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Abstract
Voclosporin is a novel calcineurin inhibitor intended for prevention of organ graft rejection and treatment of lupus nephritis. These studies evaluated the
effect of renal or hepatic impairment on pharmacokinetics of voclosporin. Thirty‐three subjects were enrolled into 1 of 4 groups based on renal function
as defined by creatinine clearance and 18 subjects were enrolled into 1 of 3 groups based on hepatic function defined by Child‐Pugh classes. Voclosporin
0.4mg/kg was administered orally. Geometric mean ratios (renal/hepatic impairment‐to‐normal) and 90% confidence intervals for Cmax and AUC were
calculated. A default no‐effect interval of 80–125% was set. Although 90% confidence intervals exceeded the no‐effect intervals for both parameters,
individual Cmax andAUCplots indicate almost complete overlapping range of values formild andmoderate renal impairment and normal subjects. Severe
renal impairment resulted in a 1.5‐fold increase in AUC without an increase in Cmax. Mild to moderate hepatic impairment resulted in a 1.5‐ to 2‐fold
increase in voclosporin exposure. Voclosporin can be administered safely to patients withmild tomoderate renal impairment without dosemodification.
Appropriate safety monitoring with concentration‐based adjustments in transplantation are recommended for patients with severe renal impairment,
and for patients with hepatic impairment.
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Voclosporin is a novel calcineurin inhibitor intended for
use in the prevention of organ graft rejection and the
treatment of autoimmune diseases such as lupus nephritis.
The structure of voclosporin was created by adding a
single carbon extension to the amino acid‐1 region of
cyclosporine A.1 X‐Ray crystallography studies have
shown this increase in carbon length alters the way the
cyclophilin–voclosporin complex binds to a composite
surface of catalytic and regulatory subunits in calcineurin
(latch region). This change in binding has increased the
potency of voclosporin compared to cyclosporine1 which
has been confirmed in vivo using a 32P‐labelled
calcineurin activity assay.2 Calcineurin activity has been
studied as a potential biomarker throughout the develop-
ment of voclosporin. As amino acid‐1 is the primary site of
cyclosporine’s metabolism, modification of this site has
shifted the primary site for voclosporin metabolism to the
amino acid‐9 position. In vitro studies suggest that the
primary metabolites for cyclosporine and voclosporin are
AM1 and IM9, respectively, which are equipotent in their
ability to prevent T‐cell activation (internal data) and
approximately 10% of the parent compound activity.
Critically, IM9 is produced in significantly smaller
amounts than AM1 resulting in less competitive antago-
nism of their respective parent molecules. The combina-
tion of increased potency and a change in metabolite
profile for voclosporin allows for administration of lower
doses, less pharmacokinetic–pharmacodynamic variability,

and a potentially improved safety profile compared to
cyclosporine.

Efficacy and safety of voclosporin has been demon-
strated against tacrolimus (TAC) in a Phase 2b trial in renal
transplant recipients3 and against placebo and cyclospor-
ine in Phase 2 and 3 trials in patients with plaque
psoriasis.4,5

Voclosporin is a large molecular weight, highly
lipophilic molecule which suggests it would favor biliary
excretion and hepatic metabolism as the primary elimina-
tion routes. It is estimated that over 99% of the drug is
eliminated as metabolite and that the parent molecule is
also over 97% protein bound. (Unpublished data on file
[study ISA08‐29, LX211‐05], Isotechnika Pharma, Inc.,
Edmonton, Canada) While renal failure is unlikely to
significantly alter the clearance of the parent molecule, it is
likely to decrease the clearance of its more polar
metabolites, whereas hepatic impairment is likely to
decrease clearance of the parent drug and/or its
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metabolites. Since dosage adjustment is guided by
therapeutic drug monitoring in renal transplant patients,
any renal or hepatic induced change will be automatically
compensated by concentration guided dosing. However,
as therapeutic drug monitoring is not routinely utilized in
autoimmune diseases, renal function should be monitored.
Hepatic dysfunction may be more difficult to detect than
renal dysfunction as no single biomarker exists and
hepatic dysfunction has the greater potential to alter
voclosporin pharmacokinetics. These studies were per-
formed in accordance with FDA Draft Guidances for
determining the clinical pharmacology of new drugs in
special patient populations.6,7 Since voclosporin is
intended for use in renal transplant patients it is especially
important that its pharmacokinetics be determined in the
presence of moderate to severe renal dysfunction. These
studies evaluated the effect of renal or hepatic impairment
on the pharmacokinetics of voclosporin after single and
multiple doses.

