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Abstract: Hemophilia therapies have tremendously improved over the last decades with the 
development of prolonged half-life factor VIII (FVIII) and FIX concentrates, non-factor 
therapies, such as emicizumab, anti-TFPI antibodies or siRNA antithrombin and gene 
therapy. All of these new molecules significantly reduced the burden of the disease and 
improved the quality of life of patients with severe hemophilia. Emicizumab, a non-factor 
therapy, is currently the only subcutaneous molecule available for prophylactic treatment of 
severe hemophilia A. Because of the subcutaneous route of delivery and similar efficacy to 
FVIII replacement therapy, emicizumab has been rapidly adopted by patients and their 
families. This clinical observation emphasizes the relevance and need for the development 
of subcutaneous FVIII concentrates. Here, we report evidence-based advantages and interest 
in the subcutaneous route of administration for the treatment of hemophilia A and review the 
stages of development of the different subcutaneous FVIII molecules. 
Keywords: hemophilia A, factor VIII, recombinant von Willebrand factor fragment, 
prophylaxis, subcutaneous injection

Therapeutic Progress in Hemophilia A
Hemophilia A (HA) is an X-linked inherited bleeding disorder resulting from 
the partial or total deficiency of coagulation factor VIII (FVIII). Severe HA, 
characterized by a complete plasma FVIII deficiency, is a rare disease with 
a prevalence of 6 per 100,000 males.1 Patients with severe HA have a lifelong 
spontaneous bleeding tendency with frequent joint bleeds, muscle hematomas, 
intracranial hemorrhages, and hematuria occurring even in the absence of any 
noticeable trauma. Repeated joint bleeds lead to chronic arthropathy responsible 
for limitation of movements, pain, disability and decrease in patients’ quality of 
life.

Early prophylaxis is currently the standard of care for severe HA because it 
significantly reduces the risk of life-threatening bleeding, hemarthroses and joint 
damage, compared to on-demand therapy, which consists of treating bleeding 
episodes.2,3 The need for frequent intravenous injections, due to the short half-life 
of FVIII molecule, ie 10–14 hours, has been one of the major barriers to the 
widespread use of prophylaxis, associated with difficult vein access and afford-
ability. Thus, in the last decades extended half-life (EHL) coagulation factors have 
been developed to reduce the number of intravenous injections. Conjugation with 
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polyethylene glycol (PEG) and fusion with albumin or Fc 
fragment of IgG1 have been used to generate several EHL 
products.4 Pharmacokinetic (PK) improvements obtained 
with EHL-FVIII products were 1.3 to 1.8 fold-increased 
terminal half-life, mean trough FVIII levels between 1 and 
3 IU/dL with infusions every 3–5 days and 30% reduction 
in the number of intravenous injections.5 These character-
istics improved patient adherence to prophylaxis, quality 
of life of patients and their families and opened new 
perspectives for more personalized prophylaxis 
regimens.6 Despite the advantages of EHL-FVIII, it is to 
be noted that the improvements of PK for EHL-FVIII were 
modest compared to EHL-factor IX products produced 
with similar technologies and having 3 to 5 times- 
prolonged half-life. This difference is explained by the 
fact that EHL-FVIII molecules can still interact with endo-
genous von Willebrand factor (VWF), which has 
a relatively short half-life (~15 hours) and are cleared as 
part of the FVIII-VWF complex.7 The experience with the 
first EHL molecules allowed a better understanding of the 
mechanisms responsible for the prolonged half-life and led 
to the development of new molecules. Thus, a novel 
recombinant FVIII molecule BIVV001 was recently 
bioengineered to overcome this limited half-life extension 
issue imposed by VWF.8 BIVV001 is an EHL-FVIII fused 
to Fc fragment coupled with the FVIII binding D’D3 
domain of VWF and two XTEN linkers aiming to reduce 
degradation and clearance.9 A recent Phase 1–2a open- 
label clinical trial reported a significantly prolonged half- 
life of BIVV01 that was up to four times the half-life 
associated with standard recombinant FVIII (rFVIII), 
allowing an FVIII prophylaxis with a weekly treatment 
interval.10

Despite the improvements achieved, the exclusive intra-
venous route of administration of EHL-FVIII products 
remains a substantial source of burden for patients and 
caregivers. To date, only one non-factor therapy, emicizu-
mab, has been administered subcutaneously. Emicizumab is 
a bispecific humanized monoclonal antibody mimicking 
activated FVIII activity into the tenase complex.11 The mole-
cule, designed for prophylaxis with once a week to once 
a month regimens and delivered subcutaneously, showed 
similar effectiveness to reference molecules in patients with 
and without inhibitors.12 The transition from factor concen-
trates administered intravenously to a subcutaneous route of 
administration with emicizumab has been a strong argument 
in favor of the new drug for patients and their families.

