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Rescue immune tolerance induction 
with a recombinant factor Fc-fused VIII: 
prospective ReITIrate study of clinical, 
humoral and cellular immune responses
Christoph Königs, Shannon L. Meeks , Beatrice Nolan , Anja Schmidt, Malin Löfqvist, 
Jennifer Dumont, Lisa Leickt*, Sushrusha Nayak* and Stefan Lethagen

Abstract
Background: Immune tolerance induction (ITI) is the gold standard for inhibitor eradication 
to restore the clinical efficacy of factor replacement therapy in haemophilia. However, 
as ITI often requires frequent administration over extended periods, it can be considered 
burdensome for patients and healthcare resources. Therefore, there is a need to optimise ITI 
treatment, particularly in patients who failed previous ITI attempts.
Objectives: The ReITIrate study aimed to prospectively evaluate rescue ITI with efmoroctocog 
alfa, an extended half-life recombinant FVIII Fc fusion protein (herein rFVIIIFc), within a limited 
60-week timeframe in patients with severe haemophilia A and inhibitors who failed previous 
ITI attempts.
Design: ReITIrate was a phase IV, open-label, single-arm, interventional, multicentre study.
Methods: Primary endpoint was ITI success (negative titre, <0.6 BU/mL; incremental 
recovery >66%; elimination half-life ⩾7 hours) within 60 weeks. Exploratory immunophenotype 
analyses were performed to characterise anti-drug antibodies (ADA) and cellular immune 
responses.
Results: Nine of 16 enrolled subjects completed the ITI period during ReITIrate, of which 
one subject attained all 3 ITI success criteria after 46 weeks with no relapse. Two subjects 
achieved partial success (one subject met 2/3 success criteria; one met all criteria, but 
not simultaneously, with inhibitor recurrence). One additional subject (ITI failure) achieved 
negative inhibitor titre. Across these four subjects, median (range) time to negative titre was 
19 (11–60) weeks. No new safety concerns were identified. IgG4 was the major contributor to 
the ADA IgG response. Subjects with partial/complete ITI success had fewer IgG subclasses 
involved than those who failed/withdrew. Immunophenotyping indicated an increase in 
regulatory T-cells (CD4+CD25+CD127low), supporting the ability to perform sensitive blood 
sampling to identify immune tolerance markers.
Conclusion: This study demonstrates that ITI with rFVIIIFc given within a limited timeframe 
has potential benefit in a difficult-to-treat inhibitor haemophilia population who failed previous 
ITI attempts.
Trial registration: NCT03103542.
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Introduction
Inhibitors are the most severe treatment-related 
complication of exogenous factor VIII (FVIII) in 
haemophilia A.1,2 Approximately one-third of 
previously untreated patients with severe haemo-
philia A develop neutralising antibodies (NAb; or 
inhibitors) against FVIII, rendering FVIII 
replacement ineffective for prevention and treat-
ment of bleeds and maintenance of surgical 
haemostasis.1–3

Immune tolerance induction (ITI) is the gold 
standard to eradicate inhibitors and restore the 
clinical efficacy of FVIII replacement therapy by 
tolerising the immune system to FVIII.1 Despite 
the availability of non-factor therapies with emici-
zumab becoming a preferred first-line approach 
to protect against bleeds and as an alternative to 
ITI in certain patient groups, inhibitor eradica-
tion by ITI remains the preferred management 
strategy for patients with haemophilia A who 
develop inhibitors.2,4–7 However, there is cur-
rently no clear consensus on an optimal ITI regi-
men.8 ITI therapy with standard half-life (SHL) 
FVIII products is considered burdensome for 
patients and healthcare resources as it usually 
requires frequent administration of high-dose 
FVIII over extended periods to achieve tolerance 
and optimise haemostatic control.3,9–12 Many 
patients need central venous access devices 
(CVADs) for frequent infusions.12,13

Moreover, ITI therapy is not always successful, 
with complete ITI success rates between 38% 
and 83% for patients receiving first-time ITI.14–19 
ITI outcomes may be influenced by therapeutic 
regimens and patient-related prognostic factors, 
which could guide treatment decisions and opti-
mise ITI.19–21 A pre-ITI inhibitor titre <10 BU/
mL, peak historical inhibitor titre ⩽200 BU/mL, 
and ITI initiated <5 years after inhibitor diagno-
sis have been identified as predictors of ITI suc-
cess.11,21 The International ITI (I-ITI) study 
indicated that patients with good prognosis had 
similar ITI success rates with both high-dose and 
low-dose FVIII regimens, although low-dose sub-
jects bled more often and required longer treat-
ment periods to achieve success.14 Patients who 
have failed ITI can be exposed to subsequent ITI 
attempts, or ‘rescue ITI’ therapy. Although there 
are limited data on the success rate and time to 
tolerance of rescue ITI treatments, a successful 
outcome is generally less likely than the first ITI 

attempt.17–19,22 Therefore, there is a need to opti-
mise ITI treatment in patients who failed previ-
ous ITI attempts, especially with the availability 
of non-factor therapy.2

