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Summary

Marstacimab, an investigational human monoclonal antibody targeting tissue factor
pathway inhibitor, demonstrated safety and efficacy in preventing bleeding episodes
in patients with haemophilia. This multicentre, open-label study investigated safety,
tolerability, and efficacy of long-term weekly prophylactic marstacimab treatment in
participants with severe haemophilia A and B, with or without inhibitors. Adult partic-
ipants were enrolled from a previous phase Ib/II study or de novo and assigned to one
of two subcutaneous (SC) marstacimab doses: once-weekly 300 mg or a 300-mg load-
ing dose followed by once-weekly 150-mg doses, for up to 365 days. Study end-points
included safety assessments and annualised bleeding rates (ABRs). Of 20 enrolled
participants, 18 completed the study. Overall, 70% of participants had treatment-
emergent adverse events, including injection site reactions, injection site haematoma,
and haemarthrosis. No treatment-related serious adverse events or thrombotic events
occurred. Across all dose cohorts, mean and median on-study ABRs ranged from
0 to 3.6 and 0 to 2.5bleeding episodes/participant/year respectively, demonstrating
comparable efficacy to that observed in the short-term parent study. No treatment-
induced anti-drug antibodies were detected. Once-weekly SC marstacimab prophy-
laxis was well tolerated, with an acceptable safety profile, and maintained long-term
efficacy up to 365 days. (Clinicaltrials.gov identifier, NCT03363321).
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INTRODUCTION

Haemophilia A (haemA) and B (haemB) are X-linked bleed-
ing disorders characterised by deficiencies in coagulation
clotting factors VIII (FVIII) and IX (FIX) respectively.
People with severe haemophilia (FVIII or FIX activity level
<0.01 iu/ml or <1.0% of normal) experience frequent bleeding

events, both spontaneous and post-traumatic, most often in
the joints (haemarthrosis) and also in muscles and soft tis-
sues. Without treatment, patients with severe haemophilia
will develop progressive and debilitating arthropathy with
consequent joint dysfunction, pain, and poor quality of life.?

Standard-of-care treatment for haemophilia has been based
on intravenous (IV) prophylactic replacement with either

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 Pfizer, Inc and The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd.

240 wileyonlinelibrary.com/journal/bjh

Br ] Haematol. 2023;200:240-248.


www.wileyonlinelibrary.com/journal/bjh
mailto:﻿
https://orcid.org/0000-0001-5781-7669
mailto:johnny.mahlangu@nhls.ac.za
http://clinicaltrials.gov
http://creativecommons.org/licenses/by-nc/4.0/

MAHLANGU ET AL.

BJHaem Mk

FVIII or FIX clotting factor concentrate for haemA or haemB
respectively, to reduce or prevent bleeding events and joint dis-
ease." However, patients with haemA (up to 30%) or haemB
(up to 5%) may develop inhibitory antibodies in response to
exogenous FVIII or FIX concentrates, decreasing the efficacy
of replacement therapy.**” In addition, venous access is lim-
ited in some patients, including children, and central venous
catheters are often used, increasing the risk of infection or
thrombotic complications." Furthermore, patient adherence
to frequent IV replacement of clotting factor is low.®

Prophylaxis options in patients with haemA also include
non-factor therapies such as emicizumab, which mimics
FVIII co-factor activity." Emicizumab is administered sub-
cutaneously (SC) and less frequently than replacement ther-
apies, and is associated with very low annualised bleeding
rates (ABRs)."”” However, emicizumab is not indicated for
patients with haemB, and its use may be associated with in-
creased safety risks, including thrombotic microangiopathy,
in patients with inhibitors who are treated with high-dose
activated pro-thrombin complex concentrate (aPCC).! In
addition, emicizumab should be used with caution in com-
bination with recombinant FVIIa (rFVIIa) in patients at risk
of thrombosis.! Emicizumab may also interfere with some
clinical monitoring assays, and, although rare, its efficacy
may decrease over time due to development of neutralising
antibodies (NAbs).!

Tissue factor pathway inhibitor (TFPI) antagonises early
coagulation stages by inhibiting tissue factor-activated FVII
(FVIIa) and activated FX (FXa). TFPI is expressed in three
isoforms, all sharing the Kunitz-type inhibitor domain K2,
which binds and inhibits activated FXa.®? Marstacimab (for-
merly PF-06741086; Pfizer Inc.), an investigational human
immunoglobulin G1 monoclonal antibody, targets the K2
domain of TEPI (Figure S1)."° It is intended to reduce the
inhibition of FXa by TFPI, thereby augmenting haemostasis
through the extrinsic pathway."

