactor function; it has a long half-
life (28.3-34.4  d) vs replacement clotting factor and increases 
thrombin generation.41 Consequently, emicizumab produces a 
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persistent, low-grade activation of the coagulation system, a key 
consideration when choosing a bypassing agent to treat break-
through bleeds. pd-aPCC acts at several points of the coagulation 
cascade and thus can stimulate prolonged activation of the proco-
agulant process.42 Combined administration of pd-aPCC with an 
emicizumab analogue at clinically relevant doses has been shown 
to result in excessive thrombin generation—a synergistic effect 
largely attributable to the emicizumab analogue combining with 
the FIX (and, to a lesser extent, with the FIXa) found in pd-aPCC.5,43 
Thus, adding pd-aPCC to emicizumab treatment should be avoided 
if possible.17 If it is not possible to avoid pd-aPCC, it should be 
administered at the lowest possible dose for the shortest possible 
duration. In the phase III HAVEN 1 trial (NCT02622321), five pa-
tients on emicizumab prophylaxis who received pd-aPCC (>100 U/
kg/d for more than 1 d) for breakthrough bleeds developed TMA 
or thrombosis; in one patient who developed TMA following treat-
ment with pd-aPCC for rectal haemorrhage, the rectal bleeding 
eventually proved fatal.21 No thromboembolic complications oc-
curred in patients receiving emicizumab alone, emicizumab with 
any dose or duration of rFVIIa, or emicizumab with pd-aPCC given 
at a dose of <100 U/kg/d or for ≤1 d.17 Recently, the safety profile 
of rFVIIa in the context of emicizumab treatment was assessed 
using all available data from HAVEN 1, 2 and 4: there were no se-
rious adverse events (AEs), TMA cases or thromboembolic events 
in patients who received rFVIIa to treat breakthrough bleeds while 
on emicizumab prophylaxis.44 In a recently published case report, 
a PwHA with inhibitors on emicizumab prophylaxis experienced 
a myocardial infarction and pulmonary embolism after adminis-
tering one dose of rFVIIa to treat an ankle bleed. However, the 
patient also had a history of prior thrombosis, thrombocytosis, 
smoking and active infection leading to significant inflammation. 
Therefore, in the presence of multiple risk factors, concomitant 
emicizumab and rFVIIa may increase the risk of arterial thrombo-
sis and should therefore be used with caution.45 A recent edito-
rial outlines the safety concerns associated with emicizumab use, 
particularly the 13 fatalities (including 11 patients with inhibitors) 
that may have occurred during compassionate use.46

Based on the above observations, rFVIIa should be considered 
the bypassing agent of choice for treating breakthrough bleeds in 
emicizumab-treated patients.17,25 rFVIIa should be used at the rec-
ommended dose (90 µg/kg body weight),47 as combining rFVIIa at a 
dose equating to 120 µg/kg with an emicizumab analogue led to in-
creased thrombin generation that was still lower than normal. If con-
comitant use of emicizumab and pd-aPCC is necessary, treatment 
should be administered in hospital and carefully monitored,5,6,25 and 
pd-aPCC should be given at the lowest possible dose for the shortest 
possible duration needed to control the bleed.17 Tranexamic acid has 
been effectively used as haemostatic therapy in patients receiving 
emicizumab, with no AEs reported,48 and may be sufficient for mild 
mucosal bleeds (alone or in conjunction with rFVIIa).25 It must be 
highlighted that safety data (particularly in combination with bypass-
ing agents) are product specific and general statements cannot be 
made for all nonfactor-replacement agents.

Two practical considerations emerge from our recommendation 
to use rFVIIa for treating breakthrough bleeds. First, patients should 
maintain a supply of rFVIIa at home; however, monitoring is needed 
to track its use and to ensure patients are checking rFVIIa expiry 
dates. Second, bear in mind that patients who are accustomed to s.c. 
infusions may lose the ability or confidence to administer the iv in-
jections needed to treat bleeds. Clear protocols for bleed treatment 
and follow-up should be established, and shared care arrangements 
may also be helpful or necessary.

2.3  |  How to perform surgery

2.3.1  |  Consensus

•	 Delay nonurgent, major surgery until more data are available 
or conduct the surgery in centres with relevant experience in 
using emicizumab (including its use in conjunction with bypass-
ing agents). Major elective orthopaedic surgeries should be con-
ducted prior to initiating emicizumab, or in experienced centres.17

•	 Patients receiving emicizumab prophylaxis who undergo surgery 
may require additional haemostatic support.17 Antifibrinolytics 
may sufficiently cover oral/dental procedures. When bypassing 
agents are required as an adjunct bleed-preventative therapy, 
rFVIIa is recommended. There is no evidence to support using 
lower rFVIIa doses during surgery in emicizumab-treated pa-
tients. pd-aPCC should be considered a second-choice adjunct 
treatment and administered at low doses with caution.

•	 FVIII may be effective in treating some surgical bleeds in patients 
with a low inhibitor titre (<5 BU). In such situations, the labora-
tory should be proficient at measuring FVIII levels in patients on 
emicizumab.

