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Objectives: Kidney injury in patients with lupus nephritis (LN) results in pro-
fibrotic biomarker expression, a manifestation also observed with calcineurin
inhibitor (CNI) therapy. The second-generation CNI, voclosporin, is approved in
the United States and Europe for the treatment of patients with active LN in
combination with background immunosuppression, based on successful
outcomes from the global phase 2 AURA-LV and phase 3 AURORA 1 studies,
which demonstrated the efficacy of voclosporin across diverse racial and ethnic
populations, and encompassing multiple biopsy classes of LN, alongside a
favorable safety profile. This post hoc analysis examined changes from baseline
levels of serum and urinary biomarkers, including pro-fibrotic biomarkers, in a
cohort of patients from the parent AURORA 1 study

Methods: Samples were analyzed from a cohort of patients in AURORA 1 treated
with voclosporin (23.7 mg twice daily, n=57) or placebo (n=59) in combination
with mycophenolate mofetil (MMF) and low-dose glucocorticoids, including in a
subgroup of patients that experienced a >30% decline from baseline in estimated
glomerular filtration rate (voclosporin, n=26; placebo, n=20).

Results: The addition of voclosporin to MMF and low-dose glucocorticoids for
the treatment of LN did not result in significant differences in normalized urinary
concentrations of KIM-1, TGF-B1, MCP-1, or NGAL, biomarkers indicative of renal
fibrosis and kidney damage, when compared to MMF and low-dose
glucocorticoids alone.

Conclusion: These findings further support the safety of voclosporin for the
treatment of LN in adult patients.
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identifier 2016-004045-81.
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1 Introduction

Lupus nephritis (LN) is one of the most severe clinical
manifestations of systemic lupus erythematosus (SLE) and is a
major cause of morbidity and mortality in this patient population,
occurring in around half of the patients diagnosed with SLE.
Furthermore, 40% of patients with LN are thought to experience
varying degrees of renal impairment, with 10-30% of patients with
LN progressing to chronic kidney failure within 15 years of
diagnosis (1-4). The past five decades have witnessed significant
advances in treatment options for SLE patients, including the
introduction of calcineurin inhibitors (CNIs) to the
immunosuppressive regimen, a course of therapy associated with
improved prognosis (5, 6). Early studies with first-generation CNIs
(cyclosporine A [CsA] and tacrolimus [TAC]) report improved
efficacy in LN patients (7-9). Recently, the second-generation CNI,
voclosporin, has shown to be a promising alternative to first-
generation CNIs in the treatment of LN (10, 11).

Voclosporin, in combination with a background
immunosuppressive regimen, is the first approved oral therapy
for adult patients with active LN in the United States and Europe
based on safety and efficacy outcomes from two pivotal, global,
clinical studies, the AURA-LV phase 2 and AURORA 1 phase 3
studies (10, 11). Moreover, an additional two years of safety and
efficacy data were reported for the phase 3 AURORA 2 continuation
study (12). Outcomes demonstrated improved renal response rates
in patients treated with voclosporin, compared to the control arm of
placebo, both combined with mycophenolate mofetil (MMF) and
low-dose glucocorticoids. Voclosporin demonstrated efficacy across
diverse racial and ethnic populations, and multiple biopsy classes of
LN. Improved kidney function, indicated by significant decreases in
proteinuria with stable estimated glomerular filtration rate (eGFR),
without a clinically meaningful impact on serum electrolytes, was
accompanied by safety profiles, comparable to patients treated with
MMEF and low-dose glucocorticoids alone, following three years of
treatment (10-12).

CNI immunosuppression derives from reduced T-cell
activation via calcineurin inhibition. Distinct from
immunosuppression, CNI use is associated with nephrotoxicity,
resulting in considerable impact on the clinical management of
patients requiring CNI therapy, including kidney and non-kidney
solid organ transplantation patients. Classed as acute or chronic,
dependent on the reversibility of functional changes, nephrotoxicity
observed with long-term administration of CsA and TAC is
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associated with progressive kidney damage following solid organ
transplantation (13-16).

Kidney fibrosis, in particular “striped fibrosis”, is a well-described
yet unique form of nephrotoxicity associated with CNI use (17).
Whilst the mechanism is not fully understood, chronic ischemia
along the medullary rays of the kidney may contribute to tubular
drop-out and fibrosis. Other factors may include direct stimulation of
transforming growth factor beta (TGF-f3) by renal tubular epithelium
(18). A number of pro-fibrotic and pro-inflammatory markers,
including kidney injury molecule-1 (KIM-1), neutrophil gelatinase-
associated lipocalin (NGAL), monocyte chemoattractant protein-1
(MCP-1) and TGF-P1 are linked to kidney injury and fibrosis in
patients with LN and in patients exposed to CNIs (19-21). Thus, it
would be beneficial for a CNI to exhibit efficacy whilst limiting
treatment-related adverse events (AEs). Electrolyte derangement is
another indicator of kidney damage, with hypomagnesemia and
hyperkalemia often evident in patients receiving CNI therapy.

