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Abstract

Vitamin K-dependent factor X (FX) plays an important role in thrombin forma-
tion, and a deficiency in FX can cause impaired coagulation, the severity of which
is usually correlated with the degree of deficiency. Due to the critical role that FX
plays in the coagulation cascade, FX deficiency is associated with a higher risk of
bleeding than deficiencies in other coagulation factors. Patients with the hereditary
autosomal-recessive homozygous form of FX deficiency, which occurs in approxi-
mately 1:1,000,000 individuals worldwide, are often diagnosed when they present
with spontaneous life-threatening haemorrhage (most often intracranial haemor-
rhage) during the first month of life. In addition to central nervous system bleeds,
other severe bleeding types experienced by such patients may include umbilical cord
bleeding, gastrointestinal or pulmonary haemorrhage, intramuscular haematomas
and/or haemarthrosis. Delayed treatment or inadequate replacement of FX may result
in developmental delays, musculoskeletal disabilities or death. The high risk of recur-
rent severe bleeding necessitates prophylactic replacement therapy for many indi-
viduals with severe FX deficiency. Available products for replacement therapy include
plasma-derived FX concentrate and prothrombin complex concentrates. Fresh-frozen
plasma may be used when concentrates are not available but is a less efficient means
of FX replacement. This article reviews the literature on severe bleeding in individuals

with hereditary FX deficiency and discusses current treatment options.
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1 | INTRODUCTION

The vitamin K-dependent plasma protein factor X (FX) is essential
throughout the coagulation process, and a deficiency in FX causes
a haemorrhagic phenotype, the severity of which is directly related
to the degree of deficiency.>? Severe homozygous FX deficiency is
an autosomal-recessive disorder that occurs in approximately 1 in
1,000,000 individuals worldwide (whereas approximately 1 in 500

individuals have heterozygous mutations), though the incidence of
homozygous FX deficiency is higher in regions in which consanguin-
eous marriage is common.®4

Rare bleeding disorders such as FX deficiency are classified as
mild, moderate or severe depending on the residual proportion of
missing factor. Classification of coagulation factor deficiencies has
traditionally paralleled that of the less rare haemophilias, with factor

activity levels <1% classified as severe deficiency, levels of 1%-5%
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classified as moderate deficiency and levels >5% classified as mild
deficiency.® However, bleeding patterns vary among the factor de-
ficiencies, and homozygous FX deficiency is associated with a more
severe bleeding tendency than deficiencies in other coagulation
factors.®® In a study of the association between bleeding sever-
ity and coagulation factor activity level, the European Network of
Rare Bleeding Disorders (EN-RBD) found that, among the nine co-
agulation factor deficiencies studied, fibrinogen, FX and factor XllI
(FXII) activity levels were most strongly correlated with bleeding
severity.9 In addition, patients with hereditary FX deficiency often
present with severe or even life-threatening bleeding—for exam-
ple intracerebral haemorrhage (ICH) or umbilical stump bleeding—
within the first months of life, when FX activity (FX:C) levels have
not yet reached adult levels.'® The combination of symptom severity
and early-life presentation pattern distinguishes FX deficiency from
most other factor deficiencies, in which patients may be identified
later in childhood following minor bleeding episodes or post-surgical
bleeding.4 As a result, in 2012 the European Network of Rare
Bleeding Disorders (EN-RBD) proposed an expanded classification
scale of FX:C < 10% (severe), 10%-40% (moderate) and >40% (mild).
This scale was based on the reported bleeding tendency and severity
for patients in its database, in whom FX:C levels <10% were associ-
ated with high risk of major spontaneous bleeding, FX:C of 10%-
40% with minor spontaneous bleeding and FX:C > 40% with low
bleeding risk.>'! Recent reports have suggested that even patients
with heterozygous mutations may have mild bleeding phenotypes
with FX:C levels of 40%-60%.%'2 This article will review reports in
the literature of severe bleeds in patients with FX deficiency and
discuss current treatment options.

2 | MATERIALS AND METHODS

2.1 | Literature search

Literature searches were performed to identify reports published
on or before 6 June 2018 of severe bleeding episodes in patients
with FX deficiency. An updated search was conducted in September
2019 to include publications between 1 June 2018 and 1 September
2019. Formal searches were conducted in the MEDLINE (https://
www.ncbi.nlm.nih.gov/pubmed) and Embase (www.embase.com)
electronic databases using the search string ‘((factor X) OR (Stuart-
Prower)) AND deficiency AND (hereditary OR congenital) AND
(hemorrhage OR haemorrhage OR bleeding). Search results were

limited to ‘human’ and ‘English language’.