•	 If possible, all major surgery in patients with inhibitors, includ-
ing in emicizumab-treated patients, should be carried out in a 
Haemophilia Comprehensive Care Centre.17

2.3.2  |  Rationale/evidence

Published data on surgeries in emicizumab-treated patients are 
still limited, but some experience is accumulating from clinical tri-
als49,50 and case reports.48,49,51-56 In a recent pooled analysis of 
four phase III trials (HAVEN 1, 2, 3 and 4), which included PwHA 
with or without inhibitors undergoing minor or unplanned major 
surgery while receiving emicizumab prophylaxis,50 214 minor sur-
geries (including dental, placement of central venous access de-
vices, endoscopy, joint and other procedures) were performed in 
113 patients, and 19 major surgeries were performed in 19 pa-
tients. Most minor surgeries (141; 65.9%) did not require additional 
haemostatic treatment, and there was no postoperative bleeding 
in the majority of these cases (128; 90.8%). Seventy-three minor 
procedures were managed with additional haemostatic support, 
64 (87.7%) of which remained free of postoperative bleeding. 
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Recombinant FVIIa was used in approximately 90.5% of minor 
procedures in inhibitor patients that required additional haemo-
static prophylaxis. The majority of major surgeries (16/19; 84.2%) 
were performed using haemostatic agents, one of which resulted 
in a postoperative bleed; no postoperative bleeding occurred in 
the three major procedures conducted without additional haemo-
static treatment. Most major surgeries in inhibitor patients that re-
quired additional prophylaxis were managed using rFVIIa (88.9%). 
There were no deaths, thrombotic events, FVIII inhibitors or unex-
pected bleeding in any patient.50

A number of case series and case reports also describe surgical 
procedures in inhibitor patients receiving emicizumab prophylaxis, 
with various management strategies and outcomes. Four of these 
case reports/series describe major orthopaedic surgeries,48,52,53,56 
two report invasive procedures in paediatric patients,51,54 and three 
show that minor procedures conducted under emicizumab prophy-
laxis do not always require additional haemostatic support.51,54,55 
In these case reports, no patients experienced thrombosis or TMA 
while receiving additional rFVIIa or FVIII to manage surgery; how-
ever, one patient treated with pd-aPCC for a postoperative bleed 
developed TMA.55

Based on these (albeit limited) data, we consider it unlikely for 
major surgery to be routinely performed without additional hae-
mostatic support in most patients receiving emicizumab prophy-
laxis, an opinion shared by the UK Haemophilia Centre Doctors' 
Organisation for orthopaedic procedures.25 To explore this fur-
ther, a phase IV trial is underway to investigate minor surgical 
procedures, without the use of bypassing agent preventative 
therapy, in patients with HAwI receiving emicizumab prophy-
laxis (NCT03361137) (Table  1). Meanwhile, until more evidence 
becomes available, it is prudent to cover surgery with additional 
haemostatic treatment. The impact of surgery and blood loss on 
the efficacy of such treatment in patients with HAwI is currently 
unknown.

We recommend rFVIIa as the adjunct treatment of choice to 
prevent bleeds for emicizumab-treated inhibitor patients under-
going surgery. The limited evidence currently available suggests 
that rFVIIa is safe and effective in preventing bleeding during sur-
gery and treating surgical bleeds in emicizumab-treated patients 
when used at standard doses.44,49 Lack of response to rFVIIa may 
necessitate use of pd-aPCC; in this case, the first dose of pd-aPCC 
should not exceed 50  U/kg and the total daily dose should not 
exceed 100 U/kg. Patients treated with emicizumab and pd-aPCC 
should be monitored closely for TMA.25 In patients with a low in-
hibitor titre (<5 BU), it may be feasible in some circumstances to 
use FVIII (rather than bypassing agents) when requiring additional 
haemostatic support.48 This would necessitate regular inhibitor 
testing in patients receiving emicizumab prophylaxis to check for 
persistent inhibitors. The authors also note that tranexamic acid 
(as standalone therapy or with FVIII or rFVIIa) may sufficiently 
treat bleeds associated with oral surgery and other procedures 
that may cause mucosal bleeds.25,48

2.4  |  Suitable laboratory assays for measuring 
new products

2.4.1  |  Consensus

•	 Following emicizumab administration, FVIII replacement can be 
monitored by chromogenic assays using bovine coagulation fac-
tors; limitations include assay availability in laboratories.

•	 Inhibitor titre should be assessed using a chromogenic Bethesda 
assay with bovine reagents for FVIII: bovine reagents are insen-
sitive to emicizumab, which was selected to be specific to human 
FVIII and FIX.

•	 It is too early to suggest how to monitor nonfactor treatments 
that are still under development and not yet licensed, but guide-
lines will be needed for these products in the future.

2.4.2  |  Rationale/evidence

Monitoring of emicizumab treatment is not routinely undertaken.17 
There is limited evidence on monitoring emicizumab and much to 
learn regarding the monitoring of other nonfactor-replacement 
products currently in development. Emicizumab does not require 
activation, has no known means of inactivation and may persist in 
plasma for months after dosing cessation.17 Together, these factors 
affect how emicizumab levels and activity are monitored.

Emicizumab is known to affect coagulation laboratory assays 
that are based on intrinsic clotting by generating overly shortened 
clotting times.5,6 Such tests include the activated clotting time, 
activated partial thromboplastin time (aPTT) and assays based on 
aPTT, including one-stage aPTT-based clotting assays (Table  2). 
Emicizumab also interferes with chromogenic FVIII assays that use 
human coagulation factors, overestimating the haemostatic poten-
tial of emicizumab. Therefore, none of these assays should be used 
to assess FVIII levels or FVIII inhibitor titres.5,6,17 However, emici-
zumab does not interfere with chromogenic assays that use bovine 
coagulation factors, so these assays can be used to monitor endog-
enous and infused FVIII activity during emicizumab treatment.5,6,17 
Additionally, as emicizumab is not inactivated by FVIII inhibitors, it 
will interfere with the results of clotting-based Bethesda assays for 
FVIII inhibitor titres. A chromogenic Bethesda assay using a bovine-
based FVIII chromogenic test should therefore be used to measure 
FVIII inhibitor titres.5,6,17 Currently, these assays are not available in 
all laboratories; however, this situation may need to change in light 
of the recent emicizumab approvals.

