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HEMOPHILIA: AN AMAZING 35-YEAR JOURNEY FROM THE
DEPTHS OF HIV TO THE THRESHOLD OF CURE*

GILBERT C. WHITE II, M.D.
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ABSTRACT

Methods developed in the early 1970s to highly purify factor VIII (FVIII)
from the plasma of large numbers of blood donors led, for the first time, to
concentrates of FVIII that enabled hemophiliac to self-treat, providing
independence and opening the way to safe surgery and other treatments.
But, with the introduction of blood-borne viruses such as HIV-1 and
hepatitis C viruses into the blood supply, these concentrates also trans-
mitted HIV and hepatitis to a high percentage of hemophiliacs. Neverthe-
less, from the depths of the AIDS epidemic in hemophilia came extraordi-
nary scientific advances that led to recombinant FVIII, the identification
of HIV as the agent causing AIDS, the eventual development of effective
treatments for AIDS, gene transfer approaches using lentiviruses, and
treatments for hepatitis C. All of these have improved the lives of current
and future hemophiliacs and have brought us to the threshold of a cure.

“Things don’t get better or worse: they evolve and transform them-
selves”—L. Berio

When I came into the field in the early 1970s, hemophilia care was
in a state of transition. Treatment for patients was traditionally with
fresh frozen plasma (FFP), which contained factor VIII and factor IX,
and with infusion of FFP, one could achieve plasma levels in the range
of 30% before volume overload was encountered. Cryoprecipitate, a
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cold precipitate of fresh frozen plasma which could be re-dissolved in
FFP, contained concentrated amounts of factor VIII and became the
preferred treatment in the mid-to-late 1960s. In the late 1960s, gly-
cine-precipitated plasma fractions containing even higher concentra-
tions of factor VIII were developed and were being used in the early
1970s. At that time, the average lifespan of a hemophiliac was about 42
years. Hepatitis B and a form of blood-borne hepatitis that was neither
hepatitis A nor hepatitis B, called non-A, non-B hepatitis and now
known as hepatitis C, was appearing in the hemophilia population.
AIDS was 7 or so years away from the first report in humans. There
was essentially no treatment for the 25-30% of hemophiliacs who
developed inhibitory antibodies to infused clotting factor, rendering
them unresponsive to subsequent treatment.

What has happened in the 35 years since then is a remarkable story.
It is remarkable because of the changes that have occurred that now
make the lives of hemophiliacs better than ever before. But it is also
remarkable because of the tragedy that occurred along the way with
the development of blood-borne infections. Ultimately, the story that I
wish to tell is about the incredible power of medical research to take a
negative and turn it into a positive.

AIDS IN HEMOPHILIA—THE DARK DAYS

With the development of cryoprecipitate and even more so with the
development of glycine-precipitated factor VIII concentrates (1), hemo-
philiacs could receive treatment at home and learn self-treatment.
This opened up a whole new world in which hemophiliacs could treat
themselves more rapidly, limiting the blood in their joints; treat them-
selves at home, decreasing their dependence on the emergency room,;
treat themselves prophylactically prior to activities that might cause
bleeding; and travel. In addition, the ability to achieve normal factor
VIII levels with glycine-precipitated concentrates facilitated surgery
and enabled hemophiliacs to undergo joint replacement procedures
that had not been possible previously. It seemed that hemophilia
treatment had never been better. All of this changed when AIDS made
its way into the blood supply. AIDS was first described in December
1981 in a paper by Gottlieb and colleagues in the New England Journal
of Medicine (2). The first description of AIDS in hemophilia appeared
about six months later in the Center for Disease Control’s Medical and
Morbidity Weekly Report (3). The CDC report provided strong evidence
that AIDS was spread by blood. Altogether, almost 5000 hemophiliacs
were to become infected with HIV before concentrates were rendered
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safe, and more than 4000 of the estimated 10,000 hemophiliacs in the
US would eventually die of AIDS (Fig. 1). At my center, there were
more than 135 deaths due to AIDS before effective treatments were
developed. These were dark times for individuals in the hemophilia
community. The freedom patients had gained disappeared as they
stopped treating all but the most serious bleeds. Treaters were con-
fused about what to recommend. Patients that the other members of
the hemophilia team and I had followed for years began to die of
complications related to AIDS. Because the treatment of hemophilia is
from birth to death, the staff of a hemophilia center becomes unusually
attached to their patients and the patients to the staff. We knew their
goals and aspirations; we knew their shortcomings and their failures.
We had seen how their goals had to be modified by their hemophilia,
and now we saw that their goals might never be achieved. There was
a larger concern in the hemophilia community that AIDS would wipe
out the disorder. It was a devastating time and one that has been
chronicled by others (4).

