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Abstract
The inhibition of coagulation factor XI (FXI) presents an attractive approach 
for anticoagulation as it is not expected to increase the risk of clinically rele-
vant bleeding and is anticipated to be at least as effective as currently available  
anticoagulants. Fesomersen is a conjugated antisense oligonucleotide that selec-
tively inhibits the expression of FXI. The article describes three clinical studies 
that investigated the safety, pharmacokinetic (PK), and pharmacodynamic (PD) 
profiles of fesomersen after subcutaneous (s.c.) injection to healthy participants. 
The studies included participants from diverse ethnic backgrounds (Caucasian, 
Japanese, and Chinese). Fesomersen demonstrated good safety and tolerability 
in all three studies. No major bleeding events were observed. After single- dose 
s.c. injection, fesomersen was rapidly absorbed into the systemic circulation, 
with maximum fesomersen- equivalent (fesomersen- eq) concentrations (Cmax) in 
plasma observed within a few hours. After reaching Cmax, plasma fesomersen-
 eq concentrations declined in a biphasic fashion. The PD analyses showed that 
the injection of fesomersen led to dose- dependent reductions in FXI activity and 
increases in activated partial thromboplastin time (aPTT). The maximum ob-
served PD effects were reached between Day 15 and 30, and FXI activity and 
aPTT returned to near- baseline levels by Day 90 after a single dose. The PK/PD 
profiles after a single injection were similar among the various ethnic groups. 
Collectively, the study results suggest that fesomersen has a favorable safety pro-
file and predictable and similar PK and PD profiles across Chinese, Japanese, and 
Caucasian participants.
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INTRODUCTION

Thromboembolic diseases are a major cause of mortal-
ity and morbidity worldwide, causing or contributing 
to acute cardiovascular diseases including acute coro-
nary syndromes, thromboembolic ischemic stroke, and 
peripheral arterial occlusion. Cardiovascular disease is 
the primary cause of death in adults around the world. 
World Health Organization data show that an estimated  
17.9 million people died from cardiovascular disease in 
2019, which represented 32% of all global deaths.1

Anticoagulation is an essential component of anti-
thrombotic therapy. However, treatment with traditional 
anticoagulants, such as heparin and warfarin, is compli-
cated by an increased bleeding risk.2,3 New oral anticoagu-
lants (NOACs), like factor Xa inhibitors (e.g., rivaroxaban 
and apixaban) and direct thrombin inhibitors (e.g., dab-
igatran), provide improvements over warfarin/heparin in 
various approved indications.4,5 However, these therapies 
still carry a clinically significant risk of bleeding.3,6 Hence, 

innovative anticoagulants that offer improved efficacy 
and/or reduced bleeding risk are needed in general and 
specifically for those patients with a high risk for bleeding 
events.2

Factor XI (FXI) is part of the intrinsic pathway of the 
coagulation cascade, upstream of factor X and factor II, 
which belong to the common pathway. Targeting FXI/
FXIa is not expected to lead to an increased risk for clini-
cally relevant bleeding, but it has the potential to maintain, 
or even improve, the efficacy benefit provided by current 
anticoagulants.3 The expected difference in bleeding risk 
profile is justified, as inhibition of FXIa affects the intrinsic 
and propagation pathways, but keeps the extrinsic pathway 
unaffected, which is activated in case of vessel injury.3,7 
Currently, there are no approved FXI inhibitor products 
available on the market. However, various FXI/FXIa inhib-
itors are in different stages of clinical development. Such 
inhibitors include oral small molecule drugs (asundexian, 
milvexian), monoclonal antibody drugs (osocimab, abel-
acimab), and antisense oligonucleotides (ASOs).6