Preclinical data suggests efmoroctocog alfa, an 
extended half-life (EHL) recombinant FVIII Fc 
fusion protein (herein referred to as rFVIIIFc), 
has immunomodulatory properties and may 
induce tolerance to FVIII; certain epitopes in the 
Fc domain have been shown to activate regula-
tory T-cells (Tregs) and interact with monocyte-
derived macrophages expressing Fc receptors to 
induce regulatory macrophage polarisation.23–25 
However, additional immunological analyses are 
required to more fully characterise the immune 
mechanisms underlying ITI with rFVIIIFc.

Retrospective clinical ITI data and case reports 
indicate earlier tolerance can be achieved using 
rFVIIIFc compared with SHL products.9,10,22,26–28 
However, data are limited and use varying treat-
ment protocols and definitions of success.9,10,22,26–28 
Therefore, it would be valuable to assess the 
effectiveness of ITI with rFVIIIFc within a lim-
ited timeframe using a standardised ITI protocol, 
especially in patients with a poor prognosis of ITI 
success.

Given the expected differences in first-time ITI 
and rescue ITI treatment success rates, two phase 
IV studies were designed to prospectively evalu-
ate ITI with rFVIIIFc. VerITI-8 (NCT03093480) 
evaluated ITI outcomes with rFVIIIFc in patients 
with severe haemophilia A and inhibitors under-
going their first ITI treatment over 48 weeks.29 
Here, we report results from ReITIrate 
(NCT03103542), the first prospective study to 
evaluate the outcomes of rescue ITI with rFVII-
IFc over a limited, predefined 60-week timeframe 
using a standardised rFVIIIFc protocol.

Methods

Study design and participants
ReITIrate was a phase IV, open-label, single-arm, 
interventional study conducted in nine countries 
across Europe and North America.

The primary objective was to describe the out-
come of ITI treatment performed within a lim-
ited, predefined 60-week timeframe with rFVIIIFc 
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in patients who failed previous attempts of toleri-
sation (including immunosuppressant use in pre-
vious ITI attempts). Secondary and exploratory 
objectives are listed in the Supplementary 
Methods.

Enrolled subjects were male, of any age, with 
severe haemophilia A and high-titre inhibitors 
(historical peak: ⩾5 BU/mL according to medical 
records), with ⩾0.6 BU/mL inhibitor titre at 
screening. Eligible subjects had undergone ⩾1 
previous failed ITI treatment with any FVIII 
product (minimum dose: 50 IU/kg three times 
weekly) and a minimum ITI treatment period of 
33 months or <33 months if there was no down-
ward trend of ⩾20% in inhibitor titre in any 
6-month period after the initial 3 months of ITI.

Concurrent systematic treatment with immuno-
suppressants within 12 weeks prior to screening was 
not permitted. Emicizumab was not yet approved 
and launched when this study was planned. As 
there was a lack of experience with the safety of 
emicizumab during ITI treatment, patients concur-
rently or previously treated with emicizumab were 
excluded from this study. Full exclusion criteria are 
reported in the Supplementary Methods.

ReITIrate consisted of a 4- to 6-week screening 
period, followed by an ITI treatment period, dur-
ing which subjects initially received rFVIIIFc 

200 IU/kg daily (subsequently adjusted based on 
FVIII:C levels and according to investigator 
judgement to avoid FVIII plasma activity 
>200 IU/dL or <1 IU/dL) until successful toleri-
sation or for a maximum of 60 weeks (Figure 1). 
rFVIIIFc was administered as a once-daily injec-
tion or divided into two injections per day at the 
investigator’s discretion.

Subjects who achieved ITI success within the 
treatment period were eligible to enter the 
16-week tapering period (where rFVIIIFc dose 
was gradually reduced to prophylactic levels; dose 
and regimen adjusted by the investigator in 
accordance with local practice) and subsequent 
32-week follow-up period. During follow-up, 
subjects continued prophylactic treatment with 
the dose and frequency prescribed by the investi-
gator according to clinical response. A final safety 
follow-up was conducted 7–14 days after the end 
of treatment (EOT) visit.

