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Congenital Bleeding Disorders

Margaret E. Rick, Christopher E. Walsh, and Nigel S. Key

Both clinical and basic problems related to the presented as possible alternatives to the more
congenital bleeding disorders continue to confront traditional gene therapy approaches.
hematologists. On the forefront are efforts to bring In Section I, Dr. Nigel Key focuses on inhibitor
genetic correction of the more common bleeding development in patients with hemophilia A. He
disorders such as hemophilia A to the clinic in a reviews the progress in our understanding of the
safe and accessible manner. A second issue, risk factors and presents newer information about
particularly for patients with hemophilia, is the the immunobiology of inhibitor development. He
development of inhibitors—questions of how they discusses the natural history of these inhibitors
arise and how to prevent and treat these problems and the screening, laboratory diagnosis, and
that confound otherwise very successful replace- treatment, including the use of different modalities
ment therapy and allow patients to maintain for the treatment of acute bleeding episodes. Dr.
normal lifestyles. A third issue is the continuing Key also presents information about the eradica-
guestion of diagnosis and management of von tion of inhibitors by immune tolerance induction
Willebrand disease, the most common congenital and reviews recent information from the interna-
bleeding disorder, especially in individuals who tional registries regarding the status and success
have borderline laboratory values, but have a of immune tolerance induction.
history of clinical bleeding. In Section lll, Dr. Margaret Rick discusses the

In Section I, Dr. Christopher Walsh discusses diagnosis, classification, and management of von
general principles of effective gene transfer for the Willebrand disease. Attention is given to the
hemophilias, specific information about viral difficulty of diagnosis in patients with mild bleed-
vectors and non-viral gene transfer, and alterna- ing histories and borderline laboratory test results
tive target tissues for factor VIl and factor 1X for von Willebrand factor. She presents the value
production. He highlights information about the of different laboratory assays for both diagnosis
immune response to gene transfer and reviews and classification, and she relates the classifica-
data from the hemophilia gene transfer trials to tion of von Willebrand disease to the choice of
date. The future prospects for newer methods of treatment and to the known genetic mutations.
therapy such as RNA repair and the use of gene- Practical issues of diagnosis and treatment,
modified circulating endothelial progenitors are including clinical cases, will be presented.

|. GENE TRANSFER FOR THE HEMOPHILIAS els of hemophilia leading to Phase | clinical trials. To
date, 5 different trials, 3 for hemophilia A and 2 for
Christopher E. Walsh, MD, PhD* hemophilia B, have enrolled approximately 40 patients

with severe hemophilia. Here we will focus on the cur-
Genetic correction of the hemophilias is a model sysent gene transfer strategies for treating the hemophilias.
tem for developing a basic understanding of how gene Current treatment for hemophilia-related bleeding
therapy will be achieved. The goals for hemophilia gergpisodes uses intravenous infusion of purified and re-
transfer require the long-term therapeutic productiocombinant factor proteins, which is effective but tran-
of the coagulant protein without stimulation of an imsient because of the short half-life of the proteins. This
mune response to the transgene product or the vectegatment is expensive, restricts the prophylactic use of
Several groups have demonstrated sustained expresgagiors that can lead to crippling joint disease, and may
of clotting factors at therapeutic levels in animal modiransmit infectious agents. Effective hemophilia gene

transfer requires that a sustained, long-term (for years)

production of coagulation factor at therapeutic levels

* Mount Sinai Medical Center, 1 Gustave Levy Place, Room o generated. Thus, the method of gene delivery must
24-42C, Annenberg Building, New York NY 10029 '
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be safe, and the risk of immune response to potentiatieno-associated virus (AAV)
neoantigens must be minimal. Given recent scientifidAV has recently come to the fore because it is rela-
and technical developments, genetic correction of htvely easy to prepare, can infect both dividing and non-
mophilic patients is now viewed as an achievable goalividing cells, and does not stimulate a cytotoxic lym-
The factor VIII and IX genesH8 andF9 respec- phocyte response to infected cells. It does engender a
tively) and protein products (FVIIl and FIX) have beerhumoral immune response to its protein capsid coat.
extensively studieMany tissues and cell types (skel-Using rAAV2, therapeutic levels of FIX and FVIII were
etal muscle, liver, spleen, and skin) are capable of prdemonstrated in knockout mice and hemophilic ca-
ducing and expressing fully functional FIX protein. Al-nines? Eight serotypes of AA\have been isolated and
though there is debate as to the minimally hemostatitoned (AAV1-8). Of these, AAV2 was the first cloned
factor level,> 5% of the normal factor level is suffi- and most extensively studied. Surprisingly, other sero-
cient to convert a severely affected patient with fretypes yield FIX expression at levels 2 logs greater than
guent spontaneous bleeding episodes (patient wi#iAV2 following skeletal muscle injection into mite
< 1% factor level) to a moderate or mildly affected levelnd produce sustained supratherapeutic factor levels
Coagulation assays are standardized, and animal méekding to complete loss of the bleeding diathesis. Such
els (knockout mice and hemophilic canines) that mimievels are achieved as a result of increasingly effective
the human phenotype are available for testing. A varskeletal muscle gene transfer. Here a linear relation-
ety of gene transfer approaches are currently beisgip exists between input vector and factor expression.
tested both in the laboratory and in the clinic. Resuls unique side benefit is the lack of an immune inhibi-
of 2 clinical trials, using nonviral and viral-based genéor response, presumably because of continuous factor
transfer approaches, show that despite low factor leproduction as the major determinant for inducing tol-
els, patients required less factor infusion and reportedance. This result is reminiscent of immune tolerance
fewer bleeding episodes. Although neither trial includestrategies currently used in the clinic with protocols
a placebo arm, these results support clinical observasing repeated, frequent infusion of factor.
tions that even relativellpw levels of factor dramati- AAV1 produces robust transgene expression in
cally reduce spontaneous bleeding. Despite the currentiscle, but the exact mechanism is unclear. Data using
excitement, there is a need for improved vectors. HefAV1 suggested that the number of transduced muscle
we will review the recent advances over the past 2 yeditsers infected increases significantly with AAV1 com-
in this field, which mirror the advances in the field ofpared with AAV2. The reasonable working hypothesis

gene transfer in general. explaining the serotype transduction differences lies in
the level of virus specificity for binding cell receptors.
Viral Vectors At present, the receptor for AAV1 has not been identi-

