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m Prevention of bleeding and its consequences is the main goal of hemophilia treatment and

determines treatment choices for patients who develop inhibitors. To assess bleeding before
* In 222 boys with

severe hemophilia A
and inhibitors of >5
BU, bleeding was
reduced from 6.1 to
4.4 per year during ITI.

and during immune tolerance induction (ITI) and its association with ITI regimen and
inhibitor titer, we selected and analyzed data on patients receiving high-titer inhibitors
from the international prospective PedNet cohort study. In total, 222 patients with severe
hemophilia A and inhibitor titers of >5 Bethesda units (BU) were followed from the first
positive to the first negative inhibitor result (median overall follow-up, 1.7 years). Mean
annual (joint) bleeding rates (AJBR) and 95% confidence intervals (CIs) were compared
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Before ITl, bleeding
was independent of
inhibitor titer; during ITI,
bleeding increased
with higher inhibitor
titer and nondaily ITI.

according to treatment and inhibitor titer using multivariable negative binomial regression.
Before ITI, 115 patients showed an ABR of 6.1 (5.0-7.4) and an AJBR 2.6 (2.1-3.2). Bleeding
was independent of inhibitor titer. During ITI, 202 patients had an ABR of 4.4 (3.9-5.1) and
an AJBR of 1.7 (1.5-2.0). AJBR during ITI increased with inhibitor titer (hazard ratio [HR] for
>200 BU vs 5 to 39 BU [4.9; CI, 3.2-7.4]) and decreased with daily ITI infusions (HR, 0.4; CI,
0.3-0.6) or activated prothrombin complex concentrate prophylaxis (HR, 0.4; CI, 0.2-0.8),
whereas ITI dose and recombinant activated factor VII prophylaxis did not independently
affect bleeding. These data provide evidence for a protective effect of repeated FVIII
infusions (ITI) on bleeding in patients who have developed inhibitors; these data should be
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used to plan ITI and/or serve as a comparator for prophylaxis with nonreplacement
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therapy.
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Introduction

Modern treatment for severe hemophilia A is based on prevention
of bleeding and subsequent arthropathy by regular replacement
therapy with factor VIl (FVII) or with nonreplacement therapy.’
Unfortunately, ~30% of young boys with severe hemophilia A
(FVIIl level < 0.01 IU/dL) develop allo-antibodies (inhibitors) to FVIII
concentrates.” Inhibitors render FVIII prophylaxis ineffective, and
patients who develop inhibitors, especially patients with high-titer
inhibitors (>5 Bethesda units [BUl/mL) need treatment with
bypassing agents in case of bleeding or procedures. Therefore, the
current international and national guidelines still recommend an
attempt at immune tolerance induction (ITl) therapy for patients
with severe hemophilia A who developed inhibitors although
effective prophylaxis can nowadays be achieved using non-
replacement (emicizumab) therapy.'®®

[Tl is the only proven treatment for inhibitor eradication comprising
repeated administration of FVIIl and is successful for ~70% of
patients.” ITl regimens vary according to both dose and frequency,
from FVIII 25-50 IU/kg 3 times weekly to 100-150 IU/kg twice daily.
The randomized international ITl study compared low-dose/low-
frequency ITl (50 IU/kg, 3 days per week) with high-dose/high-
frequency ITI (200 IU/kg daily) for children with high-titer inhibi-
tors. It showed equal effectiveness but was stopped prematurely
because of increased bleeding in patients treated with the low-
dose/low-frequency regimen.® The choice of when to start ITI
and which regimen for a child with a newly diagnosed inhibitor,
therefore, needs to balance the burden of frequent infusions with
the need to eradicate the inhibitor and the risk of bleeding.

The international prospective multicenter PedNet (European
Network for Hemophilia Management) cohort includes data from
16 countries with access to [Tl and a wide variation of treatment
strategies. Using this cohort, this study presents an analysis of
bleeding in patients with high-titer inhibitors, from inhibitor detec-
tion to the start of ITI and during ITl. These data are essential to
plan bleeding control and tolerance induction in centers without
access to emicizumab prophylaxis and serve as a comparator for
those with emicizumab available.

