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Voclosporin (VCS, ISA247) is a novel calcineurin in-
hibitor being developed for organ transplantation.
PROMISE was a 6-month, multicenter, randomized,
open-label study of three ascending concentration-
controlled groups of VCS (low, medium and high)
compared to tacrolimus (TAC) in 334 low-risk renal
transplant recipients. The primary endpoint was
demonstration of noninferiority of biopsy proven acute
rejection (BPAR) rates. Secondary objectives included
renal function, new onset diabetes after transplan-
tation (NODAT), hypertension, hyperlipidemia and
pharmacokinetic–pharmacodynamic evaluation. The
incidence of BPAR in the VCS groups (10.7%, 9.1%
and 2.3%, respectively) was noninferior to TAC (5.8%).
The incidence of NODAT for VCS was 1.6%, 5.7% and
17.7% versus 16.4% in TAC (low-dose VCS, p = 0.03).
Nankivell estimated glomerular filtration rate was re-
spectively: 71, 72, 68 and 69 mL/min, statistically lower
in the high-dose group, p = 0.049. The incidence of
hypertension and adverse events was not different be-
tween the VCS groups and TAC. VCS demonstrated an
excellent correlation between trough and area under
the curve (r2 = 0.97) and no difference in mycophenolic
acid exposure compared to TAC. This 6-month study
shows VCS to be as efficacious as TAC in preventing
acute rejection with similar renal function in the low-
and medium-exposure groups, and potentially associ-
ated with a reduced incidence of NODAT.
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Introduction

Calcineurin inhibitors remain the cornerstone of immuno-
suppression after renal transplantation despite a toxicity
profile that includes hypertension, hyperlipidemia, neuro-
toxicity, new onset diabetes after transplantation (NODAT)
and nephrotoxicity. Most of the clinical trials investigat-
ing the avoidance or early elimination of calcineurin in-
hibitors after renal transplant have been associated with
an increased risk of rejection or an increase in adverse
events (AEs; Refs 1–3). In addition, evolving data indicate
that late graft failure may be attributed to ongoing immuno-
logic injury (4,5). Thus, the development of new calcineurin
inhibitors with reduced toxicities and retained or enhanced
efficacy would offer an alternative to improve clinical
outcomes after transplantation.
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Voclosporin (VCS, ISA247; Isotechnika Pharma Inc.,
Edmonton, Alberta, Canada) is a novel calcineurin inhibitor,
developed using a pharmacodynamic, approach, for use
in autoimmune disease and solid organ transplantation.
The addition of one carbon molecule at the amino acid-
1 residue of cyclosporine (CsA) enhances binding of the
VCS–cyclophilin complex to calcineurin and leads to faster
elimination of the major metabolites of VCS. This results
in an increase in potency and a lower drug and metabo-
lite load leading to a more consistent pharmacokinetic–
pharmacodynamic (DK/PD) relationship and enhanced cal-
cineurin inhibition (CNI) compared with CsA (6–8). A pre-
vious phase-2a conversion study in stable renal transplant
patients confirmed efficacy and tolerability (9). Phase-2/3
studies using VCS in plaque psoriasis patients have also
demonstrated efficacy with minimal nephrotoxicity (10,11).

The primary objective of this 6-month concentration con-
trolled dose-ranging study was to demonstrate noninfe-
riority of at least one of three dosing groups of VCS in
preventing acute rejection compared to tacrolimus (TAC)
after renal transplantation.

Methods

Design

The PROMISE study was a 6-month, open-label, randomized, parallel-group,
multicenter, dose-ranging phase 2b study of VCS after de novo renal trans-
plantation compared to an active control group receiving a TAC-based im-
munosuppressive regimen considered to be the standard of care by most
of the US and Canadian centers. Three trough concentration–adjusted ex-
posure ranges of VCS were studied. The randomization ratio to one of the
four treatment groups was 1:1:1:1. The study was conducted at 36 US and
4 Canadian sites.

Subjects

PROMISE was open to adult recipients of a first deceased or living donor
renal transplant. Key exclusion criteria included receipt of an HLA-identical,

living-related transplant, cold ischemic time greater than 24 h, and peak
panel reactive antibodies greater than 30%. Other exclusion criteria in-
cluded recipients of multiple grafts; patients with active systemic evidence
of or known HIV, HBV or HCV infection; malignancy within 5 years or lym-
phoma at any time; triglycerides greater than or equal to threefold ULN and
previous exposure to VCS. Use of nephrotoxic medications was not allowed,
and medications affecting drug metabolism were used upon discussion
with the independent medical monitor. Center-specific standard prophy-
laxis against cytomegalovirus (CMV) and/or pneumocystis pneumonia (PCP)
infection was permitted including use of trimethoprim–sulfamethoxazole.
Male and female patients were required to practice effective contraception
during the conduct of the study.

