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Abstract
Background: Fitusiran, an investigational small interfering RNA therapy, reduces 
antithrombin production to rebalance hemostasis in people with hemophilia A or B, 
with or without inhibitors.
Objectives: To evaluate the safety and efficacy of fitusiran treatment for people with 
moderate/severe hemophilia A or B with inhibitors.
Patients/Methods: In this open- label phase 1, part D study, 17 males with hemo-
philia A or B with inhibitors received three once- monthly subcutaneous injections 
of fitusiran 50 mg (n = 6) or 80 mg (n = 11); followed for up to 112 days. Endpoints 
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included safety (primary), pharmacokinetics/pharmacodynamics (secondary), annual-
ized bleeding rate, and patient- reported outcomes (exploratory).
Results: The most common adverse event was injection site erythema (n = 8). No 
thrombotic events were reported. At nadir, mean (standard error of the mean [SEM]) 
antithrombin activity decreased from baseline by 82.0% (2.2) and 87.4% (0.7) in the 
50 mg and 80 mg groups, respectively. Antithrombin reduction was associated with in-
creased thrombin generation. 11/17 (64.7%) participants had no bleeds during the ob-
servation period (mean [standard deviation] 69.4 [16.3] days). Mean (SEM) changes from 
baseline in Haemophilia Quality of Life Questionnaire for Adults total (−9.2 [2.9]) and 
physical health (−12.3 [3.9]) domain scores suggested clinically meaningful improvement.
Conclusions: Monthly fitusiran was generally well tolerated, lowered antithrombin 
levels from baseline, and resulted in improved thrombin generation. These preliminary 
results suggest that monthly fitusiran treatment may reduce bleeding episodes and 
improve quality of life in participants with hemophilia A or B with inhibitors.

K E Y W O R D S
antithrombin, fitusiran, hemophilia, siRNA, inhibitors

Essentials

• Fitusiran is a synthetic siRNA targeting liver antithrombin (AT) to increase thrombin 
generation.

• Phase 1 study of monthly subcutaneous fitusiran for people with hemophilia A or B with 
inhibitors.

• Fitusiran reduced AT, increased thrombin generation, and reduced bleeding events in 
participants.

• Fitusiran treatment was well tolerated; no thrombotic events were reported.

1  |  INTRODUC TION

Maintaining normal hemostasis relies on a regulated set of simultane-
ously occurring procoagulant and anticoagulant processes, in which 
thrombin generation has a central role.1 Bleeding in hemophilia A and 
B arises from insufficient thrombin generation.1- 3 It is well recognized 
that, without effective treatment, people with hemophilia experience 
recurrent bleeding, which can be life- threatening and/or lead to major 
disability because of chronic hemarthropathy and significant pain.4

Significant unmet needs and management challenges continue 
to exist for all people with hemophilia despite treatment advances. 
Prophylaxis is considered the cornerstone of hemophilia manage-
ment3,5,6; however, frequent intravenous injections of factor re-
placement for prophylaxis are not only burdensome,7,8 but also a 
large proportion of the world hemophilia population is without pro-
phylaxis because of the complexities of delivering factor replace-
ment.9 Additionally, the development of inhibitory alloantibodies to 
factor replacement remains one of the most serious complications 
of hemophilia treatment.10 Compared with those patients without 
inhibitors, those with persistent inhibitors have a lower quality of life 
(QoL), greater joint disease, and higher mortality, including a higher 

risk of death from hemophilia- related bleeding complications.10,11 
Current treatment strategies for these individuals, such as immune 
tolerance induction, prophylaxis, and bleeding treatment with by-
passing agents (BPAs; ie, activated prothrombin complex concen-
trates [aPCC]; recombinant activated factor VII [rFVIIa]), have limited 
effectiveness.12- 16 The management of people with hemophilia B 
and inhibitors is further complicated by the occurrence of severe 
allergic/anaphylactic reactions and nephrotic syndrome, which can 
result from administration of FIX immune tolerance induction,17,18 
severely limiting safe treatment options.