Safety and efficacy of SC marstacimab were previously
evaluated in a short-term (85-day treatment period), phase
Ib/II, multiple ascending dose study (NCT02974855) in par-
ticipants with severe haemA or haemB with or without in-
hibitors, with weekly marstacimab doses ranging from 150
to 450 mg." In that study, SC marstacimab was well tolerated
and effective at reducing mean ABRs.

In the present study, we extended marstacimab prophy-
laxis for up to 365 days to evaluate its long-term safety, toler-
ability, and efficacy as prophylactic treatment to prevent or
reduce the frequency of bleeding events in adults with severe
haemA or haemB with or without inhibitors.

PATIENTS AND METHODS
Study design
This phase II, open-label, multicentre study investigated

long-term prophylactic treatment with marstacimab in
participants with severe haemophilia, with or without
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inhibitory antibodies, for up to 12months (NCT03363321).
The original protocol allowed for a 6-month duration of
treatment and was subsequently amended to permit a total
of 12 months of treatment with implementation of a second
6-month treatment period for those participants who had al-
ready completed the initial 6-month treatment period. This
change was intended to extend the duration of longitudinal
safety assessments but also extended the duration of access
to treatment with this investigational study drug.

Marstacimab was administered by the SC route; injec-
tion volumes were 1ml at a concentration of 150 mg/ml in
a syringe and vial format. One injection of 1 ml was used
to achieve a 150-mg dose, and two injections of 1 ml each
were used to achieve a 300-mg dose. After training and
demonstration of proficiency, participants were permitted
to self-administer their doses at home. The study comprised
six treatment cohorts assigned to one of two dose groups
(Figure 1). Participants in each cohort received treatment,
as follows:

o Cohort 1 (non-inhibitor participants, 300 mg once weekly)
from the previous study rolled over to Cohort 1 of the
present study and continued treatment at 300 mg once
weekly (300-mg dose group).

o Cohort 2 (non-inhibitor participants, a single 300-mg
loading dose followed by 150mg once weekly) from the
previous study rolled over to Cohort 2 of the present
study and continued treatment at the single 300-mg load-
ing dose followed by treatment at 150mg once weekly
(300-mg/150-mg dose group).

o Cohort 3 from the previous study (non-inhibitor partici-
pants, 450 mg once-weekly) rolled over to Cohort 3 of the
present study but were reduced to the lowest effective dose
level (single 300-mg loading dose followed by 150 mg once
weekly [300-mg/150-mg dose group]).

o Cohort 4 (inhibitor participants, 300mg once weekly)
from the previous study rolled over to Cohort 4 of the
present study and continued treatment at 300 mg once
weekly (300-mg dose group).

o Cohort 5 (single 300-mg loading dose followed by 150 mg
once weekly [300-mg/150-mg dose group]), intended for
adolescent participants enrolled de novo.

o Cohort 6 (single 300-mg loading dose followed by 150 mg
once weekly [300-mg/150-mg dose group]), intended for
adult participants with inhibitors enrolled de novo.

The study was conducted in compliance with the
Declaration of Helsinki and Good Clinical Practice guide-
lines. All study participants provided prior signed informed
consent.

Study population
The study was conducted at sites in Brazil, Chile, Croatia,

Poland, South Africa, Switzerland, and the United States be-
tween 30 May 2018 and 5 August 2020. Participants from
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Cohort 1 |
300 mg SC QW
(without inhibitors)

300 mg SC for up to 365 days total >

for 113 days [n=5] |

Cohort 2 |

150 mg SC QW

300-mg SC loading dose E> (without inhibitors)

300-mg SC loading dose + 150 mg
SC QW for up to 365 days total

for 113 days [n=4] |

Cohort 3 |

450 mg SC QW
(without inhibitors)

300-mg SC loading dose + 150 mg
SC QW for up to 365 days total

for 113 days [n=4] |

Cohort 4
300 mg SC QW
(with inhibitors) for
113 days [n=5] |

300 mg SC for up to 365 days total >

Following completion of
Cohort 3 in the parent
study (NCT02974855),
de novo subjects
were eligible for
NCT03363321