The thrombin generation assay (TGA) has also been proposed as a 
potential method for monitoring combined treatment with emicizumab 
and bypassing agents, as all result in thrombin generation.17,57 However, 
mixed results have been reported.48,57,58 The TGA is difficult to stan-
dardize, and further confirmation of its validity should be sought.

Ultimately, effective monitoring of treatment with nonfactor 
products will require education about currently available tests, along 
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with greater interaction between laboratory staff and physicians to 
ensure awareness of which products are being administered and 
which assays are used.

2.5  |  Patient-reported outcomes and impact of 
new treatment options on patient quality of life

2.5.1  |  Consensus

•	 It is crucial to monitor patient-reported treatment outcomes with 
emicizumab and other new nonfactor products, upon approval. 
For example, obtaining comprehensive details about bleeding ep-
isodes over time (including cause of bleed), as the bleeding phe-
notype might change.

•	 Record details about pain, lifestyle changes, joint status and phys-
ical activity levels.

•	 Regular data collection and long-term follow-up are crucial, even 
if bleed frequency decreases.

2.5.2  |  Rationale/evidence

If a patient switches to a nonfactor-replacement product, one might 
reasonably expect a beneficial impact on bleeding frequency, joint 
status, physical activity, quality of life (QoL) and treatment burden. 
These outcome measures should all be assessed to evaluate treat-
ment benefits. Of these, bleed frequency is the most critical, with 
the greatest repercussions; one should consider bleed number, se-
verity, joint ABR and bleeding in target joints.59 This latter consider-
ation is important as recurrent bleeds into joints lead to progressive 
damage and haemophilic arthropathy, especially in patients with in-
hibitors.60,61 Long-term follow-up over years is required.

Patients should also record their bleed details, including type and 
severity, time from previous injection and what precipitated it. While a 
high proportion of patients (almost 90%) in clinical trials achieved zero 
bleeds after receiving emicizumab prophylaxis for 73-96 weeks,62 it is 
important to emphasize that a target of zero bleeds may not be realistic 
for all patients in a real-world setting, especially those with chronic ar-
thropathy; it is therefore important to manage expectations accordingly.

Bleeding into joints and muscles causes acute pain and routine 
assessment of joint health is an important aspect of clinical care.63 
Physiotherapists will play a vital role in assessing joint status, as this is 
difficult to evaluate outside of clinical trials. As with all therapies, joint 
pain will be a key outcome measure for patients treated with nonfactor-
replacement products; however, pain is a subjective measure.63

The nonfactor-replacement products offer the promise of im-
provements in patient lifestyle. In HAVEN 1, emicizumab-treated 
patients had significant improvements in health-related QoL and 
health status vs patients with inhibitors receiving no prophylaxis.21,64 
Effective treatments might encourage increased activity in patients, 
but there is risk of activity-related bleeding. Physical activity should 
be measured using a validated tool such as the Haemophilia Activities 
List (HAL)65 or the International Physical Activity Questionnaire 
(IPAQ)66 so that a ‘safe’ level of supervised activity can be determined 
and implemented. Monitoring activity levels in this way is crucial 
when patients receive treatments (such as emicizumab) that produce 
persistent haemostatic activity for prolonged periods.

The mental and psychosocial effects of treatment should also 
be assessed, but both are subjective59,67 and often difficult to mea-
sure: QoL questionnaires can be limited in grasping the mechanisms 
and processes that lead to different outcomes; there is variability in 
patients' individual wellbeing and perceptions too,59,68 such as a pa-
tient's feelings towards being able to undertake activities that were 
previously impossible. Treatment burden, while easier to measure, is 
still subjective59—some patients may find iv infusions problematic, 
whereas others (particularly older patients) trust this form of admin-
istration and are reluctant to switch.

3  |  FUTURE TRE ATMENT OPTIONS FOR 
P wHB AND INHIBITORS

3.1  |  Consensus

•	 Emicizumab cannot be used in PwHB. Other novel therapies and 
gene therapy are future treatment options for such patients.69,70

3.2  |  Rationale/evidence: haemophilia B 
with inhibitors

Novel, nonfactor products under investigation in PwHB and in-
hibitors are AT inhibitors (fitusiran), TFPI inhibitors (such as PF-
06741086 [Table  1]), activated protein C (APC) inhibitor (novel 
bioengineered anti-APC serpin) and premature codon suppressors 

TA B L E  2  Commonly used coagulation tests and emicizumab 
treatmenta5,6

Test results affected by 
emicizumab Test results unaffected by emicizumab

•	 aPTT
•	 Bethesda assays 

(clotting-based) for 
FVIII inhibitor titres

•	 One-stage, aPTT-
based, single-factor 
assays

•	 aPTT-based APC-R
•	 Activated clotting 

time

•	 Bethesda assays (bovine 
chromogenic) for FVIII inhibitor titres

•	 TT
•	 One-stage, PT-based, single-factor 

assays
•	 Chromogenic-based assay with 

bovine reagents for FVIII
•	 Immuno-based assays (such as ELISA, 

turbidimetric methods)
•	 Genetic tests of coagulation factors 

(such as Factor V Leiden, Prothrombin 
20210)

Abbreviations: APC-R, activated protein C resistance; aPTT, activated 
partial thromboplastin time; ELISA, enzyme-linked immunosorbent 
assay; FVIII, factor VIII; PT, prothrombin time; TT, thrombin time.
aDue to the long half-life of emicizumab, the effects on coagulation 
assays may be observed up to 6 mo after the last dose. 
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(relevant for the small number of PwHB who have missense muta-
tions). As these nonfactor products may represent an alternative to 
ITI and bypassing agents in haemophilia B, it is possible that indica-
tions for their use in PwHB with inhibitors might be more generous 
than those in HAwI.

