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Abstract 

Background: We report results from a phase II randomised placebo-controlled trial assessing zibotentan, a highly 
selective endothelin receptor antagonist (ERA), in chronic kidney disease (CKD) secondary to systemic sclerosis (SSc).

Methods: This trial included three sub-studies: ZEBRA 1—a randomised placebo-controlled, double-blind trial of 
zibotentan in SSc patients with CKD2 or CKD3 (and glomerular filtration rate (GFR) >45 ml/min) over 26 weeks; ZEBRA 
2A—a 26-week placebo-controlled, single-blind trial of zibotentan in scleroderma renal crisis patients not requiring 
dialysis; and ZEBRA 2B—an open label pharmacokinetic study of zibotentan in patients on haemodialysis.

Results: Sixteen patients were screened for ZEBRA 1. Of these, 6 patients were randomised to zibotentan and 7 to 
placebo. In ZEBRA 1, there were 47 non-serious adverse events (AE) during the trial. Twenty-seven occurred in the 
placebo group and 20 in the zibotentan group. One serious adverse event (SAE) occurred during ZEBRA1, in the 
placebo arm. Descriptive statistics did not suggest an effect of study drug on serum sVCAM1. Estimated GFR numeri-
cally declined in patients treated with placebo at 26 weeks and 52 weeks. In contrast, average eGFR increased in 
zibotentan-treated cases.

The 4 patients in ZEBRA 2A experienced 8 non-serious AEs, distributed equally between placebo and zibotentan. 
There was one SAE each in placebo and zibotentan groups, both unrelated to study medication.

ZEBRA 2B recruited 8 patients, 6 completed first dosing, and 2 completed a second dosing visit. Pharmacokinetic 
analysis confirmed zibotentan levels within the therapeutic range. Three patients experienced 3 non-serious AEs. One 
SAE occurred and was unrelated to study drug.

Conclusions: Zibotentan was generally well-tolerated. ZEBRA 1 did not show any effect of zibotentan on serum 
sVCAM-1 but was associated with numerical improvement in eGFR at 26 weeks that was more marked at 52 weeks. 
ZEBRA 2B suggested a feasible dose regimen for haemodialysis patients.
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Background
Scleroderma (systemic sclerosis; SSc) is a multisys-
tem rheumatic disease that results in vascular damage 
and fibrosis of target organs [1]. Although uncommon, 
affecting around 1 in 10,000 of the UK population, SSc is 
important by virtue of its high mortality (more than half 
of patients diagnosed with SSc eventually die from the 
disease) [2] and a large non-lethal morbidity.

Renal involvement is important in SSc [3]. Historically, 
there has been a focus on scleroderma renal crisis (SRC) 
which most often develops in early stage diffuse cutane-
ous SSc [4] and is strongly associated with certain clinical 
and serological features including a diffuse skin subset, 
worsening of skin severity, tendon friction rubs, and 
presence of antinuclear autoantibodies targeting RNA 
polymerase III antigens [5]. Recent work has highlighted 
the potential role of genetic polymorphism and per-
turbed Wnt signalling as additional susceptibility factors 
within anti-RNA polymerase antibody positive patients 
[6]. Although once almost always fatal, most patients now 
survive the acute crisis due to routine use of ACE inhibi-
tors [7]. However, SRC can lead to chronic kidney dis-
ease (CKD). In addition, CKD can occur in SSc without 
SRC, and this may reflect multiple mechanisms including 
fibrosis, vasculopathy, and overlap connective tissue dis-
ease (CTD) as well as common mechanisms not directly 
related to SSc [8]. A recent study of 5 pooled cohorts 
reported that around one fifth of SSc patients had eGFR 
of less than 60ml/min [9]. CKD has been shown to pre-
dict poor outcome in SSc [10, 11].

Endothelin is implicated as a pathogenic driver of vas-
culopathy and other manifestations of SSc, acting via 
two high affinity G-protein coupled receptors ETRA 
and ETRB [12]. Targeting the endothelin axis with non-
specific receptor antagonists such as bosentan and 
macitentan has proven beneficial in SSc for pulmonary 
hypertension [13] and for digital vasculopathy [14]. In 
addition, a small open-label study (BIRD-1) suggested 
potential benefit for CKD following SRC with greater 
recovery of renal function in cases treated with bosen-
tan [15], although another study failed to show improved 
short-term outcome for SRC [16]. Endothelin recep-
tor antagonists can be classified as non-selective, such 
as bosentan or macitentan, or selective, depending on 
their relative affinity for the endothelin receptor A and 
B subtypes, and this may potentially influence efficacy 
and tolerability [12]. In the present study, we describe the 
results of a study evaluating zibotentan, a highly selec-
tive endothelin A receptor antagonist [17], in systemic 

sclerosis patients with renal involvement, focusing on 
CKD.

Building on previous work supporting the rationale 
and feasibility of a non-selective endothelin receptor 
antagonist use in SSc-associated CKD after SRC [14], the 
hypothesis of this study is that chronic treatment with 
a highly selective endothelin A receptor antagonist will 
have a beneficial effect on laboratory and clinical mani-
festations in patients with SSc-CKD [8].

Here we report the results of a phase II, single-centre, 
randomised placebo-controlled, 3-part trial to assess the 
safety, tolerability, and efficacy of zibotentan in patients 
with renal disease secondary to scleroderma. Study 
objectives were, first, to assess the tolerability, safety, and 
effect of zibotentan treatment over 6 months on renal 
biomarkers (e.g. serum VCAM1) [18] in patients with 
scleroderma associated with CKD2 and CKD3 (eGFR>45 
ml/min/1.73  m2) (ZEBRA1); second, to assess the toler-
ability, safety, and effect of zibotentan treatment over 6 
months on renal function (GFR) in patients who have 
experienced a Scleroderma Renal crisis (SRC) not requir-
ing dialysis (ZEBRA2A); and third, to evaluate the effect 
of end-stage kidney disease (ESKD) and haemodialysis 
on the tolerability, safety, and pharmacokinetic profile of 
a single dose of zibotentan in patients with severe CKD 
(ZEBRA 2B).

Overall, this project advances our understanding of the 
role of the endothelin axis in the renal pathology of SSc 
and provides a platform to test emerging biomarkers of 
renal disease in SSc.

Methods
Study design
This was a phase II, single-centre, randomised, placebo-
controlled, three-part trial to assess the safety, toler-
ability, and efficacy of zibotentan in patients with renal 
disease secondary to scleroderma. The trial included 
three sub-studies:

ZEBRA 1 was a 1:1 randomised parallel group pla-
cebo-controlled, double-blind, single-centre trial 
comparing zibotentan 10 mg once daily orally, as 
used in previous clinical trials (with possible dose 
reductions to a minimum dose of 5 mg once daily 
in the event of side effects such as fluid retention) 
with matched placebo in SSc patients with chronic 
kidney disease (CKD) CKD2 and CKD3A reflect-
ing the current KDIGO (Kidney Disease: Improving 
Global Outcomes) clinical practice guidelines [19] 
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and requiring an estimated glomerular filtration rate 
(eGFR) >45 ml/min/1.73  m2) over 26 weeks.
ZEBRA 2A was a parallel group placebo-controlled, 
single-blind, trial comparing zibotentan once daily 
orally over 26 weeks, with a 26-week follow-up, with 
matched placebo using 2:1 (active: placebo) ran-
domisation, in patients within 1–12 months of SRC 
not requiring ongoing renal replacement therapy. 
Individual patients were started at 2.5 mg once daily 
and following weekly monitoring were dose esca-
lated by 2.5 mg weekly to a maximum of 10 mg once 
daily over the course of the first 4 weeks.
ZEBRA 2B was an open-label single ascending dose 
administration pharmacokinetic (PK) study of zibo-
tentan 2.5 mg to 10 mg orally in patients requiring 
dialysis for end stage kidney disease (ESKD). Indi-
vidual patients received up to two single doses of 
zibotentan (at different dose levels).
The study protocol was approved by the NHS ethics 
committee (IRAS number: 136274), and all patients 
gave written informed consent in accordance with 
the International Council for Harmonisation of Tech-
nical Requirements for Pharmaceuticals for Human 
Use (ICH) and Good Clinical Practice (GCP) before 
any study procedures were performed.