FIGURE 1

de novo

(with/without + 150 mg SC QW for up to 365 days

Cohort 5 |
Adolescents 300-mg SC loading dose on day 1 >
inhibitors) [n=0] |

Ag&?ﬁ&?th 300-mg SC loading dose on day 1
A + 150 mg SC for up to 365 days
inhibitors) [n=2]

Participant marstacimab dose assignments. Participants from Cohorts 1 and 4 in the previous study continued to receive 300 mg weekly,

and Cohorts 2 and 3 in the previous study received the lowest dose determined to be safe and effective (300-mg loading dose followed by 150 mg SC
weekly). Two participants were recruited de novo into the present study. Both were treated at the lowest effective dose level (300-mg loading dose followed

by 150 mg SC weekly). SC, subcutaneous; QW, once weekly

a previous short-term, phase Ib/II, dose-escalation study
(NCT02974855)"* and participants enrolled de novo were el-
igible for enrolment. Eligible participants from the previous
study were males aged >18 and <65 years with a diagnosis of
severe haemA or haemB (FVIII or FIX activity <1%) and did
not require further screening. De novo participants could
also include adolescents aged 212 to <18 years (Cohort 5) and
adults with inhibitors, aged 218 to <75years (Cohort 6) who
were previously receiving on-demand treatment and had at
least six acute bleeding episodes during the 6-month period
prior to screening. De novo participants with inhibitors to
FVIII or FIX had to have a positive inhibitor test result above
the upper limit of normal within 6 months prior to study day
1 and be receiving a bypass agent as treatment for bleeding.
Exclusion criteria included known coronary artery, throm-
botic, or ischaemic disease, or known severe, uncontrolled
hypercholesterolaemia; a known haemostatic defect other
than haemA or haemB; a known prothrombotic condition;
regular, concomitant therapy with immunomodulating

drugs; current treatment with aPCC with inability to substi-
tute treatment with rFVIIa; or renal, hepatic, haematologi-
cal, or coagulation laboratory values outside of prespecified
limits. Additional details regarding the use of concomitant
treatments are provided in the Supporting Information.

Study assessments

The primary end-points were safety outcomes, including
treatment-emergent adverse events (TEAEs), injection site
reactions, vital signs, physical examinations, and laboratory
tests including haematology, chemistry, and urine analysis.
The ABR based on the frequency of treated bleeding events
during the study treatment period, calculated as: ([number
of bleeding events x 365.25]/treatment duration in days) was
assessed as a secondary end-point; immunogenicity, meas-
ured by the frequency of anti-drug antibody (ADA) and
NAb production against marstacimab (only positive ADA
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samples were tested in the NAD assay) was assessed as an
exploratory end-point.

Statistical analyses

Safety was assessed in all participants who received at least
one dose of marstacimab, and efficacy was assessed in par-
ticipants who received at least one dose of marstacimab and
who did not have any major protocol deviations. Descriptive
statistics were used to summarise safety and efficacy data,
including mean, median, standard deviation, minimum and
maximum.

RESULTS
Participants

Of 24 individuals screened, 20 were enrolled (Table 1). Of
these, 18 were participants from the previous study'> and two
were de novo adult participants with severe haemA with in-
hibitors. In total, 10 were assigned to the 300-mg/150-mg co-
horts and 10 were assigned to the 300-mg cohorts (Table 1).
All participants were male and aged 19-57years. In the
300-mg/150-mg cohorts, seven participants had haemA
without inhibitors, two had haemA with inhibitors, and
one had haemB without inhibitors. In the 300-mg cohorts,
five participants had haemA without inhibitors and five had
haemA with inhibitors. No adolescent participants were en-
rolled. At baseline, prior to initiation of any treatment with
marstacimab, 13 participants had haemophilic arthropathy
and 13 participants had target joints. The mean durations
of marstacimab treatment for the 300-mg/150-mg cohorts
and 300-mg cohorts were 318 and 335days respectively. A
total of 18 (90.0%) participants completed the study, and two
(10.0%) withdrew for reasons not related to safety. For six
participants, the protocol amendment extending the dura-
tion of dosing from 6 to 12months was not implemented
in time to avoid a dose gap of >14days in duration (range
43-77) between completion of the first 6-month treatment
period and initiation of the second 6-month treatment pe-
riod. One of the six participants had an additional 92-day
dose gap during the second 6 months of treatment while he
underwent knee replacement surgery. For this participant,
only the duration before the first dose gap was included in
the efficacy analysis. An additional participant had a 23-day
dose gap during the second 6-month treatment period.