Patients and methods
Study design and patients

The prospective PedNet Registry® was established to evaluate
treatment, side effects, and outcome of hemophilia. It is a pro-
spective cohort study that includes all patients born since 2000
with hemophilia with clotting factor activities between <0.01 and
0.25 BU/mL, from 32 hemophilia treatment centers in Europe,
Israel, and Canada. It includes follow-up, at the participating cen-
ters, for all patients from diagnosis until the age of 18 years. All
details on the first 50 exposure days (EDs) are collected, followed
by annual evaluations of treatment, side effects, and outcome. This
includes collection of results from all inhibitor tests performed.
According to protocol, inhibitor tests were performed at least every
5 EDs in the first 20 EDs, followed by every 10 EDs until ED50, and
at least annually thereafter. In 2023, the PedNet cohort included
2759 patients. From this cohort, all patients with severe hemophilia
A (FVIIl level < 0.01 IU/mL) who developed high-titer inhibitors
(peak titer > 5 BU/mL) during the first 50 EDs and were born
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between 1 January 2000 and 31 December 2019 were eligible.
Data from 31 hemophilia treatment centers (HTCs) from 16
countries participating in PedNet were included in this study. The
present analysis has considered data on bleeding and treatment
according to 2 time periods: “pre-ITl," that is, from the first positive
inhibitor titer until the start of ITl, and “during ITl," defined as the
period from the start of [Tl until the first negative inhibitor titer result,
until discontinuation of ITl, or the last follow-up since the start of ITI,
if the inhibitor was still present. Data on treatment and bleeding
were updated until 1 January 2021.

Ethical aspects

All participating HTCs obtained the approval of their local ethical
committees according to local regulations. A signed informed
consent was obtained from all parents or caregivers before the
inclusion in the PedNet Registry. Data processing, storage, and
monitoring were performed as previously reported.”

Data collection

Data on patient characteristics, bleeding, and treatment were
collected from the medical records by using a standardized elec-
tronic data capture system, whereas laboratory results were
retrieved from original local laboratory reports.

Patient characteristics included age and EDs to FVIIl at the time of
first positive inhibitor titer and age at first negative inhibitor titer.
Clinical data included the total number of bleeds and the number of
joint bleeds and life-threatening bleeds, without specification of
etiology (traumatic, spontaneous, etc). Individual treatment data
included dose and frequency of ITl and bypassing agents (BPAs)
during the total follow-up period. Laboratory data included inhibitor
peak titer ever reached, pre-ITl inhibitor peak titer, and inhibitor
peak titer during ITIl. Inhibitor tests were performed at the local
laboratories according to the Nijmegen modification.'®

Definitions

Definitions were based on consensus among PedNet members at
the time of the first longitudinal analysis of patients with low-titer
inhibitors. "'

¢ Clinically relevant inhibitors: 2 positive inhibitor titers detected
on subsequent plasma samples in association with a decreased
FVIII recovery or 1 positive inhibitor result with abnormal
response to FVIIl and/or need for treatment with BPAs.

e Peak inhibitor titer: highest inhibitor titer measured during
follow-up. For summary data, the peak inhibitor titer was defined
as the highest titer during follow-up. For analyses of bleeding
according to treatment, the peak inhibitor titer reflects the
highest titer measured during that specific treatment period.

e High-titer inhibitors: peak inhibitor titer > 5 BU/mL at least once
during follow-up.

e [TI: any regular FVIIl infusion schedule given at least 3 times per
week and at a dose > 45 [U/kg per infusion for a minimum of
4 weeks.

¢ [Tl frequency: nondaily vs daily.

¢ [Tl dose: low dose (>45-<95 IU/kg per day) vs high dose (>95
IU/kg per day). Of note, this definition was adapted from the
original definition (ie, high dose > 100 IU/kg per day)'" to better
reflect the intention of the treater and small variations in weight;
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it was considered that a dose of 98 IU/kg represents the
intention to administer 100 1U/kg.

¢ Prophylaxis with bypassing agents: infusions > 2 times per week
(minimum duration, 3 months) with either recombinant activated
factor VII (rFVlla) or activated prothrombin complex concentrate
(aPCC).

¢ Joint bleed: any complaint located in a joint requiring treatment
with FVIIl and/or BPAs.

e Life-threatening bleed: according to the PedNet data collection
protocol, any potentially life- or limb-threatening bleed according
to the treating physician, including intracranial bleeds.

e Total bleeding: all registered bleeds requiring treatment with
FVIIl and/or BPAs.