Interventions

All patients received induction immunosuppression with an anti-CD25 anti-
body (as per package insert), mycophenolate mofetil (MMF; 1 g orally twice-
daily adjusted for AEs) and steroids (intraoperative: methylprednisolone
200–500 mg, posttransplant standard of care taper to at least 5 mg/day
by day 60) in addition to either VCS or TAC. Only patients with established
renal function (as demonstrated by urine output of at least 40 mL/h and
a decline of creatinine of at least 15% from baseline during the first 24 h
posttransplant) were randomized. The first dose of VCS or TAC was given
within 24 h of transplantation, with VCS initiated at 0.4, 0.6 or 0.8 mg/kg
b.i.d. by treatment group. TAC dose and target trough levels were as per
package insert. Target trough levels for each group are shown in Figure 1.
Use of immunosuppressive medications other than those described earlier
was prohibited.

Objectives—criteria for evaluation

The primary objective of the PROMISE trial was to demonstrate noninferior-
ity of biopsy proven acute rejection (BPAR) rate in de novo renal transplant
patients at 6 months in at least one VCS treatment group. Secondary effi-
cacy objectives included determination of patient and graft survival, and a
composite of BPAR, graft loss, death, or lost to follow up. Key secondary
safety objectives included evaluation of renal function, hypertension, hy-
perlipidemia, overall tolerability of VCS and NODAT using 2003 American
Diabetes Association (ADA) guidelines (12). Other safety measures included
incidence of AEs, serious AEs, opportunistic infections and malignancies,
vital sign measurements, clinical laboratory results, physical examinations
and ECGs.

Figure 1: Voclosporin and tacrolimus

whole blood trough concentrations versus

time (mean ± 95% CI). A dose titration
occurred at month 3. Shaded areas correspond
to the respective target trough concentrations
for each dose group (top table shows target
trough concentrations).
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An additional secondary objective was the determination of the PK/PD
relationship between VCS trough concentration (C0) and clinical outcome.
In a subset of patients who participated in the PK/PD portion of the study,
a sample was drawn before study drug administration to assess baseline
calcineurin levels. Blood samples were then taken at 0 (predose), 1, 2 and
4 h postdose at days 5, 28 and months 3 and 6 for the assessment of PK
and PD. Samples were analyzed for VCS (parent drug and metabolites) or
TAC levels, mycophenolic acid (MPA), and MPAG, calcineurin activity and
inosine-5-monophosphate dehydrogenase inhibition. The PK/PD portion of
the study included 138 patients (26, 32, 41 and 39 in the VCS low, mid, high
and TAC arms, respectively). The same inclusion/exclusion criteria were
applied to the PK/PD subgroup as for the overall trial.

Diagnosis of acute rejection

An acute rejection episode was initially suspected by the investigator us-
ing clinical signs and serum creatinine values. A core renal biopsy was
obtained within 24 h of the start of antirejection therapy, unless medically
contraindicated. All biopsies performed were interpreted by a local pathol-
ogist according to Banff 97 criteria for renal allograft rejection (13). Patient
management was based on local biopsy interpretation. Subsequently, biop-
sies were read by a blinded central pathologist whose interpretation defined
rejection as an endpoint (BPAR).

Assessment of renal function

The estimated glomerular filtration rate (eGFR; Nankivell and MDRD equa-
tions) and calculated creatinine clearance (CrCl; Cockcroft–Gault formula)
was assessed at each visit. The eGFR measurements were performed by
the central laboratory.

Diagnosis of NODAT

In patients who were not previously diagnosed as diabetic, NODAT was
defined a priori as fasting plasma glucose ≥126 mg/dL (7.0 mmol/L),
a 2-h value in an oral glucose tolerance test (2-h PG) ≥200 mg/dL
(11.1 mmol/L), or a random (or “casual”) plasma glucose concentration
≥200 mg/dL (11.1 mmol/L) in the presence of symptoms after the first 15
days posttransplant. The diagnosis of NODAT was confirmed on a subse-
quent day by measuring fasting plasma glucose, 2-h postprandial glucose or
random plasma glucose (if symptoms are present). This testing was done
locally.

