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Abstract

Background: The appearance of inhibitors is the most serious complication in haemo-
philia A (HA) patients. The primary objective is their eradication. Up to date, immune
tolerance induction (ITI) was the only therapeutic option to achieve this.

Aim: To assess the efficacy of moroctocog-alpha as an ITI regimen in a population of
HA patients with high-titre inhibitors.

Methods: The REF.IT Registry is a retrospective-prospective study that collected
data on all patients with HA and high-titre inhibitors treated with moroctocog-alpha
as an ITl regimen at twelve Italian Haemophilia Centres.

Results: We enrolled 27 patients, 85.2% were children. All patients were high respond-
ers, 88.9% had severe HA. We found 69.3% of them had one or more risk factors for
poor ITI prognosis, 14.8% were ITl rescue. Overall 59.3% achieved a complete/partial
success (complete in 51.9%). ITI failed in 11 patients, 63.6% of them with poor-prog-
nosis risk factors. Inhibitors appeared after a mean of 27 exposure days. Mean histori-
cal peak was 78.8 BU/mL. The primary ITls started on average 20.2 months after the
diagnosis. A partial or complete success after a mean of 15 months of treatment was
achieved in 56.6% of the children while the same result was obtained by 75.0% adults
after 22 months from ITI onset. Patients who were treated with high-dose morocto-
cog-alpha (200 Ul/kg/day) were 63.0%.

Conclusion: Our Registry showed that the use of moroctocog-alpha in the setting of
ITI was effective and safe also in a population of patients with high-titre inhibitors,

presenting one or more risk factors for poor ITI prognosis.
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1 | BACKGROUND

Haemophilia A is a rare congenital disease caused by factor VIII
(FVII) deficiency that affects 1/5000-10 000 males. The sever-
ity of the disease depends on the plasmatic FVIII level, in cases
of severe haemophilia (FVIII < 1%) spontaneous bleeding and fre-
quent haemarthroses can cause disability, can reduce the quality
of life, and in some cases (eg intracranial haemorrhages) can be
Iife-threatening.1 Prophylaxis with FVIII concentrate is mandatory
for reducing bleeding risk,? but exposure to exogenous FVIII is
associated with the risk of inhibitor development.® The appear-
ance of allo-antibodies against FVIII is the most serious compli-
cation in haemophilia A patients. In fact, it was estimated that
about 30% of subjects with severe disease of which 5% of them
with mild or moderate haemophilia experienced inhibitor devel-
opment.* Immune tolerance induction (ITI) is the standard care to
eradicate the inhibitors. FVIII concentrate can be used at a high
dose of 200 IU/kg/day, at a low dose of 50 IU/Kg/three times a
week or at an intermediate- dose of 100-150 1U/Kg/day,”” but
no standard regimens have been defined. A review performed by
Ettingshausen et al® showed that the different regimens can be
successfully used in patients with a good prognosis, instead, the
high-dose treatment is recommended in patients with risk fac-
tors for poor ITI prognosis. Usually first ITI was started with the
same concentrate that caused inhibitor development, but this is
not mandatory while it is still debatable, which replacement factor
should be used in case of ITI rescue. The recent UK guidelines in
cases of poor responder children propose the FVIII dose increase,
the introduction of plasmaderived FVIII with a high vonWillebrand
Factor content (pdFVIII/vWF) and/or immune suppression with rit-
uximab as second-line therapy, while the use of recombinant FVIII
(rFV111) is recommended only in cases of primary ITI. No indications
are given on its use in cases of ITI rescue.” Some published articles
reported the use of rFVIIIl in patients with congenital haemophilia
and inhibitors in cases of primary ITI*®* but no clear data are avail-
able onits use as second-line therapy. A recent case report showed
the success of ITI rescue with rFVIII in a poor risk haemophiliac A
inhibitor young child.}? The rate of complete primary ITI success
with rEVIIl is estimated between 25% and 100%.'% This very high
variability is due to different definitions of ITI success, to differ-
ent regimens of treatment and to the different characteristics of
each patient. The risk of failure remains high especially in cases of
patients presenting risk factors for poor ITI prognosis. Carcao et
al** recently reported the use of efmoroctocog-alpha (rFVIII-Fc),
an extended half-life (EHL) recombinant FVIII, in the treatment of
19 patients (7 first ITI, and 12 rescue ITI) with haemophilia A and
inhibitors. Toleration was initially achieved in overall 57.9% of pa-
tients, but final outcomes were not available. Almost, all enrolled
subjects had at least one high-risk feature for ITI failure. Similar
data were reported by Kreuz et al'® in the ObsITI study in which
the 62.9% of high responder patients with 21 poor-prognosis fac-
tor achieved a complete success. Below, we report the data from
the’REFACTO® for ITI’ (the REF.IT Registry).