While both haemophilia A and B display favourable characteris-
tics for gene therapy research (such as reliable quantitative assays 
to assess efficacy and readily available animal models), haemophilia 
B has the added advantage of a small F9 coding sequence, enabling 
insertion into different gene transfer systems.71 Research into gene 
therapy has therefore progressed further for haemophilia B than for 
haemophilia A. Approaches to gene therapy in haemophilia B include 
mutation repair, cell-based gene therapy, viral and nonviral gene 
transfer.72 Promising results have recently been achieved with FIX-
Padua skeletal muscle gene therapy in an inhibitor-prone dog model 
of haemophilia B.73 However, as inhibitors are an exclusion criterion 
for gene therapy clinical trials, there are no clinical data available yet 
from PwHB and inhibitors.

A word of caution must be offered about gene therapy trials (and 
trials of any new therapeutic product): patient safety must be pri-
oritized, and physicians should not rush to enrol patients without 
careful consideration of the benefits and risks involved. Of partic-
ular concern for PwHB and inhibitors is that certain types of mu-
tations are at higher risk for developing anaphylaxis and nephrotic 
syndrome during ITI.74 This may cause concerns that gene therapy 
may also induce anaphylactic reactions and nephrotic syndrome as 
a consequence of restored, prolonged FIX exposure. However, he-
patic adeno-associated viral F9 gene transfer in a murine haemo-
philia B model restored haemostasis while also supressing cellular 
antibody production and reducing circulating immunoglobulin G and 
E to undetectable levels, thus avoiding both anaphylaxis and ne-
phrotic syndrome.75

We must also consider that, even if gene therapy becomes a re-
ality one day for PwHB and inhibitors, some may be reluctant to try 
it. This may be especially true for patients who are already satisfied 
with weekly dosing or dosing every 2 weeks with extended half-life 
FIX and for older patients resistant to change.

4  |  SUMMARY

These consensus recommendations summarize some of the com-
plex, practical aspects of treatment with nonfactor products in HwI. 
Emicizumab is currently the only licenced nonfactor therapy, and our 
recommendations focus on this product. It is our opinion that target 
candidates for treatment with nonfactor-replacement products fall 
into four main categories:

•	 Patients with unsuccessful ITI (no new planned ITI)
•	 Children with newly developed, high-titre inhibitors, or adults 

with high-titre inhibitors who have not undergone ITI (eg due to 
venous access issues or a reluctance to undergo ITI)

•	 Older adults and/or those with comorbidities

•	 Patients with mild haemophilia and inhibitors.

It is also our opinion that ITI should be considered in all patients 
who have developed an inhibitor.

Emicizumab may be insufficient as monotherapy and adjunct 
therapy may be needed when breakthrough bleeds occur or to pre-
vent bleeds in those undergoing surgery. In these circumstances, 
rFVIIa (rather than pd-aPCC) is the recommended bypassing agent; 
this aligns with the emicizumab prescribing information, which ad-
vises against pd-aPCC as the first choice of adjunct treatment. 
Monitoring treatment with nonfactor products is challenging, and 
it is hoped that ongoing investigations in this area will inform best 
practice and increase the practicality of their use upon approval. 
Further, it will be especially important to monitor patient-reported 
outcomes in those treated with emicizumab or other nonfactor 
products, with a focus on bleed frequency, joint status, pain and 
physical activity levels. Emicizumab cannot be used in PwHB and 
inhibitors, and the future of treatment for these patients may lie in 
other nonfactor therapies and/or gene therapy.

Although these treatments offer great promise, clear protocols 
for their use and increased patient education regarding treatment 
of breakthrough bleeds are urgently needed. Additionally, further 
research and publication of additional data (including phase IV post-
authorization pharmacovigilance studies and real-world evidence in 
larger populations for emicizumab treatment) are required to assess 
expected and unexpected outcomes, such as inhibitor development, 
risk of thrombosis and any other serious AEs.

ACKNOWLEDG EMENTS
Medical writing and editorial assistance were provided by Julie Smith 
and Emily Bruce, Parexel, and funded by a grant from Novo Nordisk. 
All authors wrote, and directed the development of the manuscript 
and take full responsibility for the content and conclusions stated in 
this manuscript.

DISCLOSURE S
V Jiménez-Yuste has received reimbursement for attending sympo-
sia/congresses and/or honoraria for speaking and/or consulting and/
or funds for research from Baxter (Baxalta), Bayer HealthCare, CSL 
Behring, Grifols, Novo Nordisk, Octapharma and Pfizer. G Auerswald 
has received reimbursement for attending symposia/congresses 
and/or honoraria for speaking and/or consulting; funds for research 
from Baxter (Baxalta), Bayer HealthCare, Biotest, CSL Behring, 
Grifols, Novo Nordisk and Pfizer. G Benson has received honoraria 
from Novo Nordisk for speaking and participating at advisory boards. 
G Dolan has received honoraria from Novo Nordisk for speaking and 
participating at advisory boards. C Hermans has acted as a consult-
ant and been a board member for Bayer HealthCare, CAF-DCF, CSL 
Behring, LFB, Octapharma, Novo Nordisk, Pfizer, Roche, Shire and 
SOBI; has received grants from Bayer HealthCare, Pfizer and Shire. 
T Lambert has received reimbursement for attending symposia/con-
gresses and/or honoraria for consulting and/or funds for research 
from Baxter (Baxalta), Bayer HealthCare, CSL  Behring, LFB, Novo 



    |  9JIMÉNEZ-YUSTE et al.