Statistical analysis

Because the aim of the study was to compare bleeding according to
inhibitor titer and treatment, follow-up periods were split and
analyzed according to the treatment type received, that is, receipt of
ITl, yes/no; prophylaxis with BPA, yes/no; and dose and frequency of
ITl. To account for differences in follow-up, mean annual bleeding
frequencies and 95% confidence intervals (Cls) were calculated
using negative binomial regression modeling.'> Consequently, the
same patient could contribute data to various treatment strategies,
for example, 8 months before ITlI and 24 months during ITI. Only
treatment periods with data available on bleeding were considered.

To promote interpretation and future analyses, peak inhibitor titers
were analyzed according to categories. Categories were based on
literature regarding ITI prognosis and current protocols on ITI>*'3
Bleeding was compared according to the highest inhibitor titer
during the period considered in 3 groups (5-39 BU, 40-199 BU,
and >200 BU) and according to various ITI regimens (low dose
nondaily; low dose daily; high dose nondaily; and high dose daily).

Patients receiving prophylaxis with BPAs were compared with
those who did not receive BPA prophylaxis but were on the same
ITI regimen.

The independent associations of ITl dose, ITl frequency, BPA
prophylaxis, and inhibitor titer with annual bleeding rate (ABR) and
annual joint bleeding rate (AJBR) during ITI were studied using
multivariable negative binomial regression.

Continuous variables, expressed as median values and interquartile
ranges (IQRs; 25th percentile to 75th percentile), were compared by
the Student t test or the Mann-Whitney U test according to their dis-
tribution. Comparisons of >2 groups were performed using indepen-
dent sample Kruskall Wallis tests. Categorical variables, expressed
as frequencies and percentage values, were compared by ¥ tests.

All reported P values are 2-sided, and values <.05 were considered
significant. All analyses were performed using Statistical Package
for the Social Sciences Statistics software (release 26.0, Interna-
tional Business Machines Corporation, Armonk, NY).

Results
Patients

Data on patients with severe hemophilia A, born from 2000 to
2019, from the international PedNet Registry were analyzed with a
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cut-off date of 1 January 2021. An overview of available data is
shown in Figure 1. The registry included 382 patients with severe
hemophilia A with clinically relevant inhibitors, including 261 with
high-responding inhibitors. After exclusion of 2 patients with
missing follow-up data, 8 who immediately started emicizumab
treatment and 29 (11%) with missing data on bleeding, 222
patients were available for analysis.

The eventual 222 patients with high-responding inhibitors were
followed up for a total of 408 patient years, with a median of 1.72
years (IQR, 0.8-2.9) per patient, starting at age 1.15 years (IQR,
0.78-1.51). Patients were categorized according to their peak
inhibitor titer, with 40% at 6 to 39 BU, 25% at 40 to 199 BU, and
35% at very high titers of >200 BU. Overall, 2025 bleeds were
registered, including 951 joint bleeds, 3 intracranial bleeds, and 3
other life- or limb-threatening bleeds.

Bleeding was analyzed according to different treatment courses,
that is, a period with a certain treatment (Figure 1). For example, 1
patient could contribute both a period of on-demand treatment
before ITl and 2 courses of [Tl with different regimens. In total, 115
patients had data on bleeding during 125 treatment courses before
ITl, including 108 without prophylaxis with BPAs, 16 with rFVlla
prophylaxis, and 1 with aPCC prophylaxis. During ITl, data were
available for 283 courses of ITl for 202 patients, including 236
without BPA prophylaxis, 26 combined with rFVlla prophylaxis, and
21 combined with aPCC prophylaxis.

Overall bleeding rates before ITl and during ITl showed that ITI
resulted in lower bleeding rates: the ABR was 6.12 (95% Cl, 4.97-
7.54) before ITl vs 4.43 (95% Cl, 3.85-5.09) during ITI (P =.006),
whereas joint bleeding rates were reduced from 2.76 (95% Cl,
2.21-3.46) before ITl to 1.73 (95% CI, 1.49-2.01) during ITI
(P =.003).

Bleeding before ITI

Treatment characteristics and bleeding according to prophylaxis
with BPAs before [Tl are shown in Table 1. Overall follow-up before
starting ITl was relatively short, at a median of 0.71 years. Before
starting ITl, prophylaxis with BPAs was administered 2 to 3 times
weekly, most likely to patients with frequent bleeding, resulting in
similar bleeding rates among those with and without BPA
prophylaxis.