Methods
These open label, multi‐arm, sequential studies were
conducted at one clinical site in Germany and three sites in
the United States following the appropriate regulatory
guidance.6,7 The protocol and all modifications and
appropriate consent procedures were reviewed and
approved by a Research Ethics Board or Institutional
Review Board (REB/IRB) at each site in accordance with
the current regulations. All subjects 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).

Subjects
Male and female subjects aged 18–80 years were included.
Subjects with Body Mass Index (BMI) between 18 and
40 kg/m2 and weight between 40 and 130 kg were eligible.
For the renal impairment study, subjects were required to
be healthy (for subjects with normal renal function) or
having no clinically relevant abnormality with the
exception of the renal status diseases that caused renal
insufficiency and concomitant diseases of renal insuffi-
ciency. For the hepatic impairment study, subjects were
required to be healthy (for subjects with normal hepatic
function) or having no clinically relevant abnormality with
the exception of the hepatic status diseases that caused
hepatic insufficiency and concomitant diseases of hepatic
insufficiency. Main exclusion criteria included the
presence of all serious and acute diseases (except those
associated with renal or hepatic dysfunction), severe

bladder dysfunction, latent or active TB, current or recent
infections, current malignancy or history of malignancy,
history of drug abuse, and/or alcoholism in the previous
2 years; positive drugs of abuse test at screening or Day
�1, vaccines received 14 days before the start of the study,
and history of disease that might cause the administration
of voclosporin to pose a significant risk to the subject (e.g.,
mechanical stenosis of the gastrointestinal tract or
retention of urine such as benign prostatic hypertrophy).
For the renal impairment study, laboratory exclusion
included AST or ALT �2� upper limit of normal range,
g‐GT �3� upper limit of normal range, positive test for
Hepatitis B, Hepatitis C, or HIV. Subjects who were
antibody positive for Hepatitis C must not have had a
history of HCV, not previously received antiviral therapy,
and must have had stable normal liver function before
entering the study. Clinical exclusion included: vital sign
abnormalities, history or presence of an abnormal ECG,
including prolonged QTcB or PR interval, evidence of
second or third degree atrioventricular (AV) block,
pathologic Q‐waves, evidence of pre‐ventricular excita-
tion, variation in QTcB >65milliseconds at screening, or
QRS over 110milliseconds. Medication exclusion includ-
ed the use of an investigational drug within 30 days (or
3 months for biologics), drugs known to induce or inhibit
hepatic drug metabolism, and consumption of grapefruit
juice within 1 day prior to administration of study
medication.

Study Design
Voclosporin was administered orally twice daily (BID) at
approximately the same time every day with subjects in
fasting condition for at least 8 hours prior to the morning
dose and 2 hours prior to the evening dose. The
voclosporin dose of 0.4mg/kg was selected as the
anticipated therapeutic dose based on Phase 1 and 2
clinical studies.

Renal Impairment
Thirty‐three male and female subjects were placed into
four groups of eight each (nine in severe impairment
group) based on renal function as defined by glomerular
filtration rate (GFR, determined according to the
Cockcroft–Gault formula for creatinine clearance); normal
(>80mL/min, matched to subjects with Severe Im-
pairment for age [�10 years (within 18–80 years)],
BMI [�3 kg/m2 (within 18–40 kg/m2)] and sex), and mild
(50–80mL/min), moderate (30–<50mL/min) and severe
(<30mL/min) impairment. The normal, mild, and
moderate groups received voclosporin 0.4mg/kg (given
as 10mg soft gelatin capsules) as a single dose on Day 1
and voclosporin 0.4mg/kg BID on Days 3 through the
morning of Day 10. Subjects with Severe renal impairment
received only a single dose of voclosporin 0.4mg/kg on
Day 1.
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Hepatic Impairment
Eighteen male and female subjects with hepatic function
defined by Child‐Pugh classes A (mild hepatic im-
pairment) and B (moderate hepatic impairment) and
matched healthy volunteers (normal hepatic function;
matched to Child‐Pugh class B subjects for age [�5 years
(within 18–75 years)], BMI [�3 kg/m2 (within 18–35 kg/
m2)] and sex) were enrolled, with six in each group.
Subjects from Child‐Pugh class A and normal groups
received voclosporin 0.4mg/kg (given as 10mg soft
gelatin capsules) as a single dose on Day 1 and
voclosporin 0.4mg/kg BID on Days 3 through the
morning of Day 10. Subjects from Child‐Pugh class B
received only a single dose of voclosporin 0.4mg/kg on
Day 1.

