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Inflammation mediated by interleukin-6 (IL-6) is strongly associated
with cardiovascular risk. Here we evaluated clazakizumab, amonoclonal
antibody targeting the IL-6 ligand, in a phase 2b dose-finding study. Adults

with cardiovascular disease and/or diabetes receiving maintenance dialysis
with high-sensitivity C-reactive protein (hs-CRP) > 2 mg | at baseline were
randomized toreceive clazakizumab (2.5 mg, 5 mgor 10 mg, n =32 per
dosegroup) or placebo (n =31) every 4 weeks. The primary endpoint was
the change from baseline in hs-CRP to week 12, expressed as the geometric
mean ratio. Clazakizumab treatment signficantly reduced serum hs-CRP
concentrations at week 12 by 86%, 90% and 92% relative to placeboin
patients randomized to 2.5 mg, 5 mg or 10 mg clazakizumab, respectively
(allP<0.0001), meeting the primary outcome. With regard to secondary
endpoints, clazakizumab treatment reduced serum fibrinogen, amyloid A,
secretory phospholipase A2, and lipoprotein(a) concentrations, as well
asincreased mean serum albumin concentrations at 12 weeks, relative to
placebo. The proportion of patients who achieved hs-CRP < 2.0 mg I was
79%,82% and 79% in the 2.5 mg, 5 mg and 10 mg clazakizumab groups,
respectively, compared with 0% of placebo-treated patients. With regard to
safety, no cases of sustained grade 3 or 4 thrombocytopenia or neutropenia
were observed. Serious infections were seen with similar frequency

inthe placebo, clazakizumab 2.5 mg and clazakizumab 5 mg groups,

but were numerically more frequent in the clazakizumab 10 mg group.
Theresults of this trial indicate that in patients receiving maintenance
dialysis, clazakizumab reduced inflammatory biomarkers associated with
cardiovascular events. ClinicalTrials.gov registration: NCT05485961.

Patients with end-stage kidney disease (ESKD) experience unacceptably
high rates of mortality and morbidity despite the provision of dialysis.
Average mortality rates adjusted for age, sex and designated race or
ethnicity exceeded19%in 2021; more than half of deaths were attribut-
ableto cardiovascular causes. Hospitalization and emergency depart-
ment visit rates are also frequent, with roughly one-third attributable
to cardiovascular disease'. ESKD and cardiovascular disease share an
array of risk factors, including diabetes, hypertension, dyslipidemia

and albuminuria, but cardiovascular event and death rates far exceed
those expected?, suggesting that kidney disease-specific factors con-
tribute to cardiovascular risk. Patients with ESKD have been excluded
from most cardiovascular outcome trials althoughitis noteworthy that
several large-scale trials of lipid-lowering agents in patients receiving
dialysis failed to demonstrate a substantial benefit®=.

In the general population, systemic inflammation is a major con-
tributor to cardiovascular risk® . Evidence suggests a causal role of
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Fig.1| CONSORT diagram. mITT analysis included 127 participants who all received at least one dose of the study drug or placebo. Discontinued treatment refers to
treatment discontinuation before the common treatment end date. CONSORT, Consolidated Standards of Reporting Trials.

activation of the interleukin-6 (IL-6) pathway'®"". The Canakinumab
Anti-inflammatory Thrombosis Outcomes Study (CANTOS) dem-
onstrated that targeted use of IL-1f inhibition substantially reduced
cardiovascular events', particularly among patients with the largest
downstream reduction in IL-6 (ref. 13). Chronic inflammation has also
beenimplicated as a mediator of cardiovascular disease among patients

receiving dialysis' ™. Many of the clinical manifestations of uremia—
including pericarditis, pleuritis and serositis—are the result of visceral
inflammation, and accelerated atherosclerosis in patients with kid-
ney failure was recognized a half century ago”. Inflammatory markers,
including serum concentrations of IL-6 and C-reactive protein (CRP),
are typically elevated in ESKD and are associated with mortality and
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Table 1| Patient demographics and baseline characteristics

