
1044 adults were evaluated. Platelet dose was
not predictive for bleeding in any age group;
however, children in all age groups had a sig-
nificantly higher risk of grade 2 or higher
bleeding (grade 3 but not 4) versus adults, ear-
lier bleeding after HSCT, and more days of
grade 2 bleeding than adults. Moreover, the
effect of age on grade 2 bleeding differed by
disease treatment, with autologous transplants
being the most pronounced. Josephson et al
concluded that children were at higher risk of
bleeding over a wide range of platelet counts,
indicating that this increased bleeding risk was
likely due to factors other than the platelet
counts.

On the surface these data appear surprising
because most hospitals that transfuse pediatric
subjects employ specific dosing with a mL/kg
or random donor equivalent/5-10 kg whereas
adults often receive a single apheresis unit
defined as � 3 � 1011 platelets/unit (AABB
Standards for Blood Banks and Transfusion Ser-
vices2). Thus, adults in a population with in-
creasing body mass with successive genera-
tions could lead to “underdosing” in larger
patients and increased bleeding due to rela-
tively fewer platelets given per transfusion. In
direct contrast, the PLADO analysis did not
demonstrate that bleeding correlated with
(1) the morning platelet count, (2) prophylac-
tic platelet dose, or (3) that pediatric patients
would benefit from a higher prophylactic
transfusion trigger, suggesting that factors
other than platelets appear to impart the
bleeding risk in children. These factors likely
include the treatment intensity as illustrated
by the most pronounced bleeding differences
in children receiving autologous HSCTs (vs
adults) because the former received “condi-
tioning” regimens for solid tumors, specifi-
cally neuroblastoma, brain tumors, and Wilms
tumor, while the adults received pretransplant
treatment for multiple myeloma or lymphoma.
When analyzed against the other children in
this study in the different disease categories,
the children who underwent autologous/
syngeneic HSCT had similar to increased
bleeding risk whereas the adults who received
autologous/syngeneic HSCT had markedly
lower risk of bleeding than the other adult pa-
tients in the different treatment groups.
Chemotherapy-induced mucositis may also
have increased bleeding risk in children be-
cause they experienced more oral, nasal, and
gastrointestinal bleeding versus adults who

had more skin, soft tissue, and musculoskeletal
bleeding.

Children are different from adults because
they tolerate more intensive chemotherapy,
may have discordant structure and function of
their vascular endothelium, and may have dif-
ferent rates of vascular regeneration after
treatment-based injury resulting in acceler-
ated platelet consumption and increased
bleeding events.3-5 Josephson et al appropri-
ately allude to these differences; however,
other factors may impart bleeding risks in-
cluding fevers, infection, and graft-versus-
host disease (GVHD). The PLADO study
design precluded GVHD because it was initi-
ated immediately after HSCT, and patients
were followed to day 36, which would be prior
to when most patients develop GVHD, al-
though 3 patients did manifest GVHD, which
was likely acute GVHD. In addition, allergic
rhinitis as a cause of epistaxis independent of
platelet count was not studied and although it
may represent the cause of epistaxis for many
children, it would likely not impact the
PLADO data because significant myelotoxic-
ity is known to decrease allergic and atopic

reactions. Future randomized controlled trials
should account for the possible increased
bleeding risks in febrile or infected patients as
well as the effects of GVHD and aggressive
treatment regimens for solid tumors, espe-
cially in pediatric patients, and must increase
the sample size to ensure robust statistical
analyses of the data.
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Factor VIIa: on its own and loving it
----------------------------------------------------------------------------------------------------------------

Dougald M. Monroe UNIVERSITY OF NORTH CAROLINA SCHOOL OF MEDICINE

In this issue of Blood, Shibeko et al have used a variety of experimental studies and
mathematical models to investigate the mechanism of action of high-dose factor
VIIa as a bypassing agent in hemophilia.1

These studies address a vexing intellectual
problem regarding the use of factor VIIa as

a bypassing agent in hemophilia. The activity
of factor VIIa, like that of coagulation factors
IXa and Xa, is significantly enhanced when
bound to its coagulation cofactor. Thus, factor
IXa and factor VIIIa form a functional com-
plex in vivo and the absence of either protein
results in hemophilia. Similarly, lipid surface
factor Xa activity is enhanced several
thousand-fold when bound to factor Va and
the complex of factor Xa with factor Va is re-
quired for physiologic thrombin generation.
Because factor VIIa activity is significantly
enhanced in the presence of its cofactor, TF,
one might suspect that relatively low doses of
factor VIIa would saturate available TF and
provide the needed hemostatic activity.

