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BACKGROUND

Hemophilia A and B are rare, inherited X-linked recessive disorders that result in low levels of clotting factor 8 (FVIII,
Hemophilia A) or clotting factor 9 (FIX, Hemophilia B). The severity of hemophilia is classified according to the residual
amount of FVIII, or FIX produced with <1 1U/dI of activity considered severe, 1-5 IU/dL considered moderate and

>5 - <40 IU/dL considered mild hemophilia. Persons with hemophilia carry a lifelong risk of bleeding, and those with
severe hemophilia are at risk for spontaneous joint and muscle bleeding starting in the first year of life. Increasingly,
there is recognition that persons with moderate and mild hemophilia also carry a significant, albeit much smaller risk for
spontaneous joint bleeding’.

Joint bleeding typically occurs after the first year of life as children become increasingly mobile and mostly affects large
joints, particularly the knees, ankles, and elbows. With each successive bleeding event, there is damage to the cartilage
within the joint, leading to the thickening and development of new blood vessels (known as angiogenesis) which may
predispose the child to further bleeding in the joint. With repeated bleeding in the joint, there can be decreased mobility,
instability, muscle weakness, and pain as hemophilic arthropathy develops.

Prior to the availability of clotting factor concentrates, joint bleeding led to debilitating joint damage and arthropathy as well
as a reduced lifespan. Over the last thirty years however, there have been tremendous advances in the care of individuals
with hemophilia, with the development of recombinant factor concentrates, extended plasma factor half-life, and more
recently non-factor therapies. As a result, there has been a shift in the goals of treatment from increasing life expectancy
to preventing joint bleeding and protecting against joint damage and the development of hemophilic arthropathy.

HOW DO WE MANAGE BLEEDING EPISODES?

Prophylactic therapy to prevent bleeding is the standard of care for all persons with severe hemophilia and for those
with moderate hemophilia with a severe bleeding phenotype?. Primary prophylaxis refers to the routine administration
of clotting factor concentrates prior to three years of age or any major joint bleed. While primary prophylaxis can be
challenging in young children because of poor intravenous access, there is clear evidence that prophylaxis is most
effective when initiated early in life**. In a study of Dutch patients followed over two decades, patients had an 8% worse
joint score for every year that prophylaxis was delayed. More recently, the Joint Outcome Continuation Study (JOCS)
found that 35% of patients on early prophylaxis had evidence of joint damage as compared to 77% of those who started
prophylaxis after 6 years of age®.

Thankfully, in Canada, we are fortunate to have clotting factor concentrates readily available (Table 1). Thus, the vast
majority of children with severe hemophilia are started on primary prophylaxis early in life. However, primary prophylaxis
can be difficult to initiate in young children due to the difficulties associated with finding venous access (i.e. good veins).
Access challenges may then lead to delays in starting prophylaxis, suboptimal regimens, or the insertion of central venous
access devices (CVAD). It is during this time, that children with severe hemophilia are at the highest risk of developing an
inhibitor, which is the most significant treatment related complication and results in decreased response to therapy and a
markedly increased risk of bleeding.

In a Canadian study, the health-related quality of life for youth with hemophilia was comparable to the published data
for Canadian males of the same age. However, youth with severe hemophilia had lower scores in physical functioning
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and higher scores in bodily pain. The lower
physical functioning score were directly
related to their joint health and having a
history of joint bleeding. In the JOCS study
that was previously mentioned, participants

Hemophilia A Hemophilia B

EHL Eloctate (rFVIlI-Fc) Alprolix (rFIX-Fc) commented on the inconvenience and pain
Adynovate (rFVIII-PEG) Rebinyn (rFIX-PEG) of regular infusions and the limitations related
Jivi (rFVIII-PEG) to entering certain professions (e.g., the

Esperoct (rFVIII-PEG)

Table 1: Currently available therapies through Canadian Blood Services;
adapted from CBS website

military)®

However, despite early prophylaxis, patients
may still have breakthrough bleeding and
may experience subclinical or unrecognized
bleeding that can be associated with a risk
for joint damage. In a report by the PedNet Study Group, 27% of adolescents with severe hemophilia A without inhibitors
and 36% of those with inhibitors had evidence of joint damage when assessed by ultrasound®. However, when assessed
by the more sensitive MRI scan in the JOCS, over 80% of patients had evidence of joint damage in adolescence, despite
early initiation of full prophylaxis®. Together, these studies suggest, that more intense prophylaxis may be necessary to
improve long-term joint health outcomes and quality of life.