Demographics Clazakizumab2.5mg Clazakizumab5mg Clazakizumab10mg Placebo (n=31)
(n=32) (n=32) (n=32)
Age (year), median (range) 63 (39, 83) 67 (36, 82) 63 (31, 83) 69 (36, 86)
Sex Male, n (%) 21(65.6) 18 (56.3) 25 (78.1) 21(67.7)
White, n (%) 21(65.6) 18 (56.3) 17(53.1) 13 (41.9)
Race Black, n (%) 9(281) 13 (40.6) 12(37.5) 15 (48.4)
Ethnicity Latino, n (%) 10 (31.3) 9(281) 12 (37.5) 5(16.1)
BMI (kgm™), mean (s.d.) 30.5(5.5) 30.9(6.7) 35.1(9.5) 32.4(8.2)
Years since the first diagnosis of ESKD, 47 (4.5) 5.8 (4.) 45(3.2) 5.2(3.3)
mean (s.d.)
ESKD history Diabetic kidney disease, n (%) 21(6556) 25 (781) 26 (81.3) 18 (581)
Hypertensive kidney disease, n (%) 8(25) 4(12.5) 3(9.4) 9(29.0)
Fistula, n (%) 26 (81.3) 24 (75.0) 21(65.6) 22 (71.0)
Dialysis access Graft, n (%) 1(3.1) 7(21.9) 4(12.5) 4(12.9)
Catheter, n (%) 5(15.6) 1(3.) 7(21.9) 5(16.1)
History of CAD 13 (40.6) 22(68.8) 16 (50.0) 12(387)
Prior MI 5 (15.6) 2(6.3) 5(15.6) 3(9.7)
Prior PCI 2(6.3) 6(18.8) 2(6.3) 3(9.7)
Prior CABG 3(9.4) 5(15.6) 4(12.5) 3(97)
Candfovaseules s Cerebrovascular disease 3(9.4) 3(9.4) 6(18.8) 6(19.4)
Diabetes 29 (90.6) 28 (87.5) 30(93.8) 27 (871)
Hypertension 31(96.9) 31(96.9) 32 (100) 30(96.8)
Atrial fibrillation 7(21.9) 5(15.6) 8(25.0) 9(29.0)
Former or current use of tobacco 8(25.0) 11(34.4) 14 (43.8) 13 (41.9)
products
Statins 19 (59.4) 23(71.9) 19 (59.4) 20 (64.5)
Baseline medications Antiplatelet agents 12 (37.5) 20(62.5) 18 (56.3) 13 (41.9)
ESA use 22 (68.8) 24 (75.0) 23(71.9) 22 (71.0)
Parenteral iron 23(78.1) 18 (56.3) 26 (81.3) 21(67.7)
Baseline IL-6 (ngl™), mean (s.d.) 9.4 (8.2) 9.0 (8.0) 9.7 (8.6) 8.3(5.6)
Baseline hs-CRP (mgml™) 9.5(5.2, 32.3) 7.2(3.6,15.0) 8.94 (5.4,22.9) 7.3(4.5,16.2)
median (25-75%)
Serum amyloid A (mgl™), median 10.2 (4.8, 24.3) 13.3(8.8,30.4) 11.8 (5.6, 29.1) 8.8(5.6,16.3)

(25-75%)

Bgsaling oaEigy Phospholipase A2 mass (ugl™), median

(25-75%)

25.1(10.3, 41.1)

26.0 (14.9, 41.7) 20.2(12.7, 43.1) 26.2(16.2, 42.9)

Fibrinogen (gl™), median (25-75%) 4.0 (3.3,4.8) 4.2(37,4.8) 4.2 (3.5,5.0) 4.0(3.3,4.5)
Lipoprotein(a) (nmoll™), median (25-75%)  36.7 (11.0, 94.9) 77.4(32.5,175.8) 55.5 (20.1,150.7) 59.6 (22.9, 97.3)
Albumin (gdl™), mean (s.d.) 3.8(0.21) 3.7(0.24) 3.8 (0.25) 3.8(0.27)
cardiovascular events in this population'®'. As such, itis plausiblethat Results
atherapeuticapproach targeting the IL-6 pathway couldreduce cardio-  Patient disposition

vascular events and mortality in patients receiving maintenance dialysis.

Clazakizumabis a high-affinity humanized monoclonal antibody
that targets the IL-6 ligand and inhibits downstream IL-6 function.
We hypothesized that clazakizumab could reduce the occurrence
of cardiovascular events in patients receiving maintenance dialysis
by modulating excess IL-6-dependent inflammation. We designed a
double-blind, randomized, placebo-controlled combined dose-finding
(phase 2b) and cardiovascular outcome (phase 3) trial in patients receiv-
ing maintenance dialysis with serological evidence of inflammation
atbaseline. Inthe current report, we describe the results of the phase
2b component of the trial, examining the safety and efficacy of three
doses of clazakizumab on markers of inflammation associated with
major adverse cardiovascular events.

Between 26 October2022 and 17 August 2023, 298 patients provided writ-
teninformed consent and underwent eligibility screening, of whom 127
wererandomized (Fig. 1). Baseline demographic and clinical characteris-
ticswere generally similar across randomized groups (Table1). The mean
age was 62.4 +13.0 years, and 42 (33%) were women. Fifty-eight (46%)
participants were designated as non-White; 36 (28%) were designated as
Hispanic or Latina/Latino. The most frequently reported cause of kidney
failure was diabetes (n =90, 71%). Median baseline serum high-sensitivity
CRP (hs-CRP) was 8.3 mg 1" (25-75%, range: 4.8-19.1 mg 7).