Depending on the biology of the particular viral vectofied but appears distinct from AAV2’s.
used, vectors exhibit either long-term gene expression AAV serotypes 7 and 8 recently isolated from pri-
(months to years) as a result of integration into the hasiates infected with high-dose adenoviraie not neu-
cell genome or transient expression (weeks to monthsalized by heterologous antisera raised to the other se-
due to the lack of stable persistence of the transferreatypes. rAAV7 and 8 vector particles carrying the al-
gene within the target cell. Vector transgene exprepha-1-antitrypsin complementary DNA (cDNA) were
sion is regulated within target cells depending on theompared for transducing effectiveness in mice. AAV7
transcriptional elements used regardless of whether tivas equivalent to AAV1 in efficient expression in skel-
transgene is in an integrated or non-integrated stateetal muscle, whereas AAV8 expressed protein at a 10-
to 100-fold greater rate in liver-directed expression com-
Adenovirus vectors (rAd) pared with all other serotypes. These data confirm that
Hemostatic levels of factors VIII and IX were reachedelatively small differences in the capsid structure pro-
with first- and second-generation adenovirus vectorduce striking differences in transgene expression in a
Unfortunately, the exuberant cell-mediated immunide variety of tissues.
response engendered by this vector leads to inflamma-
tory responses directed at transduced cells with the aentivirus
tendant loss of protein expression. Newer gutless adentiviral vectors have the potential to play an impor-
enovirus with a minimum of endogenous adenovirgant role in hemophilia gene therapy. Lentivirus vec-
genes may limit the immune response, but as a consers derived from either human immundeficiency virus
guence gene expression is reduced, requiring more véidiV)-1, equine infectious anemia virus (EIAV) and
tor to achieve the desired outcome. the feline leukemia virus (FelLV) are integrating vec-
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tors that have been modified to infect a broad range lbhmune System Response to Gene Transfer

cell types. The key feature of lentiviral biology is that of Coagulation Factors

target cells are not required to undergo cell cycling farhe antibody responses to exogenous factor replace-
transfer of the proviral complex to the nucleus. Thiment, termednhibitors, affect nearly 20% of FVIII
feature allows for lentiviral gene transfer into quiespatients and 3% of FIX patients. Inhibitory antibodies
cent, non-cycling cells. One study used HIV-based lentihat bind to the particular regions of the factor mol-
viral vectors containing human FVIII (hFVIII) or hu- ecule inactivate the factor by changing its protein con-
man FIX (hFIX) cDNA for portal vein injection into formation!! In general, the immune response seems to
C57BI/6 mice. Increasing doses of hFIX-expressingesult from the type of genetic mutation. For example,
lentivirus resulted in a dose-dependent, sustained ia-large deletion in the factor VIII gene and complete
crease in plasmlaFIX levels up to approximately 50— loss of protein typically lead to a greater incidence of
60 ng/mL (normal 5000 ng/mL). Partial hepatectomyinhibitor formation. Bleeding episodes in patients with
resulted in a 4- to 6-fold increase in plasma hFIX, up fohibitors are difficult to manage with current therapy
350 ng/mL, compared with the nonhepatectomized arihat relies on activated bypass factors and recombinant
mals, suggesting that cell division enhanced vectdactor Vlla. Will a constant source of factor engender
transduction. In studies with micesing lentiviral vec- high-titer inhibitory antibodies, negate any positive ben-
tors for FVIII gene transfer, the pression of plasma efit, and worsen bleeding? Because the answer to this
hFVIII reached 30 ng/mL (15% of normal) but was tranguestion is unknown, current gene transfer clinical tri-
sient as the plasma levels fell concomitant with the foals exclude patients with inhibitors.

mation of anti-hFVIIl antibodie%’ Activation of CD4 subsets in humans and Th-1
and Th-2 lymphocytes in mice suggests that major his-
Nonviral gene transfer tocompatibility complex (MHC) class | and Il mecha-

Because of the potential safety issues associated willsms are both involved in inhibitor formation. Involve-
viral vectors, an alternate approach is to use naked plasent of both central (marrow, thymus) and peripheral
mid DNA that carries the gene of interest along witllymph nodes, Peyer’s patch) mechanisms inducing tol-
genetic elements that promote integration of therance to factor VIII has been described but is poorly
transgene within the genome. Early attempts at usingderstood. In addition to the immune response to the
such a system have provided encouraging results. transgene factor proteins, immune responses to viral
vector capsid of adenovirus and AAV prevents
Alternative Target Organs/Tissues for readministration of vectors.
Factor VIII and I X Production
The liver is the principal organ synthesizing the coaguid emophilia gene transfer clinical trials
lation factors. However, other organs can synthesix#ithin the past 2 years, 5 gene transfer trials have been
FIX and FVIII. FIX can be expressed in skeletal musclgpproved in the United States (3 for hemophilia A, 2
fibroblasts, keritinocytes, intestinal mucosa, cells linfor hemophilia B). All 5 trials were sponsored by
ing the amniotic cavity, and marrow stroma. FVlllbiotech firms that developed vectors specifically for
transgene—expressing endothelial cells in the circul&VIll and FIX. The first hemophilia gene transfer trial
tion are capable of secreting high levels of FVIII for gTrial 1, Table 1) was a Phase | dose escalation study
sustained period in animal modél€irculating endo- enrolling 13 subjects with severe hemophili&/Aub-
thelial cells obtained from peripheral blood are exects received an amphotropic retroviral vector carry-
panded ex vivo and then genetically modified to exng a B-domain deleted hFVIIlI gene by intravenous
press the gene of interest. The coexpression of FViHfusion. Infusions of vector ranging fromx3L0" to 9
and von Willebrand factor (vVWF) in endothelial cellsx 1( viral particles(vp)/kg were administered to pa-
may explain the high factor levels observed in vivaients with documented HIV and hepatitis C virus
The half-life of fully differentiated endothelial cells (HCV) infections and were well tolerated. FVIII was
remains to be determined. Ex vivo gene transfer of gemaeasured, and no subject had sustained factor VIII lev-
modified hematopoietic progenitor cells and marrowls > 1% of normal levels. Although there was, on oc-
stroma is also capable of FVIII secretion in vi%@ut casion, reduced self-infusion of factor, overall no sig-
factor levels are substantially lower than other targeificant decrease in bleeding frequency was observed,
organs such as liver. and there was no objective correlation between vector
dose and FVIII activity response. This clinical outcome
is consistent with the limited capability of retroviral
integration into nondividing liver cells and the lack of
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Table 1. Summary of hemophilia gene transfer trials.

Sponsor Trial No. n Vector/Route F actor Level T Side Effects

Chiron 1—Phase | 13 Retrovirus/IV 0-1% None

TKT 2—Phase | 6 Plasmid/omentum 04% None

Avigen 3—Phase | 9 AAV2/IM 0-1% None

Avigen 4—Phase | 6 AAV2/intrahepatic 3-12% Elevated transaminase¥

Genstar 5—Phase | 3 Adenovirus/IV 0-1% Elevated transaminase,* thrombocytopenia

Abbreviations: AAV2, adeno-associated virus, type 2; IM, intramuscular; 1V, intravenous.
TRange of factor levels indicated; all patients were at < 1% before study.
Hransient elevated transaminase levels/dose-dependent.