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Fesomersen, a newly developed antisense oligonucleotide (ASO) targeting factor 
XI (FXI) messenger ribonucleic acid, shares the same sequence as BAY 2306001 
(ISIS 416858) but contains an N- acetyl galactosamine conjugation to direct the 
ASO to hepatocytes where FXI is expressed.
WHAT QUESTION DID THIS STUDY ADDRESS?
Safety, pharmacokinetic (PK), and pharmacodynamic (PD) profiles of fesom-
ersen as a single subcutaneous dose of up to 120 mg and the influence of ethnicity 
(Caucasian, Japanese, and Chinese).
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Injection of fesomersen as a single subcutaneous dose of 40 mg, 80 mg, or 120 mg 
had a favorable safety profile and was well tolerated in healthy participants of 
Caucasian, Japanese, and Chinese ethnicities. Similar fesomersen- equivalent 
plasma concentration- time patterns and comparable area under the plasma con-
centration versus time curves (AUC) were observed in all ethnic groups, while 
higher maximum observed drug concentration in plasma (Cmax) was observed in 
Chinese/Japanese participants compared to Caucasian participants, which were 
considered to be not clinically relevant. PD profiles were comparable between 
Chinese/Japanese (Japanese and Chinese) and Caucasian healthy participants: 
Distinct target engagement and dose response were observed for activated partial 
thromboplastin time and FXI activity/concentration after fesomersen injection, 
while no effect on prothrombin time was detected.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
The study result justifies further clinical development of fesomersen as a novel 
anticoagulant in different regions and ethnicities (Caucasian, Chinese, and 
Japanese).
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Previous studies with BAY 2306001 (ISIS 416858), 
an unconjugated 2′- O- (2- methoxyethyl) (2′- MOE) 
ASO that has the same base sequence as fesomersen, 
demonstrated robust, sustained, and dose- dependent 
reductions in FXI concentration and activity in healthy 
volunteers, patients undergoing total knee arthroplasty, 
and in patients with end- stage renal disease undergo-
ing dialysis.2,7,8 Fesomersen is a conjugated 2′- MOE 
ASO drug that targets a region of the FXI messenger 
ribonucleic acid (mRNA) to selectively and specifically 
inhibit the expression of FXI. This ASO utilizes ligand- 
conjugated antisense (LICA) technology to facilitate 
its delivery to the hepatocyte.8 The LICA technology 
incorporated in fesomersen is a triantennary N- acetyl 
galactosamine (GalNAc) moiety, which targets the asia-
loglycoprotein receptors expressed primarily on the 
surface of hepatocytes.8,9 The GalNAc conjugate ap-
proach results in enhanced ASO delivery to hepatocytes 
versus non- parenchymal cells and up to 20-  to 30- fold 
higher potency compared to unconjugated ASOs.8,9 The 
GalNAc cluster is metabolized to release “free ASOs” 
following internalization into cells.8,9 The ASO portion 
is complementary to a region within the 3′ untrans-
lated region of the FXI mRNA and binds to mRNA by 
Watson–Crick base pairing. This results in the ribonu-
clease H1- mediated degradation of FXI mRNA, thus 
preventing the production of the FXI protein.

In this article, data from three clinical pharmacology 
studies will be presented to elucidate the safety, pharma-
cokinetic (PK), and pharmacodynamic (PD) profiles of 
fesomersen after single- dose subcutaneous (s.c.) injec-
tions to healthy volunteers over three dose levels. In addi-
tion, the influence of ethnicity (Caucasian, Japanese, and 
Chinese) will be assessed.

METHODS

The safety, tolerability, PK, and PD of s.c. injection of fe-
somersen were investigated in three phase I, randomized, 
placebo- controlled, single- center, healthy volunteer stud-
ies: a first- in- human (FIH) study, which enrolled partici-
pants in Canada, and two single- dose escalation studies, 
one of which enrolled participants from Japan and the 
other from China.

