CLINICAL AND LABORATORY OBSERVATIONS

Rituximab and Desensitization for a Patient With Severe
Factor IX Deficiency, Inhibitors, and History of Anaphylaxis
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Summary: We report the case of a 9-year-old boy with severe
hemophilia B with an inhibitor and a history of anaphylaxis to
factor IX (FIX), who was successfully treated with immune
tolerance (IT) that included rituximab (Genentech, San Fran-
cisco, CA) and desensitization. The patient began the first course
of IT at age of 7 years with daily recombinant FIX infusions
that was aborted at day 32 because of a systemic allergic
reaction. A second course of IT was attempted 11 months later,
initiated with a desensitization protocol with escalating doses of
plasma-derived FIX in addition to therapy with rituximab. This
was well tolerated without allergic symptoms and with eradica-
tion of the inhibitor and improvement in factor kinetics. A
second course of rituximab was given 13 months later for
worsening FIX kinetics again with an excellent response and
without evidence of adverse effects.
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he development of an inhibitor in patients with
hemophilia B is a rare and severe complication with
limited therapeutic options. The incidence of inhibitors in
individuals with severe hemophilia B is estimated to be
between 1% and 6%.! Though the data are somewhat
limited by small patient numbers, the response rate to
immune tolerance (IT) is significantly lower for indivi-
duals with hemophilia B and inhibitors than for those
with hemophilia A.? In addition, unique limitations to
success of IT in patients with hemophilia B include
allergic reactions and the development of nephrotic
syndrome.>#
Recombinant activated factor VII (rVIIa; NovoSe-
ven, Novo Nordisk, Bagsvaerd, Denmark) is a therapeu-
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tic alternative for patients with factor IX (FIX) deficiency
and inhibitors. The use of rVIIa for prophylactic therapy
is limited by the agent’s short half-life, a lack of
experience with its use in this manner and prohibitive
cost.’

The use of rituximab for IT in patients with
hemophilia and inhibitors has been reported in multiple
case reports and small case series, including a small
number of patients with FIX deficiency.®’ For indivi-
duals with FIX deficiency with a history of anaphylaxis,
some success with desensitization protocols has been
reported, including the use of plasmapheresis and antigen
exposure as well as the use of escalating doses of FIX in
addition to steroids.® 10

In this case report, we describe successful IT therapy
for a young boy with severe hemophilia B with inhibitors
with a history of anaphylaxis to recombinant FIX.

CASE REPORT

The patient was diagnosed with severe FIX deficiency
(< 1%) at 4 months of age after testing done because of a family
history. He was treated on an as needed basis with his first dose
of factor therapy at age of 6 months. He was initially treated
with plasma-derived factor (Alphanine, Grifols, Los Angeles)
and transitioned to recombinant factor (BeneFix, Wyeth,
Philadelphia) at 2.5 years of life. At age of 3 years 11 months,
he was found to have a low titer inhibitor of 1.6 Bethesda Units
(BU) with rapid clearing of infused factor documented by a
30-minute postinfusion FIX level of < 1%.

After the detection of the inhibitor he was treated with
activated rVIIa at a dose of 90ug/kg. He had very frequent
bleeding episodes including joint and soft tissue bleeds.
Response to rVIla was suboptimal, even to high-dose rVIla
(240 pg/kg every 6 h).

Owing to a declining quality of life secondary to frequent
bleeding episodes, at the age of 7 years he was begun on an
IT regimen with daily recombinant FIX at a dose of 80 U/kg.
His first 15 infusions were done in the clinic. His 30-minute
postinfusion factor levels were done weekly during this period
and despite the fact that they remained < 1% he had no
bleeding episodes. His highest pretherapy inhibitor titer was
1.6 BU and immediately before IT the inhibitor was 0. His
inhibitor peaked at 109 BU on day 16 of therapy. On day 32 of
IT he developed diffuse, severe pruritis with hives 15 minutes
after his factor infusion. He was treated with epinephrine,
methylprednisolone, and diphenhydramine with resolution of
his symptoms. His IT was discontinued and treatment with
rVIla was resumed for frequent bleeding episodes.