Bleeding according to the peak inhibitor titer is shown in Table 2.
ABR, especially before ITl, was independent of peak inhibitor titer.
AJBR showed a nonsignificant trend of increased bleeding for
those with the highest inhibitor titers.

ITI regimens

Treatment characteristics and bleeding of 202 patients receiving
283 [Tl treatment courses are shown in Table 3. ITl was started at a
median age of 2.3 years, and the treatment courses had a median
duration of 0.85 years. The majority of patients received high-dose
daily ITI (63.9%), followed by low-dose nondaily in 17.3%, high-
dose nondaily in 17.0%, and low-dose daily in 1.8%. BPA pro-
phylaxis was prescribed for 25.2% of patients, for a median dura-
tion of ~1 year, almost equally divided between rFVlla and aPCC.
Prophylaxis with rFVlla was mainly administered 3 times, weekly,
whereas prophylaxis with aPCC was generally administered twice
daily. Details of the ITl regimens are shown in Table 4. The median

BLEEDING IN INHIBITORS BEFORE AND DURING ITI 371

20z dunr 80 U0 1s8NB Aq Jpd-UleW-Z | L0-EZ0Z-APE BPO0IA/69501 Z2/69€E/Z/8/1Pd-0|o1LIE/SE0UBAPEPOO|d/1oU"SUOlEalgNdySE;/:dllYy WOy Papeojumod



261 high titer
inhibitors

v

222
with bleeding data

v

BEFORE ITI

115 patients
125 courses

382 Inhibitors

(9 pts 2 courses, 1 pt 3)

DURING ITI
202 patients
283 courses of ITl

—

2 missing follow-up high-titer inhibitors, born from 2000 to 2019.

8 primary emicizumab
treatment
29 missing bleeding data (11%)

On Demand only
108 courses

Prophylaxis rFVlla
16 courses

Prophylaxis aPCC
1 course

ITI only 236 courses
(1883 pts one course, 41 with >1)

ITI + Prophylaxis rFVIla
26 courses

ITI + Prophylaxis aPCC
21 courses

Table 1. Treatment characteristics and bleeding before ITI

Figure 1. Flow diagram of available data on patients with

Before ITI, overall

No prophylaxis Prophylaxis with rFVlla

Prophylaxis with aPCC

Number or median (P25-P75)
Patients
Treatment courses
Follow-up, y
Age, y
Maximum inhibitor titer (BU)
BPA prophylaxis
Infusions per wk
Dose/kg per wk (ug for rFVlla and IU for aPCC)
Bleeding
ABR (mean, 95% ClI)
AJBR (mean, 95% CI)

115 98 16 1
125 108 16 1
0.71 (0.39-1.38) 0.77 (0.40-1.36) 0.48 (0.28-1.91) 0.61
1.23 (0.79-1.62) 1.19 (0.74-1.52) 1.63 (1.04-3.10) 1.96
6 (3-27) 6 (3-27) 3(1-112) Unknown
NA 2.8 (2-3.4) 2
NA 360 (290-660) 84
6.06 (4.98-7.39) 5.94 (4.80-7.35) 6.69 (3.86-11.58) 9.78
2.62 (2.11-3.24) 2.38 (1.88-3.01) 4.09 (2.33-7.18) 3.26

NA, not applicable; P25, IQR 25th percentile; P75, IQR 75th percentile.

Table 2. Bleeding before ITl according to maximum inhibitor titer before ITI (excluding patients receiving BPA prophylaxis)

Titer 6-39 BU 40-199 BU >200 BU P value (>200 vs 6-39 BU)
Patients 24 21 52

ABR 6.38 (4.05-10.06) 5.63 (3.43-9.25) 5.97 (4.42-8.05) 811

AJBR 1.63 (0.95-2.81) 2.26 (1.28-3.97) 2.90 (2.11-3.98) .074
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Table 3. Treatment characteristics and bleeding during ITI