The overall designs of the three studies are summa-
rized in Table  S1. Computer- generated randomization 
lists were prepared by sponsors. Appropriate study setup 
and decision rules were defined in all studies to mitigate 
potential safety risks during this early phase of clinical 
development of fesomersen. Four single- dose cohorts of 
fesomersen (40 mg, 60 mg, 80 mg, and 120 mg), as well 
as four multiple- dose cohorts comprising three cohorts 

undergoing weekly injection (10 mg, 20 mg, and 30 mg), 
and one cohort undergoing injection on a 4- week basis  
(fesomersen 80 mg) were investigated in the FIH study. This 
article mainly describes the data from Caucasian partici-
pants in the 40 mg, 80 mg, and 120 mg single- dose cohorts 
to facilitate interethnic comparison with the single- dose 
escalation studies in Chinese and Japanese participants. 
The blood- sampling schedules for PK, PD, and anti- drug 
antibodies (ADA) for all three studies are listed in Table S2.

The effective protocols were reviewed and approved 
by independent ethics committees/institutional review 
boards before the start of each study. Studies met all local 
legal and regulatory requirements and were conducted 
in accordance with the currently accepted version of the 
Declaration of Helsinki and the International Conference 
on Harmonization Good Clinical Practice Guideline.10

Bioanalytical and PK analysis

Fesomersen- equivalent (eq) concentrations (i.e., total full- 
length ASOs [sum of fesomersen, partially conjugated fe-
somersen, and de- conjugated fesomersen]) in plasma were 
determined using a quantitative and validated hybridiza-
tion electrochemiluminescence assay with a lower limit 
of quantification of 0.0867 ng/mL. The method validation 
and analysis of the study samples were performed in com-
pliance with the pertinent guidelines on “Bioanalytical 
Method Validation”.11 The details of the bioanalytical 
analysis are provided in Appendix S1.

Based on the plasma concentration- time data, PK pa-
rameters were calculated using a non- compartmental 
analysis approach using Phoenix software (Version 8.1 
or higher, Certara™). Fesomersen- eq in human urine 
was also determined using a quantitative hybridization 
enzyme- linked immunoassay (ELISA) in the FIH and 
Japan phase I studies.

PD analysis

PD parameters for the FIH and Japanese studies were 
measured by the Hemostasis Reference Lab (Hamilton, 
Canada). PD parameters for the Chinese study were meas-
ured by Labcorp (Shanghai, China). Both central labs used 
identical assay systems to exclude methodological bias. 
Activated partial thromboplastin time (aPTT), prothrom-
bin time (PT), and international normalized ratio (INR) 
were analyzed on a BCP XP System (Siemens Healthcare 
GmbH, Erlangen, Germany). Trigger reagents for FXI 
activity and aPTT were Actin FS and Actin FSL, respec-
tively. PT and INR were triggered with Innovin (all trig-
ger reagents from Siemens Healthcare GmbH, Erlangen, 
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Germany). FXI protein concentration was measured by an 
ELISA (Affinity Biologicals, Inc., Ancaster, Canada).

ADA

Measurement of ADAs was done batch- wise as no direct 
impact on healthy participants' safety was expected. ADA 
samples were analyzed using a validated ELISA method 
and the titer of confirmed positive samples was reported. 
Positive controls were analyzed concurrently with study 
samples.

Safety and tolerability

Safety and tolerability were assessed by monitoring ad-
verse events (AEs), and by conducting other relevant 
measurements including physical examinations, moni-
toring of vital signs, electrocardiogram (ECG) readings, 
and laboratory examinations of blood and urine samples. 
The concentration- QTc interval relationship (C- QTc) was 
explored in the FIH and Japanese studies. Paired QTc 
measurements using heart- rate correction according to 
Fridericia's method from triplicate ECGs and plasma con-
centration values of the study drug were assessed. The de-
tails of the C- QTc analysis are provided in Appendix S1.