From these depths came a number of scientific discoveries that have
now changed the treatment of hemophilia. These discoveries were
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Fic. 1. AIDS and Hemophilia 1977-2002. The graphs show national numbers for
yearly and cumulative infection with HIV-1 and death in hemophilia. Front row bars,
number of individuals infected by year; second row bars, number of deaths due to AIDS
by year; third row bars, cumulative infections by year; last row bars, cumulative deaths
by year. There were 3915 deaths in hemophilia nationwide at the time of this analysis;
135 hemophiliacs died of AIDS at the UNC Center. The names in the background were
the 135 patients who died at the UNC Center, but have been changed to John Doe to
comply with HIPAA regulations. (copyright G. C. White, II).
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fueled by the tragedy that was happening in the hemophilia commu-
nity and driven by a robust collaboration between academic medical
centers, the fledgling biotechnology industry and pharmaceutical com-
panies. In retrospect, these discoveries came relatively rapidly, but
they did not come fast enough to save scores of infected individuals.

THE CLONING OF FACTOR VIII AND THE DEVELOPMENT
OF RECOMBINANT PRODUCTS

The first scientific discovery I want to focus on is the cloning of the
F8 gene and the development of safe concentrates. The initial response
by the manufacturers of concentrates to the discovery that AIDS was
transmitted by their products was to heat-treat their concentrates
(5, 6). This was really an attempt to inactivate non-A, non-B hepatitis
in the concentrates, which it did not do (7). But it did inactivate HIV-1.
Later, solvent-detergent extraction was developed and found to be
effective in removing lipid enveloped viruses, such as HIV-1, from the
glycine-precipitated concentrates (8, 9). As a consequence of these two
steps, heat treatment and solvent detergent extraction, there were
essentially no new cases of HIV-1 after 1985. Still later, methods to
purify clotting factors by immunoaffinity chromatography were devel-
oped, and this added to the viral reduction and therefore the safety of
the products (10, 11). In addition, with the availability of ultrapure
FVIII, it was possible to obtain for the first time partial amino acid
sequence of FVIII. This, in turn, enabled two groups, one at Genetics
Institute in Boston and one at Genentech in South San Francisco, to
clone the F8 gene (12-15). At the time it was cloned, F8 was by far the
largest gene so cloned. Once cloned, the race was on to develop recom-
binant forms of factor VIII. Just three years later, in March of 1987,
the first infusion of recombinant factor VIII was given at our Hemo-
philia Center (16) (Fig. 2). The individual selected to receive the prod-
uct, G.M., was a highly articulate 43-year old man, who had been one
of the first recipients of glycine-precipitated factor VIII when it had
been developed. During his informed consent, I explained to him that
the product had been made in Chinese Hamster Ovary (CHO) cells and
that one of the concerns was that, being produced in a non-human cell,
it might not fold properly and antibodies might develop. I explained
that by all methods of comparison, the CHO-produced protein was
identical to the protein isolated from human plasma, but antibody
formation was still a potential risk. When the day for the initial
infusion came, there was a news crew in our Clinical Research Unit to
film the occasion. The lights were bright and I was hot and nervous. As
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F1G. 2. Initial Vials of rFVIII infused to a Hemophiliac. The infusion set for the first
administration of rFVIII to a human on March 27, 1987 is shown on the left. The vial
containing the first clinical lot (#2905E001AA1) of rFVIII manufactured on March 17,
1987 is shown on the right (copyright G. C. White, II).

I was infusing the material, I noticed that G.M. was sitting with his
eyes closed and his chin was resting on his chest. I asked if he was ok,
but he did not answer. I asked again, but no answer. Louder, I said,
“speak to me”. He looked up at me and started making hamster noises,
intending to suggest that the infusion of a product manufactured in
hamster cells had turned him into a hamster. After the product was
licensed, the patient was invited to Genetics Institute Headquarters in
Cambridge, MA for a celebration. During the celebration, Gabe
Schmergel, the CEO of Genetics Institute, invited the patient to make
some comments. After slowly and painfully climbing to a balcony half
way up the stairs, he delivered a powerful story about what it was like
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to grow up with hemophilia without adequate treatment, how as a
child he had lost a beloved older brother from a bleed, and how
important the development of safe recombinant factors was to him and
all people with hemophilia; his comments had the entire company in
tears.

