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Summary

Inhibitor development is a rare but serious
event in hemophilia B patients. Management
is hampered by the frequent occurrence of al-
lergic reactions to factor IX, low success rates
of current inhibitor elimination protocols and
the risk of development of nephrotic syn-
drome. Single cases of immune tolerance in-
duction (ITl) including immunosuppressive
agents like mycophenolat mofetil (MMF) or
rituximab have been reported. We present a
case of successful inhibitor elimination with a
combined immune-modulating therapy and
high-dose factor IX (FIX). This boy had devel-
oped a FIX inhibitor at the age of 5 years and
had a history of allergic reactions to FIX and to
FEIBA®. Under on-demand treatment with
recombinant activated FVII the inhibitor be-
came undetectable but the boy suffered from
multiple joint and muscle bleeds. At the age of
11.5 years ITI was attempted with a com-
bination of rituximab, MMF, dexamethasone,
intravenous immunoglobulins and high-dose
FIX. The inhibitor did not reappear and FIX
half-life normalized. No allergic reaction, no
signs of nephrotic syndrome and no serious
infections were observed.
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Zusammenfassung

Die Hemmkoérperentwicklung bei Hamophilie
B-Patienten stellt eine seltene, aber schwere
Komplikation dar. Die Behandlung wird durch
das haufige Auftreten von allergischen Reak-
tionen auf Faktor IX (FIX), geringe Erfolgsraten
der gangigen Eliminations-Protokolle und das
Risiko der Entstehung eines nephrotischen
Syndroms erschwert. Es existieren einzelne
Berichte Giber Immuntoleranzinduktionen (ITl)
mit Immunsuppressiva wie Mycophenolat-
Mofetil (MMF) oder Rituximab. Wir berichten
iiber eine erfolgreiche Hemmkaorpereliminati-
on mit einer kombinierten immun-modulie-
renden Therapie und hochdosierter FIX-Gabe.
Der Junge hatte mit 5 Jahren einen Inhibitor
entwickelt und zeigte allergische Reaktionen
auf FIX und FEIBA®. Unter der Bedarfshehand-
lung mit rekombinantem aktiviertem FVII war
der Inhibitor nicht messbar, aber der Junge er-
litt multiple Gelenk- und Muskelblutungen.
Mit 11,5 Jahren wurde eine ITI mit einer Kom-
bination aus Rituximab, MMF, Dexamethason,
Immunglobulinen und hochdosiertem FIX be-
gonnen. Der Inhibitor wurde nicht geboostert
und die FIX-Halbwertszeit normalisierte sich.
Es wurden weder allergische Reaktionen, Zei-
chen eines nephrotischen Syndroms oder
schwere Infektionen beobachtet.

Immuntoleranzinduktion mit hoch-dosiertem FIX
und kombinierter immunsuppressiver Therapie
bei einem Patienten mit schwerer Hamophilie B
und Inhibitor
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Inhibitor development is one of the major ad-
verse events of factor replacement in hae-
mophilia patients. Whereas the inhibitor
incidence in haemophilia A is estimated to be
as high as 33%, it appears to be less frequent
in haemophilia B, occurring in about 1-3% of
haemophilia B patients (8, 18). Management
of these patients is even more complicated by
allergic reactions to factor IX infusions which
accompany or precede inhibitor devel-
opment. Eradication of inhibitors is not only
impeded by anaphylaxis but also involves the
risk of development of nephrotic syndrome
during ITIL. These factors account for an over-
all reluctance to attempt ITI in those patients
and, subsequently, for a lack of data on in-
hibitor elimination in the literature.

Case reports and small series have shown
successful and safe ITI with protocols that
include desensitization, immunadsorption
and/or immunosuppressive treatment with
cyclophosphamide (3,10, 13, 14,16). Only re-
cently, new immunosuppressive drugs have
evolved. Rituximab, a humanized monoclon-
al anti-CD20 antibody, is used in a variety of
antibody-mediated diseases. Its efficacy in the
treatment of acquired haemophilia A has al-
ready been demonstrated (15). Mycopheno-
late mofetil (MMF) is an inhibitor of T- and
B-cell proliferation which serves as immuno-
suppressive agent for organ transplantation.
Wermes et al. (19) have reported a successful
ITT in a haemophilia B patient with a combi-
nation of MMF, dexamethasone (Dexa) and
intravenous immunoglobulin (IVIG).

We present a case of successful ITT in a boy
with haemophilia B and inhibitor combining
rituximab with MME, Dexa, IVIG and high-
dose FIX.
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A boy with haemophilia B

The patient is a Caucasian boy in whom se-
vere haemophilia B was diagnosed at the age
of 10 months. An underlying mutation with a
high risk of inhibitor development was found
(ins/del 6379-6384del AATTCAinsG in exon
B of the FIX gene). He was initially treated on-
demand with a plasma-derived FIX product
(Immunine®).

