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Abstract
Background: Marzeptacog alfa (activated) (MarzAA), a novel recombinant activated 
human factor VII (FVIIa) variant, was developed to provide increased procoagulant 
activity, subcutaneous (SC) administration, and longer duration of action in people 
with hemophilia.
Objectives: To investigate if daily SC administration of MarzAA in subjects with in-
hibitors can provide effective prophylaxis.
Methods: This multicenter, open-label phase 2 trial (NCT03407651) enrolled men 
with severe congenital hemophilia with an inhibitor. All subjects had a baseline an-
nualized bleeding rate (ABR) of ≥12 events/year. Subjects received a single 18 μg/kg 
intravenous dose of MarzAA to measure 24-hour pharmacokinetics (PK) and phar-
macodynamics (PD), single 30 μg/kg SC dose to measure 48-hour PK/PD, then daily 
SC 30 μg/kg MarzAA for 50 days. If spontaneous bleeding occurred, the dose was 
sequentially escalated to 60, 90, or 120 μg/kg, with 50 days at the final effective 
dose without spontaneous bleeding to proceed to a 30-day follow-up. The primary 
end point was reduction in ABR. Secondary end points were safety, tolerability, and 
antidrug antibody (ADA) formation.
Results: In the 11 subjects, the mean ABR significantly reduced from 19.8 to 1.6, and 
the mean proportion of days with bleeding significantly reduced from 12.3% to 0.8%. 
Of a total of 517 SC doses, six injection site reactions in two subjects were reported. 
No ADAs were detected. One fatal unrelated serious adverse event occurred: intrac-
erebral hemorrhage due to untreated hypertension.
Conclusions: The data demonstrated that MarzAA was highly efficacious for prophy-
lactic treatment in patients with inhibitors by significantly decreasing bleed frequency 
and duration of bleeding episodes.
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Essentials

•	 Marzeptacog alfa (activated; MarzAA) is a novel variant of activated human factor VII.
•	 MarzAA efficacy, safety, pharmacokinetics, and pharmacodynamics were evaluated in people with hemophilia with an inhibitor.
•	 MarzAA greatly reduced annualized bleeding rates and average proportion of days with bleeding.
•	 This data supports additional clinical trials for people with hemophilia with inhibitors.

1  |  INTRODUC TION

Hemophilia A and B are X-linked, recessive, hereditary bleeding dis-
orders caused by a deficiency of coagulation factor VIII (FVIII) or fac-
tor IX (FIX), respectively.1 Treatment of hemophilia A or B typically 
involves factor replacement therapy by intravenous (IV) injection 
of FVIII or FIX, respectively, to treat episodic bleeding or provide 
prophylaxis against bleeding episodes.1-3 Neutralizing antibodies 
(inhibitors) to the injected FVIII or FIX can be a complication of fac-
tor replacement therapy.4-7 Inhibitors can occur at high or low ti-
ters (quantitated in Bethesda Units), can neutralize the activity of 
the replacement therapy, and thus render treatment of bleeding 
episodes unsuccessful, resulting in potentially catastrophic clinical 
consequences for the patient, including an increased morbidity and 
mortality risk.1,4 Prophylaxis treatment options have considerably 
improved for people with hemophilia A with inhibitors with the use 
of subcutaneous (SC) emicizumab (Hemlibra, Genentech, South San 
Francisco, CA, USA), a bispecific antibody that is an activated fac-
tor VIII mimetic.8 Unfortunately, not all people with hemophilia are 
appropriate candidates for emicizumab prophylaxis. People who de-
velop anti-drug antibodies (ADAs) to emicizumab, those who have 
inadequate bleeding prevention, those with adverse effects pre-
cluding use, or those who have hemophilia B with inhibitors, require 
treatment with other agents, namely wild-type recombinant FVIIa 
(wt-rFVIIa) or activated prothrombin complex concentrates (aPCCs). 
9-14 Due to the short half-life, prophylaxis with wt-rFVIIa or aPCCs 
require frequent IV dosing.9,12,13 Intravenous dosing often requires a 
medical professional or family member to perform the venipuncture, 
making home IV prophylaxis cumbersome.3,15 Treatment of people 
who have inhibitors with wt-rFVIIa or aPCCs have limitations with 
regard to efficacy, safety, and convenience.16-18 Subcutaneous ad-
ministration presents a major advantage over IV administration be-
cause it reduces the treatment burden, improves quality of life (QoL), 
and reduces health care costs.19,20

Marzeptacog alfa (activated) (MarzAA), a novel rFVIIa variant, 
was developed using a structure-based rational protein design ap-
proach intended to enhance the biological properties of wt-rFVIIa 
via four amino acid substitutions. Two substitutions in the heavy-
chain protease domain (Q286R and M298Q) increase catalytic ac-
tivity for factor X activation in both a tissue factor–dependent and 
tissue factor–independent manner.21 The two other substitutions 

are in the light chain (T128N and P129A) to yield an additional 
N-linked glycosylation site to provide an extended duration of ef-
fect.21-24 These qualities of increased potency and resistance to 
protease destruction allow low-volume SC injection of MarzAA for 
bleeding prophylaxis (Figure 1).

