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Introduction: Patients with end-stage renal disease (ESRD) requiring hemodialysis (HD) have an increased

risk of thrombotic events and bleeding. Antisense reduction of factor XI (FXI) with IONIS-FXIRx is a novel

strategy that may safely reduce the risk of thrombotic events.

Methods: This multicenter study enrolled 49 patients receiving HD in 2 parts. First, 6 participants (phar-

macokinetics [PK] cohort) received 1 open-label 300 mg dose of IONIS-FXIRx both before and after HD.

Subsequently, 43 participants were treated in a double-blind, randomized design with 200 mg or 300 mg

IONIS-FXIRx or placebo for 12 weeks. The PK, pharmacodynamics (PD), and adverse events of IONIS-FXIRx
were evaluated (ClinicalTrials.gov: NCT02553889).

Results: The PK of IONIS-FXIRx was consistent with previous studies and similar whether injected before

or after HD. No accumulation of IONIS-FXIRx was observed after repeat administration. By day 85, mean

levels of FXI activity fell 56.0% in the 200 mg group, 70.7% in the 300 mg group, and 3.9% in the placebo

group compared with baseline. FXI antigen levels paralleled FXI activity. Dose-dependent prolongation of

activated partial thromboplastin time (aPTT) was observed, with no changes in international normalized

ratio (INR). IONIS-FXIRx was not associated with drug-related serious adverse events. In the randomized

phase of the study, major bleeding events occurred in 0 (0.0%; 200 mg), 1 (6.7%; 300 mg), and 1 (7.7%;

placebo) patients and were not considered related to treatment.

Conclusion: IONIS-FXIRx reduced FXI activity in patients with ESRD receiving HD. Further studies are

needed to determine the benefit-risk profile of FXI as a therapeutic target for patients who require HD.
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T
he risk of cardiovascular disease is markedly
elevated in patients with ESRD compared with

those without chronic kidney disease. This is likely
due, at least in part, to excess thrombotic events,
including myocardial infarctions, ischemic strokes, and
peripheral artery disease. Although there is abundant
evidence that antithrombotic therapies reduce the risk
of cardiovascular disease in patients without ESRD,
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there is little evidence to inform their use in patients
with ESRD.

Antithrombotic therapies increase the risk of
bleeding. This concern is exacerbated in patients with
ESRD owing to their high baseline risk and difficulties
in managing current antithrombotic therapy, including
maintaining the therapeutic range of heparins and
vitamin K antagonists, bioaccumulation of dabigatran,
and potentially, factor Xa inhibitors. In addition to the
increased risk of bleeding, vitamin K antagonists, the
most often used antithrombotic in ESRD, may also in-
crease the risk of vascular calcification.1 Therefore,
there is a need for safer anticoagulants for such high-
risk patients.

FXI has emerged as a target for new anticoagulants
that may result in a safer treatment strategy than those
Kidney International Reports (2022) 7, 200–209

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1016/j.ekir.2021.11.011
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:walshm@phri.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ekir.2021.11.011&domain=pdf


M Walsh et al.: Factor XI Antisense Inhibitor in ESRD CLINICAL RESEARCH
that are currently available. Positioned in the intrinsic
pathway of coagulation, FXI can be activated by factor
XIIa or thrombin and is important for the stabilization
and growth of thrombi but likely not for their initia-
tion. In contrast, factor Xa and thrombin are essential
for both thrombosis and hemostasis. Studies evaluating
congenital FXI deficiencies have revealed a reduced risk
of venous thromboembolism and stroke in individuals
with FXI deficiency and higher risk in those with
elevated FXI levels.2–8 Supporting the concept that
targeting FXI can dissociate thrombosis and hemostasis,
a previous phase 2 study with IONIS-FXIRx (also
known as BAY2306001) revealed that FXI knockdown
before elective knee arthroplasty significantly reduced
the risk of postoperative venous thromboembolism
compared with enoxaparin without increasing the risk
of bleeding.9

Given the need for safer antithrombotic therapies in
ESRD, we tested the PK and PD of a novel inhibitor of
FXI using an antisense oligonucleotide in patients with
ESRD receiving HD.10 The primary objectives of the
study were to evaluate the PK, PD, and safety and
tolerability of IONIS-FXIRx in patients with ESRD
receiving HD.
METHODS

Clinical Study

This was a 2-part, phase 2 multicenter study
(NCT02553889) in patients with ESRD receiving HD at
least 3 times weekly. The primary outcome measure
was safety and tolerability of IONIS-FXIRx, evaluated
according to the frequency and severity of adverse
events, including bleeding events. PD parameters were
evaluated as secondary outcome measures, including
changes over time in FXI antigen, FXI activity, aPTT,
and INR. Other outcome measures included PK
parameters.