Patient disposition is illustrated in Fig. 1. The per protocol (PP)
analysis set consisted of 123 patients who did not have anintercurrent
event before week 12; 101 of those patients had data at week 12. The
modified intention-to-treat (mITT) analysis set consisted of all 127
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Fig.2|hs-CRP concentrations in the placebo and clazakizumab groups.
a,Median (25-75%) serum hs-CRP concentrations in the placebo and three
clazakizumab dose groups from baseline to week 24. The number of patients at
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three clazakizumab dose groups and at week 12 after randomization are shown
(P<0.001for each of the clazakizumab dose groups versus placebo). Two-sided
Pvalues shown are from the MMRM analysis, using a ¢ test, and are not adjusted
for multiplicity. Number of patients are placebo (n = 26); 2.5 mg (n=24); 5mg
(n=26);10 mg (n=25).Cl, confidence interval.

patients who received at least one dose of the study drug or placebo;
107 of those patients had data at week 12.

Primary outcome

hs-CRP. All clazakizumab-treated groups experienced arapid decline
in serum hs-CRP concentrations that were maintained throughout
24 weeks of follow-up (Fig.2a). Serum hs-CRP concentrations at week
12 decreased by 86%, 90% and 92% in patients randomized to 2.5 mg,
5 mg or 10 mg clazakizumab, respectively, and increased by 19% in
patients randomized to placebo (all P < 0.001 compared with placebo;
Fig.2b). Corresponding valuesinthe mITT analysis were -86%, -90%,
-91% and 20%, respectively (all P<0.001 compared with placebo;
Extended DataFig.1).

Figure 3 shows the individual patient change in hs-CRP (waterfall
plots) for all groups, illustrating a reduction in hs-CRP for nearly all
patients treated with clazakizumab. In the mITT analysis, the propor-
tion of patients who achieved hs-CRP <2.0 mg 1™ was 79%, 82% and
79%inthe 2.5 mg, 5 mgand 10 mg clazakizumab groups, respectively,
compared with 0% of placebo-treated patients.

Secondary outcomes: downstream biomarkers of IL-6 activity
Figure 4 shows the geometric meanratio (GMR) to baseline inthe down-
stream biomarkers of IL-6 activity—serum amyloid A, lipoprotein(a),
fibrinogen and secretory phospholipase A2, respectively (all P < 0.001
compared with placebo). The mean increase in serum albumin was
0.28,0.25and 0.21 g dI™ at 12 weeks relative to baseline in the 2.5, 5 and
10 mg clazakizumab groups, respectively, compared with 0.04 g dI'in
the placebo group (all P < 0.01 compared with placebo).

Safety

Adverse events are summarized in Table 2. Through the course of
the study, there were two cases of Common Terminology Criteria for
Adverse Events (CTCAE) grade 3 thrombocytopenia and two cases of
grade 3 neutropenia, which resolved in 4 weeks when the drug was
stopped. There was one case of grade 4 hypertriglyceridemiain a

patient with aknown history of the same. Extended Data Table 1shows
standard lipid levels, liver enzyme concentrations and platelet counts
atbaselineand 12 weeks. There were smallincreasesin total cholesterol
inallthree clazakizumab groups, consistent with an anti-inflammatory
effect®. Serious infections occurred infour patientsinthe 2.5 mggroup,
three patientsinthe 5 mggroup, nine patients inthe 10 mg group and
two patientsinthe placebo group. These led to discontinuation of treat-
mentin four patients, including twoin the placebo group (Table 2). One
additional patientin the 10 mg group experienced a serious infection
during the 8-week final safety follow-up.