Given these challenges and a clear need for improved manage-
ment strategies, efforts have focused on the development of novel 
alternative therapies to factor replacement and can adequately pro-
vide prophylaxis in patients with inhibitors. These include bispecific 
antibodies that partially mimic VIII function or approaches that are 
designed to rebalance coagulation by targeted inhibition of natural 
anticoagulants (antithrombin [AT], tissue factor pathway inhibitor, 
protein S/activated protein C, protease nexin- 1).19- 29

Fitusiran is an investigational, subcutaneously administered 
small interfering RNA therapy that specifically targets AT messenger 
RNA to lower production of AT in the liver.28 Fitusiran utilizes a <1 ml 
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fixed subcutaneous dose and has a prolonged pharmacodynamic ef-
fect, offering the potential for consistent hemostasis over time. In 
its role as an anticoagulant, AT regulates hemostasis by inhibiting 
thrombin and FXa.30 Fitusiran- induced reduction of AT levels has 
the potential to promote hemostasis through increased thrombin 
generation and is intended as prophylactic therapy in individuals 
with hemophilia A or B, either with or without inhibitors. Preclinical 
studies with fitusiran have demonstrated proof of this concept.24 In 
the phase 1 study in participants without inhibitors (parts B and C), 
fitusiran was well tolerated, and dose- dependent reduction of AT 
levels was demonstrated that correlated with increased thrombin 
generation. Further, an exploratory analysis of bleeding events sug-
gested a decrease in bleeding episodes.28

Based on its mechanism of action, it was hypothesized that fi-
tusiran treatment may be beneficial in individuals with hemophilia 
A or B with or without inhibitors. Given its safety and tolerability in 
dose- escalation studies in individuals with hemophilia without inhib-
itors reported previously,28 the phase 1 study was extended to study 
safety, pharmacokinetic/pharmacodynamic (PK/PD) characteristics, 
and exploratory efficacy as measured by bleeding frequency in indi-
viduals with hemophilia A or B with inhibitors, which we report here.

2  |  METHODS

2.1  |  Study oversight

This was the part D cohort of a multicenter, international, open- 
label study in subjects with hemophilia A or hemophilia B and in-
hibitors. Full methodology and results of parts A through C were 
previously published.28 The full list of clinical sites that participated 
in the phase 1 study are provided in Table S1 in the Supplementary 
Appendix. This part of the study (part D) was initiated in 
November 2015 and was conducted according to the International 
Conference on Harmonization for Good Clinical Practice, the 
Declaration of Helsinki, and the 1996 Health Insurance Portability 
and Accountability Act. The study protocol was approved by the 
institutional review board or ethics committee at each partici-
pating center. The study data were periodically reviewed by the 
Safety Review Committee. All study participants provided written 
informed consent. The trial was registered at www.clini caltr ials.
gov (identifier: NCT02035605).

2.2  |  Study design and population

Eligible participants were male and aged 18 to 65 years (inclusive), 
with moderate or severe hemophilia A or hemophilia B (FVIII or 
FIX ≤5%) with inhibitors (Bethesda inhibitor assay >0.6 BU/ml). 
Participants had received on- demand treatment or, if previously 
on prophylactic therapy, they were willing to discontinue prophy-
laxis for at least 5 days before BPA administration or initiation of 
study drug.

Key exclusion criteria included a history of venous thrombo-
embolism, a known coexisting thrombophilic disorder, D- dimer 
>3.0 × upper limit of normal (ULN) at screening, AT activity <60% 
at screening, liver dysfunction, HIV positive with a CD4 count 
<200 cells/μL, or an estimated glomerular filtration rate ≤45 ml/
min/1.73 m2 (using the Modification of Diet in Renal Disease 
formula).31

Participants received three once- monthly fixed subcutaneous 
doses of fitusiran at 50 mg or 80 mg and were followed for up to 
112 days (or up to 84 days for those who transitioned from the phase 
1 study to the open- label extension study [ALN- AT3SC- 002]) or until 
AT levels returned to ≥80% of the baseline value, whichever period 
was longer. Bleeding episodes were managed during the study with 
rFVIIa or aPCC therapy.

2.3  |  Study assessments

The primary objective of part D was to evaluate the safety of fi-
tusiran in participants with hemophilia A or B with inhibitors. 
Secondary objectives were to characterize the PK of fitusiran and 
assess the PD effects of fitusiran on AT activity and thrombin gen-
eration. Exploratory objectives included assessment of the effect of 
fitusiran on annualized bleeding rates (ABRs) and patient- reported 
outcomes.

Safety assessments included adverse event (AE) monitoring, 
clinical laboratory assessments (eg, hematological; biochemical, in-
cluding liver function tests; coagulation measurements, including 
activated partial thromboplastin time [aPTT], prothrombin time 
[PT], international normalized ratio, platelets, D- dimer, fibrinogen; 
antidrug antibody formation using a validated human enzyme- linked 
immunosorbent assay), vital signs, and 12- lead electrocardiography. 
AEs and serious AEs (SAEs) were assessed throughout the study and 
coded according to the Medical Dictionary for Regulatory Activities 
(MedDRA, version 16.0). AEs were graded based on their severity 
(mild, moderate, or severe) and the causal relationship to study drug 
or premedication recorded.