The study was conducted from 23 October 2015 to
26 August 2016, enrolled 49 participants from 8 sites in
Canada, was designed by the sponsor and academic
partners, and conducted by the Population Health
Research Institute, Hamilton Health Sciences/McMaster
University Hamilton, Canada. The protocol was
approved by the research ethics board at each partici-
pating center, and all participants provided informed
consent. Detailed eligibility criteria are provided in the
Supplementary Methods. Briefly, eligible participants
were men and women aged 18 to 80 years who had
been receiving chronic HD for at least 3 months. Key
exclusion criteria included a recent thrombotic or
bleeding event, an abnormal coagulation profile or
elevated liver enzymes, concomitant use of an antico-
agulant or antiplatelet agent other than HD circuit
Kidney International Reports (2022) 7, 200–209
anticoagulation (e.g., heparin) or low-dose aspirin
(<100 mg), or a life expectancy <1 year. The full trial
protocol can be accessed at https://clinicaltrials.gov/
ct2/show/NCT02553889.

The study consisted of 2 parts (Supplementary
Figure S1). In the first part, patients received 1 open-
label, 300-mg dose of IONIS-FXIRx subcutaneously
immediately after HD and again 28 days after imme-
diately before HD, to evaluate the effects of HD on
IONIS-FXIRx PK (PK cohort). The IONIS-FXIRx drug
solution was 200 mg/ml. Therefore, the 1.5-ml dose was
divided into two 0.75-ml doses administered at 2
different sites. Participants in the PK cohort were then
followed for an additional 42 days for safety
monitoring.

In the second part of the study, participants were
randomized to receive double-blind treatment with
IONIS-FXIRx 200 mg or 300 mg or matching saline
placebo. Participants were allocated to either a 200 mg
dose group or matching saline placebo in a 2:1 ratio, or
to a 300 mg dose group or matching saline placebo in a
2:1 ratio, for an overall allocation ratio of 1:1:1 to the
200 mg/300 mg/pooled placebo groups. Allocation was
stratified by study center and performed using an
interactive web-based randomization system designed
by an independent statistician to ensure concealment.
All participants, study investigators, and study health
care professions performing assessments and the
sponsor were blinded to group allocation.

The intervention was dosed subcutaneously in 12
weeks on days 1, 5, 8, 12, and 15 and then weekly until
day 78; patients were followed-up to day 162.
Comprehensive clinical laboratory testing was done,
and PK samples were drawn, at each dosing day and
weekly to day 162. To explore whether reducing FXI
had antithrombotic potential, at each study visit, we
evaluated HD circuit clotting by evaluating the degree
of clotting in the dialyzer and venous chamber in a
blinded manner, graded on a semiquantitative scale at
every study visit (Supplementary Table S1).11 Anti-
coagulation during HD treatments continued for all
patients according to the local standard of care for each
HD unit.

Analytical Methods
Quantification of IONIS-FXIRx Concentrations in

Plasma

A previously described hybridization-based enzyme-
linked immunosorbent assay was used to quantify the
concentrations of IONIS-FXIRx.

12 Analyses were con-
ducted at PPD Laboratories (Richmond, VA) and per-
formed based on the principles and requirements
described in Yu et al.13 CFR part 58. The assay was
conducted with synthesized putative shortened
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oligonucleotide metabolite standards of the full-length
20-mer oligonucleotide and revealed no measurable
cross-reactivity, confirming the assay’s specificity for
IONIS-FXIRx. The quantitation range was 2.00 to 200
ng/ml, with the lower and higher ends of the range
defining the lower and upper limit of quantitation,
respectively. There were no active metabolites for
IONIS-FXIRx present in plasma.

Clinical Analyses and Quantification of FXI Activity

and Antigen Levels

Medpace Reference Laboratories (Cincinnati, OH) per-
formed the routine clinical laboratory analyses. Coag-
ulation assays, which were performed by Hemostasis
Reference Laboratory Inc. (Hamilton, ON, Canada),
included measurement of FXI activity levels using a 1-
stage aPTT-based clotting assay on a BCS-XP coagul-
ometer, quantification of FXI antigen levels using
enzyme-linked immunosorbent assay, and determina-
tion of prothrombin time (PT) and INR using Innovin
reagent (Siemens Healthcare Diagnostics, Deerfield, IL)
on the BCS-XP coagulometer.