Participants
Eligible participants were >18 years of age with either 
diffuse or limited systemic sclerosis of any disease dura-
tion (except for ZEBRA 2B, see below). Females of child-
bearing potential and males were required to use one 
highly effective and one other method of contraception 
from the time of consent until 6 weeks after treatment 
discontinuation.

For ZEBRA 1 patients were required to have CKD2 or 
CKD3A, i.e. eGFR>45 ml/min/1.73  m2. People with an 
eGFR of 60–89 ml/min/1.73  m2 (inclusive) without any 
evidence of kidney damage or disease were not consid-
ered to have CKD2. They could not have had SRC within 
the previous 12 months.

For ZEBRA 2A, patients had to have experienced SRC 
within 1–12 months of study start date defined by new 
onset of blood pressure >150/85 mmHg obtained at 
least twice over a consecutive 24-h period AND decline 
in renal function as defined by an increase of at least 
10% from a baseline serum creatinine measured within 
the previous 12 months. SRC was corroborated by at 
least one of the following: microangiopathic haemolytic 
anaemia on blood smear, retinopathy typical of acute 
hypertensive crisis, new onset of urinary red blood cells 
(excluding other causes), flash pulmonary oedema, oligu-
ria or anuria, and renal biopsy findings consistent with 

SRC. These determinants align with recently proposed 
international SRC classification criteria [20]. There was 
no pre-specified eGFR cut-off, but patients were not eli-
gible if requiring renal replacement therapy.

Diagnosis of SSc was not required for ZEBRA 2B which 
was a pharmacokinetic study in patients receiving regu-
lar haemodialysis treatment for ESKD from any cause. 
Patients were not eligible for any substudy if they had 
received an endothelin receptor antagonist within the 
previous 3 months. Other medications for SSc or con-
comitant medical conditions were permitted.

ZEBRA 1 was randomised in a 1:1 allocation, ZEBRA 
2A was randomised 2:1, active:placebo, and was a sin-
gle blind trial, so the specific treatment assigned was 
provided for the investigators, allowing dose titration in 
response to plasma drug concentration.

For ZEBRA 1 and ZEBRA 2A, following screening, 
there were 12 study visits at baseline, week 1 and every 
4 weeks to week 24, then at weeks 26, 27, and 30. There 
was a final safety visit at week 52. For ZEBRA 2B follow-
ing screening, there was one treatment visit with phar-
macokinetic (PK) sampling and a second visit at 1 week 
after dosing.

Endpoints
For ZEBRA 1, the primary endpoint was safety and toler-
ability, assessed by adverse events (AEs) and serious AEs 
(SAEs) and change from baseline to 26 weeks in serum 
VCAM-1, a candidate biomarker of SSc renal involve-
ment [16]. For ZEBRA 2A, the primary endpoint was 
safety and tolerability assessed AEs and SAEs and change 
in eGFR from baseline to week 26. Previous studies have 
confirmed the reliability of calculated eGFR in SSc [18]. 
For ZEBRA 2B, the primary endpoints were number of 
AEs, the number and nature of SAEs, and zibotentan 
plasma concentrations (ng/ml) recorded at the following 
times (in hours) since dosage: 0 (baseline), 3, 24, and 30 
h.

When not considered primary endpoints, other sec-
ondary outcomes for ZEBRA 1 and ZEBRA 2A were 
eGFR, serum and urine ET-1, MCP-1, sVCAM-1, and 
sICAM-1. All urine analytes were expressed as urinary 
analyte to creatinine ratio to correct for differences in 
urinary volume for each patient sample [8].

The following samples were processed centrally by 
routine clinical analyser methods at The Royal Free 
London NHS Foundation Trust laboratories: haema-
tology, clinical chemistry, and urinalysis. eGFR was 
calculated using the abbreviated MDRD equation. A 
bedside dip stick test was used for the analysis of urine 
protein, blood, and glucose. Biomarker analysis for the 
formal trial endpoints (sVCAM-1, VEGF, vWF, ET-1, 
sICAM-1, MCP-1) was conducted using commercial 
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assay kits (R&D Systems, Abingdon, Oxford, UK) in the 
research laboratories of the Centre for Rheumatology. 
PK plasma samples were analysed using LC-MS/MS by 
York Bioanalytical Solutions Ltd.

Statistical analysis
Sample size for ZEBRA was based upon expected fre-
quency of CKD in a large single-centre SSc cohort and 
previous studies examining candidate biomarkers in 
SRC, together with expected variability in endpoints 
and potential treatment effect of an ERA on eGFR [15]. 
The target recruitment was 48 patients for ZEBRA 1 
and 12 patients with SRC not requiring dialysis for 
ZEBRA 2A. For ZEBRA 2B, it was anticipated that up 
to 12 patients with renal failure of any cause would be 
recruited from the regular dialysis programme at the 
Royal Free Hospital.

For ZEBRA 1, the number of adverse events and the 
number and nature of serious adverse events, stratified 
by group (placebo and active treatment) are reported 
and whether a SAE is related to the investigational 
medicinal product. Serum sVCAM-1 levels are sum-
marised by treatment group at time 2 (week 26) for 
patients in ZEBRA 1. The summary included mean, 
median, standard deviation, and maximum and mini-
mum values. Values at 52 weeks are also presented 
according to previous treatment allocation.

For ZEBRA 2A, the number of adverse events and the 
number and nature of serious adverse events, stratified 
by group (placebo and active treatment), are reported. 
In addition, whether an SAE was related to the inves-
tigational medicinal product was reported. The eGFR 
level is reported directly and stratified by the treat-
ment group at time 2 (week 26) for patients in ZEBRA 
2A, owing to the small number of patients who were 
recruited to ZEBRA 2A.

For ZEBRA 2B, the number of adverse events and 
the number and nature of serious adverse events are 
reported. In addition, whether an adverse event is related 
to the investigational medicinal product is reported. For 
each patient in ZEBRA 2B, the zibotentan blood plasma 
concentration is plotted against the time since dosage 
(with concentration recorded at approximately 3, 24, and 
30 h post-dose). The 24- and 30-h samples are pre- and 
post-dialysis respectively.

Each secondary outcome is summarised by the treat-
ment group at each time point. For ZEBRA 1, the sum-
mary includes mean, median, standard deviation, and 
maximum and minimum values. For ZEBRA 2A, a direct 
report of each secondary outcome is made at each time 
point, owing to the small number of patients recruited to 
this sub-study.