During ITI, overall FVIII only FVIII and prophylactic rFVIla FVIII and prophylactic aPCC
Number (%) or median (P25-P75)
Patients 202 202 26 21
Treatment courses 283 236 26 21
Patients with >1 ITl course 135 (66.8%) 42 (20.8%) 0 0
Follow-up on ITI, y 0.85 (0.51-1.38) 0.84 (0.49-1.29) 0.93 (0.59-1.46) 1.10 (0.70-2.56)
Age at the start of ITl, y 2.30 (1.49-3.28) 2.33 (1.66-3.28) 2.39 (1.45-3.35) 1.69 (1.15-3.33)

Maximum inhibitor titer (BU)
ITI treatment
FVIIl dose/kg per wk
Number of patients on:
Low-dose nondaily ITI
Low-dose daily ITI
High-dose nondaily ITI
High-dose daily ITI
BPA prophylaxis

Infusions per week, n

Dose/kg per week (pg for rFVila and IU for aPCC)

66 (12-333)

1020 (380-1556)

49 (17.3%)
5 (1.8%)
48 (17.0%)
181 (63.9%)

58 (9-301)

1047 (439-1470)

37 (15.7%)
5 (2.1%)
36 (15.3%)
158 (66.9%)

NA
NA

53 (156-517) 189 (63-1004)

357 (226-1087) 1592 (369-3542)

9 (34.6%) 3 (14.3%)
0 0

8 (30.8%) 4 (19.0%)

9 (34.6%) 14 (66.7%)

3.3 (3-7) 14 (3.5-14)

550 (500-860) 868 (195-1390)

Bleeding
ABR (mean, 95% Cl) 4.43 (3.85-5.09)

AJBR (mean, 95% CI) 1.73 (1.49-2.01)

4.18 (3.59-4.87)
1.66 (1.41-1.98)

7.08 (4.58-10.93) 3.67 (2.05-6.60)

2.92 (1.85-4.62) 0.99 (0.563-1.83)

duration of these courses was similar, at only <1 year, the median
inhibitor titers appeared lower in the low-dose regimens, and the
median weekly dose of FVIII varied widely from 176 to 1400 IU/kg
per week. The independent associations of dose and frequency of
FVIII treatment with bleeding rates were studied using multivariable
regression analyses.

Bleeding according to inhibitor titer during ITI

During ITl, bleeding rates showed a clear association with peak
inhibitor titer. Both overall bleeding and joint bleeding were signif-
icantly increased in patients with higher peak inhibitor titers: mean
ABR increased from 2.32 (95% CI, 1.78-3.02) in patients with a
peak inhibitor titer < 40 BU to 4.17 (95% Cl, 3.48-6.39) in those
with titers ranging from 40 to 199 BU and to 5.76 (95% ClI, 4.51-
7.36) in those with titers > 200 BU. Similarly, mean AJBR
increased from 0.66 (95% ClI, 0.47-0.92) to 1.52 (95% CI, 1.09-
2.13) and to 2.86 (95% CI, 2.20-3.71), respectively.

Bleeding according to ITl regimen

An overview of annualized joint bleeding according to ITl regimen is
shown in Figure 2A-B. This univariable comparison showed that
both overall bleeding and joint bleeding were similar across
different daily doses of ITI (P = .88 for overall bleeding and P=.26
for joint bleeding), whereas the frequency of [Tl infusions showed a
statistically and clinically significant association with bleeding rates.
The mean ABR was 6.09 per year (95% CI, 4.73-7.83) during
nondaily ITl vs 3.33 per year (95% Cl, 2.68-4.15) during daily ITI
(P<.001). The mean AJBR was 2.69 per year (95% ClI, 2.04-3.54)
during nondaily ITl and 1.40 per year (95% ClI, 1.10-1.78) during
daily ITI (P<.01). ABR was similar for patients receiving once-daily
and twice-daily ITl infusions: 3.33 per year (95% Cl, 2.68-4.15) vs
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2.63 per year (95% ClI, 1.76-3.98) for total bleeds (P = .323),
whereas AJBR was significantly reduced from 1.40 per year
(95% CI, 1.10-1.78) during once daily ITl to 0.59 (95% CI, 0.35-
0.98) during twice-daily ITI (P =.003). As expected, differences in
infusion frequency were also associated with large differences in
ITI dose: from median 91 1U/kg per day in the nondaily group to
200 IU/kg per day in the daily group and 213 IU/kg per day in the
twice-daily group (P < .001). To study the independent associa-
tions of treatment parameters and inhibitor titer with ABR and
AJBR corrected for differences in the follow-up, we performed
multivariable regression modeling as shown in Table 5. All param-
eters included are shown in Table 5; age was not included
because its variation was very limited.