Novel Routes for the Administration 
of Coagulation Factors
For a medication to be effective it must be administered 
appropriately. The route of administration of a drug affects 
its bioavailability, which determines both the onset and the 
duration of the pharmacological effect. The vast majority 
of treatments available for hemophilia are usually deliv-
ered intravenously. However, some subcutaneous drugs 
are used in certain situations, and research is very active 
for the development of new molecules with more conve-
nient routes of administration.

The hemostatic drug desmopressin (DDAVP) is com-
monly and effectively used in most cases of mild or 
moderate bleedings of patients with mild HA. DDAVP 
can be administered intravenously, subcutaneously and as 
a nasal spray.13 The nasal spray and subcutaneous DDAVP 
are very convenient for home treatment. Knowledge accu-
mulated through research on EHL-factors and their inter-
action with neonatal Fc receptor (FcRn) might open new 
perspectives for nasal delivery of coagulation factors to 
treat hemophilia. It is known that the prolonged half-life of 
these molecules is related to the FcRn-mediated recycling 
of the modified FVIII/FIX molecules. FcRn is expressed in 
the nasal airway and the olfactory epithelium, and we may 
speculate that FcRn may play a role in Fc-mediated trans-
port of IgG or albumin fused to FVIII/FIX across the nasal 
epithelium and might have significant potential for intra-
nasal delivery.

Recently, Nichols et al14 reported the first experience 
of orally delivered FVIII in a HA dog model. The authors 
evaluated safety and efficacy of delivering FVIII via orally 
ingestible robotic pills. Results were compared to a similar 
dose of FVIII 150 IU/kg administered intravenously or 
intraperitoneally. This early preclinical study showed that 
orally delivered FVIII restored hemostasis in HA dog. 
While waiting for the maturation of this work clinically, 
the progress achieved in adopting the subcutaneous route 
remains appealing.

Subcutaneous Coagulation Factors 
for the Treatment of Hemophilia 
A with or without Inhibitors
Subcutaneous deliveries of biotherapeutics for hemophilia, 
such as emicizumab or fitusiran (small interfering RNA 
that knocks down the synthesis of antithrombin), are con-
venient alternatives to intravenously delivered factor VIII. 
The first subcutaneous monoclonal antibodies were 
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developed and Iabeled in oncology. These drugs became 
rapidly preferred by patients as they reduced the burden of 
intravenous administrations. Subcutaneously delivered 
drugs have been proven effective, safe and are associated 
with lower healthcare costs,15 even though they have dif-
ferent pharmacokinetic profiles compared to their peers 
administered intravenously. Maximum serum concentra-
tions (C max) of these molecules are usually delayed 
because of a slow absorption rate from the subcutaneous 
tissue. In addition, a linear relationship was reported 
between molecular weight (MW) of biotherapeutics and 
the rate of lymphatic absorption. Molecules with MW 
greater than 16,000 Da are first absorbed by lymphatic 
vessels and pass through the thoracic duct, whilst smaller 
molecules cross directly through the capillary wall into the 
blood stream.16 Human FVIII is a large molecule with an 
MW of 330,000 Da; B-domain deleted rFVIII is a metal 
ion linked 80,000- and 90,000- Da heterodimer.17

The first attempt of subcutaneous FVIII administration 
was reported in the late 1990s by Spira et al.18 However, 
subcutaneous delivery of standard FVIII resulted in lim-
ited bioavailability: 5% to 10% in several animal models. 
In a mice model, Shi et al19 confirmed this observation. 
The authors investigated whether subcutaneously adminis-
tered FVIII could be transferred from extra-vascular space 
into the vascular space. They did not detect FVIII in the 
plasma following subcutaneous injection.

Fatouros et al studied the mechanisms underlying the 
low bioavailability of subcutaneous FVIII.20 They con-
cluded that subcutaneous rFVIII was inactivated in the 
subcutaneous tissue by proteolytic degradation, after bind-
ing to phospholipids. Von Willebrand (VWF) factor and 
FVIII circulate in blood as a non-covalently linked com-
plex. VWF protects FVIII from proteolytic degradation by 
phospholipid-binding proteases like activated protein C.21 

This protection is due to the binding of D3 domain of the 
VWF molecule to the C1 domain of FVIII.

