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Prospective, observational study of plasma-derived factor
VIII/von Willebrand factor in immune tolerance induction:
the PRISM registry
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Haemophilia A (factor VIII [FVIII] deficiency) is a rare
bleeding disorder and the most common type of hae-
mophilia. Although largely inherited, approximately
30% of haemophilia A cases are due to spontaneous
gene mutations in patients with no family history of
haemophilia. Several recombinant and plasma-derived
factor VIII (pdFVIII) products are available to prevent
or treat bleeding caused by haemophilia and reduce
the risk of long-term complications.
The most serious treatment complication for

patients with haemophilia A is the development of
inhibitory IgG antibodies to FVIII [1–3]. Inhibitors
result in rapid clearance of infused FVIII and marked
reduction or absence of efficacy. Recombinant acti-
vated factor VII (rFVIIa) and FVIII inhibitor bypassing
activity are two agents used to treat acute bleeding in
patients with inhibitors [2]. However, inhibitor eradi-
cation is the goal of long-term management. Immune
tolerance induction (ITI) therapy using frequent
administration of high FVIII doses, sometimes in com-
bination with immunomodulatory or immunosuppres-
sive drugs, is the only strategy that has been shown to
achieve antigen-specific tolerance [1,3].
Other than the International Immune Tolerance

Study [1], few prospective studies have been con-
ducted that describe how patients with haemophilia A
respond to ITI therapy. Published studies of the effi-
cacy and safety of primary and rescue ITI using
pdFVIII/von Willebrand Factor (VWF) concentrates
are largely retrospective [3–6]. Additionally, there is
little retrospective and no prospective, long-term fol-
low-up of immune tolerance, quality of life (QOL) on
ITI and adherence to ITI regimen. Prospective studies
investigating the efficacy and safety of ITI therapy in

patients with haemophilia include the RITS-FITNHES
Study [7], the International Immune Tolerance Study
[1] and the REScue Immunotolerance Study (RESIST)
[8].
The RITS-FITNHES Study investigated the effective-

ness of ITI using pdVWF/FVIII complex concentrate
in 17 patients with severe or moderate haemophilia A
and inhibitors who were at high risk for failure [7].
Nine (53%) patients had complete success (inhibitor
titre <0.5 BU) after 4–30 months of treatment, seven
patients had partial success (inhibitor titre 1.1–
2.8 BU), while one patient withdrew ITI after
12 months when inhibitor titre was 70 BU.
The International Immune Tolerance Study, a multi-

centre, prospective, randomized study, compared high-
dose (200 IU kg�1 day�1) and low-dose (50 IU kg�1

three times per week) FVIII regimens in ‘good risk’
subjects with severe haemophilia A and high-titre
inhibitors [1]. Results from the study showed that 66
(57%) of the 115 subjects reached a study endpoint
with 69.7% of them achieving a complete success,
4.5% achieving a partial success and 25.8% failing to
achieve any success (no difference found in the success
rate between the two treatment arms). Although there
was no overall difference in the median time to
achieve success between the two groups, the median
times from start of ITI to first negative titre and from
negative titre to first normal recovery were shorter in
the high-dose group than in the low-dose group.
RESIST originally comprised two ongoing trials,

complementing the International Immune Tolerance
Study, to evaluate the use of VWF-containing FVIII
products in ITI [8]. One trial, RESISTexp (Clinicaltri-
als.gov Identifier NCT01051076), was designed as a
prospective, open-label study in which a high dose of
FVIII/VWF (200 IU kg�1 daily) is used in patients
with inhibitors who have failed a previous ITI attempt
with a VWF-free FVIII concentrate (plasma-derived or
recombinant). The second trial, RESISTna€ıve (Clinical-
trials.gov Identifier NCT01051544), was designed as a
study of patients with inhibitors who are at high risk
to fail ITI; patients were randomized to receive either
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a VWF-containing FVIII concentrate (200 IU kg�1

daily) or a non-VWF-containing FVIII concentrate
(plasma-derived or recombinant). RESISTna€ıve has
stopped enrolling new patients as of April 2013;
RESISTexp has stopped enrolling new patients as of
June 2014. These studies will not be reporting out-
comes as originally envisioned.
We are conducting the PRospectIve Observational

Study of PlasMa-derived FVIII/VWF in Immune Toler-
ance Induction (PRISM) Registry in patients with hae-
mophilia A with inhibitors who are undergoing ITI
using Alphanate�(antihaemophilic factor VIII/VWF
Complex [Human]; Grifols Biologicals Inc., Los Ange-
les, CA, USA) with a primary or rescue (salvage) ITI
protocol. Alphanate is indicated for the control and
prevention of bleeding in patients with haemophilia A.
This prospective registry follows work completed by
Kurth and colleagues [3], who performed a retrospec-
tive medical record review of patients with haemo-
philia A who received pdFVIII/VWF in either primary
or rescue ITI at 11 institutions in the United States.
Given the limited information available on real-world
outcomes, including long-term (>12 months) sustain-
ability of response [9], in patients undergoing ITI, the
PRISM Registry will assess the immediate and long-
term patient response to ITI therapy for up to
10 years.
The PRISM Registry is a multicentre, prospective,