Statistical Analysis

The sample size is not based on a statistical rationale.
Rather, the PK cohort sample size of 6 participants was
based on previous experience and findings from most
PK studies that 5 participants are typically sufficient to
accurately determine single-dose PK. The randomized
component was based on previous experience that 10
to 15 patients per group are typically sufficient to
evaluate multidose PK and PD while identifying major
harms. The protocol specified that should the minimum
specified sample size of 42 randomized participants
leave uncertainty owing to drop out, additional par-
ticipants could be added.

Demographic and baseline characteristics were
summarized for all-randomized patients and for the
patients who had completed the trial per protocol.
Patient age, sex, ethnicity, race, vascular access, cause
of ESRD, and HD circuit anticoagulation were sum-
marized as numbers and percentages. The PK popula-
tion comprised all subjects from both parts of the study
who had at least one PK sample taken after adminis-
tration of IONIS-FXIRx. All PD analyses were performed
based on the intent-to-treat (population and were
repeated on the patients who completed the trial per
protocol. The intent-to-treat population consisted of
all-randomized patients who had taken at least 1 dose
of randomized study medication, and for whom a
baseline measurement of FXI activity and antigen,
aPTT, PT, and INR and at least 1 postrandomization
measurement were available. The per-protocol popu-
lation excluded patients with major protocol deviations
and those who did not complete treatment to week 8.
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The overall sample size was based on numbers of par-
ticipants required to demonstrate reliable PK and PD in
similar studies and not based on hypothesis testing. As
an early phase study, the designers sought to gain fa-
miliarity with FXI inhibition in a fragile population
rather than precisely delineate the effects of FXI inhi-
bition on clinical outcomes.

Safety analyses were performed on the safety pop-
ulation, which was defined as all-randomized patients
who received at least 1 dose of study medication.
Treatment-emergent adverse events were defined as
adverse events that occurred for the first time on or
after the date of the first dose of double-blind study
medication or that had been in existence earlier and
worsened during the study period. The numbers and
percentages of patients with treatment-emergent
adverse events were summarized for each treatment
group by system organ class and preferred term
defined by the Medical Dictionary for Regulatory Ac-
tivities version 18.1. The 95% CIs for bleeding events
were calculated using the exact binomial method.

Pharmacokinetics

Noncompartmental PK analysis of IONIS-FXIRx was car-
ried out on each individual patient data set for which full
PK sampling profiles were available, using Phoenix
WinNonlin version 6.3 (Pharsight Corp., Mountain
View, CA). For the PK cohort in the first part of the
study, IONIS-FXIRx plasma PK was evaluated on day 1,
when IONIS-FXIRx was administered after completion of
HD, and on day 29, when IONIS-FXIRx was administered
before HD. Day 29 assessments were done to determine
the effect of a 4-hour HD period on peak plasma con-
centration (Cmax), time to Cmax (Tmax), and partial expo-
sure (area under the curve0–4 h and area under the
curve0–24 h) parameters for IONIS-FXIRx. For patients
randomized in the second part of the study, PK assess-
ments included plasma IONIS-FXIRx apparent terminal
elimination half-life (t1/2lz) and concentrations at 3 hours
postadministration (near Cmax), at trough (during the
treatment period), and during the post-treatment period.

Pharmacodynamics

The per-protocol population was used to compare
changes and percent changes from baseline in FXI ac-
tivity, FXI antigen levels, aPTT, and INR for patients
receiving 200 mg or 300 mg IONIS-FXIRx or pooled pla-
cebo; analyses used analysis of variance or Wilcoxon
ranked sum tests as appropriate. Normality was evaluated
by applying the Kolmogorov-Smirnov test on the re-
siduals (difference between individual values and group
mean).