Statistical analysis

The healthy participants who received a s.c. single dose 
of 40 mg, 80 mg, or 120 mg fesomersen, or placebo and 
were classified as valid for PK, PD, and safety evaluation 
in the respective single- dose studies were included in the 
PK, PD, and safety analysis sets for interethnic evaluation. 
The baseline characteristics and demographics of the par-
ticipants were summarized descriptively by ethnic group 
and dose. The PK parameters of fesomersen- eq were 
summarized by geometric mean, coefficient of variation 
(CV), and minimum and maximum, except for time to 
reach maximum observed drug concentration in plasma 
(Cmax) after single- dose administration of fesomersen- eq 
in plasma (Tmax), which was summarized utilizing me-
dian, minimum, and maximum. An explorative analysis 
of variance (ANOVA) including the factor “ethnicity” 
was performed per dose level on the log- transformed val-
ues of area under the plasma concentration versus time 
curve from zero to infinity after a single dose (AUC) di-
vided by dose (AUC/D) and Cmax divided by dose (Cmax/D) 
assuming log- normally distributed data. Based on these 
analyses, point estimates (least- squares means [LSM]) 
and exploratory 90% confidence intervals (CIs) for the 

interethnic ratios were calculated for each dose level by 
re- transformation of the logarithmic results.

aPTT, FXI activity, and FXI concentration were con-
sidered for interethnic PD analyses. For PD parameters, 
the maximum (aPTT) and minimum (FXI activity, FXI 
concentration) ratios to baseline after injection were eval-
uated. Furthermore, the ratios to baseline at Day 30 (the 
end of the injection interval in case of multiple injections), 
Day 60, and Day 90 were evaluated. An explorative anal-
ysis of covariance (ANCOVA) including the factor “eth-
nicity” and log- transformed baseline as covariates was 
performed per dose level on the log- transformed values of 
these PD parameters. Based on these analyses, point esti-
mates (LSM) and exploratory 90% CIs for the ratios were 
calculated for each dose level by re- transformation of the 
logarithmic results. Placebo data from the different dose 
groups were pooled by ethnicity for the PD analyses.

No statistical hypotheses were tested. The interethnic 
evaluation was exploratory and no sample size calcula-
tions were performed with respect to interethnic compar-
isons. No adjustment for multiplicity was performed; CIs 
were calculated independently. The statistical evaluation 
was carried out by using SAS software (release 9.4; SAS 
Institute Inc., Cary, NC, USA).

RESULTS

Baseline characteristics and demographics

A total of 86 participants (Caucasian n = 17, Japanese n = 24, 
and Chinese n = 45) were randomized and received single 
injections of fesomersen or placebo. These participants were 
included in the interethnic sensitivity analyses. Baseline 
characteristics were generally similar between participants 
in the Japanese and Chinese studies, whereas Caucasian 
participants were older and had higher body weights and 
body mass indices (BMIs) compared to Chinese/Japanese 
participants (Table 1). Baseline value ranges of FXI activity, 
FXI concentration, and aPTT were similar between partici-
pants of different ethnic backgrounds, while slightly lower 
mean FXI activity/concentration and slightly higher base-
line mean aPTT were observed in Japanese participants. 
Within each study, baseline characteristics were similar 
between treatment groups.

PK

A similar plasma concentration- time pattern was observed 
in all ethnic groups across the tested dose levels (Figure 1). 
Following rapid absorption after s.c. injection, Cmax of  
fesomersen- eq in plasma was reached at 1.5–3.5 h (median) 
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after single injections of fesomersen. After reaching Cmax, 
mean plasma concentrations of fesomersen- eq declined in 
a biphasic fashion, with an initial fast- disposition phase 
leading to a drop from the peak of over 90% by 24 h after 
s.c. injection, followed by a slower elimination phase.