During the ITI period, bleeds were treated 
according to investigator judgement and local 
practice; concomitant treatment with bypassing 
agents (BPAs) was permitted. During tapering/
follow-up, subjects were monitored for relapse, 
defined as a positive inhibitor ⩾0.6 BU/mL 
(Nijmegen-modified Bethesda assay) and an 
incremental recovery (IR) ⩽66% of expected IR, 
both on two consecutive assessments performed 

rFVIIIFc 
200 IU/kg/daya

rFVIIIFc tapered to treatment with 
rFVIIIFc 

Screening 
visit

Baseline 
visit

 fo dnEstisiv yduts-nOstisiv yduts-nO
treatment 

visit

Safety 
follow-up 
visit/call

Tapering 

Screening 
period: 

4–6 weeks

ITI period: 
Maximum 60 weeks

Tapering period: 
16 weeksb

Follow-up period: 
32 weeksb

Safety 
follow-up 

period: 
2 weeks

Figure 1.  ReITIrate study design.
aAfter the initial rFVIIIFc dose of 200 IU/kg/day, dosing was subsequently adjusted based on FVIII:C levels and according 
to investigator judgement to avoid FVIII plasma activity >200 or <1 IU/dL. bOnly subjects who achieved ITI success within 
60 weeks entered the tapering and follow-up periods. Concomitant use of immunosuppressants was not permitted during 
the study. If the tapering period was prolonged, the follow-up period was shortened accordingly (minimum of 24 weeks).
FVIII, factor VIII; ITI, immune tolerance induction; rFVIIIFc, recombinant FVIII Fc fusion protein.
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within 2–4 weeks, with or without clinical signs/
symptoms. Subjects with confirmed relapse pro-
ceeded directly to the EOT visit.

Endpoints
The primary endpoint was ITI success within 
60 weeks, which was assessed continuously. ITI 
success was defined as simultaneously achieving 
all the following criteria: negative inhibitor titre 
(<0.6 BU/mL) at two consecutive visits, calcu-
lated FVIII IR > 66% of the expected IR at two 
consecutive visits and FVIII elimination half-life 
(t½) ⩾7 hours.11,30 Partial success was defined as 
achieving negative inhibitor titre and one phar-
macokinetic parameter of ITI success (IR > 66% 
or elimination t½ ⩾7 hours). Treatment failure 
was defined as fulfilling one of the following crite-
ria: no downward trend of ⩾20% in inhibitor titre 
in any 6-month period after the initial 3 months of 
ITI treatment30; presence of a sustained positive 
inhibitor (⩾0.6 BU/mL) after 60 weeks of ITI; or 
negative inhibitor titre without achieving either 
IR >66% of expected IR or elimination t½ 
⩾7 hours after 60 weeks of ITI. As per the proto-
col, outcomes could also be deemed ‘not determi-
nable’ due to withdrawal during the ITI period.

Secondary endpoints included time to tolerisa-
tion (i.e. ITI success), relapse rate following suc-
cessful ITI, number of bleeds during ITI and 
follow-up (also reported as annualised bleeding 
rate (ABR)), adverse events (AEs), number of 
hospitalisations and days of missed school, rFVI-
IIFc consumption, and dose and frequency 
adherence (calculated as the number of adminis-
tered doses/number of prescribed doses and the 
number of days in which a dose was taken/num-
ber of days in which a dose was prescribed, 
respectively).

Exploratory endpoints included the presence of 
FVIII-specific anti-drug antibodies (ADA; both 
neutralising and non-neutralising) and cellular 
immune response characterisation (details 
reported in the Supplementary Methods).

Data collection and analysis
Pre-dose blood samples were collected at all visits 
during the study for the determination of FVIII 
inhibitors using local procedures. Blood samples 
were collected for FVIII activity analysis to assess 

IR where t½ was not assessed, starting at the visit 
after the confirmed negative inhibitor titre. Blood 
samples for assessment of t½ were collected start-
ing at the visit after confirmed IR >66% of the 
expected IR. Assessments were repeated at each 
consecutive visit until the t½ was ⩾7 hours and at 
the EOT visit. At least a 24-hour washout was 
required prior to the t½ pre-dose sample collec-
tion, without additional rFVIIIFc doses, during 
the pharmacokinetic sampling period.

Blood samples for assessment of inhibitor titre 
and rFVIIIFc activity were analysed using the 
Nijmegen-modified Bethesda assay at both local 
and central laboratories (which were accredited 
or participated in an external quality assurance 
scheme). Local laboratory analyses were used for 
clinical decision making and evaluation of ITI 
success criteria. Calculations were conducted by 
the investigator or designee. For assessment of 
exploratory endpoints, blood samples, including 
peripheral blood mononuclear cells and plasma, 
were analysed at a central laboratory and a central 
research laboratory.

Further details on data collection and analyses 
are provided in the Supplementary Methods.

Statistical analysis
Due to the limited number of subjects with severe 
haemophilia A and persistent inhibitors who 
could fulfil the strict inclusion criteria, no formal 
sample size calculation was possible.