2 | AIM

The primary end-point of this Registry was to assess the efficacy of
moroctocog-alpha as ITl regimen (primary or rescue) in a population
of patients with haemophilia A and high-titre inhibitors (=5 BU/mL).

The secondary end-points were to assess the difference be-
tween patients with or without risk factors for poor ITI prognosis
in terms of complete or partial success, and to assess the difference

among three dose regimens of treatment (high, intermediate or low).

3 | PATIENTS AND METHODS

3.1 | Patients

The ‘REFACTO® for ITI' (the REF.IT Registry) is a retrospective-pro-
spective study that collected data on all patients with haemophilia A
and high-titre inhibitors (=5 BU/mL), treated with moroctocog-alpha as
an ITl regimen from 12 Italian Haemophilia Centres. Data collection
started in January 2016 and enrolled all eligible subjects from the pre-
vious ten years (retrospective phase) and up to the end of December
2017 for the prospective one. The participating Centres confirmed that
all patients treated with morocotocog-alfa as an ITI regimen primary or
rescue were included in this Registry, and there were no exclusions.
The study protocol was approved by each institution's Ethical
Committee and was conducted in accordance with the principles of
the Declaration of Helsinki and with local laws and regulations. All
patients provided written informed consent. In the case of patients
<18 years of age the informed consent was signed by their parents.
Statistical analyses were performed in a total of 27 patients. We

considered paediatric patients all subjects <12 years of age.

3.2 | Methods

All patients were assessed for (a) demographic and baseline char-
acteristics such as age, age at diagnosis and clinical conditions (eg
viral infections); (b) descriptive characteristics of haemophilia: type,
degree, familiarity and genetics; (c) descriptive characteristics of
inhibitor development and management; (d) descriptive character-
istics of immune tolerance induction with moroctocog-alpha; (e) suc-
cess of ITI (complete, partial or failure); and (f) adverse events (AE;
(g) outcomes.

Following the international guidelines the success of ITl was de-

fined as:

e Complete: absence of inhibitor (<0.6 BU/mL), this cut-off was cho-
sen by all the participating centres since there was no central lab-
oratory collection; FVIII recovery >66%; FVIII half-life >6 hours

e Partial: if after 33 months of ITI the inhibitor was absent, but per-
sistently altered recovery and half-life of FVIII

e Failure: no reduction of inhibitor titre by at least 20% for each
6-month therapy period after the first three; or failure to achieve
complete or partial tolerance after 33 months of ITI; or interrup-
tion of the study before reaching tolerance for any reason.
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e Relapse: inhibitor reappearance during the 12 months of fol-
low-up in the course of prophylaxis after the tolerance had been
reached, was evaluated as a double confirmation of the positivity
of the Bethesda test, and as a reduction in the recovery of FVIIl or
half-life.

e Rescue: a new ITI performed with another concentrate after the
failure of a primary ITI.

e Risk factors for poor ITI prognosis: rescue ITl; age 27 years; his-
torical inhibitor peak 2200 BU; more than 2 years since inhibitor
diagnosis and ITI start; inhibitor titre 210 BU at the start of ITI
with moroctocog-alpha

3.3 | ITlregimens

Both ITI, primary or rescue, were considered in this Registry. All
treatment regimens were included: low-dose ITI (50 IU/Kg three
times a week), intermediate-dose ITI (100-150 1U/Kg/day) and high-
dose ITI (200 IU/Kg/day).

3.4 | Statistical analysis

Descriptive statistical analyses were performed using SAS statistical
software version 9.2 (SAS) in Windows 7 professional environment.
Due to the non-interventional nature of this study, all the patients

TABLE 1 Patient characteristics
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were included in the analysis and no particular statistical strategy
was adopted. All the variables collected were summarized by ap-
propriate descriptive statistics: mean, standard deviation (SD), range
and/or percentage.