In the light of this knowledge, small recombinant VWF 
fragments were bioengineered to protect FVIII from phos-
pholipid binding. Among the bioengineered VWF frag-
ments, the best bioavailability results were obtained with 
vWF-12 construct. In a recent preclinical study, FVIII was 
co-administered with this “protector” recombinant VWF 
fragment to mini-pigs22 and to factor VIII knock-out 
mice.23 Solecka-Witulska et al22 expressed the vWF-12 
fragment as a dimer of the VWF-D’D3 region containing 
amino acids 1 to 1268 of the VWF sequence fused to 
a highly O-glycosylated 31 amino acids sequence repeated 

twice at the C terminus. This VWF fragment has binding 
capacity to FVIII with high affinity (in the nM range) and 
inhibits the interaction between FVIII and phospholipids, 
which supports subcutaneous uptake of FVIII. Aachener 
mini-pigs received 100 IU/kg rFVIII co-delivered with 
VWF-12 fragment. Blood was taken prior, and 11 blood 
samples were taken at different time points up to 120 
h after drug administration, and FVIII antigen concentra-
tions were measured in each sample. The authors showed 
that the bioavailability of rFVIII alone was 2% whilst the 
co-administration of rFVIII with VWF-12 fragment 
increased the bioavailability of rFVIII to 41%.

Recently, Vollack-Hesse et al23 compared pharmacoki-
netic (PK) profiles after a single dose of rFVIII adminis-
tered intravenously (200 IU/kg) or subcutaneously (1000 
IU/kg) in the presence or absence of the VWF-12 con-
struct in a HA mice model. They confirmed enhanced 
bioavailability (up to 18.5%) of subcutaneous rFVIII co- 
administered with VWF-12. As expected, PK profiles of 
intravenous and subcutaneous rFVIII were very different. 
Subcutaneous FVIII had a slow absorption leading to 
a plasma Cmax 6 hours after drug administration and 
had 2.5-fold longer half-life compared to intravenous 
rFVIII. Pharmacodynamics of the co-administered rFVIII 
with vWF-12 fragment was evaluated with tail-clip assay 
that showed an efficient protection against bleeding during 
24 hours after a single subcutaneous injection. These pro-
mising results, obtained using VWF-12 fragment as 
a chaperone to FVIII for subcutaneous administration, 
open new perspectives for the development of novel sub-
cutaneous rFVIII molecules and an opportunity for 
patients with severe HA who may have replacement ther-
apy with a subcutaneous rFVIII.

Subcutaneous delivery of coagulation factors was 
always feared for concerns about immunogenicity, parti-
cularly for FVIII. The mice data reports that the formation 
of anti-FVIII IgG antibodies did not increase after subcu-
taneous administration compared to intravenous route, 
which plays in favor of this approach.

Preclinical studies with glycopegylated rFVIII N8-GP 
in HA mice and cynomolgus monkeys showed improved 
bioavailability of the molecule compared to standard half- 
life FVIII.24 Using this EHL-rFVIII molecule, Klamroth 
et al25 reported the results of the first human subcutaneous 
rFVIII trial. This phase 1, double-blinded, multicenter trial 
had two parts: in the first part, patients received a single 
subcutaneous (SQ) dose (12.5–25-50 or 100 IU/kg) of 
turoctocog alfa pegol (N8-GP). The second part was 
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a multiple dose study and patients received 2000 or 4000 
IU SQ. N8-GP daily during 3 months. Administered dose 
was dependent on the patient’s body weight (below or 
≥60 kg respectively). The authors studied pharmacoki-
netics, safety and preliminary efficacy of SQ N8-GP in 
previously treated patients with severe HA. The multiple 
dose study reported FVIII activity levels of 11.9% (9.0 to 
15.6) at week 1 and 9.6% (7.3 to 12.7) at week 13 of the 
study. Five of the 26 patients (19.2%) developed non- 
neutralizing anti-N8-GP binding antibodies and 1 patient 
developed inhibitors to FVIII.

In parallel, a bioengineered subcutaneous factor VIIa 
has also been developed (activated marzeptacog alfa).26 

Activated recombinant factor VII (rFVIIa), administered 
intravenously, is commonly used for the treatment of 
hemophilia with inhibitors. The molecule has a very 
short half-life of 2.3 hours (range 1.7–2.7). Activated 
marzeptacog alfa (MarzAA) is a variant of rFVIIa with 4 
amino acids substitutions. Two of the substitutions 
(Q286R and M298Q in the heavy chain) increase the 
catalytic activity of the molecule for factor X activation 
and two others (T128N and P129A, in the light chain) 
provide extended duration of biological activity. Recently, 
the results of a Phase 2 study investigating the prophylac-
tic efficacy of subcutaneous MarzAA in hemophiliacs with 
inhibitors were published.27 All patients had a baseline 
annualized bleeding rate (ABR) ≥12 events/year, as deter-
mined during the 6-months pre-treatment period. MarzAA 
was administered subcutaneously at a daily dose of 30µg/ 
kg for 50 days. The volume of subcutaneous injection was 
low (0.6 mL). Subcutaneous MarzAA prophylaxis reduced 
mean ABR from 19.8 (range 12.2–26.7) to 1.6 (p = 0.009).