Today, more than 88% of the factor VIII administered in the US is
recombinant. Follow-on products formulated in buffers that contain no
human proteins have been subsequently developed, and so-called
third-generation products are available now that are completely devoid
of human proteins. As a result, current products are considered ex-
ceedingly safe, certainly safer than the risk of driving to the clinic to
see the physician.

GENERIC FACTORS, GENETIC ENGINEERING AND THE
SUPER-MOLECULES OF THE FUTURE

The cost of recombinant FVIII is approximately $0.90 per unit and
the average adult hemophiliac may use 50,000 units a year in a typical
on-demand therapy regimen. For a prophylaxis regimen, the cost can
be two or even three times the cost of on-demand therapy. One of the
great promises of recombinant DNA technology has been that it might
be used to reduce the cost of treatment through improvements in the
efficiency of FVIII production or by engineering functionally enhanced
molecules, especially molecules with a longer half-life in the circula-
tion. Although efforts in this direction were held up for a number of
years by patents on FVIII production and purification and by the
orphan drug law, the orphan exclusivity originally granted to the first
generation FVIII products in February 1993 expired in February 2000,
and some of the patents on FVIII have expired in the ensuring years.
As a result, there is now a flurry of activity by a number of companies
to develop new products.

The first targets have been the development of biosimilar materials
at a reduced cost. Despite early explorations in duckweed and tobacco,
the post-translational modifications in FVIII and FIX preclude produc-
tion in plants. For reasons that remain incompletely understood, FVIII
is inefficiently synthesized. Sequences in the B-domain, a portion of
the molecule that is excised when FVIII is activated, are believed to be
responsible for the inefficient synthesis (17), and retention of FVIII in
the endoplasmic reticulum leads to the generation of an unfolded
protein response (18) that is toxic to the cell. Better understanding of
the mechanisms involved will eventually enable the engineering of a
molecule that can be produced more cheaply. For now, increased com-
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petition between products synthesized in mammalian systems similar
to the currently available products will have some effect on cost.

At the same time that biosimilar products are being developed, there is
considerable interest by pharmaceutical companies in developing genet-
ically engineered molecules that have improved properties (Table I).
Once again, the cloning of factor VIII was critically important to this
concept of developing genetically improved molecules. Cloning enabled
the production of large quantities of protein, which permitted the crys-
tallization of portions of the molecule, which provided structure. Crystals
of the C-domain repeats have been achieved (19), and low-resolution
structure of the B-domain deleted human FVIII has been published
recently (20). Cloning and expression of FVIII also permitted mutagen-
esis studies which provided information about function. Altogether, these
techniques have resulted in an unprecedented understanding of struc-
ture and function of FVIII, which forms the basis for the current interest
in genetic engineering.

A significant limitation of the current products is their rate of clear-
ance. The half-life of FVIII is approximately 12 hours. Recent studies
suggest that one mechanism for the removal of FVIII is through binding
to the low-density lipoprotein receptor related protein (LRP) (21, 22).
Binding involves sequences in the A3 domain of FVIII and the second
cluster of LDL receptor class A repeats of LRP (23, 24). In LRP-deficient
mice, the FVIII half-life is increased by nearly 30%, showing that LRP is
involved in clearance but that other mechanisms are also involved. While
there is interest in mutant forms of FVIII that are unable to bind LRP,
the first real attempts to develop a form of FVIII with a longer half-life
will be to pegylate the molecule. Pegylation has been demonstrated to
prolong the half-life of other proteins and is an approach that has been
approved by regulatory agencies. First-in-human trials with pegylated
FVIII are currently underway.

TABLE 1
Next Generation Products

Prolong clotting factor circulation
Polyethylene glycol
Immunoglobulin fusion molecules
Target degradation pathway

Decrease inactivation of clotting factor
Multiple sequences that mediate inactivation
Inhibit subunit dissociation

Increase clotting factor activity
Increase rate of inactivation
Increase catalytic activity

Increase synthesis of clotting factor
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All of these advances in knowledge about the structure, function,
production and catabolism of FVIII are the direct outcome of the
cloning of FVIII. They all came about because of the need of the
hemophilia community for safer concentrates, free of blood-borne vi-
ruses. They have all occurred because of the tragedy of AIDS.