Exploratory Analysis of HD Circuit Clotting

The extent of clotting on the dialyzer and venous
chamber was quantified using a visual scale with
Kidney International Reports (2022) 7, 200–209



Table 1. Baseline characteristics of patients included in the PK cohort and the randomized IONIS-FXIRx and placebo groups (ITT population)

Characteristic

PK cohort
IONIS-FXIRx

300 mg (n ¼ 6)

Randomized cohorts

Pooled placebo (n ¼ 13)
IONIS-FXIRx

200 mg (n ¼ 15)
IONIS-FXIRx

300 mg (n ¼ 15)

Female, n (%) 0 (0.0) 4 (30.8) 5 (33.3) 12 (80.0)

Male, n (%) 6 (100.0) 9 (69.2) 10 (66.7) 3 (20.0)

Median age, yr (min, max) 63 (50, 68) 63 (40, 80) 56 (31, 77) 58 (29, 76)

Race, n (%)

White 5 (83.3) 8 (61.5) 10 (66.7) 6 (40.0)

Black or African-American 1 (16.7) 3 (23.1) 4 (26.7) 5 (33.3)

Other 0 (0) 2 (15.4) 1 (6.7) 4 (26.7)

Vascular access, n (%)

Central venous catheter 3 (50.0) 8 (61.5) 8 (53.3) 9 (60.0)

Arteriovenous fistula 1 (16.7) 5 (38.5) 6 (40.0) 5 (33.3)

Arteriovenous graft 2 (33.3) 0 (0.0) 1 (6.7) 1 (6.7)

Urea reduction ratio, mean (SD) NA 74 (10) 65 (14) 73 (7)

Cause of ESRD, n (%)

Diabetes 2 (33.3) 5 (38.5) 5 (33.3) 8 (53.3)

Hypertension 0 (0.0) 2 (15.4) 0 (0.0) 1 (6.7)

Glomerulonephritis 1 (16.7) 2 (15.4) 4 (26.7) 2 (13.3)

Polycystic kidney disease 0 (0.0) 0 (0.0) 2 (13.3) 0 (0.0)

Other 3 (50.0) 4 (30.8) 4 (26.7) 4 (26.7)

HD circuit anticoagulation n (%)

Unfractionated heparin 6 (100) 11 (84.6) 12 (80.0) 14 (93.3)

Saline flushes/no anticoagulation 0 (0.0) 0 (0.0) 1 (6.7) 1 (6.7)

Aspirin use, n (%) 4 (66.7) 6 (46.2) 5 (33.3) 7 (46.7)

Pre-HD

FXI activity (U/ml), mean (SD) 0.99 (0.17) 0.93 (0.19) 1.00 (0.22) 0.94 (0.24)

FXI antigen (U/ml), mean (SD) 1.00 (0.28) 1.08 (0.26) 1.03 (0.26) 1.01 (0.29)

aPTT (s), mean (SD) 27.0 (2.2) 27.4 (2.5) 29.0 (8.8) 27.4 (2.4)

INR mean (SD) 1.0 (0.1) 1.0 (0.1) 1.0 (0.1) 1.0 (0.1)

Post-HD

FXI activity (U/ml), mean (SD) ND 0.98 (0.23) 1.08 (0.21) 0.99 (0.36)

FXI antigen (U/ml), mean (SD) ND 1.12 (0.38) 1.22 (0.21) 1.06 (0.40)

aPTT, activated partial thromboplastin time; ESRD, end-stage renal disease; FXI, factor IX; HD, hemodialysis; INR, international normalized ratio; ITT, intent-to-treat; max, maximum; min,
minimum; NA, not applicable; ND, not done; PK, pharmacokinetics.
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descriptive categories from 1 to 4 (Supplementary
Table S1). Assessments of clotting were conducted by
trained personnel blinded to treatment allocation. The
comparison of HD circuit clotting events was analyzed
for each patient between 2 intervals during the treat-
ment period. The absolute difference in the percent of
category $3 events (i.e., blood stripes on >5% of the
surface of the dialyzer, clot formation in the venous
chamber, coagulated filter, or coagulated system pre-
venting HD) for each patient was evaluated for the
intervals between week 6 to 13 and events before week
6. P values were generated based on a post hoc analysis
using 1-way analysis of variance for the differences in
the percent of events between the intervals, with
treatment as the main effect.
RESULTS

Baseline Characteristics

The study was conducted from 23 October 2015 to 26
August 2016 and enrolled 49 participants from 8 sites
Kidney International Reports (2022) 7, 200–209
in Canada. The baseline characteristics of the study
participants across the treatment cohorts are found in
Table 1, and the disposition of study participants is
found in Figure 1.

The PK cohort in the first part (open-label phase) of
the study comprised 6 participants recruited from a
single center, all of whom received the pre-HD dose of
IONIS-FXIRx and 5 of whom received the post-HD dose.
One patient was unable to receive the post-HD dose
because of an intercurrent infectious illness unrelated
to the study medication. A total of 43 participants were
recruited into the randomized multiple-dosing compo-
nent of the study with 15 allocated to the 200 mg
group, 15 to the 300 mg group, and 13 to placebo.

