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Abstract

Introduction: Immune Tolerance Induction (ITI) is the first-choice therapy to eradicate

Factor VIII (FVIII) neutralizing antibodies in patients with haemophilia A (HA). There is

limited published data on ITI from EastMediterranean countries.

Aim: To assess the effectiveness of a low-dose ITI regimen to eradicate FVIII neutraliz-

ing antibodies in children with severe HA and high-titre inhibitors.

Methods: A prospective, single-arm study was conducted in children with HA

(FVIII < 1 IU/dl), high-titre inhibitors and poor prognostic factors for successful ITI.

Patients were treatedwith∼50 IU/kg plasma-derived FVIII containing vonWillebrand

factor (pdFVIII/VWF) concentrate (Koate-DVI, Grifols) three times a week. Time to

achieve tolerance, total and partial success were analysed after ITI. Annual bleeding

rate (ABR), number of target joints, FVIII recovery and school absence were compared

before and after ITI.

Results: Twenty patients with median (range) age of 6.2 (3–12) years and pre-ITI

inhibitor titre of 36.5 (12–169) BU were enrolled. ITI lasted ≤12 months (early toler-

ization) in 45%of patients.Median follow-upwas 12months (3–22) and total response

rate was 80% (60% total success; 20% partial success). Patients with two and three

poor prognosis factors achieved overall success rate of 60% and 50%, respectively.

ABR, target joints and school absence were reduced after ITI by 60%, 50% and 44.1%,

respectively. In successful ITI tolerized patients, FVIII recovery was 90 (60–100)%.

Conclusion:A low-dose ITI therapy using a pdFVIII/VWFconcentrate achieved at least

partial tolerance in 80% of patients, and reduced annual bleeds in children with high

inhibitor titres and at least one poor prognosis factor for ITI treatment success.
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1 INTRODUCTION

Haemophilia A (HA) is a genetic bleeding disorder caused by the total

or partial deficiency of clotting factor VIII (FVIII).1 Approximately

20–30% of patients with severe HA develop neutralizing alloanti-

bodies (inhibitors) against FVIII and they become resistant to FVIII

replacement therapy, leading to an increased risk for severe bleed-

ing, arthropathies, morbidity and mortality.2 The risk for developing

inhibitors is particularly high for previously untreated patients with

severe HA during the first days of exposure, especially when they are

exposed to high-intensity treatment.3

Immune tolerance induction (ITI) is the gold standard strategy to

eradicate inhibitors with success rates of approximately 60–80%.4,5 It

is based on frequent and regular administration of either low or high

doses of FVIII, to induce antigen tolerance and prevent the production

of newneutralizing antibodies that results in partial or total lack of effi-

cacy of the FVIII concentrate.6 According to themost recent guidelines

for the management of HA, all patients with inhibitors should undergo

a trial of ITI and return to their previous FVIII concentrate replacement

therapy.7

The outcome of ITI therapy depends on the therapeutic regimen

used, the type of FVIII concentrate, and patient-related prognostic

factors. Several therapeutic ITI regimens have been developed for

ITI therapy, including the high-dose (Bonn protocol),8 high-dose with

immune modulation (Malmo protocol)9 and low-dose regimens (Van

Creveld protocol)10 . High ITI success rates have been achieved with

plasma-derived FVIII concentrates containing von Willebrand factor

(pdFVIII/VWF)8,11,12 and recombinant FVIII concentrates.4,13

The outcome of ITI therapy is determined by risk factors for

poor prognosis: high inhibitor titre immediately before ITI start (usu-

ally > 10 BU), age > 7 years at ITI start, time from inhibitor diagnosis

to start of ITI, historical inhibitor peak > 200 BU.6,8,14 Of these, show-

ing high inhibitor titres before ITI, and a peak > 200BU during ITI are

the most consistent predictors of ITI failure.15 On the other hand, a

low inhibitor titre peak during ITI is associated with higher ITI success

rates.16

A low-dose ITI regimen in patients with good prognostic fac-

tors achieves long-term success rate similar to high-dose regimens,

although times to achieve responses are longer.6 However, the cost

associated with ITI therapy is considered a major factor influenc-

ing the choice of ITI regimen, especially in regions with economic

constraints.17 Specifically, a low-dose ITI regimen is a cost-saving strat-

egy compared to a high-dose regimen18 and studies with low-dose ITI

regimen inpatientswith severeHA, high inhibitor titres, andpoor prog-

nosis are limited.6,19 Therefore, in this study, we hypothesized that a

low-dose ITI therapy with a highly purified pdFVIII/VWF concentrate

might be effective in that cohort of patients. The aim of this study was

to assess the effectiveness of low-dose ITI regimen in children with

severe HA suffering from high titre inhibitors.