Safety

No participants died during the long-term study. One par-
ticipant experienced two serious AEs (SAEs), including a
Grade 3 cerebral haemorrhage (intracerebral haemorrhage
[ICH]) that was diagnosed on study day 76 following a trau-
matic skull fracture sustained on study day 73, and a Grade 2
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generalised tonic—clonic seizure; these AEs were not consid-
ered by the investigators to be related to treatment. The ICH
was treated as a bleed event in the study efficacy analysis.
There were no interruptions in marstacimab treatment (300-
mg cohort) for this participant, and concomitant treatment
for the ICH included FVIII replacement, with initial doses of
57 and 28iu/kg, and tranexamic acid.

In the 300-mg/150-mg cohorts, a total of 24 TEAEs oc-
curred in seven (70.0%) participants (Table 2); four had
Grade 1, two had Grade 2, and one had a Grade 3 TEAEs.
One treatment-related injection site reaction of Grade 2 se-
verity was reported in one participant.

In the 300-mg dose cohorts, at total of 15 TEAEs occurred
in seven (70.0%) participants (Table 2); five participants had
Grade 1, one had Grade 2, and one had Grade 3 TEAEs. Two
treatment-related events of Grade 1/2 severity were reported
in two participants (injection site reaction and injection site
haematoma; one participant each). One participant from
the de novo 300-mg/150-mg inhibitor cohort had a Grade
2 treatment-related injection site reaction. No instances of
allergic reaction were reported.

No clinically relevant laboratory test abnormalities were
found. As in the prior study, during the treatment period, at
various time points a mean reduction in the range of 0.0888
to —0.582¢g/L in fibrinogen levels was observed relative to
baseline across the dose cohorts. In all instances, fibrinogen
levels remained within the reference range of the central lab-
oratory. No consistent pattern was observed in the physical
examination findings.

No thrombotic events were reported, and no participants
discontinued from the study because of TEAEs.

Efficacy

In total, 20 participants were included in the efficacy anal-
ysis. For one participant with two dose gaps of >30days,
only the duration before the first dose gap was included.
All participants remained within their assigned dosing
cohort throughout their participation in the study. The
efficacy attained in the 3-month parent study'? was main-
tained over the duration of the present study, irrespective
of weekly maintenance dose (150 or 300 mg), the presence
of inhibitors, and whether the participant had haemA or
haemB. As shown in Table 3, across all treatment cohorts,
the mean on-study ABR ranged from 0 to 3.6 bleeding
episodes/participant/year (median ranged from 0 to 2.5),
compared with a mean pre-treatment ABR of 14.0 to 22.0
bleeding episodes/participant/year (median ranged from
14.0 to 20.0). The overall mean on-study ABRs for the
300-mg and 300-mg/150-mg dose groups were 1.5 and 2.7
bleeding episodes/participant/year respectively. Nine out
of 18 participants who completed the study had no bleed-
ing events.

In the 300-mg/150-mg dose group, one participant
with haemA who had rolled over from the previous study
had the maximum on-study ABR of 14.4 compared with