For PK/PD analyses, AT activity was measured in human 
plasma using a validated chromogenic assay for the quantification 
of functionally active AT calibrated against the AT activity of the 
World Health Organization reference plasma standard (lower limit 
of quantitation of 5% AT activity). A calibrated automated throm-
bogram assay (Thromboscope BV, Maastricht, the Netherlands), 
with an affinity fluorogenic substrate triggered by tissue factor, 
was used for real- time analysis of thrombin generation. The fluo-
rescence was read with a Thermo Scientific Fluoroskan (Thermo 
Fisher Scientific) and reported as peak height. Fitusiran PK param-
eters were calculated from plasma concentration– time data using 
noncompartmental analysis and Phoenix WinNonlin (Certara) 
software.

To assess the effect of fitusiran on ABR, detailed hemophilia 
and bleeding history was collected and used to determine partici-
pants' historical ABR based on a 6- month period. During the study, 

http://www.clinicaltrials.gov
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all participants had a study- specific diary in which all episodes of 
bleeding, administration of BPA, and response to BPA treatment 
were recorded. Based on fitusiran's mechanism of action, the ex-
pected onset period to reach AT reduction of ≥75% is approximately 
28 days. Onset period bleeding episodes were those that occurred 
from the first dose date and time of the study drug to day 28 (in-
clusive). Observation period bleeding episodes were those that oc-
curred from 4 weeks after the first dose (first dose date +29 days) 
until 8 weeks after the last dose of fitusiran (last dose date +56 days), 
or the last visit date in study, whichever was earlier. Causes and loca-
tions of bleeding episodes, and dose of BPA treatments for each bleed 
were captured. Patient- reported outcomes were collected using the 
EuroQol 5- Dimensions questionnaire32 and the Haemophilia Quality 
of Life Questionnaire for Adults (Haem- A- QoL).33

2.4  |  Statistical analyses

The safety analysis population included all the participants who had 
received at least one dose of fitusiran and was the primary popula-
tion for the analysis of safety and exploratory endpoints. The PK/
PD population included all participants who had received at least 
one dose of fitusiran and had at least one plasma sample that could 
be evaluated. Statistical analyses were primarily descriptive and 
performed using SAS software, version 9.2 (SAS Institute) or higher. 
Descriptive statistics were presented for continuous variables, and 
frequencies and percentages for categorical and ordinal variables. 
Percentages were based on the number of nonmissing values. The 
ABR in each period was calculated as the number of bleeds in the 
period divided by the number of days in that period, multiplied by 
365.25.

3  |  RESULTS

3.1  |  Study population and baseline characteristics

A total of 17 males with hemophilia (hemophilia A [n =15]; hemophilia 
B [n =2]) and inhibitors were enrolled. Three fixed once- monthly in-
jections of fitusiran were given to participants; six received 50 mg 
(single injection of 0.5 ml) and 11 received 80 mg (single injection of 
0.8 ml). All participants completed the study (Figure S1).

Baseline demographics and clinical characteristics of the study 
population are shown in Table 1. All participants had severe hemo-
philia (<1% factor level). One participant in each dose group had he-
mophilia B and the remainder had hemophilia A. Age, weight, and 
number of bleeding episodes per year were broadly similar in both 
dose groups. A history of hepatitis C was reported in 12/17 par-
ticipants, but no participants were receiving ribavirin, interferon, or 
other antiviral therapy. Additionally, participants who had significant 
liver disease, including clinically significant cirrhosis per medical his-
tory or alanine/aspartate aminotransferase (ALT/AST) >3 × ULN at 
screening, were excluded.

3.2  |  Safety

There were no fitusiran treatment discontinuations during the study, 
no thrombosis events, and no SAEs considered related to fitusiran. 
There were no instances of drug- induced antidrug antibody forma-
tion. Overall, AEs were reported by 17 (100%) participants in part D 
(Table 2), which had the maximum severity of mild or moderate in 

TA B L E  1  Baseline demographics and clinical characteristics of 
the patient population

Characteristic
50 mg
(n = 6)

80 mg
(n = 11)

All Treated
(n = 17)

Mean (SEM) age, y 32.3 (2.9) 35.8 (3.6) 34.6 (2.5)

Mean (SEM) weight, kg 72.9 (7.0) 74.7 (5.0) 74.0 (4.0)

Type of hemophilia, n

A 5 10 15

B 1 1 2

Baseline disease severity, n (%)

Severe (<1% factor 
activity)

6 (100) 11 (100) 17 (100)

Mean (SEM) time since 
diagnosis, y

26.2 (4.8) 35.4 (3.7) 32.1 (3.0)

Mean historical ABR 
(SEM)

35.7 (11.6) 32.0 (5.2) 33.3 (5.1)

History of HCV, n (%) 3 (50.0) 9 (81.8) 12 (70.6)

Abbreviations: ABR, annualized bleeding rate; HCV, hepatitis C virus; 
SEM, standard error of the mean.