Due to the small sample of patients, all the comparative statistics
between different groups were performed with Fisher's Exact Text
(P <.05). AEs were coded using the MedDRA (Medical Dictionary for
Regulatory Activities).

4 | RESULTS

In our Registry, we enrolled 27 patients. Twenty-one of them were
enrolled in the retrospective phase (10 years), while the remaining
six were enrolled in the prospective one (2 years). Statistical analysis
included all the data on 27 enrolled patients (23 paediatrics and 4
adults), collected from 12 Hemophilia Centers in Italy. The charac-
teristics of patients are reported in Table 1.

4.1 | Paediatric patients

At the inhibitor diagnosis, the 23 patients in this Registry were
paediatrics (mean age 25.5 + 12.4 months), who developed a high-
titre inhibitor after a median of 12.0 + 8.9 ED. They presented a

Adults
(=4 patients)

Total Paediatrics
(=27 patients) (=23 patients)

No. haemophilia degree (%)

Severe
Moderate
Mild
Ethnicity (%):
White/Caucasian

Black/African-American

Genetic mutations (%):

Int22Inv
Small Ins
Small Del
Missense
Nonsense
Splicing

Not available

No. Family history for HA (%)
No. Family history for INH (%) 4(14.8)

Inhibitors:

After ED (Median days + SD)
Historical peak (Median BU/

mL + SD)

Pre-ITlI titre (Median BU/

mL + SD)

23(85.2) 21(91.3) 2(50.0)
3(11.1) 2(8.7) 1(25.0)
1(3.7) 0(0.0) 1(25.0)
26(96.3) 22(95.7) 4(100.0)
1(3.7) 1(4.3) 0(0.0)
16 (59.3) 16 (69.6) 0(0.0)
3(11.1) 3(13.0) 0(0.0)
1(3.7) 1(4.4) 0(0.0)
3(11.1) 1(4.4) 2(50.0)
1(3.7) 1(4.4) 0(0.0)
1(3.7) 1(4.4) 0(0.0)
2(7.4) 0(0.0) 2(50.0)
14 (51.9) 13(56.5) 1(25.0)
4(17.4) 0(0.0)
16.5 +34.9 12.0+£89 77.5+58.8
32.0+1171 36.0+124.5 21.0+60.3
6.0+18.4 6.0+19.7 7.0+6.2

Abbreviations: ED, exposure days; HA, haemophilia A; INH, inhibitors; Int22Inv, Intron 22
Inversion; ITI, immune tolerance induction; SD, standard deviation.
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TABLE 2 Number of risk factors for poor-prognosis ITl, type and regimen of ITI, type of success and time to achieve complete or partial

success in the paediatric patients

Patient ID Risk factors for poor ITI (n) Type of ITI

01
02
03
04
05
06
07
08
09
10
11
77
13
14
15
16
17
18
19
20
21
22
23

W O B N B U1 O O P N W BKr O O O ON +» O O O Fr k.
W © v v ®X¥ U ©U U X X U U U U U U U U U U U U U

Dose regimen

r r r r - r — - T I I - I I T IT T

H

Type of success Time to CS or RP (months)

Cs 6
CS 6
F NA
F NA
(&) 17
F NA
F NA
F NA
CSs 24
F NA
CSs 23
@S

PS 4
@S 29
PS 19
@S 20
CS 1

F NA
F NA
F NA
PS 21
&S 24
F NA

Note: Risk factors for poor-prognosis ITl: rescue ITl; age 27 years; historical inhibitor peak 2200 BU/mL; over 2 y since inhibitor diagnosis; inhibitor

titre 210 BU at the start of ITI with moroctocog-alpha.