Herein, we describe the phase 2 trial in people with hemophilia 
with inhibitors receiving MarzAA prophylaxis.

2  |  MATERIAL S AND METHODS

This open-label, multicenter, dose-escalation trial, was designed to 
investigate the pharmacokinetics (PK), bioavailability, pharmacody-
namics (PD), efficacy, and safety of a daily SC injection of MarzAA for 
bleeding prophylaxis in adult subjects with hemophilia A or B with an 
inhibitor. The trial was registered at ClinicalTrials.gov (Registration 
Number: NCT03407651).

This trial was conducted in accordance with the US Code of 
Federal Regulations, International Conference on Harmonisation 
Guidelines on Good Clinical Practices, and national and local laws 
and regulations. The trial protocol and all amendments were re-
viewed and approved by the institutional review board or indepen-
dent ethics committees at each participating trial site. All subjects 
gave written informed consent before participation in the trial. 
Emicizumab was not approved in any participating country at the 
time this trial was conducted.

2.1  |  Study population

Men aged ≥18 years with a confirmed diagnosis of severe congeni-
tal hemophilia with an inhibitor and a history of frequent sponta-
neous bleeding episodes (historical annualized bleeding rate [ABR] 
≥12, as per the subject’s bleeding and treatment records), were eli-
gible for enrollment. Individuals with a known hypersensitivity to 
the trial product or related products, known positive antibody to 
FVII or FVIIa detected by the central laboratory, and concomitant 
therapy with immunomodulating drugs were excluded. A complete 
list of inclusion and exclusion criteria can be found in Table S1. At 
screening, subjects received training and a diary to enter all inves-
tigational drug administration, injection site assessments, bleeding 

K E Y W O R D S
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episodes, bleeding treatment, adverse events (AE) and patient-
reported outcome (PRO) scales. During Part 1b, subjects received 
SC injection training.

2.2  |  Study design

The trial included the following three parts, which occurred con-
secutively (Figure 2):

Part 1a (24 hours) measured PK, PD, and safety parameters after 
IV administration of a single 18 μg/kg dose of MarzAA. Assessments 
were done before dosing and after dosing at 5 and 30 minutes and at 
1, 3, 6, 9, 12, and 24 hours.

Part 1b (48 h) measured PK, PD, and safety parameters after SC 
administration of a single 30 μg/kg dose of MarzAA. Assessments 

were performed before dosing and repeated at 3, 5, 7, 9, 12, 24, 30, 
and 48 hours after dosing.

Part 2 aimed to (i) find the optimal dose of MarzAA for each sub-
ject (ie, dose that prevented spontaneous bleeding); and (ii) deter-
mine the peak and trough MarzAA concentrations, PD, and safety of 
daily SC administration of MarzAA for each subject for an extended 
duration, reflecting the intended SC prophylactic use of MarzAA in 
subjects with hemophilia. At day 1 of daily SC dosing, subjects began 
their daily self-administered dosing regimen (at approximately the 
same time each day), starting with a SC dose of 30 μg/kg MarzAA 
for 50 consecutive days. At each dose, subjects recorded the day 
and time of the SC injections in their diary. If a spontaneous bleed-
ing episode occurred before the fifth daily dose, subjects continued 
at the current dosing level. If a spontaneous bleeding episode oc-
curred after the fifth daily dose, the MarzAA dose was escalated to 

F I G U R E  1 Marzeptacog alfa (activated) has four amino acid substitutions: Q286R, M298Q, T128N, and P129A. FX, factor X

F I G U R E  2 Phase 2, multicenter, open-label trial design. IV, intravenous; MarzAA: marzeptacog alfa (activated); SC, subcutaneous
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the next dose level. Three dose escalations of 60, 90, and 120 μg/
kg (maximum dose) were allowed. The dosing regimen in this trial 
was selected on the basis of previous preclinical and clinical stud-
ies. At each dose escalation level, safety, MarzAA concentration, 
and PD were monitored to ensure that dose escalation to a higher 
dose level was appropriate. If a subject required a dose escalation, 
they continued treatment with that dose for an additional 50 days 
to complete the trial. Subjects were allowed to use their current 
bypass regimen for any spontaneous or traumatic bleed that oc-
curred while on the study drug. Subjects were required to contact 
the clinical investigative team immediately to report the event and 
have a treatment dose authorized. Follow-up plans for that event 
were made, including whether to arrange for a blood specimen to be 
drawn (if feasible) before further administration of either study drug 
or the bypassing agent used for treatment. The decision of whether 
to continue daily study drug administration was determined by the 
clinical trial team after discussion with the sponsor. This information 
was also recorded in the subject’s diary. Daily SC MarzAA injections 
could be interrupted if there was a need for a surgical procedure, an 
event requiring extended hospitalization (>48 hours), a thrombotic 
event, clinical evidence of inhibitor formation, or laboratory results 
suggesting an antibody may be developing.

2.3  |  Investigation product

MarzAA was provided as a powder for injection, at a 4.62 mg/vial 
dosage strength, supplied in a 5-mL vial.