observational study of patients with congenital hae-
mophilia A who are receiving treatment in the United
States with Alphanate as either primary or rescue
ITI. The primary objectives of this study are to assess
patient response to ITI, assess patient ability to toler-
ate ITI treatment, estimate the treatment discontinua-
tion rate and assess the frequency of targeted adverse
events during ITI therapy. Secondary objectives of
this study are to evaluate patient QOL before, during
and upon successful completion of ITI; evaluate
adherence to ITI treatment; assess bleeding rates
before, during and after ITI treatment; and assess
long-term maintenance of response to ITI [9]. It is
anticipated that patients will be identified at approxi-
mately 20–30 haemophilia centres in the United
States. Anticipated enrolment is approximately 100
patients (10 entered per year for 10 years) and is
based on pragmatic consideration of the number of
patients expected to enrol during the maximally feasi-
ble study duration rather than explicit statistical con-
siderations.
Inclusion criteria are: a diagnosis of congenital hae-

mophilia A with FVIII <2%; high responding inhibitor
(titre ≥5 BU mL�1 recorded at any time) or if a low
responding inhibitor (persistently <5 BU mL�1), the
patient is, in the investigator’s judgment, a candidate
for ITI or has already initiated ITI with Alphanate;
have initiated treatment with Alphanate as either pri-
mary or rescue (salvage) ITI within the previous

6 months or the clinical decision has been made to
initiate ITI treatment with Alphanate within the next
8 weeks if younger than 18 years, will be required to
have a caregiver willing to participate and provide
information for them; and as appropriate based on the
patient age, provide signed consent or assent and/or
permission of parent or legal guardian. Exclusion cri-
teria are: patients with acquired FVIII deficiency.
Outcomes to be evaluated are ITI effectiveness;

bleeding rates before, during and after ITI; adverse
events; long-term response (>12 months) to ITI;
patient QOL and patient adherence to ITI therapy.
Primary outcome definitions follow international con-
sensus guidelines [10] with additional provisional cate-
gories included (if needed, due to the observational
nature of the study) (Table 1). Patients who meet the
criteria for success or partial success will be followed
quarterly for one additional year, and then annually
for the duration of the study (up to 10 years) to deter-
mine maintenance of response. QOL and adherence
data will be collected directly from patients or their
caregivers at baseline, during ITI treatment and quar-
terly for 1 year after successful (or partially successful)
ITI treatment.
Results will be summarized annually using descrip-

tive statistical methods. In addition, associations
between patient characteristics (classic treatment

Table 1. Primary outcome definitions

Complete Success*

Undetectable inhibitor level (<0.6 BU mL�1)

FVIII recovery ≥66% of predicted

FVIII half-life ≥6 h after a 72-h FVIII washout period

Absence of an anamnesis upon further FVIII exposure

Provisional Complete Success†

Criteria for inhibitor titre and absence of anamnesis for

complete success are met, but either recovery or half-life

information is not available

Partial Success (after 33 months of ITI)*

Reduction of inhibitor titre to <5 BU mL�1

Clinical response to FVIII therapy

No increase in inhibitor titre exceeding 5 BU over a 6-month

period of on-demand treatment or 12 months of prophylaxis and

either:

FVIII recovery <66% of predicted or

FVIII half-life <6 h after a 72-h FVIII washout period

Provisional Partial Success†

Criteria for inhibitor level and absence of anamnesis for partial success

are met, but either recovery or half-life data not available

Failure

Failure to fulfil criteria for complete or partial success within

33 months or

<20% reduction in the inhibitor titre for any 6-month period during

ITI after the first 3 months of treatment

Indeterminate

Response to ITI therapy cannot be determined due to limited duration

of follow-up or unavailability of required data

*Documentation of recovery and half-life are required before assignment

to complete or partial success can be made.
†Provisional categories are provided to accommodate real-world clinical

practice where recovery and half-life may be not always available.

BU, Bethesda Units; FVIII, factor VIII; ITI, immune tolerance induction.
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success factors), treatment patterns (including stratifi-
cation by dose and frequency) and inhibitor outcomes
will be analysed at the end of the study and compared
to published criteria and results.
The PRISM Registry is the first prospective, long-

term registry of patients with haemophilia A with
inhibitors receiving treatment in the United States with
Alphanate as either primary or rescue ITI. While
restricting this study to the use of Alphanate does limit
the potential generalizability of results to other FVIII/
VWF-containing concentrates, it will allow for clear
determination of the association of one treatment with
resulting patient outcomes. The registry will be unique
in collecting prospective long-term (>12 months) ITI
outcome data, assessing bleeding rates at different time
points during ITI, evaluating QOL during ITI and
appraising adherence and factors affecting it. The
PRISM Registry will complement currently available
data and provide important, prospective information to
support the management of patients with haemophilia
A who develop inhibitors. Site and patient enrolment
for the PRISM Registry is now open.
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