TA B L E  2  Adverse events in the safety population (all patients 
who received at least a single dose of fitusiran)

n (%)
50 mg
(n = 6)

80 mg
(n = 11)

All Treated
(n = 17)

Any AE 6 11 17 (100)

Any drug- relateda  AE 5 7 12 (71)

Serious AE 0 1 1

Serious drug- related AE 0 0 0

AE leading to discontinuation 0 0 0

Most common drug- related AEsb 

Injection site erythema 3 5 8 (47)

Alanine aminotransferase 
increase

1 2 3 (18)

Aspartate 
aminotransferase 
increase

1 2 3

Fibrin D- dimer increase 1 1 2 (12)

Injection site pain 2 0 2 (12)

Abbreviation: AE, adverse event.
aAny AE that was considered by the investigator to be possibly or 
definitely related to the study drug.
bAll the listed events were reported during the study period in at least 
two participants.
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all cases. The most common AE was injection site erythema (n = 8; 
47%). The most common study drug- related AEs (occurring in ≥2 
patients) were injection site erythema (n = 8; 47%), ALT/AST in-
crease, hepatic enzyme increase (alkaline phosphatase, bilirubin), or 
transaminases increase (n = 5; 29%), fibrin D- dimer increase (n = 2; 
12%), and injection site pain (n = 2; 12%). Injection site reactions 
were all mild and transient, and none required medical intervention. 
ALT elevations were generally mild and transient (four participants 
with peak ALT ≤3 × ULN, one participant with ALT ≥5 × ULN). There 
were no associated elevations in bilirubin greater than 2 × ULN (ref-
erence range 3.4- 20.5 μmol/L), and no severe liver function impair-
ment meeting Hy's Law criteria, which is predictive of drug- induced 
liver injury.34 Three of the five participants with reported ALT eleva-
tions had a history of hepatitis C virus (HCV) infection. The one case 
of ALT increase >3 × ULN on day 42 (5.1 × ULN; 254.9 U/L) occurred 

in a participant (80 mg) with a history of HCV and was reported as 
moderate in intensity by the investigator; fitusiran dosing continued 
with subsequent ALT decrease to <3 × ULN by day 98 and resolved 
at the end of the study. The remaining four cases of ALT elevations 
(<3 × ULN) were resolved (n = 1) or resolving (n = 3) at the end of the 
study. The elevations in liver enzymes considered related to fitusiran 
were all asymptomatic, were assessed as mild or moderate by the in-
vestigator, and did not require fitusiran dosing suspensions or inter-
ruptions. Overall, generally mild and transient ALT/AST elevations 
(mostly <3 × ULN) were frequently observed in both dose cohorts 
and appeared to be more pronounced in participants receiving the 
80 mg fitusiran dose (Figure S2).

The majority of participants did not exhibit any shifts from 
baseline in coagulation parameters (eg, PT, aPTT, D- dimer, fibrin-
ogen). There were no shifts in PT or aPTT that were reported as 