Discussion
Inthis randomized, placebo-controlled, dose-finding study in patients
receiving dialysis with hs-CRP > 2 mg |7, targeting the IL-6 pathway
with clazakizumab given by intravenous bolus every 4 weeks signifi-
cantly reduced serum concentrations of hs-CRP by 90% or more. Cla-
zakizumab reduced serum concentrations of hs-CRP to <2 mg I in
approximately 80% of patients compared with 0% of patients treated
with placebo. The drug was well tolerated overall with no cases of sus-
tained moderate-to-severe thrombocytopenia or neutropenia. The
proportion of patients who experienced aserious infection was similar
among patients randomized to placebo, clazakizumab 2.5 mgand cla-
zakizumab 5 mg. Serious infections were numerically more frequent
among patients randomized to the clazakizumab 10 mg dose.
Chronicinflammation predicts cardiovascular eventsinthe general
populationaswell asin patients with dialysis- and nondialysis-requiring
chronickidney disease (CKD).In1974, Lindner et al. published the first
description of accelerated atherosclerosis in patients receiving mainte-
nance dialysis". Since then, large registry-based and other studies have
highlighted the exceptionally high rates of cardiovascular events and
mortality experienced by this population. Conventional therapies to
lower cardiovascular risk, including lipid-lowering with statins, have
shown little to no benefit in patients receiving dialysis®>*'; moreover,
the effects of intensification of dialysis dose—whether applied in the
hemodialysis or peritoneal dialysis setting—have proved burdensome
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Fig. 3| Waterfall plots of change in hs-CRP. Waterfall plots of hs-CRP percentage changes from baseline to 12 weeks of individual participants in placebo (a) and the

three clazakizumab dose groups (mITT analysis) 2.5 mg (b), 5 (c), 10 mg (d).

and largely unsuccessful. Multiple reports have supported the hypoth-
esis that inflammation may substantially contribute to cardiovas-
cular risk?*?, Clinical trials of anti-inflammatory agents including
canakinumab, a monoclonal antibody targeting IL-1p (ref. 12) and
colchicine?**, which largely included participants with normal or
near-normal kidney function, yielded sizeable reductions in the risk
of cardiovascular events. IL-6 is a central inflammatory cytokine thatis
elevated in patients undergoing dialysis and isanindependent predic-
tor of cardiovascular events. Mendelian randomization studies have
also supported a potential causal link between the activation of IL-6
and cardiovascular events'®**?%, In the CANTOS trial, the treatment
effect of canakinumab appeared to be mediated by modulation of
IL-6 levels, a downstream cytokine of IL-1. Patients with estimated
glomerular filtration rate (¢GFR) < 60 ml min™1.73 m2experienced an
18% reduction in the relative risk of the primary composite endpoint
of cardiovascular death or nonfatal myocardial infarction or stroke?”
patients who achieved hs-CRP <2 mg | experienced a 32% lower risk™.
In this phase 2b trial, approximately 80% of clazakizumab-treated
patients achieved hs-CRP <2 mg 17, suggesting the potential for car-
diovascular benefits with longer-term clazakizumab treatment. We
also observed reductions in downstream biomarkers of IL-6 activity
including a significant reduction in lipoprotein(a), which is a poten-
tial target for CV event reduction. In addition, a noteworthy effect of
clazakizumab was a significant increase in albumin, not only because
ofthe strong association between low serum albumin concentrations
and mortality in patients receiving dialysis® but also because few other
controlled interventions have demonstrated the ability to increase
serum albumin in this population®*,

In the setting of mild to moderate CKD, treatment with the IL-6
ligand inhibitor ziltivekimab resulted in comparable reductions in
hs-CRP and several other cardiovascular biomarkers®. On that basis,
alarge-scale cardiovascular outcomestrial isbeing conducted among
patients with known atherosclerosis, elevated hs-CRP and eGFR >15
and <60 ml min™1.73 m(ref. 36). The Hemodialysis Novel Therapies
Consortium conducted amulticenter, randomized, placebo-controlled
pilot trial of anakinra, anIL-1antagonist, in 80 patients receiving main-
tenance hemodialysis with hs-CRP > 2 mg I”(ref. 37). The median
decrease in hs-CRP from baseline to week 24 was 41% in the anakinra
group and 6% in the placebo group, a between-group difference that
was not statistically significant. Rates of serious adverse events were
virtually identical in the two groups.

Clazakizumab has been studied in multiple phase 2 studies,
primarily in inflammatory diseases with generally favorable pre-
liminary results. In arandomized, double-blind, placebo-controlled,
dose-ranging study in 418 patients with rheumatoid arthritis and
an inadequate response to methotrexate, clazakizumab alone or
in combination with methotrexate yielded substantially reduced
disease activity compared to methotrexate alone; rates of serious
adverse events ranged from 8.3% to 13.6% (ref. 38). In arandomized,
double-blind, placebo-controlled, dose-ranging study in 165 patients
with active psoriatic arthritis and aninadequate response to nonsteroi-
dal anti-inflammatory drugs, the safety profile was consistent with the
pharmacology of IL-6 blockade®. Previously completed studies used
doses ranging from1to 640 mg, with frequency ranging fromevery 3
to 8 weeks apart. Given that patients receiving maintenance dialysis are
at high risk of infection, we aimed to identify one or more doses that
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Fig. 4| Changesin biomarkers of IL-6 activity. Changes from baseline to 12 weeks of treatment for biomarkers of IL-6 activity (mITT analysis). GMR to baseline serum
amyloid A (a), lipoprotein(a) (b), fibrinogen (c), secretory phospholipase A2 (d) and albumin (e) (95% CI). Number of patients ranged from n = 25-26 for placebo, n =24
for2.5mg, n=27-28 for 5mgand26-29 for10 mg.
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Table 2 | Serious adverse events and adverse events of special interest