a liver-specific promoter in the retroviral vector usedfactor 1X. No placebo control group was incorporated
A trial (Trial 2) has used a nonviral approach and into this study.
FVIII plasmid that was electroporated into autologous A dose-escalation study based on AAV2 vectors
skin fibroblasts. Cells were expanded in vitro and 100rial 4) carrying hFIX cassettes delivered via the he-
or 400 million cells were subsequently injected into thpatic artery has begun. Six subjects have received
greater omenturff. Increases of FVIII above pretreat-rAAV2 ranging in doses from 8 101°to 2 x 10*2vector
ment levels were measured in 4 of 6 patients with egenomes (vg)/kg via hepatic artery delivery. All sub-
ther a concomitant reduction in the use of recombinajgicts had severe hemophilia B (FIX < 1%), and all had
FVIII or a decreased number of spontaneous bleedipgsitive HCV serology without evidence of fibrosis on
episodes. However, FVIII decreased to pretreatmehtopsy. In 4 subjects receiving low and intermediate
levels in all patients after 12 months. The decline imirus doses, no vector toxicity was observed, but pa-
factor expression may have been due to gene silencitignts failed to achieve factor I1X levels > 2%. The trial
immunological clearance, or senescence of the fibreras temporarily halted because of detection of the
blasts after reimplantation. transgene in seminal fluid, and the trial resumed based
Trial 3 using an AAV2 vector carrying hFIX cDNA on data that germ cells were not infected with the vi-
injected intramuscularly was carried out in 9 patientais. Two patients in the high-dose cohort received 2
in a dose escalation stutty®>One patient receiving the 10*2vg/kg. Patients had circulating factor IX levels from
lowest dose (X 10" vp/kg) was reported to maintain 3% to 12% of normal hFIX2 to 3 weeks after injec-
factor levels at 1% to 2% and had a 50% reduction tion; however, 6 weeks after vector infusion the FIX
both factor usage and bleeding episodes for up to #els dropped to baseline (< 1.0% of normal). The loss
months postinjection. No evidence of inhibitor develef FIX coincided with a 9-fold elevation of the liver
opment was reported despite preclinical data in dogignsaminases. Whether these results represent toxic-
showing a transient inhibitor response. Disseminatidty of the vector alone or result from underlying liver
of virus was transiently detectable in all body fluidsdisease remains to be determined.
excluding semenAt higher doses of virus, no signifi- Trial 5 used a “gutless” adenoviral vector carrying
cant plasma factor levels were reported. However, # hFVIII cDNA. It was hypothesized that deletion of
reported in Trial 1, investigators found a patient selthe endogenous adenovirus coding region retained in
reported reduction in the frequency of factor usage sigarlier vectors would lessen or eliminate the well-de-
nifying treatment effectiveness. An increase in the nunseribed cytotoxic immune response against the virus.
ber of injection sites from 1@ 90 produced no signifi- Nonhuman primates who received high doses intrave-
cant increase in factor level. Molecular analysis of vinously developed elevated serum transaminases and
rus dissemination was detectable in all body fluids (séhrombocytopenia. Intravenous administration of gut-
liva, blood, and urine) but not in germ cells. All paless adenoviral vector in 3 severe hemophilia A patients
tients had low (1:100-1000) preinjection anti-AAV2was performed. At low dose, no observed factor VIl
neutralizing titers that increased after vector admini¢evel was achieved, and at higher doses one patient de-
tration. High-titer neutralizing antibodies to AAV de-veloped marked thrombocytopenia and elevated tran-
veloped in all patients at levels sufficient to precludeaminases without a significant elevation in FVIII.
readministration of vector. Muscle biopsy confirmed What do these clinical results tell us? Although the
previous observations of AAV2 tropism in animalsgoal of long-term therapeutic factor expression has not
showing that only slow-twitch muscle fibers expresseldeen achieved, the data are encouraging. Detectable
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factor levels were observed. Given the potential inders or cDNA too large to be packaged by current viral
mune response to the vector and the transgene proteiectors.

it was reassuring that the development of FIX or FVIII

inhibitors was not detected in any of the 5 trials. H&sene-modified circulating endothelial progenitor

patic toxicity (Grade IlI-11l) was reported in 2 of theThe use of blood outgrowth endothelial cells (BOEC)
trials where the liver was the target organ. Factor leveds a source of cells synthesizing factor VIII has been
predicted from animal models were not observed in sutlescribed. These circulating endothelial progenitor
jects except for rAAV2 infusions into liver circulation. cells are isolated from peripheral blood, expanded in
rAAV2 toxicity observed in human subjects was notulture, and modified genetically to carry the normal
observed in mouse, dog, or nonhuman primate anint#8 gene. A significant advantagettse synthesis of
models at equivalent vector doses, whereas preclinied/F in these BOEC clones that are expanded; vVWF
testing in animals with gutless adenoviral vector preserves as the carrier protein necessary for factor VI
dicted the observed toxicity in humans. Thus, althougttability in plasma. Major questions regarding the use
testing of new factor proteins in hemophilic animals isf BOEC include their half-life, their distribution in
traditionally used because of pharmacokinetic profilegvo, their rate of expansion in vivo, and the potential
similar to those seen in humans, such extrapolation def uncontrolled growth following transplantation.

ing gene transfer vectors is not clear-cut, and animal

studies may not be predictive of the clinical outcéfne. Gene-modified stem cell therapy

18 These outcomes reflect species differences in terrRecent reports on the plasticity of stem cells derived
of the rate of cell infectivity, gene expression, proteifrom adult tissue such as liver, brain, muscle, skin, and
modification, processing, and immune response. Te$&t cells have generated enormous interest in using stem
ing in different animal models serves to confirm theells for the genetic correction of hemophilia. Cells that

validity of each new approach. co-purify with mesenchymal stem cells termed
multipotent adult progenitor cells or MAPCs derived

Future Prospects from marrow stroma can be induced to differentiate into
cell types with neuroectoderm, endoderm, and meso-

RNA repair derm characteristicd. When MAPCs are injected into

A novel approach for genetic correction is the use d@fradiated animals, they differentiate into hematopoi-
pre-messenger RNA (pre-mRNA) repair. RNAetic lineages as well as epithelium of the liver, gut, and
transsplicing uses endogenous splicing mechanismsliog. MAPCs could potentially be genetically modi-
correct a portion of the defective RNA. A pre-mRNAfied to synthesize coagulation factors before
containing a portion of correct gene sequence is destransplantation. Advantages include ex vivo expan-
signed to base pair with the pre-mRNA transcribed frosion and gene modification with selected clones that
the defective gene. The designed pre-mRNA also coproduce high levels of factor. Using autologous stem
tains all the requisite splicing signals that allow 2 indezells derived from each patient would avoid transplan-
pendent mRNAs to splice together, resulting in a cotation rejection and the need for immunosuppression.
rect copy of mRNA that is translated into a normal pracurrent disadvantages include the long lead time
tein!® The advantage of this system is that large gen@wonths) required to generate the number of cells for
that are unable to be packaged into viral vectors, transplantation and the ability to control the differenti-
genes that contain large regulatory elements, could aged fates of the transplanted multipotential cells.
corrected by using the smaller spliced sequences. Such

a system was developed for FVIII correction. H& Summary

exon 16 knockout mice were used to test transsplicirigata suggest that genetic correction of the hemophilias
in vivo. Here, a designed pre-mRNA encoded for exs feasible. The subjective reporting by patients of de-
ons 16 to 26, the region not transcribed in the knockoateased bleeding episodes at nominal levels of factor
mice; 2% to 6% factor VIl levels were generated, sufstrongly hint that reasonable factor levels might be
ficient amounts to prevertbleeding challeng®. Af-  reached and that a major breakthrough in the treatment
ter direct injection of a plasmid encoding a pre-mRNAgf hemophilia is ahead. Gene transfer for hemophilia
factor VIII was detected over 3 to 5 days; by comparrequires a combination of vector delivery systems, ani-
son, injection of AAV containing transsplicing con-mal models, and clinical studies designed to answer
structs yields ~2% to 4% FVIII for 3 to 4 months. Asspecific questions. These studies will both improve the
transsplicing efficiency improves, RNA repair may béreatment of hemophilia patients and instruct others in
useful for the treatment of autosomal dominant disothe field of gene transfer. It is hoped that this work will
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represent a milestone in the use of genetics for treatl significance, while about 80% of the remainder are

ment of human ailments. of the high responder type. It is generally agreed that
the incidence of inhibitors is no greater with first or