WHAT ARE SOME OF THE WAYS THIS CAN BE ACHIEVED?

The goal of prophylactic therapy has long been to keep a trough factor level between 1-3%. Recently, researchers compared
targeting trough FVIII levels of 8-12% to the traditional 1-3% in adolescents and adults’. A much larger proportion of those

in the higher trough group (67%) had zero bleeds as compared to the lower trough level group (40%). But, while there was
less bleeding by targeting higher trough levels, this approach required much more intensive factor replacement which was
burdensome and led to many more patients discontinuing the study. Recognizing that patients with a trough level of 1-3%
remain at risk for bleeding, the World Federation of Hemophilia guidelines suggest clinicians consider targeting higher trough
levels while considering patient preferences and lifestyle®. Although this data comes from patients with Hemophilia A, the
importance of achieving trough levels above 1-3% in Hemophilia B patients is yet to be established.

Patients and their families should know that the dose and frequency of factor replacement therapy needed to prevent
bleeding varies both amongst individuals and within the same individual over time. The half-life, or how long it takes for
the infused factor activity to reduce by 50%, is much shorter in young children as compared to adolescents and adults.
This means, a fixed regimen may not provide sufficient protection for all individuals. As such, measuring factor activity
after an infusion to determine an individual’s response to therapy can allow for tailoring the prophylaxis regimen to the
individual. In this way, the “right amount of prophylaxis can be given to the right patient™.

The development of extended half-life (EHL) factor concentrates has improved the quality of life in patients with severe
hemophilia by decreasing the number of infusions and allowing patients to maintain higher factor trough levels. These
EHL products utilize technologies such as PEGylation or Fc-fusion to improve the half-life of FVIII concentrates by 1.5
times and FIX concentrates by 3.5-times as compared to standard half-life products. In particular, EHL FIX products allow
for infusions every 7-14 days thereby greatly improving the quality of life for children®. Figure 1 compares the PK profile of
SHL and EHL products.

Non-factor replacement therapies are transforming prophylaxis for children with hemophilia. Emicizumab is a bi-specific
antibody that mimics the function of FVIII by bridging FIX and FX. In doing so, it achieves equivalence of approximately
10-15% of FVIII activity. Notably, unlike traditional factor prophylaxis which has peaks and troughs, Emicizumab provides
a steady level of protection without variation (Figure 1). Emicizumab has shown significant improvements in bleeding
compared to prophylaxis with clotting factors in patients without inhibitors, and similar improvements as compared

to bypassing agents in patients with inhibitors®. Emicizumab is administered subcutaneously and may be given as
infrequently as every 2-4 weeks, eliminating the need for a CVAD. Children treated with emicizumab, and their caregivers,
have reported improvements in their quality of life, with “sports and school” and “physical health” being the most improved
domains of health™. However, it remains unclear how the lack of exposure to FVIII during childhood will impact long-

term bone and joint health outcomes. Additionally, although emicizumab is used to help prevent bleeding, it will not stop
an active bleed once it has started. Therefore, a factor product is needed in conjunction with emicizumab to help control
active bleeds. Several novel non-factor therapies for prophylaxis use in patients with hemophilia A and B, both with and
without inhibitors, are currently in clinical trials.

Finally, participation in physical activities should be encouraged from a young age for the associated social, physical, and
mental health benefits. A major benefit of physical activity is the prevention of weight gain which places increased stress
on joints and is believed to result in worse long-term joint health. Children and caregivers should be counselled to wear
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Figure 1: Comparison of the pharmacokinetic profile of standard half-life (SHL) and extended half-life (EHL) factor
concentrates. Non-factor therapies (NFT), such as emicizumab, do not provide FVIII but result in clotting ability
equivalent to roughly 10-15% of FVIII activity; adapted from Berntorp et al., Blood Reviews, 2021

appropriate protective equipment such as helmets and knee pads, and the need for physical activity should be balanced.
In the JOCS, sport participation was common and did not lead to an increase in hemophilic arthropathy in children on
prophylaxis. This suggests that sport participation is related to a transient elevation in bleeding risk and may be mitigated by
the factor level at the time of participation. While non-factor therapies provide a steady-state level to prevent bleeding most of
the time, they may not be sulfficient to protect children who wish to participate in vigorous, high-impact activities or sports.