At the age of 22 months (after 6 exposure
days) urticaria was observed twice shortly
after infusion of the drug which responded to
treatment with steroids. No inhibitor was de-
tected at that time. On-demand treatment
was continued with another plasma-derived
FIX (Berinin®). At the age of 5 10/12 years
prophylaxis twice a week was started. Two
months later a type I inhibitor of 5.44 BU
(Bethesda units) was detected which sub-
sequently increased to a peak titer of 6.2 BU.
FIX infusions were stopped and bleedings
were treated with a bypassing agent (FEIBA®).
After a few uneventful infusions a severe aller-
gic reaction to FEIBA® occurred resulting in
hypovolemic shock. On-demand treatment
with recombinant activated FVII (rFVIIa,
NovoSeven®) was initiated. The inhibitor de-
creased gradually to an undetectable level but
the boy suffered from multiple joint and
muscle bleeds consuming enormous
amounts of rFVIIa.

In 2005, at the age of 11,5 years finally ITI
was attempted after informed consent had
been obtained. A port-a-cath had been im-
planted two years before because of difficul-
ties in venous access. The boy received myco-
phenolate mofetil 2x300 mg/m?*/d continu-
ously for seven weeks and 4 Xrituximab 375
mg/m? once a week. Pulses of dexamethasone

(2x12 mg/ml/d) and immunoglobulin infu-
sions were given in week 2,4 and 7. Treatment
with high-dose factor IX (Immunine® 2x 100
U/kg/d) was started in the second week. The
treatment protocol is shown in P> Figure 1.
No allergic reaction was observed nor was
there a booster of the inhibitor. »>Figure 2
shows FIX activities measured 12-17 hours
after application. FIX dosage was gradually
decreased from day +51 on. After two months
the FIX half-life was 11 hours. The patient
presently receives 30 IU/kg FIX twice a week.
No major bleedings have occurred since
the start of ITL B-cells have been depleted for
abouta month. Normal values have only been
reached after seven months. No serious infec-
tions have been observed during the whole
follow-up of 3.5 years. Urine analysis at regu-
lar intervals has never revealed proteinuria.
The boy has finally resumed normal life.

Discussion

Due to the low frequency of haemophilia B
inhibitor patients only limited data on their
management is available. Old registries in-
clude 12-16 patients who have undergone ITI
with a failure rate of up to 80% and a similar
frequency of adverse events. Risk factors for
failure are thought to be adverse reactions, a
positive family history for inhibitors and high
historical peak titre and pre-induction titre
(7,17,18). About half of the protocols used in
those patients included immune modulating
agents and/or plasmapheresis. Freiburghaus
et al. reported on successful ITI with the so-
called Malmé protocol in 6/7 patients. How-
ever, data on history of anaphylaxis and de-
velopment of nephrotic syndrome is lacking

(10). Current recommendations therefore
conclude that ITI in haemophilia B patients
should be considered very carefully (2,6,11).

Cyclophosphamide is a chemotherapeutic
agent which was commonly applied in former
protocols but should be used carefully in
children due to its possible long-term con-
sequences. Before 2005 only few cases using
new approaches with immunosuppressive
drugs like rituximab and MMF were pres-
ented (13, 19). At that time our patient suf-
fered from multiple bleeds which required
frequent and prolonged treatment with
rFVIla leading to heavy restrictions in his
daily life.

We therefore proposed an ITI regime
which takes into account the prior critical im-
mune response of this patient and which
therefore included a combined immunosup-
pressive/immune modulating therapy. High-
dose FIX was only given in the intensive care
unit after one week of immunosuppressive
treatment with MMF and prior steroid appli-
cation. After repeated uneventful infusions
the treatment was continued in our out-
patient clinic. Antimicrobial prophylaxis with
cotrimoxazole and topic antimycotics was
given until six weeks after cessation of
immunosuppressive treatment. Delayed re-
covery of B cell depletion after rituximab
treatment which may pose patients at a con-
siderable risk for infections was fortunately
not seen in our patient. No cytopenia which is
a major side effect of MMF was found in
regularly blood counts of our patient. We
therefore conclude that our protocol was safe.
However, we recommend that these regimens
should only be used in centres with experi-
ence in immunosuppressive therapy and
management of the adverse events.
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Fig. 1
methasone; MMF: mycophenolate mofetil)
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ITI protocol (IVIG: intravenous immunoglobulins; Dexa: dexa-

Fig. 2 Factor IX activity determined 12-18 hours after replacement in

correlation to administered daily doses of FIX (IU/d).
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Success in ITI can be defined as absence of
the inhibitor and normalization of recovery
and half-life after factor replacement. In our
patient, half-life was determined only once in
the course of dose reduction of FIX. We did
not calculate recovery. However, because the
patient has not experienced major bleedings
anymore and trough levels of FIX are above
1% under prophylaxis twice a week, we as-
sume that there is no clinical activity of the
inhibitor. Low historic peak titre and unde-
tectable pre-ITI inhibitor might have con-
tributed to the favourable outcome.

During the past years more cases on ITI in
haemophilia B patients including rituximab
with varying outcome have been reported (1,
4,9). The encouraging experience with MMF
in two patients has also been published
recently (12). In addition, Cross et al. de-
monstrated a case of successful ITI with
cyclosporine A (5).

Conclusion

There is growing evidence of the efficacy and
safety of immunosuppressive drugs in the
elimination of inhibitors in haemophilia B
patients.
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