Results
Patient disposition and baseline characteristics
For ZEBRA 1 and ZEBRA 2A, target recruitment was not 
achieved. This limits substantially the statistical power 
and interpretation of the trial results for both sub-stud-
ies. Under-recruitment was a consequence of the lower 
frequency of clinically significant CKD in the Royal Free 
SSc patient cohort at the time of enrolment [9], and sev-
eral challenging issues relating to study medication man-
ufacture and database management that resulted in a 
shorter than anticipated recruitment period. Despite the 
substantial operational challenges encountered, patients 
were enrolled into all studies, and this represents the first 
randomised placebo-controlled trial directly examining 
treatment of renal disease in SSc. For the ZEBRA 2B sub-
study a diagnosis of SSc was not required, and this ena-
bled appropriate recruitment and dosing that was within 
the target number of doses to be examined and yielded 
valuable information on pharmacokinetics in patients on 
long-term haemodialysis.

Figure  1 shows a CONSORT diagram which provides 
a summary of the flow of patients through the ZEBRA 1 
sub-study. Of the 16 consenting patients, 1 failed screen-
ing and 1 was excluded due to IMP availability. A total 
of 13 patients were recruited to take part in the ZEBRA 
1 sub-study. Of these, 6 patients were randomised to 
receive zibotentan (up to 10 mg once daily orally and 
henceforth known as the ‘zibotentan group’) and 7 
patients were randomised to receive a placebo (hence-
forth known as the ‘placebo group’). The demographic 
and clinical features of the study cohort are summarised 
in Table 1 showing a generally good balance between the 
treatment arms, including relevant concomitant medica-
tion, such as vasodilator treatment or disease-modifying 
drugs. The cause of CKD for these patients was likely to 
be multifactorial but in 1 case there was a previous his-
tory of SRC.

Due to recruitment difficulties, only four patients were 
enrolled into ZEBRA 2A. Of these, two were randomised 
to receive zibotentan (henceforth known as the ‘ziboten-
tan group’) and two were randomised to receive a placebo 
(henceforth known as the ‘placebo group’). One patient, 
who was allocated to the ‘zibotentan group’ (Z2A004) 
withdrew from the trial during the second week of fol-
low-up because this patient was admitted to hospital 
with community-acquired pneumonia and longer-term 
outcome data were not available for this patient.

A total of 8 patients were recruited to take part in 
the ZEBRA 2B open label sub-study. This sub-study 
did not include randomisation, but it was planned 
that each recruited patient would receive a 2.5 mg 
dose of zibotentan at their first visit followed by 
5.0 mg of zibotentan at their second visit. Of the 8 
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patients recruited, 6 completed a first dosing visit and 
2 completed a second dosing visit. The two recruited 
patients who did not complete a first (or second) visit 
failed screening following recruitment and were not 
eligible to receive a dose of zibotentan.

Four recruited ZEBRA 2B patients completed a first 
dosing visit, but not a second dosing visit because 
three patients declined to receive a second dose of 
zibotentan, and one patient scheduled to receive a sec-
ond dose of zibotentan missed the clinic visit.

Safety analysis for ZEBRA 1, ZEBRA 2A, and ZEBRA 2B
Primary analysis for safety and tolerability showed that 
patients randomised in ZEBRA 1 experienced a total 
of 47 non-serious adverse events during the trial. Of 
these non-serious adverse events, 27 occurred amongst 
patients in the placebo group and 20 occurred amongst 
patients in the zibotentan group. Six patients in the pla-
cebo group experienced at least one non-serious adverse 
event. Five patients in the zibotentan group experienced 
at least one non-serious adverse event. Fluid retention 

Fig. 1 CONSORT diagram showing flow of patients through the ZEBRA 1 sub-study. The diagram provides a summary of the flow of patients 
through the ZEBRA 1 sub-study including screened cases and 13 patients randomised



Page 6 of 13Stern et al. Arthritis Research & Therapy          (2022) 24:130 

leading to lower limb oedema occurred as an adverse 
event in 2 patients on zibotentan, and none on placebo. 
In both cases, ankle swelling developed within 1 month 
of first dosing and was judged as possibly or probably 
related to study medication. One patient continued treat-
ment, but in the other case study drug was discontinued 
after 8 weeks and ankle swelling subsequently resolved. 

Minor weight gain within the first 4 weeks of commenc-
ing study medication, possibly reflecting fluid retention, 
was more frequent in zibotentan than placebo arms, but 
was not considered clinically significant (data on file). 
There was one serious adverse event during the trial. This 
was in the placebo group and was Streptococcus pneumo-
niae pneumonia that was graded as severe, but unrelated 
to study medication. Although generally safe and well tol-
erated, there was a clear imbalance in AEs related to fluid 
retention in the active treatment arm of ZEBRA 1 that 
meant that some patients needed dose reduction during 
the study, suggesting 5mg may be a more acceptable dose 
in any future studies.

In ZEBRA 2A, the patients experienced 8 non-serious 
adverse events during the trial. Of these non-serious 
adverse events, four occurred amongst patients in the 
placebo group and four occurred amongst patients in 
the zibotentan group. All patients in both the placebo 
group and the zibotentan group experienced at least one 
adverse event. Patients recruited to ZEBRA 2A experi-
enced two serious adverse events during the trial. One 
was a pericardial effusion occurring in the placebo group 
and graded as moderate severity and the other, a com-
munity acquired pneumonia graded as severe occurred 
in the zibotentan group. Neither SAE was considered 
related to study medication.

Three patients recruited to ZEBRA 2B experienced 
a total of three non-serious adverse events during the 
trial. There was one serious adverse event in ZEBRA 2B, 
a pseudoaneurysm of arteriovenous fistula (AVF) and 
raised international normalised ratio (INR) occurring 7 
weeks after single dose of zibotentan, graded moderate 
severity and unrelated to study drug.

Efficacy analysis for ZEBRA 1 and ZEBRA 2A
Data for primary and secondary efficacy analysis in 
ZEBRA 1 are described in Table 2. The primary efficacy 
outcome was serum sVCAM-1 based on previous data 
suggesting that this may be a marker of SRC, a form of 
acute kidney injury [16]. However, in ZEBRA 1, which 
represents a cohort of CKD, there was no effect of zibo-
tentan on circulating levels of sVCAM-1 between base-
line and 26 weeks or at 52 weeks. There was a wide range 
of values at baseline between the two treatment arms as 
shown in Fig.  2A and this may have limited interpreta-
tion of findings. However, based on more recently pub-
lished findings from our group [8] that were not available 
when the trial was designed, we do not now consider 
serum sVCAM-1 to be a useful or interpretable marker 
of SSc-CKD or one that may be influenced by zibotentan 
treatment.

