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Hemophilia A, also called factor VIII (FVIII) deficiency or
classic hemophilia, is a genetic disorder caused by deficient
or missing factor VIII, a major clotting protein. Thus, it is the
majority of hemophilia cases (~85%), occurring at a
frequency of roughly 1 out of 5,000 males worldwide.
Currently, about 75% of the hemophilia community take a
recombinant FVIII product. In which Octocog alfa
antihaemophilic factor (trade name: Advate, rAHF-PFM) is a
third-generation recombinant human full-length coagulation
FVIII.
The published data suggest that rAHF-PFM is safe and
effective for the prevention and treatment of bleeding
episodes and perioperative management in patients with
hemophilia A.

_______________________________

Recombinant human coagulation factor VIII has become one
of the major choices to treat hemophilia A since the
introduction of plasma- or albumin-free purification
technique. As the first third-generation recombinant human
full-length
coagulation
factor VIII,
Octocog
alfa
antihaemophilic factor (Advate, rAHF-PFM) has been
gradually applied to treatment or prevention of bleeding
episodes for patients with hemophilia A. To better recognize
its efficacy and safety profiling as well as clinical
applications in these patients, we systematically assessed
all relevant studies. These studies indicated that rAHF-PFM
is safe and effective for the prevention and treatment of
bleeding episodes and preoperative management for
patients with hemophilia A.
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INTRODUCTION
Hemophilia A, an X chromosome-linked bleeding disorder, is caused by the mutations in the gene encoding
coagulation factor VIII (also known as FVIII), which result in deficient or dysfunctional coagulant activity of
the factor VIII. Hemophilia A, the majority of hemophilia cases (~85%), occurs at a frequency of roughly 1
out of 5,000 males worldwide [1,2]. According to a global survey across 109 countries conducted by the
World Federation of Hemophilia (WFH), 142,205 people were diagnosed as hemophilia A, and 9,675
patients from China (http://www1.wfh.org/publications/files/pdf-1574.pdf). However, there were an
estimated 80,000 - 120,000 patients with hemophilia in China (http://www.hemophilia.com.cn), but only
10,652 patients were registered online, of whom 9,055 (85%) were diagnosed with hemophilia A.
FVIII is a glycoprotein that acts as a cofactor responsible for the activation of factor X (FX) via activated
factor IX (FIX), and therefore, deficient or dysfunctional FVIII can attenuate or abolish the formation of a
normal clot at the site of injury [2-4] leading to various bleeding symptoms for affected patients. In clinical
settings, the severity of hemophilia A is correlated negatively with the levels of FVIII activity. Therefore,
hemophilia A can be categorized as mild, moderate, and severe, as measured with 5 - 40%, 1 - 5%, and
<1% of the normal levels of the factor VIII, respectively. In China, patients were diagnosed as severe
(25.7%), moderate (56.9%), and mild (17.4%), respectively, in an investigation of 926 cases [5].
Bleeding and bruising at the sites of the joints, soft tissues and muscles are two major clinical
manifestations of hemophilia A. Therefore, it is not difficult to understand why patients with severe
hemophilia have bleeding after injury, trauma or surgery, and spontaneous bleeding in the joints, muscles,
and internal organs. In contrast, patients with moderate hemophilia may experience some bleeding
episode only after injury, whereas patients with mild hemophilia may experience some bleeding episode
after surgery or severe injury. However, addition of exogenous FVIII would be required for affected patients,
regardless of knowledge of their severity of disease.

