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Abstract 

Background: Chronic active antibody-mediated rejection (AMR) is a major cause of graft loss with no approved 
drugs for its treatment. Currently, off-label regimens are used, reflecting the high unmet need for effective thera-
pies based on well-controlled trials. Clazakizumab is a high-affinity, humanized monoclonal antibody that binds 
interleukin-6 and decreases donor-specific antibody (DSA) production and inflammation. Phase 2 pilot studies of 
clazakizumab in kidney transplant recipients with chronic active AMR suggest modulation of DSA, stabilization of 
glomerular filtration rate (GFR), and a manageable safety profile. We report the design of the Phase 3 IMAGINE study 
(NCT03744910) to evaluate the safety and efficacy of clazakizumab for the treatment of chronic active AMR.

Methods: IMAGINE is a multicenter, double-blind trial of approximately 350 kidney transplant recipients with chronic 
active AMR (Banff chronic glomerulopathy [cg] >0 with concurrent positive human leukocyte antigen DSA) rand-
omized 1:1 to receive clazakizumab or placebo (12.5 mg subcutaneous once every 4 weeks). The event-driven trial 
design will follow patients until 221 occurrences of all-cause graft loss are observed, defined as return to dialysis, graft 
nephrectomy, re-transplantation, estimated GFR (eGFR) <15 mL/min/1.73m2, or death from any cause. A surrogate for 
graft loss (eGFR slope) will be assessed at 1 year based on prior modeling validation. Secondary endpoints will include 
measures of pharmacokinetics/pharmacodynamics. Recruitment is ongoing across North America, Europe, Asia, and 
Australia.
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Discussion: IMAGINE represents the first Phase 3 clinical trial investigating the safety and efficacy of clazakizumab 
in kidney transplant recipients with chronic active AMR, and the largest placebo-controlled trial in this patient 
population. This trial includes prognostic biomarker enrichment and uniquely utilizes the eGFR slope at 1 year as a 
surrogate endpoint for graft loss, which may accelerate the approval of a novel therapy for patients at risk of graft 
loss. The findings of this study will be fundamental in helping to address the unmet need for novel therapies for 
chronic active AMR.

Trial registration: Clini calTr ials. gov NCT03 744910. Registered on November 19, 2018.

Keywords: Chronic active antibody-mediated rejection, Clazakizumab, Estimated glomerular filtration rate, Kidney 
transplantation

Background
Chronic active antibody-mediated rejection (AMR) is a 
leading cause of graft failure in kidney transplant recipi-
ents [1, 2]. The salient features of active AMR include 
acute tissue injury, antibody interaction with vascular 
endothelium, and the presence of circulating donor-spe-
cific antibodies (DSA), with chronic active AMR diag-
nosed using additional evidence of chronic tissue injury 
[3]. The continuum of injury and inflammation produced 
by chronic active AMR manifests as several morphologic 
features of ongoing injury, including severe peritubular 
capillary basement membrane multilayering and trans-
plant glomerulopathy (TG), and a progressive decline 
in renal function on the pathway to graft loss [1, 3, 4]. 
Patients who experience graft loss are required to return 
to dialysis and wait for re-transplantation, both of which 
have a significant impact on mortality [5, 6].

Presently, no therapies are approved for chronic active 
AMR, and the current standard of care is based on incon-
clusive data from small, poorly controlled studies [2]. 
Off-label regimens have been recommended by expert 
groups for the treatment of chronic active AMR; these 
regimens largely focus on the optimization of baseline 
immunosuppression [2]. As such, there is a high unmet 
need for effective therapies for chronic active AMR uti-
lizing robust data from randomized controlled trials [2].

Interleukin (IL)-6 is a pleiotropic cytokine that medi-
ates inflammation and modulates the immune response 
[7, 8]. Murine studies of AMR have suggested a role for 
IL-6 in driving B-cell activation and differentiation to 
antibody-producing plasma cells, which can damage a 
graft [9–12]. Preliminary murine data have indicated that 
IL-6 may also inhibit immune regulatory T  (Treg) cells 
and their associated promotion of graft tolerance [10]. 
In humans, post-transplant studies of kidney recipients 
have reported elevated IL-6 levels in serum and urine 
prior to transplant rejection episodes [13, 14].