Although analysis and interpretation of renal function 
and protein analyte levels in serum and urine are limited 

Table 1 Summary of demographic and clinical characteristics of 
ZEBRA trial study cohort

SRC Scleroderma renal crisis, PH Pulmonary hypertension, DU Digital ulceration, 
DMARD Disease-modifying therapy (methotrexate or mycophenolate mofetil)

ZEBRA 1 Placebo Zibotentan
 n= 7 6

 Sex Male 1 2

Female 6 4

 Ethnicity White 7 6

 Subset Diffuse 2 1

Limited 5 5

 ANA

ACA 5 3

ARA 1 2

ATA 0 0

Other 1 1

 Age (years) mean (SD) 65 (7) 62 (7)

 SSc duration (years) mean (SD) 9 (7) 11 (7)

 SRC, n (%) 1 (14%) 0

 PH, n (%) 0 0

 DU, n (%) 2 (28%) 2 (33%)

 Vasodilator, n (%) 5 (71%) 5 (83%)

 DMARD, n (%) 1 (14%) 1 (17%)

ZEBRA 2A Placebo Zibotentan
 n= 2 2

 Sex Male 0 1

Female 2 1

 Ethnicity White 2 1

Asian 0 1

 Age (years) 57, 34 63, 65

 SSc duration (years) 1, 2 1, 1

 SRC (n) 2 2

 PH (n) 0 0

 DU (n) 0 0

 Vasodilator (n) 2 2

 DMARD (n) 1 2

ZEBRA 2B
 n= 6

 Sex Male NA 5

Female NA 1

 Ethnicity White NA 4

Black NA 1

Mixed-race 1
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Table 2 Endpoint data for ZEBRA 1 trial at baseline, 26 weeks, and 52 weeks

Variable Group n Mean Std. Dev. Median Min. Max.

Serum VCAM-1 Level at baseline (ODU) Placebo 7 0.28 0.19 0.17 0.15 0.56

Zibotentan 6 0.19 0.09 0.17 0.11 0.34

Serum VCAM-1 Level at week 26 (ODU) Placebo 7 0.28 0.22 0.17 0.08 0.7

Zibotentan 6 0.2 0.05 0.19 0.15 0.26

Serum VCAM-1 Level at week 52 (ODU) Placebo 7 0.29 0.15 0.23 0.14 0.53

Zibotentan 5 0.26 0.13 0.2 0.14 0.41

eGFR at baseline (ml/min/1.73m2) Placebo 7 52 4.69 51 44 58

Zibotentan 6 52.83 4.45 50.5 49 59

eGFR at week 26 (ml/min/1.73m2) Placebo 7 50 7.09 53 37 58

Zibotentan 6 54.33 3.20 54 50 58

eGFR at week 52 (ml/min/1.73m2) Placebo 7 47 6.83 50 36 55

Zibotentan 6 60.83 8.35 60.5 50 74

Serum ET-1 level at baseline (ODU) Placebo 7 0.2 0.08 0.17 0.15 0.38

Zibotentan 6 0.19 0.06 0.18 0.11 0.3

Serum ET-1 level at week 26 (ODU) Placebo 7 0.19 0.09 0.16 0.1 0.4

Zibotentan 6 0.18 0.04 0.18 0.13 0.24

Serum ET-1 level at week 52 (ODU) Placebo 7 0.17 0.07 0.15 0.11 0.33

Zibotentan 5 0.24 0.04 0.22 0.21 0.3

Serum MCP-1 level at baseline (ODU) Placebo 7 0.24 0.12 0.2 0.11 0.48

Zibotentan 6 0.22 0.07 0.21 0.13 0.32

Serum MCP-1 level at week 26 (ODU) Placebo 7 0.27 0.17 0.23 0.11 0.59

Zibotentan 6 0.17 0.04 0.15 0.14 0.25

Serum MCP-1 level at week 52 (ODU) Placebo 7 0.23 0.09 0.22 0.12 0.4

Zibotentan 5 0.29 0.19 0.16 0.13 0.57

Serum ICAM-1 level at baseline (ODU) Placebo 7 0.67 0.22 0.7 0.31 1.03

Zibotentan 6 0.74 0.16 0.7 0.58 0.98

Serum ICAM-1 level at week 26 (ODU) Placebo 7 0.68 0.33 0.66 0.14 1.21

Zibotentan 6 0.77 0.14 0.79 0.56 0.91

Serum ICAM-1 level at week 52 (ODU) Placebo 7 0.74 0.3 0.74 0.37 1.22

Zibotentan 5 0.83 0.17 0.92 0.56 0.98

Urine MCP-1:creatinine Placebo 7 9.4 5.82 7.1 5.23 21.9

ratio at baseline (ODU/mmol/l) Zibotentan 6 9.49 9.82 5.41 3.09 28.94

Urine MCP-1:creatinine ratio at week 26 (ODU/mmol/l) Placebo 7 25.21 34.29 9.49 6.33 99.92

Zibotentan 6 5.85 3.52 4.37 2.94 11.21

Urine MCP-1:creatinine Placebo 7 22.21 33.32 8.08 6.39 97.24

ratio at week 52 (ODU/mmol/l) Zibotentan 4 4.77 0.91 4.51 4.06 5.98

Urine ICAM-1:creatinine ratio at baseline (ODU/mmol/l) Placebo 7 2.61 1.2 2.47 1.17 3.98

Zibotentan 6 1.18 0.76 0.96 0.47 2.35

Urine ICAM-1:creatinine ratio at week 26 (ODU/mmol/l) Placebo 7 3.11 2.24 2.13 0.91 6.96

Zibotentan 6 10.83 22.43 2.01 0.88 56.6

Urine ICAM- 1:creatinine ratio at Placebo 7 2.58 1.4 2.37 0.48 4.82

week 52 (ODU/mmol/l) Zibotentan 4 1.35 0.78 1.48 0.4 2.03

Urine VCAM-1:creatinine ratio at baseline (ODU/mmol/l) Placebo 7 85.73 207.91 3.45 0.36 556.61

Zibotentan 6 2.63 4.31 0.88 0.71 11.43

Urine VCAM- 1:creatinine ratio at Placebo 7 58.53 131.85 5.51 0.33 356.79

week 26 (ODU/mmol/l) Zibotentan 6 10.76 22.04 2.11 0.09 55.64

Urine VCAM-1:creatinine ratio at week 52 (ODU/mmol/l) Placebo 7 98.87 237.13 2.65 0 635.95

Zibotentan 4 1.58 0.44 1.41 1.29 2.23
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by the small number of patients recruited into ZEBRA 1, 
there were some notable findings amongst some of the 
secondary efficacy end points that could be explored in 
future studies. Thus, whilst eGFR (ml/min/1.73  m2) was 
well matched at baseline with mean (SD) of 52.0 (4.7) 
for placebo and 52.8 (4.5) for zibotentan groups, there 
was a trend for improvement in eGFR at 26 weeks in the 
zibotentan group (54.3 (3.2)) that was more marked at 
52 weeks (60.8 (8.4)) compared with slight reduction in 
mean eGFR for the placebo group to 50 (7.1) and 47 (6.8) 
at 26 and 52 weeks respectively. This is notable as it may 
suggest beneficial impact on renal function that contin-
ues after the cessation of treatment and so is unlikely to 
simply reflect acute haemodynamic effects of zibotentan, 
but rather supports longer term disease modification.