SUMMARY

In summary, most children and youth with hemophilia in Canada have an overall quality of life comparable to their peers,
despite the considerable burden of prophylactic therapy. Even with early initiation of prophylaxis, many adolescents will
have MRI evidence of joint damage, suggesting that more intensive prophylaxis may be needed for optimizing joint health
into adulthood. EHL and non-factor therapies allow maintenance of higher trough levels while reducing the burden of
prophylactic infusions. Tailoring prophylactic regimens to the individual patient based on patient preferences and lifestyle
is important to maximize long-term joint health and quality of life.
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INTRODUCTION

For patients with Hemophilia A or B, treatments have evolved significantly over the years. Standard half-life (SHL)
products have been a great option however the need for frequent treatments can be burdensome for most.

The development of extended half-life (EHL) products has the potential to provide better coverage and less frequent
infusions which can also lead to improved quality of life without compromising treatment effectiveness and safety.
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Figure 1. Evolution of Hemophilia Treatment; adapted from Dabney, 2022°
WHO CAN USE SHL AND EHL PRODUCTS?

Both SHL and EHL products are available to pediatric and adult patients who have hemophilia A or B. With some EHL
products there may be restrictions on their use, such as pediatric vs adult use, or prophylaxis vs surgical use. Be sure to
discuss these restrictions with your treatment team if you are considering using an EHL product.

When discussing either SHL or EHL products for your child with hemophilia, consider inquiring if the product has been
studied in a pediatric clinical trial. Clinical trials can provide information about important elements such as product safety,
usefulness and the occurrence of possible inhibitor development when used in children. Published clinical trial results can
be made available to you by your treatment center.

HOW DO EHL PRODUCTS WORK COMPARED TO SHL PRODUCTS?

With EHL products, a variety of innovative technologies have been used to prolong the half-life of recombinant factor VIl
(8) (rFVIII) and recombinant factor IX (9) (rFIX) protein. These technologies include fusion of the fragment-crystallizable
(Fc) part of immunoglobulin G (IgG) or albumin to recombinant protein and attachment of a polyethylene glycol (PEG),
which groups to the protein and results in pegylation®. Products using Fc fusion allow factor to use a naturally occurring
biological pathway for the extension of half-life. Pegylated products contain a synthetic molecule that increases the half-
life by allowing the factor to be eliminated from the body at a slower rate. SHL products are considered much simpler in
their structure as they are either plasma-derived or they use standard recombinant technology, however their half-life is
typically shorter as compared with EHL products.

WHAT ARE SOME OF THE BENEFITS OF USING EHL PRODUCTS COMPARED TO SHL PRODUCTS?

Each individual may respond differently to treatment. Some benefits of EHL therapies include fewer injections and higher
trough levels compared with SHL products which may result in better protection against spontaneous bleeding events.
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Table 1 contains examples of currently available EHL and SHL FVIII and FIX products.Personal goals & individualization
of prophylaxis.

When discussing the differences between SHL and EHL products, your personal goals play an important role in ensuring
that an individualized approach is considered during conversation with your hemophilia care team?®. For example, you
may be a very active individual in sports, or you may have a very physically demanding job. Your factor choice, dose and
regimen will look very different as compared to someone with a desk job, who may be more sedentary. If you bleed very
easily or have target joints that have had numerous past bleeds resulting in joint damage and subsequent hemarthrosis.
Again, your choice of product, dosing and treatment regimen will vary compared to someone that hasn’t experienced
these same issues. These scenarios can hold true for both adult and pediatric patients with hemophilia. Additionally, there
may be important life changes such as starting a family, a new job or going away to school that can influence your factor
choice and the regimen that fits in with these new life changes.

The use of SHL products continues to be a sought-out treatment approach for many adult patients with hemophilia. Some
adult patients prefer to treat themselves daily with a low dose approach. The benefit of this approach is that patients will
have good knowledge of where their factor levels are throughout a 24-hour period and patients will have incorporated
infusions as part of their daily routine, making them less likely to miss treatments. The downside to using SHL therapies
on a daily basis is that patients would have to be comfortable with giving themselves daily needles and would need to
have excellent venous access. Patients will also need to have a large inventory of factor therapy at home which can take
up a lot of space.