2.4  |  Outcome measures

The primary objective was to evaluate the efficacy and safety of 
MarzAA for bleeding prophylaxis in adult subjects with hemophilia 
with an inhibitor, by (i) evaluating ABR (spontaneous and total) dur-
ing Part 2 when on the final MarzAA dose level versus recorded 
ABR; and (ii) evaluating spontaneous bleeding, which required es-
calation to a higher dose level. A spontaneous bleeding episode 
was defined as one that was precipitated by normal activities of 
daily living. The secondary objectives were to (i) determine the PK 
and PD of SC administration of MarzAA in subjects with hemo-
philia with inhibitors and compare IV versus SC administration of 
MarzAA with regards to PK, PD, and safety parameters; (ii) find 
the optimal dose of MarzAA for each subject, that is, the dose that 
prevented spontaneous bleeding, and to determine the peak and 
trough concentrations, PD, and safety of daily SC administration 
of MarzAA at the optimal dose for each subject for an extended 
duration; (iii) determine the occurrence of and categorize break-
through bleeds requiring escalation to a higher dose level as fol-
lows: (a) number of bleeds that were life threatening, (b) number 
of bleeds that required hospitalization and/or blood transfusion, 
(c) number of muscle bleeds, and (d) median time (and interquartile 
range) to resolution of bleeds. A breakthrough bleed was defined 

as any spontaneous or traumatic bleed. Exploratory objectives 
were to (i) identify potential biomarkers and determine the effect 
of SC administration of MarzAA on the QoL of subjects with he-
mophilia with inhibitors; (ii) identify biomarker(s) such as antigen 
levels, activity levels, or global thrombosis assay evaluation that 
could be used to predict or correlate with a subject’s lack of spon-
taneous bleeding; (iii) identify biomarker(s) such as D-dimer, or pro-
thrombin fragment 1+2 (F1+2), or a functional assay of the FVIIa 
activity that would identify or predict clinical thrombogenicity of 
daily SC administration of MarzAA when use of rescue medica-
tion was required, and (iv) record PRO measurements using the 
European QoL-5 Dimensions (EQ-5D), Visual Analogue Scale (VAS), 
Haemophilia A Quality of Life Questionnaire (Haem-A-QoL), and 
Haemophilia Activities List (HAL).

2.5  |  Laboratory analysis

MarzAA antigen and coagulation parameters were measured at day 
1 (before dosing and 7 hours after dosing), day 3 (before dosing and 
postdose hour 7), day 5 (before dosing and postdose hour 7), and 
day 7 (before dosing and postdose hour 7). Fibrinogen was tested 
using HemosIL Fibrinogen-C; D-Dimer with HemosIL D-Dimer 
HS; thrombin-antithrombin (TAT) with Siemens Enzygnost TAT kit 
and F1+2 with Seimens Enzygnost F1+2  kit (Siemens Healthcare 
Diagnostics Products GmbH, Marburg, Germany). The MarzAA ac-
tivity assays were performed using STACLOT VIIa-rTF kits manufac-
tured by Diagnostica Stago (Parsippany, NJ, USA) on the Stago ST4/
Start4 coagulation analyzer, and the test procedure was adapted 
from the STACLOT kit instructions. If spontaneous bleeding oc-
curred after the fifth daily dose, MarzAA antigen levels were meas-
ured within 6 hours of the spontaneous bleed (if feasible). Specimens 
for coagulation and immunogenicity testing were also drawn. If it 
was determined to escalate to the next dose level because of spon-
taneous bleeding, a before dose and postdose 7-hour specimen was 
drawn for PK, coagulation, and thrombogenicity markers on day 7 
after the escalation to estimate the new trough and peak concen-
trations and PD. MarzAA antigen and coagulation parameters were 
then measured before and after dosing at days 14, 21, and 28, and 
before dosing on day 50 after escalation.

Specimens for ELISA-based immunogenicity testing (antibody 
to MarzAA, neutralizing activity, cross reactivity with wt-rFVIIa) 
were drawn at screening, Part 1a before dose, Part 1b before dose, 
and during Part 2 before dose on days 1, 7, 14, 21, 28, and 42, and 
then every 2 weeks until the end-of-trial visit at 30 days after the 
last dose. Immunogenicity assessments followed Food and Drug 
Administration guidance25 and included assay for any occurrence 
of antibody formation resulting in a decreased endogenous level 
of FVII or FVIIa, occurrence of antibody response to MarzAA, and 
the number and percentage of antibody formation resulting in a 
decreased endogenous level of FVII or FVIIa. Coagulation assays, 
thrombogenicity markers, and immunogenicity marker evaluations 
were performed at a central laboratory.
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2.6  |  PK and PD analysis

Standard PK parameters included terminal phase elimination half-
life (t1/2), total plasma clearance, volume of distribution at steady 
state, area under the FVIIa activity time curve (AUC) from time 
zero to a definite time t and AUC from time zero to infinity, mean 
residence time (MRT), and bioavailability of the SC administra-
tion. The PK sampling schedule was specific to each part and dose 
administration. Pharmacokinetic analysis was performed using a 

noncompartmental analysis in professional PK software Phoenix 
WinNonLin version 6.4 or higher (Certara, Princeton, NJ, USA). A 
semiparametric model described by Lee et al26,27 was used to cal-
culate the t1/2. A noncompartmental model using the trapezoidal 
rule was used to compute the various AUCs and the parameters 
derived from them. Descriptive statistics were reported for each 
parameter including PK. Tables, listings, and figures were produced 
using SAS statistical package version 9.3 or higher (SAS Institute, 
Cary, NC, USA).