All subjects who received ⩾1 rFVIIIFc dose were 
included in the ITI full analysis set. Outcomes 
were summarised using descriptive statistics; no 
inferential statistics were performed. Safety data 
and consumption were presented descriptively 
across the study and by each period. Time to ITI 
success was analysed using Kaplan-Meier esti-
mates. Individual age and inhibitor titres data are 
presented as ranges to help protect subject 
identification.

Results

Subject characteristics
Of 18 screened subjects, 16 were enrolled in 
ReITIrate between November 2017 and 
December 2018. Enrolled subjects had multiple 
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Table 1.  Baseline demographics and disease characteristics of ReITIrate subjects.

Characteristic Enrolled subjectsa (N = 16)

Age at enrolment (years), median (range) 7.5 (3–46)b

Weight at screening (kg), mean (SD) 35.5 (20.3)

Race/Ethnicity, n (%)

  White 15 (93.8)

  Black or African American 1 (6.3)

Family history of inhibitors, n (%)

  Yes 7 (43.8)

  No 5 (31.3)

  Unknown 4 (25.0)

F8 genotype, n (%)

  Intron 22 inversion 9 (56.3)

  Frameshift 2 (12.5)

  Intron 1 inversion 1 (6.3)

  Large deletion 1 (6.3)

  Nonsense 1 (6.3)

  Not available 2 (12.5)

Historical peak inhibitor titre (BU/mL), median (rangec) 127.4 (10–3,000)

Inhibitor titre at screening (BU/mL), median (range)d 11 (1–635)

Number of previous ITI attempts,e,f median (range) 1 (1–3)

  1 treatment, n (%) 10 (62.5)

  2 treatments, n (%) 4 (25.0)

  3 treatments, n (%) 2 (12.5)

Total duration of previous ITI (months), median (range) 51.7 (13–155)

Previous ITI with high dose,g n (%) 16 (100)

Time elapsed since previous ITI (months),h median (range) 1.5 (0.0–59.4)

Previous immunomodulation used,i n (%) 5 (31)

Percentages may not sum to 100 due to rounding.
aSubjects were enrolled between November 2017 and December 2018.
bOnly one subject was ⩾18 years of age.
cRounded to the nearest 10.
dRounded to the nearest integer.
eTen of the previous ITI attempts (n = 10 subjects) were with concomitant use of prophylactic bypassing agents.
fFVIII products used in previous ITI included recombinant FVIII (16 treatments), plasma-derived FVIII with (11 treatments) 
or without (1 treatment) von Willebrand factor.
gHigh retrospective ITI dose was defined as ⩾100 IU/kg once a day.
hDerived from the end date of the last ITI attempt until the start date of ITI in the ReITIrate study.
iWith sirolimus, rituximab, vincristine and prednisolone, in combination or alone.
BU, Bethesda unit; F8, factor VIII gene; FVIII, factor VIII; ITI, immune tolerance induction; SD, standard deviation.
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risk factors for poor ITI outcome and a median 
(range) total previous ITI duration of 51.7 (13–
155) months (Tables 1 and 2). One subject was 
treated with rFVIIIFc during the 12 months prior 
to baseline. No subjects used rFVIIIFc as their 
last treatment prior to first inhibitor develop-
ment. All subjects with a known causative FVIII 
gene (F8) genotype (not available for n = 2) had 
high-risk mutations (i.e. inversions, large dele-
tion, frameshift and nonsense mutations). In 
addition to risk factors listed in Tables 1 and 2, 
nine subjects had >5 years between diagnosis of 
inhibitor and start of ITI in ReITIrate (data not 
shown). Five subjects had previously received 
immunomodulation.

ITI success, time to tolerisation and occurrence 
of relapse
Within the 60-week timeframe, 3/16 (18.8%) 
enrolled subjects achieved complete or partial ITI 
success, while six (37.5%) failed to reach ITI suc-
cess and seven (43.8%) had undetermined crite-
ria according to study definition (Figure 2; 
Supplementary Table S1). Nine subjects com-
pleted the ITI period according to protocol and 
four of these (44%) achieved negative inhibitor 
titres. Two subjects entered the tapering period 
(one subject entered without achieving ITI suc-
cess due to site error and subsequently stopped 
the study) and one subject entered the follow-up 
period.