THE IDENTIFICATION AND CHARACTERIZATION OF HIV-1
AND HCV

Another important scientific discovery was the identification of HIV-1
(known then as LAV or HTLV-III) as the agent that causes AIDS (25—
29). Hemophilia played an important role in the identification of HIV-1
as the causative agent of AIDS in both the Gallo and Montagnier labs. In
the Gallo lab, it was plasma samples from a patient at our Hemophilia
Center at the University of North Carolina that contained very high
levels of antibody that was key to the identification of HIV, as published
in Science in 1984 (Tables 2 and 3). A patient, E.T. in the Tables,
presented with enlarged lymph nodes, and lymphoma was in the differ-
ential. Both lymph node and plasma samples were sent to Gallo as part

TABLE 2
Response of cloned T-cell populations to infection with HTLV-III
Clones
Characteristics after infection H3 H4 H6 H17 H31 H31 H35 H38
Total cell number (X10°)
At 6 days 1 15 15 03 04 03 05 1.8
At 14 days 22 73 75 10 4.7 5.0 45 3.2
Multinucleated cells (%)
At 6 days 24 42 32 7 13 14 30 45
At 14 days 45 48 45 30 22 45 60 60
Innunofluorescence positive cells (%)
At 6 days
Rabbit antiserum to HTLV-III 55 56 32 32 39 21 10 87
Patient serum (E.T.) 56 29 21 ND ND ND ND 73
At 14 days
Rabbit antiserum to HTLV-III 50 74 60 97 71 40 20 80
Patient serum 45 47 56 78 61 43 22 89
Reverse transcriptase activity (X10* cpm/ml)
At 6 days 24 18 21 41 26 14 1.7 25
At 14 days 16.2 18.1 16.1 20.2 17.1 134 15.1 18.2

Culture fluids from the infected parental cell line were positive for particulate RT activity,
and about 20 percent of the infected cell population was positive in an indirect immune
fluorescence assay in which we used serum from a hemophilia patient with pre-AIDS (patient
E.T.). Serum from E.T. also contained antibodies to proteins of disrupted HTLV-III but did not
react with cells infected with HTLV-I or HTLV-II. (from Popovic, et al. [25] with permission)
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TABLE 3
Isolation of HTLV-III from patients with AIDS and pre-AIDS

Virus expression

Percent positive
cells in immune
fluorescence assay

Serum
RT Activity Rabbit from Electron

Patient Diagnosis Origin (X10* cpm) anti-serum E.T. microscopy
R.F. AIDS (heterosexual) Haiti 0.25 80 33 ND

Hemophiliac
S.N. (lymphadenopathy) United States 6.3 10 ND +
B.K.  AIDS (homosexual) United States 0.24 44 5 +
L.S. AIDS (homosexual) United States 0.13 64 19 +

Hemophiliac
W.T. (lymphadenopathy) United States 3.2 69 ND ND

The percentage of T cells positive for viral antigen ranged from 10 to 80 percent, as
determined by immune fluorescence assays with serum from patient E.T. and with antiserum
from rabbits infected repeatedly with disrupted HTLV-III. (from Popovic, et al. [25] with
permission)-S.N. and W.T. were from the UNC Center.

of a collaboration to examine AIDS in the hemophilia population. The
identification and subsequent characterization of the HIV-1 virus was
important for diagnosis but also, critically, for the development of treat-
ments. The first anti-retroviral agent, Zidovudine, came out in 1985 (30,
31). Our center participated in those initial clinical trials, but patients
continued to die. Later, the role of the HIV protease in viral replication
was identified (32) and inhibitors of the HIV protease were developed,
providing for the first time highly active anti-retroviral therapy
(HAART), which has revolutionized the treatment of AIDS (33, 34). In
1992, a 15-year old hemophiliac named Ricky Ray, who challenged at-
tempts in Florida to bar him from attending school, died setting in
motion events that eventually led to the Ricky Ray Bill for victims of
AIDS.