F I G U R E  3 Patient enrollment 
flowchart. EC, exclusion criterion; 
FVII, factor VII; HA, hemophilia A; HB, 
hemophilia B; IC, inclusion criterion; ITT, 
intent-to-treat; SC, subcutaneous

TA B L E  1 Subject demographics and characteristics at screening

Subject
Median 
Age (y)

Height 
(cm)

Weight 
(kg) BMI (kg/m2)

Hemophilia 
A or B

Highest 
inhibitor 
level (BU)

Age when 
inhibitor 
diagnosed 
(years) ABR

PDB
(%)

Bleeds in 
the past 
6 months

Bleeds 
in the 
past 
50 days

1 43 175 75 24.5 A 5.5 39 22.2 22 6 2

2 31 160 61 23.8 B 1.73 31 21.2 18 9 2

3 47 150 44 18.6 A 1.07 40 20.5 8 9 4

4a  36 170 75 26.0 A 40 15 12.2 6 4 1

5 18 185 62 18.7 A 5 14 26.7 18 12 4

6b  30 180 72 22.2 A 2.7 26 18.3 11 9 2

7 31 184 111 32.9 A 27.5 10 24.3 9 12 5

8c  29 167 58 20.8 A 4.2 27 15.9 12 7 1

9 35 166 40 14.6 A 4.7 35 16.6 11 8 1

10 23 182 92 27.8 A 4.5 21 15.2 4 7 1

11 18 A 56 6 15.9 9 8 2

All 31 172.5 67 23.0 4.7 26 18.3 11 8 2

Note: Patients can have a very different proportion of days with bleeding despite similar ABR.
Abbreviations: ABR, annualized bleeding rate; BMI, body mass index; BU, Bethesda Units; PDB, proportion of days with bleeding.
aWithdrew consent after completing Part 1a of the trial, skipping Part 1b, and receiving a single SC 30 μg/kg dose in Part 2 and had no adverse 
events.
bDiscontinued after experiencing serious events of hypertension and hemorrhagic stroke considered not related to study drug in Part 2, which 
resulted in the subject's death (day 11).
cDiscontinued after 44 daily SC doses in Part 2 because of relocation.
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Pharmacodynamic assessments including coagulation assays 
(activated partial thromboplastin time [aPTT], prothrombin time 
[PT], thrombin generation time, and fibrinogen); and thrombogenic-
ity biomarkers (D-dimer, F1+2, and TAT complexes), were derived 
by noncompartmental analysis using intravascular or extravascular 
trapezoidal log-linear rule using Phoenix WinNonLin or SAS soft-
ware packages.

2.7  |  Statistical analysis

The null hypothesis (H0) was that the ABR (for MarzAA) equaled 
12 versus the alternative hypothesis (H1) ABR (for MarzAA) <12. 
With a total of 12 subjects, if the true ABR for MarzAA is ≤6, with 
a one-tailed 2.5% significance level, there was near 100% power to 
demonstrate this using a one-sample Poisson test of the H0. Even if 
only six subjects were available for the analysis, the power would be 
in excess of 99%. Thus, a sample of 12 subjects was chosen and ex-
pected to provide sufficient power for the primary end point analy-
sis in this trial. If a subject did not complete the trial as defined in the 
protocol, that is, before receipt of the study drug for 50 days at the 
same dose level (maximum, 120 μg/kg), a replacement subject could 
be enrolled. Missing data were not imputed in this trial. All analyses 
were based on available data. Baseline is defined as the last assess-
ment before the first administration of study drug in Part 1a. This 
baseline was used for both Part 1a and Part 1b and was used in all 
efficacy and safety analyses.

The analysis of the primary end point (ABR) of the final dose 
used to treat a subject was based on the evaluation of the ABR of 
MarzAA compared to a rate seen with prior 6-month episodic ther-
apy. The latter was assumed to be 12 (or one bleed per month) as 
the null hypothesis. The comparison of the actual ABR for MarzAA, 
either pooled across all doses used or evaluated at the highest dose 
for an individual, was compared to this null hypothesized value using 
the one-sample test for a Poisson rate (using an exact calculation 
of the P value based on the program StatXact 11, Cytel, Inc., 2015). 
Because this was a one-tailed test (the alternative hypothesis: ABR 
for MarzAA will be <12), a one-tailed 2.5% significance level was 
used. All other statistical tests were performed at the 0.05 signifi-
cance level using two-sided tests.

3  |  RESULTS

3.1  |  Subjects included

A total of 17 subjects were screened, and 11 subjects received the 
study drug and were included in the Safety Analysis Set. Three sub-
jects did not complete the trial. The efficacy/PD modified intent-to-
treat population, defined as any patient who received at least seven 
SC doses of MarzAA at 30 μg/kg (Table S2 and Figure 3), was used 
to present all primary and secondary efficacy results in the trial. 
Demographic and baseline characteristics are shown in Table 1. All 

subjects in the trial were White, with an average age of 31  years 
(18-47 years), and average BMI of 23.025 kg/m² (14.62-32.89 kg/
m²). Ten (90.9%) subjects had hemophilia A, and one (9.1%) subject 
had hemophilia B. The average age of hemophilia diagnosis was at 
2 years (1-7 years). Overall, the median number of bleeds in the prior 
6 months and prior 50 days upon entering the trial was 8.0 (4-12) and 
2.0 (1-5), respectively. A list of episodic treatments before MarzAA 
treatment can be found in Table S3.