Based on AURORA 1, where improved urine protein creatinine
ratio (UPCR) was observed without a clinically meaningful impact
on serum electrolytes, including magnesium and potassium, the
current study reports on a post hoc analysis of biomarker profiles in
a sample of AURORA 1 patients with active LN. Pro-fibrotic
biomarker expression was evaluated in LN patients treated with
voclosporin or placebo, both in combination with MMF and low-
dose glucocorticoids. Additionally, to rule out dietary impact on the
levels of serum electrolytes, urinary electrolytes were analyzed in
both treatment arms.

2 Materials and methods
2.1 AURORA 1 study design

Details of the AURORA 1 study have been reported
previously, however, the inclusion and exclusion criteria for
AURORA 1 can also be found in the Supplementary Information
(Supplementary Table S1) (11).

Briefly, patients with biopsy-proven (Class IIL, IV or V + III/IV)
active LN according to American College of Rheumatology (ACR)
criteria, proteinuria >1.5 g/g (=2 g/g for pure Class V), and
eGFR >45 mL/min/1.73 m?, were eligible to enroll and were
randomized to the voclosporin arm (23.7 mg twice daily [BID],
n=179) or control arm receiving placebo (n=178) for the
study duration (52 weeks). All patients received MMF (target
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dose 1 g, BID) and low-dose oral glucocorticoids (tapered over 16
weeks to 2.5 mg/day). Given the known hemodynamic effects of
CNIs, eGFR was monitored and guidance provided on study drug
dose modification for patients experiencing decreases.

Patients provided written informed consent prior to trial-related
activities, in accordance with the Declaration of Helsinki and
International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use and Good
Clinical Practice guidelines. An Institutional Review Board or
Independent Ethics Committee at each site approved the informed
consent form and protocol. AURORA 1 is registered with
ClinicalTrials.gov (NCT03021499) and EudraCT (2016-004045-81).

2.2 Patient selection

For this current study, a random sample of 60 patients per
treatment arm was selected with approximately 50% treatment
responders, 50% non-responders, and all patients that
experienced a >30% decrease from baseline in eGFR (confirmed
based on two consecutive eGFR measures). Treatment responders
were defined as those with >50% reduction from baseline in UPCR
at Week 52; all patients not achieving at 50% reducing in UPCR,
including patients with missing data, were considered non-
responders. Samples obtained at baseline and end of treatment
visits were analyzed; the number of patients with samples for each
analysis is detailed in Supplementary Figure SI.

2.3 Biomarker analysis

Biomarker analysis of urine and serum samples was carried out
by Myriad RBM (Austin, Texas, USA). Biomarker analysis included
several inflammatory cytokines and chemokines (Supplementary
Table S2). Change from baseline (CFB) was calculated by
subtracting a patient’s baseline from their EoT value, providing
an absolute value. All urinary biomarkers were normalized to
urinary creatinine to account for changes in urine concentration.
All analyses are presented here as Least Square (LS) means.

2.4 Creatinine and electrolyte analysis

Urinary electrolyte analysis was performed at Medpace, Inc.
(Stirling, UK) and comprised 24-hour urine samples analyzed for
creatinine, magnesium, potassium and sodium and the change in
each from baseline. As well as data for 24-hour urine electrolyte
excretion rates, changes in absolute concentration of each urinary
electrolyte were also analyzed.

2.5 Statistical analysis
Statistical analysis of biomarker and electrolyte expression was

performed by comparing voclosporin and control treatment arms,
using data from an all-patient cohort (which included all responders,
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non-responders and patients who experienced a >30% decrease in
eGFR; urine biomarkers n=50; serum biomarkers n=108; electrolytes
n=116), a responder cohort (urine biomarkers n=27; serum biomarkers
n=50; electrolytes n=56), a non-responder cohort (urine biomarkers
n=23; serum biomarkers n=>58; electrolytes n=60) and a cohort of all
patients who experienced a >30% decrease in eGFR in AURORA 1
(urine biomarkers n=21; serum biomarkers n=42; electrolytes n=46).
The study was not powered to detect differences between cohorts.