Blood and Urine Sampling
Whole blood samples were taken pre‐dose and at 0.5, 1,
1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 20, 24, 36, and 48 hours
post‐dose on Days 1 and 10 to measure voclosporin
concentrations. Plasma albumin, activated prothrombin
time, and total bilirubin were measured as part of the
standard clinical chemistry safety monitoring. Urine
samples were collected from subjects starting with pre‐
morning dose and at the 0–4, 4–8, 8–12, and 12–24 hours
intervals post‐dose on Days 1 and 10.

Sample Analysis
Whole blood concentrations of voclosporin were measured
using a validated LC/MS/MS method by Isotechnika
Pharma, Inc., Edmonton, Alberta, Canada.8 Briefly, sample
aliquots of 100mL were processed utilizing a protein
precipitation procedure that contained a mixture of
methanol, ZnSO4, and deuterated voclosporin as internal
standard. The supernatant was injected onto a Zorbax SB‐
C8, 2.1mm� 12.5mm column (at 60°C), and washed with
water–acetonitrile, to remove poorly retained components.
After washing, water–MeOH was used to elute the
voclosporin and internal standard to Sciex API3000 mass
spectrometer for detection. The Turbo IonSpray was
optimized at 550°C with a capillary voltage of 5 kV for
detection of the sodium adduct of voclosporin. For
quantitation, the acquisition was performed in positive
ionizationmodewithmultiple reactionmonitoring (MRM),
monitoring the transitions of m/z 1236.8! 1112.8 for the
sodium adduct of voclosporin and 1240.8! 1112.8 for the
sodium adduct of the deuterated voclosporin internal
standard. Dwell times of 350milliseconds for each
transition were used. The Q1 was at unit resolution, and
the Q3 was at low resolution. The declustering potential
(DP) and the fragmentation potential (FP), were 60 and
400V, respectively and the Q2 collision gas setting (CAD)
was CAD¼ 12. All data was acquired using Analyst 1.4.1.
Analytical performance was assessed in the range of 2–
800 ng/mL in whole blood with a correlation coefficient (r)

ranging from0.999 to 1.000. The lower limit of quantitation
utilized for this procedure was 2 ng/mL (0.2 ng/100mL)
with a coefficient of variation of 9.1% and an analytical
recovery of 96.4%.

Pharmacokinetic Analysis
Pharmacokinetic parameters for voclosporin were calcu-
lated using non‐compartmental analysis. Only whole
blood concentrations greater than or equal to the LOQ for
the assay were used in the pharmacokinetic analyses.
Actual blood sampling times were used in all pharmaco-
kinetic analyses. Nominal times were used to calculate
mean whole blood concentrations for graphical displays.
The maximumwhole blood concentration (Cmax) and time
to Cmax (Tmax) were taken directly from the data without
interpolation. The area under the curve from 0 to 48 hours
(AUC[0–48]) on Day 1 and over the 12‐hour dosing
interval (AUC[0–12]) on Day 10 was calculated using the
linear trapezoidal method. While Cmax and AUC were
used for statistical comparative purposes based on
regulatory requirements, primary pharmacokinetic param-
eters of apparent oral clearance (CL/F) and oral volume of
distribution (Vz/F) were also determined. Apparent
elimination half‐life (T1/2) was determined using concen-
trations above LOQ, aminimum of three‐time points in the
elimination phase, and a coefficient of determination
(adjusted r2)�0.9000. The 24‐hour urinary excretion (Ue)
was calculated from the concentration of drug and volume
of urine and renal clearance (CLr) as the quotient of
Ue(0–24)/AUC(0–24).