Adverse events 2.5mg (n participants (%)) 5mg (n participants (%)) 10mg (n participants(%)) Placebo (n participants (%))
Death 2(6.3)7 2(6.37 1(3.) 1(3.2)
Death related to study drug 0 o] 0 0
Serious adverse event 9(281) 13 (40.6) 16 (50) 7(22.6)
Serious adverse event leading to 5(15.6) 2(6.3) 6(18.8) 4(12.9)
discontinuation of study drug

Serious adverse events related to study drug 1(3.) 0 1(31) 1(3.2)
Serious Infections 4(12.5) 3(9.4) 9(28.1) 2(6.5)
Infection leading to discontinuation of study 2(6.3) 0 4(12.5) 1(3.2)
drug

Infection related to study drug 0 1(3.1) 1(3.) 2(6.5)
Infection by maximum severity

Mild 2(6.3) 4(12.5) 3(9.4) 3(9.7)
Moderate 6(18.8) 2(6.3) 4(12.5) 3(9.7)
Severe 2(6.3) 2(6.3) 6(18.8) 2(6.5)
Hematology abnormalities®

Neutropenia: CTCAE grade 3 or 4 0 2(6.5) 0 0
Thrombocytopenia: CTCAE grade 3 or 4 1(3.0) 0 1(37) 0

Serious Infections included pneumonia, sepsis, septic shock (placebo); COVID-19, sepsis, herpes zoster oticus, endocarditis (2.5 mg); osteomyelitis, groin abscess, tooth abscess (5 mg);
osteomyelitis, COVID-19, device related-infection and bacteremia, pneumonia, sepsis (10mg). *°One death in this group occurred after all six doses of the study drug. *Resolved with study

drug interruption.

produced arobust and sustained reduction of hs-CRP while minimizing
the risk of adverse effects.

The phase 2b component of our trial has several strengths. It was
randomized, double-blinded, and adequately powered for its pri-
mary outcome. Participants were broadly representative of the US
dialysis population in terms of distribution by age and sex. There was
ample representation of Black and Latina/Latino participants and an
over-representation of patients with diabetes, by design. We obtained
week 12 dataon107 (80%) participants and collected longer-term data
on a sizeable fraction of patients. In addition to obtaining definitive
data describing the effects of clazakizumab on hs-CRP, we demon-
strated significant reductionsin several other downstream biomarkers
of IL-6 activity.

Limitations of the trial include a modest sample size and a rela-
tively short duration of follow-up. It is possible that adverse effects,
such as infections, might become more frequent with extended
exposure to clazakizumab. We did not collect data on residual kidney
function, and the sample size was insufficient to reasonably conduct
subgroup analyses on selected clinical parameters (for example, male
orfemale patients, patients with or without diabetes, patients stratified
by prevalent vascular access—fistula or graft or tunneled catheter),
which could have confounded the effects of clazakizumab on inflam-
matory markers. While we intend to include patients receiving peri-
toneal dialysis in the phase 3 component of the trial, no such patients
participated in the phase 2b component.

Insum, among patients receiving maintenance hemodialysis with
documented inflammation, clazakizumab reduced inflammatory bio-
markers associated with cardiovascular events and increased serum
albumin. The safety profile of clazakizumab appeared acceptable and
consistent with its mechanism of action.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butionsand competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41591-024-03043-1.
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Methods

Overview

The phase 2b component of POSIBIL,ESKD was a parallel-group,
double-blind, randomized, placebo-controlled trial conducted at
56sitesin the United States, Canada, Belgium, Germany and Australia
(ClinicalTrials.gov registration: NCT05485961). Aglobal executive com-
mittee and independent data monitoring committee (IDMC) approved
the protocol and reviewed progress, quality and safety during trial
conduct. Ethics Committees and Institutional Review Boards affiliated
with eachsite approved the protocol. All participants provided written
informed consent.