Inhibition of IL-6 signaling has been evaluated as a 
therapeutic approach in chronic AMR. Tocilizumab, 
an anti-IL-6 receptor (IL-6R) monoclonal antibody, is 
approved in a range of therapeutic areas, including the 

treatment of rheumatoid arthritis and juvenile idiopathic 
arthritis [15, 16]. Tocilizumab has been used off label to 
treat AMR in small studies, driving significant reductions 
in DSA, stabilization of renal function, and improvement 
in various Banff inflammation scores, though results 
varied by study [15, 17, 18]. In one study of 36 patients 
with chronic active AMR, graft and patient survival rates 
following 2 years of tocilizumab treatment were 80 and 
91%, respectively, 6 years post-diagnosis [15]. While this 
provides evidence that blocking the IL-6 pathway con-
veys clinical benefit for AMR patients, the ability to draw 
meaningful conclusions from these studies is limited by 
their small sample size, lack of randomization, and poorly 
controlled study design. Clazakizumab is a genetically 
engineered, high-affinity, humanized monoclonal anti-
body that binds IL-6, thereby decreasing DSA produc-
tion and inflammation, and slowing the decline in the 
estimated glomerular filtration rate (eGFR) [19–21]. Cla-
zakizumab has demonstrated an acceptable safety profile 
when evaluated in other IL-6-related conditions such as 
rheumatoid arthritis and psoriatic arthritis [22, 23]; how-
ever, clazakizumab has not yet been approved for any 
indication. Clazakizumab has recently been investigated 
in kidney transplant recipients in both the pre-transplant 
setting as part of a desensitizing regimen [9, 19, 24–26] 
and the post-transplant setting for the treatment of 
AMR; results from these studies have provided proof-of-
concept results supporting further clinical development 
of clazakizumab [27–29].

Clazakizumab is the most potent and longest-acting 
agent in the IL-6/IL-6R-blocking category that shows 
promise in the management of kidney transplant recipi-
ents [10, 30]; it binds IL-6 and blocks both classical sign-
aling via membrane-bound IL-6R and trans-signaling via 
soluble IL-6R [10]. Pharmacokinetic (PK) data demon-
strate that clazakizumab has a half-life of approximately 
30 days and monthly subcutaneous (SC) injections allow 
for sustained IL-6 blockade [10, 30]. In addition, cla-
zakizumab lacks both antibody-dependent cellular and 
complement-dependent cytotoxicity and also does not 
crosslink any surface receptors [30]. A small Phase 2 

https://clinicaltrials.gov/
https://clinicaltrials.gov/ct2/show/NCT03744910
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trial has suggested that clazakizumab was not associated 
with the potentially harmful rebound phenomenon due 
to IL-6 accumulation that has been observed with other 
methods of IL-6R blockade, such as tocilizumab [15, 29].

Here, we report the design of the Phase 3 Interleukin-6 
Blockade Modifying Antibody-mediated Graft Injury and 
Estimated Glomerular Filtration Rate Decline (IMAG-
INE) study (NCT03744910) to evaluate the safety and 
efficacy of clazakizumab for the treatment of chronic 
active AMR in kidney transplant recipients, a multina-
tional trial which has initiated recruitment.

Methods/design
Study objectives
The primary objectives of the IMAGINE study are to 
evaluate the safety and efficacy of clazakizumab in pre-
venting all-cause, composite graft loss (defined as 
sustained return to dialysis, graft nephrectomy, re-trans-
plantation, a sustained eGFR <15 mL/min/1.73  m2, or 
death from any cause) and slowing/preventing the pro-
gressive loss of kidney function (as measured by eGFR) 
due to chronic active AMR. The primary efficacy end-
point is time to all-cause composite graft loss.

Secondary objectives are to further evaluate the effi-
cacy of clazakizumab on time to death-censored graft 
loss; albuminuria; DSA titers and mean fluorescence 
intensity (MFI) scores; incidence of acute rejection 

episodes (T-cell-mediated rejection [TCMR] and AMR); 
histology of kidney biopsies according to the Banff 2015 
lesion grading scores [31]; overall patient survival; and 
the PK properties and immunogenicity of clazakizumab 
in kidney transplant recipients with chronic active AMR.

Exploratory objectives are to evaluate the pharmacody-
namics (PD) of clazakizumab (serum IL-6 [total and free] 
and/or high-sensitivity C-reactive protein [hsCRP]) fol-
lowing SC injection; to explore the relationship between 
clazakizumab PK and PD; and to evaluate the effects 
of clazakizumab on healthcare utilization and health-
related quality of life due to chronic active AMR in kid-
ney transplant recipients.

Inclusion criteria
The target population of the IMAGINE study is kid-
ney transplant recipients aged 18–70 years with chronic 
active AMR. Patients are required to have received a kid-
ney transplant from a living or deceased donor at least 6 
months prior to screening. Diagnosis of chronic active 
AMR is determined by the presence of post-transplanta-
tion HLA DSA, using single-antigen bead-based assays, 
and specific histopathologic diagnostic criteria based on 
the Banff 2015 criteria [31], which will be reviewed by the 
central HLA reviewer and central pathologist, respec-
tively. Select inclusion criteria for the study are summa-
rized in Table 1.

