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Development of inhibitory antibodies 
against the lacking clotting factor is still a 
major complication of replacement therapy 
in haemophilia. The highest risk for in-
hibitor development is reported during the 
first 50 exposure days with an incidence of 

20–35% and 2–6% in haemophilia A and B, 
respectively. 

In haemophilia B, patients with major dele-
tions, gene rearrangements or frame shift 
mutations are at highest risk (16). 

As the incidence of haemophilia B itself is 
about tenfold lower than that of haemophi-
lia A, inhibitor development in haemophi-
lia B is a very rare event. 

Inhibitor eradication is the goal of im-
mune tolerance induction (ITI), and ITI 
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Summary
Immune tolerance induction (ITI) in patients 
with haemophilia B and inhibitors may be 
complicated by anaphylactic reactions and 
nephrotic syndrome with lower success rates 
than in haemophilia A (25% vs. 50–90%). Ac-
cording to case reports, immunosuppressive 
therapy in addition to high doses of factor IX 
(FIX) appears to be promising. 
We report an 18-year-old patient with severe 
haemophilia B and a FIX inhibitor with a 
maximum titre of 2.6 Bethesda units and al-
lergic skin reactions to FIX infusions. At 5 
years of age, this patient already had a FIX 
inhibitor with allergic reactions to FIX and 
activated prothrombin complex concentrate. 
ITI at 11 years of age with high-dose FIX, de-
xamethasone, rituximab, mycophenolate 

mofetil and intravenous immunoglobulins had 
induced a sustained response until the current 
presentation. 
The patient was restarted on the same ITI 
regimen with aforementioned immunosup-
pressants, which were initiated one week be-
fore high-dose FIX. No allergic reactions, 
nephrotic syndrome or serious infection oc-
curred during ITI. The FIX inhibitor was unde-
tectable after five weeks of treatment and re-
mained so until 19 months of follow-up.
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Zusammenfassung
Im Vergleich zu Inhibitorpatienten mit Hämo-
philie A führt die Immuntoleranzinduktion (ITI) 
bei Patienten mit Hämophilie B und Inhibitor 

seltener zum Erfolg und häufiger zu Kompli-
kationen wie allergischen Reaktionen oder 
nephrotischem Syndrom. Nach Fallberichten 
scheint die zusätzliche Immunsuppression 
vielversprechend. 
Wir berichten über einen 18-jährigen Patien-
ten mit schwerer Hämophilie B und einem 
Faktor IX (FIX)-Inhibitor von maximal 2,6 Be-
thesda-Einheiten sowie allergischer Hautre-
aktion auf FIX-Infusion. Bereits im Alter von 5 
Jahren hatte dieser Patient einen FIX-Inhibi-
tor mit allergischer Reaktion auf FIX und ak-
tiviertes Prothrombinkomplex-Konzentrat. Im 
Alter von 11 Jahren führte eine ITI mit hoch-
dosiertem FIX, Rituximab, Dexamethason, 
Mycofenolat-Mofetil (MMF) und intraven-
ösen Immunglobulinen zu einer sieben Jahre 
anhaltenden Remission.
Aktuell wurde eine erneute ITI mit o. g. 
immun suppressiver Therapie, die eine Woche 
vor FIX-Gabe begonnen wurde, durchgeführt, 
ohne dass es erneut zu Allergie, Infektion 
oder nephrotischem Syndrom kam. Der FIX-
Inhibitor war nach fünf Wochen negativ und 
die Remission anhaltend über den Beobach-
tungszeitraum von 19 Monaten.
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regimens similar to those in haemophilia A 
are usually applied in haemophilia B, some 
of which include additional immuno-
modulation. 

Success rates for ITI seem to be lower in 
haemophilia B (13–70%) than in 
haemophilia  A (50–90%). 

Moreover, ITI-associated complications 
such as allergic reactions, anaphylaxis or 
nephrotic syndrome are reported more fre-
quently in haemophilia B (10, 12, 18).

Data on ITI regimens and outcomes in 
haemophilia B is sparse, but two studies 
with registry data, one retrospective multi-
centre case series and single case reports 
are available to provide guidance. 

The North American Immune Toler-
ance Registry (NAITR) (10, 11) collected 
data from 68 haemophilia centres in 
Northern America and Canada. A past or 
current history of inhibitor development 
was reported in 
• 2.4% (n = 32) of all haemophilia B pa-

tients and 
• 6.3% (n = 30) of those with severe fac-

tor IX (FIX) deficiency. 

17 patients started, and 16 patients com-
pleted ITI. Five (31%) of these ITI pro-
cedures have been successful with sus-
tained remissions obtained in four (25%). 
The median FIX dose was 100 IU/kg of 
body weight daily and in eight patients 
(47%) additional immunomodulation and 
immunosuppression were used. Ten pa-

tients experienced allergic reactions, and 
this resulted in ITI termination in three of 
them. Of the ten patients with allergic reac-
tions, eight were ITI failures and three de-
veloped nephrotic syndrome.