Sample size and power estimation

Noninferiority of VCS compared to TAC was based on the rate of BPAR.
The sample size was determined holding the probability of a type-I error at
a = 0.05, and the power at 0.76. The rate of BPAR at 6 months posttrans-
plant was assumed to be 0.20 in the control arm, and the noninferiority
margin was chosen to be –0.15 as representing the largest clinical differ-
ence that is considered acceptable. Based on these calculations, a sample
size for this phase-2b trial is determined to be 76 subjects in each dose
group or a total of 304 patients. Assuming a 10% dropout rate during the
study, ∼332 subjects were to be proportionally randomized in this study.

Statistical analysis

The intent-to-treat (ITT) analysis set was defined as all randomized patients.
All efficacy and safety evaluations were based on the ITT analysis set. Using
a one-sided 95% confidence interval, the 6-month BPAR rate (including
patients lost-to-follow up) in each treatment group was used to calculate an
estimate of the difference in rates between each VCS treatment group and
TAC treatment group, combining across pooled investigative center strata
using a weighting based on the number of patients in each of the pooled
center strata.

The Cochran–Mantel–Haenszel general association test stratified by pooled
center was utilized to assess the overall comparability of the treatment
group success rates at each visit for the secondary efficacy measurements.
Repeated measures of analyses of variance (ANOVAs) were conducted

to assess treatment group differences over time, as well as analyses of
covariance (ANCOVAs) with Day 1 renal function as covariate.

All statistical analyses were performed with the SAS statistical software
package (version 8.2; SAS Institute Inc., Cary, NC, USA). Unless otherwise
described, statistical tests were all two-sided (a ≤ 0.05).

Post hoc analysis of exposure–outcomes relationships were as follows:

A nonmechanistic PK/PD model was used to describe the relationship be-
tween drug trough concentration and the clinical outcome of NODAT. All
C0 values including those drawn outside of defined visit windows were
included in the analysis. The incidence of NODAT stratified by the high-
est C0 concentration measured between day 5 and 90. The C0–NODAT
relationship was based on a sigmoid Emax pharmacodynamic model:

E = Emax − Cc
(
Cc + ECc

50

) , (1)

where E is the incidence of NODAT, Emax is the maximum incidence of
NODAT, C is the whole blood trough concentration, EC50 is the drug con-
centration that causes 50% of the maximum effect and c is the slope of the
curve. Goodness-of-fit was assessed using correlation coefficient, visual in-
spection of the residuals, standard error of the mean, Akaike Information
Criterion and Schwarz Bayesian Criterion. Comparison of mean trough con-
centration in VCS-treated patients demonstrating BPAR and NODAT was
performed using the Welsh two-sample t-test. Freedom from BPAR and in-
cidence of NODAT were analyzed by time-to-event (Kaplan–Meier) analysis
and the log-rank test statistic used to compare between both treatment
groups. Post hoc PK/PD analyses were performed in WinNonlin Profes-
sional v5.3 (Pharsight Corporation, St. Louis, MO, USA), GraphPad Prism v4
(GraphPad Software, Inc., La Jolla, CA, USA) and R v2.11.1 R (Foundation
for Statistical Computing, Vienna, Austria).

Ethical conduct of the study

The study protocol was approved by an institutional review board or ethics
committee at each study site, and all patients signed written informed
consents at the screening visit. The principal investigator at each institution
ensured that this study fully adhered to the principles outlined in guideline
for good clinical practice (GCP) International Conference on Harmonization
(ICH) Tripartite Guideline (January 1997) which is based on the principles of
the Declaration of Helsinki (1996). The trial is registered at ClinicalTrials.gov,
number NCT00270634.

Results

Patients

A total of 334 de novo renal transplant patients were re-
cruited in 36 US and 4 Canadian sites between January
2006 and December 2007. Patient characteristics by treat-
ment group are provided in Table 1 and Figure 2. The
four groups were similar with respect to demographic and
baseline characteristics with the exception of a higher pro-
portion of deceased donors in the high-dose VCS group
compared to TAC (p < 0.05). Overall, 83% of the initially
randomized patients completed the trial (Figure 2).

Analysis of efficacy

Acute rejection: There were no differences in the use
of IL-2 inhibitor, cumulative MMF dosing or corticosteroid
dosing between groups (Table 2). All three VCS treatment
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Table 1: Patient and donor demographics of subjects enrolled in study1

VCS low VCS mid VCS high Tacrolimus standard
(N = 84) (N = 77) (N = 87) dose (N = 86)

Recipient age (years; mean ± SD) 48 ± 13 47 ± 11 48 ± 12 45 ± 13
Recipient gender (male) 61% 68% 72% 64%
Recipient race (African American) 21% 16% 15% 12%
Diabetes mellitus pre-Tx 26% 31% 29% 22%
Primary cause of ESRD