Table 1 Select inclusion and exclusion criteria

The full list of criteria can be found at clini caltr ials. gov

AMR antibody-mediated rejection, cg chronic glomerulopathy, DSA donor-specific antibodies, eGFR estimated glomerular fibrillation rate, HLA human leukocyte 
antigen, IgG immunoglobulin G, IL-6 interleukin-6, IL-6R IL-6 receptor, MDRD4 Modification of Diet in Renal Disease 4-variable version, mTOR mammalian target of 
rapamycin, TCMR T-cell-mediated rejection, TG transplant glomerulopathy, UACR  urine albumin-to-creatinine ratio

Inclusion criteria
1. Living donor/deceased donor kidney transplant recipients ≥6 months from time of transplant
2. Diagnosis of chronic active AMR determined by kidney biopsy and the presence of HLA DSA using single-antigen bead-based assays. The following 
histopathologic and serologic diagnostic criteria (based on Banff 2015 criteria [31] must be met for inclusion:
 • Morphologic evidence of chronic tissue injury, as demonstrated by TG (cg>0). Biopsies without evidence of chronic tissue injury on light micros-
copy, but with glomerular basement membrane double contours on electron microscopy (cg1a) are eligible
 • Evidence of current/recent antibody interaction with vascular endothelium
 • Serologic evidence of circulating HLA DSA

Key exclusion criteria
1. eGFR <25 mL/min/1.73  m2 or >65 mL/min/1.73  m2 (MDRD4)
2. Nephrotic range proteinuria defined as spot UACR ≥2200 mg/g (≥220 mg/mmol). If spot UACR is above defined limits, a single repeat test can be 
performed on a separate day to confirm ineligibility
3. Multiorgan transplant recipient (except for simultaneous kidney–pancreas or previous multiple kidney transplants) or cell transplant (islet, bone 
marrow, stem cell) recipient
4. Treatment for AMR (including chronic active AMR) or TCMR within 3 months of the start of screening
5. Received T-cell-depleting agents (e.g., alemtuzumab or anti-thymocyte globulin) within 3 months of the start of screening
6. Treatment with mTOR inhibitors within 4 weeks of the start of screening
7. Biopsy indicating predominant cause of renal dysfunction caused by pathology other than chronic active AMR
8. Impaired renal function due to disorders in the transplanted graft (e.g., renal artery stenosis or hydronephrosis)
9. Neutropenia (<1000/mm3) or thrombocytopenia (<50,000/mm3)
10. Prior exposure to clazakizumab, tocilizumab, or other IL-6/IL-6R blockers
11. ABO-incompatible transplant recipient
12. Severe hypogammaglobulinemia (defined as IgG <400 mg/dL)
13. Prior (within 2 years of the start of screening) exposure to proteasome inhibitors (e.g., bortezomib)

http://clinicaltrials.gov
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Exclusion criteria
Key exclusion criteria include prior multiorgan trans-
plant (except for simultaneous kidney–pancreas or pre-
vious multiple kidney transplants) or cell transplantation 
(islet, bone marrow, or stem cell); treatment of AMR or 
use of T-cell-depleting agents within 3 months of screen-
ing; eGFR <25 mL/min/1.73  m2 or >65 mL/min/1.73  m2; 
and nephrotic range proteinuria, defined as spot urine 
albumin-to-creatinine ratio (UACR) ≥2200 mg/g. The 
eGFR cutoff range has been included in the exclusion cri-
teria. Specifically, the lower eGFR cutoff point was cho-
sen to avoid recruiting recipients with advanced renal 
failure that is likely to be irreversible, while the higher 
eGFR cutoff point was chosen to include a subset of the 
study population who were more likely to inform on the 
utility of clazakizumab in the treatment of chronic active 
AMR within the 5-year study period [4, 32]; the proteinu-
ria cutoff was selected because substantially elevated lev-
els of urinary protein are associated with a worse graft 
outcome [33, 34]. Pregnancy monitoring will be carried 
out at screening and prior to every dose during the trial. 
Pregnant patients will permanently discontinue with 
the investigational product and continue in the trial per 

protocol. Select exclusion criteria for the study are sum-
marized in Table 1.

Study design
IMAGINE is a randomized, double-blind, parallel-
group, placebo-controlled, Phase 3 multicenter superi-
ority study of kidney transplant recipients with chronic 
active AMR (Fig. 1). The key scheduled events are out-
lined in Fig. 2, and the protocol will be reported follow-
ing the SPIRIT guidelines (Additional file  1). Patients 
will be screened up to 6 weeks prior to treatment at visit 
1, and approximately 350 patients who satisfy the inclu-
sion and exclusion criteria will be randomized 1:1 to 
receive clazakizumab (12.5 mg) or placebo (0.9% weight 
per volume NaCl as a sterile solution) by SC injection 
every 4 weeks (Q4W) until 221 episodes of graft loss 
have occurred. To ensure the integrity of blinding, all 
patients will receive placebo via SC injection, includ-
ing those not receiving SC delivery of standard of care. 
Randomization will be done centrally via an Interac-
tive Response Technology (IRT) using a stratified block 
randomization scheme; only unblinded roles in the 
IRT system will have access to treatment assignment to 

Fig. 1 IMAGINE study design. BL, baseline; cAMR, chronic active antibody-mediated rejection; EOS, end of study; eGFR, estimated glomerular 
filtration rate; Q4W, once every 4 weeks; SC, subcutaneous
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maintain the blinding. Stratification factors will include 
baseline eGFR (25–45 mL/min/1.73  m2 or >45–65 mL/
min/1.73  m2); baseline proteinuria (UACR <300 mg/g 
[<30 mg/mmol] or UACR ≥300 mg/g [≥30 mg/mmol]); 

treatment for early (within 6 months of transplant) 
AMR rejection episodes (yes/no); and treatment for late 
(more than 6 months post-transplant) AMR rejection 
episodes (yes/no).