I1. INHIBITORS IN CONGENITAL second generation rFVIIl products compared to inter-
COAGULATION DISORDERS mediate purity products, although the jury is still out
with respect to the third generation rFVIII, Advate™.
Nigel S Key, MB, FRCP* While the inhibitor formation rate is higher than would

be expected by chance in brother pairs, the concordance

Inhibitory antibodies that neutralize the procoagularigite is less than 100% in monozygotic twir@ertain
function of therapeutically administered clotting factaces, especially those of African origin, have a higher
tors have been described as a complication of a nufisk of inhibitor development. These observations sug-
ber of congenital factor deficiency states, includingest a genetic predisposition, but with incomplete pen-
deficiencies of factors VIIl and I1X (hemophilia A andétrance. The association of inhibitors with HLA class
B respectively), factor XI, and von Willebrand factor!l determinants is weak at mdsHowever, more dis-
Rarely, inhibitors have also been described in congenitaiptive mutations in the FVIII gene, including the in-
deficiencies of factors V, VII, X, and XlII. Although the tron 22 inversions, large gene deletions, and stop
presence of these inhibitors generally does not chargdons, are associated with about a 35% risk of inhibi-
the site, frequency, or initial severity of bleeding, it is &r formation, compared to only about 5% in those with
feared complication because of the resultant difficulty imissense mutations and small deletivAs. expected,
achieving hemostasis in the event of bleeding. the more profound mutations tend to be associated with

This review will primarily focus on hemophilia A, an absence of circulating factor VIII antigen (CRM
where progress has been made in recent years in ggative). On the face of it, the absence of tolerizing
understanding of risk factors, immunobiology, naturdfVIll antigen conveniently explains the immune re-

history, and therapy of FVIII inhibitors. sponse to a “foreign” protein. However, while the risk
of inhibitor formation in patients with mild or moder-
Screening and Laboratory Diagnosis ate hemophilia is much lower (3%—-13%), certain mis-

FVIIl inhibitors should be quantified using a Bethesdgense CRMFVIII gene mutations that cause mild or
assay modified according to the Nijmegen method, ifioderate hemophilia A are also a risk factor for in-
which false positive results are avoided by the additidtibitor development.Mutations that result in a stable
of a buffer to prevent pH shift during the 2-hour incuabnormal conformation in the FVIII molecule (for ex-
bation? High responder antibodies are defined as thogénple, due to the introduction of a Cys residue that
with a peak activity > 5 BU/mL that are associated withay lead to the formation of aberrant disulfide bonds)
anamnesis. In many, but not all high responder patien&g at particularly high risk of inhibitor development.
the inhibitor titer will regress to low (1-2 BU) or evenlnterestingly, inhibitors in these patients with less se-
undetectable levels following several months of abstere variants of hemophilia tend to develop at times of
nence from FVIII. However, the titer will typically be- intense factor exposure, usually in the setting of a ma-
gin to rise within 3—7 days of reexposure to FVIII in agor injury or surgery, indicating that the risk of anti-
anamnestic response. body formation may in part be determined by the con-
Occasionally, nonneutralizing FVIII inhibitors aretext in which the potential immunogen is presented to
encountered which do not produce any significant ithe immune systerhintriguingly, recent reports sug-
terference with the procoagulant functions of FVIligest a possible heightened risk of inhibitor formation
but do accelerate in vivo clearance. When suspectednadreviously treated, seemingly lower risk patients—
factor recovery and half-life study, conducted over 24many of whom had less severe variants of hemophilia—
48 hours, may demonstrate reduced (< 66% expectgﬂ)en FVIIl is administered by continuous infusfon.
recovery, and an abnormally short half-life (< 6 hours)yVhether this is a function of continuous high-level ex-
posure, or structural/conformational modification of the

Epidemiology and Risk Factors for Inhibitor reconstituted FVIII molecule in the syringe pump/tub-
Development ing is unclear. The latter possibility is suggested by the

Prospective studies in previously untreated severe he-

mophilia A patients have shown that inhibitors develop

in 22%-31%, with a median of 9-11 FVIII exposure University of Minnesota Hospital and Clinic, Medicine/