2 MATERIALS AND METHODS

2.1 Study design and patient selection

A prospective, interventional, single-arm study in children with severe

HA (FVIII< 1 IU/dl), previously treatedwith either plasmatic or recom-

binant FVIII. Patientswere recruited from three centres at the national

referral Haemophilia Care Centre between June 2016 and Decem-

ber 2020. Historical data for recruited patients were collected ret-

rospectively to 1 year before enrolment and data were confirmed

by interviewing the parents. All prospective data were recorded in a

diary and monthly follow-up visits were scheduled during the study

period.

The trial was performed according to the principles of the Dec-

laration of Helsinki, the standards of Good Clinical Practice of the

International Conference of Harmonization (ICH), and current legal

regulations. The protocol was approved by the Ethical Committee

of the participating centres and was explained in detail to the par-

ents and children. Assent and consent forms were provided and

signed by patients older than 6 years and by their parents or legal

guardian

Patients eligible for the study were those with severe HA, between

2 and 18 years old, poor-risk status for ITI treatment success (high

inhibitor titres,> 10BU), delay in ITI initiation (1–36months), andwill-

ing to receive ITI. Exclusion criteria comprised previous ITI manage-

ment within 12months prior to the study.

2.2 ITI treatment regimen

All patients receivedanaverageof50 IU/kgpdFVIII/VWFcomplex con-

centrate (Koate-DVI, Grifols, Spain) three times a week. Koate-DVI, a

highly purified pdFVIII/VWF concentrate, contains functionally active

FVIII and VWF with a FVIII:C/VWF:RCo ratio of .85.20 This low-dose

ITI regimen was based on previously published studies and was in

agreement with Van Creveld protocol.6

The ITI regimen was not modified during all the study period.

Bypassing agents, either recombinant coagulation factor activated VII;

rFVIIa (NovoSeven, Novo-Nordisk) or activated prothrombin complex

concentrate; aPCC (FEIBA, Takeda) were administered on demand

for breakthrough bleeding episodes during ITI. Once ITI was com-

pleted with success, patients were continued either under prophy-

lactic treatment with 25 IU/Kg of pdFVIII/VWF two or three times
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per week or on-demand treatment and followed-up for an additional

3months.

2.3 ITI outcomes

The primary endpoint of the study was the ITI overall outcome: total,

partial response rates and failures after ITI therapy. ITI response rate

was defined as complete success or tolerance when inhibitor levels

were < .6 BU and a factor recovery of > 66% was achieved. A partial

response was considered if inhibitor levels were < 5 BU but > .6 BU,

and factor recovery< 66% for standard FVIII, and following guidelines

for HA treatment.7 Finally, if those levels were not reached after 24

months, ITI was considered failure and it was discontinued.

Patients were stratified according to well-known risk factors for

poor prognosis to ITI therapy: inhibitor titre > 10 BU at ITI start, peak

titre > 200 BU during ITI, age at ITI start > 7 years and > 24 months

from inhibitor diagnosis to ITI therapy.21

Secondary endpoints included the time to achieve response, com-

parisons between before and after ITI therapy for the number of bleed-

ing events per year, the number of target joints, FVIII recovery and

school absences.

2.4 Data collection

Demographic and clinical variables assessed prior to ITI therapy were

historic FVIII inhibitor titre (BU), titre at ITI start (BU), age at ITI initi-

ation, the time from HA inhibitor diagnosis to initiation of ITI, and the

type of FVIII used (plasmatic or recombinant).

The presence and severity of bleeding symptoms were assessed

according to International Society of Thrombosis and Haemostasis

Bleeding Assessment Tool (ISTH-BAT) and classified as major, mod-

erate or mild. Annual bleeding rate (ABR) was calculated for each

patient during a 12-month period before ITI initiation. During ITI, ABR

was considered as the number of bleeding episodes that occurred in

a time frame equivalent to ITI duration and adjusted to 12 months.

