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= These findings indicate that patients
may have unrecognized bleeding
episodes, which could contribute to the
development of hemophilic arthropathy
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Joint Health Is a Contributing Factor to QOL

= QOL scores in people with hemophilia vary based on multiple different
factors: Age, severity of hemophilia, history of long hospitalizations,
frequent visits to doctors, and joint health
= QOL is significantly decreased by
—z2 target joints
—Higher frequency of joint pain
—History of joint surgery
= Moderate-to-vigorous physical activity has been documented as
decreased in people with hemophilia compared with controls
(34.6 min/d vs 65.2 min/d)
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Known Variables That Influence Joint Damage

Gene mutations

= F8 or F9 genes -> inversion, deletion, insertion, and nonsense mutations
are associated with increased risk for a severe phenotype

= Genes encoding for homeostatic iron regulator protein (HFE) >
increased number of hemarthrosis and number of affected joints

= Inflammatory and immune genes (NOD2, TLR10, HLA B27) >
increased risk of range of motion abnormalities or greater risk of synovitis

Non-modifiable genetic ch. have infl
that can alter phenotype
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Known Variables That Influence Joint Damage
(cont)

BMD and physical activity
= People with hemophilia have decreased BMD
— Correlation, not causation
— Decreased BMD may be secondary to increased pain and thus
decreased activity
= Increased activity, specifically weight-bearing activity, may improve
joint health
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Known Variables That Influence Joint Damage

((ORR (cont)

Prophylaxis

= Starting prophylaxis early
(aged 2-3 years) reduces

16

the risk of arthropathy ‘sg e

= Continuing prophylaxis E§ 12
throughout life and ES

remaining adherent

to prophylaxis have §
been associated with <5 o4
decreased joint changes

= Initial prophylactic goal of >1% -
factor activity is inadequate for all _ » Escioar: @ Sporsancaus ¥ Treumasc
patients with hemophilia @

population PK

>20% FVIII activity offers greater B A

protection from bleeding. ’é-‘é
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Increased Protection From Bleeding Can Lead to
12. Increased Physical Activity

= Providers do make recommendations to increase factor dosing or
time factor dosing with higher intensity activities

= Case series of patients on Fc-fusion proteins allows for
individualization of factor dosing to facilitate various sporting activity

= Patients in Explorer7 clinical trial demonstrated 30 minutes of
additional moderate-to-vigorous physical activity per day (12 hours
awake) on concizumab compared with pre-concizumab prophylaxis
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13 Modern Therapy for Patients With Hemophilia

= As prophylactic therapy has been more readily adopted and
newer/easier prophylactic options have become available, patients with
hemophilia have experienced life-changing benefits
— Bleeding prevention = protection from joint damage and life-threatening

bleeding = decrease in missed school/work, increased physical activity,

and QOL improvements > normal life expectancy

= Increases in physical activity include ADLs as well as sports/physical
activity participation

= Complete understanding of optimal prophylaxis is not fully established
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Mitigating Hemophilic Arthropathy:
A Growing Recognition of the

sence of Subclinical Bleeds
and a Need to Stop Them

[Guy Young, ZEZ/E1H]

GF, R, Allison. XA XFERATIE
AARH . FRIUAE Z R R IX BRRR WM IR H
Mo SR AR VE SRR . ORGEE Z  AR
38 SV st PAS H I 0 A7 A A S BHL 1 B 8% MY i fR) 06 22
.

Guy Young, =241+
Allison P. Wheeler, [E241# -+, MSCI
Roberta Gualtierotti, [ 2181

22 5'a 7, £33




15.

oA IR R (AR TR IR KU 73 2 0 M I TR VR N B 1A Sl (14 S

What Is the Goal of Hemophilia Treatment?

= |s it to prevent bleeding?
— Studies of new drugs use bleeds/ABR as the primary endpoint

= s it to maintain healthy joints?
— Sure, this is perhaps more important goal, but...
— Not all damaging bleeds are in the joints

16.
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What Is the Goal of Hemophilia Treatment? (cont)

My thoughts:
= Hemophilia treatment should be aimed at preventing the permanent
sequelae of bleeding in any part of the body

— While preventing overt bleeds is a big part of this and is what studies
measure, we must be aware that subclinical bleeding can also result in
joint damage

— We also need to be able to prevent overt and subclinical ICH

+ How often due small brain bleeds occur and are they “damaging”?
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So Why Is ABR the Outcome of Choice?