Each parameter was summarized at baseline using a general
linear model incorporating a covariate for treatment arm. LS means
and standard error (SE) were calculated from this model. End of
treatment and CFB data were analyzed using a similar model that
included a covariate for the baseline of the applicable parameter. LS
means and SE for results within each treatment arm were
calculated. This model assessed differences in the CFB to EoT
between arms, summarized using the estimate of treatment
difference, a SE, and 95% confidence interval (CI).

3 Results

Of the random sample of 120 patients from AURORA 1, four
patients were excluded because they did not have urinary or serum
samples. In total, 116 patients (voclosporin arm, n=57; control arm,
n=59) were included in the study with 50 patients as part of the urinary
biomarker analysis, 108 patients contributing to the serum biomarker
analysis and 116 patients with samples for the electrolyte analysis.

For patients in the eGFR decrease cohort, median (interquartile
range [IQR]) treatment duration was 22.9 (15.79 - 37.43) weeks in
the control arm (n=20) and 26.2 (16.71 - 51.14) weeks in the
voclosporin arm (n=26). For all other patients, the median (IQR)
treatment duration was 52 (50.86, 53.14) weeks in the control arm
and 52 (51.14, 53.14) weeks in the voclosporin arm.

3.1 Urinary biomarker analysis

Of the 43 urinary analytes assayed, 27 had consistently
measurable levels. There were no significant changes from
baseline to EoT in markers associated with acute nephrotoxicity
or kidney fibrosis (KIM-1, MCP-1, NGAL or latency-associated
peptide [LAP] TGF-f) when comparing across treatment arms
(Table 1; Supplementary Table S3). This was consistent in
responder and non-responder patients (data not shown) as well
as in patients who experienced a 230% decrease in their eGFR
(Supplementary Table S3).

Of the 27 measurable urinary biomarkers, a change in the
baseline expression of only three biomarkers was found to differ
significantly between treatment arms at EoT in the all-patient and
eGFR cohorts. Whilst decreased levels of eotaxin-1, interleukin (IL)-
1B and IL-1o. were observed at EoT compared to baseline in all
voclosporin-treated patients, in contrast, increased expression of all
three biomarkers was observed in all placebo-treated patients. A
similar effect was seen with eotaxin-1 and IL-1f in patients that
experienced a >30% decline in their eGFR (Supplementary Table S3).
Voclosporin treatment did not impact the CFB expression of any
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TABLE 1 Normalized urinary kidney injury and pro-fibrotic biomarker levels in all-patient and eGFR decrease cohorts.

All-patient cohort eGFR decrease cohort®

CFB to EoT®, LS means (SE)

Analyte
. Estimate CFB difference . Estimate CFB difference
Voclosporin Control l Voclosporin Control 1
(n=25) (n=25) R (n=13) (n=8) S
(95% Cl) (95% Cl)
-0.008 -0.007 -0.002 -0.006 0.004 -0.010
KIM-1
(0.0032) (0.0032) (-0.011, 0.008) (0.0060) (0.0077) (-0.031, 0.011)
LAP -0.0018 -0.0016 -0.0002 -0.0021 -0.0009 -0.0013
TGE-B1 (0.00029) (0.00029) (-0.0010, 0.0007) (0.00051) (0.00065) (-0.0030, 0.0005)
MCP1 -15.0 -19.1 4.1 -12.0 -15 -10.5
i (3.30) (3.30) (-5.3,13.5) (3.98) (5.09) (-24.1,3.1)
-0.0 1.1 1.0 1.4 0.1 15
NGAL (0.89) (0.89) (-15, 3.6) (1.84) (2.34) (-4.8,7.7)

Analysis of patients from each treatment arm of AURORA 1, including patients with a 230% decline from baseline in eGFR during the study. Data is presented as the CFB to EoT of LS means
(SE) of normalized levels of urinary analytes. Also presented are estimates of the difference in CFB (95% CI) between the voclosporin and control arms. “eGFR decrease defined as 230% reduction
from baseline in eGFR during the AURORA 1 study. This study was not powered or designed to detect differences in this cohort. CFB, change from baseline; CI, confidence interval; eGFR,
estimated glomerular filtration rate; EoT, end of treatment; IQR, interquartile range; KIM-1, kidney injury molecule-1; LAP TGF-B1, latency-associated peptide of transforming growth factor

beta 1; LS, least squares; MCP-1, monocyte chemotactic protein 1; NGAL, neutrophil gelatinase-associated lipocalin SE, standard error.

other biomarker when compared to patients in the control arm
(Supplementary Table S3). Absolute levels of urinary biomarkers can
be found in Supplementary Table S4.