Following single injections of fesomersen 40 mg or 
80 mg, geometric mean AUCs of fesomersen- eq were com-
parable in Chinese, Japanese, and Caucasian participants 
(Table 2), which was also reflected by the interethnic ratio 
of AUC/D (Table S3). In the fesomersen 120 mg dose group, 
geometric mean AUC in Japanese participants was higher 
than AUC for the Caucasian and Chinese participants, 
while the overall range overlapped across ethnic groups 
(Table 2 and Figure S1), which was in accordance with the 
slightly higher mean estimate for AUC/D in Japanese sub-
jects compared to Caucasian subjects on a descriptive basis 
while the 90% CI still includes unity (one) (Table S3). AUC 
from time 0 to 24 h (AUC[0–24]) and AUC from 24 h to in-
finity (AUC[24–infinity]) were also calculated considering the 

biphasic disposition pattern. Overall ranges of AUC(0–24) and 
AUC(24–infinity) overlapped across ethnic groups (Table 2).

Geometric mean Cmax of fesomersen- eq was slightly 
higher in Japanese and Chinese participants compared 
to Caucasian participants, but there were overlaps in 
the overall ranges and large inter- individual variabilities 
(Table  2 and Figure  S1). The mean estimate of Cmax/D 
was higher in Chinese/Japanese participants compared to 
Caucasian participants for all dose groups on a descrip-
tive basis (Table S3). AUC and Cmax for fesomersen- eq in 
plasma increased slightly more than dose- proportional or 
approximately dose- proportional from 40 mg to 120 mg in 
the different populations (Table 2 and Figure S1).

Tmax was similar between ethnic groups, with me-
dian Tmax values across doses of 2.0–3.0 h, 2.5–3.5 h, and 
1.5–2.25 h for Japanese, Chinese, and Caucasian partici-
pants, respectively (Table  2). Mean elimination half- life 
values were also comparable in Chinese, Japanese, and 
Caucasian participants and ranged from 252 to 477.5 h 

F I G U R E  1  Geometric means with standard deviation range of fesomersen- eq concentrations (μg/mL) in plasma over time.† (a) Up 
to 24 h after single- dose injection (linear scale) and (b–d) over the entire sampling period before reaching the LLOQ for 40 mg, 80 mg, and 
120 mg doses (semi- log scale). Geometric mean concentration was only calculated if two- thirds or more of individual values ≥LLOQ. †The 
pharmacokinetics sampling was up to 149 days after injection. BL, baseline; eq, equivalent; LLOQ, lower limit of quantification; fesomersen- 
eq concentrations, total full- length ASOs (sum of fesomersen, partially conjugated fesomersen, and de- conjugated fesomersen).
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(10–20 days) across dose ranges investigated (Table 2 and 
Figure S1).

Urinary excretion of fesomersen- eq was low (<1.5% of 
administered dose) for all three dose levels tested in both 
FIH and Japan phase I studies and will, therefore, not be 
presented in further detail.

PD

Dose- dependent decreases of FXI activity from baseline 
were observed after single- dose injections of fesomersen 
40 mg, 80 mg, or 120 mg for all ethnicities in a simi-
lar manner (Figure  2). Geometric mean (CV, %) of the 
minimum ratios to baseline of FXI activity in Caucasian, 
Japanese, and Chinese participants with fesomersen 
40 mg were 0.596 (12.9), 0.480 (35.2), and 0.570 (27.3), re-
spectively; with fesomersen 80 mg were 0.381 (41.4), 0.369 
(21.6), and 0.362 (28.2), respectively; and with fesomersen 
120 mg were 0.260 (21.1), 0.360 (71.7), and 0.268 (73.5), 
respectively.

The maximum inhibition of FXI activity was mainly ob-
served between Day 15 and Day 30 in all dose steps across 
studies. FXI activities returned to near baseline on Day 90 
for most participants (Figures 2 and S2). In the exploratory 
ANCOVA analysis comparing the minimum FXI activity 
levels (maximum effect, Emax) reached after fesomersen in-
jection, the interethnic ratio for Chinese to Caucasian sub-
jects was close to 1 for all dose levels, while the interethnic 
ratio of Japanese to Caucasian subjects showed more vari-
ability, consistent with lower sample size. The same holds 
true for Day 60 and 90 after injection when FXI activity 
returned to baseline levels (Table S4). Injection of placebo 
had no effect on FXI activity (Figure 2).