Fig. 2 IMAGINE study schedule of events for year 1. aAEs occurring during the Screening Period are to be recorded as Medical History. Any AE that 
meets the definition of a SAE must also be reported to CSL Behring (or its delegate: e.g., CRO) within 24 h of site awareness. AE, adverse event; BKV, 
polyoma BK virus; BL, baseline; CBC, complete blood count; CMV, cytomegalovirus; CNI, calcineurin inhibitor; DSA, donor-specific antibodies; EBV, 
Epstein–Barr virus; ECG, electrocardiogram; eGFR, estimated glomerular fibrillation rate; EOT, end of treatment; EQ-5D-5L, EuroQOL-5 dimensions, 
5 levels questionnaire; FACIT, Functional Assessment of Chronic Illness Therapy; hsCRP, high-sensitivity C-reactive protein; IgG, immunoglobulin G; 
IL-6, interleukin-6; KDQoL-36, Kidney Disease Quality of Life 36-Item Short-Form Survey; MFI, mean fluorescence intensity; MMF, mycophenolate 
mofetil; MPA, mycophenolic acid; PCR, polymerase chain reaction; Q4W; once every 4 weeks; SAE, serious AE; SC, subcutaneous; UACR, urine 
albumin-to-creatinine ratio; wk, week
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Baseline assessments will be performed before the 
first dose of investigational drug at day 1 (visit 2). Safety 
monitoring will be conducted prior to dosing, and a post-
treatment follow-up will be carried out monthly for 5 
months after the last treatment dose to monitor adverse 
events (AEs) and pregnancies.

Other interventions
Treatments for the continuum of AMR and TCMR are 
not permitted within 3 months of the start of screening. 
Patients who received these treatments at any time prior 
to that must have both a renal biopsy and DSA testing 
performed after halting/completing treatment to confirm 
eligibility. The following treatments are prohibited for the 
duration of the study: anti-IL-6/IL-6R monoclonal anti-
bodies, eculizumab, intravenous immunoglobulin (IVIg; 
except for treatment of hypogammaglobulinemia during 
the study), mammalian target of rapamycin inhibitors 

(everolimus, sirolimus), plasma exchange (PLEX), protea-
some inhibitors, rituximab, and T-cell-depleting agents.

Permitted concomitant medications include anti-dia-
betic agents, anti-hypertensive agents (e.g., angiotensin-
converting enzyme inhibitors [ACEIs] or angiotensin II 
receptor blockers [ARBs]), azathioprine (recommended 
1.0–2.0 mg/kg/day), belatacept (only if treatment was ini-
tiated prior to screening), calcineurin inhibitors (target 
plasma trough levels of 50–150 ng/mL for cyclosporine 
and 5–8 ng/mL for tacrolimus), low-dose corticosteroids 
(prednisone/prednisolone ≤10 mg/day), and mycophe-
nolate mofetil (MMF; 1.0–1.5 g/day)/mycophenolic acid 
(720–1080 mg/day). If a patient is already on an ACEI or 
ARB, or is starting these drugs, the dose should be stabi-
lized for at least 2 months prior to the screening visit.

All patients will be required to take prophylactic treat-
ment for Pneumocystis jiroveci pneumonia, which will 
consist of 80 mg of trimethoprim daily or 160 mg of 

Table 2 Primary and secondary endpoints

AESI adverse event of special interest, AMR antibody-mediated rejection, BKV polyoma BK virus, CBC complete blood count, CMV cytomegalovirus, DSA donor-specific 
antibodies, EBV Epstein–Barr virus, ECG electrocardiogram, eGFR estimated glomerular fibrillation rate, EOT end of treatment, GI gastrointestinal, hsCRP high-sensitivity 
C-reactive protein, LFT liver function test, MFI mean fluorescence intensity, PCR polymerase chain reaction, PD pharmacodynamic, PK pharmacokinetic, TCMR T-cell-
mediated rejection, TEAE treatment-emergent adverse event, UACR  urine albumin-to-creatinine ratio

Primary endpoint
Time to all-cause graft loss defined as any of:
• Return to dialysis
• Graft nephrectomy
• Re-transplantation
• eGFR <15 mL/min/1.73m2

• Death from any cause
This event-driven endpoint will be analyzed when at least 221 all-cause graft loss events have occurred

