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ne of the landmarks in the field
of gene therapy has been the initi-
ation of three human clinical trials.
It should be noted that all of these

trials are in very early stages (phase 1).
As summarized in Table 3, phase I studies are
not designed to assess whether the treatment
works (efficacy) but instead to examine the safety,
dosage and timing of a new therapy. Only a few
patients (usually those with a severe form of a
disease or those who have failed other treatment
options), are typically involved in phase I stud-
ies. Phase II studies are somewhat larger, and
may be combined with phase I trials (referred
to as phase I/II trials). Although safety remains
the main focus in phase II trials, efficacy is also
assessed at this stage. If acceptable results are
obtained in phase I and II trials, phase III clini-
cal trials may be initiated. These are the large
studies required for approval by the US Food and
Drug Administration (FDA). Phase III trials not only
continue the examination of safety and efficacy,
but also address whether a new treatment is bet-
ter than the current standard of care with respect
to efficacy, side effects or impact on the patient’s
quality of life. For patients with hemophilia, the
current standard of care is considered to be fac-
tor replacement therapy. 

Gene Therapy Trials and Safety
The gene therapy community was rocked in

the fall of 1999 by the unexpected death of a
young man enrolled in a gene therapy trial (the
trial was not for hemophilia). Jesse Gelsinger
had a hereditary disorder that made his liver
very fragile. After receiving a high dose of an
early-generation adenoviral vector, he developed
liver, kidney and lung failure, and, consequently,
he passed away. It still is not known whether
this was due to his genetic disorder or if it was
a freak event. It also isn’t clear whether a dif-
ferent vector, such as a gutless adenoviral vec-
tor, would have caused such an effect. What is

clear, however, is that gene therapy, like any
new form of treatment, involves some risks,
and investigators who run gene therapy tri-
als must proceed cautiously and comply fully
with Good Clinical Practice.

Safety is a somewhat relative term when
treating medical conditions, because some dis-
eases are routinely fatal and the patient may
decide that the risk of a new therapy is war-
ranted. Hemophilia is not such a medical
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condition, and factor-replacement therapy is
an effective, although not always convenient, form
of treatment. Therefore, in gene therapy trials con-
ducted in patients with hemophilia, the safety risks
must be very low. Preclinical testing should be exten-
sive, dose escalation should be slow and the poten-
tial formation of inhibitors (antibodies that bind
to factor VIII or IX and prevent them from par-
ticipating in clotting), should be monitored
closely.

The issue of inhibitors is of major importance
in hemophilia gene therapy trials. There is a sig-
nificant concern that the body will see the factor
VIII or IX molecule made by the transgene as a
foreign substance and mount an immune response
against it. Because of the different ways in which
the body’s immune system “sees” proteins made
by the body versus those introduced from outside
of the body, inhibitors could even occur in gene
therapy patients who have never before had prob-
lems with inhibitors during factor replacement ther-
apy. 

Inhibitors have been detected in animal mod-
els with all of the vector systems being studied,
and with both factor VIII and IX transgenes. The
appearance of inhibitors is highly variable among
studies; in some studies, it has been a trivial prob-
lem, while in others it has been such a huge prob-
lem that it is almost impossible to accurately mon-
itor clotting-factor levels. The factors that influence
inhibitor development are poorly understood. The
specific vector type, clotting factor, target cell and
animal model all appear to affect the incidence of
inhibitor formation. Patient characteristics, such as
genetic characteristics and what type of prior fac-
tor-replacement therapy the patient has received,
may also influence the development of inhibitors.
To date, there have been no reports of inhibitors
in human clinical trials; however, very little infor-
mation is available on this issue. It is clear that a
more complete understanding of what causes
inhibitor development, as well as the risk of inhibitor
formation in patients receiving gene therapy, is
essential if gene therapy is to become a viable option
for the treatment of hemophilia.