Another approach that may be considered with SHL therapy is a regimen of every other day or two-to-three times a week.*
These prophylaxis regimens have been used by hemophilia treatment centers for years in both the adult and pediatric
population. The benefit with this type of regimen is that it results in a lower frequency of infusions, resulting in less needle-
sticks and a lower amount of factor needed to keep at home. For many, this approach is easy enough to keep incorporate
into a weekly routine, for others it may not fit, which can make it easy to forget. The downside to the SHL approach of
every other day or two-to-three times per week is that it is still requires many injections and in spite of the intensity of the
treatment regimen, patients may still encounter periods between infusions where they are left with low factor levels. This
could leave patients unprotected until such time that the next infusion is required. Data from real world utilization shows
that patients who switch from SHL to EHL products have improvement in their bleeding outcomes.

The introduction and utilization of EHL products has provided benefit for those who struggle with maintaining a frequent
and regular prophylaxis routine, while also providing a great option for those who may have difficult venous access. EHL
products offer the possibility of less frequent infusions such as weekly or even biweekly for adults with hemophilia B,

while still providing excellent factor levels for effective bleeding coverage compared to the SHL products®. Less frequent
infusions result in fewer needle-sticks, and the need for a lower amount of factor needed to be kept in the home or when
traveling. Patients with hemophilia A likely won’t be able to extend their time between infusions as much someone with
hemophilia B, however EHL products will still provide those patients with hemophilia A with more options for individualizing
their treatment approach and optimizing their coverage during and between treatments.

Exercise and Sports

Regular exercise throughout a person’s life with hemophilia is important. Traditionally with SHL products, prior to any type
of sports or physical activity, patients with hemophilia would have to treat prophylactically just prior to the activity in order
to ensure high enough factor levels to protect against trauma. This would be necessary because of the short half-life

of the SHL product, keeping in mind that factor levels would have already gone down to a baseline level since the last
prophylactic treatment. Research has also shown us that every patient’s genetics are unique with respect to the factor
level needed to help prevent bleeding episodes®. Using a patient’s previous bleeding history and pharmacokinetic (PK)
profile with the product that they are currently taking, may provide valuable information that can further guide appropriate
treatment.

A PK assessment is not necessary when starting on an EHL product, however, knowing what the patient’s PK profile looks like
will allow the hemophilia treatment center to plan out a treatment regimen that works best for the patient’s activity schedule.”

Traveling

Traveling with SHL products requires significant preparation including planning for storage space. Having to pack many
bulky boxes of factor concentrates and supplies (needles and syringes) for these items can fill up a patient’s carry-

on luggage. On the other hand, traveling with EHL products can be more convenient, as generally patients do not

need to pack as many treatments and supplies. Most SHL and EHL products have been approved for storage at room
temperature, up to 25°C or 28°C for periods of 3 to 12 months, depending on the product. Always check the product’s
package insert for specific storage recommendations or ask your hemophilia treatment center.
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WHAT ABOUT NONFACTOR MEDICATIONS?

Hemlibra®(emicizumab) is a nonfactor medication approved for use in Hemophilia A patients with some restrictions.
Please ask your hemophilia care team about these restrictions and how they might impact you. Hemlibra is a monoclonal
antibody that functions in place of the missing factor VIl in people with Hemophilia A. It is used to help prevent bleeding
but will not stop an active bleed once it has started. Therefore, a SHL or EHL factor product is used in conjunction to

help control bleeding. Hemlibra is administered under the skin (subcutaneously) every 1 to 4 weeks depending on your
personalized treatment plan. There are also nonfactor medications in clinical trials for adults and children affected with
Hemophilia B.

CONCLUSION

A good understanding of the differences between SHL and EHL products offers those with hemophilia the ability to better
individualize their treatment options and to choose the therapy that works best for their lifestyle. For certain patients,
treating with low dose factor on a more frequent schedule may be the best option and for others it may be higher doses
and fewer injections. The nonfactor medications can provide patients with coverage alongside reduced burden of care,
however patients should take note that these therapies will not stop an active bleed once it has started. Therefore, a
factor product is needed in conjunction with these nonfactor medications to help control active bleeds. Understanding
products that are currently available allows patients and their families to revise treatment plans in alignment with their
ever-changing lifestyle and needs. The right treatment option can be achieved through open communication with your
hemophilia treatment center. Having an individualized treatment plan has the potential to improve quality of life.
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BACKGROUND

Patients with severe hemophilia (coagulation factor < 1% of normal) can experience spontaneous bleeding (i.e., bleeding
for no apparent reason/in the absence of notable trauma), and these bleeds can occur in the joints, muscles, and soft
tissues. Patients may also experience excessive bleeding following trauma or surgery.