Interim efficacy analysis
• Interim Analysis 1: sample size re-estimation when approximately 100 patients have completed 1 year of follow-up
• Interim Analysis 2: eGFR slope will be assessed when approximately 200 patients reach 1 year. The use of change in eGFR to assess risk of graft failure 
in chronic active AMR is based on prior modeling validation [4]

Secondary safety endpoints
1. TEAEs, serious TEAEs, and AESIs
 a. For clazakizumab, the following AESIs have been identified: LFT abnormalities, neutropenia, thrombocytopenia, hyperlipidemia, GI perforations,  
     hypersensitivity and anaphylaxis, malignancy, and opportunistic infections
2. Viral infection monitoring for BKV, CMV, and EBV by PCR
3. Laboratory tests including LFTs, CBC, plasma lipids, hsCRP
4. Vital signs, ECGs, and physical examination
5. Incidence of antibodies to clazakizumab

Secondary efficacy endpoints
1. Incidence and time to death-censored graft loss (defined as return to dialysis, graft nephrectomy, re-transplantation, or eGFR <15 mL/min/1.73  m2 
but excluding death from any cause)
2. Change in mean eGFR from baseline to EOT
3. Change in spot UACR from baseline to EOT
4. Change in DSA titers and MFI scores from baseline to EOT
5. Incidence of acute rejection episodes (TCMR and AMR) from baseline to EOT
6. Change in Banff lesion grading score (2015 criteria of pre-treatment to post-treatment (Week 52) kidney biopsies) [31]
7. Overall patient survival

Secondary PK endpoints
The PK endpoints for a subset of subjects who consent to participate in the PK/PD sub-study will include the following:
1. Maximum concentrations (Cmax, steady state Cmax [Cmax ss])
2. Trough concentrations (Ctrough, steady state Ctrough [Ctrough ss])
3. Area under the concentration-time curve at steady state (AUC 0-tau ss)
4. Time of maximum concentration (Tmax, steady state Tmax [Tmax ss])
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trimethoprim 3 times per week during year 1 (or an alter-
native acceptable agent if already receiving prior to start-
ing the study), and per the discretion of the investigator 
for years 2 to 5 while participating in the study. Treat-
ment of acute TCMR with pulse steroid is permitted, as is 
treatment of cytomegalovirus (CMV) infection with oral 
valganciclovir or intravenous ganciclovir.

Study assessment and endpoint analyses
The primary endpoint will be analyzed on an intention-
to-treat (ITT) basis as time to all-cause graft loss (defined 
as a sustained return to dialysis, graft nephrectomy, re-
transplantation, a sustained eGFR <15 mL/min/1.73  m2, 
or death from any cause); the event-driven endpoint will 
be analyzed when at least 221 all-cause graft loss events 
have occurred over 5 years (Table 2). Based on modeling 
validation in kidney transplant recipients with late AMR, 
this is the first study of chronic AMR treatment that uti-
lizes the eGFR slope as a surrogate endpoint to serve as a 
predictor for all-cause graft loss. As such, an interim effi-
cacy analysis of difference in eGFR slope between treat-
ment groups will be assessed when approximately 200 
patients completed 1 year of follow-up (Interim Analysis 
2) [4]. A sample size re-estimation for Interim Analysis 
2 will be conducted when approximately 100 patients 
have completed 1 year of follow-up (Interim Analysis 
1). A PK/PD sub-study will be performed on a target of 
44 patients; the endpoints are outlined in Table 2. Blood 
samples will be collected for assessment of clazakizumab 
PK in serum and for assessment of PD biomarkers, 
including but not limited to plasma IL-6 levels (total and 
free) and/or serum hsCRP.

Secondary endpoint analyses are outlined in Table  2 
and include the following: incidence and time to death-
censored graft loss; change in mean eGFR from baseline 
to end of treatment; change in spot UACR from baseline 
to end of treatment; change in DSA titers and MFI scores 
from baseline to end of treatment; incidence of acute 
rejection episodes (TCMR and AMR) from baseline to 
end of treatment; change in Banff lesion grading score 
[3] of pre-treatment to post-treatment (week 52) kidney 
biopsies; overall patient survival; and the PK and immu-
nogenicity of clazakizumab in kidney transplant recipi-
ents with chronic active AMR.

The following safety endpoints will be evaluated 
and analyzed using descriptive statistics: treatment-
emergent AEs (TEAEs), serious TEAEs, and AEs of 
special interest (AESI) using MedDRA Version 21 
or later; viral infection monitoring for polyoma BK 
virus (BKV), CMV, and Epstein–Barr virus (EBV) by 
polymerase chain reaction (PCR); laboratory tests 
including liver function tests (LFTs), complete blood 
count (CBC), plasma lipids, and hsCRP; vital signs, 

electrocardiograms (ECGs), and physical examina-
tion; and incidence of anti-clazakizumab antibodies. 
Two interim safety reviews will also be conducted once 
approximately 50 and 100 patients have received at least 
one dose of treatment. These safety analyses overlap 
with the planned interim efficacy analyses; subsequent 
safety reviews may be conducted at the discretion of the 
Data and Safety Monitoring Board (DSMB).