‘dIqe[reae jou an

‘UOT)RIAD PIepUR]S ‘(JS XoPUI SSBW APOq TN :SUOIIRIAIqQY

LONG-TERM WEEKLY MARSTACIMAB FOR SEVERE HAEMOPHILIA

BRITISH JOURNAL OF HAEMATOLOGY

BJHae

009) s

(0°09) S
001) T
(006) 6

(67¢) L0T
(LT s
(£°0) §°6L1

(0°02) £
(0°0¢) €

(0020) T
(008) 8

(000 ¢
(0'08) 8
(£5-6T1) §°6C
(Iv1) Tee

(01 = u) 8w oG +Surpeo]
Swr-00¢ [eI0L

008) 8

(0°08) 8

(0°001) 0T

(6°€1) S°LL

(0°09) 9
0°0%) ¥

0°0%) ¥
(0°09) 9

(00¢) €
(0°02) L
(0S-£2) S'L€
(8'8) S

(or=u)
Swog [eso],

(0°001) T (009) € (051 (009) (0°001) §

(0°001) T (009) € 0so) 1 (0°09) T (0001) §

0 0 0 (0501 0

(0°001) T (0001) S (0001) ¥ (0'sz) € (0°001) §

(67¢) £'0T = = = =

(0'21) 9'99 (ozr)res oL98 (€11 T°€9 (9°S1) 8°¢2

(£0) s'6LT = = = =

(0001) T (0°08) ¥ (0'sz) € (0°09) T (00%) ¢

0 (000 1 01 (009) (0°09) €

0 (00%) T 0 (009) T (0'0%) T

(0°001) T (009) € (0°001) ¥ (0°09) T 009) €

0 (00%) T 0°09) T 0 0001

(0°001) T (0°09) € (0°09) T (0°001) ¥ 0°08) ¥

(1T-61) 0°0C (6¥-L€) 0°0F (LS-61) S'S¥ (F¥-10) S'6¢C (05-£2) 08T

#1 00T (T9) oy (Ton) 8'1% (901) €°1¢ (L6)0cg

(T =u) sTo31qIyur (s=u) (¥ =) sTo3qIyuI (F=u) (s=1u)

y3m 3w ggy + Surpeoy SIOJqIUUI M InoyM Sw OG] +SUIpeo]  SIONQIYUIINOYIM  SIONQIYUI INOYIM

Sw-g¢ orouaq Suwrgog —Swog¢ Swr-0p¢ < Swrpcy Sur gy +Surpeoy Surgog —Swo¢
Swi-0¢ < Sw st
+ Surpeoy Swi-g0¢

9 3110y0) ¥ 110Yyo) € 31I0Yyo) 7 10yo) 1 3104yo)

dnoi$ ssop qewresiey

so1jsLIR)ORIRYD dul[aseq pue soryderowap juedonieq

(%) u ‘syutof 1o81e],
(%) u

“Ayredoayyre orrydowoey

q erjrydowsey
v eqrydouwraey

(%) u “erprydowaey jo odAT,

(as) ueaw ‘ w/SY TNG
(@s) ueawr By JySrom
(@s) ueaur ‘wd 3o

oune] 1o druedsif JoN
ouryer] 1o oruedsIp]
(%) u ydruyig
aerg
AMYM
(%) u ‘9oey
(%) 4 ‘¥9-s¥
(%) u “v¥-81
(o8uer) uerpayy
(@s) ueay
s1eak 98y

)PueIRg

T HT4dV.L



MAHLANGU ET AL.

o3
=1
=
=}
2
S
5
2
g
s
g
@
=
&
&

'35U0 pajunod sem dnoid Juswiear) yoes ur [9A3] wId) pariajaid oy 18 JU2AS IsIaApR YRy,
‘Y PRIR[RI-JUdUNEAI) ‘T VY I, (Y SNOLIdS “YYS JUIAI 9SIIAPE “JV :SUOTIRIAIQQY

(007) T
(oon 1
(oont
(oon T

0
(oont
0
(oont
0
(0'02) £

(or=1u)
Sur sy + Surpeoy
Suwr-00¢ [eI0L,

(oon 1
001) T
(000 ¢

0
(oon 1
(0om) 1
(000 ¢
(0or) 1
(0°02) L

(o1 =u)
Surpog rezoy,

BUIOJRWABE]
erdreIyyry
UOT}OBAI 9)IS UOI}OA(U]

SISOIY} TR ]

(%) u qrexaso syuedonred jo o6< UT STV

0 0 (050 1 (0szo) 1 0

(09) 1 0 0 0 (007) T

(091 0 0 0 000 1

0 0 0 (0591 (00v) T

0 0 0 0 0

(009 1 0 0 0 (000) T

0 0 0 0 000 T

(0°09) 1 0 0 0 (00%) T

0 0 0 0 000 T

(009 1 (0ov) ¢ (0001) ¥ (009 ¢ (0001) S

(z = u) s1031qIyut (s=w (F=1) (¥ = ») s1031qIYUI INOYIM (s=w)

qum 3w QgL +Suipeo|  sioyquUUIYNM  sioyqruiinoym  Surggr +Surpeof Sw-goe < sI0)qIYUI INOYNM

Sw-gpg orouaqg Swrppg « Swoog Sw g1 + Surpeoy Sur g1 + Surpeoy Sw-00¢ Sw g+ Swoog
Sur-00¢ < Sw sy