Cr
ite

ria
 fo

r I
TI

 su
cc

es
s

Screened
n=18

Dosed
n=16

Completed ITI according 
to protocol

n=9

BU/mL) reached within median 
(range) of 19 (11–60) weeks

n=4

IR >66%
n=3

FVIII t½ ≥7 hours
n=2

ITI success by 60 weeks, 

n=1

IR ≤66%
n=1

ITI failure prior to 60 weeksa

n=2

n=3

FVIII t½
 <7 hours
n=1

Screening failure
n=2

Early withdrawal
n=7

(adverse events [n=2], 

[n=3], other [n=2])

All three criteria met, but 
not simultaneously

n=1

Figure 2.  ITI outcomes for subjects enrolled in ReITIrate.
aNo downward trend of ⩾20% in inhibitor titre in 6 months of ITI.
BU, Bethesda units; FVIII, factor VIII; IR, incremental recovery; ITI, immune tolerance induction; t½, terminal half-life.
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(d)
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*

Figure 3.  Inhibitor titres in the four subjects who achieved negative inhibitor titres (<0.6 BU/mL) within 60 weeks of ITI with rFVIIIFc 
and achievement of ITI success criteria: (a) Subject that obtained a negative inhibitor titre at week 60; (b, c) Subjects deemed as 
partial success; (d) Subject who simultaneously achieved complete ITI success.
Inhibitor titre scale on the y-axis differs between subjects. Inhibitor titres were assessed at local laboratories. Top right boxes indicate the tolerance 
criteria achieved according to study protocol definitions. *One subject had a treatment change (dose increase due to low FVIII activity level) at week 
24.4.
BU, Bethesda unit; FVIII, factor VIII; IR, incremental recovery; ITI, immune tolerance induction; rFVIIIFc, recombinant factor VIII Fc fusion protein; t½, 
terminal half-life.

Complete ITI success was achieved by one sub-
ject (6.3%) after 46 weeks. This subject did not 
experience relapse during the 48-week tapering 
and follow-up periods. Partial success was 
achieved by two subjects (12.5%) after 30 weeks 
and 56 weeks. Of these subjects, one met the cri-
teria for IR but not terminal t½ and the other 
met all ITI success criteria but not simultane-
ously and had inhibitor recurrence towards the 
end of the ITI period (Figure 3).

Negative inhibitor titres were achieved by four 
subjects who completed the ITI period (Figure 
3; failure (n = 1; Figure 3(a)), partial success 
(n = 2; Figure 3(b) and (c)) and complete ITI 
success (n = 1; Figure 3(d)) within a median 
(range) of 19 (11–60) weeks. Of these, three sub-
jects reached an IR > 66% of the expected IR (at 
weeks 30, 30.1 and 56, respectively) and two 
subjects reported terminal t½ ⩾7 hours (at weeks 
46 and 59).

Of the six subjects who failed ITI, two did not 
have a downward trend of ⩾20% in inhibitor 

titres in 6 months of ITI, three had sustained pos-
itive inhibitor after 60 weeks of ITI and one had 
negative inhibitor titre without achieving either 
IR > 66% of the expected IR or terminal t½ 
⩾7 hours after 60 weeks of ITI.

Success criteria were not determinable for seven 
subjects due to early withdrawal for reasons 
including: AEs (n = 2; described under Safety), 
physician decision (n = 2), subject decision (n = 1) 
and other (n = 2).

Dosing, consumption and duration of rFVIIIFc 
exposure
Median (range) average daily rFVIIIFc dose was 
193.3 (98.6–206.3) IU/kg for the ITI period 
(n = 16), 82.6 (74.9–90.3) IU/kg for the tapering 
period (n = 2) and 61.5 IU/kg for the follow-up 
period (n = 1).

Across the 16 enrolled subjects, median (range) 
annualised rFVIIIFc consumption during the 
ITI period was 70,520 (48,650–75,337) IU/kg/
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year. In the subject who achieved complete ITI 
success and proceeded to the tapering and fol-
low-up periods, annual rFVIIIFc consumption 
was 27,236 IU/kg/year and 20,927 IU/kg/year 
during each period, respectively.

Subjects were exposed to rFVIIIFc for a median 
(range) of 51.6 (17.4–99.0) weeks during the 
study; median (range) exposure during the ITI, 
tapering and follow-up periods was 49.5 (17.4–
64.3), 12.6 (7.3–18.0) and 31.7 weeks, 
respectively.

Data on rFVIIIFc adherence, concomitant 
medication, number of hospitalisations and 
days missed at school/work are provided in the 
Supplementary Data.

Bleeds
A median (range) of 5 (0–26) bleeding episodes 
per subject (n = 16 subjects) were reported during 
the 12 months prior to baseline. Of these, 14 sub-
jects had traumatic bleeds (n = 74 events) and 11 
had spontaneous bleeds (n = 68 events). Refer to 
the Supplementary Data for concomitant BPA 
dosing information.