2.2 | Selection criteria

Search results were included regardless of publication format (eg,
abstract of conference presentation, letter to the editor or full-
length article). Publications were included if they described a severe
bleeding episode for 21 individual diagnosed with hereditary FX

deficiency. Severe bleeding episodes were defined as spontaneous
or life-threatening major bleeds, as described by the EN-RBD.? Major
bleeds included intramuscular haematomas requiring hospitalization,
haemarthrosis, central nervous system (CNS) bleeding (including in-
tracranial haemorrhage), pulmonary haemorrhage, life-threatening
gastrointestinal (Gl) haemorrhage and umbilical cord bleeding. Other
types of bleeding episodes were included if they were described as
life-threatening or as severely affecting the patient's quality of life
or ability to function. Studies were also included if they reported the
occurrence of severe bleeding episodes in a larger study group even
without defining or describing the term ‘severe’ within the publica-
tion. Titles and abstracts of the search results were reviewed, and all
publications that focused solely on the biology or genetics of FX de-
ficiency or on other coagulation factor deficiencies were excluded.
When duplicate reports of a study or case were identified, only the
most recent publication was included. Journal articles were retained
in the final search results if the full text was available.

3 | RESULTS

3.1 | Literature search results

Fifty-two publications, including 18 congress abstracts and 34 jour-
nal articles, were identified from the literature screening as relevant
to the review. The full text was available for 33 of the 34 journal ar-
ticles. The 50 publications included in the final results comprised 36
case reports or series, eight retrospective studies, five prospective
studies and one systematic review.

3.2 | Occurrence of severe bleeds

Spontaneous CNS bleeds were the most commonly reported type of
severe haemorrhage for patients with hereditary FX deficiency, de-
scribed in all prospective studies, seven of eight retrospective stud-
ies and 28 of 36 case reports (Table 1). Reports included a total of
220 patients. Among the 197 patients included in publications that
listed the specific number of patients with each type of bleed, CNS
bleeds were most common (n = 82; 42%), followed by haemarthro-
sis (n = 51; 26%), Gl bleeds (n = 31; 16%), umbilical bleeds (n = 23;
12%) and intramuscular bleeds (n = 17; 9%). Some patients exhibited
more than one type of bleed. With the exception of 12 women with
severe obstetric bleeding®® and four other adult patients—one each
with subdural haematoma, spinal haematoma, Gl and intramuscular

14-17_4ll of the severe bleeds were

bleed, and ovarian cyst rupture
reported as occurring in infants and children aged <2 years.

The majority of prospective and retrospective studies included
patients with other bleeding disorders and provided only basic in-
formation about those with FX deficiency. However, a prospective
international study of individuals with hereditary FX deficiency
reported spontaneous (but not necessarily severe) bleeding symp-

toms in 42 of 102 patients. ICH occurred in nine of 42 symptomatic
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patients (21%) and Gl haemorrhage in five of 42 symptomatic pa-
tients (12%).1® Whereas the 42 symptomatic patients overall had a
mean age of 26 years and a median FX:C level of 13.3% (range, <1%-
70%), all of those in whom ICH or Gl bleeds occurred were <1 month
old (median 9.7 days old) and had FX:C levels <2%."

In a retrospective study of patients with FX deficiency, 16 of 20
patients (80%) reported bleeding episodes, of whom 12 (75%) experi-
enced severe bleeds. FX:C levels were <1% for six of 20 patients (30%),
1%-5% for six of 20 patients (30%) and >5% for eight of 20 patients
(40%). CNS bleed (generally ICH) was the first bleeding episode in six
of 16 cases (37.5%) and occurred in eight of 16 patients (50%) aged
<3 months, in two of 16 patients (12.5%) aged 3 months to 1 year and
in six of 16 patients (37.5%) aged >1 year. Serious CNS bleeds occurred
in 46.7% of the overall study population, haemarthrosis in 26.7%, and
iliopsoas bleeds and haematuria each in 13.3%, respet:tively,20

Another retrospective study of seven children with FX defi-
ciency (six with FX:C levels <10%) reported recurrent haemarthrosis
in a patient with FX:C of 1.7%, muscle haematoma in a patient with
FX:C of 1.0% and Gl bleed in a patient with FX:C of 1.8%. Muscle
haematoma after vaccination, umbilical bleeding and spontaneous
intra-abdominal bleeding occurred in neonates; otherwise, patients
were between 4 months and 8 years old when bleeding episodes
occurred.?