Nordisk, Octapharma, Pfizer, Roche and SOBI. R Ljung has received 
consultancy or speaker fees from Baxter (Shire), Bayer HealthCare, 
Biogen, CSL Behring, Pfizer, Novo Nordisk and Octapharma. M 
Morfini has acted as a paid consultant to Baxter (Baxalta), Bayer 
HealthCare and Novo Nordisk, and has served as a consultant on 
Pfizer advisory boards. He has received speaker fees from Bayer 
HealthCare, CSL Behring, Novo Nordisk and Octapharma, and 
has received unrestricted research grants from Baxter (Baxalta), 
Bayer HealthCare and Pfizer. E Santagostino has received speaker 
fees for meetings organized by Bayer HealthCare, Bioverativ, CSL 
Behring, Grifols, Kedrion, Novo Nordisk, Octapharma, Pfizer, Roche, 
Shire/Takeda and SOBI, and has acted as paid consultant for Bayer 
HealthCare, Bioverativ/Sanofi, CSL Behring, Grifols, Kedrion, Novo 
Nordisk, Octapharma, Roche, Shire/Takeda, Spark, SOBI, Uniqure 
and Pfizer. S Zupančić Šalek has received reimbursement for attend-
ing symposia and congresses, and honoraria payment for speaking, 
from Novo Nordisk, Octapharma, Roche, Takeda and SOBI Biogen.

ORCID
Victor Jiménez-Yuste   https://orcid.org/0000-0003-3937-3499 
Rolf Ljung   https://orcid.org/0000-0003-3999-8747 
Massimo Morfini   https://orcid.org/0000-0001-6565-4943 
Elena Santagostino   https://orcid.org/0000-0001-9639-6422 

R E FE R E N C E S
	 1.	 Balkaransingh P, Young G. Novel therapies and current clinical 

progress in hemophilia A. Ther Adv Hematol. 2018;9:49-61.
	 2.	 Korte W, Graf L. The potential close future of hemophilia treatment 

- gene therapy, TFPI inhibition, antithrombin silencing, and mimick-
ing factor VIII with an engineered antibody. Transfus Med Hemother. 
2018;45:92-96.

	 3.	 Lambert T, Benson G, Dolan G, et al. Practical aspects of extended 
half-life products for the treatment of haemophilia. Ther Adv 
Hematol. 2018;9:295-308.

	 4.	 Cafuir LA, Kempton CL. Current and emerging factor VIII re-
placement products for hemophilia A. Ther Adv Hematol. 
2017;8:303-313.

	 5.	 Food and Drug Administration. Hemlibra Prescribing Information. 
https://www.acces​sdata .fda.gov/drugs​at fda_docs/label/​
2018/76108​3s002​s004l​bl.pdf. Accessed 16 January 2019.

	 6.	 European Medicines Agency. Hemlibra Summary of Product 
Characteristics. http://www.ema.europa.eu/docs/en_GB/docum​
ent_libra​ry/EPAR_-_Produ​ct_Infor​matio​n/human/​00440​6/
WC500​244743.pdf. Accessed 7 May 2019.

	 7.	 Chowdary P, Lethagen S, Friedrich U, et al. Safety and pharmaco-
kinetics of anti-TFPI antibody (concizumab) in healthy volunteers 
and patients with hemophilia: a randomized first human dose trial. 
J Thromb Haemost. 2015;13:743-754.

	 8.	 Shapiro AD, Angchaisuksiri P, Astermark J, et al. Subcutaneous 
concizumab prophylaxis in hemophilia A and hemophilia A/B with 
inhibitors: phase 2 trial results. Blood. 2019;134:1973-1982.

	 9.	 Novo Nordisk Pauses the Clinical Trials Investigating Concizumab (Anti-
TFPI mAB) in Haemophilia A and B with or Without Inhibitors. https://
ml-eu.globe​newsw​ire.com/Resou​rce/Downl​oad/db972​b33-c80d-
47b5-9090-e2145​7f84364. Accessed 09 April 2020.

	10.	 Gu JM, Zhao XY, Schwarz T, et al. Mechanistic modeling of the 
pharmacodynamic and pharmacokinetic relationship of tissue fac-
tor pathway inhibitor-neutralizing antibody (BAY 1093884) in cy-
nomolgus monkeys. AAPS J. 2017;19:1186-1195.

	11.	 Cardinal M, Kantaridis C, Zhu T, et al. A first-in-human study of 
the safety, tolerability, pharmacokinetics and pharmacodynamics 
of PF-06741086, an anti-tissue factor pathway inhibitor mAb, in 
healthy volunteers. J Thromb Haemost. 2018;16:1722-1731.

	12.	 Pasi KJ, Rangarajan S, Georgiev P, et al. Targeting of anti-
thrombin in hemophilia A or B with RNAi therapy. N Engl J Med. 
2017;377:819-828.

	13.	 'Sanofi Genzyme' Sanofi Alliance Partner Alnylam Provides Update on 
Fitusiran Development Program. https://www.sanof​igenz​yme.com/
en/about-us/newsr​oom/2017/2017-09-07-07-43-00. Accessed 17 
June 2020.

	14.	 Alnylam Pharmaceuticals Inc. Alnylam Provides Pipeline Update on 
Fitusiran and Givosiran Investigational RNAi Therapeutic Programs. 
https://www.busin​esswi​re.com/news/home/20170​90700​5750/
en/Alnyl​am-Pipel​ine-Update-Fitus​iran-Givos​iran-Inves​tigat​ion-
al-RNAi. Accessed 19 March 2020.

	15.	 Kitazawa T, Igawa T, Sampei Z, et al. A bispecific antibody to factors 
IXa and X restores factor VIII hemostatic activity in a hemophilia A 
model. Nat Med. 2012;18:1570-1574.

	16.	 Mahlangu J., Lamas J., Morales J., et al. A phase 1b/2 study of the 
safety, tolerability, pharmacokinetics, pharmacodynamics, and ef-
ficacy of PF-06741086, an anti-TFPI monoclonal antibody, in pa-
tients with severe hemophilia A or B. Presented at: XXVII Congress of 
the International Society on Thrombosis and Haemostasis (ISTH) 2019. 
Abstract OC 11.2.