Data on the number of days absent from school per year due to

bleeding episodes were collected before and after ITI therapy from

parents/guardians and the participants. Bleeding data were collected

prospectively during ITI period by contemporaneous paper bleeding

diary, and retrospectively collected by patients or parents at ITI

initiation.

2.5 Laboratory measurements

FVIII inhibitors levels (BU) and FVIII recovery (%) were measured

before ITI therapy, monthly for the first 3 months and quarterly

until the end of ITI. FVIII inhibitor assay was carried out accord-

ing to a Nijmegen modification of the Bethesda assay.7 FVIII

recovery was determined by measuring FVIII plasma levels by a

standard method.22,23 Once the inhibitor clearance was reached,

patients were monitored for FVIII recovery 3 months after the end of

ITI therapy.

2.6 Sample size and statistical analysis

The estimated sample size was the approximate number of patients

who may have been treated with the drug during the study period.

Results were summarized, and descriptive statistical analysis was con-

ducted. For continuous data, median and ranges (minimum and max-

imum) values were calculated or reported as applicable. For qualita-

tive variables, absolute or relative frequencies were calculated and

expressed in percentages.

Median change before and after ITI therapy in ABR, number of tar-

get joints and school absencewas analysed usingWilcoxon signed rank

test. Shapiro-Wilk normality test was used to test normality. All statis-

tical tests were two sided and P value was set as < .05 statistically sig-

nificant. GraphPad Prism version 9 (GraphPad Software, Inc) was used

for statistical analysis calculations.

3 RESULTS

3.1 Baseline patient characteristics and disease
activity

Twenty patients with median (range) age of 6.2 (3–12) years and pre-

ITI inhibitor titre of 36.5 (12–169) BU were enrolled and followed-up

for a median of 12 (3–22) months. All patients had severe HA (FVIII

levels < 1 IU/dl). Patient baseline characteristics are shown in Table 1

including description of demographics, diagnosis, and serology data.

3.2 Historical and pre-ITI data

All patients were previously exposed to FVIII/VWF concentrates,

either plasmatic or recombinant, at amedian age of 5.5 (1–12)months.

Before inhibitor detection, 11 patients were on-demand treatment

regimen and nine under prophylaxis, with a dosage regimen ranged

from 30 to 50 U/Kg twice a week. The median historical peak inhibitor

titre was 41 (8–320) BU.

The median age at ITI onset was 5 (3–12) years. Thirteen (65%) of

them were under treatment with pdFVIII/VWF concentrate and the

remaining 9 (35%) were treated with recombinant FVIII. The median

time from inhibitor diagnosis to start low-dose ITI was 8.5 (.5–33)

months (Table 2, Table S1).

3.3 ITI treatment and outcome

All patients were undergoing a low-dose ITI regimen for the first time.

Treatment with the pdFVIII/VWF concentrate Koate-DVI ranged from

44 IU/Kg to 65 IU/Kg, three times per week, although most patients

were treated with 50 IU/Kg. Median peak inhibitor titre during ITI was



68 ELALFY ET AL.

TABLE 1 Baseline patient characteristics

Parameters

ITI population, all

patients, n (%)

Demographic

Sex,male 20 (100)

Age, years, median (range) 6.2 (3–12)

Height, cm, median (range) 114 (95–155)

Bodyweight, Kg/m2

≤24 14 (70)

> 24 -≤28 5 (25)

> 28 1 (5)

Race, Arab 20 (100)

Clinical data

HA severity, FVIII< 1 IU/dl 20 (100)

Blood group

A 4 (20)

B 8 (40)

AB 2 (10)

O 6 (30)

Surgery 1 (5)

Concomitant disease

Cardiovascular disease 0 (0)

Asthma 2 (10)

Inhibitor antecedents 2 (10)

Serology

HIV+/HCV+ 0 (0)

HCV+ 2 (10)

Abbreviations: ABR, annual bleeding rate; FVIII, Factor VIII; HA, haemophilia

A; HCV, hepatitis C virus; HIV, Human immunodeficiency virus; ITI, immune

tolerance induction.