Both analyses of ABR and AJBR showed 2.7- to 3.0-times
increased bleeding with peak inhibitor titers >40 BU and 0.44-
to 0.45-times reduced bleeding with daily ITl infusions (vs nondaily)
but no reduction in bleeding with daily ITI doses >95 IU/kg per day.
Findings for BPA prophylaxis showed no reduction in ABR or AJBR
for rFVlla prophylaxis (generally administered 3 times per week)
during ITI but showed a trend toward ABR reduction (adjusted
hazard ratio [aHR], 0.68) and a significant AJBR reduction (aHR,
0.37; 95% Cl, 0.18-0.77) for aPCC prophylaxis, which was
administered twice daily for majority of the patients. For interpre-
tation, it must be emphasized that the regression analysis yields the
independent association of each parameter with bleeding; for
example, the association of bleeding with inhibitor titer presented is
independent of different treatments received.

Sensitivity analyses without BPA prophylaxis and another analysis
considering only the first course of ITl yielded similar aHRs for
inhibitor titer and ITl dose and frequency.
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Table 4. Characteristics of FVIII ITI regimens used

Low dose High dose High dose
Low dose nondaily daily nondaily daily

Number (%) or median (P25-P75)
Treatment

Treatment courses 49 5 48 181

Duration, y 0.81 (0.562-1.45) 0.67 (0.42-1.60) 0.99 (0.63-1.32) 0.85 (0.48-1.40)
Maximum inhibitor titer (BU) 39 (7-284) 8 (4-547) 76 (13-622) 83 (16-276)
Infusions per week, n 3.0 (8.0-3.1) 7.0 (7.0-7.0) 3.5 (3.0-3.5) 7.0 (7.0-14.0)
FVIIl dose/kg per week 176 (150-218) 500 (369-560) 401 (350-499) 1400 (1050-2545)
Bleeding

ABR (mean, 95% Cl) 5.67 (3.96-8.12) 2.46 (0.80-7.53) 6.70 (4.69-9.56) 3.20 (2.62-3.89)

AJBR (mean, 95% ClI) 2.48 (1.66-3.70) 0.45 (0.08-2.42) 2.98 (2.02-4.39) 1.21 (0.97-1.51)

Intracranial and life- or limb-threatening bleeds

In total, 3 patients suffered intracranial bleeding: 1 before ITI
(inhibitor titer >200 BU, on rFVlla prophylaxis) and 2 during ITI at
titers of 6 to 40 BU (1 on high-dose daily ITl, the other on high-dose
nondaily ITl, and neither on BPA prophylaxis); information on head
trauma was lacking, and none of the intracranial bleeds were fatal.
Four life- or limb-threatening bleeds occurred during ITI: a throat
bleed (40-199 BU on high-dose daily ITl), a muscle bleed leading
to compartment syndrome, a pleural hemorrhage (both at >200
BU on high-dose nondaily ITI), and a retroperitoneal hematoma
(=200 BU on high-dose daily ITl), all without BPA prophylaxis.

Discussion

Summary

With 222 patients, this study presents, to our knowledge, the
largest data set on bleeding rates before and during ITl in patients
with severe hemophilia A and high-titer inhibitors in the absence of
nonreplacement therapy. [Tl treatment significantly reduced both
mean ABR (from 6.06 to 4.43 per year) and AJBR (from 2.62 to
1.73 per year).

10 A
9 4
8 -
7
6 -
5
4

SR +

0 T T T T
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Figure 2. Mean (95% CI) ABR and AJBR according to ITI regimen.
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Before ITl, bleeding rates in these patients with inhibitors were
independent of inhibitor titer.

During ITl, bleeding rates were higher with high inhibitor titer and
nondaily ITl but were not associated with ITI dose.

These findings provide a comparator for bleeding rates in young
patients with inhibitors, and suggest a protective effect of daily
short peaks of FVIIl despite the presence of an inhibitor.

