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ACEI, angiotensin-converting enzyme inhibitors; ARBs, angiotensin-receptor blockers; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HU/HC, hydroxyurea/hydroxycarbamide; 

SCD, sickle cell disease; SCN, sickle cell nephropathy

1. Nath KA, Hebbel RP. Nat Rev Nephrol 2015;11:161–71; 2. Roy NB et al. Cochrane Database Syst Rev 2017;2017:CD012380; 3. Gosmanova EO et al. J Investig Med 2014;62:804–7; 4. Powars DR et al. Medicine 

(Baltimore) 2005;84:363–76; 5. Bartolucci P et al. J Am Soc Nephrol 2016;27:1847–53; 6. Haymann JP et al. Br J Haematol 2017;179:820–8; 7. Brenner BM et al. N Engl J Med 2001;345:861–9; 8. Laurin LP et al. 

Nephrol Dial Transplant 2014;29:1211–8; 9. Ataga KI et al. Am J Hematol 2014;89:907–14; 10. Saraf SL et al. Abstract 122 presented at ASH 2021

A rapid decline in eGFR is indicative of progression of kidney disease, and albuminuria 

is a predictor for eGFR decline in patients with SCD10

SCN is the term used to describe the kidney-related complications of SCD. The manifestations 

of SCN, caused in part by hemolysis and vaso-occlusion in the renal vasculature, can 

include hyperfiltration, albuminuria and progressive loss of kidney function1,2

Patients with SCN can develop CKD and kidney failure.1,3,4 SoC for CKD due to SCN 

typically consists of ACEI, ARBs and/or HU/HC5–9
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PSGL-1, P-selectin glycoprotein ligand-1

1. Zhang D et al. Blood 2016;127:801–9; 2. Kappelmayer J, Nagy B. Biomed Res Int 2017:6138145; 3. Zizzi HC et al. J Pediatr Surg 1997;32:1010–3; 4. Tipping PG et al. Kidney Int 1994;46:79–88;                                 

5. Singbartl G et al. FASEB J 2000;14:48–54 

Pre-clinical studies have demonstrated 

that P-selectin expression increases 

in response to renal ischemia-reperfusion 

injury3

Pre-clinicaI studies have shown that 

inhibition of P-selectin 

• Reduces the infiltration of 

neutrophils after renal injury4

• Protects against the development of 

acute kidney failure5

P-selectin is a cell adhesion molecule that acts as one of 

the drivers of multicellular adhesion and inflammatory 

signaling pathways in SCD, contributing to the initiation 

and exacerbation of vaso-occlusion1,2

Endothelium
P-selectin

Endothelium
PSGL-1

Endothelium
P-selectin

Sickled red cells
PSGL-1-like ligand

Leukocytes
PSGL-1

Platelets
P-selectin
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VOC, vaso-occlusive crisis

1. Ataga KI et al. N Engl J Med 2017;376:429–39

Crizanlizumab is a first-in-class selective humanized monoclonal antibody that binds           

to P-selectin, blocking interactions between activated platelets, sickled red blood cells, 

leukocytes and the endothelium1

Crizanlizumab is approved in over 40 countries to reduce the frequency of or prevent 

recurrent VOCs in patients with SCD aged 16 years or older

The Phase II STEADFAST study (NCT04053764) was designed to determine the effect 

of P-selectin inhibition with crizanlizumab on kidney function in patients with SCD and 

early-stage CKD

https://clinicaltrials.gov/ct2/show/NCT04053764
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Methods

• Patients were stratified at randomization based both on 

CKD risk category (moderate risk or high/very high risk) 

and concomitant HU/HC use (yes/no)

• AEs will be recorded throughout the study and assessed 

and graded according to the CTCAE version 5.0

AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events; IV, intravenous; R, randomized

Dosing schedule: 

Crizanlizumab 5.0 mg/kg IV treatment on Day 1 and Day 15, then every 

4 weeks (treatment period of 1 year)

R

1:1

Crizanlizumab 5.0 mg/kg IV + SoC

SoC alone

Screening 

Day –28 to –1

Safety follow-up: 

30 days (phone call) 

and 105 days (study 

visit) after the last dose

Baseline Month 3 Month 6 Month 9 Month 12

Timepoints for endpoint assessment

Patients with SCD

STEADFAST is a Phase II, multicenter, randomized, two-arm, open-label study
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Study sites in 13 countries are participating in STEADFAST

USA

Panama

Brazil

France

Greece

Italy

Lebanon

Netherlands

South Africa

Spain

Turkey

UK

Ireland
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The STEADFAST study 

aimed to enroll ~148 

patients with SCD and 

early-stage CKD

*Patients must have previously received ≥1 SoC drug for CKD due to SCD for ≥3 months (ACEI and/or ARBs) or ≥6 months (HU/HC), have been on a stable dose of SoC for ≥3 months, and plan to maintain the same 

dose and schedule of SoC until study end; †Can decrease interval to within 6 weeks of study entry if renal function has returned to pre-AKI values. ACR, albumin-to-creatinine ratio; AKI, acute kidney injury; ALT, alanine 

aminotransferase; ANC, absolute neutrophil count; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; ULN, upper limit of normal