HTN 19% 18% 20% 17%
Diabetes mellitus 17% 18% 18% 15%
PCKD 16% 17% 14% 13%
GN 17% 13% 14% 19%

Time on dialysis pre-Tx (months; mean ± SD) 32 ± 26 28 ± 21 33 ± 26 28 ± 28
HLA mismatches (mean ± SD) 4 ± 2 4 ± 2 4 ± 2 3 ± 2
CMV mismatch2 16% 23% 20% 13%
% Deceased donors 41% 38% 43%3 28%
T-cell crossmatch (+) 1.2%4 0.0% 0.0% 0.0%
Cold ischemic time (hours; mean ± SD)

Deceased donors 15 ± 6 16 ± 6 16 ± 6 14 ± 7
Living donors 2 ± 1 2 ± 2 2 ± 2 2 ± 2

Tx = transplant; VCS = voclosporin; HTN = hypertension; PCKD = polycystic kidney disease; GN = glomerulonephritis; CMV = cy-
tomegalovirus. CMV mismatch defined as donor positive /recipient negative.
1Intent-to-treat analysis set.
2Mismatch = donor+/recipient–.
3Significantly different from tacrolimus; p < 0.05.
4Retrospective positive crossmatch.

n = 62 
COMPLETED 

n = 81 
COMPLETED 

n = 5 
WITHDRAWN 

n = 22 
WITHDRAWN 

AEs (2) 
Elevated LFTs (1) 
Noncompliance (1) 
Other (2) 
PI withdrew patient (1) 
Polyoma virus  (1) 
Prohibited medications (1) 
Patient withdrew consent (2) 
 Rejection (11) 

n = 64 
COMPLETED 

n = 17 
WITHDRAWN

n = 70 
COMPLETED

AEs (1) 
BK nephropathy (1) 
Misrandomization (1) 
PI withdrew patient (1) 
Patient withdrew consent (3) 
Rejection (6) 

AEs (1) 
CNI toxicity (1) 
Death (1) 
Misrandomization (4) 
Other (2) 
PI withdrew patient (2) 
Rejection (3) 
SAEs (2) 
Serum Creatinine (1)

Death (2) 
Misrandomization (1) 
Patient withdrew consent (1) 
Rejection (1) 

PATIENTS RANDOMIZED 
n = 334 

Standard Dose TAC       
n = 86     

High Dose VCS           
  n = 87       

Mid Dose VCS             
n = 77      

Low Dose VCS          
n = 84 

n = 13 
WITHDRAWN 

N = 415 
Reasons Reported for Screen Failures 

CIT > 24 hrs (2) HIV, HVB or HCV + (1) Iodine allergy (1) 
LFTs (1) Non-compliant (1) Not primary transplant (2) 
Peak PRA > 30% (2) Prohibited Meds (5) Other (9) 
Urine output <40 mL/hr  Serum Creatinine  Triglycerides (1) 
within 4 hrs pre-rand. (8) decrease < 15% (47) 

Figure 2: CONSORT flow chart for study group disposition.
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Table 2: Concomitant immunosuppressive dosing1

VCS low (N = 84) VCS mid (N = 77) VCS high (N = 87) Tacrolimus standard dose (N = 86)

IL-2 Receptor antibody use
Simulect 74% 70% 71% 73%
Zenapax 24% 29% 25% 26%

Cumulative MMF dose (grams;
mean ± SD)

288 ± 124 317 ± 88 301 ± 110 300 ± 80

Cumulative corticosteroid dose
(mg; mean ± SD)

Day 1–59 2050 ± 724 2038 ± 690 2004 ± 834 1959 ± 530
Day 60–180 1176 ± 1062 933 ± 901 964 ± 650 864 ± 457
1Intent-to-treat analysis set.

groups demonstrated noninferiority to TAC in incidence
of BPAR at 6 months. Ascending concentration ranges
of VCS were associated with reduction in the percent-
age of treated patients experiencing BPAR: 10.7%, 9.1%
and 2.3%, respectively, for the low-, mid- and high-VCS
groups, compared to TAC at 5.8% (Table 3). The mid-
VCS group had a significantly different distribution of rejec-
tion severity compared to the TAC group (6.5% and 2.6%
vs. 0% and 5.8% for Banff grade I and II, respectively,
p = 0.04). There were no statistically significant differences
among groups in freedom from acute rejection at day
28, month 3 and month 6 posttransplant in the ITT analysis
set.