F I G U R E  1  (A) Effect of fitusiran on AT activity. Mean (± SEM) percentage of AT activity relative to baselinea in participants with 
hemophilia A or B with inhibitors receiving fitusiran once monthly. (B) Mean (± SEM) plasma thrombin generation peak height (nmol/L) 
over time by fitusiran dose group. aAs baseline AT levels may vary between individuals, percentage of AT activity for each participant was 
calculated relative to individual participant baseline measurements. Baseline measurements are the average of all predose measurements 
within 60 days of first dose excluding optional predose PK visits. The mean of these individual AT activity measurements is presented. 
Abbreviations: AT, antithrombin; MDI, multiple dose with inhibitors; PK, pharmacodynamics; SEM, standard error of the mean [Color figure 
can be viewed at wileyonlinelibrary.com]
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clinically significant by the investigators. Elevated D- dimer lev-
els were seen in a proportion of the cohort and observed eleva-
tions appeared to be more frequent and greater with the 80 mg 
fitusiran dose (6/11 participants [55%]) compared with the 50 mg 
fitusiran dose (2/6 participants [33%]) (Figure S3). An increased 
D- dimer was reported as an AE in three participants: two as pos-
sibly related and one as unlikely related to the study drug (plots 
for the individuals with D- dimer reported as an AE showing D- 
dimer levels over time are shown in Figure S4). All elevations in 
D- dimer were considered mild in intensity by the investigator and 
were transient. None of the elevations in D- dimer were associ-
ated with laboratory signs of pathological clot formation (changes 
in platelets, fibrinogen, and/or PT/international normalized ratio). 
One participant (50 mg) experienced D- dimer increase (412 μg/L 
on day 29 to 1349 μg/L on day 42; reference range 0- 130 μg/L) 
that was considered possibly related to treatment. This was mild 
in intensity and was resolving at the end of the study (526 µg/L) 
(Figure S3A and Figure S4A). The participant had increased D- 
dimer (231 µg/L) before receiving fitusiran and the event oc-
curred simultaneously with an AE reported of moderate gastritis 
and mild ALT increase (<3 × ULN). Another participant (80 mg) 
experienced D- dimer increase (2480 μg/L on day 42; reference 
range 0- 590 μg/L) that was judged as possibly related to treat-
ment and was mild in intensity (Figure S3B and Figure S4C). The 
participant remained on a monthly fixed dose of fitusiran and was 
subsequently enrolled in the open- label extension study in which 
the participant continued to receive fitusiran treatment with D- 
dimer levels measured. A D- dimer increase occurred (2090 μg/L 
on day 42; reference range 0- 590 μg/L) in another participant 
(80 mg) that was judged as unlikely related to fitusiran (Figure S3B 
and Figure S4B). This participant had a baseline elevation in D- 
dimer (690 µg/L) before receiving fitusiran and a history of HCV 
with mild elevation in ALT (<3 × ULN) reported as an AE on day 29. 
Fitusiran dosing was continued and the D- dimer AE was resolved 
by the end of the study (450 µg/L). For all participants, including 
those with D- dimer elevations as AEs, an association was not ob-
served between D- dimer elevations and bleeding events or con-
comitant treatment with BPA during fitusiran treatment.

A total of four SAEs were reported. One participant (18%) re-
ported two SAEs of pneumonia and hamartoma, one had duode-
nal ulcer bleeding, and one had muscle hemorrhage. None of the 
SAEs were considered related to the study drug, and all the SAEs 
resolved.

3.3  |  Pharmacokinetics

Following the administration of single 50 and 80 mg doses of fitu-
siran, mean peak plasma levels of the drug (maximum plasma con-
centration, Cmax) were 85.4 and 142.9 ng/ml on day 0, and 96.5 and 
157.1 ng/ml on day 56 (after 3 monthly doses), respectively. In both 
dose groups, maximum plasma concentration was achieved approxi-
mately 4 hours postdose (time to maximum plasma concentration, 

Tmax) for both assessment days (days 0 and 56). Fitusiran levels de-
creased rapidly in plasma; the mean elimination half- life ranged from 
3.4 to 5.2 hours, which was similar to results previously observed in 
part C.28 Fitusiran PK parameters were similar in hemophilia patients 
with or without inhibitors. Further details of PK parameters are pro-
vided in Table S2 in the Supplementary Appendix.

3.4  |  Pharmacodynamics

AT activity is measured in percent (normal range is approximately 
80%- 120% activity). In part D, the mean (standard error of the mean 
[SEM]) baseline AT activity was 109.5% (4.4) and 100.2% (4.8) in the 
fitusiran 50 mg and 80 mg dose groups, respectively. Because base-
line levels may vary between individuals, we evaluated AT reduction 
based on percentage of AT activity relative to individual participant 
baseline. There was consistent reduction in AT activity with fitusiran 
treatment, evident initially at day 7 and progressing to maximal ef-
fect after day 28. The mean nadir AT activity was similar between 
the two dose groups, specifically, 18.0% in the 50 mg dose group 
and 12.6% in the 80 mg dose group, corresponding to an 82.0% and 
87.4% reduction from baseline, respectively. The minimum residual 
postdose AT level was 9.8%, observed in the 80 mg dose group. 
Mean (SEM) percentages of AT activity from baseline over time are 
shown in Figure 1A.