Strengths and Weaknesses of 
Subcutaneous FVIII Molecules
The rationale behind the design of subcutaneous FVIII 
molecules is to overcome the difficulties of intravenous 
delivery. While peripheral venipuncture is the first choice 
for venous access, central venous access devices are fre-
quently used to facilitate repeated administration of clotting 
factor concentrates, particularly in very young children and 
adults with poor IV access. Subcutaneous route can also 
reduce the need for central venous access devices and their 
common complications, such as infection and thrombosis.28 

The development of subcutaneous FVIII concentrates may 
improve prophylaxis feasibility and patient’s adherence. 

Each intravenous injection of prophylaxis that cannot be 
performed increases the risk of breakthrough bleeds.

In addition, there are several advantages of subcuta-
neous FVIII concentrates over non-factor therapies that are 
delivered subcutaneously. These benefits include:

- The possibility of laboratory monitoring with usual, 
wildly available, easy to perform and cheap routine FVIII 
assays. The utility of laboratory monitoring is obvious in 
certain situations such as surgical settings and to indivi-
dualize therapy and tailor it to patient’s needs and lifestyle.

- No need to administer other procoagulant molecules 
in case of acute bleeding or surgery. This need persists 
with nonfactor therapy in some circumstances. Adding to 
the complexity of this scenario, where monitoring poses 
a major problem and concerns about interference between 
the two drugs persist, patients used to subcutaneous injec-
tions may lose with time the expertise and autonomy of 
intravascular administration. Subcutaneous FVIII mole-
cules may help to overcome this issue.

- Non-factor therapies do not cover any potential 
non-hemostatic role of FVIII, and the long-term impact 
of nonfactor replacement therapy in patients with no 
inhibitors is still unclear. In addition to the concerns 
about the maintenance of immunological tolerability, 
the effect of such therapies on joint health remains the 
focus of ongoing research. Indeed, several clinical stu-
dies have described osteopenia in patients with HA. 
Twenty-seven per cent of patients with severe HA 
experience osteoporosis, responsible for a significant 
risk of fracture. It has been demonstrated that FVIII 
replacement partly prevents the loss of bone mineral 
density in patients with severe HA. Some authors sug-
gest that the effect of FVIII on bone might be associated 
with the regulation of RANKL–OPG, which can influ-
ence the synthesis of osteoclasts and therefore bone 
resorption.29 Thus, if these preliminary data are con-
firmed in well-designed clinical studies, FVIII replace-
ment therapy may have a relevant advantage over non- 
factor therapies.

In addition, the main advantages of subcutaneous FVIII 
concentrates over intravenous FVIII concentrates are:

● better quality of life and comfort for patients and 
their families

● no need for central venous access devices, allowing 
to start conveniently prophylaxis at very early age

● better adherence of patients to treatment and reduced 
breakthrough bleeds
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● highest autonomy of patients with their treatment and 
lower costs

● potential lower immunogenicity as suggested by pre-
clinical studies: decreased immunogenicity observed 
in animal models with co-delivery of rFVIII and 
VWF-12 fragment is promising. Some previous stu-
dies reported that VWF protects FVIII against endo-
cytosis by dendritic cells, and reduces the 
presentation of FVIII to immune cells. Co- 
administration of FVIII with a particular VWF frag-
ment may potentially reduce the recognition of FVIII 
by the immune system. If confirmed in clinical trials, 
this will allow to study whether SQ FVIII with VWF 
can be optimal to establish immune tolerance to 
FVIII in previously untreated patients, especially 
those at high risk of inhibitor development.

However, subcutaneous route of administration may also 
have some disadvantages. Large volumes of injection may 
be an issue in young children and may require multiple SQ 
injections, which is a clear source of discomfort for 
patients.

Conclusion
In conclusion, the development of subcutaneous FVIII 
molecules is of great clinical interest, reducing tremen-
dously the burden of prophylaxis in severe HA patients, 
and therefore improving treatment adherence with subse-
quent reduction in breakthrough bleeds and better joint 
protection. However, even though a subcutaneous injec-
tion is easier to perform than an intravenous injection, it 
remains a painful procedure. Other administration routes 
that are less painful in nature and more practical for a busy 
school or professional schedule, such as the oral or intra-
nasal route, may in the future expand the recent improve-
ments offered by the subcutaneous route.
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