Dose selection, modification, and discontinuation
Dosing modification, withholding, or discontinuation of 
clazakizumab, and/or modification of background immu-
nosuppression (such as MMF) will be required for abnor-
mal LFTs; neutrophil and platelet counts; viral infection 
with BKV, CMV, and EBV; and hypogammaglobulinemia, 
according to defined criteria. Suggested dose reductions 
based on viral load are stated in the protocol. If treatment 
is withheld for ≥3 consecutive doses because of an AE, 
the medical monitor should be consulted to consider per-
manently discontinuing the investigational drug. Patients 
who discontinue treatment because of an AE and who 
have not reached an endpoint of graft loss or death will 
continue in the study and continue to comply with the 
protocol.

Blinding
To maintain blinding, an unblinded pharmacist/qualified 
personnel at each investigational site will dispense either 
clazakizumab or placebo into identical syringes, accord-
ing to each subject’s randomized treatment allocation. In 
addition, the DSMB will conduct all interim analyses.

If an AE occurs and requires the subject’s investiga-
tional product allocation to be revealed to manage the 
subject’s condition and/or for regulatory reporting of 
a suspected unexpected serious adverse reaction, the 
blinding code for that subject may be broken by the 
investigator or the sponsor’s medical monitor and the 
treatment identified.

Statistical analyses
The primary efficacy endpoint will be analyzed using 
the Kaplan–Meier method to compare the median 
time-to-event between each treatment arm. Incidence 
and hazard ratios will also be presented. To assess the 
robustness of the primary efficacy analysis, the primary 
efficacy variable will be repeated in sensitivity analyses 
using the per-protocol set. The analysis of the primary 
endpoint when at least 221 all-cause graft loss events 
have occurred assumes (a) a rate of all-cause graft 
survival of 23% for the placebo arm over a period of 
approximately 5 years; (b) at least 221 graft loss events 
will be required to provide 80% power to detect a 31% 
reduction in the relative risk of graft loss compared with 
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the placebo group, assuming clazakizumab can reduce 
the slope of eGFR decline by 50%; and (c) a relative risk 
reduction of 31% would improve the 5-year graft sur-
vival rate from 23 to 37%. Approximately 350 subjects 
will be enrolled to allow for 10% loss to follow-up or 
withdrawals.

The interim efficacy endpoint of eGFR slope at 1 year 
will be analyzed using a “mixed model repeated meas-
ures” approach. The model will include terms for treat-
ment, stratification factors, baseline eGFR, and other 
pre-defined covariates.

For those in the PK/PD sub-study, data will be listed 
and summarized by nominal timepoint. The PK parame-
ters will be derived by non-compartmental analysis using 
WinNonLin® version 5.2 (or higher) and will be summa-
rized descriptively. Safety endpoints will be presented 
using descriptive statistics.

The ITT population will consist of all subjects who 
have received at least one dose of the drug and had a 
baseline and at least one post-baseline assessment. The 
per-protocol set will consist of all subjects who satisfy 
the ITT criteria and have no major protocol deviations 
that impact the primary efficacy endpoint for the final or 
interim analysis.

Sample size and power
The sample size was based on data obtained from the 
modeling exercise [4]. Assuming a rate of all-cause allo-
graft survival of 23% for the placebo arm over a period 
of approximately 60 months, at least 221 allograft loss 
events (expected to accrue in 316 subjects) will be 
required to provide 80% power (two-sided alpha of 0.05) 
to detect a 31% reduction in the relative risk of allograft 
loss in the clazakizumab group compared with the pla-
cebo group, assuming clazakizumab can reduce the 
slope of eGFR decline by 50%. A relative risk reduction 
of 31% would improve the 5-year graft survival rate from 
23 to 37%. Approximately 350 subjects (175 per group) 
will be enrolled to allow for 10% loss to follow-up and 
withdrawals. Strategies to improve enrollment include 
both decreasing the screen failure rate and increasing 
the number of active sites for recruitment. This will be 
achieved through focused site outreach and retraining, 
as well as increasing the number of countries and sites to 
allow for more international recruitment of subjects into 
the study.

Status
International recruitment is ongoing across sites in North 
America, Europe, Asia, and Australia. The COVID-19 
pandemic has had an impact on recruitment, given the 
study-wide shutdown of site activity during the pandemic 
in March 2020. In light of this, and in order to minimize 

the risk to study patients, the protocol was revised to 
include COVID-19 PCR testing at screening, and an 
additional exclusion criterion was added to exclude sub-
jects with an active COVID-19 infection. There is an 
option for home health visits, and patient concierge ser-
vices are currently being explored with the aim of reduc-
ing the burden and improving retention of study subjects.

Steering committee

– DSA Central Laboratory—Denise Pochinco and 
Peter Nickerson: confirmed patient eligibility to 
ensure DSA were present.

– Central Renal Pathology—Michael Mengel: con-
firmed patient eligibility to ensure chronic active 
AMR was present and the primary etiology for kid-
ney dysfunction.