Reduced AT levels were associated with increased thrombin gen-
eration (Figure 1B). Consistent with results from parts A through C 
of this study, thrombin peak height was associated with the degree 
of AT reduction in both dose groups and AT reduction by ≥75% from 
baseline resulted in a median peak thrombin height of 68.05 nM, 
which falls in the lower range previously observed in healthy volun-
teers (64- 210 nM) (Figure 2).28

3.5  |  Exploratory efficacy

Figure 3 shows prestudy ABRs and observation period ABRs for in-
dividual participants receiving monthly fitusiran treatment in part D. 
The median (range) ABR across all 17 participants in part D was 0.0 
(0.0- 45.7). Overall, 11/17 (65%) participants recorded no bleeding 
events while on fitusiran treatment and had an ABR of zero during 
the observation period (mean [standard deviation] 69.4 [16.3] days). 
Bleeds treated with BPA were successfully managed as assessed by 
the number of injections per bleed and based on participant percep-
tion of the amount of BPA needed to control bleeds compared with 
bleeds before using fitusiran in the same location. When AT reduc-
tion was ≥75%, there were six bleeds that were treated with aPCC 
and 13 with rFVIIa. Overall, 83.3% (5/6) of the bleeds treated with 
aPCC were reported to use less aPCC than normal and 61.5% (8/13) 
of the bleeds treated with rFVIIa were reported to use less rFVIIa 
than normal to control the bleeding event. BPA injection doses 
ranged from 93 to 133 μg/kg for rFVIIa (median 108.6 μg/kg) and 14 
to 75 U/kg for aPCC (median 28.6 U/kg).
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3.6  |  Patient- reported outcomes

Mean (SEM) changes from baseline to end of study (day 112) in 
Haem- A- QoL total (−9.2 [2.9]) and physical health (−12.3 [3.9]) 
domain scores (lower scores indicate better health- related QoL) 
suggest clinically meaningful improvements based on published 
thresholds (Table 3).35 In addition, in the overall population, all do-
main scores improved with treatment as demonstrated by mean 
changes from baseline scores (Table 3).

4  |  DISCUSSION

The therapeutic hypothesis of fitusiran in individuals with hemo-
philia A or B, with or without inhibitors, is that inhibiting AT produc-
tion will increase thrombin generation resulting in reduced bleeding 
events. Consistent with the therapeutic hypothesis, this study ex-
tends the findings from the first- in- human study conducted in par-
ticipants with hemophilia without inhibitors,28 and demonstrated 
that fixed monthly subcutaneous doses of fitusiran (50 mg or 80 mg) 
were safe and well tolerated, reduced AT levels, and increased 
thrombin generation from baseline in participants with hemophilia 
A or B with inhibitors. Analysis of exploratory endpoints indicated 
an observed reduction in bleeding events and an improvement in 
QoL over the short duration of this study. These preliminary findings 

will be further evaluated over a longer exposure time in the ongoing 
phase 3 studies.

Treatment with fitusiran was generally safe and well tolerated. 
Mild injection site reactions were the most common AEs reported 
and none required medical intervention. There were no deaths or 
drug- related SAEs in part D. Reduction in AT levels has been asso-
ciated with a risk of thrombosis in people without hemophilia.36,37 
It has been reported that people with both hemophilia and AT de-
ficiency have an ameliorated bleeding phenotype38,39; however, 
the risk of thrombosis in people with hemophilia and with low-
ered AT is currently unknown. In this study, which had a relatively 
short observation period and limited sample size, there were no 
thrombotic events. Overall, transient D- dimer elevations were 
frequently observed (8/17 participants [47%]) and appeared to 
occur more often with the 80 mg fitusiran dose. In 3/17 partici-
pants (18%), D- dimer elevations were reported as AEs and were 
transient, mild in intensity, asymptomatic, and were not accompa-
nied by clinically significant changes in other coagulation param-
eters. Further observations are needed to understand the clinical 
significance of these findings. These findings were consistent with 
previous clinical experience with fitusiran across a wider dosing 
range.28 Although D- dimer assays are often used in combination 
with clinical symptoms to assess the potential for thrombosis, 
they are nonspecific and may be elevated as an acute phase re-
action in many situations, such as infection, stress, neoplasia, and 

F I G U R E  2  Post hoc analysis of thrombin generation associated with AT reduction in patients with hemophilia A or B with inhibitors. For 
all patients, at each time point an AT level and a corresponding thrombin generation measurement were recorded. All available thrombin 
generation values were associated with an AT activity level relative to baseline and were binned into AT lowering quartiles. Boxes denote 
median and interquartile ranges. Middle line in the boxes denote median values and top and bottom of the boxes represent the interquartile 
ranges. Minimum and maximum values are shown by the bars (excluding outliers). Healthy volunteer data were previously presented in Pasi 
et al.28 Abbreviation: AT, antithrombin [Color figure can be viewed at wileyonlinelibrary.com]
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inflammation, and, further, baseline levels in people with hemo-
philia have not been established.40 However, thrombosis is an AE 
of important clinical interest and is being monitored in phase 3 
trials of fitusiran in people with hemophilia.