THE HISTORY OF TREATMENT OF HEMOPHILIA A
Alternative treatment with FVIII has long been the major treatment of choice for hemophilia A. This has
evolved from the use of whole blood, fresh plasma, or cryoprecipitate to the use of highly concentrated and
purified plasma-derived or recombinant relevant products. An important discovery in 1964 was that large
amounts of FVIII concentrated in the fraction plasma cryoprecipitate made this replacement therapy of
bleeding episodes more specific and effective than before [6], characterized by the transfusion from the
infusion of fresh frozen plasma to the production of lyophilized concentrates of coagulation factors. Since
then, the high-purity and more stably concentrated coagulation factors have been achieved by improving
purification methods and adding additive chemicals. During the period of the 1970 - 1980s, the
application of plasma-derived factor concentrates in therapy has reduced bleeding events and extended
life expectancy of patients with hemophilia. Therefore, large quantity of such concentrates obtained from
sufficiently pooled plasma from the donors is required to meet huge medical needs. Unfortunately, replace
treatment of hemophilia with plasma-derived concentrates has resulted in dramatically increased
infections of immunodeficiency virus (HIV), and consequently thousands of patients with hemophilia died
of acquired immunodeficiency syndrome (AIDS) in the United States in the 1980 - 1990s due to
widespread use of blood-derived commercial concentrates [7]. In addition, patients with hemophilia who
received the replace treatment are at increased risk for infections of some other infectious diseases, such
as hepatitis A (HAV), hepatitis B (HBV), or hepatitis C (HCV). However, the risk of viral transmission has
been greatly reduced with the implementation of virucidal methods, such as pasteurization and nucleic
acid amplification testing for the products of plasma-derived factor concentrates from human donated
plasma [8, 9].
In the last two decades, blood-borne transmission of hepatitis viruses or HIV has been overcome mostly by
the greatly improved safety of plasma-derived products [10]. On the other hand, with the rapid progress
made in DNA technology, the recombinant FVIII (rFVIII) concentrates have been developed as a safer
alternative to plasma-derived products since the FVIII-coding gene was cloned in 1984 [11-13] and the
rFVIII can be produced by genetic engineering [14]. Three years later, the first clinical research study about
the efficacy of the first-generation full-length rFVIII product was reported for two patients with hemophilia A
[9]. The first- and second- generation products were prepared in a mammalian cell system, some of which
contained human plasma proteins due to the use of human- or animal-derived materials, and therefore
risk of transmission of pathogenic agents still exists, in particular previously unknown pathogens [15]. In
contrast, the third-generation products do not use any additional animal or human proteins in the process
of the production, almost eliminating all potential risk of transmission of blood-borne pathogens [16].
Accordingly, rFVIII concentrates, in particular their third-generation products (Table 1), have been proved to
be safer alternatives to plasma-derived products.
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Table 1. Characteristics of currently available recombinant factor VIII concentrates

…………………………………………………………………………………………………………………………………………………

THE THIRD-GENERATION RECOMBINANT ADVATE
The plasma- and albumin-free, Octocog alfa antihaemophilic factor (trade name: Advate, rAHF-PFM) is a
third-generation recombinant human full-length coagulation FVIII, without any human or animal blood
derived additives throughout cell culture and formulation. rAHF-PFM, a dimeric glycoprotein that
constitutes 2,332 amino acid residues with a molecular mass of approximately 280 kDa, has a similar
amino acid sequence to that of human plasma derived FVIII. It is secreted by the CHO cells transfected
with FVIII gene, and is purified from the culture medium by preparation chromatography (Figure 1) [17].
Further studies have documented that lyophilized rAHF-PFM is stable under the different conditions (e.g.,
92% residual factor VIII activity at 5℃ for 30 months, 80% at room temperature for 18 months, and 84%
at 40℃ for 3 months) [18] and is also stable during the period of continuous infusion [19]. In patient care,
lyophilized rAHF-PFM is extensively used for the prevention and control of hemorrhagic episodes and
perioperative management in patients with hemophilia A.

Figure 1. The use of rAHF-PFM (Advate) for hemophilia A patients by the substitution of endogenous coagulation
factor VIII.

…………………………………………………………………………………………………………………………………………………
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The pharmacokinetic profile of rAHF-PFM is similar to that of Recombinate (a first-generation recombinant
factor VIII antihaemophilic factor) [20], as estimated with area under the plasma concentration versus
time curve (AUC), adjusted recovery, plasma half-life (t½), peak drug plasma concentrations (Cmax), mean
residence time (MRT), and volume distribution at the steady-state (Vss) [17,21]. Further clinical studies
have revealed that AUC, incremental recovery, and terminal phase t½ are lower and clearance is higher in
infants and children than in adolescents and adults, as summarized in Table 2 [21-24]., and that the
intrapatient variability of rAHF-PFM pharmacokinetics is uniformly less than the interpatient variability by
comparison with short- and long-term exposure [24]. Patients receiving the same dosage of rAHF-PFM may
have varying levels of FVIII. For infants or young children, the elimination rate of rFVIII (t½ or clearance) is
associated with the annual incidence of all joint bleeds [23].; moreover, t½ and the intervals of dosing had
a larger effect on FVIII trough concentrations and time per week with FVIII < 1 IU/dl than in vivo recoveries
(IVR) and infused dose per kg. In addition, the relationship between the pharmacokinetics of rAHF-PFM
and body weight is thought to be useful for the dose adjustments of rAHF-PFM to achieve adequate rAHFPFM target levels [25]. Recently, Valentino et al reported that BAX 855, a pegylated form of unmodified
rAHF-PFM, provided a longer duration of protection from haemarthrosis than did pretreatment with
unmodified rAHF-PFM by improving the pharmacokinetic and pharmacodynamics properties [26].