The ISTH-SCC international FIX in-
hibitor registry (6) focussed on haemophi-
lia B patients with an allergic phenotype as-
sociated with the inhibitor. A total of 94 pa-
tients were retrospectively reported, 39 of 
whom underwent ITI. Outcome in this 
high-risk cohort was poor with only five 
patients (13%) being successfully tolerised. 
In 25 patients (64%), FIX alone was used 
for ITI, while 14 patients received addi-
tional immunosupression, including cyclo-
phosphamide, intravenous immunoglobu-
lins (IVIg) and prednisone. Seven patients 
were additionally treated with plasmapher-
esis. ITI-associated nephrotic syndrome 
was reported in 13 patients, eleven of 
whom were treated with high-dose FIX 
concentrate alone.

A recently published multicentre retro-
spective survey form Italy (3) reported data 
from the National Registry of Haemophilia 
and Allied Disorders of the Italian Associ-
ation of Haemophilia Centres (AICE) in-
volving 282 patients with severe haemophi-
lia B. Of the ten patients who developed an 
inhibitor (2.8%), three patients experi-
enced allergic reactions to FIX. Five pa-
tients underwent ITI with FIX at a median 
daily dose of 80 IU/kg with four patients 
achieving sustained remission with no 
treatment-related complications; one of 
these patients had previously suffered from 

an allergic reaction. Two patients were not 
considered for ITI because of allergic reac-
tions. 

Successful use of the Malmö protocol 
(FIX + cyclophosphamide + IVIg) was de-
scribed in a single case (9) and a case series 
(13), in which six of seven patients could 
be tolerised. While one patient relapsed 
after six months, three needed several 
courses of immunosuppressive therapy. 

Several case reports have been pub-
lished describing the use of immunosup-
pression in addition to ITI in patients with 
haemophilia B and inhibitors. The mono-
clonal CD20 antibody rituximab, mycop-
henolate mofetil (MMF), IVIg, dexametha-
sone and cyclophosphamide were used in 
different combinations. In most cases, 
complete or partial remissions were achiev-
ed (1–4, 7, 14, 15, 17). 

In patients with haemophilia B who 
have acquired an inhibitor and who experi-
ence allergic reactions upon replacement 
therapy, addition of immunosuppressive 
agents to high-dose FIX seems to be a 
promising strategy with a favourable risk-
to-benefit ratio, but the efficacy of this 
strategy in patients with recurrent FIX in-
hibitors is currently unclear.

Case report

We report the case of an 18-year-old pa-
tient. Severe haemophilia B was diagnosed 
at the age of 10 months, and a high-risk 
mutation for inhibitor development was 
detected (ins/del 6379–6384delAATT-
CAinsG in exon B of the FIX gene). 

The patient’s previous medical history 
revealed a first allergic skin reaction at the 
age of 22 months after his sixth exposure 
day while being treated on demand (4). At 
that time, no FIX inhibitor was detectable 
and on demand treatment was continued 
using a different plasma-derived FIX prod-
uct with no further reactions. A FIX in-
hibitor with a maximum titre of 6.2 Bethes-
da units (BU) was detected at 5 years of age 
after start of prophylactic FIX infusions 
with concomitant allergic reactions to FIX 
and activated prothrombin complex con-
centrate. He was therefore treated with rec-
ombinant human activated factor VII 
(rFVIIa) and experienced multiple joint 
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Fig. 1 ITI protocol 2012 (IVIg: intravenous immunoglobulins, MMF: mycophenolate mofetil)
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bleeds during the following years. At eleven 
years of age, ITI with high-dose FIX, de-
xamethasone, rituximab, MMF and IVIg 
was initiated after the inhibitor level had 
dropped to undetectable levels. No further 
allergic reactions occurred and no neph-
ritic syndrome developed. Success of ITI 
was sustained over the following seven 
years until the current presentation (4). 

The patient presented in January 2012 
at age of 18 with increasing bleeding symp-
toms despite regular prophylaxis. He had a 
major joint bleed into the left knee six 
months earlier with intensive FIX treat-
ment and long lasting synovitis. FIX trough 
level 24 hours after the injection of 50 IU/
kg FIX concentrate was <0.2%, but at that 
time no inhibitor was detectable by a 
Nijmegen-modified Bethesda assay. Acute 
bleeds were controlled by increasing the 
FIX doses. Two months later, allergic skin 
reactions upon FIX infusions occurred, 
and a FIX inhibitor with a maximum titre 
of 2.6 BU was measured 7 years after first 
ITI.