In a retrospective study of 192 patients with rare bleeding disor-
ders (RBDs), 15 patients (8%) had FX deficiency, nine with FX:C levels
<5%. Nine episodes of severe bleeds were recorded in eight patients
aged <5 years, including five CNS bleeds, three haemarthroses and one
iliopsoas bleed. Of the 13 symptomatic patients, seven (54%) had ex-
perienced their first bleed before 3 months of age, four (31%) between
3 months and 1 year of age, and two (15%) at 1-5 years of age.®

In another retrospective study of RBDs, 50 of 321 individuals
(16%) had FX deficiency. The precise severity of FX deficiency is un-
known, as all patients with FX:C < 10 [U/dl were simply categorized
as having ‘severe’ deficiency. However, 96% of patients with FX defi-
ciency had activity levels below this threshold, and 12 of 50 patients
(24%) had experienced ICH, with muscle haematomas (n = 7), joint
bleeds (n = 6), Gl bleeds (n = 5) and umbilical bleed (n = 1) the other
severe bleeds reported.”

In a retrospective study of 52 patients with a hereditary factor
deficiency (severe haemophilia, von Willebrand disease, or FXIII,
factor V, or FX deficiency) who had experienced ICH, five patients
had FX deficiency, in all cases diagnosed when the patient presented
with ICH at 1-5 months of age. By contrast, the overall study popu-

lation presented with ICH at a median age of 8 years.

3.3 | Treatment of severe bleeds

Treatment for initial bleeding episodes was reported in 38 of 50 pub-
lications (76%). Many of these reports were published prior to the
approval of FX concentrate in the United States (2015) and European
Union (2016),%?2 when fresh-frozen plasma (FFP) and prothrombin
complex concentrate (PCC) were the primary treatments available,
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or in countries where FFP and PCC remain the only available treat-
ments (Table 1). PCC products contain three or four coagulation
factors, including factor IX (FIX), FX and factor Il in three-factor
products along with factor VIl in four-factor products, and are dosed
according to FIX activity units, with levels of the other factors vary-
ing among products and product batches.>?® The precise amount
of FX administered in a specific PCC dose is therefore unknown.
Because FFP and PCC supply other plasma components in addition
to the one in which the patient is deficient, administration of either
compound increases levels of coagulation factors in which the pa-
tient is not deficient, and high or repeated dosing is thus associated
with risk of thrombosis.?

For treatment of bleeds related to FX deficiency, 33 case reports
and studies mentioned the use of FFP, and 23 mentioned treatment
with PCC,1516:19.20.24-36 \yith some patients receiving both FFP and
PCC. The single-factor plasma-derived FX (pdFX) product was used
to treat two patients.**%” Treatment with danazol was attempted in
a few instances with limited efficacy.®*® Whole blood or red blood
cell transfusions and vitamin K were also used, in some instances
even after a diagnosis of FX deficiency was made, suggesting that
the physicians may have been unfamiliar with the pathophysiology
of the disorder or had limited access to appropriate agents for FX
repletion.’-242539-41

Prophylactic treatment of hereditary FX deficiency was reported
in 33 publications and included FFP (mentioned in seven publica-
tions),616:28:3842-44 pCC (19 publications)2428:30-35414345-49 54/
or pdFX (two publications),i‘"37 with some publications not specify-
ing the therapy or reporting more than one therapy.

In nearly all cases, patients with FX deficiency who had received
prophylactic treatment did not experience severe bleeding episodes
after beginning prophylaxis. One exception was a case report of two
siblings with FX deficiency in which the older sibling (FX:C < 1%) ex-
perienced a fatal intracranial haemorrhage despite treatment with
FFP. Several years later, his 18-day-old sister was admitted to the
hospital with ICH and FX:C < 0.5%. The bleeding resolved with treat-
ment but then recurred despite an unspecified type of prophylactic
therapy.*® An additional case report described a patient who experi-
enced a fatal ICH at age 2.5 years despite weekly infusions of PCC.%°