-1

Table 2. Pharmacokinetic parameters of Advate following a single infusion of 50 IU Kg according to published
a
b
literature. AUC∞, area under the plasma concentration-time curve from zero to infinity; yrs, years; Advate PI 08022013

…………………………………………………………………………………………………………………………………………………

As for the application of rAHF-PFM for the prophylaxis and treatment of bleeding episodes in patients with
moderate or severe hemophilia A, accumulated data have suggested the efficacy of rAHF-PFM. Five
prospective clinical research studies on efficacy of rAHF-PFM were pooled to show that 88% of 1,724
bleeding episodes were categorized as ‘excellent/good’, and that 90% of bleeding episodes were managed
with one or two infusions. In addition, patients who received prophylactic therapy and complied with at
least the minimum prescribed doses and infusion intervals had a significantly lower frequency of bleeding
episodes than those who were noncompliant to the therapy [27]; moreover, a post hoc analysis has also
revealed that compared with on-demand therapy, both standard factor (F) VIIII prophylaxis and
pharmacokinetic-tailored prophylaxis with FVIII significantly reduced annualized joint bleeding rate [28]. In
addition, a meta-analysis based on 120 patients revealed overall median annualized bleeding rate (ABR)
was 2.0 [29]. All the released studies indicated that rAHF-PFM has acceptable effectiveness for ondemanded or prophylaxis treatment for hemophilia A in adults and children.
The safety of rAHF-PFM is also concerned in its clinical applications. Adverse events (AEs) and inhibitor are
the two major aspects of its safety profiling. An updated study integrated analyses of 12 clinical
interventional studies of rAHF-PFM used for haemophilia A, and showed that 93 AEs were reported to be
related to use of rAHF-PFM in 45 of 418 patients (10.8%), of which most AEs were reported as FVIII
inhibitors, pyrexia and headache, and 81.7% of the AEs were considered mild or moderated [30].
Moreover, another study based on a post-authorization safety study (PASS) global program has also
demonstrated that 5 of 83 treatment-related AEs were reported to be serious AEs (with the exception of
FVIII inhibitor development) in 5 patients (5/1188) [31]. These integrated studies showed the rarity of AEs
after use of rAHF-PFM.
For patients with hemophilia A, the development of inhibitors remains the most serious complications that
are frequently triggered by the treatment with FVIII replacement therapy. As reported, inhibitors occur in
approximately 30% of individuals with severe hemophilia, and increase the risk of uncontrollable bleeding
and disability, particularly arthropathy, making the treatment of bleeding episodes more difficult [32-34].
Regardless of the presence of little or no amount of any animal- or human-derived proteins during the
process of production, FVIII inhibitors would be produced in patients with hemophilia A
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treated with recombinant FVIII [35]. For rAHF-PFM, Tarantino et al. reported that approximately 1 of 108
previously treated patients was inhibitor-positive after 26-day exposure [21]. In contrast, Guenter et al.
reported that the inhibitor was developed in 16 of 55 (29.1%) patients who received at least one infusion
of rAHF-PFM, and that non-Caucasian ethnicity, and high intensity treatment were associated with high risk
of inhibitor development [36]. Recently, a integrated analysis of safety data from 12 clinical interventional
studies of rAHF-PFM for haemophilia A was reported, which documented that 4.06% (17/418) patients
developed inhibitor [30], consistent with the results reported as 2% (21/1188) derived from a metaanalysis of ADVATE-PASS studies. In addition, none of 219 patients with low-titer inhibitors or inhibitor
history, were found positive for a high-titer inhibitor during the period of study (an average of 196 days)
[29]. Furthermore, in another study of 12 patients with high-titer inhibitors who were enrolled for received
immune tolerance induction (ITI) by rAHF-PFM, a high incidence (75%) of tolerance for inhibitors was
achieved, including 7 of 10 patients (70%) with high-titer inhibitors [37]. As summarized in Table 3, the
accumulated clinical studies suggest that rAHF-PFM is a safe rFVIII for hemophilia A in patient care.

Table 3. Inhibitors derived from patients receiving rAHF-PFM according to the literature. HA: haemophilia A; PUP:
previously untreated patient; IU, international unit; MTP: minimally treated patient; OD: on-demand; BI, bolus infusion; yrs,
years; mos, months; wks: weeks; *Part of data were from Auerswald et al., Shapiro et al., Blanchette et al. and Tarantino et al.
(2004); †Part of data were from Tarantino et al., Blanchette et al. and Negrier et al.