All pharmacokinetic calculations were performed in
WinNonlin Professional Version 5.2.1. (Pharsight®, Cary,
NC).

Statistical Analysis
Demographic parameters were summarized using the
mean, minimum and maximum. Baseline subject charac-
teristics were presented to evaluate whether there was
adequate balance among groups, but no statistical tests
were performed.

For both studies, comparison of Cmax and AUC
between treatment groups on Days 1 and 10 was
performed on natural logarithms of the data using an
analysis of variance (ANOVA) model with Group as the
classification variable. Confidence intervals (90%) were
constructed for the treatment ratios (Mild, Moderate, or
Severe‐to‐Normal for renal impairment study and class A
or B‐to‐normal for hepatic impairment study) of both
parameters using the natural log‐transformed data and the
two one‐sided t‐tests procedure. A no effect boundary of
80–125% for the 90% confidence intervals for the
geometric mean ratios for Cmax and AUC was set in
accordance with the FDA Guidance.6,7 The relationship
between voclosporin exposure and renal function was
assessed by linear regression of the AUC versus creatinine
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clearance (CLCr) plot following single andmultiple doses.
The relationship between voclosporin exposure and
hepatic function was assessed by linear regression of
the AUC versus albumin, total bilirubin, and activated
partial thromboplastin time (aPTT) plots following single
and multiple doses.

Statistical analyses were performed using SAS® for
Windows® Version 9.1.3. Linear regression of voclo-
sporin exposure and renal or hepatic function was
performed using GraphPad Prism 4 for Windows Version
4.00 (La Jolla, CA). Graphs were produced using ggplot2
in R version 2.15.0 (Vienna, Austria).

Safety Evaluation
Safety assessments including physical examinations,
adverse events (AE), vital signs (heart rate and blood
pressure), ECG, physical examination, and clinical
laboratory tests were conducted throughout the study. A
12‐lead safety ECG was taken before dosing at screening
and Day �1 to ensure the subject’s eligibility, and
throughout the study for subject safety monitoring
purposes, but are not the focus of this report.

Results
The demographics of the study subjects are summarized in
Table 1. A total of 33 subjects were enrolled in the renal
impairment study. One subject (Moderate impairment
group) was withdrawn on Day 7 due to increased blood
pressure and the analysis population was therefore

comprised of 32 subjects who completed the study. A
total of 18 subjects were enrolled and completed the
hepatic impairment study. The analysis population was
therefore comprised of 18 subjects who completed the
study.

Pharmacokinetics
Renal Impaired. The mean whole blood concentration–

time profiles of voclosporin on Days 1 and 10 after oral
administration of voclosporin 0.4mg/kg single dose and
multiple doses are depicted in Figure 1.

Upon single dose, subjects with mild or moderate renal
impairment demonstrated comparable mean voclosporin
whole blood concentrations and pharmacokinetic param-
eters to subjects with normal renal function (Figure 1 and
Table 2).

There were no significant differences in either Cmax or
AUC(0–48) between Mild and Moderate groups compared
to subjects with normal renal function (P> .05). In the
Mild impairment group, the 90% confidence interval for
both Cmax and AUC(0–48) exceeded both the upper and
lower bounds of the 80–125% equivalence window while
in the Moderate impairment group, the 90% confidence
interval for both Cmax and AUC(0–48) exceeded the upper
80–125% equivalence bounds. Individual Cmax and
AUC(0–48) plots indicate that the range of values for
both parameters for Mild and Moderate subjects were
within the range of values observed for subjects with
normal renal function (Figure 2).

In subjects with severe renal impairment there were no
significant differences in either Cmax or AUC(0–48)

Table 1. Summary of Demographic Data for Renal and Hepatic Impairment Studies

Demographics
Normal renal

function
Mild renal
impairment

Moderate renal
impairment

Severe renal
impairment

Normal hepatic
function

Child‐Pugh
Class A

Child‐Pugh
Class B

N 8 8 7 9 6 6 6
M/F 3/5 2/6 4/3 4/5 5/1 4/2 5/1
Age 54 (25–67) 71 (59–75) 62 (45–76) 59 (30–76) 47 (36–57) 52 (27–64) 53 (46–58)
Race
Black 0 0 5 2 3 0 1
Caucasian 7 8 2 6 2 6 4
Hispanic 1 0 0 0 1 0 0
Other 0 0 0 1 0 0 1