9 31I0YyoH ¥ 3oqyoH € JIoygyon z3oygyon T 3104yoH

dnoi$ asop qewrde)sIRN

SIUIAD ISIDAPE JUISIOW-JUdUI)eaI) JO ATewung

(%) u

STV Y.L Snorias yim syuedoryieg

(%) u “wonoeAI 1S UONI(UT
BUIOJRWDBY IS WONIa(u]

(%) 4 ‘sTVYL yim syuedoreq
(%) ¢ ‘sTV'S yam syuedonaed
(%) ¥ Ty Aue qum syuedonreg

JIdpurered

T HdTdVL



246

Summary of pre-study versus on-study annualised bleeding rates

TABLE 3
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Marstacimab dose group

Cohort 6

Cohort 2 Cohort 3 Cohort 4

Cohort 1

300-mg loading +
150 mg — 300-mg
loading + 150 mg

De novo 300-mg
loading + 150 mg
with inhibitors

(n

450mg— 300-mg
loading + 150 mg

300mg— 300mg

Total 300-mg

Total 300 mg

(n

300mg— 300 mg with

without inhibitors

(n=4)

without inhibitors

(n=4)

without inhibitors

10)

loading + 150 mg (n

10)

=2)

=5)

inhibitors (n

(n=5)

Study phase

22.0 (13.6) 18.4 (1.7) 15.0 (4.2 20.2 (5.7) 17.4 (9.0)

14.0 (1.6)

22.0 (7.9)

Pre-treatment® ABR,

mean (SD)

15.0 (12.0-42.0)
2.7 (4.5)

19.0 (12.0-30.0)
1.5(2.4)
0 (0-6.0)

15.0 (12.0-18.0)
2.5(3.5)

18.0 (16.0-20.0)

17.0 (12.0-42.0)

1.9 (1.5)

14.0 (12.0-16.0)

3.6 (7.2)
0 (0-14.4)

20.0 (12.0-30.0)

Median (range)

3.0 (2.8)
2.0 (0-6.0)

On-study ABR, mean (SD)

2.5 (0-5.0) 1.0 (0-14.4)

0(0-0)

2.1 (0-3.5)

Median (range)

Abbreviations: ABR, annualised bleeding rate (bleeding episodes/participant/year); SD, standard deviation.

*Pre-treatment summarised data up to 6 months prior to participation in the long-term study for de novo participants, and up to 6 months prior to participation in the prior phase Ib/II short-term multiple ascending dose study for

rollover participants.

an ABR of 4.3 in the prior study. The study investigator
judged that the participant's high ABR was related to the
participant's history of cyclical increases in ABR due to
increased activity. While the study did not incorporate
any formal assessments of lifestyle activity, this individ-
ual tested negative for ADAs, had no apparent decline in
marstacimab plasma concentrations over the course of the
study (data not shown), and showed no consistent pattern
for attenuation of treatment effect on pharmacodynamic
parameters, including prothrombin fragment 1+2, peak
thrombin generation, and thrombin generation lag time
(Table S1).

Immunogenicity

None of the participants had positive ADA samples at base-
line or after treatment and, consequently, no NAb testing was
conducted. Therefore, the incidence of treatment-induced
ADA and NAD was zero for both the 150- and 300-mg dose
groups.

DISCUSSION

In this open-label phase II study of once-weekly marstacimab
in participants with haemophilia with or without inhibi-
tors, long-term treatment (up to 365 days) was generally safe
and well tolerated at both dose levels. Moreover, long-term
marstacimab treatment in participants with haemA was as-
sociated with maintenance of efficacy observed in the short-
term parent study.'?

No thrombotic events or treatment-related SAEs oc-
curred, and the most common AEs were of Grade 1 se-
verity. The SC dosing of marstacimab was generally well
tolerated; Grades 1 and 2 injection site reactions were re-
ported in one participant each. As in the prior study, a re-
duction from baseline in fibrinogen was observed in both
dosing groups. This reduction was modest and not associ-
ated with any clinical findings, and values for fibrinogen
remained within the reference range. These observations
are in agreement with those of earlier marstacimab studies,
including a phase I study in healthy volunteers with sin-
gle SC marstacimab doses ranging from 30 to 300 mg and
a phase Ib/II study in adults with severe haemA or haemB
(with or without inhibitors), with doses of marstacimab of
up to 450 mg once weekly, which were found to be safe and
well tolerated.'>"?