Dose- dependent increases in aPTT from baseline 
were observed after single- dose injections of fesomersen 
40 mg, 80 mg, or 120 mg for all ethnicities in a similar 
manner (Figure 3). Geometric mean (CV, %) of the max-
imum ratios to baseline of aPTT in Caucasian, Japanese, 
and Chinese participants with fesomersen 40 mg were 
1.221 (4.8), 1.188 (7.7), and 1.121 (8.7), respectively; with 
fesomersen 80 mg were 1.414 (3.3), 1.324 (12.1), and 1.241 
(8.7), respectively; and with fesomersen 120 mg were 
1.397 (5.1), 1.369 (21.0), and 1.308 (13.5), respectively.

The maximum increase of aPTT was mainly observed 
between Day 15 and 30 in all dose steps across studies. 
aPTT returned to near baseline on Day 90 for most partici-
pants in all dose arms (Figures 3 and S3). In the exploratory 
ANCOVA analysis of aPTT regarding Emax and return to 
baseline (i.e., aPTT at Day 60/90) after fesomersen injec-
tion, all point estimates of interethnic ratios for Chinese/
Japanese to Caucasian participants were close to 1, implying 
overall similar changes in aPTT for both Chinese/Japanese T
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and Caucasian participants after injection of fesomersen 
(Table  S4). Injection of placebo had no effect on aPTT 
(Figure 3).

In all three studies, FXI concentration changed in a 
similar manner with the FXI activity, and aPTT increased 
with decreasing FXI activity in a consistent manner as il-
lustrated by the scatterplot (Figure 4).

As expected, the injection of fesomersen or placebo 
had no relevant effect on PT or INR.

ADA

ADA formation, while occasionally found positive prior 
to injection in all studies, remained largely unaltered after 
the injection of either fesomersen or placebo (Table  3). 
Furthermore, the occurrence of positive ADA formation 
was comparable across different dose cohorts in all stud-
ies, negating the presence of ethnic differences after a sin-
gle fesomersen injection. Moreover, the rare incidences of 

positive ADA formation observed within the study did not 
discernibly influence either PK or PD.

Safety and tolerability

No deaths, no participant discontinuations due to AEs, 
and no treatment- related serious AEs (SAEs) were re-
ported. One SAE (appendicitis) was reported in the 
placebo cohort in the Japanese study, which was not con-
sidered related to study intervention by the investigator, 
nor related to procedures required by the study protocol. 
All treatment- related treatment- emergent AEs were of 
mild intensity. The details of treatment- emergent AEs are 
provided in Tables S5–S7.

No local cutaneous reactions at the injection site or 
flu- like reactions were reported in any study. With regards 
to bleeding- related AEs, one Caucasian participant in the 
FIH 120 mg cohort reported an AE of mild epistaxis 2 days 
after fesomersen injection that lasted 5 min and resolved 

F I G U R E  2  Geometric means with standard deviation range for the ratio to baseline of FXI activity in plasma over time. (a) With 
placebo and (b–d) with the 40 mg, 80 mg, and 120 mg doses. BL, baseline; FXI, factor XI.
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spontaneously. The event did not appear to be accompa-
nied by a reduction in platelet levels or to low FXI activity 
levels. Another Japanese participant in the 80 mg cohort 
had gingival bleeding 23 days after fesomersen injec-
tion. He recovered from this within 11 days without any 
treatment.