= |t is relatively easy to measure

= [t takes months to years to get meaningful results with
subclinical bleeding as an outcome measure
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Acute Hemarthrosis
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20.

End-Stage Arthropathy

21.
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The Classical View of Joint Disease in Hemophilia

Joint
bleed

Target joint

s I s

Joint
bleed
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End-stage
joint
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Are All Bleeds Symptomatic?

Let's do a thought experiment
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Are All Bleeds Symptomatic? (cont)

Can 1RBC
in a joint be
symptomatic?

How about
3 RBCs?
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Are All Bleeds Symptomatic? (cont)

What is the
threshold amount of blood
that results in a bleed
being symptomatic?
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Symptomatic Bleed Threshold

= Different between patients (different pain threshold)

25.

= Different for each patient over time
— Changes as patient grows from a child to an adult

= Different for every joint bleed within each patient
= Other reasons
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26.

How Much Blood Is Needed to Result in a Bleed?

= We don't know

= This has not been, and with our current technology cannot be, studied
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Subclinical Bleeding

= There is no direct evidence for this, but that would be difficult to prove

= We do, however, have indirect evidence for the existence of
subclinical bleeding
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Joint Outcome Study

The NEW ENGLAND
JOURNAL o MEDICINE

Prophylaxis versus Episodic Treatment to Prevent Joint Disease
in Boys with Severe Hemophilia
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Joint Outcome Study (cont)

= Patients on prophylaxis from ~1 year of age
= Joint bleeds collected over time

= MRI at start and conclusion of the study at ~6 years of age
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Joint Outcome Study (cont)

-3

Joint damage in some patients
in the absence of joint bleeds
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31.

Joint Outcome Study (cont)

pth

Magneti ance imaging in boys with severe hemophilia A:

gnetic reson:
Serial and end-of-study findings from the Canadian Hemophilia
Primary Prophylaxis Study
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32.

12

Plain films show patients
with joint damage in spite
of zero or few bleeds

X-ray Score
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33.

Joint Outcome Study (cont)

MRI shows patients
with joint damage in spite
of zero or few bleeds

IPSG MRI Total Scare
(individual joint)
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ORIGINAL ARTICLE Musculoskeletal

Identification and long-term observation of early joint
damage by magnetic resonance imaging in clinically
asymptomatic joints in patients with haemophilia A or B
despite prophylaxis

performed over a 10-year span

E 14
25|12
820
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MRI scores in the study group (n=26)
higher score indicates higher abnormality

34 Somewhat More Direct Evidence

Haemophilia

Study Design
35.

= Patients on prophylaxis who had joint bleed data and serial MRIs

36. Study Results
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37.

Study Results (cont)

Patient: ho started prophylaxis
before 2 years

Number of clinically
asymptomatic ankle joints
L= I N

Score |
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Score 0

MRI scores in patients with early prophylaxis (n=9)
higher score indicates higher abnormality
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38.

Study Conclusion

“Using MR, it is possible to identify early and
subtle joint changes in patients with haemophilia A and B.
Early arthropathic changes are apparent even in
patients with clinically asymptomatic joints that have
not yet experienced a clinically evident bleed
and who were receiving adequate prophylaxis.”
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39.

The Modern View of Joint Disease in Hemophilia

| Bleeds -
Prophylaxis » ‘ Target joint

\ End-stage

joint
damage
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40.

The Modern View of Joint Disease in Hemophilia

(cont)

=t End-stage
Subclinical eyl
Prophylaxis » T » joint
‘ damage

Zero clinically
evident bleeds

41.

= Logically, subclinical bleeding must occur

= Data from long-term studies of patients on prophylaxis using
bleed data and imaging strongly suggest that subclinical
bleeding resulting in joint damage occurs

= All these studies were on patients using factor for prophylaxis

Why might this occur?

42.

Aiming for zero bleeds has been a goal of hemophilia treatment,
however...

= Zero clinical bleeds is not enough to prevent arthropathy
= Eliminating subclinical bleeding should be a goal of prophylaxis

= Taking data from mild hemophilia, we know that levels >5% or
certainly 15% are likely to prevent subclinical bleeding

= Future therapies should be aimed at preventing both clinical and
subclinical bleeding
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Rationale for Joint Health Monitoring
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= Patients treated with FVIII b
prophylaxis >1% trough levels |
may still experience
subclinical joint damage ]

23%-5% FVIIl trough levels &
recommended E

* FVIIl up to 15% may not be
enough to prevent arthropathy
(lifestyle, joint status, etc)

—Need for personalization 0 5 10 15 20 F
No. of Clinically Evident Index-Joint Hemorrhages
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Minimum FVIII Levels to Prevent Joint Bleeding in
Mild Hemophilia A
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47.