Eleven months later, IT was again attempted. The patient
was evaluated for allergic sensitization and anaphylactic
reaction to FIX. He underwent skin testing with both
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TABLE 1. Results of FIX Skin Testing*

Reagent Patient Control No. 1 Control No. 2
Saline

Prick Negative Negative Negative

ID 1:10 Negative Negative Negative
Histamine

Prick 12 x 15/20 x 20 20 x 20/30 x 35 10 x 12/25 x 20
Mononine

Prick Negative Negative Negative

ID 1:10 3x3/6x7 Negative Negative

ID 1:1 8 x 10/15x 15 Negative Negative
FEIBA

Prick Negative Negative Negative

ID 1:10 Negative Negative Negative

ID 1:1 5 x 3 (equivocal) 3 x 3 (irritant) Negative
BeneFix

Prick Sx6/12x 12 Negative Negative

ID Not done Not done Not done

*Results measured at 20 min, reported in mm, wheal/flare format.
Prick positive: wheal of 3 x 3mm; ID (intradermal) positive: wheal 5 x 5 mm.

epicutaneous and intradermal methods to several FIX contain-
ing products [Mononine (ZLB Behring, Kankakee IL), BeneFix
and FEIBA]. He showed positive reactions to Mononine and
BeneFix and an equivocal reaction to FEIBA. After providing
informed consent, 2 adult controls were used to validate this
testing who did not show any skin reaction to these agents
(Tables 1, 2).

Starting 3 days before the initiation of his desensitization
protocol, the patient received his first of 4 weekly doses of
rituximab at a dose of 375 mg/m?. The desensitization protocol
was initiated using plasma-derived FIX (Mononine). He
received a continuous dose escalation over 10 hours from
0.01 U/kg/20min to a final rate of 4U/kg/h (100 U/kg/d)
successfully and without any premedication. Over the next 6
days his total daily dose was compressed into shorter infusion
times (24, 8, 4, 2, 1, and 0.5h). He tolerated this process without
evidence of adverse reactions. He then continued with daily
factor therapy, infused in a standard manner at a dose of 100 U/
kg/d, which was subsequently decreased to 80 U/kg/d. He
completed his 4 planned doses of rituximab without incident.

At the initiation of this course of therapy his inhibitor was
again 0. It peaked at day 21 to 77 BU and subsequently fell to 0
by day 42. He remained clinically well through this period
without bleeding episodes.

Four months after the desensitization, the patient
experienced an episode of break-through hives following his
factor infusion. His inhibitor titer remained 0. He was treated
with antihistamines and continued daily factor infusions. After
discontinuation of antihistamines, skin testing was repeated to
Mononine (both via epicutaneous and intradermal methods),
which was found to be negative indicating maintenance of the
desensitization status and hives to be anaphylactoid in nature.
Thereafter, he has not reported any further adverse reactions.

Thirteen months after his second course of IT, at which
point he was being treated with a factor dose of 80 U/kg every
other day, he again began to have symptomatic bleeding.
Evaluation of his FIX kinetics revealed a 30-minute postdose
level of < 1% despite an inhibitor of 0 BU. Repeat administra-
tion of 4 weekly doses of rituximab at a dose of 375mg/m?
together with daily FIX infusions again restored normal kinetics
concurrent with the resolution of bleeding episodes by week 4 of
therapy. He was subsequently again able to be transitioned to
every other day factor therapy at a dose of 80 U/kg.

He was monitored with at least twice weekly urine
analysis during each initial 4-week course of IT and otherwise
at approximately every 2-month intervals. His urine remained
negative for protein.

His school attendance and performance from preschool
through grade 2 were significantly impacted by his hemophilia,
primarily related to frequent bleeding episodes. He was absent
an average of 41 days per year during this period, which
contributed to his needing to repeat grade 1 and the develop-
ment of school avoidance behaviors. With resolution of frequent
bleeding episodes postimmune therapy his attendance has been
near perfect and he is working at grade level.

DISCUSSION
This patient has received 3 courses of IT, 2 of which
involved rituximab and is currently without evidence of
an inhibitor. He has tolerated his second and third
courses of IT without complications, specifically without
evidence of allergic reactions or proteinuria.