– Independent Data Monitoring Committee/DSMB—
Jeremy Chapman (chair); Bruce Kaplan, Alain Jar-
dine, Michael Ison, Simon Day (all members), and 
Hallvard Holdaas (former member): independent 
oversight of the trial to ensure trial integrity and 
patient safety.

– Steering Committee—Peter Nickerson (Chair); 
Roslyn Mannon, Arjang Djamali, Deepali Kumar, 
Teun van Gelder, Georg Boehmig, and Steve Chad-
ban (all members): to provide study execution and 
oversight and to serve as patient experts during trial 
execution.

Dissemination plan
Trial findings will be disseminated at national and inter-
national scientific meetings, by publication in a scientific 
journal, and through submission of the results to trial 
registration databases. Authorship for all trial publica-
tions will be based on criteria formulated by the Interna-
tional Committee of Medical Journal Editors, available at 
www. icmje. org.

Additionally, results will be disseminated to study 
patients, study staff, clinicians, and patient groups via 
direct approaches, and a variety of traditional and elec-
tronic media.

Discussion
The IMAGINE study represents the first Phase 3 clinical 
trial investigating the safety and efficacy of clazakizumab 
in kidney transplant recipients with chronic active AMR, 
and the largest placebo-controlled trial in this patient 
population. As there are no approved drugs for the treat-
ment of chronic active AMR, the findings of this study 
will be fundamental in helping to address the unmet need 

http://www.icmje.org
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for novel therapies, given that AMR is a major cause of 
graft loss and burden of disease.

The primary efficacy endpoint in the IMAGINE study 
is time to all-cause composite graft loss, defined as a sus-
tained return to dialysis, graft nephrectomy, re-trans-
plantation, a sustained eGFR <15 mL/min/1.73  m2, or 
death from any cause. One of the challenges in evaluat-
ing late-stage transplant rejection is the need for sub-
stantial follow-up periods; consequently, eGFR slope has 
been included in this study as a reasonably likely surro-
gate endpoint for assessing risk of all-cause graft loss, 
based on data in both chronic kidney disease (CKD) and 
chronic active AMR [4, 35–38].

Surrogate endpoints are important for kidney trans-
plantation trial design as they enable long-term clinical 
outcomes to be predicted at earlier time points [39]. As 
a key feature of a surrogate endpoint, decline in eGFR 
reflects the clinical consequence of chronic active AMR 
and is routinely relied upon in clinical practice to evalu-
ate kidney function [4, 36]. eGFR slope has been evalu-
ated in CKD; it has already been used as a surrogate for 
deterioration in kidney function and for defining kid-
ney failure [35] and has been shown to be associated 
with clinical outcome [38] and CKD progression [37]. 
eGFR declines of 40 and 30% have also been accepted 
by the Food and Drug Administration (FDA) as a basis 
for drug approval of therapies intended to treat com-
mon and rare CKDs, respectively [38]. Recent modeling 
data in patients with active or chronic active AMR have 
demonstrated that both eGFR at diagnosis and change in 
renal function (eGFR slope) at 1 year post-diagnosis were 
independently associated with death-censored graft loss 
[4]: a 50% improvement in the slope of monthly eGFR 
decline at 12 months predicted an event-free survival 
rate of 44% at 5 years. These data support the potential 
utility of eGFR as a surrogate endpoint for assessing risk 
of all-cause graft loss (including both patient death and 

graft loss) in pivotal clinical trials for late AMR therapies. 
Routine site monitoring and monitoring oversight proce-
dures are established. This includes the Clinical Research 
Associate, who will ensure that sites have the current lab-
oratory supplies for appropriate testing; the Clinical Trial 
Educator who is responsible for targeted site retraining; 
and the unblinded teams at both CSL Behring and ICON 
who manage the drug accountability requirements.

In addition to the incorporation of eGFR slope at 1 
year as a reasonably likely surrogate endpoint for graft 
loss, the design of the IMAGINE study has a number of 
other unique features, which are summarized in Table 3. 
Crucially, this study is the only Phase 3 trial underway 
in chronic active AMR after kidney transplantation, and 
the SC route and Q4W administration open the possi-
bility for allowing self-administration at home for these 
patients, removing the need for infusion centers for this 
therapeutic intervention. This also increases the chance 
of long-term adherence to treatment.

The study also comes with potential limitations and 
challenges. The selection criteria may limit generaliz-
ability to the wider chronic AMR patient population 
that may include patients with histologic chronic active 
AMR without HLA DSA, nephrotic-range proteinu-
ria or rapidly declining kidney function. The inclusion 
and exclusion criteria aim to include as homogenous 
a chronic active AMR population as possible and to 
exclude patients with advanced disease that is likely to 
be irreversible regardless of therapy. In addition, the risk 
of disease rebound (during treatment pauses or at study 
completion) should be monitored closely.