	17.	 MASAC. Recommendation on the Use and Management of 
Emicizumab-kxwh (Hemlibra®) for Hemophilia A with and without 
Inhibitors. https://www.hemop​hilia.org/sites/​defau​lt/files/​docum​
ent/files/​258_emici​zumab.pdf. Accessed 19 March 2020.

	18.	 Pasi KJ, Lissitchkov T, Georgiev P. Fitusiran, an RNAi therapeutic 
targeting antithrombin to restore hemostatic balance in hemophilia: 
interim analysis from the open-label extension study. Presented 
at: XXVII Congress of the International Society on Thrombosis and 
Haemostasis (ISTH) 2019. Abstract OC 11.13.

	19.	 Peyvandi F, Garagiola I, Biguzzi E. Advances in the treatment of 
bleeding disorders. J Thromb Haemost. 2016;14:2095-2106.

	20.	 Sampei Z, Igawa T, Soeda T, et al. Identification and multidimen-
sional optimization of an asymmetric bispecific IgG antibody 
mimicking the function of factor VIII cofactor activity. PLoS One. 
2013;8:e57479.

	21.	 Oldenburg J, Mahlangu JN, Kim B, et al. Emicizumab prophylaxis in 
hemophilia A with inhibitors. N Engl J Med. 2017;399:809-818.

	22.	 Pipe SW, Shima M, Lehle M, et al. Efficacy, safety, and pharmaco-
kinetics of emicizumab prophylaxis given every 4 weeks in people 
with haemophilia A (HAVEN 4): a multicentre, open-label, non-
randomised phase 3 study. Lancet Haematol. 2019;6:e295-e305.

	23.	 Pasi KJ, Georgiev P, Mant T, et al. Fitusiran, an investigational RNAi 
therapeutic targeting antithrombin for the treatment of hemophilia: 
interim results from a phase 2 extension study in patients with he-
mophilia A or B with and without inhibitors [Abstract ASY 01.2]. 
Presented at XXVI congress of the international society on thrombo-
sis and haemostasis (ISTH). Res Pract Thromb Haemost. 2017;1:25-26.

	24.	 Witmer C, Young G. Factor VIII inhibitors in hemophilia A: rationale 
and latest evidence. Ther Adv Hematol. 2013;4:59-72.

	25.	 Collins PW, Liesner R, Makris M, et al. Treatment of bleeding ep-
isodes in haemophilia A complicated by a factor VIII inhibitor in 
patients receiving emicizumab. Interim guidance from UKHCDO 
Inhibitor Working Party and Executive Committee. Haemophilia. 
2018;24:344-347.

	26.	 Susen S, Gruel Y, Godier A, et al. Management of bleeding and 
invasive procedures in haemophilia A patients with inhibitor 
treated with emicizumab (Hemlibra®): proposals from the French 
network on inherited bleeding disorders (MHEMO), the French 
Reference Centre on Haemophilia, in collaboration with the French 
Working Group on Perioperative Haemostasis (GIHP). Haemophilia. 
2019;25:731-737.

https://orcid.org/0000-0003-3937-3499
https://orcid.org/0000-0003-3937-3499
https://orcid.org/0000-0003-3999-8747
https://orcid.org/0000-0003-3999-8747
https://orcid.org/0000-0001-6565-4943
https://orcid.org/0000-0001-6565-4943
https://orcid.org/0000-0001-9639-6422
https://orcid.org/0000-0001-9639-6422
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761083s002s004lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761083s002s004lbl.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/004406/WC500244743.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/004406/WC500244743.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/004406/WC500244743.pdf
https://ml-eu.globenewswire.com/Resource/Download/db972b33-c80d-47b5-9090-e21457f84364
https://ml-eu.globenewswire.com/Resource/Download/db972b33-c80d-47b5-9090-e21457f84364
https://ml-eu.globenewswire.com/Resource/Download/db972b33-c80d-47b5-9090-e21457f84364
https://www.sanofigenzyme.com/en/about-us/newsroom/2017/2017-09-07-07-43-00
https://www.sanofigenzyme.com/en/about-us/newsroom/2017/2017-09-07-07-43-00
https://www.businesswire.com/news/home/20170907005750/en/Alnylam-Pipeline-Update-Fitusiran-Givosiran-Investigational-RNAi
https://www.businesswire.com/news/home/20170907005750/en/Alnylam-Pipeline-Update-Fitusiran-Givosiran-Investigational-RNAi
https://www.businesswire.com/news/home/20170907005750/en/Alnylam-Pipeline-Update-Fitusiran-Givosiran-Investigational-RNAi
https://www.hemophilia.org/sites/default/files/document/files/258_emicizumab.pdf
https://www.hemophilia.org/sites/default/files/document/files/258_emicizumab.pdf


10  |    JIMÉNEZ-YUSTE et al.

	27.	 Yada K, Nogami K. Spotlight on emicizumab in the management of 
hemophilia A: patient selection and special considerations. J Blood 
Med. 2019;10:171-181.

	28.	 Young G, Callaghan M, Dunn A, Kruse-Jarres R, Pipe S. Emicizumab 
for hemophilia A with factor VIII inhibitors. Expert Rev Hematol. 
2018;11:835-846.

	29.	 Castaman G, Santoro C, Coppola A, et al. Emergency manage-
ment in patients with haemophilia A and inhibitors on prophy-
laxis with emicizumab: AICE practical guidance in collaboration 
with SIBioC, SIMEU, SIMEUP, SIPMeL and SISET. Blood Transfus. 
2020;18:143-151.

	30.	 Shima M. Bispecific antibodies and advances in non-gene therapy 
options in hemophilia. Res Pract Thromb Haemost. 2020;4:446-454.