All analysis of ZEBRA 1 candidate biomarker data in 
serum and urine must be circumspect due to small sam-
ple size. In this context, no major differences between 
potential treatment effect were observed at week 26 com-
pared with baseline. Of many candidate markers exam-
ined in serum and urine as secondary endpoints in this 
trial, urinary MCP-1 and urinary sICAM-1 are perhaps 
the most interesting because they have recently been 
identified as candidate markers of SSc-CKD in other 
studies [8]. These two urinary markers are shown in 
Fig.  2B. For urinary sICAM-1, there is no apparent dif-
ference between treatment arms but urinary MCP-1: cre-
atinine ratio levels declined on zibotentan and increased 
in placebo treated patients. Thus, baseline (mean (SD) 
ODU/mmol/L) urinary MCP1/creatinine was 9.4 (5.8) in 

Fig. 2 Representative primary and secondary endpoint data for ZEBRA 1 sub-study. A Endpoint data for serum VCAM-1 and eGFR in ZEBRA 1. 
Upper panels show the serum VCAM-1 levels at baseline, 26 weeks, and 52 weeks for the patients in placebo and zibotentan groups. Mean and SD 
are indicated. There was no apparent difference between treatment groups. The lower panel shows that eGFR (ml/min/1.73m2) decreased in the 
placebo arm and increased in the zibotentan arm at 52 weeks. B Candidate CKD-SSc urinary biomarker data for ZEBRA 1. Secondary endpoint data 
for candidate urinary biomarkers of SSc-CKD identified in a previous cohort study [8]. For urinary ICAM-1 to creatinine ratio, there is no difference 
between treatment groups or timepoints. For MCP-1 to creatinine ratio, the placebo group shows increasing level at 52 weeks compared to a 
numerical reduction for the zibotentan group although distribution of data is wide as shown by SD for each time point
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placebo arm and 9.5 (9.8) in active treatment arm, rising 
to 25.2 (34.3) at 26 weeks on placebo and falling to 5.9 
(3.2) on zibotentan. These trends remained different at 52 
weeks at 22.2 (33.3) in the placebo-treated arm and 4.8 
(0.9) for the zibotentan-treated group.

It was not possible to undertake any meaningful effi-
cacy analysis for ZEBRA 2A due to the small number 
of patients recruited. However, there was no change 
in eGFR at week 26 for the single evaluable zibotentan 
treated patient. At 52 weeks, all three evaluable patients, 
including 2 treated with placebo, showed numerical 
improvement in eGFR. Data for serum and urinary ana-
lytes are included in Table 2 but are insufficient for inter-
pretation since only a single treated patient was available 
for analysis.

Endothelin concentrations in patients receiving zibotentan
As shown in Table 2, the levels of circulating endothelin 
1 in serum measured by ELISA were similar at baseline 
between the two treatment arms. In contrast to previous 
findings using the non-selective ERA bosentan that led to 
marked increase in circulating endothelin 1 levels [12], 
there was no significant increase in endothelin levels at 
week 26 suggesting that in the absence of ETRB blockade, 
an important scavenger receptor for plasma endothe-
lin in the lung [21], there is not an increase in circulat-
ing endothelin 1 during treatment that may be associated 
with rebound hypertension at discontinuation of study 
drug. There were no instances of this occurring as an 
adverse event after week 26 of the trial.

Zibotentan blood plasma concentration
Pharmacokinetic analysis was undertaken in ZEBRA 
2B for all patients who received doses of the IMP. Blood 
plasma concentrations of zibotentan were measured 
at each time point post-dosage, for each dose received. 
The measurement schedule was designed to take place 
at approximately 3, 24, and 30 h post-dose. Twenty-
four- and 30-h samples were pre- and post-haemodialy-
sis respectively. Blood plasma concentration over time 
is shown for all six patients receiving 2.5 mg (Fig.  3A) 
and individually for patients later receiving a 5 mg dose 
(Fig.  3B). Overall, the results of this study confirmed 
feasibility of administration in patients on dialysis and 
indicated potential dosing to achieve expected plasma 
concentration.

Discussion
The present ZEBRA phase II trial has explored the fea-
sibility and safety of using a highly selective endothelin 
receptor antagonist, zibotentan, in patients with chronic 
kidney disease complicating systemic sclerosis. The 
background to this study is the established efficacy of 

selective and non-selective ERA in management of other 
major complications of SSc including pulmonary arte-
rial hypertension [10]. In addition, bosentan is approved 
for management of digital ulcer disease [11]. In an ear-
lier study, our group provided the rationale for target-
ing the endothelin axis in scleroderma renal disease and 
reported a small open label study of bosentan in patients 
that had suffered scleroderma renal crisis (SRC). This 
open-label study suggested that patients with residual 
renal impairment after SRC may show greater recovery of 
renal function as assessed by eGFR over 12 months fol-
lowing 6 months treatment with bosentan [14].

Zibotentan was generally well tolerated with no imbal-
ance in serious adverse events between treatment arms 
or any evidence of drug related SAE. However, AEs were 
seen in most patients and included fluid retention and 
weight gain that required medical management and on 
occasion led to treatment discontinuation. This suggests 
that fluid retention is likely to be due in part to selective 
ETRA antagonism and is in line with previous trials eval-
uating zibotentan [22].

As a highly selective ERA, it was considered that zibo-
tentan could have advantages in treating SSc-CKD over 
a non-selective ERA such as bosentan, because the 
endothelin B receptor subtype has been implicated in 
vasodilation and in clearance of circulating endothelin 
that may in part explain the elevation of endothelin levels 
seen in patients receiving bosentan and perhaps underlie 
the rebound hypertension that can be observed on ces-
sation of a non-selective antagonist and was frequently 
reported in the BIRD-1 trial [15]. In the present study, 
there was no evidence that serum endothelin levels were 
increased on treatment, and no evidence of rebound or 
worsening hypertension occurring after cessation of 
zibotentan. This may make a selective ERA easier to use 
in the context of SSc-CKD and especially after SRC.

Since the original design of the ZEBRA trial, additional 
information is available regarding candidate biomarkers 
of SSc-CKD. It is apparent that whilst serum sVCAM-1 
may be informative as a maker of SRC [18], it does not 
appear to reflect CKD in SSc. It is, therefore, not surpris-
ing that the primary end point for ZEBRA 1 was negative. 
However, other markers in an independent study of SSc-
CKD were much more promising and in line with emerg-
ing data for other forms of connective tissue disease 
associated renal disease such as lupus nephritis [23], and 
some urinary proteins appear to be selectively increased 
in SSc-CKD. In general, urinary markers may be more 
informative in a multi-compartment disease than serum 
or blood analytes that could be affected by severity and 
activity of the disease process in multiple organs. Of 
the two candidate markers for SSc-CKD one showed 
some interesting changes in ZEBRA 1. Thus, for urinary 
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MCP-1/creatinine ratio the baseline levels are compara-
ble, but in patients receiving zibotentan there is a fall on 
zibotentan and a rise on placebo at 26 weeks with con-
tinued separation to 52 weeks. The number of treated 
patients in ZEBRA 1 is too small to reliably draw any 
conclusion but provides valuable data for this candidate 
marker of SSc-CKD that could inform future studies.

Although serum or urine protein analysis may give 
indirect insight into SSc-CKD progression or treat-
ment, the data for renal function measurement by 
eGFR are more compelling. These are supportive of a 
potential treatment effect for zibotentan in ZEBRA 

1, although the very small number of cases recruited 
means that all interpretation should be cautious, and no 
formal statistical comparison is possible. Nevertheless, 
as for urinary MCP1, there is a fall in eGFR at 26 and 
52 weeks for the placebo-treated patients in ZEBRA 1, 
whereas on average there is numerical improvement at 
26 weeks at the end of treatment and further clinically 
meaningful improvement only in those cases receiving 
zibotentan when assessed at the 52-week safety visit. 
This is notable because there is precedent for a treat-
ment effect continuing after completion of therapy in 
a previous clinical trial of oral cyclophosphamide in 

Fig. 3 Pharmacokinetic data following single oral dose zibotentan for patients in ZEBRA 2B. A Zibotentan blood plasma levels for all patients after 
2.5 mg single oral dose. The upper panel shows the concentration of zibotentan (ng/ml) at 6 after a single oral dose of 2.5 mg zibotentan in six 
patients on haemodialysis. The final samples were taken pre- and post-dialysis to explore clearance of zibotentan. B Zibotentan blood plasma levels 
for patients receiving 5 mg single oral dose. Concentration of zibotentan (ng/ml) for the two patients that were re-dosed with 5 mg oral zibotentan 
is plotted against time with the final two samples being pre- and post-haemodialysis
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SSc-associated lung fibrosis [24] and possibly also in 
the BIRD-1 trial of bosentan in SRC [14].