Research also proceeded on hepatitis C. The virus was eventually
cloned and identified as a member of the flaviviridae family (35). As with
HIV, increased understanding of hepatitis C virus (HCV) resulted in the
development of new approaches to treatment. Hemophiliacs and our
center played an important role in the development of interferon «a-2b
plus ribavirin as an effective form of treatment (36). Nevertheless, hep-
atitis C, especially hepatitis due to the type 1 genotype, remains difficult
to treat, and sustained virologic responses occur in less than half of
patients with this genotype on pegylated interferon and ribavirin. Fol-
lowing the observations that protease inhibitors were an effective ther-
apy in HIV, efforts proceeded to characterize the virally encoded chymot-
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rypsin-like serine proteinase located in the N-terminal domain of non-
structural protein 3 (NS3) in HCV. Activity of this critical enzyme
required NS4A, a 54-residue polyprotein cleavage product, to form a
stable complex with the NS3 domain (37, 38). Recent work shows
that inhibitors of the NS3/4A proteinase in combination with inter-
feron and ribavirin significantly improved sustained virologic re-
sponse rates in genotype 1 HCV compared with interferon and riba-
virin alone (39).

VIRUSES AND GENE TRANSFER IN HEMOPHILIA

At the same time that the treatment of AIDS progressed, the
genome of HIV and the function of the various gene products were
being characterized, and retroviruses, first Moloney murine leuke-
mia virus and later lentiviruses including HIV, were being developed
as gene transfer vectors (40—42). Characteristics that made them
strong gene transfer agent candidates were their efficient entry into
cells, their ability to integrate into the chromosome, albeit in a
random manner, the ability to pseudotype the virus to target it to
specific cells, the ability to render the virus replication-defective
through employment of a packaging system, and the size of the virus
genome. Thus, the virus that had caused so much suffering and
death in the hemophilia population had developed some potential to
give back to the community. After two ex vivo gene transfer trials, one in
China and one in the US (43), the first in vivo gene transfer trial was
initiated (44). This was a trial using a Moloney-based retrovirus contain-
ing the cDNA for factor VIII. The first subject that I enrolled in the study
was a 51-year old hemophiliac, who had severe joint disease involving
multiple joints and was blind in one eye from an accident complicated by
bleeding. He participated in the trial because he had two grandsons, and
he did not want them to go through what he had gone through. He did
well and had levels of factor VIII up to 1.7% and a reduction in his
frequency of bleeding, but overall the trial did not show enough of a
dose-response effect to move forward as a therapeutic. Later studies
using adeno-associated virus as a vector achieved factor levels up to
11.8% but with significant hepatotoxicity (45). Although there are no
current ongoing clinical trials, hemophilia continues to be an important
target for gene transfer. It is a good target because the gene is known;
there are good assays for factor VIII and IX; levels of clotting factor do not
have to be tightly regulated as, for example, insulin; there are good large
and small animal models that facilitate pre-clinical studies; and satis-
factory treatment is available so gene transfer can proceed at a safe pace.
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CONCLUSIONS

At the outset, I indicated that this is ultimately a story of the
power of medical research and a remarkable response by scientists to
a tragedy. It’s a story that needs to be told; it needs to be told to those
who think that our research isn’t translational enough; to those who
fund research because it illustrates what research can accomplish;
and to students so they can see the value of research. After the
advances of the past 35 years, the average life span of a hemophiliac
today is over 60 years, nearly that of a non-hemophiliac male. And
the quality of life is considerably improved. There have been no new
cases of product-transmitted hepatitis C or HIV in well over a
decade, and many of the patients who survived to see the develop-
ment of protease inhibitors remain alive today. The availability of
safe replacement therapy has re-kindled efforts to implement pri-
mary prophylaxis treatment for children and adolescents and, in
some countries, adults.

But, this is not the end of this story; it remains a story in evolution.
Hopefully, the treatment of hemophilia in 35 years will look quite
different from today, whether it is longer-lasting concentrates that
mean treatment is needed but once a month, or concentrates that are
cheap enough that patients can be treated daily for their entire life, or
even oral forms of factor. Hopefully, gene transfer will be a reality in 35
years, and we can talk realistically about a cure. The remarkable
scientific advances of the past 35 years hold out the promise that all of
these things might be a reality in the next 35. I am grateful to have
been a part of the story and that I have been able to see these amazing
changes. I can not and will not forget those who were involved.
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DISCUSSION

Schiffman, Providence: Gil that was a beautiful presentation. Can you talk a little
bit about von Willebrand antigen and its possible use in preventing the degradation of
recombinant Factor VIII? Has that been studied? We know that natively, von Willebrand
factor is a protector of Factor VIII degradation. Has this been a manipulation that you
have considered?