Height (cm) 171 (158–188) 162 (155––171) 172 (160–191) 168 (155–188) 175 (160–185) 171 (153–183) 176 (160–188)
Weight (kg) 77.1 (70.7–80.4) 61.9 (48.8–71.9) 95.7 (54.0–119.4) 71.1 (65.0–78.2) 86.1 (67.3–111.0) 96.0 (83.6–104.6) 85.8 (62.7–118.8)
Body mass

index (kg/m2)
27 (23–32) 24 (20–27) 32 (21–40) 26 (20–30) 28 (24–33) 33 (30–36) 27 (23–35)

CLCr (mL/min) 108 (95–125) 69 (60–83) 44 (39–52) 25 (13–30) — — —

Albumin (g/L) — — — — 42 (37–47) 46 (43–50) 35 (28–40)
aPTT (second) — — — — 28 (25–31) 36 (34–40) 29 (23–34)
Total bilirubin (mmol/L) — — — — 14.3 (6.8–29.1) 15.7 (3.8–30.1) 32.5 (8.6–49.6)

CLCr, creatinine clearance; aPTT, activated partial thromboplastin time.
Data presented as mean (min–max). Renal function defined by Cockcroft–Gault formula:normal, >80mL/min; mild impairment, 50–80mL/min; moderate
impairment, 30–<50mL/min; severe impairment, <30mL/min.
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(P> .05), however, the 90% confidence intervals for Cmax

and AUC(0–48) geometric least squares mean ratios were
above the 80–125% equivalence bounds. The plot of
individual subject Cmax values on Day 1 indicates that the
range of values for Severe impairment subjects were
comparable to the range of values observed for subjects
with normal renal function (Figure 2), however the plot of
individual subject AUC values, demonstrated that 4 of 9
subjects had values above the range for Normal subjects,
suggesting that severe renal impairment may result in an
increase in exposure.

The effect of mild renal impairment on voclosporin
exposure on Day 10 mirrored the findings of Day 1.
Individual Cmax and AUC(0–48) plots indicate that with the
exception of one subject on Days 1 and 10, an almost
complete overlap of values for both parameters was
observed on these two days for Moderate impairment
subjects (Figure 2). Voclosporin dosing in the severe renal
impairment group was not completed to Day 10 and was
therefore not included in the analysis.

The relationship between voclosporin exposure and
renal function was explored by plotting AUC versus
creatinine clearance (CLCr) (Figure 3). There was no
apparent effect of mild to moderate renal impairment on

voclosporin exposure after a single dose, while severe
renal impairment increased exposure, leading to a weak
but statistically significant correlation between AUC(0–48)

and CLCr (r2¼ 0.1198, P¼ .0485) (Figure 3). After
multiple doses, there was no apparent correlation between
AUC(0–12) and CLCr among subjects with Mild and
Moderate impairment and Normal subjects. Urinary
excretion and renal clearance of voclosporin decreased
with severity of renal impairment after single or multiple
doses (Table 2).

Hepatic Impaired. The mean whole blood concentra-
tion–time profiles of voclosporin on Days 1 and 10 after
oral administration of voclosporin 0.4mg/kg single dose
and multiple doses are depicted in Figure 1.

Among subjects with Child‐Pugh class A and class B
hepatic impairment, mean whole blood concentrations of
voclosporin were increased in comparison to subjects with
normal hepatic function after a single dose on Day 1
(Figure 1).

Upon single dose, there were corresponding increases
in Cmax and AUC(0–48), with a statistically significant
difference in AUC(0–48) between the Child‐Pugh class B
and normal groups (P¼ .0195). In both groups, the 90%
confidence intervals for both Cmax and AUC(0–48)

Figure 1. Whole blood concentrations (mean� 95% CI) of voclosporin after single and multiple oral doses of voclosporin 0.4mg/kg BID in subjects
with varying degrees of renal impairment (Renal) and hepatic impairment (Hepatic).
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exceeded the upper bounds of the 80–125% equivalence
window (Table 3). Scatter plots of individual Cmax and
AUC values were constructed to compare the range
and overlap of values among the hepatic impairment and
normal hepatic function subjects. The plots of individual
subject Cmax and AUC(0–48) values on Day 1 indicate that
although there was overlap in the range of values for both
parameters in both hepatic impairment groups, a trend
towards increased exposure was observed compared with
subjects with normal hepatic function (Figure 2).

