Pediatric Health, Medicine and Therapeutics downloaded from https://www.dovepress.com/

For personal use only.

Pediatric Health, Medicine and Therapeutics Dove

3

REVIEW

Overview of the use of recombinant factor

Vlla in children

John Puetz

Department of Pediatrics, Division
of Hematology/Oncology, Cardinal
Glennon Children’s Medical Center,
Saint Louis University, St Louis, MO,
USA

Correspondence: John Puetz
Department of Pediatrics, Division
of Hematology/Oncology, Cardinal
Glennon Children’s Medical Center,
Saint Louis University, 1465 S Grand
Boulevard, St Louis, MO 63104, USA
Tel +1 314 577 5332

Fax +1 314 577 5309

Email puetzjj@slu.edu

This article was published in the following Dove Press journal:
Pediatric Health, Medicine and Therapeutics

13 October 2014

Number of times this article has been viewed

Abstract: Recombinant factor VIla (rFVIla) was initially developed as a bypassing agent to
control bleeding in people with hemophilia who have inhibitors. Due to its potential as a uni-
versal hemostatic agent, rFVIla has also been used for a variety of other clinical indications.
Investigations into the use of rFVIla in children have demonstrated clinical efficacy and excel-
lent safety when used for children with hemophilia and inhibitors. Investigations into the use
of rFVIIa in children for alternative indications have been hampered by the lack of high-quality
evidence. Most studies have shown that rFVIla can be effective in reducing bleeding and blood
product usage when given off-label in children. However, thrombotic events have been reported.
In addition, no mortality benefit has been shown for rFVIla. Despite this, over the last decade,
the use of rFVIla for indications beyond hemophilia has increased dramatically.
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The need for bypassing agents

One of the more remarkable achievements of 20th century medicine was the determina-
tion of the cause of and development of therapies for hemophilia. Descriptions of what
would later be called hemophilia can be found in ancient texts such as the Babylonian
Talmud.! For thousands of years, nothing could be done to stop the bleeding associ-
ated with hemophilia. In the first half of the 20th century, hemophilia was found to
be caused by a deficiency of an antihemophilic factor found in the plasma fraction
of blood.? The infusion of whole blood or plasma allowed surgical procedures to be
successfully performed in people with hemophilia.® In the second half of the century,
the development of cryoprecipitate, and later, coagulation factor concentrates, revolu-
tionized care.* People with hemophilia could start to treat their own bleeding episodes,
oftentimes in the home. Unfortunately, coagulation factor concentrates produced in
the 1970s and early 1980s were not subjected to viral inactivation techniques, which
led to the transmission of hepatitis B and C, and HIV?® It would take until the last
third of the century to produce coagulation factor concentrates that were free of the
transmission of hepatitis viruses and HIV, the isolation of the factor VIII and IX genes,
and the production of recombinant factor VIII and factor IX replacement therapies.’
Another great advancement was the realization that many of the bleeding complica-
tions of hemophilia could be greatly reduced by infusing factor VIII or factor IX on a
prophylactic schedule.®” By the end of the 20th century, many of the complications of
hemophilia, including joint arthropathy and transmission of infectious agents, had been
curtailed. The one major hurdle that remains into the 21st century is the development
of an immune response to factor replacement therapy.
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Because people with hemophilia are born with absent or
abnormally structured factor VIII or factor IX, exposure to
normally structured factor replacement can cause the devel-
opment of an immune response to infused factor known as
an inhibitor. Inhibitory antibodies quickly render infused
factor replacements nonfunctional. This means that factor
VIII or factor IX replacement can no longer be used to control
bleeding and agents that bypass the need for factor VIII or
factor IX must be used.