Study participants

Patients aged 18 years or older receiving treatment with dialysis for
12 or more weeks with a diagnosis of cardiovascular disease and/or
diabetes were eligible for screening. hs-CRP > 2 mg I measured by
a central laboratory was necessary for enrollment. Exclusion crite-
ria included positive tests for human immunodeficiency virus anti-
body, hepatitis B surface antigen, hepatitis C or tuberculosis using an
interferon-gammarelease assay, or diagnosis of a clinically significant
infection within14 days of screening; laboratory abnormalities such as
neutropenia, thrombocytopenia or marked elevation of liver enzymes;
recent history (<90 days) of myocardial infarction, or acute decom-
pensated heart failure, or planned major surgery including kidney
transplant; history suggestive of high risk of gastrointestinal perfora-
tion; or chronic use of immunosuppressants (full list of inclusion and
exclusion criteria are included in the Supplementary Information).
Eligible patients were randomly allocated ina1:1:1:1ratio to placebo or
clazakizumab at doses of 2.5 mg, 5 mg or 10 mg. Randomization was
stratified by hs-CRP 2-6 mg 1™ or >6 mg |™ at screening to minimize
the possibility of an imbalance in baseline hs-CRP across groups. All
participants and investigators were blinded to treatment assignment.

Procedures

Study drug, including placebo, was administered every 4 weeks as
a 3-min intravenous bolus using the return venous line of the hemo-
dialysis circuit, beginning at least 1 h after the start and no later than
1h before completion of the dialysis session. The minimum duration
of the treatment period was 12 weeks (three doses), and participants
could continue to receive treatment every 4 weeks for up to six doses
and followed until the last randomized participant received the third
dose of the study drug, which triggered the end of the study. Thus, all
patients were expected to complete the 12-week treatment period,
while some patients could go onto receive treatment for up to 24 weeks
to determine whether the effects were sustained longer-term and
to gather additional safety information. An end-of-treatment visit
occurred 4 weeks after the last dose of the study drug was received,
and a safety follow-up occurred 8 weeks after (Extended Data Fig. 2).

Efficacy outcomes

The prespecified primary efficacy outcome was the change from base-
line to week 12 in serum hs-CRP, expressed as the GMR. Prespecified
secondary efficacy outcomesincluded the following: (1) the proportion
of patients who achieved hs-CRP <2 mg I at week 12; (2) change from
baseline to week 12 in downstream biomarkers of IL-6 activity, including
serumamyloid A, lipoprotein(a), fibrinogen, secretory phospholipase
A2, hemoglobin, ferritin, iron, transferrin saturation and hepcidin; and
(3) change from baseline toweek 12 in serumalbumin, anegative acute
phasereactant routinely measured in patients receiving maintenance
hemodialysis.

Safety assessment

Patients were assessed for treatment-emergent adverse and serious
adverse events throughout the 12- to 24-week treatment period and
8-week safety follow-up. Laboratory parameters to evaluate the safety

of clazakizumab included measures of alanine aminotransferase, aspar-
tate aminotransferase, lipid parameters and complete blood count.
Laboratory measures were assessed in a central core facility (Medpace
Reference Laboratories).

Samplesize

Based on experience from previous clinical trials in patients with other
inflammatory diseases, we determined that asample size of 30 partici-
pants per group (120 in total) would provide >97% power to detect an
80% reduction (GMR to placebo of 0.2, equal to -1.61 on the log scale)
in hs-CRP comparing clazakizumab relative to placebo, assuming
one-sided a of 0.025/3 to conservatively reflect multiple comparison
adjustment. We assumed a s.d. of 1.4 for change from baseline on the
log scale.

Statistical analysis
The prespecified analysis data sets included a PP analysis set, mITT
analysis set and safety analysis set. The mITT analysis set consists of
all patients who were randomized and received any treatment. The
PP analysis set consists of all patients in the mITT analysis set with
no major intercurrent event potentially affecting the primary end-
point, such as death or treatment discontinuation before week 12. The
safety analysis set consists of all patients who received any amount of
investigational product. The prespecified primary analysis for hs-CRP
used the PP analysis set to best estimate the pharmacological effect
of clazakizumab, and a supplemental analysis used the mITT analysis
set. Secondary endpoints were analyzed using the mITT analysis set.
To reduce variation in baseline values and mitigate misclassifi-
cation, we considered the average of screening and baseline serum
hs-CRP concentrations as the baseline value. For the primary efficacy
outcome, we used a mixed model for repeated measures (MMRM),
analyzing the change from baseline in hs-CRP on the log scale through
week 24. The week 12 GMRs to placebo were expressed as the percent-
age difference relative to placebo. The MMRM model included terms
for treatment, baseline, visit (as a categorical factor) and interactions
betweenvisit and each of the other model terms; an unstructured vari-
ance-covariance matrix was used. T tests from the MMRM model were
used to calculate P values. For downstream markers of IL-6 activity,
we analyzed the change (or log-transformed change for nonnormally
distributed measures) from baseline using the same MMRM analysis
as for hs-CRP, but including a factor for hs-CRP stratum (<6 mg [ and
>6 mg ™). The primary analysis was based on the PP analysis set. Other
analyses were based on the mITT analysis set. We considered two-sided
Pvalues < 0.05 to be statistically significant, without consideration
of multiplicity. We conducted all analyses using SAS version 9.4 (SAS
Institute). Results of the primary efficacy analysis wereindependently
verified and confirmed by the Stanford Quantitative Sciences Center
(Stanford University).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The datathat support the findings of this study are not currently avail-
able as the phase 3 study is ongoing. Individual participant data that
underlie the results reported will be made available by request to the
sponsor at the end of the ongoing trial, provided the proposed use of
datahasbeenapproved by the review committee.
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Extended Data Fig.1| hs-CRP concentrations in the placebo and clazakizumab, mITT analysis.
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EOT = End of Treatment; IV = intravenous; n = number per treatment group; Q4W = every 4 weeks.
Extended Data Fig. 2| Study design schema.
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Extended Data Table 1| Lipid, liver enzyme and platelet parameters baseline and week 12