3.2 Serum biomarker analysis

Of the 30 serum biomarkers assessed, 27 had consistently
measurable levels and, as with urinary analysis, KIM-1 expression
remained unchanged in the serum of any patient cohort
(Supplementary Table S5). All-patient cohort analyses identified a
significant difference in the CFB expression in macrophage
migration inhibitory factor (MIF) in the voclosporin arm,
compared to the control arm, with a smaller decrease from
baseline observed in voclosporin-treated patients than the
decrease seen in the control arm (Supplementary Table S5). In
patients who experienced a 230% decrease in eGFR, a significantly
different change in baseline expression was found only for B
lymphocyte chemoattractant (BLC), with an increase from
baseline in the voclosporin treatment arm compared to a decrease
from baseline in the control arm at EoT (Supplementary Table S5).

3.3 Serum and urinary electrolyte analysis

Previously published AURORA 1 data reports stable
electrolytes throughout the study with no observed evidence of
tubular toxicity (11). Mean values for electrolytes were stable
throughout the study; importantly, magnesium (Baseline [mean +
SDJ, 2.093 + 0.2074 mg/dL; EoT [mean + SD], 2.043 + 0.2115 mg/
dL) and potassium (Baseline [mean + SD], 4.089 + 0.4857 mmol/L;
EoT [mean + SD], 4.183 + 0.4233 mmol/L) remained within normal
limits (magnesium, 1.8 — 2.4 mg/dL; potassium, 3.5 - 5.1 mmol/L).
Moreover, there were no significant differences in the fractional
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excretion (%) of magnesium, sodium, or potassium at EoT observed
in this post hoc analysis (Supplementary Table S6).

4 Discussion

The current study assessed urine and serum analytes in a
sample of placebo- and voclosporin-treated patients with active
LN from the AURORA 1 study, including patients who experienced
an eGFR decrease 230% during the trial. Voclosporin treatment was
not associated with the expression of biomarkers indicative of
kidney fibrosis or damage (KIM-1, TGF-3, NGAL or MCP-1) and
demonstrated favorable electrolyte homeostasis.

Numerous preclinical studies have reported on the expression
of pro-fibrotic biomarkers, such as KIM-1, TGF-, NGAL or MCP-
1, in relation to kidney function. For example, MCP-1, which is
found in rat renal interstitial fibroblasts and damaged cortical
tubules, shows increased expression with interstitial inflammation
and fibrosis, alongside another pro-fibrotic marker, TGF-f (22-24).
Increased NGAL expression has also been reported in proximal
tubule cells in a mouse model of acute kidney injury (AKI) and in a
model of drug-induced nephrotoxicity, with the authors suggesting
that NGAL may be suitable as a urinary biomarker in ischemic and
nephrotoxic renal injury (25).

Clinically, expression of the aforementioned biomarkers may
indicate the progression of kidney disease (CKD). Kidney fibrosis is
commonly observed in CKD, and TGF-f is a critical pro-fibrotic
molecule which up-regulates matrix protein synthesis, inhibits matrix
degradation, and alters the epithelial mesenchymal transition (26).
KIM-1 is associated with an increased incidence of interstitial fibrosis.
Given that KIM-1 is expressed in regenerating proximal tubules, it
has been proposed as a useful biomarker for tubular kidney injury
(19, 27-31). Further, KIM-1 levels have been found to be significantly
higher in patients with SLE and active kidney disease, compared with
patients without renal activity, an association also seen with the
biomarkers MCP-1 and NGAL (32-34). Additionally, both MCP-1
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and NGAL are correlated with renal decline and allograft failure in
transplant patients.

Given the considerable overlap in the expression of KIM-1, MCP-
1, TGF-b and NGAL in kidney injury, several studies have looked at the
concurrent expression of two or more markers as a more accurate
indicator of renal function (30, 35). This includes the Renal Activity
Index for Lupus (RAIL) which is based on the expression of six urinary
biomarkers including NGAL, MCP-1, and KIM-1 (36).

Over and above the effect seen with kidney injury, the use of
traditional CNIs such as CsA and TAC is also known to result in pro-
fibrotic marker expression. Studies in rats treated with CsA or TAC
have demonstrated renal function decline and interstitial fibrosis
accompanied by increased expression of TGF-f3, NGAL, MCP-1 and
KIM-1, attributed to CNI-induced nephrotoxicity (37-43). Future
studies in preclinical animal models could provide insight into the
mechanistic differentiation of voclosporin from CsA and TAC. There
is also evidence of both CsA and TAC increasing TGF-3 production
in the kidneys of transplant patients, correlated with diffuse
interstitial fibrosis and graft atherosclerosis (44-50). Fibrogenic
effects in patients undergoing kidney transplantation with increased
serum levels of TAC and proximal tubule injury are also
accompanied by increased levels of KIM-1 (19).