days before inhibitor appeararfctlp to one third of Hematology, 420 Delaware St., S.E., #480, MMC 480 Mayo
these inhibitors are transient and of relatively little cliniBuilding, Minneapolis MN 55455
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2 outbreaks of inhibitors that occurred in Northern Ewegy. This approach was initiated in a clinical trial using
rope in the 1990s; in one of these, partial autolysis afhumanized monoclonal antibody to CD40 ligand prior
FVIII that produced a 40 kD fragment during fractionto its withdrawal due to thrombotic complicatiofs.
ation was shown to be responsible for the developmefhother hypothetical approach to prevent or treat ex-
of anti-C2 domain inhibitor$. isting FVIII inhibitors is the use of anti-idiotype anti-
Finally, recent reports have suggested that the ibedies. Theoretically, one could passively immunize
cidence of inhibitors is reduced in children who avoidefatients with pooled immunoglobulin enriched for anti-
exposure to FVIII early in life, with very few reportedidiotypic antibodies to FVIII, or alternatively, induce
inhibitors in patients receiving their first FVIII expo-active immunization by administration of appropriate
sure at age > 1.5 yedfd! However, these studies wereidiotypes?®
not controlled for FVIII genotype, and are in apparent
contradiction to reports of the first appearance of FVIIEradication of FVIII Inhibitors:
inhibitors in adult patients after their first intensive FVIII  Immune Tolerance I nduction
exposure (usually during a surgical procedife). Immune tolerance induction (ITl) is a process by which
In summary, it seems likely that a complex interplag subject is made tolerant to FVIII (or FIX) by repeated
of several variables—many of which are incompletelgaily exposure to FVIII (FIX) over several months to
understood—determines the risk of inhibitor formationyears. Since the first description of successful ITI by
Brackmann in 1977, a number of protocols that vary in
Immunobiology of FVIII Inhibitors the dose schedule of FVIII, and in the presence or ab-
FVIII inhibitors are polyclonal high-affinity immuno- sence of immunosuppressive therapy, have been pro-
globulin G (IgG) molecules, whose synthesis depeng®sed. Most protocols (with the exception of the Malmo
on the activation of CD4+ T cells specific for FVIII. protocol) now rely on the use of FVIII alone, due to a
Epitopes recognized by FVIII inhibitory antibodies tendjyrowing reluctance to risk the toxicities of immuno-
to be concentrated in the A2, A3, and C2 domains sfippressive agents such as cyclophosphamide or ste-
FVIII. These antibodies neutralize FVIII procoagulantoids. The value of immunosuppression in ITI for pa-
function by binding to certain critical locations, sucttiients with congenital hemophilia has never been ad-
as the FIXa, vWF, or phospholipid binding sites. It hasquately evaluated, although it is well established in
also been proposed that some 1gG inhibitory antiboaequired hemophilia. However, the successful use of
ies neutralize FVIII as a result of their intrinsic profituximab in the elimination of refractory FVIII inhibi-
teolytic activity!® although this requires further confir- tors may be worthy of further stuéfy.
mation. FVIIl inhibitor synthesis is initiated when FVIII There are several existing ITI registries that have
is endocytosed and proteolytically degraded within dpegun to define favorable or adverse clinical charac-
antigen presenting cell (APC), and short componetlgristics that determine responsiveness to ITl. These
peptides on cell surface MHC class Il molecules amegistries include the International Immune Tolerance
presented to CD4cells. Recognition of this peptide/ Registry (IITR), the North American (NAIT), and Ger-
MHC Il complex by the cognate T cell(s) induces actiman and Spanish Registries. There is broad agreement
vation and clonal expansion. Costimulatory ligand paitthat the overall likelihood of success with ITl is in the
on the APC and T cell are required for full activationtange of 70% + 10%. Certain favorable clinical fea-
Cytokines secreted by the expanded T-cell clone théures have been identified, including a low inhibitor ti-
promote B cell synthesis of inhibitory antibody to FVIll.ter (both historically and immediately prior to initia-
Elimination of FVIlI-specific T-cell clones, or preven-tion of ITl), and possibly a shorter interval from initial
tion of T-cell activation would constitute “antigen-spe4identification of inhibitor until commencement of ITI.
cific” immune tolerance to FVIII. Hypothetically, this It remains controversial whether the daily dose of FVIII
could be achieved by exposure to a small number sf predictive of overall success rate; whereas the [ITR
“immuno-dominant” universal CD4epitope peptide found that a daily dose 200 U/kg/day was superior to
sequences (i.e., those that are recognized by the Vaster doses, particularly for patients with inhibitor ti-
majority of patients) administered in the appropriateers > 10 BU/mL at the time of ITI initiation, such an
dose and route. These antigens may be capable ofassociation could not be corroborated by the NAIT. The
ducing peripheral T-cell tolerance through clonal arNAIT data did however demonstrate that daily dose was
ergy or deletion, or induction of immunoregulatory Tinversely related to duration of therapy in cases of suc-
cell subsets that downregulate the unwanted immugessful ITI*8° Because of the enormous clinical and
responsé? Blocking of costimulatory pathways follow- financial implications, an International Immune Toler-
ing FVIIl exposure may also be a valid therapeutic strasince Study was initiated in 2002 to compare the effi-
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cacy, morbidity, and cost effectiveness of low versusypassing activity of FEIBA. Improvement of the APTT
high dose ITI. Eligible patients include those with sein hemophilic plasma and correction of the cuticle
vere hemophilia A with a FVIII inhibitog 12 months bleeding time in a rabbit model of hemophilia was
from diagnosis, and a historical peak inhibitor titer > Shown with both plasma-derived and recombinant mix-
but < 200 BU/mL. One hundred fifty patients aged tures of factors Il and Xa in the appropriate molar Fatio.
years will be randomized to FVIII doses of 50 IU/kgPotentially, the use of rPPT as a therapeutic agent would
three times weekly or 200 IU/kg/day. Further informaeircumvent concerns about viral transmission associated
tion is available at the study Web site, www.itistudy.comwith APCCs, and avoid the unwanted anamnestic re-
Although commonly initiated after ITI, it is un- sponses that are due to the small amount of FVIII in the
known whether long-term prophylaxis prevents immuproducts, which occur in up to 30% of patients.
nological relapsé It is also unknown whether product ~ The mechanism of action, pharmacokinetics, and
type has any bearing on the likelihood of success, aafety of rFVIla have been reviewed previously in this
though preliminary data from the NAIT suggest a berforum and elsewher@2 However, with accumulating
efit of monoclonal over rFVIIE It has also been ob- experience, questions about dosing and possible moni-
served that switching to pdFVIII may be successful itoring strategies have come to the fore. The dominant

some patients failing I1T# mechanism of action of high-dose FVlla may be to
generate thrombin on the platelet surface, independently
Hemostatic Agents Used to Control Bleedingin of tissue factof® The magnitude of this “thrombin burst”
Patients with FVIII Inhibitors may correlate with hemostatic efficacy. Higher doses

The management of bleeding in patients with FVIIbf rFVIla than the currently approved 90-120 pg/kg
inhibitors should take into consideration the currenhay be superior in some patients who fail to respond to
inhibitor titer, the potential for anamnestic response tstandard dose$.In a recent analysis of Phase IV data
FVIll-containing products, and the historical responfor rFVlla that included 556 bleeding episodes in 39
siveness of the patient to bypassing therapies. Potenpatients, mostly in the setting of home therapy, the 97%
risks with the use of bypassing agents, such as thronesponse rate to high dose (200-346 pg/kg) rFVlla was
bosis, should also be considered. In the event of life- significantly better than the 84% response rate that was
limb-threatening hemorrhage, raising the plasma faceported with doses < 200 pg/kg € .001)3
tor VIl level is always preferable if it can be achieved Bypassing therapies (such as rFVlla) are gener-
with some combination of antibody removal (plasmaally administered according to empirical dosing guide-
pheresis or protein A sepharose column thefa@nd/ lines, without any laboratory monitoring. A drawback
or high dose FVIII. This option has become more resf the usual platelet-poor plasma assays (including PT,
stricted recently due to concerns about potential coRVII:C and FVlla levels) is that artificial phospholipid
tamination of porcine FVIII (Hyate C™) by porcinevesicles may “de-emphasize” the relatively weak plate-
parvovirus. However, a Phase | study of recombinatdt-binding properties of FVlla. Furthermore, it may
B domain-deleted porcine FVIIl is soon to be initiatedbe that differences in platelet procoagulant activity—
Furthermore, recombinant human/porcine FVIII hythat is, the ability to support FVlla-mediated activation
brids, in which human FVIII sequences in the A2, actief FX—may account for the discrepant individual re-
vation peptide-A3 and C2 domains are replaced by lesponsiveness to rFVIF.As might be expected, these
antigenic porcine sequences, could offer a therapeufilasma-based assays have failed to correlate with clini-
alternative for patients with inhibito?é. cal outcomes with rFVlla. Therefore, whole blood or
Bypassing agents induce hemostasis in the absemtatelet-rich plasma assays should theoretically provide
of FVIII/FIX. As yet, no study has directly compareda better system in which to study the effects of rFVlla.
the hemostatic efficacy of activated prothrombin comEandidate monitoring strategies currently under inves-
plex concentrates (APCCs) with recombinant factdigation include rotational thromboelastography (ro-
Vlla (rFVlla), although this trial is now under way in TEG) which measures changes in whole blood clot elas-
Scandinavia (the FENOC study). Although APCCs hawity,* the platelet contractile forééand a modified
been in use for about 30 years, no consensus existswiole blood activated clotting time, the ACT-LR as-
garding their hemostatic mechanism(s). It may be thaay®* As yet, however, none of these assays has been
the relatively high concentrations of activated factorshown to predict individual responsiveness to rFVlla,
VIl and IX account for the hemostatic effect ofor to correlate with clinical outcomes in a sufficiently
Autoplex-T? whereas a combination of factor Xa andarge patient sample.
prothrombin—a complex referred to as partial pro- Theoretically, the short half-life of rFVlla (~2.5
thrombinase (PPT)—probably accounts for the FVIlhours) precludes the likelihood of successful prophy-
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laxis in inhibitor patients. Although there has been sonaggregation and decreased factor VIII levels, all due to
interest in the use of FEIBA for prophylaXfsa recent a decrease in quantity or a dysfunction of von
study suggests that it may fail to arrest established &¥illebrand factor (VWF).

thropathy?’ Von Willebrand disease (VWD) is the most com-

mon inherited bleeding disorder. Although a laboratory-

Inhibitorsin Congenital Factor | X Deficiency defined decrease in the quantity of VWF occurs in up
(Hemophilia B) to 1% of the populatio®® probably less than 10% of