62 (2–412) BU. The total response rate was 80%, which included com-

plete success in 60% of patients (n = 12) and partial success in 20% of

patients (n= 4). The remaining four (20%) patients were rated as treat-

ment failures, according to the international consensus recommenda-

tions for defining ITI outcome24 (Table 3, Table S1).

The median follow-up time of ITI therapy until tolerization was 12

(3–22) months. In those patients with complete and partial successful

ITI response, duration of ITI was ≤12 months in nine patients (45%),

indicating an early tolerization with the low-dose ITI strategy. In those

patients with complete success, median FVIII recovery was 90 (60–

100)%. By contrast, patients with partial success and failure did not

achieve standard FVIII recovery levels (> 66%).

ITI success rate basedon thenumber of risk factors for poor progno-

sis was assessed. All patients showed high-risk factors related to high

inhibitor titres (> 10 BU) at the onset of ITI. A total of eight (40%)

patients had ≥ 2 risk factors for poor prognosis to ITI success. Com-

plete and partial success were reached by 60% and 50%of the patients

with twoand three risk factors, respectively. The remaining patient had

four poor prognostic risk factors and resulted in ITI failure (Table 4).

TABLE 2 Historical and pre-ITI data of study patients

Data Variable

All ITI population,

n= 20

Historical Age at first exposure to FVIII,

months
5.5 (1–12)

FVIII treatment duration,months 53 (24–139)

Treatment, n (%)

Prophylaxis 7 (35)

On demand 13 (65)

Historical peak titre, BU 41 (8–320)

Pre-ITI Inhibitor titre at ITI start, BU 36.5 (12–169)

Age at ITI start, years 5 (3–12)

Inhibitor diagnosis to start of ITI,

months
8.5 (.5–33)

Type of FVIII at inhibitor

detection

Plasma-derived 13 (65)

Recombinant 7 (35)

FVIII recovery,% 2 (1–4)

Results are shown as number of patients and percentage ormedian (range),

as applicable.

Abbreviations: ABR, annual bleeding rate; FVIII, Factor VIII; ITI, immune tol-

erance induction.

Risk factors associated with a poor prognosis to ITI were further

determined. All patients had one poor prognosis factor for ITI treat-

ment success. Five (25%) patients had a peak titre > 200 BU during

ITI, four (20%) were older than 7 years old at ITI start and three (15%)

patients started ITI after > 24 months of diagnosis. Likewise, patients

with cut-off peak titres ≤200 BU during ITI exhibited higher success

rate (93%) than those with peak titres > 200 BU (40%). For those

aged ≤7 years, success rate was 87.6% compared with 50% of those

aged > 7. Similarly, those patients who started ITI within 24 months

after inhibitor diagnosis resulted in higher success rate (88.2%) versus

those who started later (33.3%). Three out of four (75%) patients who

achieved partial successwere aged≤7 years, and all of them started ITI

≤24 months from inhibitor diagnosis with cut-off peak titres ≤200 BU

during ITI. Twoout of four (50%) patientswho failed ITI therapy started

their treatment after > 24 months of inhibitor diagnosis (Figure 1). In

our study cohort, 93.75% of patients who had an inhibitor titre < 55

BU at the onset of ITI, achieved total and partial ITI success.

3.4 Effects of ITI on bleeding and school absence

Before ITI therapy, a total of 155 bleeding episodes were reported

in a 12-month period, and were classified by ISTH-BAT as severe

(n = 65, 42%), moderate (n = 45, 29%) and mild (n = 45, 29%). Dur-

ing ITI, the percentage of severe andmoderate bleeding episodes were

12.5% (n = 11) and 25% (n = 22), respectively, whereas most of bleed-

ing episodes were rated as mild (62.5%, n = 55). Concomitant treat-

ment with bypassing agents for breakthrough bleeding was observed
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F IGURE 1 Patients stratification based on cut-off values for the risk factors of poor immune tolerance induction response: peak inhibitor
during ITI≤200 BU (n= 15),> 200 BU (n= 5); age at ITI start≤7 years (n= 16),> 7 years (n= 4); and time from inhibitor diagnosis to ITI initiation
≤24months (n= 17),> 24months (n= 3)

TABLE 3 Immune tolerance induction (ITI) outcomes

Variable

All ITI population,

n= 20

Peak inhibitor level, BU 62 (2–412)

pdFVIII/VWF dose, IU/kg 50 (45–65)