Given the liver- targeted mechanism of action of fitusiran, the 
occurrence of hepatic AEs in the participants of this study are of 
particular interest. Many participants in this study have hepatitis C, 
which can complicate the assessment of the impact of fitusiran on 
the liver. Reversible increases in ALT levels were observed in some 
participants with inhibitors in part D. None of these liver enzyme 
elevations was associated with increases in total bilirubin or clinical 
symptoms and there was no evidence of severe drug- induced liver 
function impairment.34 Liver enzyme elevations were also reported 
as AEs in two participants who had D- dimer elevations. Although 
a relationship is not entirely clear, an association is confounded in 
this small subset by history of HCV in one case and in the other case 
in the setting of gastritis. Overall, elevations in liver enzyme levels, 
although mostly mild and transient, were frequently observed with 
fitusiran treatment in this study, and appeared to be more frequent 
and pronounced in the higher dose cohort. The clinical relevance of 
such elevations is unclear from this small phase 1 study; however, 
this will be further evaluated in the ongoing phase 2 open- label ex-
tension study and phase 3 studies.

As a small interfering RNA approach that lowers AT messenger 
RNA, it was hypothesized that the PK/PD of fitusiran would not be 
altered by the presence of a preexisting inhibitor to FVIII or FIX co-
agulation proteins. As anticipated, the PK/PD data in participants 
with inhibitors were generally similar to those obtained in noninhib-
itor participants,28 indicating that the presence of an inhibitor does 
not affect fitusiran PK/PD characteristics.

In the current part D of this phase 1 study, monthly subcutaneous 
fitusiran injections at a fixed dose resulted in robust and sustained AT 
reduction and decreased the median ABR in participants with inhib-
itors, consistent with previous observations in participants without 
inhibitors (parts B through C).28 The reductions in AT activity were 
also associated with increased thrombin generation; in participants 
with ≥75% AT reduction, peak thrombin generation values were within 
the low normal range of healthy volunteers.28 Although these results 
are encouraging, it is recognized that the coagulation pathway is a dy-
namic and complex system and many endogenous pro-  and anticoag-
ulants have been identified that impact the rate, peak, and amount 
of total thrombin generated in in vitro models.41,42 The fixed monthly 
80 mg dose was associated with the least amount of variability in AT 
reduction compared with the other doses (0.015- 0.075 mg/kg weekly, 
0.225- 1.8 mg/kg monthly, 50 mg monthly) investigated in patients 
with hemophilia across the whole phase 1 program.28

Participants reported overall that, while on fitusiran, less aPCC 
was required to successfully treat bleeding events than that required 
before receiving the study drug. The median aPCC dose used to treat 
bleeding events was 28.6 U/kg, representing a 43% to 71% reduced 
dose compared with the recommended range for aPCC of 50 to 100 
U/kg for mild or moderate bleeds.43 In vitro data have shown an addi-
tive effect of AT reduction and BPA on thrombin generation in plasma 
from people with hemophilia, suggesting that reduced doses of rFVIIa 
and aPCC may potentially be used with AT reduction to confer suf-
ficient hemostasis in the case of breakthrough bleeds.44 Thus, this 
study suggests that people with hemophilia treated with fitusiran re-
quire less aPCC to treat breakthrough bleeds. Although other hemo-
static agents (eg, BPAs) have a known risk for thrombosis,43,45 there 
were no thrombotic events observed in this phase 1 study. However, 

F I G U R E  3  ABR during monthly fitusiran treatment in individual participants with hemophilia A or B with inhibitors. Prestudy ABR was 
calculated as the occurrence of clinically significant bleeds based on 6- month history multiplied by 2. Observation period ABR was estimated 
by the number of poststudy drug treatment bleeding episodes that occurred from day 29 until 8 weeks after the last dose of fitusiran. 
Abbreviation: ABR, annualized bleeding rate [Color figure can be viewed at wileyonlinelibrary.com]
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the risk of thrombosis with fitusiran alone, or in combination with BPA, 
is being investigated further in the phase 2 open- label extension study 
46 and phase 3 ATLAS studies.47- 50

Finally, clinically meaningful improvements in the physical 
health domain and total score of the Haem- A- QoL were observed 
based on published thresholds (10-  and 7- unit reduction for phys-
ical health domain and total score, respectively).35 Of note, the 
physical health domain that, including items related to painful 
swelling, joint pain, restriction of motion from pain, difficulty walk-
ing, and time to get ready, has been shown to be most responsive 
to change with effective prophylactic treatment in people with he-
mophilia.35 All other domains of the Haem- A- QoL demonstrated a 
numeric reduction (ie, improvement). These results suggest that 
fitusiran may have a positive impact in people with hemophilia and 
on their QoL, including joint health. Further studies are planned to 
assess these initial observations in larger clinical trials with longer 
follow- up.