The coagulation system

Early investigations of the coagulation system led to the
proposal of the coagulation cascade or waterfall hypothesis
(Figure 1).%9 In this scheme, each coagulation factor activates
a downstream coagulation factor with amplification at each
step, ultimately leading to the conversion of soluble fibrino-
gen into insoluble fibrin and the formation of a fibrin clot.
There were two proposed pathways leading to the formation
of fibrin, known as the intrinsic and extrinsic pathways. There
was also overlap between the two pathways, known as the
common pathway. While these pathways were successful
at explaining in vitro coagulation, especially coagulation in
glass test tubes, some observations raised concerns about
the validity of the coagulation cascade. One concern was
the observation that people with factor XII deficiency do not
suffer from abnormal bleeding. Despite laboratory tests (acti-
vated prothrombin time [aPTT]) that are very abnormal, and
abnormal clotting in vitro (especially in glass tubes), people
with factor XII deficiency do not have recurrent abnormal
bleeding. Also, the discovery of the extrinsic pathway left the

Intrinsic cascade
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Figure | The classic waterfall or cascade model of hemostasis.
Abbreviations: a, activated factor; Fgn, fibrinogen; HMK, high molecular weight
kininogen; lla, thrombin; PK, prekallikrein; TF, tissue factor; Xa, activated factor X.

reason why people with hemophilia have abnormal bleeding
unanswered. If fibrin could be generated through the extrinsic
cascade, which does not need factor VIII or factor IX, why
should people with factor VIII or factor IX deficiency have
abnormal bleeding?

Discoveries over the last few decades have found answers
to each of these questions and led to another proposed expla-
nation of the hemostatic system (Figure 2).!° Investigators
now believe that hemostasis is triggered by the exposure
of tissue factor (TF)—bearing cells to blood. Under normal
physiologic conditions, blood remains within blood ves-
sels and is not exposed to TF. However, when the vessel is
damaged, blood is exposed to extravascular tissues and TF.
The coagulation factor that initiates the hemostatic system
is factor VIL.!*!! The majority of factor VII circulates in an
inactive state and when factor VII binds to TF, no further
reaction takes place. However, a small percentage of the
circulating factor VII is activated. The binding of activated
factor VII (FVIIa) to TF causes the formation of a complex
that can activate factor X. The activated factor X (Xa) can
then activate factor II (also known as prothrombin) to Ila
(thrombin), and as in the waterfall hypothesis, thrombin can
generate fibrin from fibrinogen. Thrombin can also activate
platelets. Although this pathway, known variously as the tis-
sue factor pathway, or initiation phase, can generate fibrin,
it cannot generate enough fibrin to form a stable fibrin clot.
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Figure 2 The cell-based model of hemostasis.

Notes: Initiation phase in blue, amplification phase in brown, and propagation phase
in green. Solid arrows indicate facilitation of a reaction, and dotted arrows indicate
inhibition.

Abbreviations: a, activated factor; lla, thrombin; TAFI, thrombin-activatable
fibrinolysis inhibitor; TF, tissue factor; TFPI, tissue factor pathway inhibitor; Xa,
activated factor X.
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This is because the TF:FVIla complex is rapidly inhibited by
a protein known as the tissue factor pathway inhibitor (TFPI),
and the small amount of formed fibrin can be rapidly degraded
by plasmin.'®!" In order to form a stable clot, additional fibrin
must be generated. This is accomplished from the thrombin
that was initially generated from the initiation phase. The next
phase of clot formation is known as the amplification phase.
Thrombin can activate factor XI, which can activate factor
IX (IXa). On the surface of activated platelets, [Xa forms
a complex with factor VIII, known as the Xase complex.
The Xase complex can activate factor X, which along with
its cofactor, factor V, forms the prothrombinase complex,
which activates more thrombin, which can then activate more
factor XI, creating a feedback loop and amplification in the
generation of thrombin. The burst of thrombin, known as the
propagation phase, is responsible for the formation of a suf-
ficient amount of fibrin to form a stable clot. The thrombin
burst also activates factor XIII, which crosslinks fibrin, giv-
ing the clot more stability. It can also inhibit fibrinolysis by
activating thrombin-activatable fibrinolysis inhibitor (TAFI).
Thus, people with hemophilia do not bleed because they can-
not generate fibrin — they have abnormal bleeding because
they cannot generate the burst of thrombin which is neces-
sary for the formation of a stable, cross-linked, fibrin clot. If
a patient with hemophilia develops an inhibitor, rendering
factor replacement useless, alternative means of generating
thrombin must be sought in order to control bleeding.