Musculoskeletal

Ultrasound

* Least sensitive; not
recommended for early
arthropathy detection

= High sensitivity in detecting = Low correlation with MRI;
low intra-articular blood underestimates the degree of
concen ns. joint pathology in softtissues

= Main utility is in evaluating

‘advanced joint pathology in
adult patients with hemophilia

= Gold standard for early
detection of joint changes

= High spatial resolution;
ability to distinguish
different intra-articular
elements

= Economical, readily available,
non-invasive, no sedation
required

= Drawbacks: Limited
accessibility, complexity,
need for sedation in children,
lack of standardized
assessment criteria
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48.

Musculoskeletal Ultrasound

AL B

= Patient perception of bleeding and physical
examination are inaccurate in >50% of cases in
identifying bleeding in painful joints

= Musculoskeletal ultrasound is a non-invasive and
easily accessible diagnostic tool for joint health
assessment

= Differently from MR, it can be performed in multiple
joints and in children without sedation; useful for
long-term follow-up
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Synovitis

= Presence of a hypoechoic SH,
regardless of the presence of
effusion or any grade of Doppler
signal

SH

= Abnormal hypoechoic synovial
tissue within the capsule

= Not displaceable and poorly
compressible

= May exhibit Doppler signals
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Ultrasound Features of Synovitis
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51. Osteochondral Damage

Healthy joint

Osteochondral damage
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52 Osteochondral Damage (cont)

= Variable degree of loss of
thickness of the cartilage

= Variable degree of irregularity
of subchondral bone

= Anterior aspect of the distal
humeral epiphysis, femoral
trochlea, and anterior aspect
of the talar dome
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53 Osteochondral Damage (cont)
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54. Joint Bleeding (Hemarthrosis)

Healthy joint Joint bleeding
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55 Joint Bleeding (Hemarthrosis) (cont)
|

Transverse lateral recess

Longitudinal SQR
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56.

Standardization of Ultrasound Definitions of

Hemophilic Arthropathy Is Still Lacking...

hemophilic arthropathy
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Conclusions

= Long-term monitoring of joint health is crucial in an era of availability
of novel drugs and improved survival and QOL of patients with
hemophilia

= Musculoskeletal ultrasound offers a cost-effective, readily available,
and non-invasive modality for assessment of arthropathy

= Standardization of the currently available biomarkers for joint damage
and joint bleeding will further improve the management of patients
with hemophilia in the near future
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The Potential Role of Rebalancing
rapies in Mitigating Joint Damage

61.
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Subclinical Bleeding and Rebalancing Agents

= Factor levels achieved by conventional prophylaxis are insufficient to address
all joint bleeds, particularly subclinical bleeds, supporting treatments that can
achieve at least near normal, if not normal, hemostasis'?

= Because non-factor therapies restore hemostasis without elevating FVIIl or FIX
levels, efforts to understand factor equivalence of each of these therapies is
needed®

= Arecent model determined that the AT level of 10%-35% (target therapeutic
range of fitusiran prophylaxis) corresponds to 10-20% FVIII?
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Fitusiran vs Concizumab vs Marstacimab:
62 Estimated Mean ABR Across Pivotal Clinical Trials

Fitusiran vs Concizumab:
63 Estimated Mean AjBR Across Pivotal Clinical Trials

Estimated Mean AjBR
(95% CI)
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65.

Fitusiran vs Concizumab:

Target Joint Bleeding in Pivotal Clinical Trials

Participants (%)

Fitusiran: Patients With Bleeding Episodes

in Pivotal Clinical Trials

ic
dx
E

z

lo PPX vs
Concizumab PPX

Participants (%)
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Fitusiran vs Concizumab:
Haem-A-QolL Scores Across Pivotal Clinical Trials®.?
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67.