Median (range) ABR was 4.7 (0–45.7) during the 
ITI period (Supplementary Table S2). In the 
subject who achieved complete ITI success, ABR 
during the 48-week follow-up period was 
5.1 bleeds/year (all bleeds were traumatic). 
During the ITI treatment period, 146 bleeding 
episodes (58 traumatic, 86 spontaneous and 2 
missing information) occurred in 12 subjects. Of 
these, 72 events in 11 subjects were localised to 
joints (24 traumatic and 48 spontaneous).

Safety
Overall, 188 treatment-emergent AEs (TEAEs; 
18 serious and 170 non-serious) were reported 
across all 16 subjects during the study. The most 
common TEAEs (⩾15%) are included in 
Supplementary Table S3.

Of the 18 serious TEAEs (n = 7 subjects), 14 were 
observed during the ITI period (1 severe, 12 
moderate and 1 mild) and 4 during the tapering 
period (all moderate). Two serious TEAEs, bra-
chiocephalic vein thrombosis and superior vena 
cava thrombosis, occurred in the same subject 

during the ITI period (with concomitant BPAs) 
and were considered related to ITI treatment by 
the investigator. The subject’s blood culture was 
positive for staphylococcal infection (medical his-
tory of note included serious AE (SAE) of device-
related sepsis and insertion of a ventricular assist 
device). The subject’s central line was removed 
and BPA stopped. rFVIIIFc treatment continued 
as planned and the subject recovered. There was 
one SAE of thrombosis during the tapering period 
which was considered not related to rFVIIIFc by 
the investigator. One SAE of CVAD-related 
thrombosis was reported during the ITI period 
but was determined not related to rFVIIIFc; this 
subject had an inhibitor titre of 11.35 BU/mL 
prior to the event and received BPAs. The aetiol-
ogy of reported thromboembolic events was con-
cluded to be multifactorial; confounding factors 
include infection, presence of a CVAD and con-
comitant use of BPAs.

Three AEs (infection Hickman catheter, bleeds in 
right thigh and right ankle) in two subjects led to 
discontinuation (one severe and two moderate); 
all were reported during the ITI period and con-
sidered unrelated to ITI treatment. No deaths or 
new safety concerns were identified.

Exploratory analysis
ADA screening.  A total of 272 plasma samples 
were analysed for anti-rFVIIIFc antibodies; 258 
(95%) were confirmed positive and further 
characterised.

NAb/ADA titres.  Despite differences in method-
ology, consistent trends were observed between 
individual NAb titres (Nijmegen-modified 
Bethesda assay; Supplementary Figure S1), anti-
rFVIIIFc titres (electrochemiluminescence) and 
anti-FVIII IgG titres (enzyme-linked immunosor-
bent assay; Supplementary Figure S2). Four sub-
jects achieved negative inhibitor titres (<0.6 BU/
mL, local laboratory) in the study. Furthermore, 
some subjects showed a tendency towards 
decreased ADA levels without reaching negative 
inhibitor titres (Supplementary Figures S1 and 
S2).

FVIII/Fc specificity.  The 258 ADA-positive sam-
ples were not specific for IgG1 (containing the Fc 
domain of rFVIIIFc). When tested towards FVIII 
(octocog alfa), 257 ADA-positive samples were 
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positive; 1 sample was negative for octocog alfa 
although confirmed positive for rFVIIIFc.

FVIII-specific IgA and IgM.  After week 2 of the 
treatment period, two subjects were positive for 
FVIII-specific IgA (Supplementary Table S4); 
both subjects had high ADA levels. IgA optical 
density values for these subjects decreased over 
time. Both subjects terminated the study early.

IgM responses were obtained at a single time-
point for several subjects but only three subjects 
had responses at >1 timepoint. One subject with 
partial ITI success had an IgM response in the 
outcome assessment period and during the taper-
ing period.

FVIII-specific IgG subclasses.  The IgG4 subclass 
was involved in the immune response for all sub-
jects and was the major contributor to the overall 
IgG response (Figure 4). For most subjects, the 
IgG3 subclass also had a positive titre at some 
timepoints. IgG4 was the only subclass involved 
in the immune response for the subject with com-
plete ITI success, while IgG3 was also involved 
for the two subjects with partial success. Subjects 
that completed ITI had negative or low IgG1 
titres.

Distribution of anti-FVIII antibody binding 
domains.  The FVIII light chain was more fre-
quently recognised by anti-FVIII antibodies than 
the heavy chain (Supplementary Figure S3). The 
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Figure 4.  The titre of FVIII-specific IgG1–IgG4 during the ReITIrate study period for individual subjects (OD): (a) Subject that obtained 
a negative inhibitor titre at week 60; (b, c) Subjects deemed as partial success according to protocol definitions; (d) Subject who 
achieved complete ITI success.
The y-axis scale differs between subjects. *Subjects that completed ITI and the ReITIrate study.
FVIII, factor VIII; Ig, immunoglobulin; ITI, immune tolerance induction; OD, optical density.
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FVIII domains mainly recognised by antibodies 
from patient plasma were C2 (in >85% subjects) 
and A2 (in >50% subjects).