The results of the IMAGINE study will be informa-
tive for the management of kidney transplant recipients 
with chronic active AMR. The current standard of care 
is based on inconclusive data from small, poorly con-
trolled studies, so these therapies have had mixed results 
[41–45]: many centers use a combination of apheresis 

Table 3 Unique features of the IMAGINE study

AMR antibody-mediated rejection, cg chronic glomerulopathy, DSA donor-specific antibodies, eGFR estimated glomerular fibrillation rate, FDA Food and Drug 
Administration, HLA human leukocyte antigen, Q4W once every 4 weeks, SC subcutaneous, TCMR T-cell-mediated rejection

The design of the IMAGINE study has a number of unique features:
• The study includes prognostic biomarker enrichment—Banff (cg) >0 with HLA DSA.
• The study uniquely incorporates a reasonably likely surrogate endpoint for all-cause graft loss: eGFR slope at 1 year, which may accelerate the 
approval of a novel therapy for patients at risk of graft loss. Identifying an early surrogate endpoint is a major challenge and this represents a first in 
kidney transplantation [40]
• IMAGINE is the only Phase 3 trial underway in chronic active AMR after kidney transplantation.
• Crucially, the study follows patients through to the clinical endpoint of all-cause graft loss to fully evaluate the clinical potential of clazakizumab.
• Sample size re-estimation when approximately 100 patients have completed 1 year of follow-up will ensure the surrogate endpoint trial is appropri-
ately powered.
• IMAGINE has been accepted by the FDA as a single study for approval, which is unusual for the transplant therapy area.
• The uniqueness of the SC route and Q4W administration opens the possibility for delivering home care for these patients, removing the need for 
infusion centers for this therapeutic intervention.
• Treatment with clazakizumab is a sustained regime, akin to treatments for autoimmune diseases, rather than the typical short course nature of cur-
rent AMR and TCMR regimes.
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(PLEX, immunoadsorption [used in some European 
countries]), and IVIg) +/− rituximab, based on low-
level evidence of effectiveness. Recently, bortezomib, 
which targets alloantibody-producing plasma cells, has 
been investigated in late AMR in the randomized, pla-
cebo-controlled BORTEJECT trial, but did not demon-
strate clear evidence of a treatment effect. The difference 
detected between bortezomib and placebo in eGFR 
slope (primary endpoint) and 2-year graft survival was 
not significant [46]. The bortezomib-treated group also 
lacked improvements in histologic or molecular disease 
features, and DSA levels were not reduced; in addition, 
there was substantial toxicity [46].

The findings of the IMAGINE study will build on 
results from Phase 2 studies that have demonstrated 
promising results with clazakizumab, alongside man-
ageable tolerability profiles. Importantly, a small Phase 
2 study of clazakizumab (25 mg SC Q4W) in kidney 
transplant recipients with late AMR (including 90% 
of patients exhibiting chronic active AMR) suggests 
early down modulation of DSA, a significant improve-
ment in eGFR decline compared with placebo, and a 
manageable safety profile consistent with other IL-6 
pathway inhibitors. In this study, clazakizumab treat-
ment was associated with a 60% improvement in eGFR 
slope decline during a 3-month randomized, placebo-
controlled study (NCT03444103; N=20), and the mean 
slope of eGFR differed significantly between the clazak-
izumab and placebo groups (−0.96 versus −2.43 mL/
min/1.73  m2/month; P=0.04). Patients who switched 
from placebo to clazakizumab in the 40-week open-
label extension demonstrated significant improvement 
in mean eGFR slope (P<0.001) in comparison with the 
initial 3-month study phase; within 12 weeks, clazaki-
zumab decreased DSA MFI to a median of 77% from 
baseline versus placebo (103%; P=0.035). Prolonged 
clazakizumab treatment also demonstrated a significant 
decrease in molecular AMR (P=0.020) and “all rejec-
tion” scores (P=0.037) as per kidney biopsy at 51 weeks 
[20]. These findings were supported by the results of a 
Phase 1/2 single-center study (NCT03380377; N=10), 
which showed stabilization of renal function and 
improvements in DSA relative intensity scores after 18 
months of therapy [21]. In light of this, IMAGINE will 
be the first study of chronic AMR immunosuppression 
to use eGFR slope as a surrogate endpoint to allow early 
prediction of all-cause graft loss.

In conclusion, chronic active AMR is a major cause 
of graft loss, with no effective treatments, and there is 
a lack of clinical data to support treatment decisions. 
The Phase 3, multicenter, double-blind IMAGINE study 
will evaluate the safety and efficacy of clazakizumab 
for the treatment of chronic active AMR in kidney 

transplant recipients; if successful, this pivotal trial has 
the potential to provide the first approved therapy for 
these patients. This trial includes prognostic biomarker 
enrichment (Banff cg >0 with HLA DSA), and uniquely 
incorporates a surrogate endpoint for graft loss (eGFR 
slope at 1 year), which may accelerate the approval of a 
novel therapy for patients at increased risk for graft loss.
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