3.2  |  Efficacy

The mean baseline ABR was 19.8 (12.2-26.7), and the mean propor-
tion of days with bleeding (days when bleeding was recorded divided 
by the days of observation) was 12.3% (4%-22%). All subjects who 
completed the trial were adherent with all doses of SC MarzAA; the 
median exposure days was 50 in Part 2. Three dose escalations of 60, 
90, and 120 μg/kg (maximum dose) were allowed during Part 2. Nine 
subjects did not require a dose escalation and remained on 30 μg/
kg throughout Part 2. Four subjects experienced bleeds in Part 2 of 
the trial. One subject experienced a spontaneous bleed (hematoma 
to the abdominal wall) before 5 days of dosing of Part 2 and did not 
dose escalate. One subject experienced a traumatic bleed, which did 
not warrant dose escalation, caused by a contact injury to his right 
thumb muscle after 36 days of treatment with 30 μg/kg SC MarzAA 
in Part 2. Two subjects experienced spontaneous bleeds (hematuria 
and right knee joint injury, respectively) that required dose escala-
tion to 60 μg/kg. Dose escalation beyond 60 μg/kg was not required. 
Subjects experienced >90% reduction in all bleeding, and seven of 
nine subjects had no bleeding (spontaneous or traumatic) at the final 
dose level (Figure 4). The mean ABR significantly reduced from 19.8 
to 1.6 (95% confidence interval [CI], 15.2-21.1; P = .009), while the 
mean proportion of days with bleeding significantly declined from 
12.3% to 0.8% (95% CI, 7.5%-15.6%; P = .009). The median pretreat-
ment bleeding interval was 19.5 days (range, 13.9-25.0 days) and was 
prolonged to a median of 50 days (range, 5-50 days) while receiv-
ing MarzAA. No subjects required a blood transfusion. None of the 
enrolled subjects had been on a prophylactic treatment. In Part 2, 
the injection volume ranged from 0.6 to 1.3 mL for the 30 μg/kg 
SC dose, and for the 2 subjects who required 60 μg/kg the volumes 
were 1.7 and 1.75 mL, respectively; all doses were given as a single 
injection.

3.3  |  PK and PD

PK parameters of SC versus IV MarzAA are summarized in Table 2. 
Of note, levels of MarzAA at the time taken to reach the maximum or 
peak drug concentration (tmax) for SC administration (SC tmax=7 hours) 
were comparable to the declining levels of MarzAA at 12 hours after 
IV infusion (SC = 18.1 ng/mL, IV = 16.0 ng/mL). The mean SC bioa-
vailability was 27% (95% CI, 16%-37%). The t1/2β was prolonged when 
MarzAA was administered via SC administration compared with IV 
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F I G U R E  4 Marzeptacog alfa (activated) demonstrated statistically significant reduction in all bleeding. (A) Overall; (B) ABR; (C) PDB. ABR, 
annualized bleeding rate; PDB, proportion of days with bleeding

(A)

(B)

(C)
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(SC t1/2β=17.0 hours, IV t1/2β=3.65 hours); the MRT for MarzAA was 
also prolonged when administered SC compared with IV dosing (SC 
MRT=25.8 hours, IV MRT=4.05 hours). These data document a more 
prolonged effect when MarzAA is administered SC.

For MarzAA treatment in the PD population, the change from 
baseline for the following parameters were analyzed: aPTT, D-dimer, 
fibrinogen, PT, F1+2, and TAT values (Table 3). Prothrombin time in 
Part 1a and Part 1b decreased and returned to baseline within 24 

and 48 hours, respectively; in Part 2, minor fluctuations were noted 
throughout the 50-day period, with a return to baseline at the end 
of the trial. In Parts 1a and 1b, aPTT decreased from baseline and 
returned to baseline within 24 or 48 hours, respectively. Fibrinogen 
in Parts 1a and 1b decreased slightly from baseline with a return to 
baseline levels within 24 and 48 hours, respectively; in Part 2, fibrin-
ogen decreased through day 5 and returned to baseline values for 
the remainder of the 50-day period.