Patient and graft survival

Two patients died in the TAC treatment group, one of a
cardiac arrest 105 days after transplant and one from a
retroperitoneal hemorrhage 6 days after transplant. One pa-
tient in the high-VCS treatment group died due to urosep-
sis 48 days after transplant. No significant differences were
found in graft survival at 6 months posttransplantation be-
tween any of the VCS treatment groups and the TAC treat-
ment group in the ITT analysis set (Table 3).

Safety and Tolerability

Renal function

Nankivell eGFR was 71, 72, 68 and 69 mL/min respec-
tively, with a statistical difference between the high-VCS
treatment group and TAC (p = 0.049; Table 4). The differ-
ence in renal function seen at the high dose was also seen
in the other methods of assessing renal function.

Cardiovascular risk profile

The incidence of NODAT was significantly lower at 6
months posttransplantation in the low-VCS treatment
group compared to the TAC treatment group (1.6% vs.
16.4%, respectively, p = 0.031), and numerically lower
with the mid group (5.7%). The incidence of NODAT in-
creased with ascending VCS exposure and was similar for
TAC and the high-VCS treatment group. The number of pa-
tients requiring hypoglycemic treatment was higher in the
TAC group than any of the VCS groups (Table 5).

There were no significant differences in mean total choles-
terol, triglycerides, high-density lipoprotein (HDL) or low-
density lipoprotein (LDL) levels between groups at any

Table 3: Incidence of acute rejection according to study groups at 6 months posttransplantation1

Tacrolimus standard
VCS low (N = 84) VCS mid (N = 77) VCS high (N = 87) dose (N = 86)

Central BPAR 9 (10.7%) 7 (9.1%) 2 (2.3%) 5 (5.8%)
Noninferiority supported

(UB < 15%)
Yes Yes Yes

3-month freedom from AR
(Kaplan–Meier estimate:
95% CI)2

92.4% (83.8%, 93.6%) 95.9% (87.9%, 98.7%) 97.4% (90.1%, 99.4%) 95.3% (87.9%, 98.2%)

6-month freedom from AR
(Kaplan–Meier estimate:
95% CI)2

88.1% (78.2%, 93.6%) 90.2% (80.6%, 95.2%) 97.4% (90.1%, 99.4%) 94.0% (86.3%, 97.5%)

Graft survival 100% 100% 98.9% 97.7%
Patient survival 100% 100% 98.9% 97.7%
Banff grade I3 4 (4.8%) 5 (6.5%)4 0 (0%) 0 (0%)
Banff grade II 4 (4.8%) 2 (2.6%)4 2 (2.3%) 5 (5.8%)

UB = upper bound; BPAR = biopsy proven acute rejection.
1Intent-to-treat analysis set.
2p-Value = NS.
3Banff grade determined by Central Pathology.
4Grade of rejection compared to tacrolimus, p = 0.039.

American Journal of Transplantation
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Table 4: Renal function according to study groups at 6 months posttransplantation1

VCS low VCS mid VCS high Tacrolimus standard
(N = 84) (N = 77) (N = 87) dose (N = 86)

Nankivell eGFR (mL/min) 71 ± 13 72 ± 12 68 ± 132 69 ± 29
MDRD calculated eGFR (mL/min/1.73m2) 59 ± 15 59 ± 12 54 ± 122 60 ± 12
Cockcroft–Gault CrCl (mL/min) 74 ± 21 79 ± 20 71 ± 232 79 ± 22
Serum creatinine (lmol/L) 122 ± 29 123 ± 22 131 ± 302 120 ± 26

eGFR = estimated glomerular filtration rate; CrCl = creatinine clearance.
1Intent-to-treat analysis set; mean ± SD.
2Significantly different from tacrolimus; p < 0.05 (2-way ANOVA of ranked data).

time-point throughout the study (Table 5). Fewer patients
in the low-VCS treatment group had hypertriglyceridemia
at 6 months (18% vs. 39%, p = 0.016). There were no
significant differences in treatment of hyperlipidemia be-
tween VCS and TAC treatment groups within 6 months
posttransplant.

No clinically significant pattern was observed in the oc-
currence, severity, or treatment of hypertension between
each of the three VCS treatment groups and the TAC treat-
ment group (Table 5). Patients in the VCS low-treatment
group had a slight, but significant, increase in systolic blood
pressure compared to the TAC treatment group. Over-
all, fewer than 36% of patients had blood pressure read-
ings above 140 mmHg systolic or blood pressure above
90 mmHg diastolic 6 months posttransplantation.