Uponmultiple doses, subjects from Child‐Pugh class A
demonstrated higher mean whole blood voclosporin
concentrations than subjects with normal hepatic function
(Figure 1). There were corresponding increases in Cmax

and AUC(0–12) and although these were not statistically
significant, the geometric least squares mean ratios, class
A‐to‐normal, were 148% for Cmax and 179% for AUC(0–12)

and the 90% confidence interval for both Cmax andAUC(0–12)

exceeded the 80–125% equivalence bounds (Table 3). The
plots of individual subject Cmax and AUC(0–12) values on
Day 10 demonstrate that there was some overlap in the
range of values for both parameters, however, a trend was
observed indicating increased exposure among subjects
with mild hepatic impairment compared to subjects with
normal hepatic function (Figure 2).

The relationship between voclosporin exposure and
hepatic function was explored by plotting AUC versus

albumin, total bilirubin and aPTT as the quantitative
components of the Child‐Pugh score, following single and
multiple doses (Figure 3). There was a mild but statistically
significant correlation betweenAUC(0–48) and total bilirubin
(r2¼ 0.3037, P¼ .0178) on Day 1. There were no apparent
correlations between either of the other hepatic function
indices and voclosporin exposure on Day 1 or between any
of the indices and voclosporin exposure on Day 10.

A compensatory increase in urinary excretion of
voclosporin was observed with increasing hepatic
impairment, whereas voclosporin renal clearance re-
mained relatively unchanged (Table 3).

Discussion
This paper describes the effect of renal and hepatic
impairment on the pharmacokinetics of voclosporin after
single and multiple oral doses. Renal impairment was not
expected to have a significant effect on the clearance of
voclosporin as its primary routes of elimination are hepatic
metabolism and biliary excretion. Conversely, hepatic
impairment was anticipated to decrease voclosporin
clearance. The results of these two studies were consistent
with these expectations.

There was no significant effect of mild to moderate
renal impairment on voclosporin exposure after single or
multiple dosing while severe renal impairment resulted in

Table 2. Renal Impairment Study Summary of Pharmacokinetic Parameters for Voclosporin After Oral Administration of Single and Multiple Doses

Parameter
Normal renal
function (n¼ 8)

Mild renal
impairment (n¼ 8)

Moderate renal
impairment (n¼ 7)

Severe renal
impairment (n¼ 9)

Day 1
Tmax (hour) 1.5 (1.0–1.5) 1.5 (1.0–2.5) 1.5 (1.0–2.5) 1.5 (1.5–3.0)
Cmax (ng/mL) 122� 45 112� 38 132� 26 147� 50
GMR% (90% CI) 94 (67–132) 116 (82–165) 122 (88–170)
AUC(0–48) (hour ng/mL) 445� 151 411� 174 521� 119 688� 305
GMR % (90% CI) 90 (62–129) 122 (84–178) 148 (104–212)
T1/2 (hour) 9.3� 3.4 7.1� 4.3 9.2� 3.3 13.9� 5.4
CL/F (L/h/kg) 1.0� 0.5 1.2� 0.6 0.9� 0.4 0.7� 0.4
Vz/F (L/kg) 12.3� 3.4 9.7� 3.2 10.9� 1.9 12.3� 0.5
Ue (mg) 60.8� 21.3 46.7� 28.2 31.6� 8.2 20.9� 10.6
CLr (mL/h) 149� 35 115� 28 75� 24 33� 10

Day 10
Tmax (hour) 1.5 (1.0–2.0) 1.5 (1.0–2.0) 1.5 (1.5–2.5) —

Cmax (ng/mL) 142� 53 140� 52 184� 80 —

GMR% (90% CI) 98 (72–135) 129 (93–179)
AUC(0–12) (hour ng/mL) 576� 142 540� 216 724� 248 —

GMR% (90% CI) 90 (67–120) 123 (91–167)
T1/2 (hour) 33.4� 9.6 34.2� 6.7 33.6� 14.2 —