Aged ≥16 years

Confirmed diagnosis of SCD 

(HbSS or HbSβ0-thalassemia genotype) 

eGFR ≥45 to ≤140 mL/min/1.73 m2 based on 

the CKD-EPI formula (patients aged ≥18 years) 

or the creatinine-based ‘Bedside Schwartz’ 

equation (patients <18 years)

ACR ≥100 to <2000 mg/g 

Receiving at least 1 SoC drug(s) for 

SCD-related CKD*

Hemoglobin ≥4.0 g/dL, ANC ≥1.0 x 109/L 

and platelet count ≥75 x 109/L

Adequate hepatic function as defined by

ALT <3.0 x ULN and direct (conjugated) 

bilirubin ≤3.0 x ULN

Key inclusion criteria Key exclusion criteria

History of stem cell transplant

Evidence of AKI within 3 months of study 

entry†

Patients undergoing renal replacement therapy 

or with a history of kidney transplant

Participation in a chronic transfusion program

Uncontrolled diabetes

Currently on voxelotor or received voxelotor 

within 6 months of screening
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*Improvement: ≥20% decrease in PCR from baseline; stable: within ±20% change from baseline; †Patients will be asked to complete the SF-36v2 questionnaire with a 4-week recall period every 4 weeks; ‡TRV, LVEF, E/A ratio, LVEDD, LVMI, 

LV MPI, right ventricular function, PAP and PASP. E/A, E wave/A wave; ER, emergency room; HRQoL, health-related quality of life; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass 

index; LV MPI, left ventricular myocardial performance index; MRI, magnetic resonance imaging; PAP, pulmonary arterial pressure; PASP, pulmonary artery systolic pressure; PCR, protein-to-creatinine ratio; SAE, serious adverse event; 

SF-36v2, 36-item Short Form Health Survey Version 2; TRV, tricuspid regurgitation velocity

Endpoints in STEADFAST included measurements of kidney function

• Proportion of patients with improvement in renal, cardiac and complement membrane attack complex biomarkers 

at 3, 6, 9 and 12 months compared with baseline

• Proportion of patients with improved HRQoL scores versus baseline, based on the individual domains and 

summary scores of the SF-36v2 questionnaire†

• Proportion of patients with improved renal blood flow as assessed by MRI (at selected sites) at baseline, 6 and 

12 months

• Assessment of echocardiogram parameters at baseline and 12 months‡

• Mean change in ACR from baseline to 3, 6, 9 and 12 months

• Proportion of patients with

– ≥30% decrease in ACR at 6 months compared with baseline

– PCR improvement and stable PCR at 12 months compared with baseline*

– Progression of CKD from baseline to 12 months (based on pre-defined eGFR decrease and ACR increase)

• Percentage change in eGFR from baseline to 3, 6, 9 and 12 months

• Annualized rate of visits to the ER, and hospitalizations due to AKI

• Frequency and severity of AEs, deaths, SAEs and laboratory abnormalities

Secondary 

endpoints

Exploratory 

endpoints

• Proportion of patients with ≥30% decrease in ACR at Month 12 compared with baseline
Primary 

endpoint
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41 patients are currently enrolled in STEADFAST

Owing to challenges with trial recruitment over approximately 2 years and a high 

screening failure rate, as of November 17, 2021, recruitment was closed earlier than 

planned and before target enrollment was reached

Patients already enrolled will continue in the study and will receive treatment as planned

As of November 12, 2021, 55 patients had failed at the screening stage 
(57% screening failure rate)
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Reasons for screening failure

Blood pressure 

>140/90 mmHg 

(n=2)

ACR <100 mg/g 

(n=24)

ACR >2000 mg/g 

(n=2)

Missing the criteria for 

both ACR and eGFR 

assessments (n=9)

Other isolated 

inclusion/exclusion 

criteria not being met 

(n=5)

Other reasons

COVID-19 

infection/exposure 

(n=2)

Not receiving SoC for 

the specified time 

period 

(n=2)

Withdrawal of consent 

(n=3)

Main reason: Renal parameters outside of the protocol-specified requirements

eGFR >120–140 

mL/min/1.73 m2

(n=6)
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Learnings

The scientific rigor of the study design challenged practical feasibility in the real-world clinical 

setting. The inclusion criteria regarding the lower limit of ACR (100 mg/g) and upper limit of eGFR 

(120–140 mL/min/1.73 m2) decreased the number of eligible patients

Relaxation of these limits could have allowed a broader patient population to participate

For parameters that can vary upon assessment, such as ACR, local laboratory pre-screening results 

may not have aligned with those performed at central laboratories

Use of the same laboratory should be considered for highly heterogenous assessments and for 

assessments that are time dependent
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