Adverse events

One or more AEs were experienced by 82% of all patients;
the incidence of AEs was similar among all four treatment
groups and no specific safety concern was raised. Study
drug–related AEs that occurred in at least 5% of patients
are noted in Table 6. The number of patients that were
withdrawn prematurely in each of the three VCS groups

was higher compared to the TAC comparator group (22,
13, 17 vs. 5). Most related AEs were moderate or mild
in intensity. Diarrhea was reported more frequently in the
TAC treatment group as an AE. The neurological AE fre-
quency including tremors and insomnia was reduced after
3 months posttransplant in all the VCS treatment groups
(reduction of 33%) but remained unchanged in the TAC
group. Abnormal hair growth was reported in <10% of pa-
tients and was mild. Gingival hyperplasia was infrequently
reported.

Significant infections occurred in 18%, 18% and 28% for
the low-, mid- and high-VCS treatment groups, respectively,
compared to 19% in the TAC group. Most were reported
to be mild to moderate in severity, and there were no dif-
ferences between each of the three VCS treatment groups
and the TAC treatment group in the number of infections
per patient. The incidence of CMV or polyoma virus infec-
tion was low (0–3%) in all treatment groups throughout
the study.

Pharmacokinetic and pharmacodynamic studies

C0 data was available on all patients as it was required
for titration to target concentration ranges. Figure 1

Table 5: New onset diabetes after transplantation (NODAT), lipids, hypertension and chemistry profiles according to study groups at 6
months posttransplantation1

VCS low VCS mid VCS high Tacrolimus standard dose

NODATT2 (N = 62) (N = 53) (N = 62) (N = 67)
2003 ADA criteria 1 (1.6%)3 3 (5.7%) 11 (17.7%) 11 (16.4%)
Treatment with hypoglycemic agents 2 (3.2%) 4 (7.5%) 5 (8.1%) 8 (11.9%)

Hyperlipidemia (N = 84) (N = 77) (N = 87) (N = 86)
Total cholesterol (mmol/L) 4.7 ± 1.2 4.8 ± 1.0 4.6 ± 1.0 4.6 ± 1.2
Triglycerides (mmol/L) 1.8 ± 1.3 2.1 ± 2.4 1.9 ± 1.1 2.1 ± 1.0
HDL (mmol/L) 1.4 ± 0.4 1.3 ± 0.5 1.3 ± 0.4 1.3 ± 0.4
LDL (mmol/L) 2.5 ± 0.8 2.6 ± 0.9 2.4 ± 0.8 2.4 ± 0.9

Triglyceride values > ULN 18%3 30% 28% 39%
Hypertension

Systolic BP (mmHg) 135 ± 223 134 ± 18 134 ± 18 129 ± 16
Diastolic BP (mmHg) 78 ± 10 79 ± 12 78 ± 10 77 ± 11

Laboratory values
Magnesium (mEq/dL) 2.0 ± 0.23 2.0 ± 0.23 1.9 ± 0.23 1.8 ± 0.2
Potassium (mmol/L) 4.3 ± 0.5 4.3 ± 0.4 4.2 ± 0.4 4.3 ± 0.6

ADA = American Diabetes Association; ULN = upper limit of normal.
1Intent-to-treat analysis set; mean ± SD.
2All patients without a medical history of diabetes mellitus were included in the analysis.
3Significantly different from tacrolimus; p < 0.05 (Cochran–Mantel–Haenszel test).
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Table 6: Adverse events according to study groups (incidence ≥5%)1

Clinical events VCS low (N = 84) VCS mid (N = 77) VCS high (N = 87) Tacrolimus standard dose (N = 86)

Anemia 8 (9.5%) 6 (7.8%) 11 (12.6%) 9 (10.5%)
Constipation 7 (8.3%) 3 (3.9%) 6 (6.9%) 5 (5.8%)
Diarrhea 6 (7.1%) 8 (10.4%) 11 (12.6%) 15 (17.4%)
Nausea 7 (8.3%) 9 (11.7%) 10 (11.5%) 9 (10.5%)
Vomiting 4 (4.8%) 3 (3.9%) 3 (3.4%) 5 (5.8%)
Peripheral edema 10 (11.9%) 9 (11.7%) 7 (8.0%) 4 (4.7%)
Pyrexia 1 (1.2%) 3 (3.9%) 5 (5.7%) 2 (2.3%)
Urinary tract infection 2 (2.4%) 1 (1.3%) 5 (5.7%) 5 (5.8%)
Muscle spasms 1 (1.2%) 1 (1.3%) 6 (6.9%) 3 (3.5%)
Headache 6 (7.1%) 6 (7.8%) 7 (8.0%) 2 (2.3%)
Paraesthesia 2 (2.4%) 4 (5.2%) 1 (1.1%) 2 (2.3%)
Tremor 10 (11.9%) 17 (22.1%) 12 (13.8%) 19 (22.1%)
Insomnia 6 (7.1%) 8 (10.4%) 6 (6.9%) 12 (14.0%)
Alopecia 1 (1.2%) 3 (3.9%) 2 (2.3%) 5 (5.8%)
Hair growth abnormal 6 (7.1%) 6 (7.8%) 2 (2.3%) 0 (0.0%)
1Intent-to-treat analysis set.