In most cases, when severe bleeding does occur following treat-
ment, it is due to decreased FX levels. One case report described a
neonate with ICH in whom FX deficiency was identified (FX:C < 1%),
who was initially treated with 15 ml/kg FFP. Treatment increased
FX:C to 70%, but all subsequent measurements of FX:C were <1%.
Whether the patient was tested for neutralizing alloantibodies was
not noted in the report. The patient was rehospitalized at 1 month
of age for rectal bleeding and again at 4 months of age for ICH (both
times treated with FFP). Following discharge at 4 months, he re-
ceived 3 months of weekly prophylactic treatment with 15 ml/kg
FFP, but he was readmitted 6 days after one such FFP treatment
for convulsions secondary to ICH. Cortical blindness and psycho-
motor retardation subsequently developed and were sustained at
27 months. The patient was maintained on prophylaxis of 15 ml/kg
FFP every 4 days.%®
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A third case report described four patients, all of whom experi-
enced joint bleeds while receiving varying doses of PCC as prophy-
lactic treatment. In at least two of the four, the bleeds appeared to
be due to reduced or omitted doses.*® One patient was diagnosed
when he was 1 day old and presented with umbilical cord bleed-
ing, ICH and FX <1 IU/dIl. He was initially treated with FFP and then
given prophylaxis of 70 IU/kg PCC weekly. At 15 years of age, he
had experienced only one joint bleed since beginning prophylaxis.
The younger sister of the first case had umbilical cord bleeding and
haematemesis at 1 day of age. She continued to experience bruis-
ing when she was given the same prophylactic PCC dosage as her
brother; adjusting the dosage to 40-80 1U/kg every other day in-
creased her FX levels to >50 [U/dl. Subsequent attempts to decrease
treatment resulted in joint bleeds, but these issues were resolved
when the dose was increased. A relative of the first two children
was diagnosed with FX deficiency (FX <1 IU/dl) at 3 days of age with
umbilical cord and intraperitoneal bleeding. He was also prescribed
PCC prophylaxis after initial treatment with FFP and PCC (dosages
not specified), with one report of a bleed in the right foot. The fourth
child was diagnosed with FX deficiency (FX <1 1U/dl) at 3 days of age
with umbilical cord bleeding, which was treated with FFP; however,
this patient did not begin prophylaxis (70 1U/kg PCC) until an episode
of severe haematemesis occurred 17 days later. During prophylaxis,
the patient experienced a traumatic tongue bleed and a joint bleed
temporally related to treatment omission.

During a phase 3 prospective study of pdFX efficacy as on-
demand treatment of bleeding episodes, one 20-year-old male ex-
perienced a subdural haematoma, which was treated with 15 1U/
kg pdFX, followed by an additional 46 1U/kg.** Symptoms resolved
after the first day of treatment, and the patient received daily doses
of 31-62 IU/kg pdFX for 1 week in the intensive care unit. Following
discharge, he began weekly prophylactic treatment (25 1U/kg) with
pdFX for 5 months. When no bleeding episodes occurred, he began
receiving pdFX on-demand to treat bleeds, but he experienced six
bleeding episodes over 10 months. Prophylactic treatment was then
resumed at approximately 25 IU/kg every 2 weeks, with no subse-

quent bleeds reported.

4 | DISCUSSION

The case reports, prospective studies and retrospective studies
consistently show that CNS bleeds, in particular ICH, are the most
common type of severe bleed in individuals with hereditary FX de-
ficiency and that patients appear to be at the highest risk of ICH
during the first few months of life. In most cases, CNS bleeds were
successfully treated medically with PCC, FFP or FX replacement
along with surgery. Many patients were prescribed long-term pro-
phylactic treatment after the first bleeding episode; others received
prophylaxis after a subsequent severe bleed or recurrent spontane-
ous bleeds.

For all patients with bleeding disorders, rapid and sufficient re-
placement of the deficient coagulation factor is essential to treat

severe bleeds.® However, restoration of FX:C to haemostatic lev-

e|51,50

is particularly important for patients with FX deficiency given
the key role that FX plays in the thrombin formation pathway‘l'51 The
goal is to return trough FX:C to 10%-20%, ideally increasing FX:C
to >40%, at which point patients are usually asymptomatic.>>? The
consequences of insufficient treatment are evident in the literature
reviewed here.

The importance of adequate replacement therapy is underscored
by a retrospective study in which investigators attributed seven of
15 deaths of haemophilia patients to underdosing or delayed treat-
ment.® Several studies have identified mortality rates of 20%-30%
for haemophilia patients with ICH, which the investigators also
attributed to delayed treatment.’>>* However, severe bleeding in-
compatible with survival is often the cause of death: in the retro-
spective study cited above, the remaining eight of 15 deaths were
due to the severity and type of bleed, including one untreated pa-
tient <6 months old who died during presentation due to intraparen-
chymal bleeding.®