TA B L E  2 Summary of pharmacokinetic antigen parameters for IV and SC administration of marzeptacog alfa (activated)

PK parameter

IV SC

Mean SEM CI Mean SEM CI

t1/2α (h) 1.47 0.29 1.08-2.12 NP NP NP

t1/2β(h) 3.65 0.23 3.23-4.13 17.0 3.1 10.9-23.0

MRT (h) 4.05 0.39 3.30-4.80 25.8 4.5 17.0-34.6

Cmax (ng/mL) 375 54 257-467 24.0 4.5 15.7-32.8

tmax (h) 0.5 0.4 0-0.9 7.0 0.8 5.4-8.6

AUC0-t (h • ng/mL) 1076 97 866, 1252 473 132 188-688

AUC0-inf (h • ng/mL) 1102 101 902-1295 609 190 186-891

Bioavailability (%) NP NP NP 27 6 16-37

Trough (ng/mL) during 30 μg/kg dosing NP NP NP 6.3 1.15 3.69-8.02

Peak (ng/mL) during 30 μg/kg dosing NP NP NP 18.7 1.59 15.7-22.1

Trough (ng/mL) during 60 μg/kg dosing NP NP NP 16.1 4.08 7.99-23.8

Peak (ng/mL) during 60 μg/kg dosing NP NP NP 51.5 9.79 30.0-69.1

Abbreviations: AUC0-inf, area under the curve from time zero to infinity; AUC0-t, area under the curve at the last measurable concentration; CI, 
confidence interval; Cmax, maximum or peak drug concentration; IV, intravenous; MRT, mean residence time; NP, not performed; SC, subcutaneous; 
SEM, standard error of mean; t1/2α, half-life due to redistribution; t1/2β, half-life due to drug elimination/metabolism; tmax, time taken to reach Cmax.

TA B L E  3 Summary of change from baseline for specific pharmacodynamic parameters

Parameter (unit) Statistic

Part 1a and 1b Part 2

MarzAA IV 18 μg/
kg
(N=10)

MarzAA SC 30 μg/
kg
(N=9)

MarzAA SC 30 μg/
kg
(N=10)

MarzAA SC 
60 μg/kg
(N=2)

PT (sec) Median −3.7 −2.8 −3.0 −4.8

Min, Max −5.3, 1.5 −4.8, −0.3 −6.5, 1.2 −4.8, 3.8

aPTT (sec) Median −10.6 1.3 −8.3 −15

Min, Max −57.4, 140.8 −30.7, 50.1 −47.3, 30.3 −20.15, 2.0

Fibrinogen (mg/dL) Median −10 −15 −4 −4

Min, Max −173, 51 −133, 108 −112, 146 −84, 116

D-dimer (μg/L) Median 0a  0a  17 112.5

Min, Max −73, 176 −47, 266 −47, 778 0, 125

F1+2 (pmol/L) Median 156.5 57 76.5 93

Min, Max −136, 967 −42, 1093 −49, 1090 34, 1058

TAT complexes (μg/L) Median −6.9 3.7 −0.05 1.3

Min, Max −3.0, 497.6 −4.8, 370.4 −6.7, 379.9 −3.7, 37

Note: Modified intent-to-treat population.
Abbreviations: aPTT, activated partial thromboplastin time; F1+2, prothrombin fragments 1+2; IV, intravenous; MarzAA, marzeptacog alfa 
(activated); PT, prothrombin time; SC, subcutaneous; TAT, thrombin-antithrombin.
aThe median change of zero reflect that the majority of values were set to 200 (μg/L) because D-dimer was below the level of quantification at all 
time points.
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A more complete PK/PD profile for MarzAA will be reported 
separately; however, the data in this trial are conformant with those 
from the phase 1 trial (NCT04072237).

3.4  |  Safety

3.4.1  |  Adverse events

An overall summary of treatment-emergent adverse events (TEAEs) 
in the Safety Population in Parts 1 and 2 of the trial, is presented in 
Table 4. In Part 1, no related TEAE or serious adverse events (SAEs, 
AE leading to discontinuation, or death) were reported. In Part 2 
(MarzAA 30  μg/kg), eight (80.0%) subjects reported a TEAE, and 
three (30.0%) subjects had TEAE considered related to the study 
drug (injection site reaction, anemia, and hematoma). There was 
one fatal SAE: intracerebral hemorrhage (ICH) and hypertension, 
which resulted in the subject’s death on day 11. This patient had 
a history of episodes of hypertension for which he was prescribed 
captopril but was not taking it at the time of trial enrollment. In the 
4 weeks before the ICH, the subject had normal measurements of 
his blood pressure (highest systolic level was 125 mm Hg with the 
highest diastolic 75 mm Hg). Blood pressure on admission with ICH 
was 195/95 mm Hg. Computed tomography scan showed 120 mL 
left temporal and frontal lobe ICH with spread to ventricles and dis-
placement of midline structures. One subject experienced a TEAE 
of blepharitis and dyspepsia, considered not related to the study 
drug. A total of 517 SC doses were administered with six injection 
site reactions in two subjects reported (one subject reported mod-
erate swelling on day 21; one had mild redness on days 15 and 18; 
moderate redness on days 19, 20, and 21 and all resolved without 
sequelae); 1 was reported as an AE and was treated with topical hy-
drocortisone. No adverse or abnormal findings were shown for clini-
cal laboratory, chemistry, vital signs, or other safety measurements. 
No subjects experienced a thrombotic event.

3.4.2  |  Immunogenicity

Immunogenicity assessments were negative or normal for any oc-
currence of antibody formation resulting in a decreased endogenous 
level of FVII or FVIIa, occurrence of antibody response to MarzAA, 
and the number and the percentage of antibody formation result-
ing in a decreased endogenous level of FVII or FVIIa was zero. 
Therefore, no ADAs to MarzAA or FVIIa were detected at baseline 
or throughout the trial or safety follow-up period in treated subjects.