Inhibitors are relatively uncommon in hemophilia Bthis group has bleeding symptoms due specifically to
occurring in 2%-3% of severely affected individualstheir decreased VWF. This is due in part to the poor
As with FVIII, the incidence of inhibitors does not ap-correlation between VWF levels and bleeding and in
pear to be any higher with rFIX compared to pdFiX. part to the high frequency of bleeding symptoms re-
While over 2,000 mutations in the FIX gene have begyorted by normal subjects. A recent study analyzing
described in hemophilia B, most are low-risk missenghe relationship of VWD and the frequency of bleeding
mutations. However, patients with gene deletions @ymptoms in the general population suggests that reasons
rearrangements are at high risk of inhibitor formationther than a mild decrease in VWF may account for the
(~50%) as are those with frameshift, premature stopleeding symptoms in some of the patiénts.
or splice-site site mutations (~20%). Patients with large
deletions are at particular risk of anaphylactic reactiori®athogenesis
to FIX products, sometimes associated with demon-
strable IgE antibodies to FIX. Structure

ITI is associated with less favorable outcomes iIWWF is an unusual extremely large multimeric glyco-
hemophilia B, with success rates in the 30%-40% rangarotein composed of repeating units that are polymer-
Intensive factor replacement during ITI has been dé&ed from dimer subunits by disulfide bonds. It is syn-
scribed to induce nephrotic syndrome as a late compiiesized in endothelial cells and megakaryocytes and,
cation in several cases. Interestingly, animal models after cleavage of a large propeptide, is released as a
gene therapy in hemophilia B suggest that hepatic, &gries of multimers, including ultralarge forms that are
not intramuscular, gene transfer may lead to tolerizatigapidly cleaved to a slightly smaller siZeSince the
even in the presence of a large FIX gene delétion. dimers are approximately 500,000 daltons and the

multimers may contain 20 or more dimers, the family

Inhibitorsin Congenital Factor XI Deficiency of circulating VWF multimers may be greater than 10
A recent study determined that the prevalence of aw 20 million daltons. The multimers are normally
quired inhibitors in an unrelated Israeli population witlpresent in a coiled configuration and are uncoiled to a
FXI deficiency was about 6% (7 of 118), with titeramore linear composition under shear sthefss ex-
ranging from 3 to 25 BU/mL. Affected patients had irposes functional domains within each monomer that
common a FXI:C < 1 U/dL, and a history of exposurare important in several binding functions and for nor-
to plasma (sometimes on as few as 1 occasion). Atlal physiologic cleavage of the protelidure 1).
were homozygous for the Glu117Stop (type Il) muta-
tion, giving a prevalence of 33% among patients witRunction
this genotype, compared to 0% with other genotypesVWF binds to the platelet receptor glycoprotein Ib
Therapeutic options to control bleeding in patients wittGPIb) and to subendothelial structures such as col-
FXI inhibitors include rFVII&! antifibrinolytic agents, lagen, serving as a bridge between platelets and

and local hemostatics, such as fibrin glue. subendothelium in damaged vessels. It also bridges
between adjacent platelets in vessels with high shear
1. VoN WiLLEBRAND DISEASE such as arterioles, leading to small platelet aggregates.
During normal hemostasis following injury, VWF in
Margaret E. Rick, MD* the subendothelium and plasma binds to platelets as

fibrin is being formed at the site of injury, localizing
When Erik von Willebrand described the disease beglatelets and promoting aggregatfofihe binding is
ing his name in 1926, he recognized the disease agependent on the size of the multimers. If there is a
unique bleeding disorder inherited in an autosomal
dominant pattern in patients with normal platelet
countst We now know that bleeding occurs in this dis* National Institutes of Health, Building 10, Room 2C-390,
ease because of abnormalities in platelet adhesion afdCenter Drive, Bethesda MD 20892
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A. VWF mRNA Figure 1. von Willebrand factor.
(A) mRNA showing the propeptide,

Pro viWF designated gene regions (A-D), and
P tid : !
l (Propeptide) | Mature vWF below, locations where clusters of
[ o4 | b2 Jo] D3 [ a1 a2 a3 || pa | Blec1]] c2] | mutations occur in different types of
VWD.
Common VWD Type 2N Type 2B Type 2A . .
Mutations: Type 3 Type 2M (B) Mature VWF peptide subunit

(monomer) showing amino acid

Some 2A . .
numbers (aa) and functional binding
B. VWF Mature Subunit domains for |igands_
A1 A2 Abbreviations: mMRNA, messenger
| ] RNA; VWD, von Willebrand disease;
| | | | | VWF, von Willebrand factor.
aa. 272 449 728 911 1114 1744 2050
VWF Binding
Domains: Factor VIl GPIb Collagen GP lib/llla
Heparin
(Collagen)

decrease in the more functional large VWF multimersariation in intrinsic platelet function. As an example,
the patient may have a bleeding diathesis in spite ofvariation in normal platelet function can result from
normal concentration of VWF. In contrast, the ultralargéhe wide range of levels of collagen receptors, which
VWEF forms that are initially released after synthesigary 10-fold in normal subjects.

are “sticky” and capable of binding to platelets in the Because of the physiologic variability in VWF lev-
circulation spontaneously without apparent furtheels (see below), the frequency of bleeding symptoms
stimulation; this may lead to unwanted thrombus foiin the general population, and the overlap of laboratory
mation as seen in thrombotic thrombocytopenic pureference ranges between normal subjects and patients
pura® VWF also binds circulating factor VIII in a man-with VWD, individuals who are suspected of having
ner not dependent on the size of the multimers, “pr&WD based on clinical symptoms and who have just
tecting” it in the complex and prolonging the factor Vllislightly low laboratory results should be tested on sev-
half-life from about 2 hours (in the absence of VWFgral occasions separated by weeks before a diagnosis

to 8 to 12 hours in the circulatidh. of VWD is made. Family studies should be done if pos-
sible (see Laboratory Assays, below), and careful con-
Diagnosis sideration should be given to the personal and family
history of bleeding. As mentioned, bleeding symptoms
Clinical presentation are reported quite commonly in the normal population,

Bleeding symptoms related to abnormal VWF functiomaking an isolated mild decrease in the VWF level
usually involve mucous membranes and mimic thguestionable as the major criterion for a diagnosis of
bleeding seen with platelet dysfunction: bruisingyWD. This question will likely be debated over the
epistaxis, oral bleeding, menorrhagia, and gastrointasext few years.

tinal bleeding. Patients may present at any age because

of the wide range in severity of symptoms; those witRhysiologic variability

marked decreases or qualitatively abnormal VWF fundhere is variation in the level of VWF associated with
tion usually present earlier in life with bleeding at thelifferent blood groups, with type O subjects having
time of mucous membrane-related procedures (todttWF levels that are approximately 25% lower than
extractions, tonsillectomy) or at menarche. Serious gasose of other blood groupsCommon causes for in-
trointestinal bleeding can occur, especially when it isreases in the level of VWF include pregnancy, adren-
associated with angiodyspladtaThose rare patients ergic stimulation, estrogen replacement therapy, and
who are homozygous or doubly heterozygous (typeiBflammatory processés.