The lack of significant changes between treatment arms in urinary
or serum levels of any of the biomarkers shown to be associated with
kidney injury or fibrosis suggests no clinically meaningful bearing on
the biomarkers analyzed, regardless of treatment outcome.
Furthermore, the lack of biomarker expression seen in patients
treated with voclosporin, MMF and low-dose glucocorticoids also
suggests a concurrent lack of acute tubular injury in these patients.

Across the entire patient cohort in this post hoc analysis, the change
in expression from baseline to EoT of a very small proportion of
biomarkers were found to be significantly altered in the urine (eotaxin-
1, IL-10t and IL-1B) and serum (MIF and BCL) of voclosporin-treated
patients, however, the clinical relevance of these changes is, as yet,
undetermined. Previous studies have reported increased eotaxin levels
in the plasma of LN patients and SLE patients with organ damage and
IL-1P and IL-1 levels are increased in the kidneys of mice with LN (51).
Although IL-1ot in LN has received limited attention it has been
reported to contribute to glomerulonephritis in mice (52). Macrophage
migration inhibitory factor has been shown to play a role in kidney
dysfunction with possible therapeutic potential in LN patients (53, 54).
B lymphocyte chemoattractant may also play a role in SLE and LN
pathogenesis, with higher serum levels in patients with SLE, further
increased in patients with LN (55). Given that calcineurin is activated
by increased intracellular Ca** concentrations and plays an essential
role in many signalling pathways, inhibition by voclosporin will affect
many pathways and is likely responsible for the changes observed in
other biomarkers.

The stable mean levels of blood pressure and electrolytes observed
throughout AURORA 1 is suggestive of a lack of tubular toxicity.
These findings were also consistent with results from the phase 2
AURA-LV study, the phase 3 AURORA 2 study, and further
confirmed by an integrated data analysis from combined phase 2
AURA-LV and phase 3 AURORA 1 clinical studies (10-12, 56). In
contrast, use of traditional CNIs is known to lead to electrolyte and
metabolic abnormalities. Indeed, CsA- and TAC-induced
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immunosuppression has been shown to impact electrolyte levels in
kidney transplant patients (57, 58). However, it is possible that dietary
supplementation of electrolytes may correct serum electrolyte
imbalances. The post hoc analysis presented here demonstrates, once
again, that voclosporin treatment does not significantly impact serum
or urine magnesium, potassium, or sodium levels confirming no
impact of dietary supplementation on the previous findings in
serum concentrations of electrolytes for this patient cohort.
Voclosporin treatment reduced urinary magnesium 24-hour
excretion in patients who experienced an eGFR decrease >30%,
however, as previously mentioned, LS mean levels remained within
normal limits. Hypomagnesemia, via renal magnesium wasting, is
common in CsA- and TAC-treated patients, presumably due to effects
on reabsorption. Hypomagnesemia is also implicated as a significant
contributor to nephrotoxicity associated with CsA and TAC and,
notably, features on the labeling for both CNIs (15, 58-60). Previously
reported study data from AURORA 1 confirmed no unexpected safety
signals, unanticipated AEs, or evidence of chronic nephrotoxicity (11).

The analysis presented here includes a small subgroup of
AURORA 1 patients treated for up to 52 weeks and results may
not be generalizable to the overall population. No trends indicating
nephrotoxicity emerged, however, nephrotoxicity associated with
traditional CNIs is observed following long-term administration.
The 52-week study duration of AURORA 1 limits the ability of
these findings to be extrapolated to chronic or long-term exposure
effects. Notably, the AURORA 2 clinical trial provides follow up
data on up to 3 years of treatment exposure with voclosporin in a
larger cohort, demonstrating sustained efficacy and safety, whilst
maintaining electrolyte homeostasis (12). Histopathological
evaluation after 18 months of treatment in a small subset of
patients from AURORA 2 confirmed exposure to study treatment
was not associated with nephrotoxicity (12).

In conclusion, voclosporin treatment in LN patients does not
induce common indicators of nephrotoxicity such as pro-fibrotic
markers or electrolyte imbalance. These data support a much-
improved biomarker profile for voclosporin over traditional CNIs.
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