Abbreviations: CS, complete success; F, failure; H, high-dose regimen (200 1U/Kg/day); |, intermediate-dose regimen (100-150 1U/Kg/day); ITI, im-
mune tolerance induction; L, low-dose regimen (50 IU/Kg/three times a week); NA, not achieved; P, Primary ITI; PS, partial success; R, rescue ITI.

mean historical peak of 36.0 BU/mL (range 5.6-500.0). An ITI with
moroctocog-alpha was started on average 22.4 + 23.0 months
after the diagnosis of the inhibitor, with a median inhibitor titre of
6.0 £ 19.7 BU/mL. ITI was primary in the 87.0% of cases. Median
peak inhibitor titre during ITI was 205.5 BU/mL (range 2.1-5000.0).
A high-dose regimen at 200 |U/Kg/day was applied to 69.6% of pa-
tients, while the intermediate-dose regimen at 100-150 IU/Kg/day
to 21.7%, and the low-dose regimen 50.0 IlU/Kg/three times a week
to the remaining 8.7%. Complete or partial success was achieved
in overall 56.6% (complete 43.5%) of children after a median of
18.5 months of treatment; while in the case of three Tl rescues, one
of which obtained a complete success after 29 months; the second
obtained a partial success after 16 months, and the third was de-
clared failed after 7 months, as the patient maintained an inhibitor
titre of 392 BU/mL. The two children with moderate haemophilia
obtained respectively a complete success after three months and a
partial success. At least one risk factor for poor ITI prognosis (range
1-5) was found in 13/23 patients. Number of risk factors for poor

ITI prognosis, success and time to success are detailed in Table 2.

Complete success was obtained in 6/16 (37.5%) patients who
presented with intron 22 inversion and in 5/7 (71.5%) patients
with other mutations. Failure was reported in 9/16 subjects
(56.2%) with intron 22 inversion, while the same result was ob-
tained in 1/7 (14.3%) with other mutations. A comparison be-
tween the success in the patients presenting intron 22 inversion
and those presenting other mutations was statistically not signif-
icant (P = .1486).

One or more bleeding episodes were experienced in 60.9% of
patients all treated on demand with recombinant factor VIl activated
(rFVIla). Among these, two were ileo-psoas haemorrhages.

Nine children, who had a complete success, were subse-
quently put on prophylaxis with moroctocog-alpha every other
day (five patients) or three times a week (four patients) at a mean
dosage of 50 IU/kg. Eight patients in which the ITI failed were
subsequently treated on demand with recombinant FVII acti-
vated (rFVIla). A rescue ITI with plasmaderived FVIII was started
in one child after ITI failure. No data are available for the remain-

ing patients.
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4.2 | Adult patients

At diagnosis the four adult patients included in this Registry had a
mean of 30.8 + 13.6 years of age, developed a high-titre inhibitor
after a median of 77.5 ED (range 17.0-150.0) and presented a me-
dian historical peak of 21.0 BU/mL (range 6.0-134.4). An ITI with
moroctocog-alpha was started on average 29.7 months after the
diagnosis of inhibitor, with a median inhibitor titre of 7.0 BU/mL.
ITI was rescue in half of the cases. High-dose regimen at 200 1U/
Kg/day was applied to one patient undergoing rescue ITI, while
the intermediate-dose regimen at 100-150 |U/Kg/day to another
patient undergoing primary ITI and the low-dose regimen 25.0 U/
Kg/three times a week to the remaining two patients equally di-
vided between rescue and primary ITl. Median peak inhibitor
titre during ITI was 67.0 BU/mL (range 7.0-130.0). Complete suc-
cess was obtained by 75.0% of adults after 22.0 months from ITI
onset, two had severe haemophilia, while one was a mild subject.
In the remaining moderate patient, the ITI rescue as stopped after
15 months from onset, due to the permanence of a high-titre in-
hibitor. All patients presented risk factors for poor ITI prognosis
(range 1-4). Two patients were HCV+, while no patients had HIV
infection. No patients experienced severe haemorrhagic events
during ITI. Two adult patients, who had a complete success, pre-
sented a missense mutation, while for the remaining the genetic
data were missing.

The patients, who experienced a complete success, were initially
put on prophylaxis with moroctocog-alpha every other day and sub-
sequently three times a week. No data are available about the used
dosage. However, a second ITI rescue with another concentrate was
tried in the patient, in which the ITI with moroctocog-alpha failed.

4.3 | Overall

Complete success was obtained in the 51.9% of patients, while the
sum of complete or partial success reached 59.3%. Among the pa-
tients who achieved a complete or a partial success 62.5% presented
one or more risk factors for poor ITl prognosis, the different success
among patients with or without risk factors for poor ITI prognosis is
shown in Table 3.