	31.	 DiMichele DM., Kroner BL, North American Immune Tolerance 
Study Group. The North American Immune Tolerance Registry: 
practices, outcomes, outcome predictors. Thromb Haemost. 
2002;87:52-57.

	32.	 Haya S, Lopez MF, Aznar JA, Batlle J, Spanish Immune Tolerance 
Group. Immune tolerance treatment in haemophilia patients with 
inhibitors: the Spanish Registry. Haemophilia. 2001;7:154-159.

	33.	 Lenk H, ITT Study Group. The German Registry of immune tol-
erance treatment in hemophilia–1999 update. Haematologica. 
2000;85:45-47.

	34.	 Mariani G, Kroner B, Immune Tolerance Study Group. Immune tol-
erance in hemophilia with factor VIII inhibitors: predictors of suc-
cess. Haematologica. 2001;86:1186-1193.

	35.	 Carcao M, Escuriola-Ettingshausen C, Santagostino E, et al. The 
changing face of immune tolerance induction in haemophilia A with 
the advent of emicizumab. Haemophilia. 2019;25:676-684.

	36.	 Batsuli G, Zimowski KL, Tickle K, Meeks SL, Sidonio RF Jr. Immune 
tolerance induction in paediatric patients with haemophilia A 
and inhibitors receiving emicizumab prophylaxis. Haemophilia. 
2019;25:789-796.

	37.	 Wang JD, Chan WC, Fu YC, et al. Prevalence and risk factors of 
atherothrombotic events among 1054 hemophilia patients: a 
population-based analysis. Thromb Res. 2015;135:502-507.

	38.	 Wang JD. Comorbidities of cardiovascular disease and cancer in 
hemophilia patients. Thromb J. 2016;14:34.

	39.	 Machin N, Ragni MV. An investigational RNAi therapeutic targeting 
antithrombin for the treatment of hemophilia A and B. J Blood Med. 
2018;9:135-140.

	40.	 Buckner TW, Leavitt AD, Ragni M, et al. Prospective, multicenter 
study of postoperative deep-vein thrombosis in patients with hae-
mophilia undergoing major orthopaedic surgery. Thromb Haemost. 
2016;116:42-49.

	41.	 Uchida N, Sambe T, Yoneyama K, et al. A first-in-human phase 1 
study of ACE910, a novel factor VIII-mimetic bispecific antibody, in 
healthy subjects. Blood. 2016;127:1633-1641.

	42.	 Turecek PL, Varadi K, Gritsch H, Schwarz HP. FEIBA: mode of ac-
tion. Haemophilia. 2004;10(Suppl 2):3-9.

	43.	 Hartmann R, Feenstra T, Valentino L, Dockal M, Scheiflinger F. In 
vitro studies show synergistic effects of a procoagulant bispecific 
antibody and bypassing agents. J Thromb Haemost. 2018;16:1580-
1591. https://doi.org/10.1111/jth.14203

	44.	 Levy GG, Asikanius E, Kuebler P, Benchikh El Fegoun S, Esbjerg 
S, Seremetis S. Safety analysis of rFVIIa with emicizumab dosing 
in congenital hemophilia A with inhibitors: Experience from the 
HAVEN clinical program. J Thromb Haemost. 2019;17:1470-1477.

	45.	 Gundabolu K, Goldsweig A, Bhatt VR, Koepsell SA, Harper JL. ST-
Segment Elevation Myocardial Infarction (STEMI) and pulmonary 
embolism in a hemophilia a patient receiving emicizumab and re-
combinant activated factor VII. Haemophilia. 2020;26:e5-e8.

	46.	 Aledort LM. Deaths associated with emicizumab in patients with 
hemophilia A. N Engl J Med. 2019;381:1878-1879.

	47.	 'Novo Nordisk A/S' NovoSeven Summary of Product Characteristics. 
https://www.ema.europa.eu/en/docum​ents/produ​ct-infor​matio​

n/novos​even-epar-produ​ct-infor​mation_en.pdf. Accessed 09 
September 2019.

	48.	 Santagostino E, Mancuso ME, Novembrino C, Solimeno LP, 
Tripodi A, Peyvandi F. Rescue FVIII replacement to secure hae-
mostasis in a patient with haemophilia A and inhibitors on emici-
zumab prophylaxis undergoing hip replacement. Haematologica. 
2019;104:e380-e382.

	49.	 Kruse-Jarres R, Callaghan M, Croteau S, et al. Surgical experience 
in two multicenter, open-label phase 3 studies of Emicizumab in 
persons with hemophilia A with inhibitors (HAVEN 1 and HAVEN 
2). Presented at: The American Society of Hematology; 2017; Atlanta, 
Georgia, USA. 89.

	50.	 Santagostino E, Oldenburg J, Chang T, et al. Surgical experience 
from four phase III studies (HAVEN 1–4) of emicizumab in per-
sons with haemophilia A (PwHA) with or without FVIII Inhibitors. 
Presented at: XXVII Congress of the International Society on 
Thrombosis and Haemostasis (ISTH) 2019. OC. 60.1.

	51.	 Zimowski KL, Batsuli GM, Reding MT, et al. Maintaining periopera-
tive hemostasis in patients with severe hemophilia A and inhibitors 
receiving emicizumab prophylaxis. Blood. 2018;132(Suppl 1):635.

	52.	 Seaman CD, Ragni MV. Emicizumab use in major orthopedic sur-
gery. Blood Adv. 2019;3:1722-1724.

	53.	 Kizilocak H, Yukhtman CL, Marquez-Casas E, Lee J, Donkin J, Young 
G. Management of perioperative hemostasis in a severe hemophilia 
A patient with inhibitors on emicizumab using global hemostasis as-
says. Ther Adv Hematol. 2019;10:2040620719860025.