Although the first part of the study (open-label
phase) included only males, the second part (random-
ized phase) included an even distribution of females
(n ¼ 21; 48.8%) and males (n ¼ 22; 51.2%). The ran-
domized phase included 24 (55.8%) White and 12
(27.9%) Black or African-American participants with a
mean age of 59 years (range, 29–80). Baseline disease
203



73 Screened

24 Screen failures

49 Assigned to treatment
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n = 6
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n = 13
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n = 6, Day 1

n = 5, Day 29

ITT Population
n = 13
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n = 15
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Per-Protocol 
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Per-Protocol 
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n = 12

Per-Protocol 
Population
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Figure 1. Disposition of study participants. Three patients in the placebo group experienced protocol deviations and were excluded from the
per-protocol population owing to disallowed concomitant treatment with warfarin (n¼ 1) and clopidogrel (n¼ 2). The 200 mg and 300 mg IONIS-
FXIRx groups had 3 patients in each group who were excluded from the per-protocol population owing to incomplete dosing to week 8. Adverse
events that led to discontinue treatment were as follows: In the PK cohort, 1 participant discontinued owing to sepsis with hemoptysis deemed
unlikely related to IONIS-FXIRx. In the 200 mg group, 1 participant discontinued treatment owing to hepatic enzyme increased during hospi-
talization with pneumonia deemed unlikely related to IONIS-FXIRx. In the 300 mg group, 1 participant discontinued treatment owing to arte-
riovenous fistula site hemorrhage judged possibly related to IONIS-FXIRx. ITT, intent-to-treat; PK, pharmacokinetics.
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characteristics, including FXI antigen, FXI activity,
aPTT, and INR, were similar across the placebo and
IONIS-FXIRx treatment groups. The FXI activity and
antigen levels reported for the study population at
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Figure 2. Mean (�SD) IONIS-FXIRx concentrations after a single 300
mg dose administered to 6 participants after HD (day 1) and 5 par-
ticipants before HD (day 29). Note: 1 of the 6 participants did not
receive the day 29 dose owing to an intercurrent illness unrelated to
IONIS-FXIRx. HD, hemodialysis.
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baseline (day 1) before and after HD were within the
normal reference range for healthy individuals estab-
lished by the reference laboratory (FXI activity 0.73–
1.45 U/ml and FXI antigen 0.72–1.63 U/ml).
PKs of Single- and Multiple-Dose IONIS-FXIRx
In the PK cohort, the concentration-time profile of
IONIS-FXIRx was similar regardless of whether treat-
ment was administered before or after HD (Figure 2).
The extent of IONIS-FXIRx exposure in 24 hours (area
under the curve0–24 h) did not differ significantly be-
tween pre-HD (geometric mean 142 [39.7% coefficient
of variation] h � mg/ml) and post-HD (geometric mean
136 [45.6% coefficient of variation] h � mg/ml). Median
Tmax values were 5.97 (range 2.98–10.0) hours when
administered pre-HD and 6.03 (range 4.00–9.95) hours
when administered post-HD (Supplementary Table S2).
Neither IONIS-FXIRx nor its 10-mer metabolites were
detectable in the dialysate.

For participants in the PK population of the second
(randomized) part of the study, repeated dosing
revealed a stable Cmax between the first dose on day 1
and after the last dose on day 78 for both the 200 mg
Kidney International Reports (2022) 7, 200–209
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and 300 mg doses (Supplementary Table S3) and a t1/2
geometric mean of 16.9 days (39.9% coefficient of
variation) for the 200 mg dose and 13.1 days (35.1%
coefficient of variation) for the 300 mg dose. There was
negligible urinary excretion of IONIS-FXIRx (geometric
mean 0.0424% dose excreted at 78 days from the 4
participants with urine output). As found in
Supplementary Table S3, Cmax was dose dependent and
similar between day 1 and day 78, suggesting there was
no accumulation of IONIS-FXIRx at Cmax following
repeated weekly administrations. Plasma trough and
post-treatment concentrations of IONIS-FXIRx were
dose dependent, increased during the loading period,
and approached steady state by day 36 (6 weeks). After
treatment was stopped, IONIS-FXIRx concentrations
decreased with time, with a t1/2lz of approximately 2
weeks.