Determination of anti-FVIII affinity.  The binding 
affinities of the IgG antibodies to FVIII were rela-
tively high (Supplementary Figure S4). Two of 
three subjects that achieved a negative inhibitor 
titre and were included in the affinity dataset had 
the lowest antibody affinities to FVIII; the third 
subject also had affinities in the lower range.

Characterisation of the cellular immune status.  Flow 
cytometry immunophenotyping demonstrated an 
overall increase in the CD4+CD25+CD127low 
Tregs subpopulation (Supplementary Figure S5). 
For the eight subjects with both baseline and 
EOT measurements available, the mean (SD) 
proportion of CD4+CD25+CD127low Tregs of 
total CD4+ T cells increased from 3.2% (0.9) at 
baseline to 6.1% (1.8) at EOT. T cell activation 
was evaluated by CD69 expression, but no clear 
patterns were observed (Supplementary Figure 
S6). Further data are reported in the Supplemen-
tary Data.

Discussion
To the best of our knowledge, ReITIrate is the 
first and only prospective study to evaluate res-
cue ITI treatment with an EHL FVIII product 
in people with severe haemophilia A who have 
failed previous attempts at tolerisation, includ-
ing use of immunosuppressants, and within a 
limited 60-week timeframe.

Of the nine subjects enrolled in ReITIrate who 
completed the pre-determined ITI treatment 
period, one achieved complete ITI success with 
rFVIIIFc after 46 weeks, two reached partial 
success and six were deemed ITI failures. One of 
the two subjects deemed as partial success 
(according to study criteria) achieved all three 
success criteria but not simultaneously and had 
inhibitor recurrence towards the end of the ITI 
period. Four subjects achieved negative inhibi-
tor titres at a median of 19 weeks. The achieve-
ment of a negative inhibitor titre may provide 
clinical benefit with the potential to respond to 
FVIII treatment and prophylaxis with higher 
FVIII doses, even if the other two study success 
criteria were not met.14

Since only one subject achieved complete ITI 
success, as defined by the strict study criteria, 
general conclusions on the secondary objectives 
(time to tolerisation, relapse and bleeding rate 
after successful ITI treatment) could not be 
drawn. Nevertheless, this subject did not experi-
ence any relapse within the follow-up period. It 
should be noted that although this subject com-
pleted the formal ITI period per the protocol, the 
relatively high median dose of 61.5 IU/kg/day 
administered at follow-up could be considered as 
ongoing ITI treatment rather than conventional 
prophylaxis for non-inhibitor patients.

Average rates for missing days from school/work 
and for hospitalisations during the ITI and fol-
low-up periods were low, indicating a limited 
impact of ITI treatment on school/work attend-
ance. Despite intense ITI treatment, subjects had 
high treatment adherence.

rFVIIIFc was well tolerated with no new safety 
concerns. Eighteen serious TEAEs were reported 
across seven subjects during the study, including 
three serious vascular thrombotic events with 
confirmed multifactorial aetiology. Several risk 
factors may have contributed to these thrombo-
embolic AEs, such as indwelling CVADs, infec-
tions or concomitant use of BPAs.

The exploratory objective was to further under-
stand the mechanism of ITI by investigating anti-
body response and immune cell status. Antibody 
specificity was specific for FVIII but not IgG1, 
suggesting the immune response was directed to 
the FVIII molecule and not the Fc domain of 
rFVIIIFc. The high affinity to FVIII observed 
was expected given that enrolled subjects had an 
established immune response due to previous 
challenge with FVIII. The IgG4 subclass was 
involved in the immune response for all subjects 
and was the major contributor to the overall IgG 
response, consistent with previous studies, while 
IgG1 levels were relatively low in most sub-
jects.31,32 A less broad immune response was seen 
in subjects with partial/complete ITI success, 
with only the IgG3 and IgG4 subclasses involved. 
Most subjects had no IgA response and/or >1 
IgM response. Indeed, anti-FVIII IgA and IgM 
have been identified as potential predictors of 
poor treatment outcomes in acquired haemo-
philia A.33,34
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Despite no changes in the proportions of CD4+ 
or CD8+ T cells during ReITIrate, immunophe-
notype analysis indicated a trend towards an 
overall increase in CD4+CD25+CD127low Tregs, 
although further studies would be required to 
confirm these findings. This result is in agree-
ment with previous non-clinical data associating 
rFVIIIFc tolerance with attenuation of the 
immune response to FVIII through a higher pro-
portion of Tregs, a lower percentage of pro-
inflammatory T cells and upregulation of 
tolerogenic cytokines.23 This is the first study to 
investigate the T cell and B cell responses in ITI. 
The ability to perform this degree of immunophe-
notyping indicates it is possible in relatively young 
children, despite challenges involved with blood 
sampling, transport and storage of blood samples 
and assays involved. However, it should be taken 
into account that all ReITIrate subjects had 
undergone at least one previous ITI treatment, 
which may have influenced the immunological 
response.