Our results for eGFR in the zibotentan group of 
ZEBRA 1 are in line with the findings for post SRC 
CKD in BIRD-1 [14], but more importantly they are 
aligned with recent high-quality data from a trial of 
another highly selective ERA in diabetes-associated 
CKD (Study of Diabetic Nephropathy with Atrasentan: 
SONAR [25]). Thus, the recently reported SONAR trial 
of atrasentan and renal events in patients with type 2 
diabetes and chronic kidney disease (a double-blind, 
randomised, placebo-controlled trial, which randomised 
2648 patients) demonstrated statistically significant and 
clinically meaningful benefit in slowing progression of 
CKD in type 2 diabetes [25]. The SONAR study used an 
innovative design that first identified responders to atra-
sentan in whom albumin to creatinine ratio improved by 
at least 30%, based on previous short-term studies [26] 
and a run-in period, and in whom there was not exces-
sive fluid retention. These responders were subsequently 
randomised to placebo, or to continue ERA treatment. 
This approach also suggested longer term benefit in some 
cases that were randomised to placebo as the impact 
on albumin: creatinine ratio appeared blunted in the 
subsequent phase of the study suggesting longer term 
benefit from atrasentan received during the ‘responder 
determining’ phase. Despite this, the SONAR trial was 
strongly positive using a composite endpoint reflecting 
clinically meaningful CKD progression. These findings 
are highly supportive of the apparent improvement noted 
in eGFR at 52 weeks for the zibotentan group in ZEBRA 
1.

Because it is predominantly renally excreted [27], there 
were concerns about using zibotentan in patients with 
impaired renal function and especially those on dialy-
sis. This is important because in SRC, the major unmet 
need is to increase the proportion of patients requiring 
dialysis who can subsequently recover independent renal 
function. It has been shown previously that cases of SSc-
CKD after SRC that need permanent dialysis have a very 
poor long-term outcome and survival [26]. This was the 
rationale for exploring zibotentan pharmacokinetics in 
patients on dialysis. The data provides valuable infor-
mation to this end and suggests that intermittent dos-
ing with 2.5 or 5 mg leads to therapeutic and non-toxic 
levels of zibotentan. The peak drug level in all subjects 
in ZEBRA 2 was less than half than those reported in a 
previous study examining 10mg doses in individuals with 
normal or impaired renal function [27], consistent with 
the lower dose used in our trial. Relatively low doses were 
used as this was the first study of zibotentan in haemo-
dialysis. Peak plasma concentrations at these doses did 
not exceed those seen in previous studies in patients with 

either normal or impaired renal function [27]. Adequate 
clearance after 24 h (with further clearance observed 
across 4 hours of haemodialysis) implies daily dosing 
could be safely assessed in an extended study. These data 
are generalisable as ZEBRA 2B included patients with 
multiple underlying causes of renal failure, but in future 
could be of particular relevance to cases of SRC that 
require dialysis. These cases could be included in any 
future trial, and this would also be expected to facilitate 
recruitment especially in the important post-SRC popu-
lation that was included in BIRD-1 and other recently 
reported studies [15].

These trials have several important limitations. The 
first is the small number of cases recruited to ZEBRA 1 
and ZEBRA 2A. This precludes robust conclusions from 
our findings in any way that may immediately change 
clinical practice and limits interpretation to considera-
tion of future additional trials. However, lessons learned 
undertaking these trials and the results related to phar-
macokinetics and safety provide valuable information.

There are also some notable strengths. By focusing on 
SSc-CKD, it was possible to explore assessment and fea-
sibility of trials in this patient group that has high unmet 
need. The testing of recently described candidate bio-
markers of CKD, including urinary MCP-1 that has also 
proven informative in other studies of connective tissue 
disease-associated CKD, is of particular interest and may 
be explored further in future trials and clinical practice.

Conclusions
Taken together, the ZEBRA clinical trial substudies rep-
resent an important step forward in better understand-
ing and exploring SSc-CKD and provide support for the 
safety and potential efficacy of a highly selective endothe-
lin receptor antagonist that can be explored in future 
trials. In addition, we have defined suitable dose and 
pharmacokinetics for zibotentan in patients on haemodi-
alysis that may facilitate its use in other clinical trials and 
contexts.

Abbreviations
SSc: Systemic sclerosis; SRC: Scleroderma renal crisis; CKD: Chronic kidney 
disease; eGFR: Estimated glomerular filtration rate; ESKD: End-stage kidney 
disease; KDIGO: Kidney Disease: Improving Global Outcomes; ET-1: Endothelin 
1; ETRA : Endothelin receptor A; ETRB: Endothelin receptor B; MCP-1: Monocyte 
chemoattractant protein 1; sICAM-1: Soluble intercellular adhesion molecule 1; 
sVCAM-1: Soluble vascular cell adhesion molecule 1; ZEBRA: Zibotentan better 
outcome in renal scleroderma clinical trial; BIRD-1: Bosentan in renal disease 
clinical trial; CTD: Connective tissue disease; MDRD: Modification of Diet in 
Renal Disease Study; PK: Pharmacokinetic; LC-MS/MS: Liquid chromatography 
with tandem mass spectrometry; SONAR: Study of Diabetic Nephropathy with 
Atrasentan.

Acknowledgements
The excellent support and guidance provided by the UCL Joint Research 
Office throughout the conduct of this trial is gratefully acknowledged.



Page 12 of 13Stern et al. Arthritis Research & Therapy          (2022) 24:130 

Authors’ contributions
Study design was done by CD, PG, ES, RU, HJE, and AB; data collection was 
done by CD, LH, ES, VO, IW, and RO; analysis was done by AO’K, CD, and ES; 
manuscript was drafted by CD and ES and with critical input, revision, and final 
approval by all authors.

Funding
This work was funded by the UKRI/Medical Research Council (award reference 
MR/K015230/1) and performed as part of an academic collaboration with 
AstraZeneca. Additional funding was provided by Royal Free Charity (Richard 
King Bequest).

Availability of data and materials
Data will be shared for purposes of academic research upon reasonable 
request.

Declarations

Ethics approval and consent to participate
The study was approved by the NHS National Research Ethics Scheme with 
ethics committee reference number: IRAS 136274. All participants gave writ-
ten informed consent to participate.

Consent for publication
Not applicable.

Competing interests
CD reports grants and personal fees from Acceleron, Janssen, Arxx Therapeu-
tics, Bayer, Boehringer Ingelheim, Corbus, CSL Behring, Galapagos, GlaxoS-
mithKline, Horizon, Roche, and Abbvie, all outside the submitted work. PG, 
KJE, and RU are employees of AstraZeneca. The other authors declare no 
competing interests.