	54.	 Barg AA, Avishai E, Budnik I, et al. Emicizumab prophylaxis among 
infants and toddlers with severe hemophilia A and inhibitors-a 
single-center cohort. Pediatr Blood Cancer. 2019;66:e27886.

	55.	 Ebbert PT, Xavier F, Seaman CD, Ragni MV. Emicizumab prophy-
laxis in patients with haemophilia A with and without inhibitors. 
Haemophilia. 2020;26:41-46.

	56.	 Biron-Andreani C, Diaz-Cau I, Ranc A, et al. Major surgery manage-
ment in patients with haemophilia A and inhibitors on emicizumab 
prophylaxis without global coagulation monitoring. Br J Haematol. 
2020;189:e100-e103.

	57.	 Dargaud Y, Lienhart A, Janbain M, Le Quellec S, Enjolras N, 
Negrier C. Use of thrombin generation assay to personalize treat-
ment of breakthrough bleeds in a patient with hemophilia and in-
hibitors receiving prophylaxis with emicizumab. Haematologica. 
2018;103:e181-e183.

	58.	 Kiialainen A, Schmitt C, Adamkewicz J, et al. Pharmacokinetics 
and biomarkers in persons with haemophilia a (PwHA) receiv-
ing emicizumab every 2 or 4 weeks. Presented at 12th Annual 
Congress of the European Association for Haemophilia and Allied 
Disorders 2019. 6–8 February 2019. Prague, Czech Republic. P021. 
Haemophilia. 2019;25:35-188.

	59.	 Hermans C, Auerswald G, Benson G, et al. Outcome measures 
for adult and pediatric hemophilia patients with inhibitors. Eur J 
Haematol. 2017;99:103-111.

	60.	 Morfini M, Haya S, Tagariello G, et al. European study on ortho-
paedic status of haemophilia patients with inhibitors. Haemophilia. 
2007;13:606-612.

	61.	 Nilsson IM, Berntorp E, Lofqvist T, Pettersson H. Twenty-five years' 
experience of prophylactic treatment in severe haemophilia A and 
B. J Intern Med. 1992;232:25-32.

	62.	 Callaghan M, Negrier C, Paz-Priel I, et al. Emicizumab treatment is 
efficacious and well tolerated long term in persons with haemo-
philia A (PwHA) with or without FVIII inhibitors: pooled data from 
four HAVEN studies. Presented at: XXVII Congress of the International 
Society on Thrombosis and Haemostasis (ISTH) 2019. Abstract OC 60.2.

	63.	 Auerswald G, Dolan G, Duffy A, et al. Pain and pain management in 
haemophilia. Blood Coagul Fibrinolysis. 2016;27:845-854.

	64.	 Oldenburg J, Mahlangu JN, Bujan W, et al. The effect of emicizumab 
prophylaxis on health-related outcomes in persons with haemophilia 
A with inhibitors: HAVEN 1 Study. Haemophilia. 2019;25:33-44.

https://doi.org/10.1111/jth.14203
https://www.ema.europa.eu/en/documents/product-information/novoseven-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/novoseven-epar-product-information_en.pdf


    |  11JIMÉNEZ-YUSTE et al.

	65.	 van Genderen FR, Westers P, Heijnen L, et al. Measuring pa-
tients' perceptions on their functional abilities: validation of the 
Haemophilia Activities List. Haemophilia. 2006;12:36-46.

	66.	 Craig CL, Marshall AL, Sjostrom M, et al. International physical 
activity questionnaire: 12-country reliability and validity. Med Sci 
Sports Exerc. 2003;35:1381-1395.

	67.	 Riva S, Bullinger M, Amann E, von Mackensen S. Content compar-
ison of haemophilia specific patient-rated outcome measures with 
the international classification of functioning, disability and health 
(ICF, ICF-CY). Health Qual Life Outcomes. 2010;8:139.

	68.	 Palareti L, Poti S, Cassis F, Emiliani F, Matino D, Iorio A. Shared 
topics on the experience of people with haemophilia living in the 
UK and the USA and the influence of individual and contextual 
variables: results from the HERO qualitative study. Int J Qual Stud 
Health Well-being. 2015;10:28915.

	69.	 Morfini M, Zanon E. Emerging drugs for the treatment of hemo-
philia A and B. Expert Opin Emerg Drugs. 2016;21:301-313.

	70.	 Park CY, Lee DR, Sung JJ, Kim DW. Genome-editing technologies 
for gene correction of hemophilia. Hum Genet. 2016;135:977-981.

	71.	 Murphy SL, High KA. Gene therapy for haemophilia. Br J Haematol. 
2008;140:479-487.

	72.	 Swystun LL, Lillicrap D. Gene therapy for coagulation disorders. 
Circ Res. 2016;118:1443-1452.

	73.	 French RA, Samelson-Jones BJ, Niemeyer GP, et al. Complete 
correction of hemophilia B phenotype by FIX-Padua skeletal 
muscle gene therapy in an inhibitor-prone dog model. Blood Adv. 
2018;2:505-508.

	74.	 Goodeve AC. Hemophilia B: molecular pathogenesis and mutation 
analysis. J Thromb Haemost. 2015;13:1184-1195.

	75.	 Markusic DM, Hoffman BE, Perrin GQ, et al. Effective gene therapy 
for haemophilic mice with pathogenic factor IX antibodies. EMBO 
Mol Med. 2013;5:1698-1709.

How to cite this article: Jiménez-Yuste V, Auerswald G, 
Benson G, et al. Practical considerations for nonfactor-
replacement therapies in the treatment of haemophilia with 
inhibitors. Haemophilia. 2021;00:1–11. https://doi.
org/10.1111/hae.14167

https://doi.org/10.1111/hae.14167
https://doi.org/10.1111/hae.14167