While being treated on demand with 
rFVIIa, the patient experienced multiple 
major joint bleeds, resulting in high-dose 
and long-term treatment with rFVIIa and 
only slow resolution of a major knee joint 
bleed. He was therefore restarted on the 
same ITI regimen with high-dose FIX and 
aforementioned immunosuppressants 
(▶ Fig. 1) a few weeks after inhibitor detec-
tion. Rituximab and MMF were initiated 
one week before re-exposing the patient to 
FIX. Rituximab was administered using the 
standard regimen for lymphoproliferative 
or autoimmune diseases with four weekly 
doses of 375 mg/m2 body surface area; 
MMF was used at a dose of 300 mg/m2 
twice daily for 50 days. Dexamethasone 
pulses were given at 12 mg/m2 twice daily 
on days 8–11, 22–25 and 43–46 in parallel 
to two infusions of IVIg at 1 g/kg each. The 
first five infusions of FIX at 100 IU/kg 
twice daily were administered under close 
monitoring on an intermediate care unit. 
Urine analysis was initially performed daily 
and then weekly during the first seven 
weeks of ITI. No allergic reactions and no 
anamnestic response, nephrotic syndrome 
or serious infection occurred during ITI. 
The FIX trough levels increased rapidly 
and the FIX inhibitor was already unde-

tectable after five weeks of treatment 
(▶ Fig. 2). FIX trough levels of >150% 
allowed early dose reduction. During ITI 
no further bleeding occurred. FIX doses 
were tapered slowly to 50 IU/kg every sec-
ond day six months after ITI initiation. At 
ten months, the patient experienced an-
other major knee joint bleed with synovitis 
requiring radiosynoviorthesis. At that time, 
FIX trough levels and FIX recovery were 
adequate, and no inhibitor was detected. 
After resolution of synovitis, no further 
major joint or soft-tissue bleeding oc-
curred. 

Intensive immunosuppressive treatment 
resulted in complete B-cell depletion and 
severe deficiency of CD4+ T-cells. Neutro-
phil counts were unaffected. Pharmaco-
logical prophylaxis against pneumocystis 
jirovecii and herpes simplex virus was car-
ried out with cotrimoxazole and aciclovir, 
respectively. Twelve months after treatment 
with rituximab, the B-cell count was still 
reduced to 4.2% (reference range 
7.9–18.7%). Complete recovery of B-cells 
was observed 16 months after the initiation 
of rituximab therapy. No bacterial, viral or 
opportunistic infection occurred during 
this long period of immunosuppression. At 
19 months of follow-up after the initiation 
of his second ITI, the patient has still no 
signs of inhibitor recurrence.

Discussion, conclusion
In a young adult patient with severe hae-
mophilia B and late recurrence of an in-
hibitor, we attempted a second ITI, al-
though the outcome in this particular situ-
ation appeared to be poor because of the 
patient’s allergic phenotype. An ITI 
regimen with high-dose FIX and concomi-
tant immunosuppressive therapy was used 
that was identical with the patient’s pre-
vious ITI regimen as described by Beutel et 
al. (4). The ITI course was uneventful with-
out occurrence of further allergic reactions, 
nephrotic syndrome, bleeding events or in-
fectious complications and resulted in 
complete remission of the inhibitor. Since 
the normal half-life of FIX is not clearly es-
tablished (8), a definition of complete re-
mission according to haemophilia A 
(negative inhibitor titre, recovery of 
>0.6%/IU/kg and half-life of >6 h) is not 
established for haemophilia B. In our pa-
tient, the inhibitor titre was negative after 
five weeks of treatment, and we observed a 
FIX trough level of 23% 72 hours after the 
infusion of 64 IU/kg as well as a recovery of 
0.97%/IU/kg 100 days after the initiation of 
ITI, which is compatible with normal FIX 
pharmacokinetics.

Several single cases have been reported 
in the literature suggesting that ITI in com-
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Fig. 2 Laboratory results during ITI
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bination with immunosuppressive therapy 
is safe and efficacious in patients with hae-
mophilia B and inhibitors. 

Registry data indicate that patients with 
an allergic phenotype are at particularly 
high risk for treatment complications and 
ITI failure. Therefore, ITI should be carefully 
considered, and a weak recommendation 
for the combined use of FIX and immuno-
suppressive therapy is provided (8). 

The positive results of the single cases in 
contrast to the registry data are suggestive 
for a publication bias, but can also be due 
to the use of immunosuppressive agents in 
most of the case reports and only 36% and 
47% in the ISTH-SCC and NAITR regis-
tries, respectively. Infectious complications 
with immunosuppressive therapy seem to 
be low in this young patient cohort, leading 
to a perceived benefit of this strategy for 
haemophilia B inhibitor patients with an 
allergic phenotype. Our data further sup-
port this strategy even in the setting of late 
inhibitor recurrence. However, multicentre 
studies or registries are needed to confirm 
these findings and to avoid the potential 
publication bias of single case reports.
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