The achievement of hemostasis in people with inhibi-
tors takes advantage of the initiation phase and its ability
to generate thrombin. One of two types of bypassing agents
is generally used to control bleeding in people with hemo-
philia with inhibitors."! One type, known as an activated
prothrombin complex concentrate (aPCC) is produced from
pooled, donated, virally inactivated plasma, and contains
activated factors 11, VII, IX, and X. The other bypassing
agent is recombinant factor VIla (rFVIIa). As one might
expect, the infusion of rFVIla increases the proportion of
FVIIa that can bind with TF, and increases the likelihood
of forming a TF:FVIla complex that initiates the coagula-
tion cascade. In addition, it has now been shown that sup-
raphysiologic concentrations of rFVIla can activate factor
X on the surface of activated platelets in a TF-independent
mechanism.'’ Through these mechanisms, rFVIla can lead
to the generation of a thrombin burst and formation of a
stable fibrin clot.

It should be noted that while the hemostatic pathways
presented above represent our current understanding, several
questions remain to be resolved, including the role of red cells

in hemostasis.'> An up-to-date description of the hemostatic
pathways can be found on the Reactome website. '

rFVlla use in hemophilia
Evidence began to mount that the principal factor responsible
for hemostasis in aPCCs was FVIIa.'* Because of this, Hedner
and Kisiel developed a plasma-derived FVIIa concentrate for
use in hemophilia patients with inhibitors. !> Based on success
with use of plasma-derived FVIla, a recombinant activated
product was developed. rFVIla was initially investigated in
preclinical studies involving animals. Then, pharmacokinetic
studies were done in humans. Based on these results, in
1988, Hedner gave a hemophilia patient with an inhibitor
rFVIla to control bleeding during a synovectomy procedure.'®
Following this success, rFVIla was made available for com-
passionate use. Over the next 10 years, over 400 patients,
mostly children, received rFVIIa to control bleeding.!”
Nearly simultaneous to the compassionate use program,
controlled clinical studies were performed.'®?° The initial
study was a blinded study of one of two doses of rFVIla in
children with hemophilia who may or may not have had an
inhibitor. This study demonstrated no difference in response
to the two doses, and 70% of patients had good or excel-
lent control of bleeding.'® Because of the delay in receiving
rFVIla in the first study, a home study was conducted so that
subjects could receive study medication in a timely manner. "
This study was an open-label study of hemophilia patients
with inhibitors. Subjects received a 90 pg/kg dose of rFVIla
within 8 hours of the onset of a bleeding episode. Finally, a
surgical study was performed. Patients with hemophilia and
inhibitors undergoing a surgical procedure were randomized
to either 35 pg/kg or 90 ng/kg rFVIla prior to the procedure
and every 2 hours for 48 hours. Although there was no dif-
ference in the initial hemostatic efficacy between the two
groups, fewer subjects receiving the lower dose were able
to maintain hemostasis the following 3 days.?’ Based on the
results of these studies, and the experience gained during
compassionate use, rFVIIa was approved for use to treat
hemophilia patients with inhibitors. Ninety micrograms per
kilogram of body weight given intravenously every 2 hours
was the approved dose. Since its approval, rFVIIa has been
infused for over 1.5 million doses in people with hemo-
philia and has an excellent safety record when used to treat
hemophilia patients with inhibitors.?! No transmission of an
infectious agent has been documented. Thrombotic events are
rare, with a prevalence of four per 100,000 doses.?'
Because of the short half-life of rFVIla and the need
to infuse every 2 hours, alternative dosing regimens have
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been explored.!'" Investigations have suggested that the
thrombin burst could be optimized at an rFVIIa concentration
of 150 nM.? This is achieved by dosing rFVIIa at 300 ug/kg
every 6 hours rather than 90 pg/kg every 2 hours. Comparative
studies of these two doses have demonstrated equal hemostatic
efficacy without additional safety issues, and easier conve-
nience with the high-dose rFVIIa."" Continuous infusion of
rFVIla for surgical procedures and prophylactic dosing of
rFVIla to prevent bleeding in hemophilia patients with inhibi-
tors have also been investigated.*** Although successes with
both continuous infusion and prophylaxis have been reported,
continuous infusion may not necessarily reduce the amount
of rFVIIa used.” The use of rFVIla prophylactically may cost
over one million US dollars per year.2’

rFVIla is also approved in many countries to treat factor
VII deficiency. Because the plasma concentration of FVII is
less in these subjects than inhibitor patients, lower doses of
rFVIla replacement are recommended to treat FVII-deficient
patients.” rFVIla is also approved in several countries to
treat congenital platelet disorders such as Glanzmann’s
thrombasthenia.?