VWD, see Classification below) have low factor VIl

levels (2%-10%) as well as very low VWF levels and. aboratory assays

have additional symptoms including hemarthroses afi@sts for VWD have traditionally included (1) VWF
soft tissue bleeding. A lack of correlation between VWRnNtigen level, (2) VWF activity (ristocetin cofactor,
levels and symptoms has long been recognized; soemlagen binding), (3) factor VIII activity (abnormal in

of this poor correlation and the variability in symptom®nly moderate/severe disease), and (4) bleeding time.
for a given level of VWF may be due to the normaBleeding time tests are not sensitive, however, and are
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not done as often as they once were. Additional tedtse patient's VWF; this occurs in type 2B VWD. The
that aid in classifying the type of VWD once a diagnopatient’s plasma (source of VWF) and platelets, instead
sis is established include a VWF multimer study andf normal platelets or platelet membranes (standard in
ristocetin-induced platelet aggregation (RIPA). the ristocetin cofactor assay), are used in RIPA; differ-
VWF antigen (VWF Ag) is a quantitative test that ent concentrations of ristocetin are added to aliquots of
is usually carried out in an ELISA format using antithe patient’s platelet-rich plasma, and platelet aggrega-
bodies specific for VWF; if other methods are used (i.etion is assessed (present or absent). Concentrations of
turbidometric methods), one needs to be aware thagtocetin below approximately 0.6 mg/mL do not cause
false-positive tests can occur because of rheumat@dgregation in normal subjects but will cause aggrega-
factors.VWF activity (ristocetin cofactor) tests the tion in patients with type 2B VWD.
functional ability of VWF to bind to platelets in the Genetic testing for diagnosis of the specific gene
presence of ristocetin, an antibiotic that promotes tliefect in type 2 and type 3 VWD patients is available
binding of VWF to platelets. Ristocetin is added at 1.l specialized laboratories and some research centers.
mg/mL to a mixture of patient plasma (the VWF sourcelhe specific defect is usually identified by direct se-
and washed normal platelets. The end point in the agiencing of the suspect area of the patient’s gene (see
say is clumping of adjacent platelets caused by th@gure 1). Since the gene defect in the majority of type
bridging action of the plasma VWEF. Since the binding patients is unknown at this time, genetic testing is not
takes place between VWF and a platelet GPIb receptmually performed in this population.
molecule, a membrane containing this receptor can be
used, and lyophilized platelet fragments or formalin€lassification
ized platelets have been employed in addition to freshi§WD is categorized into 3 typeJdble 2).28 Type 1
washed platelets in various ristocetin cofactor assayscludes approximately 75% to 80% of patients and is
Using dilutions of a standard plasma to establish a cadi-quantitative decrease in a structurally normal VWF.
bration curve, ristocetin assays are reasonably quanfihe majority of patients with type 1 do not have an
tative to about 6%, but there remains variability fronidentified causal mutation in the VWF gene, but in some
lab to lab because of reagents and technique. A diffgratients mutations have been recognized that result in
ent functional assay/WF collagen binding activity, retention of VWF or inhibition of multimer assembly
is more easily quantitated than is the ristocetin cofaeithin the endothelial céft it is also possible that in-
tor assay. It measures the amount of VWF from plasncaeased clearance from the circulation may account for
that is bound to microtiter plate wells previously coatedecreased levels of VW Laboratory assays show a
with collagen® A more global test of VWF-platelet concomitant decrease in VWF activity and antigen lev-
interaction can be performed inphatelet function els, a decreased RIPA, and a normal distribution of VWF
analyzer; the test has been used as a surrogate for tmeltimers, though their intensity may be diminished
bleeding time. In this test, the patient’s own plateletsecause of the lower VWF concentration. Factor VIII
and VWF are employed, so the test is not specific fis modestly decreased or in the low normal range. Pa-
VWEF abnormalities® Factor VII1 activity is usually tients usually have mild or moderate bleedifigpe 2
performed in the traditional coagulation factor assayncludes 4 subtypes (A, B, M, NJype 2A accounts
this test will be abnormal only when the patient hasfar 10% to 15% of VWD. The majority of mutations in
sufficiently low level of VWF to cause a low factortype 2A cause substitutions within a normal cleavage
VIII, and it should not be used to exclude VWD. site in the A2 domain of VWFHjgure 1), and some
Two further tests are used for classification of VWDmake it more susceptible to proteolysis by the VWF
subtypesVWF multimer distribution by gel assays cleaving protease (ADAMTS13). The mutations in type
andRIPA. VWF multimer gels provide visualization 2A VWD may either cause a defect in intracellular
of the size distribution of VWF multimers in plasmagransport (2A, type 1) or render the molecule more sus-
particularly for assessing whether high-moleculareeptible to proteolysis (2A, type Zrigure 1). Labo-
weight multimers are decreased or absent. Electrophoratory testing typically shows a more marked decrease
sis is performed on diluted plasma in agarose gels, tleVWF activity assays compared with antigen (because
proteins are transferred to a membrane, and VWF a$the loss of the more functional high-molecular-weight
visualized using antibodies to VWF and an immunofmultimers), a decreased RIPA, and an absence of the
luorescence end poifit.Some type 2 VWD patients high-molecular-weight multimers on agarose gels. The
(see Classification, below) have decreases in the mdaetor VIl may be normal or decreased. Patients usu-
functional large multimersRIPA is used primarily to ally have moderate to severe bleeding symptoms and
assess whether there is a “gain of function” mutation present before adulthoo@ype 2B accounts for ap-
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Table 2. Classification and treatment. '

VWF Multimer
Type Activity Ag RIP A  Pattern Treatment Comments
Type 1 I ! I Uniform 1 DDAVP 0.3 pug/kg IV in 50 mL saline  Perform therapeutic trial first. Most type 1
over 20 minutes, or nasal spray respond to DDAVP. Give 1-3 doses q12h;
300 pg for weight >50 kg or 150 pg ~ monitor for hyponatremia. Give VWF for 3-10
for <50 kg Replacement VWF days for major bleeding. Monitor lab assays
concentrate at 20-30 IU/kg q12h and clinical status.
Type 2
2A N i I | Large and DDAVP as in type 1 Many type 2A patients respond, but
Intermediate response may not be as marked as in
type 1. Perform therapeutic trial prior to use.
Replacement VWF concentrate Administer as for type 1.
2B N i i | Large Possibly DDAVP DDAVP may worsen thrombocytopenia;
(see comment) as in type 1 perform therapeutic trial and
measure platelet count.
Replacement VWF concentrate Administer as for type 1
2M I i I Normal DDAVP as in type 1 Perform therapeutic trial
Replacement VWF concentrate Administer as for type 1
2N NINI' NI Normal DDAVP as in type 1 (see comment) T2 of the increased level of factor VIII
may be shortened due to lack of binding
by abnormal VWF.
Replacement VWF concentrate Administer as for type 1
Type3 L1l i L Undetectable Replacement VWF concentrates Administer as for type 1;
Platelet transfusions if inadequate increase initial dose to 50 1U/kg

response to VWF replacement

Abbreviations: DDAVP, desmopressin acetate; 1V, intravenous; NI, normal; RIPA, ristocetin-induced platelet aggregation; VWD, von
Willebrand disease; VWF, von Willebrand factor.