demonstrates a clear separation of the three VCS treat-
ment groups with lower than predicted trough levels
seen in all three groups initially. In the PK/PD studies,
a high correlation was observed between VCS trough
and 2-h postdose (C2) concentrations and area under
the curve (AUC; 0–4; r2 = 0.97 and r2 = 0.98, respec-
tively; Figure 3A), as well as of VCS trough and maxi-
mum CNI (r2 = 0.79; Figure 3B). The degree of calcineurin
inhibition also varied according to the VCS treatment
groups (Figure 3C), with risk of rejection inversely cor-
related with degree of calcineurin inhibition. The expo-
sure to MPA was not different (trough, AUC) among
VCS and TAC treatment groups (Figure 3D). Further PK
and PD analyses will be presented in a subsequent
manuscript.

BPAR versus NODAT risk (post hoc analysis)

Figure 4 depicts the relationship between VCS expo-
sure and the clinical outcomes of BPAR and NODAT.
Figure 4(A) demonstrates that the VCS exposure associ-
ated with BPAR was significantly lower than the exposure
associated with NODAT as assessed by mean concentra-
tions from day 5–90 posttransplant (34.2 ± 18.4 ng/mL
vs. 51.3 ± 27.92 ng/mL, mean ± SD, p < 0.001, t-test).
In Figure 4(B), a dose–response of VCS exposure to the
risk of NODAT is demonstrated. An incidence of NODAT
>8% would be associated with an exposure of more than
60 ng/mL. The optimal therapeutic concentration range is,
therefore, proposed to be 35 to <60 ng/mL. VCS patients
who had measured trough concentrations in the range of
35 to <60 ng/mL up to 6 months (n = 28) were retrospec-
tively identified and their clinical outcomes compared, post
hoc to TAC. Figure 4C demonstrates a similar rejection rate
for those 28 VCS patients to the TAC treatment group and
half the incidence of NODAT. The difference between the
survival curves was nonsignificant for BPAR (p = 0.9923)
and NODAT (p = 0.2016).

Discussion

In the PROMISE study, VCS demonstrated efficacy com-
parable to TAC in preventing early acute rejection with
less risk of NODAT in the low-dose treatment group.
There was a clear relationship between VCS exposure, cal-
cineurin inhibition and risk of acute rejection. Acute rejec-
tion rates were comparable to recent studies utilizing novel
immunosuppressants (14,15). Excellent renal function was
demonstrated in all treatment groups with eGFR close to
70 mL/min.

A recent study restricted to relatively low-risk patients
failed to demonstrate any advantage in eGFR of a cal-
cineurin inhibition-free protocol using tofacitinib rather than
TAC during the first 6 months posttransplantation (14).
In contrast, three studies comparing belatacept to CsA
demonstrated significantly better preservation of renal
function with costimulation blockade (14,16,17). These dif-
ferential findings might be explained by the use of CsA as
the control group as opposed to TAC. In general, head-to-
head studies have documented better renal function with
TAC than CsA-based protocols, and a recent large study
(ELITE-Symphony) demonstrated significant advantage of
TAC over CsA and a calcineurin inhibitor-free regimen in
preservation of eGFR to 3 years after transplantation (18).
PROMISE, with similar renal function in two of three VCS
treatment groups and TAC-treated patients, is the first large
randomized trial of an alternative calcineurin inhibitor to
document renal outcomes equivalent to TAC. The high-VCS
treatment group was, however, associated with a slightly
lower eGFR (Nankivell 68 mL/min vs. 69 mL/min, p < 0.05)
than of the TAC control group, which may indicate a poten-
tial upper limit of exposure associated with renal function.