Injection of fesomersen had no clinically relevant effect 
on vital signs or safety- monitoring ECG readings. Based 
on the concentration- QTc analyses using a linear mixed- 
effects approach, the estimated slope of placebo- adjusted, 
baseline- corrected QTc interval using Fridericia's formula 
(ΔQTcF) with fesomersen- eq plasma concentration was 
flat (0.00018 ms/[μg/L]) and statistically not significant 
(p = 0.9004) in the FIH study pooled analysis, and slightly 
negative (−0.00095 ms/[μg/L]) with statistical signifi-
cance (p = 0.0406) in the Japanese study, indicating that 
there was no positive relationship between fesomersen- eq 
plasma concentrations and QTc prolongation (Figure S4). 
The upper limit of the two- sided 90% CI of the estimated 
placebo- adjusted ΔQTcF changes did not cross the +10 ms 

threshold at the highest measured plasma concentration 
(2580 μg/L in Caucasian participants and 5588 μg/L in 
Japanese participants, both in the 120 mg cohort).

DISCUSSION

Three phase I clinical studies assessed the safety, PD, and 
PK profiles of fesomersen in healthy participants across 
different regions. Overall, the injection of fesomersen as 
a single s.c. dose up to 120 mg had a favorable safety pro-
file and was well tolerated in all three studies. There were 
no reported local cutaneous reactions at the injection 
site or flu- like reactions, which are often observed with 
other ASO drugs,12–14 and no severe bleeding potentially 
related to inhibition of FXI production. The QTc analyses 
of healthy participants suggested no effect of fesomersen 
on the cardiac re-  and de- polarization durations for single 
doses up to 120 mg and multiple doses up to 80 mg. These 
findings are consistent with prior experience with ASOs 

F I G U R E  3  Geometric means with standard deviation range for the ratio to baseline of aPTT in plasma over time. (a) With placebo and 
(b–d) with 40 mg, 80 mg, and 120 mg doses. aPTT, activated partial thromboplastin time; BL, baseline.
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as a chemical class, which have neither been associated 
with QT prolongation nor proarrhythmic risk at clinically 
relevant dose levels.9,15

A slight imbalance in baseline characteristics between 
the three studies was observed, which is reflective of dif-
ferences in study designs (such as age, gender, and BMI), 
and reflective of demographic differences between re-
gions/countries (North America, China, and Japan). The 
imbalance should be interpreted with caution due to the 
small sample size of these studies.

Consistent plasma concentration- time patterns were 
observed in all ethnic groups across all dose levels. 
Fesomersen- eq appeared to be rapidly absorbed into the 
systemic circulation after a single s.c. injection, with Cmax 
observed within a few hours after injection. After reaching 
Cmax, mean plasma concentrations of fesomersen- eq de-
clined in a biphasic fashion over time with an initial fast- 
disposition phase mainly reflecting rapid and extensive 
distribution to tissues, followed by a slower elimination 

phase, which may reflect slow elimination of the drug 
from tissues. AUC after single- dose fesomersen s.c. in-
jection was overall comparable among all ethnic groups, 
while higher Cmax was observed in Chinese/Japanese par-
ticipants compared to Caucasian participants, which was 
in line with the lower body weight of Chinese/Japanese 
participants. However, the differences in mean Cmax were 
not considered to be clinically relevant based on PD results 
(FXI activity and aPTT). Previously it has been reported 
that ethnicity was not a significant covariate affecting the 
PK of another ASO drug, inotersen, but a small impact on 
PK by body weight and lean body mass was reported.16

A dose- dependent decrease in FXI activity from base-
line was observed across all ethnicities. Consequently, 
dose- dependent increases in aPTT from baseline were 
also observed across all ethnicities. No effect on PT was 
observed. These observations support a specific inhibitory 
effect of fesomersen on the intrinsic pathway. Maximum 
PD effects in terms of both FXI activity inhibition and 

F I G U R E  4  Correlation of FXI 
activity and FXI concentration (a); and 
correlation of aPTT and FXI activity (b). 
All available time points are included 
in the plots. aPTT, activated partial 
thromboplastin time; FXI, factor XI.
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aPTT prolongation were mainly observed between Day 
15 and Day 30 in all dose steps across the studies. Both 
aPTT and FXI activity returned to near baseline on Day 
90 for most participants. Consistent with the mechanism 
of action, in which fesomersen targets the mRNA rather 
than pre- existing coagulation protein in the blood, a close 
correlation between FXI activity and FXI concentration 
was observed.