Because of its mechanism of action, and its success in
treating patients with congenital bleeding disorders besides
hemophilia, rFVIIa has been investigated as a “universal
hemostatic agent” in a variety of situations in patients with
abnormal bleeding.

Off-label use of rFVlila

One of the initial descriptions of the use of rFVIla in a bleed-
ing patient who did not have a congenital bleeding disorder
was by Kenet et al who illustrated the use of rFVIIa in a
trauma patient.* This case report demonstrated the successful
achievement of hemostasis in a massively transfused patient
who had failed standard therapy. Following this, rFVIla use
was described for a variety of clinical indications, including
liver disease, neonatal bleeding, surgical bleeding, trauma,
intracranial hemorrhage, hematopoietic stem cell transplant,
and obstetric bleeding.!'3'3? The majority of initial publica-
tions generally represented case reports or small retrospec-
tive case series. A review of the early case reports and series
describing off-label rFVIIa use in children was completed
by Mathew.** Nearly all of the initial case reports showed
a beneficial effect of rFVIla. More than 60 case reports
describing the use of rFVIla in children have been published
to date.’ Since case reports showing a beneficial effect of
a new therapy are more likely to be published than studies
that do not show a benefit, the initial successes of rFVIIa in
achieving hemostasis in children with a variety of conditions

may be attributed to publication bias, and a higher level of
evidence should be sought.

The highest level of evidence is prospective random-
ized controlled trials (RCTs), and especially meta-analysis
of prospective RCTs. While at least 29 randomized trials
have involved rFVIIa, only three have involved children.*
All three had small sample sizes and other methodological
concerns.’’? One study measured the change in the pro-
thrombin time (PT) following the administration of rFVIIa
or fresh frozen plasma (FFP) in neonates.’” Only eleven
neonates were included in this randomized trial. While the
efficacy of rFVIla was demonstrated in this study, the clinical
utility of the PT in neonates has come into question, making
the usefulness of rFVIIa in lowering the PT in neonates who
are not bleeding of dubious applicability.?! A second trial
was a double-blind RCT in children with Dengue hemor-
rhagic fever.’® Although bleeding control was successful
or partially successful in 15 of 16 children who received
rFVIla compared to four of nine placebo patients, this did
not translate into a reduced level of blood product usage. One
randomized study described rFVIIa use in children undergo-
ing cardiothoracic surgery (CTS). In the study by Ekert et al,
42 children were randomized in a double-blind fashion to
receive rFVIIa prophylactically prior to CTS and compared
to 42 children who received standard hemostatic therapy.*
Children receiving rFVIla had a longer time to chest closure
than the standard treatment group; otherwise, no differences
were shown between the two groups. Thrombotic events
were not reported in any children involved in prospective
RCTs of rFVIla.

There have also been a limited number of retrospective
comparative studies with reasonable sample sizes.*** Puetz
et al compared neonates receiving rFVIIa to those receiving
FFP. This study demonstrated good control of bleeding in
the neonates receiving rFVIla, and no difference in the rate
of thrombotic events between the two groups.*’ Three studies
compared children undergoing CTS who received rFVIla for
excessive bleeding compared to a control group.*' These
studies all showed a reduction in transfusion requirements
or chest tube drainage in the children receiving rFVIla.
Thrombotic events were reported in two of these studies. In
the Karsies et al study, there was no statistical difference
in the rate of thrombotic events between cases and controls.*
In the Agarwal et al study, six of the 24 children receiving
rFVIla had thrombotic events, including one in the extracor-
poreal membrane oxygenation circuit, one related to an arte-
rial line, and four mediastinal clots.* The rate of thrombotic
events in the control group was not reported.
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Several large retrospective single institution, multi-
institution, registries, and database studies have reviewed
rFVIIa use in non-hemophilia patients (Table 1).4° A review
of the Pediatric Health Information System (PHIS) data-
base involving over 30 US Children’s Hospitals and 3,655
admissions by Witmer et al demonstrated that rF'VIla use for
off-label indications rose dramatically between 2000—2007
and was associated with a significant number of thrombotic
events.*’ This study did not assess the effectiveness of rFVIIa.
Other large case series have evaluated the effectiveness of
rFVIla, and in general, did show a reduction in blood prod-
uct usage following rFVIIa (Table 1).#4643° Thrombotic
events were also reported in these series, but since there
was no comparison to a control group, it is difficult to know
if the rate of thrombotic events is greater than what would
be expected in similar groups of critically ill children who
did not receive rFVIIa. There was also a high mortality rate
associated with rFVIla, although in many studies it could not
be determined to what degree rFVIla might have contributed
to the high mortality rate. rFVIla is often times given to the
most critically ill children in a desperate, or perhaps futile
attempt to stop bleeding.