Treatment of patients with hemophilia involves the administration of clotting factor concentrate (CFC) either in response
to a bleeding episode or to prevent these episodes (prophylaxis). These must be given intravenously. An alternative
approach for the prevention of hemorrhages that does not involve factor replacement in severe hemophilia A specifically
consists of the subcutaneous administration of a monoclonal antibody (emicizumab) that mimics the activity of FVIII.
The goal of this therapy is to avoid all bleeds, with the aim of ensuring that patients are protected from the detrimental
consequences of bleeding episodes. In situations where a bleed does occur, clotting factors are needed to manage those
acute situations. These consequences can develop acutely (e.g. a life-threatening, major gastrointestinal bleeding episode)
or may also have chronic, long term consequences, including bleeding into the joints (hemarthrosis) as shown in Figure 1.
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Figure 1. Difference between a healthy joint and one with hemarthrosis

In fact, in the absence of prophylaxis, patients with severe hemophilia can experience recurrent joint bleeds, most
frequently in the knee, ankle and elbow joints. These repeated bleeding episodes are the cause of joint damage which
results in chronic pain, functional limitations, joint deformities, and difficulty with activities of daily living; ultimately, this can
impact the health-related quality of life (HRQoL) of people with hemophilia.

Prophylactic replacement therapy is very effective in preventing bleeds and reduces or even prevents subsequent
haemophilic arthropathy? Numerous studies have tried to assess the burden of haemophilia on HRQoL3*#. The EQ-5D is
one of the most frequently used disease non-specific generic tools for assessing HRQOLS? together with the 36 -item Short
Form Survey (SF36)°. However, a specific tool for hemophilia has also been validated and used in several studies (Haem-
A-QoL)?

The relationship between joint health and health-related quality of life has been explored recently and is an important
consideration for patients. The main results of these studies are discussed in this article.

RESULTS FROM A MULTI-CENTER STUDY IN THE UNITED STATES: JOINT HEALTH AND QUALITY OF LIFE IN
SEVERE HEMOPHILIA A.

In the USA, data collected from May 1998 through September 2011 at hemophilia treatment centers were used to explore
the association between joint disease and quality of life”. The study looked at 1859 males (>14 years of age) with severe
haemophilia A who had completed at least one quality of life survey. Interestingly, researchers found that there was a
strong association between joint disease and quality of life in this study. Patients with indicators of joint disease were
found to have a substantially decreased health-related quality of life within each age group. The results suggested that
this risk factor alone (joint disease) is primarily responsible for the decreased quality of life observed in persons with
severe haemophilia. Interestingly, after considering the presence of joint disease, bleeding episodes did not appear to
have a significant direct impact on quality of life.



HRQOL IN SEVERE HEMOPHILIA A AND B: RESULTS FROM A WESTERN EUROPEAN STUDY.

An analysis from Europe conducted in 20188 provided insights into how joint damage can influence quality of life . This
study included patients with severe haemophilia A and B from five European countries (France, Germany, ltaly, Spain, and
the UK) who averaged 37 years of age.

Almost two-thirds (61.0%) of these patients were on factor prophylaxis therapy at the time of the study. Overall, the
findings of this analysis suggested an association between musculoskeletal complications of haemophilia and quality of
life: patients with no recorded target joints affected by their hemophilia had the highest mean quality of life scores; also,
the number of target joints affected by hemophilia was inversely correlated with both scores.

HAEMOPHILIA JOINT HEALTH SCORE AND HRQOL: RESULTS FROM NORTHERN EUROPE

In another study with hemophilia A patients from Denmark, Norway and Sweden it was shown that an increase in

a patient’s hemophilia joint health score was significantly associated with a reduced quality of life score. This study
confirmed the significance of the impact of joint manifestations on quality of life among people with hemophilia. Other
studies from Greece, Korea, France, The Netherlands and Belgium have also supported the data that has been presented
and confirms that there is a strong association between quality of life and joint health.

CONCLUSIONS

Joint health has been shown to have a significant impact on the quality of life of patients with hemophilia A and B in
numerous studies. The prevention of the detrimental, long-term consequences of the joint bleeding remains an important
goal of prophylactic therapy. A continued effort to reduce the risk of joint damage among patients with hemophilia with
adequate prophylaxis, particularly beginning at a young age, is important in order to reduce the potential future burden on
their quality of life.
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