Effective prophylactic treatment options for individuals with hemo-
philia with inhibitors remain limited. A major challenge of prophylaxis 
with bypass therapy is the need for frequent infusions, which is limited 
by difficulties with venous access and risk of infections.51,52 This study 
suggests that fitusiran may offer individuals with either hemophilia A 
or B with inhibitors effective prophylaxis delivered via a monthly, low- 
volume, fixed- dose, subcutaneous administration. The first- in- human 
study of fitusiran in people with hemophilia without inhibitors demon-
strated this same profile.28 In addition, fitusiran may also be a feasible 
option for people with hemophilia in parts of the world where access 
to refrigeration is a challenge because it has exhibited a robust stability 
profile, with stability at room temperature and resistance to thermal 
stress and cyclic temperature fluctuations.53

Limitations of the phase 1, part D, study include its open- 
label design, absence of a control group, limited study population, 
and limited duration. Further studies are planned to confirm that 
changes based on patient- reported outcomes are not attributable 
to the placebo effect.54

An open- label extension study (NCT02554773) and two open- 
label, randomized, active- controlled phase 3 studies in people with 
hemophilia A or hemophilia B with inhibitors (NCT03417102), 
without inhibitors (NCT03417245), a one- way crossover study 
(NCT03549871), and one open- label pediatric study (NCT03974113) 
have been designed to provide further information on the efficacy and 
safety and QoL benefits of fitusiran prophylaxis in these populations.

In conclusion, monthly, fixed- dose, subcutaneous injections of 
fitusiran were generally well tolerated and consistently reduced AT 
levels from baseline, resulting in improved thrombin generation and 
fewer bleeding episodes in participants with hemophilia A or B with 
inhibitors.
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TA B L E  3  Change from baseline in Haem- A- QoL domains 
(negative values indicate improvement in HRQoL)

Haem- A- QoL 
Domains

50 mg
(n = 6)

80 mg
(n = 11)

Overall
(n = 17)

Total score

Mean (SEM) −5.4 (3.9) −10.5 (3.7) −9.2 (2.9)

Median −2.4 −10.3 −8.6

n 4 11 15

Sports and leisure

Mean (SEM) −5.4 (5.3) 1.9 (7.0) −0.2 (5.5)

Median −8.8 5.0 5

n 3 10 13

Family planning

Mean (SEM) 0.7 (0.7) −9.0 (5.4) −6.6 (4.2)

Median 0.0 −6.3 −3.1

n 3 9 12

Feeling

Mean (SEM) 6.3 (7.7) −20.5 (8.0) −13.3 (6.9)

Median 6.3 −18.8 −12.5

n 4 11 15

Future

Mean (SEM) −8.8 (9.7) −12.7 (4.3) −11.7 (3.9)

Median −5.0 −10.0 −10.0

n 4 11 15

Dealing with hemophilia

Mean (SEM) 0.0 (3.4) −8.3 (5.7) −6.1 (4.3)

Median 0.0 −8.3 0.0

n 4 11 15

Partnership and sexuality

Mean (SEM) 0.0 (0.0) −9.8 (4.9) −7.2 (3.7)

Median 0.0 −16.7 −8.3

n 4 11 15

Physical health

Mean (SEM) −5.0 (3.5) −15.0 (5.1) −12.3 (3.9)

Median −7.5 −15.0 −10.0

n 4 11 15

Work and school

Mean (SEM) −9.4 (5.4) −16.3 (6.7) −14.3 (5.0)

Median −6.3 −12.5 −12.5

n 4 10 14

Treatment

Mean (SEM) −10.2 (6.0) −12.5 (5.3) −11.9 (4.1)

Median −10.9 −15.6 −15.6

n 4 11 15

View of self

Mean (SEM) −11.3 (4.3) −6.8 (4.2) −8.0 (3.3)

Median −12.5 0.0 0.0

n 4 11 15

Abbreviations: Haem- A- QoL, Haemophilia Quality of Life Questionnaire 
for Adults; HRQoL, health- related quality of life; SEM, standard error of 
the mean.
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