Since one of the most common indications identified in
the large case series was children undergoing CTS, additional
attention will be paid to these studies. Approximately 40
studies have described the use of rFVIIa in children under-
going CTS and have been reviewed by Okonta et al and
Guzzetta et al.>'*> Many of the studies involved case reports
or small series. In general, studies of CTS have showed a
reduction in bleeding and blood product usage following
CTS. Thrombotic events were reported, but again, since
comparative studies were typically not done, the rate of
thrombotic events is difficult to interpret.

The dose of rFVIla used in off-label pediatric studies var-
ied greatly, but generally was around 90 pg/kg. It is unclear
if the dose of rFVIIa used to treat children with hemophilia
is the appropriate dose to use in other clinical situations.

A mortality benefit to the use of rFVIla in children has
never been shown. Likewise, a mortality benefit in adults
has also never been shown.>** In addition, other clinical
benefits in randomized studies involving adults have not
been consistently demonstrated.’>> An increased risk of
arterial thrombotic events has been shown in adults receiv-
ing rFVIIa for off-label indications.’*> Since the risk of
thrombotic events in children is much lower than adults, and
the etiology is likely different, it would be inappropriate to
extrapolate the thrombotic risk associated with rFVIla in
adults to children. Thrombotic events have been associated

with rFVIla use in children, but since comparative studies
are lacking, it is difficult to know what the risk is. Many of the
children receiving off-label use of rFVIla also receive FFP.
Thrombotic events are also associated with FFP use.**% This
makes the interpretation of the reports of thrombotic events
in children following the use of rFVIla and FFP even more
difficult. Because of the lack of data showing a mortality
benefit, the potential for thrombotic events, and lack of data
showing appropriate dosing of rFVIIa, several publications
have called for the restriction of off-label rFVIla use to
investigational studies.?¢47-3

Costs of treatment

Any review of tFVIIa would be remiss if the costs of therapy
were not discussed. Although the cost of rFVIla varies from
country to country and over time, an estimate of US$1.50
per microgram is not unreasonable. At a dose of 90 ug/kg,
the cost of a single infusion of rFVIla to a 20 kg five-year-
old is $2,700. Since multiple infusions are often required to
achieve hemostasis, the costs of rFVIla can easily exceed
tens or hundreds of thousands of dollars, or even millions if
using rFVIla prophylactically to treat a hemophilia patient
with an inhibitor.?¢

Summary
rFVIla has been used to treat children with abnormal bleed-
ing for approximately 25 years. When used to treat children
with hemophilia and inhibitors, rFVIIa has been shown to
be very effective at controlling bleeding, with an excellent
safety profile. rFVIIa has also been used to treat children
with abnormal bleeding for a variety of indications besides
hemophilia. High-quality evidence when used off-label in
children is lacking. However, most studies have shown a
reduction in bleeding and blood product use following the
use of rFVIla in children who do not have hemophilia. No
mortality benefit has ever been demonstrated. Thrombotic
events have been reported in children following its off-label
use. Although there is no evidence proving an increased
risk of thrombotic events in children receiving rFVIla like
there is in adults, the potential for thrombotic events should
be considered in any risk/benefit analysis prior to infusing
rFVIIa. The costs of therapy must also be considered. The
dose of 90 pg/kg is commonly used for both on-label and
off-label situations. There is concern that this may not be
the optimal dose.

Virtually every author who has reviewed rFVIIa use in
children has called for RCTs. Since rFVIla has been used off-
label for 15 years and there have only been three RCTs, none
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of which were of particularly high quality, we are unlikely

to see a high-quality RCT in the near future. Any decisions

regarding the use of rFVIla in children will need to be based

on the evidence at hand. In this respect, rFVIla is similar to

many other modalities used to treat children.
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