Current Clinical Trials
The three pharmaceutical companies that are

currently sponsoring hemophilia clinical trials are
Avigen, Transkaryotic Therapies and Chiron. The
Avigen trial is an in vivo delivery trial for patients
with hemophilia B, and involves injection of an
AAVvector carrying the factor IX transgene directly
into muscle. Data for the first patients to receive
the lowest dose of this vector have been published
and are encouraging.15 Vector sequences and expres-
sion of factor IX could be detected in muscle cells,
and no inhibitor antibodies to factor IX were
detected. Even at the low doses used, detectable
changes in blood clotting were observed. More
recently, two of six patients who received the lower
vector doses attained factor IX levels between 1%
and 2%. Expression levels in the three patients that
received the highest vector dose have not yet been
reported. Avigen does not plan to continue the intra-
muscular vector delivery protocol, and will next
target the liver through intraarterial delivery. Based
on animal studies, liver delivery is expected to yield
higher clotting factor levels.

�

TABLE 3. Characteristics of the
three phases of US clinical trials.

Phase I
� Initial study in humans
� Designed to gather data on dosage,

timing and safety, but not efficacy
� Involves a small number of patients
� Low dose? Dose escalation?

Maximum tolerable dose

Phase II
� Continued evaluation of safety
� Initial evaluation of efficacy
� Larger number of patients

Phase III
� Large-scale study to assess efficacy,

with continued evaluations of safety
� Designed to determine if the new

treatment is better than the current
standard of care
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The other two clinical trials are being conducted
in patients with hemophilia A. As discussed pre-
viously, the trial being conducted byTranskaryotic
Therapies involves the ex vivo transfer of naked
DNA containing the factor VIII gene into fibrob-
lasts by electroporation. The genetically modified
cells are then injected into the patient’s abdomen.
In some patients, a rise in factor VIII levels was
observed. Encouragingly, the patient that received
the highest cell dose showed the highest factorVIII
expression levels, up to 4% of normal. However,
levels were not constant, and factor VIII expres-
sion lasted less than a year. Thus, sustained ther-
apy will require periodic administration of the genet-
ically modified cells.

The Chiron trial is testing an in vivo gene ther-
apy approach in which large quantities of a retro-
viral vector containing the factor VIII gene were
administered intravenously. Treatment of 13
patients resulted in sporadic increases in factorVIII
levels up to approximately 1%.

In all three trials, some patients reported fewer
bleeding episodes and less frequent factor usage,
suggesting that low level factor expression may be
clinically beneficial. However, since phase I trials
do not include a placebo group, benefits reported
by patients must be interpreted with caution. Finally,

no toxicities or inhibitor development were
reported in any of these clinical trials. 

Conclusions
Exciting progress has been made in hemophilia

gene therapy in the last decade. Multiple vector
systems and approaches have been developed for
both factor VIII and factor IX, and animal models
have greatly improved researchers’ abilities to test
these systems. 

Nevertheless, some challenges do remain.
Scientists are actively working to improve avail-
able vector systems to achieve high-level, sustained
expression of clotting factors. Safety must also be
carefully assessed. We must learn more about the
potential toxicities of various vector systems. We
also need a better understanding of inhibitor gen-
eration. Some of this information can only be
gained from clinical trials, but these trials must
be conducted with as much attention to safety as
possible. 

Although these challenges are significant, the
rapid progress made in hemophilia gene therapy
in the last few years suggests that they can—and
will—be met. The ultimate “payoff” will hopefully
be a more effective and convenient form of treat-
ment for patients with hemophilia.

Basepair: the smallest unit of information in a dou-
ble-stranded DNA molecule.

DNA: deoxyribonucleic acid, the chemical substance
that makes up genes.

Efficacy: treatment effectiveness.

Electroporation: a laboratory technique that increases 
the permeability of cells by subjecting them to a
strong electric field.

Ex vivo: outside of the body.

Gene therapy: a means of treating human disease by
transferring genes into a patient’s somatic cells.

Gene: a segment of DNA that contains all of the
genetic information required for a particular product,
such as a clotting factor.

Genome: the complete set of genes contained in each
cell.

Inhibitors: antibodies that bind to and neutralize fac-
tor VIII or factor IX, resulting in the failure of factor
replacement therapy.

Integrate: to insert into and become one with.
When a viral vector integrates into host DNA, it
becomes a part 
of that DNA.

In vivo: inside the body.

Mutation: a change in the information contained in
a gene. It can involve one basepair or many base-
pairs.

Myoblast: an immature muscle cell.

Somatic cells: the non-reproductive cells of the body,
such as liver and muscle cells.

Transduction: the process of transferring a gene into
a cell.

Transgene: the therapeutic gene carried by the vec-
tor.

Vector: the vehicle for transferring genes 
into a cell.
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