TAntifibrinolytic agents such as epsilon aminocaproic acid (50 mg/kg 4 times daily for 3-5 days; maximum 20 g/d) are often used in
conjunction with other therapy; they are especially useful for mucosal bleeding (e.g., in dental procedures).

proximately 5% of VWD. Type 2B mutations result inusing RIPA.Type 2M is very uncommon and results
an abnormal structure of the binding site for plateldtom mutations affecting the A1 domain (in a different
GPIb (A1 domainFigure 1) and are responsible for aarea from those mutations in type 2B). Laboratory tests
“gain of function” defect that allows spontaneous bindshow decreased VWF antigen and activity, decreased
ing of the abnormal VWF to platelets in the circulabinding of VWF to platelets, and a normal multimer
tion. Thrombocytopenia may also result, because size distribution, though VWF bands with abnormal
removal of platelet aggregates with bound VWF. Labanigration may be present and abnormally large
ratory assays show a more marked decrease in VWkiltimers may be seen (Vicenza variaiitype 2N is
ristocetin cofactor activity than in antigen level (simi-an uncommon variant caused by mutations in the amino
lar to type 2A), anncreased reactivity to low concen- terminus of the mature VWF monomer that decrease
trations of ristocetin in RIPA, and a decrease in the highinding for factor VIl and result in rapid clearance of
molecular-weight multimers of VWF. Factor VIII may factor VIIl. Platelet-related VWF function is normal,
be normal or low. Patients may have thrombocytopensg symptoms manifest as soft tissue and joint bleeding,
and usually have moderate to severe bleeding symas expected with decreased factor VIII. Because there
toms. An identical clinical and laboratory phenotype is 50 to 100 times more VWF in the circulation than
seen with an abnormality in the platelet GPIb receptdactor VIII, patients must be homozygous or doubly
that causes the receptor to bind normal VWF witheterozygous in order to have decreased factor VIII.
greater affinity?; it is called pseudo- or platelet-typelLaboratory studies show decreased factor VIII (2%-
VWD and can be distinguished from type 2B VWD by10%) and normal VWF function and antigen, RIPA,
mixing studies with patient platelets and normal plasrmend multimer distribution. The diagnosis is established
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by performing a binding assay for factor VIII that usesvith caution in conjunction with DDAVP because of
the patient’s VWF as the binding partner. Patients hatleeir potential to aggravate hyponatredisWF con-

mild to moderate bleeding related to the decreased famentrates should be used when bleeding is not con-
tor VIII. This variant may initially be confused with trolled with desmopressin or if there is more serious
hemophilia A. The presence of affected females in th#eeding; they are given prophylactically and follow-
family is an important clue that this diagnosis shoulthg surgery or trauma for 2 to 14 days, as dictated by
be consideredlype 3 VWD is rare and is identified by the clinical situation. Intermediate-purity plasma-de-
a severe deficiency of VWF accompanied by a modetived factor VIII concentrates contain VWF (not re-
ate deficiency of factor VIII. It is inherited in a ho-combinant or monoclonally purified factor VIII con-
mozygous or doubly heterozygous manner and is causshtrates), and they are administered intravenously at
by a variety of mutations, including larger deletions. Lab@approximately 12-hour intervals. One US product is
ratory tests show absent or very low VWF activity, antilabeled with VWF ristocetin cofactor units (Humate-
gen, and RIPA, and multimers are not visualized; fact®); other more highly purified plasma VWF products
VIl is usually about 5%. Patients have a severe bleedilage available in Europe. Doses and duration of treat-

disorder, manifesting symptoms in childhood. ments are noted ifable 2. Since levels of VWF do not
correlate well with bleeding, the patient may require
Treatment adjustment in dosing in spite of laboratory testing that

Besides a diagnosis of VWD, the patient’s past responsieows an “adequate” VWF level. Cryoprecipitate is
to bleeding challenges, current medications, and gegenerally not recommended because of the lack of vi-
eral medical condition should be considered to help nal inactivation for this producAdjunctive therapies
selecting appropriate treatment for bleedifgb{e 2). include antifibrinolytic agents such as epsilon
Three major treatment modalities are used for patierdsninocaproic acid (Amicar) and topical agents such as
with VWD: (1) DDAVP (desmopressin acetate), (2)opical thrombin, Gelfoam, and fibrin sealant. Epsilon
replacement therapy with plasma-derived factor VIllAminocaproic acid may be particularly helpful for den-
VWEF concentrates, and (3) adjunctive therapies sutél procedures.

as antifibrinolytic agents and topical therapies. The Since VWF levels increase 2- to 3-fold during the
majority of patients with mild to moderate symptomiast 2 trimesters of pregnancy, treatment may not be re-
atic type 1 and some patients with type 2 VWD can lmired for delivery in type 1 VWD patients whose VWF
treated wittDDAV P, a medication that indirectly causedevels have reached the normal range during the third tri-
release of VWF and factor VIII from storage sites, inmester. VWF does drop rapidly within the 24 hours after
creasing the levels of both factors 2- to 5-fold withirdelivery, however, and if bleeding occurs, DDAVP is rec-
45 minutes following intravenous administration; themmended as the initial treatment for those patients known
effect usually lasts about 6 hodt$atients should ini- to be responsive. In more severely affected type 1 pa-
tially undergo a therapeutic trial prior to using DDAVPtients and in type 2 patients, DDAVP can be administered
for treatment to ensure that VWF levels increase asophylactically to responsive patients after the onset of
expected over baseline (2- to 5-fold). Type 2B patientabor before delivery. If DDAVP is not effective for the
are at risk for worsening thrombocytopenia aftebleeding, replacement therapy should be given. In patients
DDAVP, and they—as well as other type 2 and type with type 2B VWD whose platelets have decreased dur-
patients—should be evaluated with a therapeutic trialg pregnancy, platelets and VWD replacement therapy
prior to using DDAVP for invasive procedures; plateleshould be given instead of DDAVP.

counts should be evaluated along with VWF levels in

type 2B patients. DDAVP can also be given as a nasatquired VWD

spray, and levels peak approximately 2 hours after ilcquired VWD is very uncommon and may occur spon-
tranasal delivery. Intranasal dosing is particularly uséaneously or in association with diseases affecting the
ful since the patient can have rapid access to medidgammune system (benign or malignant), cardiac valvu-
tion at home at the start of a bleeding episode. It his diseases, myeloproliferative disorders, solid tumors,
been especially helpful in reducing excessive menstruahd hypothyroidism. Mechanisms responsible for de-
bleeding in women with VWD. Since tachyphylaxis anadreased VWF include antibodies, consumption or bind-
serious hyponatremia can occur after repeated dosesng to cells, proteolysis, or decreased production of
is recommended that desmopressin be given at 8-\tWF.2426 Laboratory evaluation usually shows de-
12-hour intervals for 2 to 3 doses and then at intervatseased VWF activity and antigen and often shows a
of 48 hours. If nonsteroidal anti-inflammatory agentdecrease in the high-molecular-weight multimers; the
are part of the patient’s regimen, they should be us&YWF propeptide, which is not targeted by antibody and
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not consumed or bound, is normal or elevatethti-

bodies have been found in less than a third of the cases”
and are difficult to demonstrate in the laboratéri

trial of DDAVP is usually given as initial treatment,
and if the response is not adequate, either replacema&iitWang L, Nichols T, Read M, Bellinger D, Verma I. Sustained
therapy or intravenous immunoglobulin (IVIG) is

used® The response to replacement therapy is usually

satisfactory, despite the possible presence of antibog- Nathwani A, Davidoff A, Hanawa H, et al. Sustained high-
ies to VWF.
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