Author details
1 Division of Medicine, University College London, Royal Free Campus, London, 
UK. 2 Emerging Innovations Unit, BioPharmaceuticals R&D, AstraZeneca, Cam-
bridge, UK. 3 Early Clinical Development, Cardiovascular, Renal & Metabolism, 
BioPharmaceuticals R&D, AstraZeneca, Cambridge, UK. 4 Joint Research Office, 
University College London, London, UK. 5 School of Mathematical Sciences, 
University of Nottingham, Nottingham, UK. 6 UCL Centre for Rheumatology 
and Connective Tissue Diseases, 2nd Floor – UCL Medical School Building, 
Royal Free Campus, Rowland Hill Street, London NW3 2PF, UK. 

Received: 7 April 2022   Accepted: 21 May 2022

References
 1. Denton CP, Khanna D. Systemic sclerosis. Lancet. 2017;390(10103):1685–

99. https:// doi. org/ 10. 1016/ S0140- 6736(17) 30933-9 Epub 2017 Apr 13. 
PMID: 28413064.

 2. Tyndall AJ, Bannert B, Vonk M, Airò P, Cozzi F, Carreira PE, et al. Causes 
and risk factors for death in systemic sclerosis: a study from the EULAR 
Scleroderma Trials and Research (EUSTAR) database. Ann Rheum Dis. 
2010;69(10):1809–15. https:// doi. org/ 10. 1136/ ard. 2009. 114264 Epub 2010 
Jun 15. PMID: 20551155.

 3. Penn H, Denton CP. Diagnosis, management and prevention of sclero-
derma renal disease. Curr Opin Rheumatol. 2008;20(6):692–6. https:// doi. 
org/ 10. 1097/ BOR. 0b013 e3283 108df7 PMID: 18946330.

 4. Guillevin L, Bérezné A, Seror R, Teixeira L, Pourrat J, Mahr A, et al. Sclero-
derma renal crisis: a retrospective multicentre study on 91 patients and 
427 controls. Rheumatology (Oxford). 2012;51(3):460–7. https:// doi. org/ 
10. 1093/ rheum atolo gy/ ker271 Epub 2011 Nov 15. PMID: 22087012.

 5. Penn H, Howie AJ, Kingdon EJ, Bunn CC, Stratton RJ, Black CM, et al. 
Scleroderma renal crisis: patient characteristics and long-term outcomes. 
QJM. 2007;100(8):485–94. https:// doi. org/ 10. 1093/ qjmed/ hcm052 Epub 
2007 Jun 29. PMID: 17601770.

 6. Stern EP, Guerra SG, Chinque H, Acquaah V, González-Serna D, Ponticos 
M, et al. Analysis of anti-RNA polymerase III antibody-positive systemic 

sclerosis and altered GPATCH2L and CTNND2 expression in scleroderma 
renal crisis. J Rheumatol. 2020;47(11):1668–77. https:// doi. org/ 10. 3899/ 
jrheum. 190945 Epub 2020 Mar 15. PMID: 32173657.

 7. Steen VD, Costantino JP, Shapiro AP, Medsger TA Jr. Outcome of renal cri-
sis in systemic sclerosis: relation to availability of angiotensin converting 
enzyme (ACE) inhibitors. Ann Intern Med. 1990;113(5):352–7. https:// doi. 
org/ 10. 7326/ 0003- 4819- 113-5- 352 PMID: 2382917.

 8. Stern EP, Unwin R, Burns A, Ong VH, Denton CP. Exploring molecular 
pathology of chronic kidney disease in systemic sclerosis by analysis of 
urinary and serum proteins. Rheumatol Adv Pract. 2021;5(1):rkaa083. 
https:// doi. org/ 10. 1093/ rap/ rkaa0 83 PMID: 33604504; PMCID: 
PMC7878848.

 9. Iliopoulos G, Daoussis D. Renal dysfunction in systemic sclerosis beyond 
scleroderma renal crisis. Rheumatol Int. 2021;41(7):1203–8. https:// doi. 
org/ 10. 1007/ s00296- 021- 04855-x Epub 2021 Apr 12. PMID: 33844037.

 10. Gigante A, Hoffmann-Vold AM, Alunni Fegatelli D, Gabrielli A, Leodori G, 
Coleiro B, et al. Estimated glomerular filtration rate is a marker of mortal-
ity in the European Scleroderma Trials and Research Group (EUSTAR) 
database. Rheumatology (Oxford). 2021;61(1):213–22. https:// doi. org/ 10. 
1093/ rheum atolo gy/ keab3 02 PMID: 33769468.

 11. Leodori G, Pellicano C, Gigante A, Rosato E. Estimated glomerular 
filtration rate and renal resistive index as possible predictive markers of 
mortality in systemic sclerosis. Eur J Intern Med. 2021;87:83–9. https:// doi. 
org/ 10. 1016/j. ejim. 2021. 01. 025 Epub 2021 Feb 13. PMID: 33593660.

 12. Maguire JJ, Davenport AP. Endothelin receptors and their antagonists. 
Semin Nephrol. 2015;35(2):125–36. https:// doi. org/ 10. 1016/j. semne phrol. 
2015. 02. 002 PMID: 25966344; PMCID: PMC4437774.

 13. Pulido T, Adzerikho I, Channick RN, Delcroix M, Galiè N, Ghofrani HA, et al. 
Macitentan and morbidity and mortality in pulmonary arterial hyperten-
sion. N Engl J Med. 2013;369(9):809–18. https:// doi. org/ 10. 1056/ NEJMo 
a1213 917 PMID: 23984728.

 14. Matucci-Cerinic M, Denton CP, Furst DE, Mayes MD, Hsu VM, Carpentier 
P, et al. Bosentan treatment of digital ulcers related to systemic sclerosis: 
results from the RAPIDS-2 randomised, double-blind, placebo-controlled 
trial. Ann Rheum Dis. 2011;70(1):32–8. https:// doi. org/ 10. 1136/ ard. 2010. 
130658 Epub 2010 Aug 30. PMID: 20805294; PMCID: PMC3002766.

 15. Penn H, Quillinan N, Khan K, Chakravarty K, Ong VH, Burns A, et al. Target-
ing the endothelin axis in scleroderma renal crisis: rationale and feasibil-
ity. QJM. 2013;106(9):839–48. https:// doi. org/ 10. 1093/ qjmed/ hct111 
Epub 2013 May 21. PMID: 23696678.

 16. Bérezné A, ABDOUL H, Karras A, Marie I, Huart A, Ficheux M, et al. Bosen-
tan in scleroderma renal crisis: a national open label prospective study 
[abstract]. Arthritis Rheumatol. 2017;69(suppl 10) https:// acrab strac ts. 
org/ abstr act/ bosen tan- in- scler oderma- renal- crisis- a- natio nal- open- label- 
prosp ective- study/. Accessed December 28, 2021.

 17. Morris CD, Rose A, Curwen J, Hughes AM, Wilson DJ, Webb DJ. Specific 
inhibition of the endothelin A receptor with ZD4054: clinical and pre-
clinical evidence. Br J Cancer. 2005;92(12):2148–52. https:// doi. org/ 10. 
1038/ sj. bjc. 66026 76 PMID: 15956965; PMCID: PMC2361809.

 18. Denton CP, Bickerstaff MC, Shiwen X, Carulli MT, Haskard DO, Dubois RM, 
et al. Serial circulating adhesion molecule levels reflect disease severity in 
systemic sclerosis. Br J Rheumatol. 1995;34(11):1048–54. https:// doi. org/ 
10. 1093/ rheum atolo gy/ 34. 11. 1048 PMID: 8542206.