In treating hemophilia patients with in-
hibitors, some of the initial dosing strategies
included administering as little as 35 �g/kg
factor VIIa. This dose was predicted to lead to
levels on the order of 0.5 mg/mL in plasma; a
concentration roughly equal to the plasma
concentration of factor VII (10nM). A dose of
35 �g/kg was effective at stopping bleeding in
some patients but was suboptimal in many
others.2 Clinical studies comparing doses of
35 �g/kg against 70 �g/kg, 90 �g/kg, and
120 /kg suggested that increasing dose were,
in general, associated with increasing effi-
cacy.2,3 Given that TF is almost certainly lim-
iting in vivo, it was unclear why higher doses
gave greater efficacy.

Biochemical studies approached this ques-
tion and 2 theories emerged (see simplified
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illustrations in figure). These theories were
generally described as TF-dependent4 and
TF-independent.5,6 In a sense this is an unfor-
tunate nomenclature; even if factor VIIa at
pharmacologic doses has measurable activity
independent of TF, the overall coagulation
process still requires initiation by TF just as it
still requires a surface, calcium, factor X, fac-
tor V, and prothrombin. On average, investi-
gators agree that it is biochemically possible
for the reactions in both panels B and C of the
figure to occur; the 2 theories differ in the de-
gree to which the reactions shown in panel C
are relevant to the physiology of high-dose
factor VIIa as a therapy.

Shibeko et al have attempted to bring some
clarity to this question and to improve on ear-
lier mathematical models of this process. It has
previously been shown that zymogen factor
VII decreases the rate of VIIa/TF activation
of factor X by competing with factor VIIa for
TF; increasing the concentration of factor
VIIa can overcome this inhibition effect of
plasma factor VII.4 Shibeko et al also observe
this competition on both lipid vesicles and on
cells. Further, they add to the possible signifi-
cance of the TF-dependent mechanism by
studying how binding of factor VIIa to TF

might increase the rate of factor VII autoacti-
vation. In part these studies involve some
clever modifications to the existing math-
ematical models; these modifications account
for TF density and for the fraction of factor
VIIa bound to a surface (in a model that for all
other reactions assumes infinite surface).
Shibeko et al find that both models contribute
to some extent to the enhanced thrombin gen-
eration in their biochemical and mathematical
models but find that the TF-dependent
mechanisms dominate. Their findings lower
slightly the concentration of factor VIIa re-
quired to achieve a plateau because they find
enhanced factor VII activation to be a major
player.

The data of Shibeko et all add to our un-
derstanding of the biochemical mechanisms
involved in factor X activation by factor VII(a)
and TF. But in some sense these data still leave
us with an intellectual problem regarding
therapy. The authors note that it is not clear
why increasing doses of factor VIIa would
benefit a patient if the TF-dependent mecha-
nism is predominant. And yet clinical studies
looking at factor VIIa doses greater than
200 �g/kg suggest significantly increased

efficacy in the high-dose group compared with
the lower dose groups.7

It may be that future studies can further
add to our understanding. Starting from the
conclusion that the TF-dependent mechanism
is dominant in vivo, it is possible to make
3 specific, testable hypotheses. One hypothesis
is that factor VIIa molecules engineered to
have increased TF-independent activity with
the same level of TF-dependent activity will
have similar dosing requirements to existing
factor VIIa molecule in vivo. The second hy-
pothesis, an extension of the first, is that a fac-
tor VIIa molecule engineered to have no TF
binding would be ineffective in vivo regardless
of the level of TF-independent activity. Fi-
nally, a factor VIIa molecule engineered to
have no (or very reduced) activity (zymogen-
like factor VIIa) unless bound to TF would be
predicted to be effective in vivo with dosing
requirements similar to existing factor VIIa
molecules.

Understanding the in vivo mechanism has
potential consequences for new therapies. If
the dominant part of the mechanism of high-
dose factor VIIa is mediated through TF, it
suggests that therapies that enhance TF func-
tion, such as tissue factor pathway inhibitors,
may be sufficient to correct hemophilia. By
contrast, if the dominant part of the mecha-
nism of high-dose factor VIIa is independent
of TF, then factor VIIa molecules with en-
hanced TF-independent activity,8 that are
specifically targeted to the platelet surface, or
other molecules that have directed enhance-
ments of platelet surface thrombin generation9

may be better future directions for new
therapeutics.
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