TABLE 2. Summary of Patient Course

Inhibitor Titer

Time to Resolution of

(Immediately Inhibitor and/or
Pre-IT/Peak Titer = Normalization of Expected
Age IT Regimen Post-IT) Factor Recovery Clinical Impact of IT
7y, Smo Daily recombinant FIX 0/106 NA Anaphylactic response on day 32, return to
frequent bleeds with suboptimal response
to rVIIa
8y, 4mo Rituxumab and plasma- 0/77 6wk Well, without bleeding episodes for 13 mo,
derived FIX initiated with followed by return of frequent bleeding episodes
desensitization regimen despite alternate day prophylactic therapy with
plasma-derived FIX
9y, 5mo Rituximab and daily 0/1 4 wk* Well, without bleeding episodes with ongoing

plasma-derived FIX

alternate day prophylactic therapy with
plasma-derived FIX

Inhibitor measured in Bethesda units.

*Before and during the third course of IT the patients’ inhibitor remained 0-1 BU however the 30 min recovery studies after 80 U/kg of plasma-derived FIX were < 1%
immediately before and at weeks 1 and 2 of therapy but normalized with a postlevel of 96% by week 4.

94

© 2008 Lippincott Williams & Wilkins



J Pediatr Hematol Oncol ¢ Volume 30, Number 1, January 2008

Desentsitization and Immune Tolerance in Hemophilia B

Anaphylaxis to FIX containing products is a
potentially life threatening complication of the therapy
for hemophilia B. There is a limited literature on the use
of desensitization to FIX containing products.”'® The use
of desensitization protocols for various drugs, including
antibiotics, aspirin and various chemotherapy agents is
well described.'!12

On the basis of the clinical history and skin testing,
it was concluded that the patient had IgE-mediated
sensitization to FIX. The mechanism by which clinical
tolerance is induced during drug desensitization is comp-
lex but depends fundamentally on achieving antigen-
specific mast cell desensitization.'3!> Desensitization is
an active and reversible process, which depends on the
continuous presence of drug. Since the initiation of his
desensitization protocol our patient has received FIX on
an uninterrupted daily or every other day schedule
(compatible with half life of 22 h) without any evidence
of allergic reaction. Finally, desensitization does result in
reduced skin sensitivity in most patients'®!7 as is seen in
our patient in whom skin testing 4 months postdesensi-
tization was found to be negative, thereby documenting
maintenance of desensitization.

Nephrotic syndrome has been recognized as a
complication of IT therapy in patients with FIX
deficiency, often temporally associated with anaphylac-
toid reactions and in some cases associated with gene
deletions.>* Our patient was at risk of this complication
and therefore was monitored intensively.

Rituximab has been shown to be effective in the
treatment of some individuals with acquired hemophi-
lia.'® In addition, there are now multiple case reports and
small case series reporting mixed efficacy with the use of
rituximab in patients with congenital factor VIII defi-
ciency and inhibitors.%7-1921 The experience in patients
with FIX deficiency remains more limited, also with
mixed results.®’

In this patient, a second course of therapy with
rituximab 13 months after the initial therapy was well
tolerated and had a beneficial effect on bleeding
symptoms and factor kinetics. A Canadian group
reported the use of a more prolonged course of rituximab
with monthly dosing after 4 weekly doses.?! Use of a
single second dose of rituximab with partial success has
also been described.®

To date the success of IT therapy for patients with
FIX deficiency and inhibitors has been fairly limited. The
complicating factor of anaphylactic responses further
confounds therapy and is associated with significant risks.
The use of desensitization protocols for those with
anaphylactic reactions has the potential to be beneficial.
Rituximab may have an impact on the rate of success in
obtaining IT for these patients. This drug is not licensed
for the use in children and is associated with the risks of
severe side effects including anaphylaxis and multifocal
leukoencephalopathy related to JC virus reactivation.??
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The role of rituximab in the therapy for patients with FIX
deficiency and inhibitors, and the safest and most
efficacious way in which to administer it, will need to be
evaluated in well designed multicenter trials.
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