…………………………………………………………………………………………………………………………………………………

CURRENT STATUS OF APPLICATIONS OF ADVATE IN CHINA
Hemophilia care in China has made rapid progress with the fast development of national economy and
further improvement of healthcare conditions in the recent two decades. However, fundamental changes
began in 1993 with the involvement of WFH to help set up a foundation of comprehensive care in China. In
2004, under the help of WFH, the Hemophilia Treatment Centers Collaborative Network of China (HTCCNC)
constituting 6 centers (Beijing, Tianjin, Jinan, Hefei, Shanghai, and Guangzhou) was established to develop
special strategies for improving hemophilia care, such as registration in Tianjin, nursing and prophylaxis in
Guangzhou, laboratory diagnosis in Shanghai, and physiotherapy in Beijing. To date, the health care for
hemophilia A in China has made greater achievements in the education for hemophilia A care [38,39],
laboratory diagnosis [40-43], prenatal diagnosis [40], secondary prophylaxis [44], and comprehensive
therapy [5].
Nowadays, like most other countries, replacement therapy of plasma-derived and rFVIII concentrates has
been widely applied for patients with hemophilia A in China. However, plasma-derived FVIII concentrates
produced by the China’s companies possessed the major share of the marketed products, and patients
with hemophilia A may be at increased risk of blood-borne infections. A retrospective study of Chinese
patient cohort with hemophilia revealed that 12.62% of 926 patients were infected with HCV, and 0.22%
HIV-positive [5], 4.5% - 10.4% HBsAg-positive, and 39.6% - 45.5% HCV-Ab-positive [45,46], rFVIII with lower
risk of transmission of blood-borne infections has been accepted as the best choice for replacement
therapy. Up to date, the rFVIII products that will be used in clinical settings in China are largely imported
after official approval of the three categories of rFVIII (Kogenate FS®, in 2007; Advate® and Xyntha® in
2012). Currently, there are 2 available clinical research studies on rAHF-PFM in Chinese patients [5,47]
due to the short history of use of rAHF-PFM. A multicenter prospective clinical study was reported by Zhang
et al to evaluate the efficacy, safety and immunogenicity of rAHF-PFM in patients with
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hemophilia A [47], in which 58 patients (8 severe, 45 moderate, and 5 mild) were enrolled for 6 months of
treatment, and the response to the first rAHF-PFM treatment was grouped as either ‘excellent’ (82.8%) or
‘improved’ (17.2%) in all subjects, with an inhibitor of 4 Bethesda units measured in one patient at clinic
visit on day 180 after discharge. A retrospective analysis of 1,226 Chinese patients with haemophilia
reported that, of 102 patients treated with the third-generation rFVIII (Xyntha® or Advate®), inhibitors were
measured in 3 patients (two from Advate® and one from both Advate® and Xyntha®) after rAHF-PFM
treatment. In contrast, after 110 patients were treated with both plasma-derived FVIII and rFVIII, 8 were
inhibitor-positive, but only one was derived from rAHF-PFM. The incidence of the inhibitors was ranked in
an ascending order as follows: 2.9% for the third-generation FVIII (Advate® and Xyntha®), 10.5% for the
first-generation FVIII, 11.0% for the second-generation FVIII, and 14.3% for plasma-derived FVIII. In
general, the use of rAHF-PFM in Chinese patients with hemophilia A is well tolerated for the excellent
safety and efficacy and low rate of inhibitor formation [48].

THE FUTURE OF HEMOPHILIA A TREATMENT
Haemophilia A is a genetic deficiency in clotting factor VIII. Currently, the alternative treatment with FVIII is
the major choice for hemophilia A. Gene therapy could be an ideal treatment for this disease ultimately. In
the past decades, clinical trials based on gene therapy have achieved a goal in the production of the active
factor VIII mediated by the virus vector [49]. In the future, the development of genome editing technology
[50], in particular the improvement of precise genome editing, will provide a useful method for the
haemophilia A gene therapy [51]., which will make an era for haemophilia A patients.
In conclusion, rAHF-PFM has been shown to be safe and effective for the prevention and treatment of
bleeding episodes and perioperative management in patients with hemophilia A. As prophylactic treatment
regimen, rAHF-PFM is more effective in preventing bleeding episodes than on-demand therapy. In China,
rAHF-PFM has been officially approved for patients with hemophilia A for two years according to its clinical
safety and effectiveness in patient care.
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