CL/F (L/h/kg) 0.3� 0.2 0.4� 0.2 0.3� 0.1 —

Vz/F (L/kg) 14.7� 2.7 20.0� 8.8 12.6� 4.8 —

Ue (mg) 107.3� 29.9 90.5� 56.2 52.8� 18.6 —

CLr (mL/h) 144� 24 127� 34 63� 25

Mean� standard deviation except Tmax for which the median (min–max) is reported.GMR: geometric least squares mean ratio (comparison to normal) based on
analysis of natural log‐transformed data. No significant differences among groups by ANOVA.
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an approximately 1.5‐fold increase in exposure with no
significant increase in peak concentrations after a single
dose. These conclusions were based on evaluation of the
scatter plots of individual Cmax and AUC values
demonstrating range of values for both parameters for
Mild and Moderate subjects well within the range of
values observed for subjects with normal renal function.
Subjects with severe renal impairment demonstrated Cmax

values comparable to those of subjects with normal renal
function, however, AUC values in 4 of 9 subjects had
values above the range for Normal subjects, suggesting
that severe renal impairment may result in increased
exposure of the parent and most active compound,
voclosporin. This finding was further supported by the

apparent absence of a relationship between creatinine
clearance and AUC between the mild, moderate, and
normal renal function groups. The increase in AUC
observed in the severe renal impairment group yielded a
weak but statistically significant relationship among all
treatment groups. Urinary excretion and renal clearance of
voclosporin diminished as severity of renal impairment
increased but as urinary excretion represents a minor
elimination route for voclosporin, the effect on the overall
clearance of the drug was minimal.

The statistical criteria for “no effect” as described in the
Methods Section and as defined in the FDAGuidance, that
is, default no effect boundaries of 80–125%, could not be
established by the present study due to the small number of

Figure 2. Individual subject Cmax and AUC values of voclosporin after oral administration of single and multiple doses of voclosporin 0.4mg/kg BID in
subjects with varying degrees of renal (top panel) and hepatic (bottom panel) impairment.
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subjects studied; a limitation recognized by regulatory
agencies.6,7 The sample size chosen for these studies were
small and based on a typical screening panel that was
judged to be sufficient to detect a signal of renal

impairment effect. The resulting 90% confidence intervals
for the geometric mean ratios of the pharmacokinetic
parameters were consequently wide, exceeding the 80–
125% boundaries even when the range of values were not

Figure 3. Relationship between voclosporin exposure (AUC) and creatinine clearance (CLCr), top panel, in subjects with renal impairment and plasma
albumin, total bilirubin, and aPTT, bottom panel, in subjects with hepatic impairment.
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different. The finding that the 90% confidence intervals for
both pharmacokinetic parameters were outside the default
no‐effect bounds of 80–125% may be a result of the
parallel group design and small sample size rather than a
real difference between the renal impairment groups and
Normal subjects, however, the GMR point estimates do
suggest an increase in Cmax andAUCwith increasing renal
impairment. However, a comparison of Day 1 individual
Cmax and AUC plots indicate that the range of values for
both parameters for Mild and Moderate were well within
the range of values observed for subjects with normal renal
function which supports a no‐effect conclusion. The
authors therefore recommend caution when administering
voclosporin in patients with mild to moderate renal
impairment and appropriate concentration and safety
monitoring for patients with severe renal impairment.

Mild (Child‐Pugh Class A) and moderate (Child‐Pugh
Class B) hepatic impairment resulted in significant
increases in exposure to voclosporin. Mean voclosporin
concentrations were increased with corresponding in-
creases in Cmax and AUC, geometric least squares mean
ratios, and the 90% confidence interval for both Cmax and
AUC exceeded the 80–125% equivalence bound. Scatter

plots of Cmax and AUC demonstrated some overlap in the
range of values for both parameters, however, a trend was
observed indicating increased exposure among subjects
with mild and moderate hepatic impairment compared to
subjects with normal hepatic function. Voclosporin
exposure appeared related to total bilirubin on Day 1.
No other statistically significant relationships were
observed after single or multiple doses. Voclosporin
should therefore be administered with appropriate
concentration and safety monitoring for patients with
mild to moderate hepatic impairment. Urinary excretion of
voclosporin was elevated in subjects with mild and
moderate hepatic impairment whereas renal clearance
appeared relatively unchanged. This observation is
consistent with impaired hepatic metabolism of voclo-
sporin resulting in greater compensatory renal elimination.