Safety

Bleeding events were reported in 1 participant (16.7%)
in the PK cohort, 1 participant (6.7%) in the 200 mg
group, 7 participants (46.7%) in the 300 mg group, and
2 participants (15.4%) in the placebo group (Table 2).
Of these participants, 3 had major bleeding events,
including bleeding of the respiratory tract owing to
hemoptysis that occurred during an episode of pneu-
mosepsis (PK cohort, n ¼ 1), asymptomatic bleeding at
the central venous catheter insertion site requiring
transfusion (300 mg group, n ¼ 1), and recurrent
hemothorax requiring transfusion (placebo group, n ¼
1). FXI activity levels were $0.55 U/ml before the
major bleeding events and were not considered related
to the study drug. Clinically relevant nonmajor
bleeding events were not observed in this study. Minor
bleeding events were primarily observed at vascular
access sites, and although they were most frequent in
the 300-mg IONIS-FXIRx group, they did not seem to be
correlated with FXI activity or antigen levels. One
participant (6.7%) in the 200 mg group, 2 (13.3%) in
the 300 mg group, and 1 (7.7%) in the placebo group
developed arteriovenous fistula site bleeding. No
excessive postoperative bleeding was reported in the 2
Table 2. Bleeding events (safety population)

Outcome

PK cohort
IONIS-FXIRx

300 mg (n ¼ 6) Pooled placebo

Major bleeding, n (%) 1 (16.7) 1 (7.7)

[95% CI]a [0.4%–64.1%] [0.2%,–6.

Minor bleeding, n (%) 0 (0.0) 1 (7.7)

[95% CI]a [0.0%–45.9%] [0.2%–36

Any bleeding, n (%) 1 (16.7) 2 (15.4

[95% CI]a [0.4%–64.1%] [1.9%–45

PK, pharmacokinetics.
aExact binomial 95% CI.
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participants treated with IONIS-FXIRx who underwent
renal transplantation. FXI activity levels were reduced
to 0.41 U/ml in 1 renal transplant recipient and were
normal in the other (0.75 U/ml).

Adverse events were reported in 14 participants
(93.3%) in each of the IONIS-FXIRx treatment groups
and in 10 participants (76.9%) in the placebo group
(Table 2). More than 90% of adverse events were mild
in severity, and the most common adverse events were
related to the injection site. There was no detectable
hepatotoxicity or effect on platelets, and no treatment-
related changes were observed in hepatic function
based on transaminases or severe thrombocytopenia.
Serious adverse events occurred in 6 participants
(20.0%) in both the 200 mg and 300 mg IONIS-FXIRx
groups compared with 4 participants (30.8%) in the
placebo group (Table 2). The serious adverse events
were deemed by the investigators to be unrelated to the
study treatment. In addition, 2 participants died dur-
ing the study: 1 in the IONIS-FXIRx 200 mg group
owing to aspiration pneumonia and 1 in the placebo
group owing to heart failure. Neither death was
considered related to the study drug.

IONIS-FXIRx Effect on FXI Antigen and Activity

As illustrated in Figure 3, intent-to-treat population
decreases in FXI activity were greatest at day 85 with
significant (P # 0.001) mean � SD decreases from
baseline of 56.0% � 25.1% in the 200 mg group (n ¼
12) and 70.7% � 16.7% in the 300 mg group (n ¼ 12)
compared with a 3.9% � 24.4% decrease with placebo
(n ¼ 10). Similar reductions in FXI antigen levels were
observed after IONIS-FXIRx treatment: mean � SD
levels at day 85 decreased from baseline by 65.5% �
19.1% in the 200 mg group (n ¼ 12) and by 78.1% �
15.2% in the 300 mg group (n ¼ 12) (Supplementary
Figure S2). The reductions in FXI activity levels were
maximal at approximately 6 weeks after treatment
initiation, consistent with previous studies and reflec-
tive of the antisense mechanism (time needed to inhibit
FXI mRNA and subsequently FXI protein production)
coupled with the long half-life of FXI protein (w55
Randomized cohorts

(n ¼ 13)
IONIS-FXIRx

200 mg (n ¼ 15)
IONIS-FXIRx

300 mg (n ¼ 15)

0 (0.0) 1 (6.7)

0%] [0.0%–21.8%] [0.2%–31.9%]

1 (6.7) 6 (40.0)
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) 1 (6.7) 7 (46.7)

.4%] [0.2%–31.9%] [21.3%–73.4%]
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85-day washout period. Points represent mean; whiskers represent SEM (intent-to-treat population). Red arrowheads indicate dosing day. FXI,
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CLINICAL RESEARCH M Walsh et al.: Factor XI Antisense Inhibitor in ESRD
hours).9 FXI activity and antigen levels determined at
both pre- and post-HD time points (baseline [day 1] and
on days 29, 78, and 162) had similar results for all
treatment groups, suggesting HD did not alter circu-
lating FXI activity or antigen levels.