Time to achieve success, months 12 (3–22)

Response rate, n (%)

Complete success 12 (60)

Partial success 4 (20)

Failure 4 (20)

Concomitantmedication

Bypassing agents 8 (40)

Immunomodulation 0 (0)

Risk factor for poor ITI prognosis

Inhibitor titre> 10 BU pre-ITI 20 (100)

Peak inhibitor during ITI> 200 BU 5 (25)

Age at ITI start> 7 years old 4 (20)

Time from inhibitor diagnosis to ITI

initiation> 24months

3 (15)

FVIII recoverya, % 90 (60–100)

Number of patients with FVIII

recovery> 66%

12 (60)

Results are shown as number of patients and percentage ormedian (range),

as applicable.

Abbreviations: FVIII, Factor VIII; ITI, immune tolerance induction;

pdFVIII/VWF, plasma-derived factor VIII containing von Willebrand

factor.
aIn successful ITI tolerized patients, n= 16.

TABLE 4 ITI response rate according to the number of poor
prognosis factors of ITI population

Number of poor prognosis factors

Total response rate – ITI

outcome, n (%)
1

n= 20

2

n= 5

3

n= 2

4

n= 1

Complete success 12 (60) 2 (40) 1 (50) 0 (0)

Partial success 4 (20) 1 (20) 0 (0) 0 (0)

Failure 4 (20) 2 (40) 1 (50) 1 (100)

Results are expressed as n (%).
Abbreviation: ITI, immune tolerance induction.

in eight treated patients during ITI. No patients were treated with

immunomodulatory agents during ITI.

Overall, ABR was significantly reduced after ITI treatment median

3 [1–12]; 60% reduction (P < .001) compared with the pre-ITI period

with median of 7.5.3–14 Similarly, a significantly lower number of tar-

get jointswas observed immediately after ITI therapy 1 [0–4]with 50%

reduction (P < .001) compared with the pre-ITI period median of 2 [1–

4] (Figure 2).

To evaluate the effect of ITI strategy on health-related quality of

life, school absence was assessed. There was a statistically significant

reduction in themedian (range) number ofmissed school days in a year,

from 17 (9–26) days, before ITI, to 9.5 (4–30) days, during ITI therapy

(44.1% reduction) (P< .001).

4 DISCUSSION

This prospective single-arm study investigated the effectiveness of

low-dose ITI regimen in children with severe HA, high titre inhibitors

and poor risk factors for ITI success. Overall, we demonstrated FVIII
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(A) (B)

F IGURE 2 Effects of low-dose immune tolerance induction (ITI)
therapy on (A) annual bleeding rate (ABR) and (B) number of target
joints of recruited patients. Data are displayed asmedian
(interquartile range), whiskers areminimum andmaximum values,
n= 20 for each group. P< .001 versus pre-ITI for ABR and number of
target joints

inhibitor eradication in the cohort study of children treated with a

pdFVIII/VWF concentrate.

According to most recent HA guidelines, all patients who develop

neutralizing antibodies against FVIII should undergo a trial of ITI.7

In our study, patients underwent ITI achieving a total response rate

of 80%. This included complete success in 60% of patients and par-

tial success in 20% of them. These results were aligned with the

current guidelines for the management of HA, where ITI success in

patients with severe HA is approximately 70–80%.7 It is also observed

that ITI success rate ranged from 60 to 80% throughout the litera-

ture, depending on the therapeutic dosing protocol used25,26; the use

of either plasmatic or recombinant FVIII concentrate12; concomitant

treatment with immunomodulatory agents,19 as well as patients’ prog-

nostic factors.11

Our cohort of patients were treatedwith a low-dose ITI therapeutic

regimen because it uses the lowest effective dose, has a less aggressive

dosing schedule, which may help compliance of patients and reduces

the burden of more frequent vein puncture, and provides cost-savings

compared with a high-dose protocol.6,18 Therefore, by selecting a low-

dose ITI regimen would be of interest for countries where a high-dose

therapymay bemore challenging for patient compliance and economic

burden. Of note is that all our cohort of patients were Arabic. Although

ethnicity has been shown not to affect ITI outcome,27 it is important

to emphasize that previous international ITI studies were mainly rep-

resented by other ethnicities.6

Interestingly, the current study found that duration of ITI was 1-

year or less in nine patients (45%), indicating early tolerization in those

patients. Likewise, the median time to achieve negative inhibitor titre,

12 (3–22) months, was shorter than the time reported in comparable

high-risk cohort studies11,28 and similar to those patients receiving a

low dose regimen, 9.2 (4.9–17) months.6 As previously suggested, this

rapid time to tolerization may reduce healthcare resource utilization

and the costs associatedwith ITI.29 Altogether, the results of this study

may support the option of a low-dose strategy for developing countries

which cannot afford high-dose regimens.