A key strength of ReITIrate was the use of strict 
criteria to define previous ITI failure, ensuring 
subjects had undergone and failed a previous 
intense ITI treatment, and three highly stringent 
criteria to define ITI success in ReITIrate. It is 
therefore difficult to compare results with previ-
ous studies that may have included subjects that 
failed shorter or less intense previous ITI attempts 
or used less stringent success criteria.17,18 Further, 
comparisons with retrospective studies may not 
provide a fair benchmark as these analyses may 
risk selection of more successful cases that com-
pleted ITI treatment, excluding subjects who ter-
minated treatment prematurely.

An additional strength was the ReITIrate trial 
design, including the initial high dose of rFVIIIFc 
for ITI (200 IU/kg/day), which aligned with the 
most current and experienced ITI practice and 
treatment guidelines.14,21,35,36 A detailed immu-
nological follow-up was also conducted to help 
elucidate the mechanisms underlying rescue ITI 
outcomes with rFVIIIFc.

Prior to this study, real-world data indicated that 
tolerance may be achieved more rapidly when ITI 
is performed with rFVIIIFc compared with SHL 
products, thus providing possibilities to reduce 
treatment burden.9,10,22 This study was therefore 

limited to a short, predefined 60-week timeframe 
instead of the recommended duration of 
33 months (~143 weeks) for establishing failure, 
which was defined by consensus groups and 
adopted by clinical studies such as IITI.11,14 It 
cannot be ruled out that an ITI treatment period 
longer than 60 weeks might have allowed for more 
subjects to achieve tolerance, as supported by the 
inhibitor trends observed in this study, though 
this was beyond the scope of the study.

A study limitation was the low number of sub-
jects, both overall and completing the ITI treat-
ment period, which hampered the evaluation of 
results. Patients who failed previous ITI attempts 
may be less willing to complete another full ITI 
treatment period and therefore may have contrib-
uted to the high early withdrawal rate, particu-
larly in light of newer prophylactic treatment 
options for inhibitor patients. The use of emici-
zumab was evolving during the study period; 
although it was not specifically reported by the 
investigators, some subjects who withdrew early 
may have switched to emicizumab. Since patients 
who had concurrent or prior treatment with emi-
cizumab were excluded from this study, there 
remains a possibility of selection bias.

The low study success rate may be explained by 
the stringent endpoints, such as the limited time-
frame, as well as the strict inclusion criteria which 
identified patients who were considered difficult 
to tolerise with a high-risk profile for ITI failure 
(including previous ITI failures, peak historical 
inhibitor titre >200 BU/mL, pre-ITI inhibitor 
titre >10 BU/mL and >5 years between inhibitor 
diagnosis and start of ITI).11,17,19,21

The assessments of pharmacokinetic parameters 
used to define success in this study and inhibitor 
testing were primarily conducted according to 
local laboratory protocols and the investigator’s 
discretion. This could introduce inherent varia-
bility in procedures and measurements across dif-
ferent sites. Although this approach reflects 
real-world clinical practice, it may affect the con-
sistency and comparability of the results.

As a landmark study, there are currently no com-
parable data from studies that prospectively assess 
the same patient population as ReITIrate. The 
RESIST study in patients with previous 
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ITI failure was terminated early with no results 
published to date.37 It is difficult to compare 
ReITIrate results with other studies as they are 
also limited by low patient numbers and differ in 
patient population risk profiles, definitions of pre-
vious ITI treatment failure, ITI treatment inten-
sity and duration and criteria for ITI success.17–19 
Furthermore, while this single-arm study offers 
valuable insights into the potential benefits of 
rFVIIIFc for ITI therapy, the lack of control may 
restrict the generalisability of the findings.

Conclusions
In summary, from this difficult-to-treat popula-
tion, 4 of 16 enrolled subjects achieved negative 
inhibitor titres and 1 subject achieved complete 
ITI success, as defined by the strict study criteria, 
within the limited 60-week timeframe. Further, 
although the experimental data had relatively lit-
tle impact on the overall clinical findings, the 
study supports the ability to perform sensitive 
blood sampling for some of the immunopheno-
typic analyses. Final data from ReITIrate indicate 
a potential benefit of rFVIIIFc for ITI therapy, 
over a short ITI duration, in patients with previ-
ous ITI failure with no new safety concerns 
identified.
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