3.5  |  Exploratory outcomes

For exploratory parameters in Parts 1 and 2 of the trial, change from 
baseline in QoL measurements for EQ-5D-5L and EQ VAS, Haem-A-
QoL, and HAL showed no clinically meaningful findings.

4  |  DISCUSSION

A total of 17 subjects were screened, and 11 subjects received the 
study drug. The primary efficacy end point was met: The mean ABR 
and proportion of days with bleeding had a 90% reduction. Seven of 
9 participants had no bleeding at their final dose level for 50 days. 
Results suggest that SC MarzAA achieves therapeutic levels rapidly 
and significantly decreases frequency of bleeding. Furthermore, 
the SC t1/2β was extended (17 hours compared with an IV t1/2β 
of 3.65  hours). MRT for MarzAA was also prolonged when ad-
ministered SC compared with IV dosing (SC MRT = 25.8 hours, IV 
MRT = 4.05 hours). Pharmcodynamic results showed appropriate re-
duction in PT and aPTT with SC administration; D-dimer, F1+2, TAT 
complex, and fibrinogen changes did not show thrombogenic con-
cerns, and SC changes were similar to those after IV administration.

A fatal SAE of ICH occurred in a subject participating in Part 2. 
This was ascribed by the principal investigator as due to untreated 
episodic hypertension. The subject reported concomitant medication 
of nimesulide (a nonsteroidal anti-inflammatory drug), which he took 
intermittently. While reactive hypertension can be present after ICH, 
the principal investigator assessed the hypertension as related to his 
prior history of isolated episodes of hypertension, and causative of 
the ICH that was not related to use of MarzAA. The external safety 
monitors concurred with this decision. ICH is associated with high 
mortality accounting for 10% to 20% of all stroke cases and is mostly 
induced by hypertension. There was no evidence of any thrombotic 
event. The dose of MarzAA (30 μg/kg) was not protective, and it is 
unknown whether any dose level could have prevented ICH.

Overall, MarzAA demonstrated an acceptable safety profile 
when dosed daily for 50 days, and up to 97 days in one subject. No 
ADAs were detected during treatment and in the posttreatment 
follow-up period. More than 500 SC injections were administered, 
with six injection site reactions reported for two subjects; all re-
solved without sequelae. MarzAA was well tolerated and without 
any treatment-related SAE.

Several emerging nonfactor therapies are in clinical trials for 
bleed prevention in people with hemophilia with inhibitors, includ-
ing fitusiran (siRNA-AT3),28 anti–tissue factor pathway inhibitor29 
and anti–activated protein C.30 A prophylaxis trial of daily IV dosing 
of rVIIa showed bleeding frequency was reduced by 45% and 59% 
during prophylaxis with 90 and 270 μg/kg, respectively (P < .0001), 
with no significant difference between the two dose levels31; how-
ever, a mean of eight and five joint bleeds per month, respectively, 
occurred during the treatment period, considerably greater than in 
our trial. Intravenous infusion of three times per week of aPCC was 
associated with a 62% reduction in all bleeding episodes (P < .001) 
and a 61% reduction in hemarthroses (P < .001), but participants had 
a mean of five bleeds during the 6-month treatment period com-
pared with episodic treatment, thus higher than in our trial.32

The addition of MarzAA, an improved rFVIIa variant with a unique 
PD profile allowing SC use, may provide a new treatment option to 
prevent and treat bleeding events in patients and may potentially help 
address existing unmet medical need in patients with FVII deficiency 
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or hemophilia B with inhibitors, in whom the bispecific antibody emi-
cizumab cannot work, and in people with hemophilia A with inhibitors 
who may experience loss of efficacy with emicizumab. The objective 

of this trial was to evaluate the use of SC MarzAA as a prophylactic 
agent; however, MarzAA may also be useful to treat breakthrough 
bleeds by means of SC injections based on the PK data in this trial and 

TA B L E  4 Treatment-emergent adverse events by system organ class and preferred term

System organ classa  n (%)b  MarzAA IV 18 μg/kg (N = 10) MarzAA SC 30 μg/kg (N = 9)

Part 1

Any TEAE 1 (10.0) 1 (11.1)

Gastrointestinal disorders 0 1 (11.1)

Vomiting 0 1 (11.1)

Metabolism and nutrition disorders 1 (10.0) 0

Hyperglycemia 1 (10.0) 0

Nervous system disorders 0 1 (11.1)

Headache 0 1 (11.1)

Vascular disorders 1 (10.0) 0

Hypertension 1 (10.0) 0

System organ classa  MarzAA 30 μg/kg (N = 10) MarzAA 60 μg/kg (N = 2)

Part 2

Any TEAE 8 (80.0) 1 (50.0)

Blood and lymphatic system disorders 2 (20.0) 0

Anemia 2 (20.0) 0

Eye disorders 0 1 (50.0)

Blepharitis 0 1 (50.0)

Gastrointestinal disorders 0 1 (50.0)

Dyspepsia 0 1 (50.0)