A strong PK/PD relationship between IONIS-FXIRx
plasma trough concentrations and FXI activity was
observed after 78 days (12 weeks) of treatment. The
estimated mean � SEM half maximal inhibitory con-
centration was 40.4 � 9.7 ng/ml for FXI activity, with
baseline FXI activity (E0) estimated at 0.882 � 0.057 U/
ml. Similar half maximal inhibitory concentration
values were obtained when FXI activity data were
normalized to baseline.

Reduction in FXI activity and antigen levels with
IONIS-FXIRx resulted in dose-dependent prolongation
of aPTT but no clinically significant changes in PT or
INR (Supplementary Figure S3). Maximum mean � SD
aPTT prolongation was observed on day 92 with 46.1
� 30.6 seconds in the 200 mg group, 49.4 � 37.5 sec-
onds in the 300 mg group, and 36.0 � 25.4 seconds in
the placebo group. Thus, IONIS-FXIRx affected only the
intrinsic pathway, as evidenced by the prolongation of
aPTT with no effect on PT/INR.

HD Circuit Clotting

HD circuit thrombosis with IONIS-FXIRx and placebo
was similar from randomization up to week 6 with 73 of
99 observations (73.7%) in the 200 mg, 41 of 103 ob-
servations (39.8%) in the 300 mg group, and 47 of 91
206
observations (51.6%) in the placebo group displaying a
category 3 or 4 clot. Between weeks 6 and 13, category
3 or 4 clots occurred less frequently than in the pre-
vious period before week 6 in the 200 mg group
(�28.9%) and the 300 mg group (�19.0%) compared
with placebo (�1.6%). These differences were more
pronounced in the per-protocol population (Table 3).

DISCUSSION

This is the first reported use of FXI inhibition with an
antisense oligonucleotide in patients with ESRD.
IONIS-FXIRx had predictable PK parameters that were
not significantly affected by HD. No evidence of
IONIS-FXIRx accumulation was observed in ESRD par-
ticipants after 12 weeks of dosing. In this small study,
IONIS-FXIRx treatment produced significant, dose-
dependent, sustained reductions in FXI antigen and
activity and was well tolerated without major safety
concerns or major bleeding.

FXI enhances both the formation and stability of
clots in vitro by amplifying thrombin generation when
coagulation is initiated by low levels of tissue factor or
thrombin.14 FXI-dependent amplification of thrombin
formation also leads to activation of thrombin-
activatable fibrinolysis inhibitor, which renders clots
less sensitive to fibrinolysis. Inhibition of FXI may
therefore reduce clot propagation by slowing thrombin
generation and, indirectly, by enhancing clot dissolu-
tion.15 This mechanism of action may improve the
safety of anticoagulation by reducing pathologic clot
Kidney International Reports (2022) 7, 200–209



Table 3. HD circuit clotting results for patients included in the randomized IONIS-FXIRx and placebo groups (per-protocol and ITT populations)

Overall air trap and dialyzer events with a clotting category ‡3 Pooled placebo (n ¼ 10)
IONIS-FXIRX

200 mg (n ¼ 12)
IONIS-FXIRX

300 mg (n ¼ 12)

Number of category $3 events/total events, (%)a

Before week 6 (baseline)

Per-protocol population 43/70 (61.4%) 60/83 (72.3%) 38/85 (44.7%)

Intent-to-treat population 47/91 (51.6%) 73/99 (73.7%) 41/103 (39.8%)

Between week 6 and week 13

Per-protocol population 49/79 (62.0%) 38/95 (40.0%) 18/90 (20.0%)

Intent-to-treat population 52/102 (51.0%) 41/98 (41.8%) 19/101 (18.8%)

Subject difference in percent of clotting scores $3 between weeks 6–13 and before week 6

Per-protocol population

Mean difference (SEM) �1.6% (5.6) �32.5% (7.9) �25.9% (8.1)