Internal and external validity

This study is part of a large prospective observational cohort study. All
patients with a clinically relevant inhibitor (ie, 2 positive titers and
reduced recovery of FVIIl) were followed up from the first positive
inhibitor titer until the first negative titer. Although it is well known that
the first negative titer does not coincide with the normalization of FVIII
half-life, we considered this the best end point for the evaluation of
bleeding during the presence of an inhibitor. Bleeding data were
extracted from medical files, collected at infusion level, but were well
documented because most of these very young patients (median age
at inhibitor diagnosis, 1.15 years) visited the treatment center at the
time of bleeding and many were still in the first 50 EDs to FVIIL.
Regarding the bleeding before ITl, it is logical that bleeding rates were
not associated with inhibitor titer because all of these patients had the
same FVIIl activity level of <0.01 IU/mL. The AJBR data may suggest a
trend toward more joint bleeding before ITl in patients with high-titer
inhibitors, but this is likely a “chance-finding” because inhibitor activity
does not change coagulation potential in the absence of replacement
therapy, and bleeds at this young age are most likely traumatic.

ABR and AJBR were modeled using negative binomial regression
that accounts for variation in follow-up as well as the skewed dis-
tribution of the data.'> This technique is used in most recent
studies'* and allows for comparison with the present data. It is clear
that high-dose [Tl was preferentially prescribed to those with the
highest inhibitor titers, and, especially daily ITI was almost exclusively
administered at high doses. For nondaily ITl, however, the pro-
portions of patients receiving low and high doses were equal. In
these cases, multivariable regression analysis, adjusting for inhibitor
titer, ITI dose, and ITI frequency simultaneously, is the only way to
unravel the independent contributions of the various determinants.

Because this cohort of patients with high-titer inhibitors is part of
the PedNet cohort of patients with severe hemophilia from 31
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Table 5. Multivariable regression of determinants of ABR and AJBR during ITI

Parameter HR Lower CI Upper CI P value
ABR Peak titer >200 BU 2.434 1.726 3.434 <.001
Peak titer of 40-199 BU 2.662 1.788 3.965 <.001
Peak titer of 6-39 BU (reference) 1 - - -
ITI + aPCC prophylaxis 0.678 0.354 1.298 24
ITI + rFVlla prophylaxis 1.63 0.986 2.694 .057
ITI (reference) 1 - - -
Daily ITl infusions 0.448 0.326 0.616 <.001
Nondaily ITI infusions (reference) 1 - - -
ITI dose >95 IU/kg per day 0.938 0.651 1.352 731
ITI dose <95 |U/kg per day (reference) 1 - - -
AJBR Peak titer >200 BU 4.895 3.224 7.431 <.001
Peak titer of 40-199 BU 2.952 1.859 4.689 <.001
Peak titer of 6-39 BU [reference] 1 = = =
ITI + aPCC prophylaxis 0.374 0.181 0.774 .008
ITI + rFVlla prophylaxis 1.455 0.836 2.534 184
ITI (reference) 1 - - -
Daily ITI infusions 0.439 0.308 0.627 <.001
Nondaily ITI infusions (reference) 1 - - -
ITI dose >95 IU/kg per day 1.144 0.744 1.761 .54
ITI dose <95 |U/kg per day (reference) 1 - - -

Example of interpretation: in the multivariable analysis adjusted for all parameters shown, patients with a peak inhibitor titer of >200 BU had a 2.4 times higher ABR and a 4.9 times higher
AJBR than those with a titer of 6 to 39 BU; thus, the titers were an independent determinant of bleeding rates.

HTCs, many treatment strategies are represented, which results in
high external validity. All patients included had access to [Tl and
treatment with BPAs.

Comparison with others

Data on bleeding frequency in very young children with inhibitors
are scarce.

Bleeding in the absence of ITI was mostly reported by studies on
BPA prophylaxis'®"” or as a comparison before starting emicizu-
mab prophylaxis in selected patients with frequent bleeding.'® The
PROPACT study'® reported on a retrospective analysis of 86
patients from 42 sites in 14 countries who started rFVlla prophy-
laxis at a median age of 6 years. In the absence of ITI and BPA
prophylaxis, bleeding rates reported were much higher than in this
study (15.7 per year [95% CI, 14.2-17.4] vs 5.9 per year [95% CI,
4.8-9.4]) but similar during daily rFVlla prophylaxis at 8.2 per year
(95% Cl, 7.6-8.9) in the PROPACT study vs 6.7 per year (95% Cl,
3.9-11.6) on rFVlla prophylaxis in this study.