General disorders and administration site conditions 1 (10.0) 0

Injection site reaction 1 (10.0) 0

Infections and infestations 1 (10.0) 0

Respiratory tract infection 1 (10.0) 0

Injury, poisoning, and procedural complications 1 (10.0) 0

Contusion 1 (10.0) 0

Musculoskeletal and connective tissue disorders 2 (20.0) 0

Arthralgia 1 (10.0) 0

Hemarthrosis 1 (10.0) 0

Nervous system disorders 1 (10.0) 0

Hemorrhagic stroke 1 (10.0) 0

Psychiatric disorders 1 (10.0) 0

Panic attack 1 (10.0) 0

Vascular disorders 3 (30.0) 0

Hematoma 1 (10.0) 0

Hemorrhagic vasculitis 1 (10.0) 0

Hypertension 1 (10.0) 0

Note: A subject with multiple events in a given system organ class or preferred term was counted only once per system organ class or preferred term. 
TEAEs are defined as AEs that occurred on or after the first dose of study medication. TEAEs were assigned to a treatment based on the time of 
occurrence in relation to the last treatment administered prior to the onset of the TEAE.
Abbreviations: AE, adverse event; IV, intravenous; MarzAA, marzeptacog alfa (activated); SC, subcutaneous; TEAE, treatment-emergent adverse 
event.
aAdverse events preferred term were coded using the Medical Dictionary for Regulatory Activities Version 20.1. Percentages are based on the 
number of subjects in the safety population in each treatment group.
bNumber of patients with events and percentage of patients with event in the defined group.
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other work. MarzAA has at least nine times the specific activity of 
wt-FVIIa as measured by IV comparative PD in dogs. This increased 
specific activity allows for SC dosing for prophylaxis and treatment 
of bleeding. A pivotal registrational phase 3 trial is currently under 
way to determine whether treatment of bleeding with SC MarzAA 
is noninferior to IV standard-of-care treatment (NCT04489537). 
Intravenous MarzAA remains an option for treatment of bleeding 
should SC prove not be efficacious. One of the main arguments 
against nonfactor replacement therapies (NFTs) such as emicizumab 
is the need to use different hemostatic drugs in addition to NFTs for 
breakthrough bleeds with some concerns around thrombotic poten-
tial of such combinations.8 In normal physiology, the endogenous 
procoagulant and anticoagulant pathways are interwoven with mul-
tiple regulatory interactions to provide hemostasis while minimizing 
thrombosis.33 The hemostatic effects of NFTs circumvent these reg-
ulatory interactions to therapeutically “rebalance” the coagulation 
cascade to address the underlying bleeding disorder. However, the 
new NFT-induced hemostatic balance is likely not as stable as that of 
normal physiology or with targeted coagulation factor replacement. 
Thrombotic complications are rare but are a well-recognized risk, es-
pecially when combined with other hemostatic therapies.8

It is important to highlight that any molecular modifications of 
therapeutic proteins, such as FVIIa, may create a non–self-epitope 
that can stimulate innate immune responses. Consequently, such al-
terations could trigger the development of ADAs, with or without 
neutralizing activity, hypersensitivity reactions, or breakdown of im-
mune tolerance to the endogenous protein. Neutralizing antibodies 
may, therefore, be reported following administration of novel ther-
apies. Clinical development trials for other bioengineered extended 
t1/2 rFVIIa products, including glycopegylated rFVIIa (N7-GP),34 va-
treptacog alfa (activated),35 and BAY 86-615036,37 were prematurely 
stopped due to a lack of a dose-response or development of neu-
tralizing ADAs. However, antibodies to a therapeutic protein may 
not have clinical effects, as shown by Whelan et al., who found that 
≈30% of people with hemophilia A have antibodies binding to FVIII 
without any effect on treatment outcome.36-40 Although there were 
no ADAs to MarzAA or FVIIa detected at baseline or throughout 
the trial or safety follow-up period in treated subjects, and >500 
exposure days were recorded for 46 to 99 exposure days by par-
ticipants, immunogenicity should continue to be closely monitored 
in future studies with MarzAA. A total of 46 individuals have been 
exposed to MarzAA without detection of ADAs. The phase 3 trial 
(NCT04489537) currently recruiting patients will provide further 
evidence of the safety evaluation of MarzAA in a larger cohort of 
people with hemophilia A and B treated with inhibitors for multiple 
bleeding episodes over a longer period.

This phase 2, open-label, SC prophylaxis trial met all primary and 
secondary end points. The results of this trial must be interpreted in 
light of certain limitations. First, there is no single established and 
validated means for assessment of efficacy. Thus, efficacy in this 
trial was defined as ABR (spontaneous and total) during Part 2 when 
on final MarzAA dose level versus recorded ABR. Part 2 relied on pa-
tient diaries to assess treatment in the home setting. There are some 

limitations of patient diaries, mainly due to the reliance on patient 
adherence and self-reported measures.

5  |  CONCLUSION

This multicenter, open-label, phase 2 trial with MarzAA (NCT03407651) 
enrolled adults with severe congenital hemophilia A or B with an in-
hibitor. The data demonstrated that an individualized dose of daily SC 
MarzAA can significantly decrease the frequency of bleeding and pro-
vide effective prophylaxis in people with hemophilia with inhibitors.
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