White, Milwaukee: Yes, I think it’s a story in evolution. Clearly there is some
relationship between von Willebrand and Factor VIII. Von Willebrand has to dissociate
from Factor VIII for Factor VIII to be activated and yet Factor VIII has to be carried
around by von Willebrand factor. So, it’s a necessary relationship. One of the major
questions now is whether the immunogenicity of von Willebrand factor containing Factor
VIII is less than the immunogenicity of von Willebrand factor deleted Factor VIII and I
think it’s a story in evolution. It’s a story I wasn’t really convinced of until the last year
or two, but I think there is some evidence now that there may be a difference, and I think
studies to look at this more carefully are going to be very important, but I don’t think the
answer is known at this point in time.

High, Philadelphia: So, Gil that was really a terrific overview of how hemophilia
care has changed in the last three to five decades, and it really was a great talk. I wanted
to ask your perspective on two questions. One is that what you told us about today is
really about improvement in life expectancy for hemophilia patients in the western
world, and I wonder, because you’ve been so active on the international scene, if you can
give us your perspective on whether these advances with, for example, the generation of
generic recombinant factors, when will these benefits move into the rest of the world’s
hemophilia population, which, you know, still suffers from that low life expectancy?

White, Milwaukee: That’s a great question. I think clearly these advances can be
applied everywhere. It’s just a monetary issue. They have to be applied everywhere. We,
as a world, need to do it. I do think generic Factor VIII and generic Factor IX are going
to be a reality. I think their production is going to be cheaper, but I don’t think we have
to wait until we have those generic products to do the things that we need to do in
underdeveloped parts of the world. Manufacturers do make products available at re-
duced rates in underdeveloped parts of the world. Another part of the question you raise
is providers. You don’t have treaters in underdeveloped parts of the world that under-
stand the products. So, I think it has got to be not only the products; its got to be us as
physicians that go out and try and help. A good example is the HIV field. I think Mike
Cohen, for example, and his group from UNC used to go over to Africa and provide care
over in Africa, and I think we as a hemophilia group probably ought to be doing the same
sort of thing. It takes both. It is going to take product, and it is going to take people, but
it is something we have to do.

High, Philadelphia: My other question for you is just from your perspective. Now
that we have a generation of young people who are emerging into young adulthood with
fairly intact joints, really an absence of joint disease, do you think that those people are
going to require the same intensity of prophylaxis through adulthood, or do you think
that we are going to be able to get away with something less, because the cost of
maintaining that kind of prophylaxis for an adult is really prohibitive I'm afraid.

White, Milwaukee: Well just to amplify, it’s prohibitive because we get bigger, and
we weigh more so it takes more Factor VIII or Factor IX. So the cost, once you're above
about 17 or 18-years-old, really does become enormous. So the answer, I think, is
probably a two-part answer. One, I do think it is going to take fairly aggressive
prophylaxis to keep them in good health; but will it take the same level of prophylaxis?
Maybe not, because I think we get smarter as we get older, and I think we don’t try to
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do things that we shouldn’t do; and so we start driving a little less fast in cars, and we
stop jumping off of heights that we shouldn’t jump off of. So I think a little less
prophylaxis will be okay, but I think it will still be prophylaxis.

Boxer, Ann Arbor: Gil, could you comment on other novel ways to deliver Factor
VIII? Say through platelets and megakaryoctes.

White, Milwaukee: I'd be glad to. So Factor VIII is needed where a developing clot
is occurring, and one way the people have envisioned targeting that is to deliver Factor
VIII in platelets. Platelets naturally go to where a clot is needed, and if you could target
Factor VIII to that area through platelet release it would be a good thing. I thought your
question was going to be something a little bit different, Larry. There are some studies
that are going on now with a fusion molecule between Factor IX and an Fc receptor. That
Fc receptor is a receptor that can be taken up in nasal epithelia and respiratory epithelia
through the neonatal Fc receptor, and so there is some interest now in delivering Factor
VIII through nasal and respiratory passages, which I think is also a positive thing.

Runge, Chapel Hill: Is there an individual range in terms of the levels of Factor VIII
replacement that you have to have to have adequate prophylaxis from person-to-person,
or is it generally the same level from one person to another, albeit the dose might be
different?

White, Milwaukee: I think what we try and do is just give a level, but I think the real
answer is that we're all individuals, and it will take an individual approach. Generally,
if you can keep levels above about 3 or 4%, it works fine. But, like every other drug,
Factor VIII is individually and pharmacogenomically metabolized, and I think in the
future that probably is going to be something that is done. You determine what a
person’s individual fall-off of Factor VIII is and then tailor a prophylaxis regimen to that.