P value vs. placebob 0.0074 0.029

P value vs. 200 mg groupb 0.54

Intent-to-treat population

Mean difference (SEM) �0.2% (7.7) �28.9% (8.1) �19.0% (7.5)

P value vs. placebob 0.013 0.093

P value vs. 200 mg groupb 0.33

HD, hemodialysis; ITT, intent-to-treat.
aThe number of category $3 events from the total events from all circuit clotting categories. Category 3 events included clot formation on venous chamber and blood stripes
affecting $5% of the fibers found at the surface of the dialyzer. Category 4 events included coagulated system (treatment cannot continue without new setup) and coagulated filter.
bP values are based on 1-way analysis of variance of the differences, using treatment group as the independent model variable. The comparison is between the change in the percent of
category $3 events between the 2 periods. For each patient, the percent of scores $3 before week 6 was subtracted from the percent of scores $3 for weeks 6 to 13.
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propagation while permitting clot formation in
response to tissue injury. Evidence for this comes from
both epidemiologic data in subjects with FXI deficiency
and from early phase clinical trials of FXI inhibition.
Patients with genetically low FXI levels are at lower
risk of ischemic stroke and venous thromboembolism,
whereas increased FXI levels are associated with an
increased risk.2 Similarly, inhibition of FXI was more
effective than standard low-molecular-weight heparin
therapy at preventing deep vein thrombosis in patients
undergoing knee replacement, without increasing the
risk of bleeding.9,16,17 Our study provides initial evi-
dence that similarly effective anticoagulation without
excessive major bleeding risk may be possible in pa-
tients undergoing HD despite their high background
risk of bleeding. Future research is needed to determine
whether FXI inhibition safely prevents major throm-
botic events, such as myocardial infarction and
ischemic stroke, particularly in light of the high
number of minor bleeds we observed in the 300-mg
group.

The need for safe, effective anticoagulation in ESRD
is clear. Vitamin K antagonists and direct oral antico-
agulants both lack clear efficacy and safety evalua-
tions.18–20 The need to study the safety of
anticoagulation by FXI inhibition is highlighted by the
long duration of the effect on FXI. Although the long
duration of effect may reduce variability in the effect
compared with shorter lived anticoagulants or those
that require frequent dose adjustments (e.g., vitamin K
antagonists), this must be balanced against the high
Kidney International Reports (2022) 7, 200–209
baseline risk of bleeding events that may be exacer-
bated by an anticoagulant. Although it is fortunate that
FXI inhibition can be reversed with factor concentrates
or fresh frozen plasma, these products may not be
available or suitable in all settings which would make
the long duration of effect potentially detrimental.

Antisense oligonucleotides are an attractive novel
therapeutic platform. The binding sites for these types
of hydrophilic drugs differ from the binding sites of
low-molecular-weight hydrophobic drugs, and they
are not substrates for cytochrome P450 enzymes; thus,
no drug-drug interactions on the level of plasma pro-
tein binding are expected at clinically relevant con-
centrations, a potentially important property in
patients with ESRD, who typically receive a large
number of concomitant medications.13,21,22 In addition,
similar to other antisense oligonucleotides, IONIS-FXIRx
is highly bound to plasma proteins in mice, monkeys,
and humans, thereby limiting glomerular filtration and
urinary excretion in patients without ESRD.23,24

Furthermore, antisense oligonucleotides have an
increasingly well-established safety profile as a plat-
form and have no class effects on the liver, kidney,
cardiac, central nervous system, muscle, or bone
marrow function; broad therapeutic effects at doses
with demonstrated acceptable safety and tolerability.25

Limitations of the study include the small sample
size of exclusively White, Canadian patients with ESRD
in a relatively short treatment period of 12 weeks. In
addition, there were differences in the proportions of
males and females between the 200 mg and 300 mg
207
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IONIS-FXIRx groups. Small studies, such as this, are
suitable to precisely evaluate PK and PD parameters
and can identify some major, common safety issues but
are not suitable to estimate treatment benefits and
harms. As such, whether the excess number of minor
bleeding events observed in the 300 mg IONIS-FXIRx
group is due to the drug or the play of chance is un-
certain and requires further study.

FXI inhibition with an antisense oligonucleotide is a
promising strategy to provide safe, effective anti-
coagulation to high-risk populations, such as patients
with ESRD. The results of this study support the
conduct of larger trials that may demonstrate whether
FXI inhibition reduces clinically important thrombotic
events while maintaining an acceptable safely profile.
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