Fitusiran and Concizumab: Thromboembolic Risks

Both fitusiran and concizumab were safe and well-tolerated in phase 3 clinical trials,
but carry a potential risk of thromboembolic events
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5 W AERATUE P ACH I T A e ZEFHAT
fEfitusiran If AR IR ITH H, A4 5BITHR
IR FAHER R E. BRmE, 7
ATLAS il ks b, 24 B3 1B lag
W2 B K AR AR ZE 1, ATLAS-A/B ik5e H
WA R AATA SEAL SR 12 1) 7 ik LA 4 ZE

fF, B1E ATLAS-TRT IR F1, 244 & HI T
2B LB A IZ I I A A ZE AT . 7E explorer I
PRAREG T H h, FRATTAE explorer? 37 H thF 3 1E
Mk ZEH M, 1E explorer8 I H 1 32451 1fi #
eFEHAR R AE, RedEs] Xkkp
%A marstacimab. HSs& K24 marstacimab I IR
WG H ARG AT A ZEF . XL

Guy Young, =241+

Allison P. Wheeler, [E%1#+, MSCI

Roberta Gualtierotti, [ 2181

22 5'a 26, 33711




oA IR R (AR TR IR KU 73 2 0 M I TR VR N B 1A Sl (14 S

68.

= Thrombin generation allows for
comparison of hemostatic potential of
factor compared with rebalancing agents
— Fitusiran: 20% AT corresponds to 30%
FVIII equivalence
— Anti-TFPI is likely 20% FVIIl equivalence

= In theory, these equivalence should
provide hemostatic benefit for
spontaneous, traumatic and potentially
subclinical bleeding

Factor Equivalence of Rebalancing Agents
Anti-AT Nanobodies
300 4
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69.| &

and Other Factors to Develop
Management Plans for Patients
th Hemophilia Who Desire

[Guy Young, E#/EH
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REWG G TN B ARG BIK T, RO IRATT AN T8 I 8 H
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Patient Case:

70. 24-Year-Old Patient With Severe Hemophilia B

= The patient is a 24-year-old with severe hemophilia B and inhibitors
= He has had numerous joint bleeds in his life and has a
target joint of his left elbow and left shoulder
= He is generally fit but wants to increase his gym activities to
incorporate more strength and mobility training for his arms
and shoulder
= He also wants to play tennis (which he gave up when he
was young)
= He has mostly been using on-demand rFVlla, but occasionally
would use rFVlla for prophylaxis
—The prophylactic rFVila was largely ineffective
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A RISE T o {H 2 B RST XA R H AR
O, B AR AR B ok R AN . 7R
by —Ar, A FEZAE A BT VIla %76
7o MAB/R B T Vila TR T
AU E CIRAE ] TG MAE . (H AT
M, SREAREBRARCR, HOVREm,
fibid2 2= Hif.

Patient Case (cont)

= He had an opportunity to participate in the fitusiran (ATLAS-INH study)
and decided to take part, hoping that with fewer bleeds and improved
prophylaxis that, he could increase his gym activities and his tennis

71.

= He was initially randomized to the on-demand arm that he had to stay
on for 6 months, but after that started fitusiran at 80 mg subcutaneously
monthly
— This was before the new dosing strategy—he is currently on 50 mg
every other month

RIGHENS 257 fitusiran iR%:, Bl ATLAS
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72.

Patient Case (cont)

= He remained on fitusiran at 80 mg monthly for
about 1 year and then was switched to the new : @ H
dosing regimen of 50 mg every other month i i

= He did well without any bleeds during the 80- - g
mg/mo time and continued to increase his gym @ H
work and tennis

= After switching to 50 mg every other month, he did @ :
have 2 bleeds over the first 6 months with activity— B =5
1in the left shoulder and 1 in the left elbow 7

= However, in the subsequent year, he has had no @ i
further bleeds

®©® e ®
®® e

73.

Patient Case (cont)

= Fitusiran allowed this patient to resume

activities he had enjoyed until he developed his

target joints Q
= Now, his target joints have resolved and /
following a proscriptive exercise regimen to
build up his strength and mobility, he has been
able to go the gym regularly on his own and to
play tennis with his friends

74.

Panel Discussion

What strategies can be employed to increase
their current treatment?

= Collaborate with physical therapists to design individualized strength training or aerobic programs
= Emphasize gradual reintroduction to activities and consideration of target joints to prevent injury

activity levels for patients with hemophilia, irrespective of

How can patients be supp to in their desired
effective protection against bleeding?
= Tailor treatments to enable safe engagement in activities, including sports

= Telemedicine programs with ultrasoundimaging may allow for prompt bleeding detection and management

tivities or sports while ensuring

What target FVIIl or FIX level is recommended for active patients participating in sports, especially
those with a history of joint bleeds?

= Aim for factor levels of at least 20% during sports activities
= Adjust dosage or timing to maximize clinical benefit
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