Complete or partial successes were achieved in 58.8% of pa-

tients treated with a high-dose regimen, while the same result was

TABLE 3 Different success rates
among patients with or without risk

. ITI success
factors for poor-prognosis ITI

CS and PS (%)
Failure (%)

P value (<.05)

Overall patients

16 (59.3)
11(40.7)

Haemophilia Wl LEYJ—S

achieved in 60% of patients treated with low- or intermediate-dose
regimens. No significant differences were reported on the regimen
choice based on the number of risk factors for poor ITI prognosis. No
adverse events due to treatment with moroctocog-alpha were re-
ported in this Registry. Complete or partial successes were achieved
in 56.5% of primary ITl and in 60% of rescue ITI, no statistical signifi-
cant difference was found between first- and second-line treatment.
Different successes among adult or paediatric patients are reported
in Table 4.

In the case of patients who reached a complete or a partial suc-
cess, the mean time elapsed from ITI start and inhibitor negative
was respectively: 11 months (range 1-53) for total cohort; 8 months
(range 1-25) for paediatrics and 20 months (range 3-53) for adults.
The eight patients enrolled during the prospective phase negativized

the inhibitor in a shorter time, mean 3 months (range 1-4).

5 | DISCUSSION

Our REF.IT study showed a complete or partial success of 59% in
the FVIII inhibitor eradication in a cohort of patients with high-titre
inhibitors of which 63% of cases presented one or more risk factors
for poor ITI prognosis.

Three different treatment regimens are now used to obtain tol-
erization in patients presenting allo-antibodies against FVIII: the

Bonn protocol,16 |+

|~18

the Van Creveld protocol™ and the Malméo pro-

toco However clinicians often adopt several changes regarding
these regimens.

The main risk factors for ITI prognosis were universally recog-
nized: the historical peak of FVIII inhibitor titre (cut-off 200 BU/mL),
the inhibitor titre before the ITI start (cut-off 10 BU/mL), the inhib-
itor peak during ITI and the age of patients 27 years, over 2 years
since inhibitor diagnosis and the ITI start. In addition, the non-null
FVIII mutations such as small insertion or deletions and missense
mutations were associated with a good outcome.'”2°

Previous reported studies enrolled patients without poor ITI
prognosis risk factors treated with different FVIII concentrates.
The International ITI study?? collected data for 115 ‘good-risk’ pa-
tients randomized to high- or low-dose treatment, failure occurred
in the 25.8%. Complete or partial success did not differ between

two treatment arms, data similar to our Registry. Usually, the primary

Good- prognosis ITI Poor- prognosis ITI

(=27) patients (=10) patients (=17)
6(60.0) 10 (58.8)
4(40.0) 7(41.2)
ns ns

Note: Risk factors for poor-prognosis ITI: rescue ITl; age 27 years; historical inhibitor peak

2200 BU/mL; over 2 y since inhibitor diagnosis; inhibitor titre 210 BU at the start of ITI with mo-
roctocog-alpha. Good-prognosis ITI: patients without risk factors.

Abbreviations: CS, complete success; ITl, immune tolerance induction; Ns, not significant; PS,

partial success.
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Immune tolerance induc- Overall patients

tion success (=27) Adult patients (=4)
Complete Success No. (%) 14 (51.9) 3(75.0)
Primary ITI 11 (40.8) 2 (50.0)
Rescue 3(11.1) 1(25.0)
Partial Succes No. (%) 2(7.4) 0(0.0)
Primary ITI 2(7.4) 0(0.0)
Rescue 0(0.0) 0(0.0)
Failure No. (%) 11 (40.7) 1(25.0)
Primary ITI 9(33.3) 0(0.0)
Rescue 2(7.4) 1(25.0)

ITI was performed with the same concentrate, which developed the
inhibitors, but it is still debatable, which replacement factor should
be used in cases of an ITl rescue. The recent UK guidelines suggest
a FVIII dose increase, the introduction of plasmaderived FVIII with
a high vonWillebrand Factor content (pdFVIII/vVWF) and/or immu-
nosuppression with rituximab as second-line therapy in case of
children with poor ITI prognosis. However, use of rFVIIl is recom-
mended only in cases of primary ITI, but no indications are given
on its use in rescue ITI cases.” These facts are supported by dif-