 19. Rovin BH, Adler SG, Barratt J, Bridoux F, Burdge KA, Chan TM, et al. Execu-
tive summary of the KDIGO 2021 guideline for the management of 
glomerular diseases. Kidney Int. 2021;100(4):753–79. https:// doi. org/ 10. 
1016/j. kint. 2021. 05. 015 PMID: 34556300.

 20. Suebmee P, Foocharoen C, Mahakkanukrauh A, Suwannaroj S, Theera-
kulpisut D, Nanagara R. Correlation of glomerular filtration rate between 
renal scan and estimation equation for patients with scleroderma. Am J 
Med Sci. 2016;352(2):166–71. https:// doi. org/ 10. 1016/j. amjms. 2016. 04. 
017 Epub 2016 Apr 22. PMID: 27524215.

 21. Butler EA, Baron M, Fogo AB, Frech T, Ghossein C, Hachulla E, et al. Sclero-
derma Clinical Trials Consortium Scleroderma Renal Crisis Working Group. 
Generation of a core set of items to develop classification criteria for scle-
roderma renal crisis using consensus methodology. Arthritis. Rheumatol. 
2019;71(6):964–71. https:// doi. org/ 10. 1002/ art. 40809 Epub 2019 Apr 12. 
PMID: 30614663.

 22. James ND, Caty A, Borre M, Zonnenberg BA, Beuzeboc P, Morris T, et al. 
Safety and efficacy of the specific endothelin-A receptor antagonist 
ZD4054 in patients with hormone-resistant prostate cancer and bone 

https://doi.org/10.1016/S0140-6736(17)30933-9
https://doi.org/10.1136/ard.2009.114264
https://doi.org/10.1097/BOR.0b013e3283108df7
https://doi.org/10.1097/BOR.0b013e3283108df7
https://doi.org/10.1093/rheumatology/ker271
https://doi.org/10.1093/rheumatology/ker271
https://doi.org/10.1093/qjmed/hcm052
https://doi.org/10.3899/jrheum.190945
https://doi.org/10.3899/jrheum.190945
https://doi.org/10.7326/0003-4819-113-5-352
https://doi.org/10.7326/0003-4819-113-5-352
https://doi.org/10.1093/rap/rkaa083
https://doi.org/10.1007/s00296-021-04855-x
https://doi.org/10.1007/s00296-021-04855-x
https://doi.org/10.1093/rheumatology/keab302
https://doi.org/10.1093/rheumatology/keab302
https://doi.org/10.1016/j.ejim.2021.01.025
https://doi.org/10.1016/j.ejim.2021.01.025
https://doi.org/10.1016/j.semnephrol.2015.02.002
https://doi.org/10.1016/j.semnephrol.2015.02.002
https://doi.org/10.1056/NEJMoa1213917
https://doi.org/10.1056/NEJMoa1213917
https://doi.org/10.1136/ard.2010.130658
https://doi.org/10.1136/ard.2010.130658
https://doi.org/10.1093/qjmed/hct111
https://acrabstracts.org/abstract/bosentan-in-scleroderma-renal-crisis-a-national-open-label-prospective-study/
https://acrabstracts.org/abstract/bosentan-in-scleroderma-renal-crisis-a-national-open-label-prospective-study/
https://acrabstracts.org/abstract/bosentan-in-scleroderma-renal-crisis-a-national-open-label-prospective-study/
https://doi.org/10.1038/sj.bjc.6602676
https://doi.org/10.1038/sj.bjc.6602676
https://doi.org/10.1093/rheumatology/34.11.1048
https://doi.org/10.1093/rheumatology/34.11.1048
https://doi.org/10.1016/j.kint.2021.05.015
https://doi.org/10.1016/j.kint.2021.05.015
https://doi.org/10.1016/j.amjms.2016.04.017
https://doi.org/10.1016/j.amjms.2016.04.017
https://doi.org/10.1002/art.40809


Page 13 of 13Stern et al. Arthritis Research & Therapy          (2022) 24:130  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

metastases who were pain free or mildly symptomatic: a double-blind, 
placebo-controlled, randomised, phase 2 trial. Eur Urol. 2009;55(5):1112–
23. https:// doi. org/ 10. 1016/j. eururo. 2008. 11. 002 Epub 2008 Nov 29. PMID: 
19042080.

 23. Lee YH, Song GG. Urinary MCP-1 as a biomarker for lupus nephritis: a 
meta-analysis. Z Rheumatol. 2017;76(4):357–63. https:// doi. org/ 10. 1007/ 
s00393- 016- 0109-z English. PMID: 27278779.

 24. Tashkin DP, Elashoff R, Clements PJ, Roth MD, Furst DE, Silver RM, et al. 
Scleroderma Lung Study Research Group. Effects of 1-year treatment 
with cyclophosphamide on outcomes at 2 years in scleroderma lung 
disease. Am J Respir Crit Care Med. 2007;176(10):1026–34. https:// doi. org/ 
10. 1164/ rccm. 200702- 326OC Epub 2007 Aug 23. PMID: 17717203; PMCID: 
PMC2078679.

 25. Heerspink HJL, Parving HH, Andress DL, Bakris G, Correa-Rotter R, Hou FF, 
et al. Atrasentan and renal events in patients with type 2 diabetes and 
chronic kidney disease (SONAR): a double-blind, randomised, placebo-
controlled trial. Lancet. 2019;393(10184):1937–47. https:// doi. org/ 10. 
1016/ S0140- 6736(19) 30772-X.

 26. Heerspink HJL, Andress DL, Bakris G, Brennan JJ, Correa-Rotter R, Dey J, 
et al. Rationale and protocol of the Study Of diabetic Nephropathy with 
AtRasentan (SONAR) trial: a clinical trial design novel to diabetic nephrop-
athy. Diabetes Obes Metab. 2018;20(6):1369–76. https:// doi. org/ 10. 1111/ 
dom. 13245 Epub 2018 Mar 9. PMID: 29405626; PMCID: PMC5969254.

 27. Tomkinson H, Kemp J, Oliver S, Swaisland H, Taboada M, Morris T. Phar-
macokinetics and tolerability of zibotentan (ZD4054) in subjects with 
hepatic or renal impairment: two open-label comparative studies. BMC 
Clin Pharmacol. 2011;11:3. https:// doi. org/ 10. 1186/ 1472- 6904- 11-3 PMID: 
21414193; PMCID: PMC3070638.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.eururo.2008.11.002
https://doi.org/10.1007/s00393-016-0109-z
https://doi.org/10.1007/s00393-016-0109-z
https://doi.org/10.1164/rccm.200702-326OC
https://doi.org/10.1164/rccm.200702-326OC
https://doi.org/10.1016/S0140-6736(19)30772-X
https://doi.org/10.1016/S0140-6736(19)30772-X
https://doi.org/10.1111/dom.13245
https://doi.org/10.1111/dom.13245
https://doi.org/10.1186/1472-6904-11-3

	Zibotentan in systemic sclerosis-associated chronic kidney disease: a phase II randomised placebo-controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Study design
	Participants
	Endpoints
	Statistical analysis

	Results
	Patient disposition and baseline characteristics
	Safety analysis for ZEBRA 1, ZEBRA 2A, and ZEBRA 2B
	Efficacy analysis for ZEBRA 1 and ZEBRA 2A
	Endothelin concentrations in patients receiving zibotentan
	Zibotentan blood plasma concentration

	Discussion
	Conclusions
	Acknowledgements
	References