Compared with the parent study, long-term marstacimab
treatment maintained efficacy in a self-administered,
extended-treatment setting in which the majority (13/20)
of the participant population had target joints at baseline
with a predisposition to frequent bleeding episodes. In the
parent study, mean on-study ABR ranged from 0.7 to 4.2
bleeding episodes/participant/year,'* whereas in this study,
mean on-study ABR ranged from 0 to 3.6 bleeding episodes/
participant/year.
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While the prophylactic use of IV clotting factor and use
of emicizumab for prophylaxis in patients with haemA con-
tinue to transform the patient experience, an unmet need
persists among patients with severe haemophilia.? Factor
replacement is associated with the development of NAbs,
and the IV administration route and frequency of infusion
are burdensome to patients and can lead to reduced adher-
ence.” A subset of patients continue to experience bleeding
episodes with emicizumab prophylaxis, and ADAs can ad-
versely impact efficacy.”'*"> Furthermore, circulating levels
of emicizumab can interfere with commonly used clinical
assays of coagulation.'®

The mean on-study ABRs for the respective treatment
groups of 1.5bleeding episodes/participant/year (total for
300-mg cohorts) and 2.7bleeding episodes/participant/
year (total for 300-mg/150-mg cohorts) in this study are
comparable with efficacy findings from recent studies of
non-factor replacement therapies in development for the
treatment of haemophilia. Phase III trials of emicizumab
prophylaxis in participants with haemA reported ABRs
of 1.3-2.9bleeding episodes/participant/year,”"” " ver-
sus 23.3bleeding episodes/participant/year with no pro-
phylaxis.”” In phase II trials, prophylaxis treatment with
the anti-TFPI antibody concizumab in participants with
haemA and haemB with inhibitors resulted in an estimated
ABR of 4.5bleeding episodes/participant/year, compared
with 20.4bleeding episodes/participant/year in the set-
ting of on-demand treatment with FVIIa.?® In partici-
pants with severe haemA without inhibitors, concizumab
treatment resulted in an estimated ABR of 7.0bleeding
episodes/participant/year.>’

While no thrombotic episodes have been observed in
association with marstacimab treatment of haemophilia,
clinical experience remains limited. The use of other novel
non-factor therapies has been associated with thromboem-
bolic events, requiring safety precautions for concomitant
use with clotting factors and bypass agents."*'* Although
emicizumab was generally well tolerated in clinical tri-
als,”'”™" thrombotic microangiopathy and thrombosis oc-
curred in participants receiving high cumulative doses of
aPCC for breakthrough bleeding events while receiving
emicizumab.” Other anti-TFPI agents in development (e.g.,
concizumab and befovacimab) have been associated with
thrombosis and the risk of coagulation.”>*>** Non-fatal
thromboembolic events occurred in three participants in
phase III clinical trials of concizumab, which led to the tem-
porary pausing of those trials.”>** A phase II dose-escalation
study of the investigational anti-TFPI antibody, befovacimab,
was terminated early because of thrombosis.”"* In a phase
IT trial of the investigational RNA interference therapeutic,
fitusiran, fatal cerebral sinus thrombosis occurred in one
participant after repeated infusions of high-dose FVIII for
>24h, and the trial was temporarily put on hold.** An on-
going phase III trial in participants with severe haemA or
haemB with or without inhibitors (NCT03938792) will more
comprehensively establish the thrombotic safety profile of
marstacimab.
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Strengths of this study include its long-term follow-up
of up to 365days and the inclusion of participants with and
those without inhibitory antibodies. However, the study is
limited by its small sample size of 20 participants, including
only one participant with haemB. There is also a potential
efficacy bias, as a participant not experiencing sufficient
efficacy in the parent study may be less inclined to con-
tinue or resume marstacimab treatment. Experience with
on-demand treatment of bleeding episodes against a back-
ground of marstacimab prophylaxis was limited, as 11 of 20
participants reported no bleeding episodes and the overall
ABR was quite low.

In conclusion, in patients with severe haemA (and in a
single patient with haemB), with or without inhibitors, long-
term once-weekly treatment with SC marstacimab was well
tolerated, with an acceptable safety profile. Marstacimab
was associated with maintenance of efficacy observed in the
short-term parent study.
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