The use of a pdFVIII/VWF concentrate in our study may have par-

tially influenced in the observed ITI success rate, since VWF may

downregulate the immunogenicity of FVIII, and the inhibitor reactivity

against FVIII concentrates is lowerwhenVWF ispresent.8,12,30 It is also

acknowledged that several other factors determine success rate and a

reduced immunogenicitymaynot be critical to achieve tolerance. Addi-

tionally, the pdFVIII/VWF concentrate used has a longer half-life than

other pdFVIII/VWF concentrates and standard half-life recombinant

products. The pdFVIII/VWF concentrate half-life is close to that mea-

sured for extended half-life FVIII products,31 which not only is able to

protect from breakthrough bleedings between infusions but also may

be an effective option to obtain rapid time to tolerization.29,32 Thus, we

cannot disregard that this longer half-life may have helped to achieve a

shorter time to success for ITI. However, further investigations should

be performed to confirm this hypothesis. Furthermore, this cohort of

patients, who were successfully tolerized with a pdFVIII/VWF concen-

trate, were not concomitantly treated with any immunosuppressive

agents.

During ITI, bleeding episodesweremostlymild in severity compared

with the pre-ITI period. Those patients who were successfully toler-

ized with the pdFVIII/VWF concentrate showed a normalized FVIII

recovery and this was associated with a lower bleeding rate. The over-

all ABR and the number of target joints, decreased by 60% and 50%,

respectively, after ITI therapy, thus reducing morbidity from HA dis-

ease. Besides the clinical benefits of the ITI therapy, the number of

days that these children with severe HA did not attend the school

were reduced (44.1%), suggesting an improvement in the patient’s

health-related quality of life and contributing to normalise patients’

life.

This study was designed to assess the ITI effectiveness in patients

with poor risk status, with at least one poor prognosis factor: pre-ITI

titre > 10BU. Traditionally, these patients had to wait until their titre

had dropped below 10BU.24 The Future of Immunotolerance Treat-

ment (FIT) group recommended starting ITI as soon as inhibitor is

detected and to stratify patients based on pre-ITI titres.33 Our data

confirmed that it is plausible to start ITI regardless inhibitor levels at

diagnosis. Remarkably, the low-dose ITI response rate was 93,75% in

patients with inhibitor titres below 55 BU at start of treatment. This

result matches those observed in earlier studies where an increasing

failure ratewas reported inpatientswith titres>50BUat start of ITI.11

Patients were also stratified according to an established cut-off val-

ues predictors for ITI success,6,8,11 and ITI outcome was analysed. A

higher success rate was observed in the subgroup of patients aged < 7

years, in those who showed a peak threshold inhibitor titre < 200 BU

during ITI, and when the time to diagnosis to ITI was less than 24

months. Interestingly, in half of thepatientswho failed ITI in our cohort,

treatment was initiated after more than 2 years of inhibitor diagno-

sis. Likewise, patients with two poor prognosis factors showed a 60%

overall success rate and in those patients with three prognostic fac-

tors, success rate was 50%, suggesting that the use of pdFVIII/VWF

concentrate in low dose ITI therapy may be effective. However, these
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datamust be interpretedwith caution because of the small sample size

of the cohort.

Our study has limitations. First, it was designed as a non-controlled

single arm cohort study and, therefore, it lacks a comparison group.

Second, the sample size of patients after stratification according to the

number of poor prognostic factors was small. Third, adverse events

were not recorded during the study period and the follow up period

after immune tolerance was short. Therefore, confirmatory studies in

a larger cohort of patients would be needed for broader interpretation

of these results.

5 CONCLUSION

In conclusion, these results confirmed that highly purified

pdFVIII/VWF concentrates are effective in a low-dose ITI strat-

egy in patients with poor prognosis factors.
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