10,11

ferent published cases on the use of rFVIII for primary ITI for

eradicating the inhibitors in patients with congenital haemophilia,

conversely as reported by Zanon et al,*?

in which a poor-prognosis
child who had full treatment with a rFVIII during his ITI rescue. In
this study, the use of recombinant FVIII, moroctocog-alpha, for the
immune tolerance induction in a population of patients presenting
high-titre inhibitors was proven to be effective in an overall 59.3% of
subjects. A complete success was reached in 51.9%, while a partial
or complete success was obtained in 60% of rescue ITl’s, data similar
to that reported by the ObsITI Study.*® Also in this case, almost all
patients had a high inhibitor titre, but the ITI was performed with
a single pdFVIII/VWEF; no large studies were available for ITI with
single rFVIII, unlike the REF.IT study. In fact, our study is one of the
largest in number of cases of patients treated during ITI with a single
rFVIII concentrate.

Astermark et al?

performed a review in which they evaluated
the published studies and registries on ITI treatments and outcomes.
Ten studies were considered, a total of 188 patients who under-
went an ITl, in almost all cases with plasmaderived FVIII, some en-
riched with von Willebrand factor. High-titre inhibitors were found
in 82.4%, but no data on risk factors for good or poor ITIl prognosis
were available. Only in one study,?? all 11 paediatric patients were
treated with a single rFVIII (octocog-alpha), while in the other studies
rFVIIl was adopted in a variable percentage of patients. In all these
studies, the success rate was very high, between 62% and 91%. Data
not confirmed in the international registries in which the complete or
partial successes were respectively between 50.9% and 78.6% and
6% and 8.7%, more similar to our results.

Our Registry then confirmed the data shown by other regis-

tries, but the difference was represented by use of single rFVIIl in a

TABLE 4 Different success rate among
adult and paediatric patients in cases

of primary or rescue immune tolerance
induction

Paediatric pa-
tients (=23)
11 (47.8)
9(39.1)
2(8.7)
2(8.7)
2(8.7)
0(0.0)

10 (43.5)
9(39.1)
1(4.4)

population of only high responder patients in which the risk factors
for ITI prognosis were evaluated. Usually in ITI patients, the FVIIl is
administered every day; in paediatrics, a CVC must be inserted in
order to carry out the infusion. The duration of ITI may last for up to
33 months. To improve the patient's quality of life, particularly the
paediatric ones it would be recommendable to individualize the most
appropiate FVIII in order to reach the best result.

The availability of different vials of recombinant concentrates
(500 Ul, 1000 Ul, 2000 Ul and 3000 UlI) associated with a low vol-
ume of reconstitution of the drug makes the administration easier and
more rapid reducing discomfort for the patient. It is advisable to bear
in mind that the majority of patients are administered 200 Ul/kg/die of
FVIII during ITI. In the North American Immune Tolerance Registry—
NAITRZ several predictors for ITI outcomes were considered, but no
statistical analyses were performed to correlate each single patient to
the presence of risk factors for ITI prognosis and ITl outcome.

|14

Carcao et al*” reported the partial data on use of an EHL prod-

uct for ITI, and the recent article published by Ljung et al®*

con-
siders the new therapeutic strategies to eradicate the inhibitors in
patients that failed one or more ITI's. Emicizumab, a subcutaneous
bispecific monoclonal antibody, has recently been authorized for
treating haemophilia A patients with and without inhibitors,?>2¢
while other subcutaneous drugs are still under development. In
the future, an alternative treatment may be represented by recom-
binant porcine FVIII, now allowed in cases of patients affected by
acquired haemophilia A.?7 Also in the era of subcutaneous treat-
ment without FVIIl concentrates, as emicizumab, the eradication of
inhibitors is fundamental to guarantee an easier and safer patient
management in the event of surgery or bleeding. A gold standard
to treat these patients remains the ITI, but given that the patients
will most likely accept to undergo a single ITI, in future, it will be
essential to choose the concentrate that gives the best chance of
success immediately. Moroctocog-alpha which has demonstrated
good therapeutic efficacy may be considered for this aim.

1,8 in the near future,

As recently reported by Le Quellec et a
another therapeutic option may be given by the concomitant use of
emicizumab in the context of low-dose ITl with moroctocog-alpha or
other FVIII concentrates, but further consistent data are needed to

validate this new promising purpose.
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