CsA is known to be less diabetogenic than TAC (19). Both
drugs interfere with calcineurin nuclear factor of activated
T cells (NFAT) signaling also required for insulin secre-
tion and islet homeostasis (20). However, the effect of
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Figure 3: Pharmacokinetic and pharmacodynamic evaluation of voclosporin and MPA exposure. Voclosporin, CNi and MPA levels
were measured at 0, 1, 2 and 4 h postdose on days 5, 28, 90 and 180 posttransplant in the PK/PD subgroup (n = 26 [VCS low], 32 [VCS
mid], 41 [VCS high] and 39 [TAC]). (A) AUC (0–4) versus trough and C2 concentrations (mean ± 95% CI). Linear regression line is shown.
(B) Maximum percent calcineurin inhibition versus trough concentration (mean ± 95% CI). Linear regression line is shown. (C) Maximum
percent calcineurin inhibition determined by noncompartmental analysis for each dose group at each PK/PD visit (mean ± 95% CI). (D)
Mycophenolic acid concentrations versus time (mean ± 95% CI).
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Figure 4: Relationship between voclosporin exposure and

clinical outcome of BPAR and NODAT. (A) Mean voclosporin
whole blood trough concentrations by clinical outcome: days 5–
90 pooled (mean ± 95% CI). (B) Voclosporin trough concentration
versus incidence of NODAT. A nonmechanistic PK/PD model was
used to describe the incidence of NODAT stratified by the high-
est C0 concentration measured between day 5 and 90. Nonlinear
(sigmoid Emax) regression line is shown. (C) Retrospective Kaplan–
Meier estimates of BPAR and NODAT of 28 VCS patients exposed
to trough levels within the range proposed for future evaluation
(35 to <60 ng/mL) versus TAC. P = NS.

the two drugs could be different with TAC reducing in-
sulin secretion earlier than CsA (21). In this study, we
have used the 2003 ADA guidelines to assess the in-
cidence of NODAT, which may have enhanced the level
of detection, particularly, early posttransplant. The inci-
dence of NODAT increased with exposure to VCS culmi-
nating with the high-dose group having a similar incidence
of NODAT as the TAC group. However, the number of
VCS-treated patients who required antidiabetic treatment
was less than the TAC-treated patients. With the low-VCS
treatment group showing a significantly lower rate of NO-
DAT compared to TAC and substantially fewer patients
treated for hyperglycemia, VCS may resemble CsA more
than TAC in its diabetogenicity. Furthermore, the high level
of VCS exposure associated with an incidence of NODAT
similar to TAC may not be necessary for adequate rejection
prophylaxis.

AEs were generally similar in all treatment groups. Diarrhea
was more common with TAC as was persistence of neu-
rological symptoms (tremors) beyond 3 months posttrans-
plantation. With the exception of hypertrichosis that was
typically mild and infrequent, sides effects usually associ-
ated with CsA (gingival hyperplasia, hypertension and hy-
perlipidemia) were not more frequent with VCS than with
TAC. Finally, although exposure was relatively short-term,
VCS was not associated with an increased incidence of in-
fections or posttransplant lymphoma as seen recently with
studies of other novel immunosuppressive drugs (14,16).

The PK and PD evaluation performed in PROMISE indi-
cates that trough level monitoring of VCS should be an
excellent marker of drug exposure and calcineurin inhibi-
tion. In addition, VCS (as opposed to CsA) does not reduce
MPA exposure when utilized with MMF, an effect similar
to TAC (22) and hence the efficacy comparison with TAC
is unbiased. Post hoc analyses of VCS trough exposure
to clinical outcomes on all patients have been conducted
to determine an optimal exposure minimizing both rejec-
tion and NODAT in preparation for future studies. The data
indicates that an incidence of NODAT of more than 8%
would be seen with levels >60 ng/mL, whereas efficacy
failure (BPAR) is associated with a significantly lower ex-
posure (35 ng/mL). In addition, BPAR was seen in the low-
and mid-dose groups after the 90 day mandatory exposure
reduction resulting in trough levels <30 ng/mL. The high-
dose group remained free of subsequent rejection with
an exposure >31 ng/mL after dose reduction. Based on
these analyses, we estimate that a VCS target range of
35 to <60 ng/mL may result in similar rejection rates and
approximately half the rate of NODAT seen in this study
with the TAC group.

The limitations of this study include the use of strict in-
clusion criteria typical of early clinical investigation of a
new drug. By limiting access to patients at relatively low
risk for rejection and no delayed graft function, the re-
sults observed may not be applicable to all renal transplant
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recipients. The TAC levels obtained were higher than in the
ELITE-Symphony study, but are consistent with the current
standard of care in North America. Protocol biopsies were
not performed to assess the impact of different VCS expo-
sures on the development of interstitial fibrosis and tubular
atrophy.

In conclusion, PROMISE demonstrates that during the first
6 months after renal transplantation, VCS prevents acute
rejection as effectively as TAC, may be associated with a
reduced incidence of NODAT, and results in similar renal
function in the low and mid-range of exposure with a clear
PK/PD relationship. These findings, obtained in the large
number of patients enrolled in this study, will be utilized in
the design of future trials of this novel agent.
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