One limitation of these studies is the absence of protein
binding measurements. Voclosporin is highly bound to
plasma proteins (�97%) and also partitions extensively
into red blood cells (blood‐to‐plasma concentration ratios
of �1 at 37°C) (unpublished data on file, [study ISA09‐
26] Isotechnika Pharma, Inc., Edmonton, Canada). In
addition, the effect of renal and hepatic impairment on the
pharmacokinetics of the primary active metabolite is not
reported. Exposure to the primary metabolite has been
observed at 44% of voclosporin AUC(0–24) and exhibits
less than 10% activity compared to the parent drug
(unpublished data on file, Isotechnika Pharma, Inc.,
Edmonton, Canada). Changes to protein binding as well
as altered clearance of the primary metabolite of
voclosporin may have an effect on the total immunosup-
pressive effects of voclosporin due to altered free
voclosporin concentration and potential accumulation of
the primary metabolite. To elucidate the effects of renal
and hepatic impairment on the ability of voclosporin to
inhibit is pharmacologic target, calcineurin, measurement
of calcineurin activity was planned. However, due to
technical difficulties, calcineurin activity data was only
collected for 16 subjects (eight subjects from theMild, two
subjects from the Moderate impairment groups, and six
subjects from the Child‐Pugh Class A group). A direct
comparison of the calcineurin activity of voclosporin in
subjects with renal and hepatic impairment to subjects
with normal renal and hepatic function was not possible
and therefore not presented in the manuscript.

Conclusions
The Phase 1 special population pharmacokinetic studies
presented in this paper were designed to support the
development of voclosporin in autoimmune and organ
transplant indications and to provide a rationale for dose
adjustment and monitoring in patients with defined renal
and hepatic impairment. Based on study results, voclo-
sporin can be administered to patients with mild to

Table 3. Hepatic Impairment Study Summary of Pharmacokinetic
Parameters for Voclosporin After Oral Administration of Single Dose
and Multiple Doses

Parameter
Normal hepatic
function (n¼ 6)

Child‐Pugh
Class A (n¼ 6)

Child‐Pugh
Class B (n¼ 6)

Day 1
Tmax (hour) 1.75 (1.5–2.5) 1.5 (1.0–2.0) 1.5 (1.5–2.0)
Cmax (ng/mL) 124� 48 184� 92 174� 47
GMR % (90% CI) 145 (97–216) 145 (97–217)
AUC(0–48)

(hour ng/mL)
510� 208 909� 553 981� � 316

GMR % (90% CI) 167 (107–263) 196 (125–307)
T1/2 (hour) 9.0� 1.7 15.0� 4.0 19.4� 7.1
CL/F (L/h/kg) 0.9� 0.3 0.5� 0.3 0.4� 0.2
Vz/F (L/kg) 11.3� 4.5 10.5� 3.0 10.2� 1.9
Ue (mg) 79.9� 27.7 138.3� 87.3 172.2� 27.7
CLr (mL/h) 172� 21 169� 32 206� 104

Day 10
Tmax (hour) 1.5 (1.5–4.0) 1.75 (1.0–2.0) —

Cmax (ng/mL) 167� 54 266� 143 —

GMR % (90% CI) 148 (91–240)
AUC(0–12)

(hour ng/mL)
694� 269 1,305� 722 —

GMR % (90% CI) 179 (107–298)
T1/2 (hour) 24.9� 3.7 43.0� 10.5 —

CL/F (L/h/kg) 0.4� 0.2 0.2� 0.1 —

Vz/F (L/kg) 12.6� 5.7 8.3� 3.9 —

Ue (mg) 134.4� 78.2 231.9� 100.5 —

CLr (mL/h) 167� 10 144� 49 —

Mean� standard deviation except Tmax for which the median (min–max) is
reported.GMR: Geometric Least Squares Mean Ratio (comparison to
Normal) based on analysis of natural log‐transformed data.
�
P¼ .0195 versus normal hepatic function, ANOVA.
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moderate renal impairment without dose adjustment and
cautiously to patients with severe renal impairment and to
patients with hepatic impairment with appropriate
concentration and safety monitoring.
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