The use of prophylaxis to reduce bleeding risk is essential for
patients with FX deficiency given the risk of spontaneous and/or
life-threatening bleeds. Patients who receive treatment are at a rela-
tively low risk of mortality, particularly after the first year of life. Of
the 125 patients with FX deficiency for whom treatment is described
in the literature, only five deaths were reported (all at <15 months of
age, with four due to ICH and one to hydrocephalus).6-26-30:40:5,56

In general, ICH in patients with bleeding disorders is often the
result of trauma.® In patients with FX deficiency, ICH is likely to be
spontaneous, to occur at an early age and to recur.>4°7°8 Patients
are at a particularly high risk of ICH in the first 6 months of life, when
FX:C levels remain low.*°

One report further describing six neonates with ICH related to
FX deficiency included in the analysis above®® described multiple
additional symptoms, including Gl bleeds, epistaxis, gingival haem-
orrhage, easy bruising, haematomas and haematuria.’® One patient
died at 15 months due to hydrocephalus, and four later developed
neurological delays or physical or learning disabilities. The only pa-
tient who survived with no severe problems received early treat-
ment with PCC, which the authors suggested was not the case for
the others. Another publication described five patients with FX de-
ficiency, all of whom had a history of multiple bleeds, including three
patients who experienced severe bleeding (ICH, umbilical bleeds,
haemarthrosis and/or haematoma) before 1 month of age. Two of
these patients were given prophylaxis with FFP and an antifibrino-
lytic, but one patient remained in a vegetative state with mental
retardation on foIIow—up.42 As demonstrated in the numerous case
reports, patients with homozygous FX deficiency often experience
their first severe bleed during the first few months of life, and this is
generally when the disorder is diagnosed (unless a genetic mutation
was previously identified in a family member).

The ideal treatment for RBDs is a single-factor concentrate that
supplies only the necessary component to achieve sufficient fac-
tor activity levels for coagulation.23 Single-factor FX concentrate is
currently considered the standard of care for both on-demand and
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prophylactic treatment of patients with hereditary FX deficiency,
but PCC products may be used where FX concentrate is not avail-
able.® Because of the increased risk of thrombosis associated with
PCCs, careful monitoring of levels of other coagulation factors is
essential. Although FFP was used more frequently than other treat-
ments in the publications reviewed here, experts now recommend it
as a secondary alternative if FX concentrate or PCC is not available.®
The use of FFP is associated with inhibitor development in some pa-
tients with RBDs, though this appears to be a greater risk with de-
ficiencies of factors other than FX. None of the publications in this
review reported patients developing neutralizing antibodies to FX.2

Most patients described in these case reports and studies were
treated before a specific replacement factor for FX deficiency be-
came available. However, pdFX, a high-purity, high-potency concen-
trate, is now available for on-demand and prophylactic treatment of
patients with hereditary FX deficiency as well as perioperative man-
agement of bleeding in patients with mild or moderate hereditary FX
deficiency.?%?2 Clinical trials published to date have demonstrated a
favourable efficacy profile for pdFX.>%%° All clinical studies of pdFX,
including on-demand, prophylactic and/or perisurgical treatment,
have reported that patients show no evidence of developing inhib-
itors to pdFX.”? %! Recently, a case series was published describing
4 neonates and infants with hereditary FX deficiency who exhibited
ICH.%2 pdFX was used for both management of acute bleeding and
prophylaxis. No breakthrough bleeding episodes were reported over

a median of more than 2 years of follow-up.

5 | CONCLUSION

Despite the rarity of hereditary FX deficiency, it is important that cli-
nicians be prepared to recognize and treat this disorder given the sud-
denness and severity with which complications may manifest. Many
patients with hereditary FX deficiency present with a severe bleeding
episode within the first few months of life. This is particularly true for
those with severe FX deficiency, in whom such episodes are more
likely to occur spontaneously. Delayed treatment or insufficient FX
replacement prolongs bleeding and increases the risk of complications
such as developmental delays (in the case of CNS bleeds), joint dam-
age (in the case of joint bleeds) and death. Treatments such as PCC
and FFP are available and widely used, but their risks include throm-
bosis, volume overload and inhibitor development (particularly in the
case of FFP). Based on the publications identified here, FFP remains
the most frequently used treatment for severe bleeding episodes in
patients with FX deficiency. However, many of these case reports
and studies were published before specific FX concentrate, which is
now the recommended treatment for such symptoms, became avail-
able.?® When neither FX concentrate nor PCC is available, FFP may
be used. FX concentrate has not been associated with the same level
of risk as FFP (eg, allergic reactions and transfusion-associated lung
injury) and PCC (eg, thrombosis)," and it has been shown to be safe

and effective in patients with hereditary FX deficiency.>%¢!
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