The best comparison of bleeding during ITl is with the landmark
international ITl study,® which randomized patients with severe
hemophilia A with an inhibitor titer of 5 to 200 BU at a median age of
1.2 years, into low-dose nondaily (n = 58) or high-dose daily ITl (n =
57). Cox modeling of bleeding until the first negative titer showed a
significantly higher mean ABR of 7.5 per year in the low-dose arm vs
3.4 per year in the high-dose arm (P < .001). These findings are
similar to our findings of a mean ABR of 5.7 per year (95% Cl, 4.0-
8.1) on low-dose nondaily ITI and a mean ABR of 3.2 per year
(95% Cl, 2.6-3.9) in 158 patients receiving high-dose daily ITI.
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A similar mean ABR of 5.4 per year was recently reported on an
interim analysis of the first 100 patients of the OBSITI study on ITI
with plasma-derived FVIIl in patients with inhibitors with a poor
prognosis.'® In the aforementioned study, the majority of patients
(86%) had a high-responding inhibitor and received high-dose daily
ITI, but Cls and bleeding according to different treatment strategies
were not provided.

Interpretation and clinical implications

These data show that bleeding before ITl is independent of
inhibitor titer, but during ITl it increases with inhibitor titer and
decreases with daily FVIIl infusions. This suggests that frequent
peaks of FVIII activity have some protective effect on bleeding in
these patients despite the extremely short half-life of FVIII in the
presence of a high-responding inhibitor. This is supported by
in vitro studies reporting that addition of FVIII to rFVIla or aPCC to
plasma from patients with a high-responding inhibitor improves
global hemostatic parameters.?®?" The observation that inhibitor
titer is an independent determinant of joint bleeding during ITI
suggests a dose response: the titer determines the duration of
FVIIl in circulation, and, apparently, half-life is a stronger deter-
minant than dose. Consequently, bleeding control was best in
daily ITI regimens.

How can these findings be applied in clinical
management?

Directly after diagnosis of an inhibitor, effective prophylaxis can be
established with emicizumab, which is more convenient and
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appears more effective than BPA prophylaxis, although a head-to-
head comparison between the 2 is currently lacking.

For the choice of ITl regimen, it is important to acknowledge that
daily ITl is associated with reduced bleeding. Combined with
emicizumab, however, daily ITl is unlikely to provide added value in
bleeding control.®

Independent of the issue of inhibitor eradication, the present data
may serve as a comparator for the evaluation of bleeding and
prophylactic treatment in boys with severe hemophilia A with an
inhibitor.

The comparison between prophylaxis with rFVlla and aPCC before
ITl is inconclusive because it is limited by low numbers and, during
ITl, by the difference in administration frequency (3 times per week
vs twice daily), which was not included in the multivariable
regression analysis. However, it is likely that the high frequency of
aPCC administration has provided a considerable contribution to
its effectiveness, and this must be considered when interpreting
these findings.

Future research

The choice of an ITl regimen should balance its success rate and
its clinical and economic burden. Using emicizumab in lieu of ITI
has been well described for pediatric patients,’* and emicizumab
prophylaxis may even be considered a cost-saving treatment for
patients with hemophilia A with inhibitor during ITI.>*° To facilitate
the choice of an ITl regimen in the absence of emicizumab pro-
phylaxis, future studies should combine data on predictors of ITI
success, the effectiveness of ITl, bleeding, preferred regimens, and
treatment costs.

A more definitive answer on the question whether bleeding is
increased because of inhibitory activity in the absence of regular
FVIII treatment may be provided by performing a nested case-
control study within the PedNet cohort matched for known pre-
dictors of bleeding.

Conclusions

For 222 patients with severe hemophilia A and high-titer inhibitors
followed up for a median of 1.72 years, mean AJBR was signifi-
cantly reduced from 2.62 per year (95% ClI, 2.11-3.24) before ITI
to 1.73 per year (95% Cl, 1.49-2.01) during any ITL.

Inhibitor titers >40 BU were associated with increased bleeding
during ITI only. During ITl, daily FVIIl infusions were associated with
reduced bleeding, but ITI dose showed no association with
bleeding.

These findings suggest a protective effect of daily FVIII infusions
despite the presence of an inhibitor and can be used as a
comparator for bleeding on nonreplacement therapy.
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