Clazakizumab

. Placebo 2.5mg 5mg 10 mg
Biomarker parameters (n=31) (n=32) (n=32) (n=32)
Total Cholesterol (mg/dL)

Baseline median (25%, 130.3 (101.3,

75% range) 164.3) 138.2(121.0,171.7) | 4357 (106.5, 163.2) 128.6 (114.7,173.2)

Week 12 median (25%, 131.7 (118.3,

75% range) 151.2) 153.7 (121.8, 187.7) 145.4 (127.2,171.1) | 142.3 (123.4, 175.2)

Median change from 5.4 (-10.1, 12.0) .

baseline (25%. 75% range) 7.9 (4.8, 28.0) 16.4 (2.3, 33.3) 15.9 (0, 32.1)
HDL (mg/dL)

Baseline median (25%,

75% range) 37.9(28.2,53.0) 39.4(32.5,51.0) 39.4 (32.9,49.7) 34.0, (29.0, 46.0)

Week 12 median (25%,

75% range) 41.6 (30.2,52.2)] 42.7 (32.9,54.9) 41.0 (34.6, 52.2) 40.2 (30.2, 48.0)

Median change from

baseline (25%. 75% range) —-0.6 (-4.3, 3.9) 4.8 (0.4, 10.1) 4.3 (-0.8, 8.5) -0.8(-3.1,6.2)
LDL (mg/dL)

Baseline median (25%,

75% range) 61.5(42.9,85.1) 65.0(46.0, 92.0) 73.1(42.2,90.1) 62.3 (44.1,79.3)

Week 12 median (25%,

75% range) 66.1 (46.0, 84.3)| 64.2 (49.1,117.2) 73.1(42.9, 95.1) 62.1 (49.1, 87.0)

Median change from 23(=7.7,13.1)| 7.0 (-12.0, 22.0) 13.1 (~1.9, 25.1) 8.1 (~2.3, 17.0)

baseline (25%, 75% range)
Triglycerides (mg/dL)

Baseline median (25%, 101.9 (83.3,
75% range) 153.2) 135.5 (77.9, 184.7) 116.5 (88.6, 159.0) 126.7 (94.3, 229.8)
Week 12 median (25%, 95.7 (70.9,
75% range) 158.5) 136.0 (89.5, 211.7) 153.2, (90.3, 205.5) 138.2 (89.5, 298.5)

Median change from
baseline (25%, 75% range)

lAlanine aminotransferase (U/L)

3.5 (-13.3,18.6)| —-7.1(=27.9, 20.8) 19.0 (-3.1, 43.4) 27.5 (4.4, 105.4)

Mean (SD) 13 (9) 14 (8) 14 (9) 13 (7)

Week 12 (SD) 13 (8) 23 (15) 23 (15) 24 (14)

(Cshg)nge from baseline 2(8) 9 (11) 9(12) 11 (13)
|Aspartate Aminotransferase (U/L)

Mean (SD) 15 (9) 15 (6) 14 (5) 12 (5)

Week 12 (SD) 16 (8) 19 (10) 20 (10) 17 (6)

Change from baseline (SD) 2(7) 3(8) 6 (7) 5(6)
Platelets (10°/L)

Mean (SD) 191 (58) 216 (53) 200 (53) 214 (71)

Week 12 (SD) 190 (53) 155 (43) 144 (51) 150 (52)

Change from baseline (SD) 1(42) -60 (45) -55 (54) -70 (35)
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX O OO0 000F

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  All data collection occurred using iMedidata RAVE system.

Data analysis All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

We have updated the data availability statement in the manuscript to read "The data that support the findings of this study are not currently available as the Phase
3 study is ongoing. Individual participant data that underlie the results reported will be made available by request to the Sponsor at the end of the ongoing trial
provided proposed use of data has been approved by review committee."




Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Sex was self-reported. Gender was not considered for this study.

Reporting on race, ethnicity, or Race and ethnicity were based on patient's self report.
other socially relevant
groupings

Population characteristics Patients were adults who have evidence of inflammation (as characterized by hs-CRP >2 mg/L) with a history of diabetes or
cardiovascular disease, and have been on dialysis for 12 weeks.In the "patient disposition" of the manuscript, the participants
are described as "). The mean age was 62.4 + 13.0 years and 42 (33%) were women. Fifty-eight (46%) participants were
designated as non-white; 36 (28%) were designated as Hispanic or Latina/o. The most frequent reported cause of kidney
failure was diabetes (n=90, 71%). Median baseline serum hs-CRP was 8.3 mg/L (25%, 75% range 4.8, 19.1 mg/L)." Additional
characteristics are listed in Table 1. However, covariate adjustments were not conducted given the small sample size.
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Recruitment Patients were recruited by the site principle investigators. Potential participants were given copies of the consent form to
review, and had the opportunity to take home. While there may be self-selection bias, our patient characteristics appear to
represent a wide range of age, sex, and race. We involved the large dialysis organizations (Davita and Fresenius) which
represent over 2/3 of the US dialysis population.

Ethics oversight Central IRB were used for each country.
Australia:
St Vincent’s Hospital (Melbourne)

Belgium:
Gent, Ethics Committee, Hospital C. Heymanslaan

us:
WCG-IRB

Canada:
University of Alberta Hospital - Health Research Ethics Board (HREB) Biomedical Panel

Queen's University and Kingston Health Sciences Centre - Health Sciences and Affiliated Teaching Hospitals Research Ethics
Board (HSREB)

Germany:
Ethik-Kommission der Medizinischen Fakultat der Universitat Duisburg-Essen

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size that a sample size of 30 participants per group (120 in total) would provide >97% power to detect an 80% reduction (geometric mean ratio to
placebo of 0.2, equal to -1.61 on the log scale) in hs-CRP comparing clazakizumab relative to placebo, assuming one-sided alpha of 0.025/3 to
conservatively reflect multiple comparison adjustment. We assumed a standard deviation of 1.4 for change from baseline on the log scale.

Data exclusions  All 127 randomized patients received at least one dose and were included in the modified Intention-to-Treat Analysis Set. The difference
between the Analysis Sets is that the PP Analysis Set excluded data following intercurrent events that were likely to impact the hs-CRP results,
including death prior to Week 12, missed doses or treatment discontinued, changes in background medication potentially impacting hs-CRP,
kidney transplantation, or withdrawal from dialysis. In practice, only the first two of these criteria resulted in removal of data from the mITT
Analysis Set to form the PP Analysis Set: 4 patients died prior to the Week 12 visit (1 from each treatment group); and individual data points
from Week 12 were excluded from 6 patients who missed a dose or discontinued treatment (2 from clazakizumab 5mg group; 4 from
clazakizumab 10mg group). Since only the 4 patients who died prior to Week 12 were completely excluded from the PP Analysis Set, the
baseline characteristics did not differ meaningfully between the mITT and PP Analysis Sets.




Replication Using the available data, Stanford Quantitative Sciences Unit was able to construct the same analysis set and were able to reproduce the
findings.

Randomization  Eligible patients were randomly allocated in a 1:1:1:1 ratio to placebo or clazakizumab at doses of 2.5 mg, 5 mg, or 10 mg. Randomization was
stratified by hs-CRP 2—6 mg/L or >6 mg/L at screening to minimize the possibility of an imbalance in baseline hs-CRP across groups.

Blinding All participants and investigators were blinded to treatment assignment.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
|:| Antibodies |:| ChiIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  NCT05485961
Study protocol The full protocol is not available as the Phase 3 portion is ongoing

Data collection The study was conducted in the United States, Canada, Belgium, and Australia. Subject first visits occurred between 26 October 2022
and 17 August 2023. Last patient last visit occurred 12 Jan 2024 and database lock occurred on 21 February 2024.

Qutcomes The primary efficacy outcome was the change from baseline to week 12 in serum hs-CRP, expressed as the geometric mean ratio.
Secondary efficacy outcomes included: 1) the proportion of patients who achieved hs-CRP <2 mg/L at week 12; 2) change from
baseline to week 12 in downstream biomarkers of IL-6 activity, including serum amyloid A, lipoprotein(a), fibrinogen, secretory
phospholipase A2, hemoglobin, ferritin, iron, transferrin saturation, and hepcidin; and 3) change from baseline to week 12 in serum
albumin.
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