Despite the fast absorption of fesomersen into the sys-
temic circulation, maximal PD effect was observed after 
approximately 2 weeks, and it subsequently took about 
3 months for the PD effect to dissipate in most participants 
after a single dose, which is in line with the mechanism of 
action of fesomersen. Fesomersen acts by binding to the 
mRNA of FXI, which leads to its degradation. As a result, 
the expression of FXI protein decreases, disrupting the bal-
ance of blood FXI protein levels gradually. Consequently, 
the concentration of blood FXI protein decreases, leading 
to a reduction in FXI activity and an elongated aPTT. Once 
fesomersen is slowly eliminated from the liver, FXI mRNA 
gradually recovers, resulting in the recovery of FXI pro-
tein. The delay in the onset of PD effects is largely attrib-
utable to the long half- life of existing FXI protein in the 
blood. The extended PD effect is primarily caused by the 
slow elimination of fesomersen from tissue (terminal half- 
life: 10–20 days) and FXI protein reproduction rate.

The PD profile after single- dose fesomersen injec-
tion was largely comparable between Chinese/Japanese 
and Caucasian participants, although two Japanese par-
ticipants in the 120 mg group had a lower PD response. 
Baseline characteristics including the demographics 
of these two participants were in line with the overall 
Japanese cohort. Their systemic exposure was within the 
range of most participants, and no special pattern of ADA 
was identified for them. In theory, genetic polymorphisms 
in the binding region of the ASO could lead to subopti-
mal binding and hence result in insufficient inhibition 
or PD response. We tested this hypothesis using genomic 
sequencing of the respective region in all Japanese par-
ticipants. On the basis of genomic Sanger sequencing in 
both directions of 300 base pairs surrounding the binding 
region, all obtained sequences were identical (data not 
shown). Therefore, the difference in PD response in the 
two Japanese participants could not be explained by ex-
isting polymorphism. Alternatively, lower intrahepatocel-
lular drug concentrations could have contributed to the 
observed results, possibly due to reduced uptake of drugs 
by liver cells. However, this hypothesis could not be tested 
as intrahepatocellular drug concentrations measured in 
healthy participants are not ethical.

Pre- existing ADAs were occasionally detected and re-
mained mostly unchanged after injection. As most people 
have been exposed to the GalNAc moiety, this might have T
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triggered an immune response in some participants, and 
therefore in our studies, pre- existing ADAs could have been 
observed. ASOs are smaller than typical antibody drugs and 
have fewer potential epitopes. Therefore, they are less likely 
to cause immunogenicity.17 Additionally, no significant in-
fluence of ADA formations on the PKs or PDs was observed 
in the studies (data not shown). Therefore, it appears that 
those ASO antibodies were not neutralizing antibodies; if 
they were, the PD effect was expected to be diminished.

Several FXI inhibitors, including monoclonal antibod-
ies, small molecule inhibitors, and ASOs are currently in 
various stages of clinical development for multiple indica-
tions. Although all these drugs target thrombotic disease, 
fesomersen may be more suitable for the management of 
chronic diseases owing to its delayed, but predictable onset 
combined with a long duration of action. Patient compliance 
can be improved by reducing the frequency of injection.

In summary, fesomersen was well tolerated in healthy 
participants in Caucasian, Japanese, and Chinese studies 
as a single s.c. dose up to 120 mg. All ethnic groups dis-
played similar concentration- time patterns and compara-
ble AUC values. The PD profiles of Chinese, Japanese, and 
Caucasian healthy participants were comparable, as evi-
denced by distinct target engagement and dose response 
observed for aPTT and FXI activity after fesomersen 
injection.
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